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Abstract 

Demographic and positive psychological factors are relevant to Type 2 Diabetes (T2D) 

risk and progression, but the biological underpinnings are unclear. This PhD consists 

of four studies aiming to better understand the role of demographic and positive 

psychological factors on T2D risk and progression, and the biological mechanisms 

involved.  

Study 1 used data from a nationally representative cohort to examine a) the 

relationship between different types of subjective well-being and T2D incidence in 

initially healthy participants and b) the amount of association explained by 

sociodemographic, behavioural, and clinical characteristics. Hedonic but not 

eudaimonic well-being predicted lower T2D rate over 12 years. Sociodemographic, 

behavioural, and clinical factors together accounted for 36% of the association.  

Studies 2 and 3 used data from a laboratory stress testing study. Study 2 tested sex 

differences in inflammatory stress responses in people with existing T2D. Results 

showed that women with T2D produced larger interleukin(IL)-6 stress responses 

compared with men. Study 3 examined the association between hedonic well-being 

and inflammatory stress responses in individuals with T2D. Hedonic well-being was 

associated with lower inflammatory markers pre- and post-stress. Inflammatory stress 

responses did not differ in people varying in hedonic well-being.  

Study 4 is a 7.5-year follow-up of this laboratory study. Study 4 looked at the possible 

mediating role of IL-6 stress (re)activity in associations linking sex or hedonic well-

being with health outcomes in participants with T2D. Results showed that women with 
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T2D experienced worse mental health-related quality of life at follow-up and greater 

IL-6 stress responses at baseline predicted diminished mental health-related quality 

of life. IL-6 stress responsivity did not mediate the link between sex and mental health 

at follow-up.  

These findings highlight the role of hedonic well-being in T2D development. The 

relationship between sex or hedonic well-being with T2D outcomes may be mediated 

via increased inflammatory (re)activity.  



7 
 

Impact Statement 

There are several ways in which the knowledge presented in this thesis could be 

impactful.  These include: 1) Future research: Type 2 diabetes (T2D) is one of the 

fastest health challenges of our times, therefore it remains a key area of research. This 

PhD aimed to investigate the impact of demographic and psychological factors in T2D 

risk and progression, as well as the biological underpinnings of these relationships, 

with an overall purpose the development of more effective preventive and 

management strategies. Findings from this work fill critical gaps in the literature and 

open new avenues for future research. More precisely, results from this PhD 

encourage the investigation of a) well-being and lifestyle interventions for the 

prevention of T2D, b) anti-inflammatory interventions in individuals with established 

T2D who show increased inflammatory (re)activity for the prevention and/or 

management of mental health difficulties, and c) interventions to improve quality of 

life and mood comorbidities, especially in women with T2D. 2) Clinical practice: 

Counselling and psychological support delivered in the context of diabetes have been 

recognised as fundamental aspects of diabetes care. This PhD research highlights the 

role of subjective well-being as a novel target for interventions and public health 

policies seeking to reduce the risk of T2D in high-risk populations, such as those with 

pre-diabetes. Additionally, this research has introduced, for the first time, the 

predictive value of increased inflammatory stress responsivity in relation to long-term 

mental health disturbances in this patient group. These findings could support the 

implementation of immunomodulatory strategies in people with T2D for the 

prevention of mental health-related outcomes. These results also demonstrate that 

not only inflammatory levels but also inflammatory reactivity to stress should be on 
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the focus of preventive interventions. In light of this, increased inflammatory reactivity 

could be considered as a mental health risk factor in healthcare settings and therefore 

could be included in the assessment of the risk of future mental health problems in 

people with T2D. Such assessment would help identify those patients who may benefit 

from targeted preventative interventions. Furthermore, findings from this PhD 

highlight the role of sex as an individual factor that also needs to be considered in 

clinical settings. Specifically, women with T2D have been found to show elevated 

inflammatory stress reactivity as well as they are more likely to experience worse 

mental health-related quality of life in the long-term compared to men with diabetes. 

These results suggest that women with T2D should be at the forefront of the focus on 

preventive and management interventions. 3) Dissemination of findings: I have 

presented my work in two international conferences. Also, two of my projects have 

been published in peer-reviewed scientific journals and one study is under review for 

publication. I included the findings from my research into academic lectures that I gave 

to undergraduate students of Psychology at the University of Roehampton. Finally, 

this knowledge has been incorporated into non-academic presentations given within 

the Department of Behavioural Science and Health at University College London. 
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Chapter 1. Literature review  

This chapter will describe the existing literature relating to this thesis. Firstly, the 

condition of type 2 diabetes (T2D) will be described and the role of subjective well-

being in the onset of T2D will be outlined. Following this, evidence for sex differences 

in T2D health outcomes and the impact of subjective well-being in T2D progression 

will be presented. The biological stress response will then be described and the 

potential mediating role of biological stress responsivity linking sex or subjective well-

being with health outcomes will be introduced, with a particular focus on 

inflammatory responsivity. The limitations of work to date will also be reported, 

highlighting the gaps that this PhD research sets out to address. 

1.1 The concept of diabetes  

1.1.1 Introduction to diabetes    

Diabetes Mellitus is a progressive metabolic disorder characterised by markedly raised 

blood glucose levels that exceed normal physiological ranges (International Diabetes 

Federation [IDF], 2019). The prevalence of diabetes is steadily increasing worldwide 

(Hex, Bartlett, Wright, Taylor, & Varley, 2012). An estimated 463 million adults aged 

20-79 years are currently living with diabetes, representing 9% of the world’s 

population in this age group (IDF, 2019). The total number is projected to increase to 

578 million (10% of the world’s population) by 2030 and to 700 million (11% of the 

world’s population) by 2045 (IDF, 2019). Future estimates are also demonstrating an 

increasing and spreading burden worldwide, including the United Kingdom (UK). 

Specifically, the number of adults with diabetes is projected to rise by 55% by 2035, 

with poorer nations being those most markedly affected. Indeed, although once 
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thought mainly to be a disease of the richest/high-income countries (as classified by 

the World Bank), low- and middle-income countries are expected to bear the brunt of 

diabetes in the future. In particular, the greatest proportional increase is expected in 

the African continent and in the Middle-East, as well as among Mexicans, 

Guatemalans, Bangladeshis, Cambodians, Philipinos, and Vietnamese (Guariguata et 

al., 2014). These region-related differences in trends might be inherent to 

socioeconomic differences, as well as to urbanisation that characterises these 

countries and the associated lifestyle changes1 (Banks, Marmot, Oldfield, & Smith, 

2006; Danaei et al., 2011; Tobias, 2011; Whiting, Guariguata, Weil, & Shaw, 2011). 

Figure 1.1 illustrates projections of diabetes prevalence globally, in adults 20-79 years 

old. Concluding, such is the growth of diabetes worldwide that it is one of four priority 

non-communicable diseases targeted for action by world leaders, along with 

cardiovascular diseases (CVDs), cancer, and chronic respiratory diseases (World 

Health Organization [WHO], 2016a). Today, there is a globally agreed target to halt 

the rise in diabetes by 2025 (WHO, 2020a).   

 

  

 

 

 

 

 

 
1 The role of lifestyle factors in the development of diabetes is described on page 24.  
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Figure 1.1. Estimates and projections of diabetes global prevalence in adults 20-79 years old. Numbers 
represent millions. Adjusted from “IDF Diabetes Atlas 9th edition” by International Diabetes Federation, 
2019 (https://www.diabetesatlas.org/en/resources/). Copyright (02.06.2020) by the Atlas team. 
Reprinted with permission. 

 

1.1.2 Classification of diabetes  

The American Diabetes Association (ADA) currently recognises four diabetes 

diagnoses. These include type 1 diabetes (T1D), T2D, gestational diabetes, and 

diabetes due to other causes (American Diabetes Association [ADA], 2019). Briefly, 

T1D is characterised by β cell destruction usually leading to absolute insulin deficiency 

(ADA, 2019). In healthy people, pancreatic beta (β) cells produce the endocrine 

peptide hormone insulin which plays a central role in the metabolism of 

carbohydrates, allowing body tissues (mainly the liver, muscles, and adipose tissue) to 

ingest glucose from blood circulation in order to be used as an energy source 

https://www.diabetesatlas.org/en/resources/
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(Niswender & Schwartz, 2003). T2D accounts for more than 90% of all diabetes cases 

and is characterised by relative insufficient insulin secretion on the background of 

insulin resistance (ADA, 2019). Insulin resistance refers to the inhibition of the actions 

of insulin in peripheral tissues (Niswender & Schwartz, 2003). Gestational diabetes 

develops during pregnancy with blood glucose levels usually returning to normal 

ranges after childbirth (ADA, 2019). The fourth category of diabetes due to other 

causes includes the least prevalent cases among all four categories. Causes involve 

genetic defects in β cell function or insulin action, some diseases of the pancreas, and 

some endocrinopathies, among others (ADA, 2019). T2D is on the focus of this thesis, 

therefore it is described below more broadly.   

1.1.3 T2D epidemiology 

T2D accounts for the vast majority of diabetes cases globally, and it is this type of 

diabetes that is driving the rapid increase in prevalence (ADA, 2014). In 2018-2019 in 

the UK, 3.919,505 people aged ≥17 years old were diagnosed with diabetes, and 

approximately 90% of them have T2D (Diabetes UK, 2020). It has also been estimated 

that almost 1 million people with T2D in the UK are undiagnosed (Diabetes UK, 2020).  

T2D is typically characterised by relative insulin deficiency on the background of 

insulin resistance. As mentioned earlier, insulin promotes glucose uptake into insulin-

dependent body tissues. In the presence of insulin resistance and insulin deficiency, 

due to defects in peripheral tissues and β cells failure, respectively, insulin target 

tissues cells are unable to ingest glucose, eventually resulting in elevated glucose 

concentrations in the bloodstream (Petersen & Shulman, 2018). Consequently, the 

clinical manifestation of T2D is hyperglycemia and diagnostic criteria are based on 
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plasma glucose levels, either the eight-hour fasting plasma glucose or after a 75-gram 

oral glucose tolerance test or established glycated hemoglobin (HbA1c) cut-off points. 

The clinical cut-off points for fasting glucose and glucose tolerance are ≥7.0 millimoles 

per litre2 (mmol/l) and ≥11.1mmol/l3, respectively (ADA, 2019). HbA1c reflects the 

average blood glucose concentration over the previous two to three months (ADA, 

2017). The clinical cut-off point for HbA1c is 48 mmol/mol4 (ADA, 2019). 

T2D is typically a condition of adults. Indeed, ageing is strongly associated with T2D 

and much of the increase in T2D prevalence is driven by population growth and 

extension of life expectancy (Peters, Huxley, Sattar, & Woodward, 2015). 

Nevertheless, children and adolescents may also be diagnosed with the condition. A 

study in the United States (US) showed that T2D diagnoses in children and adolescents 

aged between 10-19 years have been dramatically increased, especially in ethnic 

minority populations (Dabelea et al., 2014). Projections suggest a 4-fold increase in 

the number of youths <20 years old with T2D in 2050 (Imperatore et al., 2012).  

T2D develops gradually and at earlier stages may not be severe enough for the 

individual to notice symptoms of marked hyperglycemia. These symptoms include 

polydipsia (frequent thirst), polyuria (increased volume of urination), weight loss, 

polyphagia (increased hunger), and blurred vision (ADA, 2014). When glucose levels 

do not meet the criteria for the formal diagnosis of T2D but are beyond normal levels, 

individuals face an increased risk of subsequent development of T2D. Therefore, this 

so-called pre-diabetes stage encompasses individuals who have impaired fasting 

 
2 Equals to 126 milligrams per deciliter.  
3 Equals to 200 milligrams per deciliter.  
4 Equals to 6.5%.  
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glucose and/or impaired glucose tolerance and/or HbA1c within a specific high-risk 

range (ADA 2014; WHO, 2016a). It is estimated that 70% of people with pre-diabetes 

will eventually develop overt T2D (Tabák, Herder, Rathmann, Brunner, & Kivimäki, 

2012). Along with hyperglycemia and insulin resistance, both pre-diabetes and T2D 

are strongly associated with obesity (especially visceral obesity), dyslipidemia, 

hypertension5, procoagulant state, pro-inflammatory state and endothelial 

dysfunction (the role of pro-inflammatory markers in T2D is described in detail on 

page 86). Increases in the incidence of lifestyle-related disorders such as obesity, 

mirror increases in the incidence of T2D (WHO, 2016a). Indeed, lifestyle modification 

has been suggested to reduce T2D risk by 40 - 70% (Tabák et al., 2012).   

1.1.4 T2D risk factors  

1.1.4.1 Traditional risk factors  

The most widely recognised and dominant risk factor for the development of T2D is 

obesity. Obesity contributes to the pathophysiology of insulin resistance and T2D 

progression (Belkina & Denis, 2010). The mechanisms through which obesity may 

increase the risk of T2D are described in more detail on page 86. The majority of 

people with T2D are either overweight or obese6 or have an increased percentage of 

visceral fat7 (Guh et al., 2009). In the UK, obesity accounts for 80 - 85% of T2D cases 

 
5 The combination of glucose intolerance, obesity, hypertension, and dyslipidemia characterises the 
so-called metabolic syndrome (Eckel, Alberti, Grundy, & Zimmet, 2010).  
6 Overweight and obesity are defined as abnormal or excessive fat accumulation that may have 
negative health implications. A simple index that is commonly used to classify overweight and obesity 
in adults is body mass index (BMI). This is calculated as the person's weight in kilograms divided by 
the square of their height in metres (kg/m2). For adults, overweight is a BMI ≥ 25 kg/m2 and obesity is 
a BMI ≥ 30 kg/m2 (WHO, 2020b).  
7An assessment of visceral (abdominal) fat can be provided by measuring the waist-to-hip ratio 
(WHR). This is calculated by dividing the circumference of the waist by the circumference of the hips. 
Abdominal obesity is defined as a WHR > 0.90 inches for men and > 0.85 inches for women (WHO, 
2008).  
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(Diabetes UK, 2020). The major contributor for overweight and obesity is an energy 

imbalance between calories consumed and calories expended resulting from dietary 

factors and physical inactivity (WHO, 2020b). Nevertheless, along with the spreading 

burden of T2D from richer to poorer countries and from older to younger age groups, 

T2D is increasingly represented by both obese and relatively lean individuals, 

indicating a growing heterogeneity in T2D pathophysiology and phenotype (Gregg, 

Sattar, & Ali, 2016; Tuomi et al., 2014).  

Dietary factors, sedentariness, physical inactivity, smoking, and high alcohol intake are 

also established behavioural risk factors for T2D. Dietary factors known to increase 

the risk of T2D include consumption of low-fibre and high glycemic index foods, as 

well as high intake of saturated fats and frequent consumption of processed meat 

(Wu, Ding, Tanaka, & Zhang, 2014). Interestingly, the effect of diet on T2D risk has 

been found to be independent of BMI in some studies (Wu et al., 2014), suggesting 

that direct biological mechanisms may also be relevant. The role of physical activity 

on glucose metabolism and body weight has long been established. Physical activity 

may contribute to 30-50% reduction in the development of T2D (Bassuk & Manson, 

2005) by helping achieve weight loss (Telford, 2007). With regards to smoking as a risk 

factor for T2D, a meta-analysis of 25 prospective cohort studies involving 1.200,000 

participants demonstrated that the risk of T2D is greater for heavy smokers (≥ 20 

cigarettes/day) compared to lighter smokers and greater for active smokers compared 

to former smokers (Willi, Bodenmann, Ghali, Faris, & Cornuz, 2007), consistent with a 

dose-response relationship. Additionally, smokers tend to engage in unhealthy 

behaviours (such as lack of physical activity, poor fruit and vegetable intake, and high 
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alcohol intake) that may increase T2D risk via weight gain (Chiolero, Wietlisbach, 

Ruffieux, Paccaud, & Cornuz, 2006; van Dam, Rimm, Willett, Stampfer, & Hu, 2002). 

Furthermore, smokers have higher risk of abdominal fat accumulation compared to 

non-smokers even with a normal BMI (Seidell, 1997; Shimokata, Muller, & Andres, 

1989; Simon, Seeley, Lipschutz, Vittinghoff, & Browner, 1997; Wareham et al., 1996). 

The mechanism is not well-understood but because smoking has an anti-estrogenic 

effect (Tankó & Christiansen, 2004; Windham, Mitchell, Anderson, & Lasley, 2005) it 

could be related to a hormonal imbalance that might lead to central obesity. Nicotine 

or other components of cigarette smoking may also have a direct effect on pancreatic 

β cells contributing to inadequate compensatory insulin secretion in the background 

of insulin resistance (Attvall, Fowelin, Lager, Von Schenck, & Smith, 1993; Eliasson, 

Asplund, Evrin, & Lundblad, 1995; Facchini, Hollenbeck, Jeppesen, Chen, & Reaven, 

1992; Frati, Iniestra, & Ariza, 1996; Janzon, Berntorp, Hanson, Lindell, & Trell, 1983; 

Schwartz, Il’yasova, & Ivanova, 2003). The latter is supported by  associations linking 

cigarette smoking with pancreatic cancer or chronic pancreatitis (Jaffiol, Thomas, 

Bean, Jégo, & Danchin, 2013). With regards to alcohol as a risk factor for T2D, a U-

shaped association has been reported. Specifically, light-to-moderate alcohol intake 

seem to decrease the incidence of T2D, whereas heavy drinkers and binge drinkers 

are at increased risk for developing diabetes (Polsky & Akturk, 2017). Heavy alcohol 

intake favours weight gain which in part explains the increased T2D risk 

(Wannamethee, Shaper, Perry, & Alberti, 2002). Also, heavy alcohol consumption may 

partially affect T2D risk via its effect on triglyceride metabolism (Scragg & Metcalf, 

2004).  
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Genetic predisposition also plays a role in T2D risk as demonstrated in some twin 

studies (Poulsen et al., 2009; Sanghera & Blackett, 2012). For example, first-degree 

relatives of people with T2D show higher concordance rates compared to the incident 

rate in the general population (Kobberling, 1982). Genome-wide association studies 

have identified approximately 75 susceptibility loci related to T2D (Wu et al., 2014). 

However, not all twin studies have found evidence of a significant genetic component 

in T2D (Poulsen, Kyvik, Vaag, & Beck-Nielsen, 1999). Even in cases of monozygotic 

twins, concordance rates are not as high as 100%; thus, it is probable that genetic 

vulnerability interacts with environmental determinants to influence the risk of T2D.  

Apart from traditional risk factors, other environmental factors are receiving growing 

attention in relation to T2D development. Sociodemographic characteristics, such as 

socioeconomic status (SES), seem to be associated with T2D onset, with findings 

supportive of a social gradient in health. For example, in a large study of > 48,000 

French participants aged 35 to 80 years, it was found that the risk of T2D increased 

linearly with socioeconomic deprivation levels. More precisely, the prevalence of T2D 

was three to eight times higher in the most deprived participants. After accounting for 

a range of covariates, the risk of diabetes remained significantly higher among 

deprived versus non-deprived participants (Jaffiol et al., 2013). T2D behavioural and 

clinical risk factors are more frequently seen in deprived populations (Connolly & 

Kesson, 1996; Jaffiol, Thomas, Bean, Jego, & Danchin, 2013; Kavanagh et al., 2010; 

Phillips et al., 2012; Unwin et al., 1995). These individuals have limited access to 

healthcare and are less likely to visit their doctor (Jaffiol et al., 2013). Psychological 

risk factors, such as symptoms of depression and anxiety, are also more common in 
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deprived groups (Bell et al., 2005; Collins, Corcoran, & Perry, 2009; Egede & Zheng, 

2003; Thomas, Jones, Scarinci, & Brantley, 2003). Indeed, an emerging body of 

literature suggests that psychological factors contribute to the risk of T2D. The role of 

psychological risk factors in the development of T2D is discussed in detail below.  

1.1.4.2 Psychological risk factors  

1.1.4.2.1 Negative emotional well-being and T2D 

The role of psychological factors in the risk of T2D onset has received recent attention. 

A growing body of longitudinal studies indicates that psychological factors contribute 

to the risk of T2D in initially diabetes-free individuals. The vast majority of work so far 

has investigated associations between negative psychosocial factors and future T2D 

onset. More specifically, previous studies have mainly focused on negative 

psychological factors such as perceived stress, work-related stress (encompassing 

phenomena such as job strain8, long working hours, burn-out, and effort-reward 

imbalance), psychological disorders including depression9, anxiety10, and post-

traumatic stress disorder11, negative personality traits such as anger and hostility, and 

adverse early-life events12. Overall, findings revealed that negative psychosocial 

 
8 Job strain is defined as increased demands coupled with decreased decision control at work (Nyberg 
et al., 2014).  
9 Depression (major depressive disorder) is a common and serious medical illness that negatively 
affects what the person feels, thinks, and acts. Depressive symptoms (e.g. sadness, hopeless, helpless) 
can vary from mild to severe and must last at least two weeks (for most of the time) for the diagnosis 
of clinical depression (American Psychiatric Association [APA], 2020a).  
10 Anxiety is an umbrella term that encompasses several anxiety disorders including generalised 
anxiety disorder, panic disorder, and phobias. Anxiety disorders differ from feelings of nervousness or 
anxiousness. They involve excessive (out of proportion to the situation or age-inappropriate) fear or 
anxiety relating to a future concern and are associated with muscle tension and avoidance behaviour 
ultimately hindering the person’s ability to function normally (APA, 2020b).  
11 Post-traumatic stress disorder is a stress-related disorder that is related to a high-intensity, 
stressful/traumatic event (Shalev, Liberzon, & Marmar, 2017).  
12 Early-life events can be prospectively measured using a life-course methodology. This approach 
enables the investigation of the long-term health outcomes of physical and social exposures during 
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factors increase the risk of developing T2D in the long-term (Hackett & Steptoe, 2017). 

Adverse early-life events, particularly childhood neglect (Huang et al., 2015), 

depression (from depressive symptoms to clinical depression), and work-related 

stress, mainly job strain and long working hours (≥55 hours per week), are the most 

frequently examined factors in relation to T2D, where the most convincing, meta-

analytic data exists (Hackett & Steptoe, 2017). These factors are not only risk factors 

for T2D but also, they have prospectively linked to adverse health outcomes in people 

with existing T2D. For example, clinical depression, high depressive symptoms, and 

poorer mental health-related quality of life have been associated with increased risk 

of T2D complications13 (Gonzalez et al., 2010; Iversen et al., 2015; Novak et al., 2016; 

Rådholm, Wiréhn, Chalmers, & Östgren, 2016; Scherrer et al., 2011; Sieu et al., 2011; 

Ting et al., 2013; Williams et al., 2010), and cardiovascular and all-cause mortality 

(Dalsgaard et al., 2014; Hofmann, Köhler, Leichsenring, & Kruse, 2013; Park, Katon, & 

Wolf, 2013).  

1.1.4.2.2 Subjective well-being and T2D  

While the association between negative psychological factors and T2D risk has been 

well-documented, less is known about the effect of positive psychological factors, 

such as subjective well-being, on T2D risk. Subjective well-being is not simple to define 

because it is a multidimensional component that incorporates several inter-related 

constructs. Nevertheless, one influential taxonomy differentiates between three sub-

 
gestation, childhood, adolescence, young adulthood and later adult life. The aim of this approach, 
which is usually used by epidemiologists, is to better understand the psychosocial, behavioural, and 
biological processes that influence health and disease risk across the whole life span (Kuh, Ben-
Shlomo, Lynch, Hallqvist, & Power, 2003). 
13 The complications of T2D are described on page 36.  
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components of subjective well-being: hedonic (or affective) well-being, eudaimonic 

well-being, and evaluative well-being (Stone & Mackie, 2013).  

Hedonic well-being focuses on a person’s emotional state, feelings or moods, such as 

enjoyment of life, pleasure, vitality, or happiness. It is typically assessed 

retrospectively by asking participants about their mood over the previous week or 

month. Eudaimonic well-being is a more complex construct that refers to judgments 

about a sense of purpose, meaningfulness, fulfilment in life, and self-realisation. Its 

assessment demands more extensive cognitive processing than ratings of mood and 

involves relatively complex introspection about attributes aggregated over time (Ryan 

& Deci, 2001; Steptoe, 2019a). The third sub-type of subjective well-being, evaluative 

well-being, refers to appraisals of how satisfied people are with their lives (Steptoe, 

Deaton, & Stone, 2015). Other positive psychological constructs that are related to 

subjective well-being include optimism and stress resilience. Optimism refers to the 

general expectation of positive outcomes in life (Steptoe, 2019a).  Stress resilience is 

defined as the ability of the individual to withstand the experience of severe adversity 

and cope effectively with the challenges of life (Steptoe, 2016).  

An extensive body of evidence from longitudinal studies suggests that subjective well-

being is a protective factor for physical disability, cognitive decline, morbidity, and 

mortality among older adults (Chida & Steptoe, 2008; Martin-Maria et al., 2017; 

Steptoe, 2019a). The prospective association between positive psychological 

characteristics and T2D onset has been documented in a small number of previous 

studies. Two recent studies using epidemiological data from the English Longitudinal 

Study of Ageing (ELSA) found an independent relationship between an aggregate 
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measure of subjective well-being and T2D incidence (Hazard ratio [HR] = 0.82, 95% 

Confidence Interval [CI; 0.71, 0.95]) and HbA1c levels (B = -0.04, 95% CI [-0.06, -0.01]), 

respectively, but only in participants younger than 65 years old (Okely & Gale, 2016; 

Poole, Hackett, Panagi, & Steptoe, 2019). Analyses were adjusted for 

sociodemographic, behavioural, and clinical risk factors, as well as depressive 

symptoms (Okely & Gale, 2016; Poole et al., 2019). Additionally, in 97 diabetes-free 

elderly women, hedonic well-being (positive affect) but not eudaimonic well-being 

(purpose in life and personal growth) was inversely associated with HbA1c levels (B = 

-0.24, p < 0.001) two years later after adjusting for baseline HbA1c, sociodemographic, 

and health factors (Tsenkova, Love, Singer, & Ryff, 2007). Interestingly, in the study by 

Tsenkova et al. (Tsenkova et al., 2007), low positive affect, low purpose in life, and low 

personal growth amplified the detrimental effect of low income on HbA1c levels, 

contributing to ever higher levels of HbA1c in adjusted analyses. A more recent study 

including a national sample of 3907 older adults drawn from the Health and 

Retirement Study cohort tested the association between purpose in life and incident 

pre-diabetes or T2D over four years of follow-up. Results showed that participants 

with a higher sense of purpose in life at baseline had lower risk (Odds ratio [OR] = 0.78, 

p = 0.037, 95% CI [0.62, 0.98]) of developing objectively measured pre-diabetes or T2D 

(as indexed by HbA1c measurements) after adjusting for demographic variables, 

physical health, physical function, depression, and psychiatric diagnoses (Hafez et al., 

2018). Another study that used data from 7800 participants who were drawn from the 

Whitehall II epidemiological cohort study found that emotional vitality (but not 

optimism) was associated with a 9-15% decrease in the odds of having self-reported 

doctor-diagnosed T2D after 13 years (Boehm, Trudel-Fitzgerald, Kivimaki, & 
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Kubzansky, 2015). Results remained significant after adjusting for demographic 

characteristics, health behaviours, and clinical risk factors, but were attenuated when 

depressive symptoms were included in the model. In the same study, emotional 

vitality was not associated with T2D as detected with a clinical assessment (using an 

oral glucose tolerance test). It is not clear why associations differed for self-reported 

doctor diagnosis and screen-detected diabetes. Considering that these analyses 

included a sub-sample of 288 individuals, these findings should be interpreted with 

caution. The authors also suggest that tests for screen-detected diabetes could have 

lower specificity than tests carried out by a physician. However, this hypothesis was 

not directly tested.  

In another project using data from 754 participants from Midlife Development in the 

United States study, hedonic well-being, particularly positive emotions, was 

prospectively associated with a 7% reduced risk of incident cardiometabolic 

conditions, including T2D, over the 9-year of follow-up. However, this association was 

attenuated after adjusting for covariates including health behaviours and depressive 

symptoms (Boehm, Chen, Williams, Ryff, & Kubzansky, 2016). In another analysis of 

the Midlife Development in the United States study, positive emotions were 

associated with a lower relative risk (RR) for T2D (RR = 0.66, 95% CI [0.47, 0.93) in a 

high-risk group of participants with a parental history of diabetes (Tsenkova, 

Karlamangla, & Ryff, 2016). This pattern of results persisted after adjusting for 

sociodemographic and health measures, as well as negative and depressed affect.  

Findings from large-scale prospective studies further suggest protective associations 

between life satisfaction and T2D risk (Boehm et al., 2015; Feller, Teucher, Kaaks, 
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Boeing, & Vigl, 2013; Piciu, Johar, Lukaschek, Thorand, & Ladwig, 2018; Shirom, Toker, 

Melamed, Berliner, & Shapira, 2012), and stress resilience and T2D risk (Crump, 

Sundquist, Winkleby, & Sundquist, 2016), after adjusting for a range of known risk 

factors. Hedonic and eudaimonic well-being are the focus of this thesis, and 

longitudinal associations between the two types of well-being and incident T2D have 

been examined and presented in Study 1 (see Chapter 3).  

Despite the fact that previous studies demonstrated an independent association 

between increased well-being and reduced T2D risk, the extent to which this link can 

be explained by other factors remains unclear. Sociodemographic, behavioural, and 

clinical factors are plausible pathways through which subjective well-being reduces 

T2D risk. As mentioned previously, sociodemographic characteristics, including wealth 

and SES, are associated with diabetes onset, with findings supporting a social gradient 

in health (Jaffiol et al., 2013). Regular physical activity is consistently associated with 

subjective well-being, and its effect on glucose metabolism and body weight has been 

well-documented (Black et al., 2015; Kim, Kubzansky, Soo, & Boehm, 2017; Windle, 

Hughes, Linck, Russell, & Woods, 2010). Other health behaviours such as smoking and 

increased alcohol consumption are also relevant both to reduced well-being (Geiger 

& MacKerron, 2016; Shahab & West, 2012) and diabetes risk (Koppes, Dekker, 

Hendriks, Bouter, & Heine, 2005; Willi et al., 2007). Well-being is associated with a 

more favourable cardiovascular prolife in healthy and diseased populations (Boehm & 

Kubzansky, 2012), which in turn can protect against T2D development (Eckel et al., 

2010). 
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The maintenance of significant relationships between subjective well-being and T2D 

after adjustment for negative or depressed affect in some previous studies (Okely & 

Gale, 2016; Poole et al., 2019; Shirom et al., 2012; Tsenkova et al., 2016) is a striking 

finding that indicates that the effect of positive psychological factors is not always 

secondary to the absence of negative factors (Brouwers et al., 2013; Steptoe, 

O'Donnell, Badrick, Kumari, & Marmot, 2008).  Subjective well-being is not merely the 

mirror of depression, anxiety, or distress, but both positive and negative factors can 

co-exist (Larsen, Hershfield, Stastny, & Hester, 2017). Indeed, moods may fluctuate 

rapidly, and many life experiences involve both positive and negative components. In 

addition, the fact that someone is not depressed, anxious, or distressed does not imply 

that they are joyful or happy. Subjective well-being involves moving beyond the 

neutral state (neither happy not sad) to positive states of enjoyment, sense of 

purpose, and life satisfaction. In other words, reducing mental suffering does not 

imply that we have increased happiness or overall well-being. The recognition of the 

separate roles of positive, neutral, and negative psychological states has stimulated 

the development of Positive Psychology as a separate field. Positive Psychology 

studies do not just replicate the findings of negative factors by reversing the terms 

used, but instead they have identified new relationships with health and human 

functioning. For example, subjective well-being has distinct relationships with a range 

of health outcomes and potentially operates via different behavioural and/or 

biological pathways compared to negative factors.  

The presence of positive factors could possibly explain the variability of findings seen 

in some studies of negative factors and T2D (Abraham et al., 2015; Atlantis, 
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Vogelzangs, Cashman, & Penninx, 2012; Demmer et al., 2015; Engum, 2007; Farvid et 

al., 2014; Golden et al., 2006; Huang et al., 2015; Kumari, Head, & Marmot, 2004; 

Vancampfort et al., 2016; Williams, Magliano, Tapp, Oldenburg, & Shaw, 2013). For 

example, the evidence between anxiety (symptoms or disorder) and increased T2D 

risk is currently mixed (Hackett & Steptoe, 2017). The effect of subjective well-being 

and related constructs (e.g. stress resilience) on T2D might be more robust than the 

effects of anxiety, hence abolish the negative impact of anxiety resulting in null finding 

between anxiety and T2D.  

The three aspects of subjective well-being are moderately, positively inter-correlated 

(Kashdan, Biswas-Diener, & King, 2008). Some researchers have combined these 

concepts into broader constructs (Seligman, 2011; VanderWeele, 2017), such as the 

notion of flourishing (VanderWeele, 2017). Nevertheless, it is recognised that 

enjoyment of life may not be always accompanied by a sense that life is worthwhile, 

and vice versa. In many cases, people who have achieved purpose and fulfilment in 

their lives are not always joyful (Steptoe, 2019a). The strength of the associations with 

health outcomes may also vary across the different types of well-being (Boehm et al., 

2016; Boehm & Kubzansky, 2012; Boehm et al., 2015; Martin-Maria et al., 2017). For 

instance, optimism has emerged as a robust predictor of cardiovascular health, 

although associations are less consistent for optimism and cancer (Hernandez et al., 

2018). It has, therefore, been argued that the investigation of the individual 

contribution of the different types of well-being is worthwhile in health research 

(Hernandez et al., 2018; Steptoe, 2019a). 
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1.1.5 T2D complications and comorbid conditions 

As well as being a disorder per se, the chronic hyperglycemia in T2D is linked with long-

term damage, dysfunction and ultimately failure of various bodily organs and blood 

vessels. The harmful effects of T2D can be distinguished into two broad categories 

namely microvascular and macrovascular complications (Forbes & Cooper, 2013; 

Fowler, 2008; Shah et al., 2015). Microvascular complications reflect damage to the 

small blood vessels whereas macrovascular complications reflect damage to the large 

blood vessels. Microvascular complications of T2D include retinopathy, nephropathy, 

and neuropathy. Retinopathy refers to damage to the eyes and may lead to glaucoma, 

cataract, severe visual impairment, and blindness. Nephropathy refers to damage to 

the kidneys and may lead to renal failure or kidney disease. Neuropathy refers to 

damage to the nerves and may lead to impotence, foot pain, foot ulcers, infections, 

gangrene, and amputation (Forbes & Cooper, 2013; Fowler, 2008). 

The macrovascular complications of T2D encompass various CVDs. The most common 

forms of CVDs are coronary artery disease (CAD), cerebrovascular disease, and 

peripheral arterial disease (Forbes & Cooper, 2013; Fowler, 2008). CAD is also known 

as coronary heart disease (CHD) or ischemic heart disease. CAD can be manifested as 

heart failure or angina (either stable or unstable), while in more severe cases 

myocardial infarction (MI) may occur. Cerebrovascular disease may lead to stroke 

(hemorrhagic or ischemic) and peripheral arterial disease may lead to gangrene and 

amputation (Forbes & Cooper, 2013; Fowler, 2008). As illustrated in Figure 1.2, many 

presentations of CVD including CAD, stroke, non-fatal MI, stable anginal, heart failure, 

and peripheral arterial disease are more common in people with T2D compared to 
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those without diabetes. Notably, in addition to microvascular and macrovascular 

complications, the condition of T2D is also known to directly or indirectly affect the 

musculoskeletal, hepatic, and digestive systems, and is increasingly linked with diverse 

cancers (Carstensen, Jørgensen, & Friis, 2014; Lu, Lin, & Kuo, 2009). A 2019 meta-

analysis of 49 prospective cohort studies showed that T2D is associated with an 

elevated risk of all-cancer mortality, infectious disease mortality, and respiratory 

disease mortality (Wang et al., 2019).  

 

Figure 1.2. Cardiovascular diseases in participants with and without type 2 diabetes and no history of 
cardiovascular diseases. Reprinted from “Type 2 diabetes and incidence cardiovascular diseases: A 

cohort study in 1.9 million people” by A. D. Shah, C. Langenberg, E. Rapsomaniki, S. Denaxas, M. 
Pujades-rodriguez, C. P. Gale, J. Deanfield, l. Smeeth, A. Timmis and H. Hemingway, 2015, The Lancet 
Diabetes & Endocrinology, 3, p. 108 Copyright (06.01.2020) by A. D. Shah. Reprinted with permission. 

 

These complications and comorbid conditions are arguably the most devastating 

sequelae of diabetes, placing further strain on patients. Although the prevalence of 

diabetes complications varies between countries, diabetes remains one of the leading 
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causes of CVD, blindness, kidney failure, and lower-limb amputation worldwide (IDF, 

2019). CVD, especially, is the leading cause of morbidity and mortality for individuals 

with diabetes. Specifically, CVD accounts for between one third and one half of all 

deaths in individuals with established diabetes (IDF, 2019), with MI and stroke being 

the leading causes of premature death (Emerging Risk Factors Collaboration, 2010). 

Compared to the general population, results from a meta-analysis of 102 studies 

showed that people with diabetes have a 2-fold excess risk of CVD (Emerging Risk 

Factors Collaboration, 2010). In 2012, diabetes or higher-than-optimal blood glucose 

levels and related complications caused 3.7 million deaths globally, 43% of which 

occurred before the age of 70 (WHO, 2016a). Individuals with diabetes die on average 

six years earlier than their counterparts without the condition, and approximately 58% 

of this survival difference is driven from excess CVD mortality, after adjustment for 

conventional CVD risk factors such as smoking, BMI, blood pressure, and lipids 

(Emerging Risk Factors Collaboration, 2010). Interestingly, a review of the literature 

indicated that the macrovascular complications of diabetes are not fully explained by 

the long-term elevation in blood glucose levels (Forbes & Cooper, 2013). And even 

though CVD rates have fallen over the past decades among people with T2D (Barengo, 

Katoh, Moltchanov, Tajima, & Tuomilehto, 2008), the reduction has been less than in 

the general population. Therefore, the increased risk of CVD in people with T2D still 

remains (Fox et al., 2015; Gore et al., 2012).  

Not only is T2D related to cardiovascular events, such as MI and stroke (van Wijk et 

al., 2005), but also recovery following such events is attenuated in people with 

diabetes (Newman, Bang, Hussain, & Toole, 2007). Notably, people with diabetes are 
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twice as likely to be admitted to hospital compared to people without diabetes 

(Diabetes UK, 2020). In 2010, hospitalisation rates for stroke and MI in the US were 

1.5 and 1.8 times higher, respectively, in individuals with T2D compared to those 

without diabetes (Centers for Disease Control and Prevention, 2014). In the UK, 

diabetes accounts for 25% of CVD-related hospitalisations (Diabetes UK, 2020). In 

individuals with diabetes and heart failure, diabetes is an independent predictor of 

repeated hospitalisation and MI-related mortality (MacDonald et al., 2008). 

Myocardial revascularisation procedures, such as coronary artery bypass graft or 

percutaneous coronary intervention, are also challenging in individuals with diabetes 

compared to those without diabetes. In particular, people with diabetes have 

substantially increased risk of death and adverse clinical outcomes following these 

procedures compared to those without diabetes (Hlatky et al., 2009; Kuchulakanti et 

al., 2006).   

Apart from physical complications and comorbid conditions, people with established 

T2D face an elevated risk of developing neuropsychological and mood disorders 

including Alzheimer’s disease (Biessels, Staekenborg, Brunner, Brayne, & Scheltens, 

2006), and depression (Mezuk, Eaton, Albrecht, & Golden, 2008; Nouwen et al., 2010; 

Rotella & Mannucci, 2013). Also, rates of anxiety (symptoms and/or clinical disorders) 

and psychological stress are consistently higher among people with T2D compared 

with the general population (Grigsby, Anderson, Freedland, Clouse, & Lustman, 2002; 

Smith et al., 2013). Furthermore, people with T2D report lower physical and mental 

health-related quality of life (Arditi, Zanchi, & Peytremann-Bridevaux, 2019; Clouet, 

Excler-Cavailher, Christophe, Masson, & Fasquel, 2001) compared to those without 
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T2D. Indeed, living with diabetes involves various and high-demanding self-care 

behaviours and lifestyle changes that are essential to glucose control and the 

prevention of future complications. These include adherence to medication, checking 

blood glucose levels regularly, eating healthily, and exercising frequently (ADA, 2003). 

Daily self-care and lifestyle modifications along with the burden of existing 

complications or the threat of future complications and the lack of perceived social 

support (from family, friends, or healthcare professionals) have all been recognised to 

cause a considerable emotional impact in people with T2D. Almost 50% of people with 

T2D report this emotional strain (called diabetes distress), which was found to be 

more prevalent among women with T2D compared to men with the condition (Fisher 

et al., 2008; Nicolucci et al., 2013). Negative psychological factors in T2D, such as 

depression and diabetes distress, have been associated with lower physical and 

mental health-related quality of life (Jannoo, Wah, Lazim, & Hassali, 2017) and have 

been prospectively linked to sub-optimal medication adherence (Aikens, 2012), 

poorer glycemic control (Aikens, 2012; Fisher et al., 2010), and the progression of 

complications (Vedhara et al., 2010).   

1.1.6 Management of T2D  

The management of T2D can be achieved through lifestyle modifications and 

pharmacological therapy targeting hyperglycemia. Healthy lifestyle patterns and 

weight loss can improve glycemic control in overweight and obese individuals with 

T2D and reduce the need for pharmacological therapy (ADA, 2018). In obese patients 

who do not achieve durable weight loss and health improvements with reasonable 

non-surgical methods, surgical procedures for the management of obesity may also 
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be suggested (Davies et al., 2018). Pharmacological therapy mainly refers to the use 

of oral anti-hyperglycemic tablets (metformin is currently the first-line medication for 

the management of T2D), insulin therapy, or other injectable anti-hyperglycemic 

medications such as glucagon-like-peptide-1 receptor agonists (Davies et al., 2018). 

Methods of insulin administration include daily injections (the number of injections 

depends on the type of regimen provided) and continuous subcutaneous insulin 

infusion delivered using insulin pumps as an alternative of multiple daily injections in 

a full basal-bolus regimen (Landau, Raz, Wainstein, Bar‐Dayan, & Cahn, 2017). Finally, 

in the Consensus Report by the ADA and the European Association for the Study of 

Diabetes published in 2018 (Davies et al., 2018), counselling and psychological support 

delivered in the context of diabetes are recognised as fundamental aspects of diabetes 

care.  

The management of diabetes and its clinical ramifications have strong financial 

implications. Indeed, diabetes imposes a significant economic burden for countries 

and public health systems as well as for patients and their families. It has been 

estimated that the total health expenditure on diabetes in 2019 (regardless of 

whether this expenditure is born by patients themselves or by private or public payers 

or by government) was $760 billion, representing a 5% rise on the 2017 estimated 

costs (IDF, 2019). This economic impact of diabetes is expected to continue to grow. 

It is projected that the annual expenditure will reach $825 billion by 2030 and $845 

billion by 2045. This reflects an increase of 9% and 11%, respectively, compared to 

2017 figures (IDF, 2019). Notably, in 2019, UK was one of 10 top countries worldwide 

for total health expenditure due to diabetes in adults (20 - 79 years old), with the total 
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economic impact of diabetes being $14.1 billion (IDF, 2019). Almost 80% of these costs 

were spent for treating the complications of diabetes (Diabetes UK, 2020). Considering 

all these facts, there is an urgent need to better understand the development and 

progression of T2D, and the underlying mechanisms involved.  

1.1.7 Sex differences in T2D complications and comorbid conditions  

A plethora of studies have highlighted sex differences in the morbidity rate associated 

with T2D. For example, a 2013 review of cross-sectional studies concluded that men 

with                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

T2D experience less depression and anxiety, have more energy, and use more active, 

problem-oriented, and solving approach strategies than women with the condition 

(Siddiqui, Khan, & Carline, 2013). Additionally, men with T2D experience greater 

subjective well-being and health-related quality of life compared to women with T2D 

(Siddiqui et al., 2013). Women with diabetes seem to be less satisfied with their 

management of the disease and experience more social worry compared to men 

(Siddiqui et al., 2013). Two large studies with 755 and 1,353 participants with T2D, 

respectively, showed that women were more likely to experience worse mental 

health-related quality of life (Landman et al., 2010; Schunk et al., 2015) and diabetes 

distress than men (Fisher et al., 2008). Apart from self-reported mental health-related 

quality of life, clinical disorders like anxiety and eating disorders are more common in 

women with T2D (Kautzky-Willer, Harreiter, & Pacini, 2016). These differences 

between women and men with T2D may be related to a variety of underlying causes 

such as lower perceived family support (Kautzky-Willer et al., 2016), lower self-efficacy 

(Kautzky-Willer et al., 2016), increased anti-diabetic treatment concerns regarding 
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possible side effects (Inzucchi et al., 2012), and a sense of failure because of poorer 

disease control (Mohamed et al., 2013; Shibayama, Sato, Nishigaki, Ochiai, & Kazuma, 

2011), observed in women with T2D.  

In turn, the psychological impact of diabetes adversely affects treatment adherence 

ultimately leading to poorer lipid and glucose control in women with T2D and the 

development of complications (Billimek et al., 2015; Kautzky-Willer et al., 2016). 

Notably, older women with T2D face a greater risk of developing diabetes 

complications. Generally, more complications are observed in men up to the age of 60 

years, whereas more complications are seen in women thereafter (Kautzky-Willer et 

al., 2016). Specifically, before the age of menopause, the incidence of T2D and 

atherosclerosis is higher in men compared with women, while after the menopause 

the incidence of T2D in women equals or exceeds the rates observed in same-aged 

men (Gubbels Bupp, 2015). Additionally, some diabetes complications and comorbid 

conditions are more prevalent in older women with T2D compared with their male 

counterparts. These include CHD, stroke, kidney disease, depression, and dementia 

(Anderson, Freedland, Clouse, & Lustman, 2001; Chatterjee et al., 2016; Kautzky-

Willer et al., 2016; Peters, Huxley, & Woodward, 2014a, 2014b; Seghieri et al., 2017). 

The impact of CVD in women with diabetes was recently demonstrated in a meta-

analysis of 49 prospective cohort studies involving 5,162,654 participants. It was found 

that diabetes confers an excess risk of CVD mortality and all-cause mortality in women 

compared to men with diabetes (Wang et al., 2019). Two other meta-analyses also 

showed that diabetes has a stronger association with gastric cancer risk and kidney 

cancer mortality in women with T2D compared with men with diabetes (Ge, Ben, Qian, 



44 
 

Wang, & Li, 2011; Larsson & Wolk, 2011). Moreover, longitudinal studies have 

indicated that the effect sizes for non-cancer and non-vascular mortality among 

participants with diabetes, as compared to controls without diabetes, were also 

significantly larger among female participants with diabetes (Emerging Risk Factors 

Collaboration, 2011).   

On the other hand, men with T2D are more likely to develop microvascular 

complications including diabetes neuropathy and they face a more rapid progression 

of diabetic nephropathy than women with T2D (Kautzky-Willer et al., 2016; Maric-

Bilkan, 2017). Other meta-analyses and literature reviews indicated that diabetes 

increases the risk of esophageal cancer and leukaemia in men, as well as cancer-

related mortality (Castillo, Mull, Reagan, Nemr, & Mitri, 2012; Huang et al., 2012; 

Kautzky-Willer et al., 2019).  

Figure 1.3 indicates mortality due to diabetes by sex and age in Europe Region14 in 

2019. As shown in Figure 1.3, mortality prevalence due to diabetes is slightly higher 

for men than women in ages < 70 years old (IDF, 2019; Kautzky-Willer et al., 2016), 

whereas is substantially higher in ageing women ≥ 70 years old. This pattern of results 

is consistent with UK and worldwide figures (IDF, 2019; WHO, 2016b).  

 
14 As defined by the IDF.  
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Figure 1.3.  Mortality due to diabetes by age and sex in Europe, 2019. Reprinted from “IDF Diabetes 
Atlas 9th edition” by International Diabetes Federation, 2019 

(https://www.diabetesatlas.org/en/resources/).  Copyright (02.06.2020) by Atlas team. Reprinted 
with permission. 

 

While such sex-specific differences are of increasing clinical interest, the underpinning 

mechanisms driving these differences are not entirely clear. Interestingly though, 

these sex differences in diabetes-related health outcomes are only partially explained 

by demographic, lifestyle, clinical, genetic, or hormonal factors (Espeland et al., 2018; 

Raparelli, Morano, Franconi, Lenzi, & Basili, 2017). A recent meta-analysis of individual 

data from 68 prospective studies showed that BMI, blood pressure, and total 

cholesterol each had continuous log-linear associations with heart disease and stroke 

mortality that were similar in strength among those with and those without diabetes, 

irrespective of sex (Prospective Studies Collaboration and Asia Pacific Cohort Studies 

Collaboration, 2018). These findings suggest that the stronger CVD effects of diabetes 

seen in older women compared to similarly-aged men cannot be entirely explained by 

the different levels of established CVD risk factors, including BMI, blood pressure, and 

https://www.diabetesatlas.org/en/resources/
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cholesterol levels. Additionally, a 2019 meta-analysis (Wang et al., 2019) found that 

women with the metabolic syndrome had 16% higher risk of heart disease compared 

with men with the condition, while no sex differences in heart disease risk were 

apparent in healthy controls. Understanding the underlying mechanisms of sex 

differences in T2D complications and comorbid conditions might contribute to how 

these are recognised, treated or prevented in either sex.  

1.1.8 The role of subjective well-being in people with T2D  

As mentioned earlier in this chapter, people who experience greater subjective well-

being live healthier and longer lives (Chida & Steptoe, 2008; Martin-Maria et al., 2017). 

The links between well-being and health/longevity are particularly relevant to people 

with T2D because of their greater vulnerability to ill-health and premature mortality. 

However, there is a dearth of prospective studies testing the protective role of 

subjective well-being in T2D outcomes. Albeit limited, existing research has suggested 

that, among patients who have T2D, subjective well-being and related constructs are 

related to superior physical health outcomes. Stress resilience, for example, has been 

prospectively associated with better glucose control (as indexed by HbA1c) in people 

with T2D (Vitaliano, Smith, Yi, & Weinger, 2008). In addition, enjoyment of life, life 

satisfaction, and self-efficacy have been independently associated with fewer 

diabetes complications, lower risk of heart disease, and reduced risk of all-cause 

mortality in previous longitudinal studies (Celano, Beale, Moore, Wexler, & Huffman, 

2013; Huffman, DuBois, Millstein, Celano, & Wexler, 2015; Moskowitz, Epel, & Acree, 

2008).  
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It is conceivable that the link between subjective well-being and physical health 

outcomes in people with T2D may be partially explained by healthier behaviours. 

Maintaining a healthy lifestyle is particularly important for individuals with T2D since 

it is a key component of glucose control, and psychological states may affect lifestyle 

choices, as described previously. Indeed, older people with greater hedonic and 

eudaimonic well-being have more prudent and healthier lifestyles. For example, they 

are more physically active in their leisure time, enjoy better sleep, maintain healthier 

diets, and use preventive healthcare services more conscientiously (Kim, Strecher, & 

Ryff, 2014; Steptoe, 2019a). In patients with T2D, especially, greater positive affect 

and optimism have been prospectively linked to more frequent physical activity, 

healthier diet, and reduced smoking (Moskowitz et al., 2008). When experiencing 

positive mood, a person may have greater confidence in meeting diet and exercise 

goals as well as more energy and vitality to engage in self-management and control 

(Huffman et al., 2015). In addition, associations between subjective well-being and 

health outcomes are frequently somewhat attenuated when health behaviours are 

taken into account, implying that these factors possibly play an important mediating 

role.  

Nevertheless, several prospective studies have shown that the significant relationship 

between subjective well-being and survival is sustained after adjusting for lifestyle risk 

factors such as physical activity, smoking, and BMI (Chida & Steptoe, 2008; Giltay, 

Kamphuis, Kalmijn, Zitman, & Kromhout, 2006; Kubzansky & Thurston, 2007; 

Moskowitz et al., 2008; Ostir, Markides, Black, & Goodwin, 2000), suggesting that 

direct biological pathways might also be involved in the well-being – health 
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relationship. Previous studies, mostly cross-sectional in nature, have indicated that 

subjective well-being is related to a more favourable function of multiple bodily 

systems, including the neuroendocrine, cardiovascular, and immune system (Steptoe, 

2019a). Nonetheless, the biological mechanisms linking subjective well-being with 

health outcomes in people with T2D remain to be elucidated.  

 

1.2 The concept of stress  

1.2.1 The models of stress  

One of the earliest and yet most dominant models of stress, the fight-or-flight model, 

was introduced by the American physiologist Walter Cannon (Cannon, 1929). Cannon 

supported the hypothesis that external threats can elicit direct biological arousal 

leading to one of two behavioural responses: either attack the threat (fight) or escape 

(flight). The model encompasses an evolutionary perspective as, during the hunter-

gatherer era, the fight or flight response provided a protective and adaptive 

response/reaction to any acute threat to survival. During the last two decades, 

extensions and alterations of the initial model have been suggested (Bracha, 2004; 

Taylor et al., 2000), in line with the significant advances in the understanding of stress 

response biology. 

The term ‘stress’15 was first used with its current meaning by the Hungarian-Canadian 

experimentalist Hans Selye who, in 1950, described the General Adaptation Syndrome 

 
15 The term ‘stress’ derives from the Indo-European root ‘str’ which has been historically linked to 
exertion of pressure. The Greek word ‘strangalizein’, its English synonym ‘to strangle’, as well as the 
Latin ‘strigere’ (to tighten) seem to have their origins in the very distant past (Chrousos, Loriaux, & 
Gold, 1988).  
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(GAS; Selye, 1950). Briefly, the GAS defines stress as a 3-stage process namely 1) alarm 

(stage of increased mobilisation when faced with an external stimuli, termed 

‘stressor’), 2) resistance (stage of coping by showing resistance to the stressor), and 

3) exhaustion (when the person is repeatedly exposed to the stressor, hence unable to 

show further resistance). Both the fight‐or‐flight and the GAS models are based on 

animal studies and represent stimulus‐response frameworks, emphasising a 

consistent, same‐level, and non‐specific acute stress response to any demand.   

Subsequent studies of stress in humans resulted in the Social Readjustment Rating 

Scale (SRRS), developed by Thomas Holmes and Richard Rahe (Holmes & Rahe, 1967). 

The SRRS is a list of major life events with a common theme; They all demand a 

significant change from existing steady stages, therefore require life adjustment. 

Negative events such as death of a spouse or a close family member, marital 

separation, personal illness or injury, but also desirable events such as vacations, are 

listed in descending order, from the more demanding to the less demanding. 

Consequently, the magnitude of different stressors is highlighted in this list. The SRRS 

is used widely in epidemiological studies that examine the role of stressful life events 

in disease development and/or progression (further information about 

epidemiological studies is presented on page 60). The SRRS scale was revised by 

Hobson and colleagues (Hobson et al., 1998), and daily hassles and uplifts scales have 

also been developed (Kanner, Coyne, Schaefer, & Lazarus, 1981).  

All the above‐mentioned models of stress fail to acknowledge important aspects of 

the stress response including the subjective meaning or desirability of the stressor, 

perceived control and coping capacities, previous experiences, as well as individual 
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factors such as personality traits, sociodemographic, and psychological characteristics 

which could potentially have an effect on the subjective stress experience and the 

accompanying biological arousal. 

The subjective nature of the stress response is reflected in the more‐recently 

developed Transactional Model of Stress, by Richard Lazarus and Suzan Folkman 

(Lazarus & Folkman, 1984). This model describes a 2-step subjective stress appraisal: 

1) the appraisal of the stimuli as being either irrelevant, or positive, or stressful and 2) 

the appraisal of the existing coping resources. These individual perceptions were 

hypothesised to play a key role in the stress experience. Therefore, a single stimulus 

may lead to stress for one person but not for another (stress is called ‘perceived stress’ 

in this concept). Albeit innovative, the Transactional Model of Stress could be criticised 

for its concrete appraisal process. For example, some people may still experience 

measurable biological stress arousal despite evaluating the stimuli as irrelevant or 

perceiving coping resources as adequate.  

1.2.2 The acute stress response: biological and behavioural changes  

Living organisms maintain a dynamic equilibrium, or homeostasis16, which is 

threatened or perceived to be threatened by a broad spectrum of acute17 stressors. In 

response to these stressors, a complex repertoire of biological and behavioural 

processes is activated. In humans, this neuroendocrine system is called ‘the stress 

 
16 The word ‘homeostasis’, which means a steady state, was first coined by Walter Cannon in the 20th 
century (Cannon, 1939) and has opened the way for the definition of ‘allostasis’ (which means 
stability through change) by Bruce McEwen decades later (McEwen, 1998).   
17 Acute stressors are characterised by high intensity and short duration. Some examples of acute 
stressors include episodic life events, interpersonal conflicts, time pressure, and life-threatening 
conditions such as attacks. In contrast, chronic stressors are characterised by low intensity and long 
duration (no obvious end). Some examples of chronic stressors include socioeconomic deprivation, 
family conflicts or domestic violence, job insecurity, and being a caregiver.  
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system’ and consists of two main elements: 1) the hypothalamus – pituitary – adrenal 

(HPA) axis and 2) the sympathetic – adrenal – medullary (SAM) axis, through which 

the central nervous system is connected with the periphery (Figure 1.4). The stress 

system has a basal level of circadian activity and is meant to react to stressors in a 

quantity- and time-limited fashion (Chrousos & Gold, 1992; McEwen, 1998).  

On perception of a stressor, the HPA axis is activated by the hypothalamic 

corticotropin-releasing hormone (CRH). CRH stimulates the secretion of 

adrenocorticotropin hormone from the pituitary gland. In turn, adrenocorticotropin 

hormone triggers the release of glucocorticoids (GCs), primarily cortisol, from the 

adrenal cortex. Cortisol can influence up to 20% of expressed human genes and affects 

major biological systems including the metabolic, cardiovascular, and immune system. 

In particular, cortisol is involved in the mobilisation of energy stores (namely 

gluconeogenesis), stimulates the cardiovascular system, and suppresses the 

inflammatory response, a component of the innate immune system (Chrousos, 2009). 

The innate immune system, particularly the phenomenon of systemic low-grade 

inflammation, is distinguished from immune responses to infection or injury (where 

the adaptive immune system is activated). This former type of inflammation is 

systemic, and not limited to a local site of infection or injury. It is much lower in 

magnitude than the response to an acute infection or even in sepsis. Additionally, it is 

also a longer-term response, although transient responses may also occur after acute 

stress. Most importantly, there is usually no apparent external stimulus, such as injury 

or infection (Black, 2002; Charles, Travers, Walport, & Shlomchik, 2001). For the 
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purposes of this thesis, the stress system – immune system interactions are presented 

in more detail on page 56.  

The sympathetic nervous system (SNS), which is part of the autonomic nervous 

system, is responsible for involuntary biological functions such as heart rate and blood 

pressure. On perception of a stressor, the SAM axis is also activated, triggering 

sympathetic nerve fibres originating from the locus coeruleus (LC) area of the brain to 

release noradrenaline which reaches the body’s skeletal muscles and glands. In 

parallel, sympathetic nerve fibres stimulate the adrenal medulla to release adrenaline 

and noradrenaline (Chrousos, 1998). Increased adrenaline and noradrenaline (namely 

‘catecholamines’) concentrations result in reduced blood flow to the gastrointestinal 

tract organs, the skin, and the kidneys, ensuring maximum blood flow to the heart, 

the brain, and the skeletal muscles. Acute changes resulting from sympathetic 

activation include increased heart rate and blood pressure, increased sweat 

production, pupil dilation, vasodilation, and dilation of the bronchioles in the lungs 

(Chrousos, 1998; Jansen, Van Nguyen, Karpitskiy, Mettenleiter, & Loewy, 1995).  

Acute stress-induced changes are, therefore, the result of the activation of the stress 

system (HPA and SAM axes) and their interactions. Indeed, the stress system interacts 

with several bodily systems including the central nervous system, the 

cardiorespiratory system, the gastrointestinal system, the digestive system, the 

excretory system, the metabolic system, and the immune system, as well as affects 

growth, reproduction, and thyroid function (Vgontzas & Chrousos, 2002). These 

complex interactions can be reflected in behavioural adjustments as well, including 

increased alertness, improved perception, focused attention, vigilance, analgesia, and 
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suppression of feeding and reproductive function (Nicolaides, Kyratzi, 

Lamprokostopoulou, Chrousos, & Charmandari, 2015). Concluding, multiple 

interconnected biological systems are synchronised during the acute stress response 

ensuring a dynamic and balanced process of adaptation to environmental challenges.  
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From an evolutionary perspective, these adaptive processes can protect individuals by 

increasing their chances of survival against life-threatening conditions, such as 

physical attacks. It is also acknowledged that these processes are central to 

maintaining pre-stress stability. Indeed, the role of the stress biomarkers (also called 

Figure 1.4. Schematic representation of the central and peripheral components of the stress system, 
their functional interrelations and their interactions with other homeostatic systems and molecules 
involved in the stress response. Activation is represented by solid lines and inhibition by dashed lines. 
ACTH = adrenocorticotropin hormone; AVP = = arginine vasopressin; BZD = benzodiazepine; CRH = 
corticotropin-releasing hormone; GABA = gamma-aminobutyric acid; LC = locus coeruleus; NPY = 
neuropeptide Y; POMC = pro-opiomelanocortin; SP = substance P. Reprinted from “Stress, the stress 
system and the role of glucocorticoids” by N. C. Nicolaides, E. Kyratzi, A. Lamprokostopoulou, G. P. 
Chrousos and E. Charmandari, 2015, Neuroimmunomodulation, 22, p. 10. Copyright (16.04.2020) by N. 
C. Nicolaides. Reprinted with permission. 
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‘stress mediators’), including cortisol, catecholamines, and their interactions, is to 

actively restore pre-stress stability through compensatory mechanisms. Once the 

stressor has passed, these biomarkers are expected to return to appropriate 

physiological ranges (McEwen, 1998). However, repeated activation of the stress-

related systems, as can happen in chronic stress, might result in biological 

dysregulation that can be reflected in either hyperactivity (an increased stress 

response and/or failure to shut off post-stress) or hypoactivity (an inadequate stress 

response) of the stress-related systems; a condition termed ‘allostatic load’ (McEwen, 

1998). More precisely, when biological dysregulation exists, stress biomarkers, which 

typically boost adaptation, might become maladaptive operating in relatively extreme 

physiological ranges both under resting conditions (basal/circadian levels) and in 

response to stressful stimuli. Biological dysregulation might then become an internal 

stressor itself and non-adaptive behaviours, such as smoking or excessive eating, 

might also occur further adding to the existing load (Karatsoreos & McEwen, 2010; 

McEwen, 1998).  

Examining systems in the body that are known to be stress-responsive and that have 

been found to play a key role in the development of several diseases, may help explain 

the pathways through which chronic stress adversely impacts physical and mental 

health. Altered processes such as neuroendocrine, autonomic, and inflammatory 

dysfunction, are thought to play an important role in the pathophysiology of various 

chronic conditions including T2D and CVD (Brotman, Golden, & Wittstein, 2007; 

Chrousos, 2009). Testing inflammatory processes, in particular, may provide useful 

insights on the underlying mechanisms linking chronic stress with physical diseases, as 
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low-grade inflammation is powerful in predicting morbidity and mortality. Low-grade 

inflammation has also been identified as a key player in age-related conditions such 

as T2D, CVD, cancer, Alzheimer’s disease, and frailty (Brotman, Golden, & Wittstein, 

2007; Chrousos, 2009; Emerging Risk Factors Collaboration, 2012; Couzin-Frankel, 

2010; Esser, Paquot, & Scheen, 2015; Steptoe, Hamer, & Chida, 2007; Wang et al., 

2013), and is linked with depression (Miller & Raison, 2016; Pariante, 2017) and poorer 

quality of life (Baturone et al., 2009; Dinh et al., 2019; Garvin, Nilsson, Ernerudh, & 

Kristenson, 2016; Li et al., 2019; Schoormans et al., 2012). The role of inflammation in 

T2D risk and progression is described on pages 86 and 88 of this chapter.  

1.2.3 Stress system-immune system interactions during the acute stress 

response 

Increasing evidence is providing insights on the interplay between the stress system 

and the immune system, showing that the stress system influences the immune 

system and vice versa. Cortisol and catecholamines are the two major mediators of 

the relationship between stress system and immune cells/responses. For example, 

cortisol influences leukocyte trafficking and/or function and suppresses the 

production of pro-inflammatory cytokines18, including tumor necrosis factor-alpha 

(TNF-α) and the interleukins (IL-1, IL-6, IL-8, IL-12), and other inflammatory 

biomarkers, preventing their effects on target tissues. These inhibitory effects of 

 
18 Cytokines are signaling proteins secreted by multiple cell types such as macrophages, T 

lymphocytes (mainly helper T cells), vascular endothelial cells, adipose tissue, and neurons. They play 

a fundamental role in the communication within the immune system and in allowing the immune 

system to exchange information with host tissue cells (McInnes, 2017). They are responsible for most 

of the biological effects in the immune system including the regulation of inflammatory responses 

(Chung, 2009).  
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cortisol can be manifested both at basal/circadian state and in response to stress 

(Chrousos, 1998; Maier & Watkins, 1998; Padgett & Glaser, 2003).  

The SNS also affects the immune system by transmitting humoral and nervous signals 

to both primary and secondary lymphoid organs, as well as by reaching all sites of 

inflammation through the postganglionic sympathetic neurons. Immune cells contain 

receptors and respond to products of these neurons including catecholamines and 

peripheral CRH (also known as immune CRH because of its actions on the immune 

cells). Catecholamines induce IL-6 secretion to the systemic circulation and the 

combination of GCs and catecholamines during stress induces a systemic switch from 

a T-helper-1 (Th-1) response (and a subsequent production of pro-inflammatory 

cytokines) to a Th-2 response (and a subsequent production of anti-inflammatory 

cytokines)19. This switch would be adaptive, if transient, but becomes dysfunctional 

when chronic, since the Th-1/Th-2 balance is essential to immunological health 

(Berger, 2000; Chrousos, 1998, 2009; Padgett & Glaser, 2003). 

Conversely, pro-inflammatory cytokines participate actively in the stress response by 

stimulating both the HPA and the SAM axis, and are ultimately suppressed by cortisol 

secretion (Elenkov, Wilder, Chrousos, & Vizi, 2000). Interestingly, IL-6, despite its 

inherent pro-inflammatory activity, plays a key role in the control of inflammation by 

causing cortisol secretion and by directly suppressing TNF-α and IL-1 release. The 

stress system - immune system interaction forms a vital negative feedback loop that 

 
19 Helper T cells are divided into Th-1 and Th-2 and they produce Th-1-type responses and Th-2-type 

responses, respectively. Th-1-type responses tend to produce pro-inflammatory cytokines while Th-2-

type responses tend to produce anti-inflammatory cytokines as a mechanism to counteract excessive 

production of pro-inflammatory cytokines (Berger, 2000).  
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protects the organism against an over-reaction of the immune system (Chrousos, 

1998). However, in the context of a dysregulated stress system, immune system 

mechanisms may also become dysfunctional, potentially influencing the onset and/or 

course of inflammatory-related disorders (Elenkov et al., 2008). Figure 1.5 illustrates 

the interactions between the stress system and the immune system.  

 

Figure 1.5. The stress system-immune system interactions. Stimulation is represented by solid lines 
and inhibition by dashed lines. ACTH = adrenocorticotropin hormone; CRH = corticotropin-

releasing hormone; E = epinephrine (adrenaline); LC = locus coeruleus; NE = norepinephrine 
(noradrenaline); PAF = platelet activating factor; SPGN = sympathetic postganglionic neurons. 

Reprinted from “Stressors, stress, and neuroendocrine integration of the adaptive response. The 1997 
Hans Selye memorial lecture” by G. P. Chrousos, 1998, Annals of the New York Academy of Sciences, 

851, p. 235. Copyright (02.06.2020) by G. P. Chrousos. Reprinted with permission. 

 

1.2.4 The measurement of stress  

Multiple measurement tools have been developed and various measurement 

approaches are used in stress research to quantify an individual’s stress levels. More 
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precisely, standardised questionnaires or scales measuring perceived/psychological 

stress are used. These contain items such as having inadequate control over external 

situations, feeling stressed, nervous, angry, tired, and frustrated, experiencing 

interpersonal conflicts and tension (Cohen, 1994; Levenstein et al., 1993). Additionally, 

lists or interviews on major life events or daily hassles are also used (Hanson et al., 

2015; Hobson et al., 1998; Holmes & Rahe, 1967; Kanner et al., 1981). Furthermore, 

adverse early‐life experiences (such as neglect, poor parental care, high parent‐child 

conflicts, physical or emotional abuse), psychosocial and emotional factors (such as 

socioeconomic deprivation, carer burden, job stress, depressive or anxiety symptoms 

or disorders), and personality traits (e.g. pessimism, cynical hostility) are widely 

studied in stress ‐ disease research in both cross‐sectional and prospective studies 

(Kivimäki et al., 2015; Lazzarino, Hamer, Stamatakis, & Steptoe, 2013; Luby, Barch, 

Whalen, Tillman, & Belden, 2017; McLaughlin, Lane, & Bush, 2016; Nyberg et al., 2014; 

Pinquart, 2018; Pinquart & Sörensen, 2003; Poole et al., 2015; Tindle et al., 2018). 

The above‐mentioned measurement methods are usually based on self‐reported 

information; therefore, responses may not be entirely accurate. For example, they may 

be biased by factors such as current emotional state, personality characteristics, and 

memory deficits. Memory deficits may especially bias studies with older participants 

and in cases when stress is measured retrospectively. Measuring stress biomarkers 

could provide more objective information on the stress experience. 

Epidemiological/population studies, naturalistic measurement studies, and laboratory 

stress testing studies can all incorporate the collection of biomarker data from humans 

(Steptoe & Poole, 2010).  
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In epidemiological/population studies, relatively large numbers of participants are 

followed over many years and biological data are provided at regular intervals, 

facilitating the tracking of changes in biomarkers prospectively. Basal/circadian levels 

of cortisol, IL‐6, and other stress biomarkers such as C‐reactive protein (CRP)20 are 

usually assessed in epidemiological studies. These studies bear the advantages of large 

and often nationally representative samples, as well as the establishment of temporal 

precedence that allows the examination of exposure‐outcome relationships (however, 

this is not the case with cross‐sectional epidemiological studies). A further advantage 

of these studies is that a single investigation can examine various outcome variables. 

For example, cohort studies of smokers can simultaneously look at mortality from 

lung, heart disease, or cerebrovascular disease. Nonetheless, epidemiological studies 

are limited by the fact that many environmental confounders (e.g. noise and room 

temperature) are difficult to assess, and a detailed examination of the underlying 

biological mechanisms cannot be easily explored (Steptoe & Poole, 2010). 

On the other hand, in naturalistic studies, measurements of biological data such as 

(salivary) cortisol, ambulatory blood pressure and heart rate are taken in real-life, 

everyday contexts (Grant, Hamer, & Steptoe, 2009; Steptoe, Hackett, et al., 2014; 

Steptoe et al., 2003). These studies can provide fruitful insights into how daily activities 

are linked to stress biology. They also capture basal/circadian rhythms and have 

improved ecological validity as measurements are taken under naturalistic conditions 

(Steptoe & Poole, 2010). Despite these assets, important limitations of naturalistic 

studies can also be raised. Firstly, sophisticated measurements (e.g. blood sampling) 

 
20 CRP is an acute-phase protein that is, at least partly, synthesised in the liver in response to 
increases in IL-6 and reflects vascular inflammation (Eapen et al., 2013). 
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are not practically easy due to technical restrictions. Secondly, the devices used in 

naturalistic studies (for example, for the measurement of ambulatory blood pressure) 

may be perceived as intrusive and therefore participants may not adhere to the study 

protocol regarding their use. In addition to this point, information on protocol 

adherence (e.g. timing of saliva sampling) and confounding factors (e.g. smoking, 

caffeine and alcohol consumption, food intake, sleep, physical activity, body posture) 

is self-reported and may therefore be inaccurate or incomplete (Steptoe, 2000; 

Steptoe & Poole, 2010).  

1.2.4.1 Laboratory stress testing: capturing the acute stress response  

As reported earlier in the thesis, dysfunctional activity of the stress-related systems 

might be health-damaging, accounting for several pathologic conditions. More 

detailed insights into the underlying biological function of multiple bodily systems can 

be provided using laboratory stress testing designs. Acute stress responses in the 

laboratory are hypothesised to index how people respond to everyday-life stressors. 

More specifically, in the laboratory, stress biomarkers can be measured before (pre-

task), during, and after (post-task; immediately after and during a recovery period) 

acute stressful tasks. This experimental research strategy is typically focused on the 

dynamic changes in stress biomarkers from pre- to post-task and up to recovery. The 

changes cannot be detectable if single measures are taken. Both the immediate post-

task and recovery stages are of importance as they can indicate either hyperactivity 

or hypoactivity to stress and/or a failure of the stress systems to shut off (Gerin, 2010).  

A range of acute stress tasks known to elicit reliable biological responses are used in 

laboratory stress testing studies. The Trier Social Stress Test (TSST) is one of the most 
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frequently applied tasks in laboratory studies. Briefly, this task requires participants 

to make an interview-style presentation in front of an interview panel who do not 

provide feedback or encouragement, followed by a surprise mental arithmetic test 

(Allen et al., 2017). Other stress tasks (usually applied in combination) include mental 

tasks (e.g. colour-word tasks, mirror tracing, problem solving), mock job interviews, 

public speaking, exposure to upsetting movies or pictures, interpersonal conflict tasks, 

or stress and anger recall tasks. Another stress paradigm found to reliably increase 

biological stress responses is the multitasking framework (Purple Research Solutions, 

UK). This comprises of eight different performance-related and cognitive demanding 

tasks that can be applied either singularly or in combination. This strategy enables the 

experimental manipulation of participants’ workload by increasing the number of 

tasks the participants have to complete or by changing the difficulty level of the tasks 

(Wetherell & Carter, 2014; Wetherell, Craw, Smith, & Smith, 2017). Biological 

measurements taken in laboratory stress testing studies include products of the stress 

system and its interactions: cortisol, catecholamines and α-amylase, heart rate and 

blood pressure, blood glucose, and also inflammatory markers (Gerin, 2010; Thoma, 

Kirschbaum, Wolf, & Rohleder, 2012).  

Interestingly, different stress paradigms may elicit the activation of different biological 

systems. For example, the HPA axis has a higher threshold for activation compared to 

the SAM axis and acute elevations in cortisol are typically observed in conditions 

characterised by increased perceived uncontrollability involving performance tasks 

and social evaluative threats (e.g. threats to a valued aspect of self-identity or where 

the self is at risk of being negatively critisised by others; Dickerson and Kemeny, 2004). 
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Therefore, a situation of low perceived threat may involve just a brief increase in 

cardiovascular activity to activate the SAM axis response. However, the situation may 

not be threatening enough to activate the ‘second wave’, HPA axis response with is 

anti-inflammatory sequelae (Sapolsky, Romero, & Muncket, 2000). All of the 

conditions necessary for reliably inducing a cortisol response seem to be present in 

the TSST, which is associated with robust elevations in cortisol and has become a 

standard protocol for stress induction in healthy and clinical populations of all ages 

(Buske-Kirschbaum & Hellhammer, 2003; Jessop & TurnerCobb, 2008; Kirschbaum et 

al., 1995; Kirschbaum, Pirke, & Hellhammer, 1993; Kudielka, Buske-

Kirschbaum, Hellhammer, & Kirschbaum, 2004).   

Also, the time course of different biomarker responses varies widely (Gerin, 2010), 

and different assessment methods can be used for a single marker. For example, 

cortisol and inflammatory stress responses can be measured both in circulating blood 

(plasma or serum) and in saliva (Hellhammer, Wüst, & Kudielka, 2009; Slavish, 

Graham-Engeland, Smyth, & Engeland, 2015). The use of salivary inflammatory 

markers is discussed more broadly in Chapter 9.  

Laboratory conditions enable the control of environmental confounders, such as noise 

and room temperature. Loud noise and extreme temperature conditions can affect 

stress-related biological parametres, including the SAM axis responses (Andren, 

Lindstedt, Björkman, Borg, & Hansson, 1982; Morioka et al., 2005), therefore these 

factors are important to be controlled for. Moreover, blood sampling, which is 

technically hard to take in naturalistic studies, can be carried out. Laboratory studies 

also allow for multiple biomarkers to be assessed simultaneously. For instance, along 

https://pubmed.ncbi.nlm.nih.gov/?term=Sapolsky+RM&cauthor_id=10696570
https://pubmed.ncbi.nlm.nih.gov/?term=Romero+LM&cauthor_id=10696570
https://pubmed.ncbi.nlm.nih.gov/?term=Munck+AU&cauthor_id=10696570
https://pubmed.ncbi.nlm.nih.gov/?term=Kirschbaum+C&cauthor_id=8255414
https://pubmed.ncbi.nlm.nih.gov/?term=Pirke+KM&cauthor_id=8255414
https://pubmed.ncbi.nlm.nih.gov/?term=Hellhammer+DH&cauthor_id=8255414
https://pubmed.ncbi.nlm.nih.gov/?term=Kudielka+BM&cauthor_id=14575731
https://pubmed.ncbi.nlm.nih.gov/?term=Buske-Kirschbaum+A&cauthor_id=14575731
https://pubmed.ncbi.nlm.nih.gov/?term=Buske-Kirschbaum+A&cauthor_id=14575731
https://pubmed.ncbi.nlm.nih.gov/?term=Hellhammer+DH&cauthor_id=14575731
https://pubmed.ncbi.nlm.nih.gov/?term=Kirschbaum+C&cauthor_id=14575731
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with blood sampling, heart rate and blood pressure measurements can be conducted 

using a Finometer device that allows for the continuous measurement of 

cardiovascular processes over the course of a laboratory session. Consequently, 

laboratory stress testing enables the investigation of multiple systems’ function at the 

same time. Another advantage of laboratory studies is that the experimental 

manipulation of the sample (e.g. grouping healthy versus diseased samples) is 

feasible, something that is not attainable in epidemiological studies.  

Despite the fact that the stress tasks are hypothesised to emulate real-life stressors, 

the artificial conditions of the laboratory raise the issue of decreased ecological 

validity. It is not known to what degree biological stress responses in the laboratory 

reflect real-world stress responses (Gerin, 2010). It is plausible that stressful tasks in 

the laboratory elicit different response patterns compared to real-life stressors due to 

factors such as habituation, experience, and adaptation. Nevertheless, a previous 

laboratory stress testing study has shown that plasma inflammatory responses to 

laboratory stress do not show any sign of habituation when up to three repeated 

(same) stress tasks are applied, especially in those participants with higher adiposity 

measures such as BMI, body fat %, and WHR (McInnis et al., 2014; McInnis et al., 2015; 

von Känel, Kudielka, Preckel, Hanebuth, & Fischer, 2006). Additionally, a meta-analysis 

of laboratory stress testing studies with a follow-up design revealed that enhanced 

cardiovascular responsivity/reactivity to, and slow recovery from acute stress in the 

laboratory, are associated with poorer cardiovascular risk status and CVD progression 

at follow-up, outside the laboratory (Chida & Steptoe, 2010). These studies support 

the ecological validity and predictive value of stress responses in the laboratory. 
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Concluding, the assessment of the dynamic biological responses to acute stress 

provides the opportunity to understand more fully how the body reacts to real-life 

stressors and hence elucidates the potential underlying mechanisms by which 

everyday stresses may influence the development and/or progression of several 

pathologies.  

1.2.5 Inflammatory responses to laboratory stress  

In humans, the underlying mechanisms linking stress with inflammation and disease 

can be explored using laboratory stress testing designs. Laboratory studies can add 

further evidence on the stress system - immune system interactions by demonstrating 

that various inflammatory markers respond acutely and reliably to acute laboratory 

stress. More precisely, a variety of pro- and anti-inflammatory cytokines have been 

measured in plasma (in most of the studies), serum, and saliva samples. These include 

IL-1 beta (IL-1β), IL-6, IL-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-5, IL-7, IL-8, IL-10, 

IL-12, TNF-α, interferon gamma (IFN-γ), fibrinogen, monocyte chemoattractant 

protein-1 (MCP-1), and CRP (Marsland, Walsh, Lockwood, & John-Henderson, 2017; 

Segerstrom & Miller, 2004; Slavish et al., 2015; Steptoe et al., 2007). Contrary to in 

vivo methods, in vitro studies assess stimulated cytokine production by using 

immunogens like lipopolysaccharides21 (Marsland et al., 2017; Steptoe et al., 2007). It 

is conceivable though that in vitro methods may produce different results from in vivo 

methods, therefore the two strategies are usually analysed and examined separately 

(Marsland et al., 2017; Steptoe et al., 2007). Other pathophysiologically relevant 

 
21 Lipopolysaccharides are large molecules consisting of a lipid and a polysaccharide composed of O-
antigen. It is a major constituent of the outer wall of almost all Gram-negative bacteria and it is highly 
immunogenic (Alexander & Rietschel, 2001).   

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Lipid
https://en.wikipedia.org/wiki/Polysaccharide
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processes that are currently gaining momentum in stress research include 

mitochondrial health (Picard & McEwen, 2018) and telomere shortening (Epel et al., 

2004). For the purposes of this thesis, specific reference is made below to three 

inflammatory markers: IL-6, IL-1ra and MCP-1.  

The circulating cytokine, IL-6, is one of the most frequently measured markers in 

laboratory stress testing studies. It is a pleiotropic cytokine produced from numerous 

cell types after stimulation by IL-1β. In turn, IL-6 stimulates the synthesis of CRP by 

hepatocytes in the liver (Steptoe et al., 2007). In studies including both healthy and 

diseased samples, mean plasma IL-6 absolute levels range between 0.07 - 6.34 

picograms per mililitre (pg/ml; Marsland et al., 2017). Results from two meta-analyses 

of laboratory stress testing studies revealed that plasma IL-6 levels typically increase 

following stress tasks in the laboratory (Marsland et al., 2017; Steptoe et al., 2007). 

More specifically, IL-6 increases can be detectable in blood circulation as early as 10 

minutes post-stress and reach a peak around 90 minutes following stress (Marsland 

et al., 2017). Findings from these two meta-analyses also showed stronger effects of 

the stress trial for healthy compared to diseased groups and for studies that employed 

relatively delayed sampling. For example, in the more recent meta-analysis of 

Marsland et al. (Marsland et al., 2017) larger effect sizes were observed at 90 and 120 

minutes post-stress compared to 11-30 and 40-50 minutes post-stress. Similarly, 

Steptoe and colleagues (Steptoe et al., 2007) found stronger effects for studies that 

obtained samples at 30 - 120 minutes post-stress versus studies that carried out 

immediately post-stress sampling. Notably, in the meta-analysis of Marsland and 

colleagues (Marsland et al., 2017), IL-6 stress responses did not vary as a function of 
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task type (catergorised into social stressors versus other stressors) or assay methods, 

while differences in the magnitude of effects between healthy and diseased samples 

were observed only for IL-6 and not for the other cytokines studied (TNF-α and IL-1β). 

Interestingly, IL-6 responses have been found to be stable across time, even after 

repeated exposure to the same laboratory stressors, as previously noted (McInnis et 

al., 2014; McInnis et al., 2015). 

Research investigating IL-1ra and MCP-1 stress responses is generally limited. IL-1ra is 

an anti-inflammatory agent involved in the inhibition of IL-1 action (Banerjee & 

Saxena, 2012). IL-1 and IL-6 administration can induce IL-1ra secretion (Bargetzi et al., 

1993; Steensberg, Fischer, Keller, Møller, & Pedersen, 2003; Tilg, Trehu, Atkins, 

Dinarello, & Mier, 1994). MCP-1 is included in the chemoattractant cytokine family. It 

is produced after stimulation by other cytokines, including IL-6, and is involved in the 

regulation of migration and infiltration of macrophages (Deshmane, Kremlev, Amini, 

& Sawaya, 2009). Both IL-1ra and MCP-1 levels have been found to increase in 

response to stressful tasks in the laboratory (Hackett, Hamer, Endrighi, Brydon, & 

Steptoe, 2012; Marsland et al., 2017; Steptoe et al., 2007), although responses are 

more consistent for IL-6 than IL-1ra or MCP-1 (Marsland et al., 2017; Steptoe et al., 

2007). 

1.2.6 Individual differences in inflammatory responses to laboratory stress 

A very prominent feature of biological stress responsivity is the large variability in the 

magnitude and/or duration of stress responses between individuals and across 

different situations. Animal and human studies have provided substantial knowledge 

of both internal (related to the individual) and external (related to the stressor itself) 
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variables that are relevant to shaping the stress response. Among individual factors, 

sex, age, physical condition22, the perception of the stimulus, early life experiences, 

genetics, and epigenetic mechanisms are all investigated in relation to stress 

responsivity, as well as the effect of personality factors, psychosocial indicators such 

as social support and social hierarchy, and psychological characteristics. These internal 

characteristics interact with external factors such as the duration (as reported earlier, 

chronic stress is a key contributor of the acute stress response), intensity, 

unpredictability, and habituation of the stressor, as well as time of exposure, to 

modulate the stress response (Champagne et al., 2006; Chrousos & Gold, 1992; 

Chrousos & Kino, 2007; Kudielka et al., 2009; Levine, 1970; McEwen, 1998; Newport, 

Stowe, & Nemeroff, 2002; Novais, Monteiro, Roque, Correia-Neves, & Sousa, 2016; 

Szyf, Weaver, Champagne, Diorio, & Meaney, 2005). The identification of factors that 

determine the regulation and dysregulation of stress responsivity is of importance as 

these factors may reflect a different degree of vulnerability to several stress-related 

conditions and stress responsivity may provide an explanation of the links between 

these characteristics and disease risk and progression. During the last two decades, 

individual differences in the phenotyping of biological, particularly inflammatory, 

stress responses have been identified in several original studies, with the great 

majority of them published within the last 10 years. These studies have looked at 

associations between multiple individual characteristics and the magnitude of 

inflammatory responses in the laboratory. Individual characteristics included 

 
22 Including the presence of a clinical disease and medication intake, nicotine, coffee and alcohol 

consumption, dietary energy supplies, pregnancy, lactation, and breast-feeding (Kudielka, 

Hellhammer, & Wüst, 2009).  
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sociodemographic and job-related variables, behavioural/lifestyle factors, 

psychological factors, clinical and biological factors, and subjective responses to the 

tasks. Overall, findings from these laboratory studies demonstrated that negative 

factors (those that have been prospectively linked with ill-health) such as lower social 

status, childhood adversity, job stress, smoking history, loneliness, and hostility are 

cross-sectionally associated with enhanced inflammatory responses post-stress, 

measured as the difference in levels from pre- to post-stress and up to recovery 

(Bennett et al., 2013; Brydon et al., 2010; Carpenter et al., 2010; Derry et al., 2013; 

Girard, Tardif, Boisclair Demarble, & D'Antono, 2016; Hackett et al., 2012; Hackett, 

Lazzarino, Carvalho, Hamer, & Steptoe, 2015; Hamer et al., 2006). On the other hand, 

factors that are considered as health-protective, such as subjective well-being, 

physical fitness, stress management, and more time spent meditating are cross-

sectionally linked with reduced inflammatory responses following laboratory stress 

(de Brouwer et al., 2013; Hamer & Steptoe, 2007; Pace et al., 2009; Steptoe, Wardle, 

& Marmot, 2005).  

As mentioned previously, physical condition plays a role in biological stress 

responsivity. Of importance, only one previous study has looked at inflammatory 

stress responses in people with T2D compared to healthy controls (Steptoe, Hackett, 

et al., 2014). Interestingly, the two groups showed significant differences in IL-6 

activity and reactivity. More precisely, people with T2D had higher IL-6 absolute 

concentrations pre-stress compared to the healthy control group coupled with 

diminished IL-6 stress responses. Despite smaller IL-6 increases, absolute levels 
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remained higher in the diabetes group throughout the laboratory session. A detailed 

description of this study is provided on page 79.  

Sex differences in inflammatory stress responses in people with T2D and the role of 

subjective well-being in inflammatory stress responses in T2D are the focus of this 

thesis. Due to the lack of research in T2D samples, full details of previous studies 

(samples description, stress tasks, cytokines affected, effect sizes, statistical 

adjustments) that have examined these links in healthy samples are provided in Table 

1.1 and Table 1.2, respectively (except one study that explored sex differences in IL-6 

stress responses in patients with CAD).  

Sex differences in circulating inflammatory stress responses have been described in 

four previous studies of healthy adults (Edwards, Burns, Ring, & Carroll, 2006; 

Endrighi, Hamer, & Steptoe, 2016; Lockwood, Marsland, Cohen, & Gianaros, 2016; 

Steptoe, Owen, Kunz-Ebrecht, & Mohamed-Ali, 2002). Three of these previous studies 

supported women to be more inflammatory-responsive than men following 

laboratory stress (Endrighi et al., 2016; Lockwood et al., 2016; Steptoe, Owen, et al., 

2002), and one study reported a delayed response for female compared to male 

participants (Edwards et al., 2006). The smaller sample size of this latter study (N = 

40), the younger age of participants, and the lack of adjustment for covariates 

(compared to the other studies) may have played a role in the inconsistency of the 

findings. Indeed, sex differences in inflammatory stress responses are more 

consistently observed in studies of older participants. It is not yet clear why sex 

differences are more frequently seen in older individuals, but it is plausible that the 

smaller levels of reproductive hormones associated with ageing in women might help 
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explain these findings. For example, in the study of Endrighi et al. (Endrighi et al., 

2016), which found larger IL-6 stress responses for healthy women compared to men, 

all women participants were post-menopausal. The effect of menopause status on 

inflammatory stress responses was directly checked in one study that compared 

lipopolysaccharide-stimulated IL-6 responses to a speech task in 62 healthy men and 

women (Prather et al., 2009). Results confirmed that post-menopausal women show 

elevated IL-6 (as assessed immediately post-task and at 30 minutes post-task) and 

TNF-α (as measured immediately post-task) reactivity to stress compared to men, but 

no differences were observed between pre-menopausal women and men, suggesting 

that the observed sex differences in stress-induced cytokine production are largely 

attributable to differences between men and post-menopausal women. These 

findings further support the hypothesis that reproductive hormones might contribute 

to the observed sex differences in inflammatory stress responses and suggest that 

post-menopausal women may be particularly susceptible to stress-related 

inflammatory conditions. Indeed, oestrogens, which are thought to have anti-

inflammatory effects, are reduced in ageing women (Winters, 2001), potentially 

having a permissive effect on cytokine production and gene expression. In the more 

recent study of Sullivan et al. (Sullivan et al., 2018), women with CAD exhibited greater 

IL-6 responses than similarly aged male patients. Interestingly though, differences 

between women and men with CAD decreased with increasing age. For example, at 

40 years of age, the IL-6 response for women at 90 minutes post-stress was 83% higher 

compared with pre-task levels, whereas IL-6 increases for men were only 52% higher 

compared with pre-stress levels. At 50 years of age, the IL-6 response for women 

compared with men was 61% versus 42%, and at 60 years of age it was 42% versus 
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32%, respectively. Differences in the health condition of participants (they all had CAD) 

might explain discrepancies with previous studies. In the same study, the healthy 

control group, consisted of middle-aged participants, did not show any differences in 

IL-6 stress responses between women and men. 

 

 

 

 

 

 

 

 

 

Table 1.1 

Studies measuring sex differences in circulating inflammatory stress responses 

Study  Participants  Stressor Inflammatory 

markers/ 

time-points 

Results (effect 

sizes) 

Statistical 

adjustment  

Sullivan et 

al. (2018). 

819 patients 

with CAD 

and 98 

healthy 

controls 

(age range 

25-79 for 

CAD group 

and 18-60 

Speech task. IL-6, MCP-1, 

MMP-9, hs-

CRP/ pre-task 

and 90 min 

post-task. 

CAD group: IL-6 

responses larger 

for women vs. 

men.  Difference 

between women 

and men smaller 

with increasing 

age (see 

Appendix A for 

Age, sex, time, age 

by sex, age by time, 

sex by time, age by 

sex by time, race, 

education, 

diabetes, 

hypertension, BMI, 

depression history, 

smoking, 
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for healthy 

group).  

effect sizes). No 

sex differences in 

MCP-1, MMP-9, 

or hs-CRP 

responses.  

 

Control group: 

No sex 

differences in IL-

6 responses (no 

measurement of 

other factors in 

controls).  

medication use23, 

previous MI and 

heart failure, 

summed rest score, 

plate effect24 and 

study source. 

Endrighi 

et al. 

(2016).  

506 healthy 

adults 

(mean age 

62.9 ± 5.60).  

Colour-word 

and mirror 

tracing.  

IL-6/ pre-

task, 

immediately 

post-task,45 

min and75 

min post-

task.  

Larger IL-6 

responses at 45 

and 75 min in 

women vs. men 

(effect sizes not 

reported).  

Age, adiposity, SES, 

depressive 

symptoms, physical 

activity, alcohol 

(past week), 

smoking, 

rumination, task 

appraisals, 

subjective stress, 

statins use, 

hormone 

replacement, time 

of testing, pre-task 

IL-6.  

Study  Participants  Stressor Inflammatory 

markers/ 

time-points 

Results (effect 

sizes) 

Statistical 

adjustment  

Lockwood 

et al. 

(2016).  

57 healthy 

adults (age 

range 30-

51).  

Colour-word 

and multi-

source 

interference 

tasks25.  

IL-6/ pre-task 

and 30 min 

post-task.    

Greater IL-6 

responses in 

women vs. men  

(η2
p

 = 0.08, p = 

0.038).  

Age. 

Edwards 

et al. 

(2006). 

40 healthy 

students 

(mean age 

21.3 ± 1.8).   

Mental 

arithmetic.  

IL-6/ pre-

task, 

immediately 

post-task, 30 

min and 60 

Men showed an 

earlier peak in IL-

6 (at 30 min) vs. 

women (at 60 

min). Higher IL-6 

levels for men at 

No adjustments.  

 
23 Aspirin, beta blocker, statins, angiotensin-converting enzyme inhibitors, and antidepressants.  
24 To minimise any potential batch effect, the researchers deemed important to include biomarker 
plate as a random effect in their models to account for any correlation of values related to how the 
samples were run or prepared in the laboratory. Therefore, they included plate effect as a random 
intercept in the fully adjusted model. 
25 Modified versions of the tasks.  
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min post-

task.  

30 min vs. 

women  

(η2 = 0.10, p = 

0.05).  

Steptoe, 

Owen, et 

al. (2002).  

230 healthy 

adults (age 

range 45-

59). 

Colour-word 

and mirror 

tracing.   

IL-6, IL-1ra, 

TNF-α/ pre-

task and 45 

min post-

task. 

  

Larger IL-6 

responses in 

women vs. men. 

IL-1ra increased 

only in women. 

TNF-α increased 

only in men 

(effect sizes not 

reported). 

For IL-6 model only: 

Hemoconcentration 

change, age, BMI, 

WHR, blood 

sampling method 

Note. Effect sizes correspond to adjusted results. BMI = body mass index; CAD = coronary artery 
disease; hs-CRP = high-sensitivity-C-reactive protein; IL-1ra = interleukin-1 receptor antagonist; IL-6 = 
interleukin-6; MCP-1 = monocyte chemoattractant protein-1; MI = myocardial infarction; min = 
minutes; MMP-9 = and matrix metallopeptidase-9; SES = socioeconomic status; TNF-α = tumour 
necrosis factor-alpha; vs. = versus; WHR = waist-to-hip ratio.   

The link between subjective well-being or related psychological constructs and 

circulating inflammatory stress responses appears consistent, albeit not widely 

explored. Specifically, in healthy participants, greater self-reported happiness over the 

day, self-compassion, and maintaining a positive outlook during the stress task in the 

laboratory have been cross-sectionally associated with smaller inflammatory 

increases post-stress after adjusting for covariates (Aschbacher et al., 2012; Breines et 

al., 2014; Steptoe et al., 2005). Table 1.2 presents full details of these studies.  
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Table 1.2 

Studies measuring positive psychological characteristics and circulating inflammatory stress 

responses 

Study  Participants  Moderator Stressor Inflammatory 

markers/ 

time points 

Results 

(effect sizes)  

Statistical 

adjustment  

Breines 

et al. 

(2014). 

41 healthy 

adults  

(age range 

18-35) 

Self-

compassion. 

TSST. IL-6/ pre-task 

and 120 min 

post task.  

 

 

Higher self-

compassion 

predicted 

smaller IL-6 

responses  

(B = -0.94,  

p = 0.003). 

Age, sex, 

ethnicity, 

BMI, self-

esteem, 

depressive 

symptoms, 

post-TSST 

distress, 

time of 

testing.  



76 
 

Aschbac

her et al. 

(2012). 

35 healthy 

post-

menopausal 

women  

(age range 

51-75).  

Maintenance 

of positive 

outlook26 

from pre- to 

post-task.   

TSST. IL-1b, IL-6/ 

pre-task and 

50 min post-

task.  

  

Decreased 

positive 

outlook 

predicted 

larger IL-1β 

response  

(B = -0.40, p 

= 0.017). No 

associations 

for IL-6 

responses. 

Age, BMI, 

caregiver 

status, 

antidepress

ant use, pre-

task 

cytokine 

levels. 

Steptoe 

et al. 

(2005). 

216 healthy 

adults  

(age range 

45-59).  

Daily 

happiness. 

Colour-

word 

and 

mirror 

tracing.  

Fibrinogen/ 

pre-task and 

immediately 

post-task.   

 

  

Lower 

happiness 

predicted 

larger 

fibrinogen 

responses  

(OR = 3.72, 

95% CI  

[1.16, 

11.90]). 

Age, sex, 

BMI, 

smoking, 

employment 

grade, pre-

task 

fibrinogen, 

general 

health 

status.  

Note. All effect sizes are adjusted results, except those presented for the study of Aschbacher et al. 
(Aschbacher et al., 2012). B = unstandardized beta coefficient; BMI = body mass index; CI = confidence 
interval; IL-1b = interleukin-1 beta; IL-6 = interleukin-6; min = minutes; OR = odds ratio; TSST = Trier 
Social Stress Test. 

1.2.7 The clinical importance and predictive value of inflammatory stress 

responsivity in the laboratory: Evidence from follow-up studies  

Increased inflammatory responsivity in terms of magnitude and/or duration, 

indicative of allostatic load, might be health-damaging, conferring elevated risk for 

inflammatory-related diseases. Only a few studies have examined the longitudinal 

association between inflammatory stress reactivity and future health outcomes. 

Albeit scarce, prospective evidence suggests that individuals who show increased 

inflammatory responses in the laboratory are prone to developing physical and mental 

conditions in the long-term. More precisely, Brydon and Steptoe (Brydon & Steptoe, 

 
26 Positive affect and cognition.  
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2005) examined inflammatory stress responses in 153 healthy, middle-aged civil 

servants who were exposed to two laboratory stress tasks (colour-word task and 

mirror tracing task) in relation to ambulatory systolic and diastolic blood pressure 

three years later. It was found that greater fibrinogen and IL-6 stress responses, as 

measured immediately post-task and at 45 minutes post-stress, respectively, 

predicted ambulatory systolic blood pressure at follow-up. Higher fibrinogen 

responses further predicted diastolic blood pressure at follow-up. Results were 

adjusted for ambulatory blood pressure levels at baseline, pre-stress blood pressure 

levels, acute blood pressure stress responses in the laboratory, pre-stress 

inflammatory levels, age, sex, BMI, and smoking27. Similarly, in a study of 636 healthy 

participants from the Whitehall II epidemiological cohort study, heightened fibrinogen 

responses to the same stress tasks (colour-word and mirror tracing) in the laboratory, 

as assessed immediately after stress, predicted higher incidence of clinical 

hypertension over an average 8-year follow-up in women but not in men (OR for high 

reactivity versus low reactivity group = 2.64, 95% CI [1.11, 6.30]), after adjusting for a 

range of covariates including sociodemographic factors, lifestyle variables, and pre-

stress fibrinogen (Steptoe, Kivimaki, Lowe, Rumley, & Hamer, 2016). In another study 

of 155 healthy middle-aged participants from the Whitehall II study, larger fibrinogen 

and TNF-α responses at 45 minutes post-task predicted greater carotid artery stiffness 

at the 3-year follow-up (for fibrinogen: β = -5.87, 95% CI [-11.4, -0.36]; for TNF-α: β = 

-1.82, 95% CI [-3.52, -0.13]), adjusting for sociodemographic, lifestyle, and 

conventional risk factors for CVD including blood pressure, cholesterol levels, and 

 
27 Effect sizes were not reported in this study.  
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measures of adiposity (Ellins et al., 2008). TNF-α analyses were further adjusted for 

pre-stress CRP and changes in haematocrit and results were sustained. In the same 

study, pre-stress fibrinogen and TNF-α absolute levels were not associated with 

arterial stiffness at follow-up, adding value to examining inflammatory stress 

responsivity. In the same study, IL-6 stress responses did not significantly predict 

arterial stiffness. Nevertheless, carotid stiffness was not assessed during the baseline 

study, constituting an important limitation of the study. In a more recent study with 

participants from Whitehall II, Ellins and colleagues (Ellins, Rees, Deanfield, Steptoe, 

& Halcox, 2017) investigated the relationship between inflammatory responses to 

acute mental stress in the laboratory and endothelial dysfunction three years later in 

158 volunteers. Findings from this study showed that elevated fibrinogen at 45 

minutes post-stress predicted diminished flow-mediated dilation28 following 

adjustment for pre-stress fibrinogen, baseline brachial artery diameter, reactive 

hyperemia, and other key cardiovascular risk factors (β = -0.047, p = 0.016). The 

association between the immediate fibrinogen response to stress and flow-mediated 

dilation was significant only in the presence of (mild) dyslipidemia. There was no 

significant association between change in IL-6 or TNF-α and flow-mediated dilation. 

Not only poorer CVD risk profile but also worse mental health at the follow-up has 

been found to be linked to increased inflammatory stress responsivity. To the best of 

my knowledge, only one longitudinal study to date has examined the relationship 

between inflammatory stress responses and mental health outcomes, particularly 

 
28 Flow-mediated dilation is a dynamic measure of arterial physiology and pathophysiology. It 
provides a measure of change in vasomotor tone which is caused by the local release of nitric oxide 
stimulated by the increase in shear stress during a standardised post-ischemic hyperemic response 
(Ellins et al., 2017).  
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depressive symptoms. Aschbacher et al. (Aschbacher et al., 2012) measured positive 

outlook before and after stress tasks (speech and math tasks), inflammatory 

responses 50 minutes after the onset of the tasks, and depressive symptoms one year 

later in a sample 35 older women. Findings showed that IL-1β stress responses 

predicted increases in depressive symptoms one year later after adjusting for 

covariates including pre-stress IL-1β levels, antidepressant use, and depressive 

symptoms at baseline (β = 0.501; p = 0.003). In the same study, IL-1β reactivity 

significantly mediated the relationship between maintenance of positive outlook from 

pre- to post-stress and depressive symptoms in the follow-up (indirect path B 

coefficient = -1.194, p = 0.030). IL-6 reactivity was not a significant predictor of 

depressive symptoms alone or in the adjusted model, although the direction of the 

effect was similar to IL-1β (β = 0.254, p = 0.137). Taken together, longitudinal 

associations between inflammatory stress reactivity and health outcomes 

predominantly show that greater inflammatory reactivity has negative implications 

for health in the long-term.  
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1.3 The psychobiological profile of T2D  

As reported previously in this chapter, T2D is linked with an increased psychological 

burden. Epidemiological and laboratory studies further revealed that T2D is associated 

with dysregulation across multiple stress-related biological systems. One cross-

sectional study of 1,000 participants showed that the condition of T2D is linked with 

heightened levels of various stress biomarkers including cortisol, 

dehydroepiandrosterone sulfate (along with cortisol, this is indicative of the HPA axis 

activity), catecholamines, blood pressure, cholesterol, HbA1c, and CRP, even after 

controlling for demographic and lifestyle factors (Mattei, Demissie, Falcon, Ordovas, 

& Tucker, 2010). Nevertheless, in this study by Mattei and colleagues (Mattei et al., 

2010), biological measurements were taken only under resting conditions, hence 

capturing basal biological activity. Only one study to date has explored stress reactivity 

across multiple biological systems in people with T2D compared with healthy controls 

(Steptoe, Hackett, et al., 2014). In this study by Steptoe and colleagues, 140 individuals 

with doctor-verified T2D diagnosis and 280 healthy participants, aged 50 - 75 years 

old, underwent two laboratory stress testing tasks for 10 minutes in total (the Stroop 

colour-word task and a mirror tracing task). Multiple biological measurements were 

carried out before, during and up to 75 minutes post-stress. Results from this study 

indicated that the diabetes group had smaller neuroendocrine (salivary cortisol), 

autonomic (systolic blood pressure), inflammatory (IL-6), and metabolic (cholesterol) 

stress responses, coupled with delayed recovery in systolic and diastolic blood 

pressure, heart rate, and cholesterol compared to age, sex, and income-matched 

healthy controls. In addition, the diabetes group had lower diastolic blood pressure 

and higher heart rate compared to the healthy group throughout the stress session. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/dehydroepiandrosterone-sulfate
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Notably, pre-stress IL-6 levels were higher in people with T2D so that despite smaller 

increases after stress, absolute levels remained higher compared to controls. Similarly, 

the diabetes group had higher pre-task cortisol levels than controls and elevated 

cortisol output over a single day.  

Findings from the study by Steptoe et al. (Steptoe, Hackett, et al., 2014) highlight the 

role of blunted stress reactivity in this patient group and are in agreement with 

previous studies that suggested that blunted stress responses may also be related to 

ill-health. For example, evidence from previous laboratory stress testing studies 

(predominantly cross-sectional in nature) has shown that several adverse behavioural 

and health outcomes are associated with reduced cardiovascular (heart rate and/or 

blood pressure) and cortisol reactivity. These included depressive symptoms, 

disordered eating and bulimia, addictive behaviours such as substance dependencies 

and gambling, poorer self-rated health, poorer cognitive performance, and some 

personality characteristics (Carroll, Ginty, Whittaker, Lovallo, & de Rooij, 2017; Kelly-

Hughes, Wetherell, & Smith, 2014). Additionally, attenuation in heart rate and cortisol 

stress responses has been related to a higher number of unfavourable childhood 

experiences in a dose-response manner (Lovallo, Farag, Sorocco, Cohoon, & Vincent, 

2012), as well as to the duration of exposure (for cortisol) to these adverse events 

(Voellmin et al., 2015). Moreover, it has been demonstrated that smaller 

cardiovascular (heart rate and blood pressure) and cortisol stress responses in the 

laboratory are cross-sectionally related to obesity (Jones et al., 2012; Phillips, 2011) as 

well as increase the likelihood of becoming obese longitudinally after adjusting for 

covariates (Carroll, Phillips, & Der, 2008; de Rooij, 2013). Concluding, stress 
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hypoactivity may not be beneficial but instead may also reflect biological 

dysregulation in the body potentially predisposing individuals to negative health 

outcomes in the long-term.  

In the laboratory study by Steptoe and colleagues (Steptoe, Hackett, et al., 2014), 

participants with T2D reported a more stressful psychosocial profile compared to 

healthy individuals. For example, they were more likely to report high depressive 

symptoms, hostility, financial strain, less neighbourhood social cohesion, less sense of 

control over their lives, and less optimism compared to controls, independently of 

education level and marital status. Participants with diabetes were also more likely to 

be separated, divorced, or widowed than participants without the condition.  

Significant relationships between lifestyle and psychosocial variables and biological 

factors have also been identified in this study. For example, analysing the T2D group 

alone, it was found that hostility was positively associated with IL-6 increases post-

stress and inversely associated with cortisol output following stress, suggesting that a 

psychosocial factor such as hostility further exaggerates disturbed biological 

processes in this patient group (Hackett, Lazzarino, Carvalho, Hamer, & Steptoe, 

2015). Optimism on the other hand was associated with heightened systolic and 

diastolic blood pressure responses following acute stress and lower daily cortisol 

output (Puig‐Perez, Hackett, Salvador, & Steptoe, 2017), indicating that people with 

T2D who are more optimistic respond to stress in a similar way as healthy individuals 

(Steptoe, Hackett, et al., 2014). In our more recent study (Hackett, Poole, Hunt, 

Panagi, & Steptoe, 2019), we observed that lonelier participants with T2D had greater 

MCP‐1 concentrations throughout the laboratory session with values at 75 minutes 
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post-stress being significantly higher for lonelier individuals after adjusting for 

covariates. In the same study, loneliness was associated with lower cortisol levels 

throughout the session after controlling for covariates and greater reduction in 

cortisol levels post-task. With regards to lifestyle variables, evidence was found for an 

inverse association between moderate-to-vigorous physical activity, assessed 

objectively using accelerometers over one week, and IL-6, IL-1ra, and MCP-1 absolute 

levels, with associations being largely explained by higher BMI (Hamer et al., 2014).  

Overall, the psychobiological profile of T2D is characterised by chronic psychosocial 

adversity and altered stress-related biological processes. It is plausible that 

dysfunctional stress biology as a result of chronic stress influences T2D pathogenesis 

over time. from visceral fat accumulation and reactive insulin hypersecretion to T2D 

and endothelial dysfunction with its cardiovascular and neurovascular sequelae 

(Chrousos, 2009). Indeed, stress-induced biomarkers are highly relevant to T2D, 

including the release of cortisol, glucose and lipids into the circulation, increased heart 

rate and blood pressure, and inflammatory cytokine expression. Animal models, 

human epidemiological studies, and laboratory stress testing studies have tried to 

define how these stress products may ultimately result in metabolic disturbances and 

therefore, T2D. Findings from these studies are presented below, with a specific focus 

given on the role of inflammatory cytokines in T2D development and progression to 

CVD29. 

 
29 CVD is my first outcome of interest in the Diabetes Follow-up Study presented in Chapter 8. 
Therefore, specific mention is made here regarding diabetes progression to CVD.  
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1.3.1 Neuroendocrine dysfunction  

A substantial number of studies have focused on neuroendocrine function in relation 

to metabolic abnormalities and T2D. Animal research has shown that chronic 

administration of corticosterone30 in drinking water can result in hyperglycemia, 

insulin resistance, and dyslipidemia in rodents (Fransson et al., 2013; Karatsoreos et 

al., 2010). Conversely, the animal brain has been found to be more sensitised to insulin 

in the absence of the adrenal gland, where the GCs originate (Chavez et al., 1997). 

Similarly, patients with Cushing’s syndrome, which is characterised by long-term 

hypercortisolism, and those taking GCs, face an increased risk of developing 

hyperglycemia and T2D (Clore & Thurby-Hay, 2009; Lacroix, Feelders, Stratakis, & 

Nieman, 2015). GC receptors are expressed on pancreatic β cells, and cortisol 

stimulation interferes with insulin sensitivity and decreases insulin secretion (Di 

Dalmazi, Pagotto, Pasquali, & Vicennati, 2012).  

The epidemiological evidence for neuroendocrine dysfunction contributing to T2D 

derives mostly from cross-sectional studies that have investigated cortisol secretion 

in people with established T2D. Notably, cortisol shows marked circadian rhythms that 

are better captured with multiple samples across the day than a single sample (Adam 

& Kumari, 2009). Dysregulation of the HPA axis and, therefore, of cortisol secretion, 

can be manifested as alterations to the expected increase in cortisol levels in the 

morning (at 30 - 45 minutes post-waking; known as the cortisol awakening response 

[CAR]) and/or to the subsequent progressive decline (slope) across the day until 

bedtime (Adam & Kumari, 2009; Fries, Dettenborn, & Kirschbaum, 2009). 

 
30 Corticosterone is the primary GC involved in the stress response in rodents (Gong et al., 2015). 



85 
 

Epidemiological studies showed that cortisol secretion patterns differ significantly in 

people with T2D compared to healthy individuals. Specifically, two cross-sectional 

studies showed that the CAR is lower in patients with T2D compared to healthy 

controls (Bruehl, Wolf, & Convit, 2009; Champaneri et al., 2012), and women, but not 

men, with T2D have higher daily cortisol overall quantified as the area under the curve 

(Champaneri et al., 2012). The largest study to date involving 3,500 participants from 

the Whitehall II epidemiological cohort showed that people with T2D have a flatter 

slope (smaller decline) in cortisol levels over the day coupled with elevated cortisol 

levels in the evening compared with healthy controls (Hackett, Steptoe, & Kumari, 

2014), in agreement with an earlier community cohort study (Lederbogen et al., 2011). 

The prospective relationship between the complete diurnal cortisol profile (morning 

and evening cortisol levels, the CAR, and the slope) and incident T2D has been 

examined only once, in a study of 3,270 initially healthy individuals from Whitehall II 

(Hackett, Kivimäki, Kumari, & Steptoe, 2016). A flatter diurnal cortisol slope and 

increased cortisol in the evening at phase 7 of the study (2002 - 2004) predicted 

impaired fasting glucose and/or T2D diagnosis at phase 11 (2012 - 2013). Raised 

evening cortisol levels have also been prospectively associated with cardiovascular 

mortality in 4,047 older men and women from the Whitehall II study (Kumari, Shipley, 

Stafford, & Kivimaki, 2011).  

1.3.2 Autonomic dysfunction  

Autonomic dysregulation has also been linked with T2D risk. Firstly, high blood 

pressure is a well-known risk factor for T2D (IDF, 2019), and a dose-response 

relationship between blood pressure and the risk of developing T2D has been 



86 
 

established. Specifically, in a UK study with 4.1 million adults free of T2D or CVD at 

baseline, objectively-measured systolic and diastolic blood pressure levels showed a 

dose-response association with the risk of developing T2D, independent of a range of 

covariates (Emdin, Anderson, Woodward, & Rahimi, 2015; Knowles & Reaven, 2016). 

A meta-analysis of 30 prospective studies showed that an increase of 20 millimetres 

of Mercury (mmHg) in systolic blood pressure is associated with a 1.77-fold higher risk 

of new onset T2D (Knowles & Reaven, 2016). Similarly, a dose-response relationship 

between resting heart rate and incident T2D has been reported in a meta-analysis of 

10 cohort studies, with a 19% higher risk of incident T2D for every 10 beats/minute 

increment in heart rate (Aune, ó Hartaigh, & Vatten, 2015). Zhang and colleagues 

(Zhang et al., 2006) reported a cross-sectional association between psychological 

stress, hostility, and insulin resistance mediated by noradrenaline. As reported earlier 

in this chapter, noradrenaline is indicative of the SNS function, therefore this study 

showed that autonomic dysregulation is involved in the relationship between 

psychosocial stress and metabolic disturbances. In another cross-sectional study 

(Champaneri et al., 2012), men, but not women, with diabetes had higher urinary 

catecholamine levels compared with those without diabetes. Given the effects of 

catecholamines on inflammatory markers, as described earlier in this chapter, as well 

as the interaction between autonomic function and inflammation, that is especially 

observed in the context of the metabolic syndrome (Marvar et al., 2012; Thayer & 

Sternberg, 2006), inflammatory processes may be a mechanism through which 

autonomic dysfunction indirectly increases the risk of T2D. The links between 

inflammation and T2D risk and progression to CVD are presented in more detail below. 



87 
 

1.3.3. Inflammatory dysfunction  

Inflammatory markers are elevated in obesity and obesity-related disorders such as 

metabolic syndrome and T2D (ADA, 2005; Bastard et al., 2000; Belalcazar et al., 2013; 

Bruun, Helge, Richelsen, & Stallknecht, 2006; Pickup, Mattock, Chusney, & Burt, 1997; 

Steptoe, Hackett, et al., 2014; Yudkin, Stehouwer, Emeis, & Coppack, 1999). Indeed, 

adipose tissue is a crucial site in the generation of pro-inflammatory factors including 

TNF-α, IL-1β, IL-6, and INF-γ (Chawla, Nguyen, & Goh, 2011; Esser, Legrand-Poels, 

Piette, Scheen, & Paquot, 2014; Hotamisligil, 2006; Kohlgruber & Lynch, 2015). 

Adipose tissue plays a central role in the induction of inflammation since chronic 

nutrient excess, such as excess glucose and lipids, leads to changes in its cellular 

composition and the production of inflammatory responses (Esser et al., 2014; 

Hotamisligil, 2006). An infiltration of macrophages into adipose tissue is seen in 

obesity in both animal and human models, characterised by the synthesis of pro-

inflammatory cytokines including TNF-α, IL-1β, IL-6, and INF-γ (Chawla et al., 2011; 

Kohlgruber & Lynch, 2015). Apart from adipose tissue, insulin-sensitive tissues, such 

as the liver and muscle cells, as well as pancreatic β cells, are also affected by 

circulatory inflammatory factors in the presence of obesity and T2D (Ehses, 

Ellingsgaard, Böni-Schnetzler, & Donath, 2009; Esser et al., 2014; Hotamisligil, 2006; 

Herbert Tilg & Moschen, 2008). Cytokines, which are over-expressed in these tissues, 

act predominantly in a paracrine manner (acting and affecting nearby cells31) to 

promote insulin resistance by inhibiting insulin receptor signalling in peripheral tissues 

through activation of the c-JUN N-terminal kinase and nuclear factor-kappa B 

 
31 Cytokines may also act in an autocrine manner (act on the same cells) or an endocrine/systemic 
fashion (act at distant cells by the secretion of soluble products into the circulation; Chung, 2009). 
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pathways or by inducing β cell dysfunction and subsequent insulin deficiency (Esser et 

al., 2014; Hotamisligil, 2006; Shoelson, Lee, & Goldfine, 2006; Wellen & Hotamisligil, 

2005).  

Interestingly, the production of pro-inflammatory cytokines observed in obesity is also 

a component of the acute stress response (Chrousos, 1998). Thus, it is conceivable 

that elevated inflammatory factors due to chronic stress may be implicated in the 

development of T2D even in the absence of obesity. Notably, a range of inflammatory 

mediators, including TNF-α, IL-6, and CRP, have been associated with insulin resistance 

and manifestations of the metabolic syndrome independently, in most cases, of the 

degree of obesity (Natali et al., 2006; Phillips & Perry, 2013; Pickup et al., 1997; 

Vozarova et al., 2002; Yudkin et al., 1999). Prospective cohort studies with diverse 

human samples have also shown that white blood cell count, inflammatory cytokines 

such as IL-1β and IL-6, chemokines, and CRP can predict new onset T2D regardless of 

the initial degree of adiposity measures and insulin resistance (Duncan et al., 2003; 

Spranger et al., 2003; Vozarova et al., 2002; Wang et al., 2013). Furthermore, animal 

models have shown that stress exposure precedes the development of chronic 

subclinical inflammation and promotes visceral obesity ultimately leading to insulin 

resistance, dyslipidemia, and hypertension (Black, 2003). In addition, stress-related 

psychosocial factors that are usually seen in people with T2D, such as lower SES, being 

part of an ethnic minority group, and depression are characterised by increased 

markers of inflammation (Miller & Raison, 2016; Tabassum et al., 2008; Wang et al., 

2007), suggesting a common inflammatory pathway contributing to T2D 

development. 
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Since inflammatory factors work in synergy, the measurable contribution of individual 

molecules is difficult to determine, even in experimental models (Esser et al., 2014). 

Nevertheless, the inflammatory cytokine, IL-6, seems to be particularly important in 

T2D. In a 2013 meta-analysis, a dose-response relationship between IL-6 and risk of 

new onset T2D was observed (Wang et al., 2013), proposing that inflammatory 

dysregulation exists prior to diabetes development. Epidemiological evidence also 

indicates that people with T2D have elevated IL-6 absolute concentrations compared 

to healthy controls (Pickup, 2004). Experimental studies have shown that IL-6, 

specifically, inhibits adenosine monophosphate-activated protein kinase, an enzyme 

related in fatty acid oxidation, down-regulating the expression of genes involved in 

insulin-stimulated glucose transport and lipid uptake in adipose tissue (Pickup, 2004). 

A large study using Mendelian randomisation32 further suggested a causal relationship 

between increased IL-6 and the risk of T2D. Specifically, it was found that a functional 

variant in the IL-6 receptor gene, which attenuates IL-6 signalling, is associated with a 

nearly significant reduced risk (OR = 0.97, p = 0.06) of developing T2D (Swerdlow et 

al., 2012), highlighting the negative contribution of IL-6 in metabolic function.  

1.3.3.1 Inflammatory dysfunction in T2D and macrovascular outcomes 

Elevated inflammatory levels are known to be health-damaging. In people with 

established T2D, increased inflammatory levels have been cross-sectionally and 

prospectively linked to elevated risk of both micro- and macro-vascular complications 

and premature mortality (Best et al., 2005; Gouliopoulos et al., 2018; Jager et al., 1999; 

 
32 Mendelian randomisation is a relatively new area of research that enables the estimation of the 
causal contribution of specific biological factors in disease outcomes by using the properties of 
common genetic variation (Davey Smith & Hemani, 2014).  
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Lowe et al., 2014; Matoba et al., 2019; Saito et al., 2000; Soinio, Marniemi, Laakso, 

Lehto, & Rönnemaa, 2006). IL-6, IL-1ra and MCP-1 are particularly important in this 

context as they seem to contribute to the risk of CVD, the major complication of T2D. 

More specifically, two large-scale genetic studies have provided evidence for a causal 

relationship between the IL-6 pathway and CHD. More precisely, it was found that the 

Asp358Ala variant in the IL-6 receptor gene, which attenuates IL-6 signalling on 

hepatocytes, monocytes, and macrophages, was associated with reduced production 

of CRP and fibrinogen, and subsequently, reduced risk of CHD (Emerging Risk Factors 

Collaboration et al., 2012; Swerdlow et al., 2012). Elevated IL-6 concentrations are 

predictive of future CVD (Danesh et al., 2008; Papanicolaou, Wilder, Manolagas, & 

Chrousos, 1998) and poorer outcomes in people with exiting CVD (Libby, Ridker, & 

Hansson, 2011). In the ADVANCE trial of 3,865 people with T2D and established CVD 

risk factors, IL-6 was associated with future fatal and non-fatal cardiovascular events, 

after adjusting for other inflammatory markers including fibrinogen and CRP (Lowe et 

al., 2014). In addition, heightened levels of IL-1ra and MCP-1 have been prospectively 

associated with newly-diagnosed CHD in initially healthy adults (Danesh et al., 2008; 

Herder et al., 2006; Tang et al., 2007; van Minkelen et al., 2009), and MCP-1 has been 

suggested to contribute to the pathogenesis of vascular diseases by enhancing 

recruitment of leukocytes to sites of inflammation in the vessel wall (Niu & 

Kolattukudy, 2009). It has also been found that MCP-1-induced protein, a novel zinc-

finger protein, promotes oxidative and nitrosative stress that causes endoplasmic 
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reticulum stress33 which leads to autophagy34 and cardiac cell death involved in heart 

failure (Younce & Kolattukudy, 2010). Together these findings show that inflammatory 

processes are highly relevant to T2D progression by increasing the risk of CVD.  

1.4 Summary of literature review: addressing the gap 

Ιn summary of what has been described in the introductory chapter of this thesis, 

acute stress triggers an orchestra of biological responses in the body, including 

neuroendocrine, autonomic, and inflammatory responses. Dysregulation of these 

stress-related systems is thought to play a key role in the pathophysiology of various 

chronic conditions, including obesity, T2D, and CVD, and is associated with poorer 

physical and mental health outcomes. T2D and its related complications and comorbid 

conditions account for a great percentage of disability and mortality rates globally, 

especially among older adults. Increased levels of inflammatory cytokines, indicative 

of inflammatory dysfunction, have been cross-sectionally and prospectively 

associated with T2D risk and progression to CVD. Therefore, it is conceivable that 

these altered processes may account for the future disease risk people with T2D face. 

People with T2D show blunted inflammatory responses to acute stress in the 

laboratory (also indicative of inflammatory dysregulation) and report experiencing 

chronic stress, such as increased depressive symptoms and financial strain, compared 

 
33 Endoplasmic reticulum (ER) stress describes the condition of accumulation of unfolded proteins in 
the ER. The ER is the subcellular entrance for a number of secretory and structural proteins as well as 
the site of biosynthesis for steroids, cholesterol, and other lipids. ER stress may lead to cells 
apoptosis. Previous reports have linked ER stress with various pathologies including diabetes 
(Kitamura, 2008).   
34Autophagy is a self-degradative process. It plays a key role in removing aggregated proteins from 
the ER. Its deregulation has been linked to cell death (Glick, Barth, & Macleod, 2010).  
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to healthy adults. These facts support a direct link between chronic stress, 

inflammatory markers, and T2D risk and progression.  

Although most of previous studies have linked chronic stress-related factors with T2D 

onset, less is known about the role of potentially protective factors, such as subjective 

well-being, in reducing the risk of future diabetes, and the extent to which this 

relationship can be explained by relevant factors.  

The impact of subjective well-being on health would be even more important in 

populations at increased disease risk of ill-health and premature mortality, such as 

those with T2D. Subjective well-being has been associated with reduced inflammatory 

stress responses in healthy individuals. Indeed, a very prominent feature of 

inflammatory responsivity is the variation in the response magnitude between 

individuals, which can be observed by measuring inflammatory cytokines levels pre- 

and post-stress using a laboratory stress testing design. Apart from subjective well-

being, sex differences in the inflammatory stress responses have also been identified 

in previous studies. Individual differences in the phenotype of inflammatory responses 

might explain differences in future disease vulnerability. Given the detrimental effects 

of stress and inflammation in T2D, and the greater vulnerability to future 

complications and comorbid conditions in people with T2D, translation of this 

research into people with this condition is warranted. Identifying the determinants of 

inflammatory responses in this patient group can be an important stand of future 

disease prevention, especially if the predictive value of inflammatory stress 

responsivity in this population can be established. 



93 
 

Results from laboratory stress testing studies suggested that increased inflammatory 

stress responses may mediate the relationship between environmental factors (e.g. 

demographic and psychological factors) and future disease risk. However, the cross-

sectional nature of these previous laboratory studies does not allow longitudinal 

investigations and direct testing of the mediating role of increased inflammatory 

responses. The latter have been linked to faster progression of CVD risk factors in a 

small number of previous follow-up studies. Albeit informative, these studies are 

limited by the fact that they only included healthy individuals and they have mostly 

assessed disease risk factors (e.g. carotid artery stiffness) rather than disease 

endpoints (e.g. stroke). The mediating role of inflammatory stress responsivity has 

been directly tested in one small study of 35 healthy women with a 1-year follow-up. 

Examining the mediating role of inflammatory stress responsivity in linking individual 

characteristics (e.g. sex and well-being) with future physical and mental health 

outcomes in people with T2D will provide fruitful insights into how these factors 

influence health, which in turn could inform strategies for the prevention and 

treatment of T2D complications and comorbidities. Given the substantial burden of 

T2D for patients, their families, and nations, this understanding is essential. 
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Chapter 2. Thesis purpose, aims, and objectives  

This chapter describes the purpose, aims, and objectives of the thesis, and maps the 

contribution of each subsequent chapter. 

2.1 Purpose, aims, and objectives  

The overall purpose of this thesis is to better understand the development and 

progression of T2D and to contribute to the development of preventive interventions. 

This thesis aims to explore the role of sex and subjective well-being in the 

development and progression of T2D and to shed light on the biological, particularly 

inflammatory, mechanisms that may link these individual factors with long-term 

physical and mental health outcomes in people with established T2D. Therefore, the 

objectives of this thesis are to:  

1. Test the longitudinal association between subjective well-being and incident 

T2D in initially healthy individuals (Chapter 3); 

2. Test the cross-sectional association between sex and inflammatory stress 

responses in people with T2D (Chapter 5);  

3. Test the cross-sectional association between subjective well-being and 

inflammatory stress responses in people with T2D (Chapter 6); 

4. Test the role of sex and subjective well-being on long-term physical and mental 

health outcomes in people with T2D, and the mediating role of inflammatory 

stress responses35 (Chapter 8).  

 
35 Various individual factors would be important to examine in relation to inflammatory processes and 
future health outcomes. Sex and subjective well-being were chosen on the basis of previous research 
justifying their selection, especially in the context of T2D, as described earlier in this chapter.  
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2.2 My contribution to the research in this thesis  

I developed the purpose, aims, and objectives of this thesis as well as the design of 

the studies with input from my supervisors, Professor Andrew Steptoe, Dr Lydia Poole, 

and Dr Ruth A. Hackett. I was responsible for all statistical analyses presented in this 

thesis. More specifically, I have analysed existing data from two datasets, the ELSA 

and The Psychobiology of Social Position: The Diabetes Study (the latter is reported as 

the ‘Diabetes Study’ or the original/baseline/initial study throughout this thesis). I 

have also collected and analysed original data by successfully carrying out the 

Psychosocial and Biological Aspects of T2D Complications and Comorbid Conditions: 

The Diabetes Follow-up Study (this study is reported as the ‘Diabetes Follow-up Study’ 

or the follow-up study throughout this thesis). Detailed information on my 

contribution to the Diabetes Follow-up Study is presented in Chapter 7.  
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Chapter 3. Study 1: Enjoyment of life predicts T2D 

incidence over 12 years: Findings from ELSA  

Study 1 examined the prospective association between two sub-components of 

subjective well-being and T2D incidence using data from ELSA. This chapter provides 

a brief overview of the ELSA cohort, followed by an introduction to the topic of study, 

the methods used, the study findings, and a discussion of the study findings. The study 

has been submitted for publication to the Journal of Epidemiology and Community 

Health.  

3.1 The ELSA study 

The ELSA study was established in 2002 by a group of researchers based at University 

College London (UCL), the Institute for Fiscal Studies, the University of Manchester, 

and the National Centre for Social Research. This is a panel study of men and women 

aged 50 years and older who live in England. Originally, the study was set up to explore 

the dynamic relationships between socioeconomic factors, health, and well-being in 

an ageing population in England in the 21st century. The first sample was drawn from 

households that had taken part in the Health Survey for England (HSE)36 in 1998, 1999, 

and 2001. These three years were chosen because they were the most recent at that 

time and also they could provide a sufficiently large size of the sample. ELSA used the 

core samples for these years, which totally involved more than 23,000 nationally 

representative responding households. The sample design in 1999 also included a 

boost sample that represented ethnic minorities. Nevertheless, because of funding 

 
36 The HSE is an annual cross-sectional study that is established to monitor the health of the general 
population in England (Mindell et al., 2012).  
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constraints it was impossible to follow-up the boost sample; thus, it was finally 

discarded (English Longitudinal Study of Ageing, 2019).  

Since the initial data collection phase of ELSA in 2002-2003, the same group of 

respondents had participated at 2-yearly assessments, known as waves. At every 

subsequent wave, the sample is replaced or refreshed with more HSE participants in 

order to maintain the age profile requirement of the cohort. Each new sample added 

then becomes part of the cohort issued again at the following waves. Wave 1 sample 

included 11,391 core members with an age range from 50 to 100 years (mean age = 

65 years). Entry criteria included being a member of a participating HSE household and 

having agreed to be re-contacted, being ≥ 50 years old, and living in a private 

household in England at the time of the first wave of fieldwork. The ELSA sample was 

designed to represent people aged 50 and over who live in England. Indeed, 

comparisons of the sociodemographic characteristics of participants with national 

census data showed that the ELSA participants are representative of the English 

population aged 50 and over. ELSA was approved by the London Multicentre Research 

and Ethics Committee (MREC/01/02/91) and all participants provided informed 

consent (Steptoe, Breeze, Banks, & Nazroo, 2013).  

ELSA is a rich resource of high-quality data and is multidisciplinary in nature, involving 

the collection of various data. Data are collected using self-completion questionnaires 

and computer-assisted personal interviews at each wave (every two years). These 

include topics related to family and work, economic issues37, social and psychological 

 
37 ELSA was the first study in England to assess detailed information on individual and family finances 
including 75 separate elements of wealth and income (Steptoe et al., 2013).  
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factors, physical and mental health, behaviour and cognition. Additionally, blood 

sampling (for the extraction of biological markers and genetic data) and a more 

detailed physical examination and performance are carried out during nurse visits at 

alternate waves (every four years). Changes over time are captured by either 

repeating the same key measurements at each wave, by asking participants directly 

about changes, and/or by adopting questions that allow participants to update 

previous answers. New topics may be introduced at distinct waves, other modules 

may be rotated on and off, while one-off topics/questions are included in specific 

waves. The dataset is openly available to researchers and analysts as soon as cleaning 

and checking are completed. The National Institute of Aging and a consortium of UK 

government departments coordinated by the Office for National Statistics currently 

provide the funds for the ELSA study (Steptoe et al., 2013). 

3.2 Introduction  

Subjective well-being is a multidimensional concept that is often divided into two sub-

components, hedonic and eudaimonic well-being. As reported in the introductory 

chapter of this thesis, hedonic well-being encompasses positive feelings such as 

enjoyment of life, pleasure, and happiness, and is typically assessed retrospectively by 

asking participants about their mood over the previous week or month. Eudaimonic 

well-being, on the other hand, refers to judgments about a sense of purpose in life 

and self-realisation. Its assessment demands more extensive cognitive processing 

than mood ratings and involves relatively complex introspection about attributes 

aggregated over time (Ryan & Deci, 2001; Steptoe, 2019a).  
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There is compelling evidence that both hedonic and eudaimonic well-being are 

relevant to health and longevity in older adults. Nationally representative prospective 

cohort studies in the UK and the US have shown that hedonic well-being, such as 

positive affect, is associated with reduced risk of death after adjustment for initial 

health status and other confounders (Chida & Steptoe, 2008; Steptoe & Wardle, 

2011), including demographic and socioeconomic factors (Lawrence, Rogers, & 

Wadsworth, 2015; Steptoe & Wardle, 2011), health behaviours, and the adverse 

effects of depression (Steptoe & Wardle, 2011). Associations have also been found 

between greater hedonic well-being and reduced 10-year incident CHD, reduced 

functional decline and decreased incidence of disability in older adults (Davidson, 

Mostofsky, & Whang, 2010; Hirosaki et al., 2013; Ostir et al., 2000; Park-Lee, Fredman, 

Hochberg, & Faulkner, 2009). Three meta-analyses dealing with subjective well-being 

and longevity (Chida & Steptoe, 2008; Lamers, Bolier, Westerhof, Smit, & Bohlmeijer, 

2012; Rasmussen, Scheier, & Greenhouse, 2009) provided convergent results for the 

role of positive affect and other related forms (e.g. optimism) in survival in both 

healthy and diseased populations.  

Enjoyment of life, in particular, has been associated with reduced premature mortality 

in a dose-response manner in two analyses of the ELSA (Steptoe & Wardle, 2012; 

Zaninotto, Wardle, & Steptoe, 2016). Furthermore, in a study of 88,175 middle-aged 

Japanese participants, enjoyment of life was significantly associated with reduced 

incidence of CVD and lower mortality rate over a 12-year of follow-up, but only in men 

(Shirai et al., 2009). In another analysis using ELSA data, greater subjective well-being 

(enjoyment of life coupled with low depressive symptoms) was related not only to 
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longer but also healthier life, free of disability and chronic disease (Zaninotto & 

Steptoe, 2019). Moreover, an analysis of the National Health and Nutrition 

Epidemiologic Follow-Up Study revealed that enjoyment of life was associated with 

reduced all-cause mortality among individuals with existing diabetes (Moskowitz et 

al., 2008).  

Research has also linked eudaimonic well-being with health outcomes. A recent meta-

analysis of 66 predominantly cross-sectional studies found small-to-moderate effects 

of purpose in life in physical health indicators including better self-rated health and 

lower mortality (Czekierda, Banik, Park, & Luszczynska, 2017). Additionally, a stronger 

sense of purpose in life was prospectively linked to more prolonged survival in a 

pooled analysis of 10 longitudinal studies (Cohen, Bavishi, & Rozanski, 2016). 

Possessing a high sense of purpose in life has also been prospectively associated with 

slower development of age-related disability and reduced incidence of ageing-related 

conditions such as CVD and Alzheimer’s disease (Boyle, Buchman, Barnes, & Bennett, 

2010; Boyle, Buchman, & Bennett, 2010; Cohen et al., 2016; Kim, Delaney, & 

Kubzansky, 2019; Kim, Sun, Park, & Peterson, 2013; Steptoe et al., 2015). Moreover, a 

recent longitudinal analysis of the ELSA cohort demonstrated associations between 

lower sense of purpose in life and a range of negative health variables such as poorer 

self-rated health, chronic pain, obesity, and physician-diagnosed chronic diseases 

(Steptoe & Fancourt, 2019).  

As mentioned in the introductory chapter of this thesis, there is growing evidence for 

the role of psychological factors in predicting the onset of T2D. While the association 

between negative emotional factors, such as depressive symptoms, with T2D risk is 
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well-investigated (Hackett & Steptoe, 2017), less is known about the relationship 

between positive factors and T2D risk. The relationship between subjective well-being 

and T2D or T2D trajectories has been described in detail in Chapter 1. Overall, results 

from previous studies manifested a significant protective association between 

subjective well-being and T2D risk independent of covariates, including depression or 

negative affect. Age and sex differences in the links between well-being and T2D have 

also been reported in previous studies (Feller et al., 2013; Okely & Gale, 2016; Poole 

et al., 2019). Nevertheless, the majority of studies to date have tested a single 

dimension of well-being or overall well-being, and none of the previous studies 

directly compared hedonic and eudaimonic aspects of well-being and T2D risk. 

Nevertheless, it has been suggested that consideration of the individual contribution 

of the different types of well-being is worthwhile (Hernandez et al., 2018; Steptoe, 

2019a). Additionally, as reported in Chapter 1, although previous studies 

demonstrated an independent association between well-being and T2D, the extent to 

which this relationship can be explained by other relevant factors, such as 

sociodemographic, behavioural, and clinical characteristics, remains unclear. 

The aim of the current study was to explore the role of subjective well-being on T2D 

incidence. The objective of the study was to test the separate effect of hedonic well-

being (as indexed by enjoyment of life) and eudaimonic well-being (as indexed by 

purpose in life) on T2D rate, and to estimate the amount of the association explained 

by sociodemographic, lifestyle, and clinical factors. It was hypothesised that higher 

enjoyment of life and a stronger sense of purpose in life would be associated with a 
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reduced rate of T2D onset and that these effects would be, at least in part, be 

explained by sociodemographic, behavioural and clinical risk factors.  

3.3 Method 

3.3.1 Participants  

The current study used longitudinal data from the ELSA cohort. As reported previously 

in this chapter, this is a nationally representative study of people 50 years and older 

living in England. In the present study, I tested the association between two different 

domains of subjective well-being measured at Wave 2 (2004/5) and incident T2D using 

data from Wave 3 (2006/7) through to Wave 8 (2016/7). The first nurse data (which 

included HbA1c measurement), were collected at Wave 2 (2004/5); thus, Wave 2 was 

selected as the baseline. A total of 8780 core members participated at baseline. At the 

time of writing this thesis, Wave 8 (2016/7) is the most recently completed phase of 

data collection that is available for analysis. People in the current study were followed-

up for 11.6 years on average. 

In 2004/5, all participants were free from self-reported diabetes diagnosis or high 

blood sugar diagnosis. Participants were excluded from the current analysis if they had 

incomplete data (one or more missing) on exposure measures (n = 1343) or any of the 

covariates (n = 2597). Participants were included in analyses if they provided follow-

up data on diabetes incidence in at least one wave. Therefore, 706 participants with 

missing outcome data were also excluded from analysis. These exclusion criteria 

resulted in an analytical sample of 4134 participants. A flow diagram of the sample 

size is depicted in Figure 3.1.  
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Sociodemographic, behavioural, and clinical variables were compared between the 

analytical sample (N = 4134) and those excluded due to missing data (N = 4646). 

Significant differences between the two groups were checked using independent 

samples t-tests for continuous variables and Chi-square tests for categorical variables. 

Significant differences were observed in age, financial wealth, ethnicity, 

marital/cohabitation status, BMI, physical activity, smoking, alcohol consumption (p = 

0.002), hypertension, coronary heart disease (CHD), and HbA1c (all other ps < 0.001)38. 

Compared to those excluded due to missing data, participants of this study were 

younger and wealthier on average. They were more likely to be of white ethnicity and 

to be married or cohabiting. Participants of this study also had better behavioural and 

health profile; They were more likely to be non-smokers and physically active, they 

had lower BMI and HbA1c levels, and were less likely to have hypertension or CHD at 

baseline. Participants of the study were also more likely to consume alcohol more 

often that those excluded from the analysis. 

 

 
38 More information on these variables is given on page 105. 
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Figure 3.1. Flow diagram of those included and excluded from the analysis. BMI = body mass index; ELSA = 
English Longitudinal Study of Ageing; HbA1c = glycated hemoglobin; N = number; n = number.   
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3.3.2 Study measures 

3.3.2.1 Exposure variables: Enjoyment of life, purpose in life  

Enjoyment of life and purpose in life at Wave 2 (2004/5) were assessed using items 

from the Control, Autonomy, Self-realization, and Pleasure (CASP)-19 as measures of 

hedonic and eudaimonic well-being, respectively. The CASP-19 is a self-reported 

questionnaire that was developed and validated to measure quality of life in old age 

(Hyde, Wiggins, Higgs, & Blane, 2003). Enjoyment of life was indexed with four items 

from the CASP-19 (“I enjoy the things that I do”, “I enjoy being in the company of 

others”, “On balance, I look back on my life with a sense of happiness”, “I feel full of 

energy these days”). Participants responded to each of the items on a 4-point Likert-

type scale (from 1 = never to 4 = often; scores can range from 4 to 16). Items were 

assessed using the continuous range of scores, with higher scores indicating greater 

enjoyment of life. A 3-level categorical variable was also created for graph purposes 

(low score ≤12, middle score = 13 - 14, and high score ≥15). The CASP-19 enjoyment 

of life subscale has been used in previous studies of physical capability and all-cause 

mortality (Steptoe, de Oliveira, Demakakos, & Zaninotto, 2014; Steptoe & Wardle, 

2012). Internal consistency (Cronbach’s α) of this subscale was 0.69 in this sample.  

Purpose in life was measured using one item from the CASP-19. Participants were 

asked to rate how often they feel that their life has meaning (from 1 = never to 4 = 

often; scores can range from 1 to 4). The continuous score was used with higher scores 

indicating a higher sense of purpose in life. In sensitivity analysis, main analyses were 

re-run using a binary measure (low score = 1 – 2 and high score = 3 – 4). 
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3.3.2.2 Outcome variable: Time to T2D  

Time to T2D diagnosis was based on self-reported information taken between Wave 

3 (2006/7) and Wave 8 (2016/7). Specifically, participants were asked at each wave 

whether a physician had given them a diagnosis of diabetes or high blood sugar since 

their last interview. The time of diagnosis was indexed as the wave at which the 

participant first reported a diagnosis of diabetes or high blood sugar (the duration, in 

months [continuous variable], based on when diabetes/high blood sugar were first 

reported). 

3.3.2.3 Covariates 

Analyses were adjusted for a range of sociodemographic, behavioural, and health 

variables. All covariates were measured at baseline (2004/5). Self-reported 

socioeconomic position was indexed as quintiles of total financial wealth including 

participants’ gross financial wealth net of debt (savings and investments, the value of 

any home and other property, the value of any business assets, and physical wealth 

such as artwork and jewellery). Financial wealth was found to be the most relevant 

indicator of SES in relation to health in ELSA (Demakakos, Biddulph, Bobak, & Marmot, 

2016). Self-reported ethnicity (White, non-White) and relationship status (married or 

cohabiting, neither married or cohabiting) were also measured. Participants reported 

frequency of physical activity39 (light or none weekly, moderate or vigorous once a 

week, moderate or vigorous more than once a week), their smoking status (smoker, 

non-smoker), and frequency of alcohol consumption (≥ 5 times/week, < 5 

 
39 The objective measurement of physical activity using accelerometry was not available at baseline 
(Wave 2), as it was firstly introduced at Wave 6. Therefore, self-reported information on the 
frequency of physical activity at Wave 2 was used in this study.  
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times/week). Height (in centimetres [cm]) and weight (in kilograms [kg]) were 

objectively measured by a nurse to calculate BMI. The latter was computed as body 

mass in kgs divided by the square of the height in metres (kg/m2). Also, self-reported 

doctor diagnosis of hypertension was combined with objective blood pressure 

assessments carried out during the nurse visit. Objective hypertension was defined as 

systolic blood pressure ≥ 140 mmHg and diastolic blood pressure ≥ 90 mmHg (National 

Institute for Health and Care Excellence guidelines, 2019). A combined binary variable 

of self-reported diagnosis and/or objective assessment of hypertension was 

generated (no, yes). Similarly, I generated a measure of prevalent CHD at baseline, 

which included angina and/or MI self-reported diagnosis by 2004/5 (no, yes).  For 

HbA1c, blood samples were drawn during the nurse visit and analysed at the Royal 

Victoria Infirmary Laboratory in Newcastle upon Tyne, UK (Sproston, & Mindell, 2004). 

The Diabetes Control and Complication Trial units, measured in %, are reported 

throughout this chapter. The International Federation of Clinical Chemistry units, 

mmol/mol, are also provided.   

Analyses were also adjusted for depression status in secondary models. Depressive 

symptoms were measured using the Centre for Epidemiological Studies-Depression 

(CES-D) scale (Radloff, 1977). This 20-item standardised questionnaire is widely used 

in population studies to measure depressive symptoms in the general population over 

the previous week (Brunner et al., 2014; Demakakos, Zaninotto, & Nouwen, 2014). 

The 20 items primarily measure affective and somatic dimensions of depression, 

especially reflected in complaints such as depressed mood, feelings of guilt and 

worthlessness, helplessness and hopelessness, psychomotor retardation, loss of 
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appetite, and sleep disturbance. The 8-item version was used for the purposes of this 

study. The psychometric properties of this shorter version have been found to be 

comparable to the original 20-item version (Steffick, 2000). Items included statements 

such as ‘I felt depressed’, ‘I felt everything I did was an effort’, ‘my sleep was restless’. 

A dichotomous (yes, no) response to each item resulted in a total score ranging 

between 0 (no symptoms) to 8 (all eight symptoms). A cut-off point of ≥ 4 was used to 

define significant depressive symptoms (Demakakos, Pierce, & Hardy, 2010) and a 

combined variable of a self-reported doctor diagnosis of depression and/or a positive 

CES-D score were used to produce a binary depression variable (no, yes). Internal 

consistency was good in this sample (Cronbach’s α = 0.78). 

3.3.3 Statistical analysis  

I first examined univariate associations between the two exposure variables 

(enjoyment of life and purpose in life) and sample characteristics. Univariate 

associations were carried out using Pearson’s r correlations for continuous variables 

and independent samples t-tests and Kruskal-Wallis H tests for categorical variables, 

as appropriate.  

It was ascertained that the proportional hazards assumption was not violated by using 

log (-log (survival)) versus. log (time) graphs. Two Cox proportional hazards regression 

models40 were then used to examine associations between the two different domains 

of well-being at baseline (enjoyment of life and purpose in life) and T2D incidence over 

the 12-year follow-up after adjustment for covariates: age, sex, financial wealth, 

 
40 Enjoyment of life and purpose in life were highly correlated with each other, therefore they were 
inserted to two separate regression models to test for their effects on diabetes incidence. 
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ethnicity, marital/cohabitation status, physical activity, smoking status, alcohol 

consumption, BMI, hypertension, CHD, and HbA1c. In order to estimate the 

proportion of the association explained by sociodemographic, behavioural, and 

clinical covariates, my models were built sequentially, calculating the percentage of 

protective association explained (PPAE) by the inclusion of different groups of 

covariates (Lin, Fleming, & De Gruttola, 1997). PPAE = 1 – ((1 – HR of E + X) * 100) / 

((1- HR of E) * 100) * 100 where HR = hazard ratio, E = exposure, and X = explanatory 

variables being tested. This approach makes no assumptions about the order in which 

covariates are entered, as with a hierarchical model. Therefore, five separate models 

were tested for each exposure variable: 1) unadjusted model, 2) adjusted for age, sex, 

financial wealth, ethnicity, and marital/cohabitation status, 3) adjusted for physical 

activity, smoking status, alcohol consumption, and BMI, 4) adjusted for hypertension, 

CHD, and HbA1c, and 5) fully adjusted model. Enjoyment of life and purpose in life 

were treated as continuous scores where HRs and 95% CIs represent a 1-unit increase. 

Time to event was measured in months from Wave 2 (2004/5) to the time of the 

follow-up wave at which the participant first self-reported doctor diagnosis of T2D or 

high blood sugar.  

Depression status was added in a secondary analysis to test for the independent effect 

of well-being on T2D. Furthermore, I examined whether there was a moderating effect 

of age by entering a mean-centred interaction term in the fully adjusted models. An 

interaction term was also inserted in the fully adjusted models to test for a moderating 

effect of sex in the link between well-being and T2D.  
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In sensitivity analyses, I re-run my primary analysis after excluding participants who 

developed T2D within two years from baseline (by Wave 3, 2006/7). Secondly, the 

main analysis was repeated after excluding participants with an HbA1c value of ≥ 6.5% 

(equals to 48 mmol/mol) at baseline (WHO, 2011). As reported in the introductory 

chapter of this thesis, this clinical cut-off point is applied for the diagnosis of diabetes 

(ADA, 2019), therefore it was used in the current study to reflect an objective measure 

of baseline diabetes. These analyses were carried out in order to rule out the 

possibility of reverse causality (underlying diabetes or undiagnosed diabetes at 

baseline influencing well-being levels). Finally, since the purpose in life measure was 

found to be negatively skewed (skewness = -1.80, kurtosis = 2.89), main analysis was 

re-run using a binary measure.  

T2D incident cases are plotted on a graph to reflect the time to diagnosis for low, 

middle, and high enjoyment categories at baseline. The level of significance was set at 

p < 0.05, though exact significance levels are reported throughout. All analyses were 

conducted using the Statistical Package for the Social Sciences (SPSS) version 25 (SPSS, 

Chicago, IL).  

3.4 Results  

A total of 4134 participants (56% women) free of T2D at baseline took part in the 

study. Participants were 64.97 years old on average (SD = 8.99) and the majority of 

them were married or cohabiting (73%), and of white ethnicity (99%). The average 

BMI was within the overweight range (27.56 kg/m2, SD = 4.63) and the mean HbA1c 

was 5.46% (SD = 0.44; equals to 36.2 mmol/mol, SD = 2.46). The mean enjoyment of 
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life score was 14.23 (SD = 1.75), and the mean purpose in life score was 3.59 (SD = 

0.71) in this sample.  

Univariate associations between exposure variables and sample characteristics are 

shown in Table 3.1. On average, people who scored higher in enjoyment of life and 

purpose in life were younger, married or cohabiting, and wealthier. Moreover, they 

were more likely to drink more, to be non-smokers, and to engage in physical activity 

more frequently. Enjoyment of life but not purpose in life was associated with female 

gender. Higher enjoyment of life score was also associated with lower BMI and lower 

risk of hypertension. Inverse relationships were also observed between enjoyment of 

life and purpose in life and the risk of CHD and depression, and HbA1c levels. Ethnicity 

was not related to either enjoyment of life nor purpose in life (see Table 3.1).   
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41 d stands for Cohen’s d. It is used as an effect size indicator for t-tests. Effect sizes of 0.2, 0.5 and 0.8 
are considered as small, medium, and large, respectively (Cohen, 1988). 
42 ε² stands for epsilon squared and is an effect size indicator for the non-parametric Kruskal-Wallis H 
test (Kelley, 1935). ε² coefficient estimates the value from 0 = no relationship to 1 = perfect 
relationship (Tomczak & Tomczak, 2014).   

Table 3.1 

Sample characteristics and associations with subjective well-being at baseline (N = 4134) 

Characteristic n (%) or M 

± SD 

Associations with  

enjoyment of life: 

Effect size, p value 

Associations with 

purpose in life: 

Effect size, p value 

CASP enjoyment of life [score] 14.23 ± 

1.75 

- r = 0.62, p < 0.001 

CASP purpose in life [score] 3.59 ± 0.71 r = 0.62, p < 0.001 - 

Age [years] 64.97 ± 

8.99  

r = -0.05, p = 0.003 r = -0.03, p = 0.040 

Sex [women] 2305 (55.8) d = 0.0741, p = 0.026 d = 0.04, p = 0.231 

Total net financial wealth [£] 

   Quintile 1  

   Quintile 2 

   Quintile 3 

   Quintile 4 

   Quintile 5  

 

603 (14.6) 

638 (15.4) 

861 (20.8) 

977 (23.6) 

1055 (25.5) 

ε² = 0.0442, p < 0.001 ε² = 0.01, p < 0.001 

Ethnicity [White] 4094 (99.0) d = 0.08, p = 0.642 d = 0.01, p = 0.894 

Marital/cohabitation status  

[married or cohabiting] 

3023 (73.1)  d = 0.29, p < 0.001 d = 0.29, p < 0.001 

Physical activity per week 

   Light or none  

   Moderate or vigorous 1 day  

   Moderate or vigorous >1 day 

 

664 (16.1) 

1007 (24.4) 

2463 (59.6) 

ε² = 0.03, p <0.001 ε² = 0.01, p < 0.001 

Smoking [smokers] 564 (13.6) d = 0.33, p < 0.001 d = 0.21, p < 0.001 

Alcohol consumption per 

week 

[< 5 days] 

3097 (74.9) 

 

d = 0.13, p < 0.001 d = 0.09, p = 0.029 

BMI [kg/m2] 27.56 ± 

4.63 

r = -0.03, p = 0.043 r = 0.01, p = 0.409 

Hypertension case [yes] 1698 (41.1) d = 0.11, p < 0.001 d = 0.01 p = 0.735 

CHD case [yes] 400 (9.7) d = 0.21, p < 0.001 d = 0.11, p = 0.035 
aHbA1c [%] 5.46 ± 0.44 r = -0.05, p = 0.004 r = -0.04, p = 0.007 
bDepression case [yes] 526 (12.7) d = 0.93, p < 0.001 d = 0.77, p < 0.001 

Note. Associations between exposure variables and sample characteristics were checked with Pearson’s r 
correlations for continuous measures and independent samples t-tests and Kruskal-Wallis H tests for 
categorical measures. BMI = body mass index; CASP = Control Autonomy Self-realisation Pleasure; CHD = 
coronary heart disease; HbA1c = glycated hemoglobin; kg/m2 = kilograms per square metre; M = mean; N 
= number; n = number; SD = standard deviation. aHbA1c levels equal to 36.2 ± 2.46 millimoles per mole. bn 
= 4104.  
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Three hundred and twelve (8%) incident cases of T2D were reported over the average 

11.6-year follow-up period. Univariate analysis showed that those who developed T2D 

during the follow-up were more likely to have lower enjoyment of life scores at 

baseline compared to those who did not develop diabetes (t(4132) = 3.35, p = 0.001, 

d = 0.19, 95% CI [0.14, 0.54]). However, purpose in life scores did not differ between 

those who did and did not develop T2D over the follow-up in unadjusted analysis (p = 

0.143).  

Cox regression analyses confirmed a significant inverse association between 

enjoyment of life and incident T2D in all five models. As shown in Table 3.2, enjoyment 

of life was associated with an 11% reduction in the rate of T2D onset in unadjusted 

analysis (HR = 0.89, p < 0.001, 95% CI [0.84, 0.94]). Sociodemographic factors (age, 

sex, financial wealth, ethnicity, and marital/cohabitation status) accounted for 27% of 

the association between enjoyment of life and T2D. Behavioural factors (physical 

activity, smoking status, alcohol consumption, and BMI) accounted for 27% reduction 

in the HR  for enjoyment of life compared with the unadjusted model. Clinical variables 

(hypertension, CHD, and HbA1c) accounted for 18% of the association between 

enjoyment of life and T2D. In the final, fully adjusted model including 

sociodemographic, behavioural, and clinical covariates together, the significant 

association between enjoyment of life and T2D was maintained. Specifically, for every 

1-unit increase in reported enjoyment of life, there was a 7% reduction in the hazard 

of T2D (HR = 0.93, p = 0.020, 95% CI [0.87, 0.99]), with sociodemographic, behavioural, 

and clinical factors combined accounting for a 36% reduction in the HR for enjoyment 

of life compared with the basic, unadjusted model. 
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Table 3.2 

Cox proportional hazards regression on enjoyment of life in 2004/5 predicting type 

2 diabetes incidence from 2006/7 to 2016/7 - Potential mediators and confounders  

(N = 4134) 

                                                             HR 95% CI p value PPAE 

Unadjusted model 0.89 0.84 to 0.94 < 0.001 - 

+ sociodemographic variables  0.92 0.87 to 0.97 0.003 27%  

+ behavioural variables  0.92 0.86 to 0.97 0.004 27% 

+ clinical variables  0.91 0.86 to 0.97 0.003 18%  

+ sociodemographic, 

behavioural, and clinical 

variables  

0.93 0.87 to 0.99 0.020 36%  

Note. CI = confidence interval; HR = hazard ratio; N = number; PPAE = percentage of protective 
association explained. 

The fully adjusted model is presented in Table 3.3. In this model, enjoyment of life (HR 

= 0.93, p = 0.020, 95% CI [0.87 to 0.99]), sex (HR = 0.64, p < 0.001, 95% CI [0.50 to 

0.81]), BMI (HR = 1.10, p < 0.001, 95% CI [1.08, 1.13]), hypertension (HR = 1.35, p = 

0.013, 95% CI [1.07, 1.71]), and HbA1c (HR = 2.58, p < 0.001, 95% CI [2.33, 2.85]) were 

all significant predictors of T2D rate over the follow-up. Significant findings from the 

Cox regression analysis are also illustrated in Figure 3.2. The full individual models of 

enjoyment of life and T2D are also presented in Appendix B.  
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Table 3.3 

Cox proportional hazards regression on enjoyment of life in 2004/5 predicting type 

2 diabetes incidence from 2006/7 to 2016/7 after adjusting for sociodemographic, 

behavioural, and clinical variables (N = 4134) 

                                                                    HR 95% CI p value 

CASP enjoyment of life [score]  0.93 0.87 to 0.99 0.020 

Age [years] 1.01 1.00 to 1.03 0.070 

Sex [ref. cat.: men] 0.64 0.50 to 0.81 < 0.001 

Financial wealth [£] 

   Quintile 1 [ref. cat.] 

   Quintile 2 

   Quintile 3 

   Quintile 4 

   Quintile 5 

 

1 

1.01 

1.14 

0.97 

0.69 

 

 

0.67 to 1.52 

0.79 to 1.65 

0.67 to 1.42 

0.46 to 1.04 

 

 

0.962 

0.472 

0.891 

0.076 

Ethnicity [ref. cat.: White] 1.87 0.83 to 4.23 0.131 

Marital/cohabiting status  

[ref. cat.: married or cohabiting] 

0.75 0.57 to 1.00 0.051 

Physical activity per week 

   Light or none [ref. cat.] 

   Moderate or vigorous 1 day 

   Moderate or vigorous >1 day 

 

1 

0.94 

0.96 

 

 

0.66 to 1.34 

0.71 to 1.31 

 

 

0.737 

0.802 

Smoking status  

[ref. cat.: smokers] 

0.94 0.68 to 1.30 0.708 

Alcohol consumption per week 

[ref. cat.: < 5 days] 

0.86 0.64 to 1.16 0.332 

BMI [kg/m2] 1.10 1.08 to 1.13 < 0.001 

Hypertension [ref. cat.: no] 1.35 1.07 to 1.71 0.013 

CHD [ref. cat.: no] 1.12 0.79 to 1.59 0.526 

HbA1c [%] 2.58 2.33 to 2.85 < 0.001 

Note. BMI = body mass index; CASP = Control Autonomy Self-realisation Pleasure scale; CHD = 
coronary heart disease; CI = confidence interval; HbA1c = glycated hemoglobin; HR = hazard ratio; 
kg/m2 = kilograms per square metre; N = number; ref. cat. = reference category. 
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Figure 3.2. Kaplan-Meier survival curves for incident type 2 diabetes in low, middle and high enjoyment 
of life groups in 4134 participants from the English Longitudinal Study of Ageing. Results are unadjusted. 
Horizontal axis = time in months since baseline (2004/2005). CASP = Control Autonomy Self-realisation 
Pleasure scale.  

 

Purpose in life showed a significant inverse association with T2D in unadjusted 

analysis. For every unit increase in reported purpose in life, there was a 15% reduction 

in the hazard of T2D (HR = 0.85, p = 0.032, 95% CI [0.74, 0.99]). As shown in Table 3.4, 

the association between purpose in life and T2D was attenuated in models adjusted 

for sociodemographic (HR = 0.90, p = 0.154, 95% CI [0.77, 1.04]), behavioural (HR = 

0.87, p = 0.066, 95% CI [0.75, 1.01]), and clinical variables (HR = 0.93, p = 0.389, 95% 

CI [0.80, 1.09]), and in the fully adjusted model (HR = 0.92, p = 0.322 95% CI [0.79, 

1.08]). Compared with the unadjusted model, sociodemographic variables together 

accounted for 33% of the association between purpose in life and T2D, behavioural 

factors accounted for 13% of the association, and clinical factors for 53%. 

Sociodemographic, behavioural, and clinical factors combined accounted for a 47% 
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reduction in the HR for purpose in life compared with the basic model. The full 

individual models of purpose in life and T2D are presented in Appendix B.  

Table 3.4 

Cox proportional hazards regression on purpose in life in 2004/5 predicting type 2 

diabetes incidence from 2006/7 to 2016/7 - Potential mediators and confounders (N 

= 4134) 

                                                     HR 95% CI p value PPAE  

Unadjusted model 0.85 0.74 to 0.99 0.032 - 

+ sociodemographic 

variables 

0.90 0.77 to 1.04  0.154 33%  

+ behavioural variables 0.87 0.75 to 1.01 0.066 13% 

+ clinical variables 0.93 0.80 to 1.09 0.389 53%  

+ sociodemographic, 

behavioural, and clinical 

variables 

0.92 0.79 to 1.08 0.322 47%  

Note. CI = confidence interval; HR = hazard ratio; N = number; PPAE = percentage of protective 
association explained. 

Depression was included in a secondary model along with enjoyment of life, age, and 

sex to test for an independent effect of enjoyment of life on T2D rate. Results revealed 

a significant effect of enjoyment of life independently of depression (HR = 0.91, p = 

0.002, 95% CI [0.86, 0.97]). The association between purpose in life and diabetes 

adjusted for age, sex, and depression was not significant (HR = 0.91, p = 0.222, 95% CI 

[0.78, 1.06]). Secondary analyses also indicated that the relationship between the two 

independent variables, enjoyment of life or purpose in life, and diabetes incidence did 

not differ according to age (age by enjoyment of life: fully adjusted HR = 1.00, p = 

0.287, 95% CI [1.00 to 1.01]; age by purpose in life: fully adjusted HR = 1.01, p = 0.556, 

95% CI [0.99, 1.02]) or sex (sex by enjoyment of life: fully adjusted HR = 0.96, p = 0.477, 
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95% CI [0.85, 1.08]; sex by purpose in life: fully adjusted HR = 0.88, p = 0.435, 95% CI 

[0.65, 1.21]). 

Table 3.5 

Cox proportional hazards regression on enjoyment of life in 2004/5 predicting type 

2 diabetes incidence from 2006/7 to 2016/7 after adjusting for covariates including 

depression (N = 4134) 

                                                                           HR 95% CI p value 

CASP enjoyment of life [score]  0.91 0.86 to 0.97 0.002 

Age [years] 1.01 1.00 to 1.02 0.163 

Sex [ref. cat.: men] 0.60 0.48 to 0.75 < 0.001 

Depression [ref. cat.: no] 1.42 1.03 to 1.96 0.033 

Note. CASP = Control Autonomy Self-realisation Pleasure scale; CI = confidence interval; HR = hazard 
ratio; N = number; ref. cat. = reference category. 

In sensitivity analysis, 70 participants who developed T2D within two years from 

baseline (by Wave 3; 2006/7) were excluded (resulting in N = 4064), and the 

association between enjoyment of life and T2D onset remained significant (fully 

adjusted HR = 0.92, p = 0.021, 95% CI [0.86, 0.99]). Secondly, the main analysis was 

repeated after excluding possible undiagnosed cases of T2D at baseline. Sixty-six 

participants with HbA1c value ≥ 6.5% (equals to 48 mmol/mol) at baseline were 

excluded (resulting in N = 4068) and the association between enjoyment of life and 

T2D onset remained significant (fully adjusted HR = 0.93, p = 0.029, 95% CI [0.87, 

0.99]). Finally, purpose in life models were repeated in sensitivity analyses using a 

binary measure instead of a continuous variable and the relationship between 

purpose in life and incident diabetes was not significant in either unadjusted (HR = 

0.74, p = 0.111, 95% CI [0.51, 1.07]) nor fully adjusted analysis (HR = 0.75, p = 0.135, 

95% CI [0.51, 1.09]). 
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3. 5 Discussion 

This study looked at the longitudinal association between two different aspects of 

subjective well-being and incident T2D over a period of 12 years using data from ELSA, 

a nationally representative study of adults who live in England. Results of the study 

were supportive of the hypothesis that subjective well-being, specifically enjoyment 

of life, plays an important role in diabetes pathology. After adjusting for covariates, 1-

unit increase in the enjoyment of life score at baseline was associated with a 7% 

reduction in the hazard of T2D at follow-up. Moreover, results revealed that the 

relationship between enjoyment of life and T2D could be partly attributed to 

sociodemographic (27%), behavioural (27%), and clinical (18%) characteristics. 

Together these factors explained 36% of the association between enjoyment of life 

and T2D. The significant inverse relationship between enjoyment of life and T2D was 

upheld after the exclusion of participants who developed diabetes within two years 

from baseline or after excluding participants with undiagnosed, objectively measured 

T2D (using HbA1c cut-offs) at baseline.  

In unadjusted analysis, purpose in life was associated with reduced T2D rate. However, 

this association was reduced in analyses adjusted for sociodemographic, behavioural, 

or clinical factors, and in the fully adjusted model. This finding might suggest an 

indirect link between purpose in life and diabetes that warrants investigation in future 

research. However, the use of a single purpose in life rating may have also played a 

role in the null results. A previous meta-analysis showed that the association between 

purpose in life and physical health outcomes is more robust when measures combine 

items referring to meaning in life and meaning-related sense of harmony, peace, and 
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well-being compared with items focusing solely on meaning in life (Czekierda et al., 

2017). Nevertheless, a single question has been applied in older adults in at least five 

previous studies showing significant associations with physical activity (Takkinen, 

Suutama, & Ruoppila, 2001), poorer self-rated health (Steptoe & Fancourt, 2019), 

chronic pain (Steptoe & Fancourt, 2019), obesity (Steptoe & Fancourt, 2019), mobility 

status (Lampinen, Heikkinen, Kauppinen, & Heikkinen, 2006), number of chronic 

illnesses (Lampinen et al., 2006; Steptoe & Fancourt, 2019), and all-cause mortality 

(Koizumi, Ito, Kaneko, & Motohashi, 2008). It is also possible that T2D is associated 

with particular types of well-being, as has been found in a previous study where 

enjoyment of life, but not optimism, was a significant predictor of T2D in the long-

term (Boehm et al., 2015). Additionally, the two aspects of well-being examined here 

may differ in the level of emotional experiences they encompass. For example, 

enjoying life may require stronger emotional experiences than having a sense of 

purpose in life, and findings from Study 1 might suggest a role for emotions exerting 

a more powerful influence on glucose metabolism. Interestingly, in previous work 

involving participants with heart failure, distinct positive affect dimensions were 

associated with different markers of inflammation (Brouwers et al., 2013), suggesting 

separate biological correlates of different well-being measures. Concluding, these 

results support the idea that T2D is differentially related to hedonic and eudaimonic 

well-being, adding value to testing these different dimensions separately.  

The protective association between enjoyment of life and T2D rate was significant in 

secondary analysis after adjusting for depressive symptoms. This finding, which is in 

line with previous studies (Okely & Gale, 2016; Poole et al., 2019), provides further 
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evidence of the independent association between subjective well-being and T2D, as 

described earlier in the introductory chapter of this thesis. Secondary analysis also 

revealed that the pattern of results is similar across younger and older adults and for 

both sexes. These findings contradict the age- and sex-dependent effect of well-being 

on T2D as described in previous studies (Feller et al., 2013; Okely & Gale, 2016; Poole 

et al., 2019) and provide evidence of a more general protective role for enjoyment of 

life. Inconsistent findings might be influenced by the precise measures of well-being, 

different sample sizes (Feller et al., 2013; Okely & Gale, 2016), or age and cultural 

differences between studies (Feller et al., 2013). For example, two previous studies 

found a protective effect of well-being only in younger (<65 years old) participants, 

but both studies assessed overall well-being instead of specific aspects of well-being 

(Okely & Gale, 2016; Poole et al., 2019). The analysis of Feller et al. (Feller et al., 2013), 

who found a protective association between life satisfaction and T2D rate in women 

but not in men, included more than 50,000 German participants aged 35 – 65 years 

old. For this reason, these previous studies are not directly comparable to the present 

findings.  

Sociodemographic, behavioural, and clinical factors combined did not fully explain the 

protective effect of hedonic well-being on health, in line with previous studies on 

different health outcomes (Chida & Steptoe, 2008; Giltay et al., 2006; Kubzansky & 

Thurston, 2007; Moskowitz et al., 2008; Ostir et al., 2000). In the study of Okely & Gale 

(Okely & Gale, 2016), the association between overall well-being (as measured using 

the CASP-19) and incident T2D was only partially mediated by health behaviours and 

BMI. Future studies need to investigate the role of additional mechanisms linking 



122 
 

hedonic well-being with T2D. For example, enjoyment of life may have an impact on 

biological processes relevant to T2D, modulated via corticolimbic pathways. We have 

previously found that hedonic well-being is associated with reduced cortisol output 

over the day (Steptoe et al., 2008; Steptoe et al., 2005). Indeed, the most consistent 

evidence relates hedonic well-being with cortisol output, showing lower cortisol levels 

and a steeper cortisol decline over the day in people reporting greater hedonic well-

being, after depression is included as a covariate (Steptoe, 2019a). However, most 

studies on well-being and biology have been cross-sectional. In contrast, one previous 

report showed that positive affect, measured using Ecological Momentary 

Assessments (EMA)43, predicted lower cortisol output three years later (Steptoe & 

Wardle, 2005). Lower inflammatory levels have also been reported in people higher 

in daily happiness, even after daily sadness was taken into account (Panagi, Poole, 

Hackett, & Steptoe, 2019a; Stellar et al., 2015). In turn, dysregulated diurnal cortisol 

profile and elevated inflammatory factors have been prospectively linked to T2D risk 

(Hackett, Kivimaki, Kumari, & Steptoe, 2016; Hu, Meigs, Li, Rifai, & Manson, 2004; 

Wang et al., 2013). Cortisol and inflammatory factors seem to play a part in the 

pathophysiology of T2D, as described earlier in Chapter 1. Laboratory stress testing 

studies have also shown that hedonic well-being is associated with reduced 

inflammatory and cardiovascular reactivity to stress, establishing a dynamic 

relationship between well-being and stress-related biological processes (Steptoe et 

al., 2005).  

 
43 EMA involves repeated measurement (often in random time sampling) of participants’ behaviour, 
experiences, or feelings. These are taken in real-life environments using methods such as written or 
electronic diaries or even biological sensors for biological assessments (Shiffman, Stone, & Hufford, 
2008). 
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This study has several strengths. A large sample of participants were included, derived 

from a nationally representative cohort study. The longitudinal design of the cohort 

allowed the examination of T2D incidence in people free of T2D at baseline, with a 

relatively long follow-up period. Analyses were differentiated between types of well-

being and adjusted for a wide range of covariates. Separate models were used to allow 

for the estimation of the percentage of association explained by the different risk 

factors. BMI and blood pressure levels at baseline, which constitute major T2D risk 

factors (Eckel, Alberti, Grundy, & Zimmet, 2010), were assessed objectively during the 

nurse visit. Additionally, the reverse causality argument was tested by excluding 

individuals who developed T2D within two years from baseline and those with 

objective T2D at baseline. Nevertheless, this study is not without limitations. 

Subjective well-being was measured at a single occasion, therefore changes in well-

being over time were not considered. Nevertheless, the temporal stability of well-

being has been documented in previous studies (Charles, Reynolds, & Gatz, 2001; 

Lucas, & Gohm, 2000). Patient reports of T2D diagnoses were used instead of objective 

clinical records, but other studies have reported high agreement between self-

reported and clinically-derived diagnosis of diabetes (Haapanen, Miilunpalo, Pasanen, 

Oja, & Vuori, 1997). Additionally, diabetes diagnoses did not discriminate between 

Type 1 and Type 2, which may lead to diabetes misclassification, although T1D is 

diagnosed in individuals younger than the typical ELSA participant (T1D is also called 

‘juvenile diabetes’ as it is diagnosed in childhood). Although multiple covariates were 

taken into account, I did not consider other potential mediators including the use of 

preventive healthcare services and self-care behaviours, such as adherence to medical 

advice (Kim, Strecher, & Ryff, 2014) and dietary factors (Mujcic & Oswald, 2016). 
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Finally, the proportion of ethnic minority participants in ELSA is small; thus, our results 

may not generalise to non-white ethnic groups.  

This study provides evidence for the health-protective relationship between 

enjoyment of life and incident T2D. This association is only partially explained by 

sociodemographic, behavioural, and clinical risk factors. One implication is that efforts 

to increase enjoyment of life in middle- and older-aged adults might help delay the 

onset of T2D. This implication is discussed in more detail in the Discussion chapter 

(Chapter 9) of this thesis.   
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Chapter 4. The Diabetes Study: Data and methods 

This chapter describes the data and methods of the Diabetes Study. The Diabetes 

Study provided existing data for the analyses presented in Chapter 5 and Chapter 6.  

5.3 The Diabetes Study 

The primary, overarching aim of the Diabetes Study was to assess biological stress 

responses across multiple biological systems in people with T2D compared to healthy 

controls. The secondary aim of the Diabetes Study was to test the role of individual 

characteristics (e.g. psychological and personality factors) in biological stress 

responses in the diabetes group. For the purposes of my PhD, I carried out two 

research projects using existing data from the Diabetes Study44. Briefly, the two 

projects examine the role of sex and subjective well-being, respectively, in 

inflammatory stress responses in people with T2D. The data and methods of the 

Diabetes Study are presented below, though more specific information about Study 2 

and Study 3 (e.g. exposure and outcome measures, covariates, statistical analyses) are 

provided in subsequent chapters (see Chapter 5 and Chapter 6, respectively).  

5.3 Participants  

Between March 2011 and July 2012, 140 individuals (88 men, 52 women) aged 50 – 

75 years old with a doctor-verified T2D diagnosis took part in a laboratory stress 

testing study. As mentioned above, the aim of the Diabetes Study was primarily to 

compare biological stress responses between healthy participants and people with 

 
44 I have also benefitted from contributing to the Diabetes Study by co-authoring two scientific papers 
using existing data from this study. Of the two papers, which are not part of this thesis, one has been 
published (Hackett et al., 2019) and the other is under review for publication (Bawa et al., under 
review).  
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T2D (Steptoe, Hackett, et al., 2014). Healthy participants were drawn from the Heart 

Scan Study (HSS), an earlier investigation which was also carried out by the 

Psychobiology Group of UCL. The HSS participants were recruited from the Whitehall 

II epidemiological cohort study between 2006 and 2008. The principal aim of the HSS 

was to investigate the complex relationships between socioeconomic and 

psychosocial factors, biological stress responses, and the development of CAD (Hamer, 

Endrighi, Venuraju, Lahiri, & Steptoe, 2012).   

For the purposes of the Diabetes Study, participants with T2D were recruited from 

primary care practices and diabetic outpatient clinics in London. Inclusion was limited 

to patients without a history or a doctor diagnosis of CHD, inflammatory diseases, 

allergies, or mood disorders. These criteria were selected in order to reduce potential 

interference with biological processes and stress responsivity. It was not possible to 

exclude obese individuals from this study as obesity is one of the main risk factors for 

T2D (Guh et al., 2009), and the majority of eligible participants were obese. Potentially 

eligible participants were screened by telephone interviews carried out by members 

of the study team45. Also, on the day of stress testing participants were asked to report 

again any comorbidities they might have that would have excluded them from taking 

part. All participants were judged to be fluent in English language. 

The Diabetes Study was powered to detect small to medium effect sizes (δ = 0.32, p < 

0.05), and at least 125 people needed to be recruited. The majority of participants 

(90%) were recruited from primary care clinics in the Camden area of London, since 

most of the people with T2D attending outpatient clinics had many comorbidities and 

 
45 The study team consisted of Dr Ruth A. Hackett, two research nurses, and a medical doctor.  
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therefore did not meet the stringent inclusion criteria of the study. Recruitment 

strategy is discussed more broadly in Chapter 9 of the thesis. All participants gave fully 

informed written consent to take part in the study and ethical approval was obtained 

by the UK National Research Ethics Service. 

After recruitment, participants with T2D were matched to healthy controls (for the 

purposes of the larger trial aiming to compare biological stress responses in people 

with diabetes and healthy controls). Specifically, every participant with T2D was 

matched with two healthy controls as closely as possible by age, sex, and income 

category. Indeed, the two groups did not significantly differ in age, sex, or income 

(Hackett, 2016). More than one control per case is usually applied in case control 

studies in order to increase statistical efficiency and power (Rose & Laan, 2009). In the 

Diabetes Study, a ratio of two controls to one case was used due to a physical limit on 

the number of suitable controls available from the HSS, resulting in a final sample size 

of 140 participants with T2D and 280 matched controls.   

5.3 Procedure 

Before the laboratory stress testing, participants were asked to complete a 7-day 

diary. This included questions on feelings of happiness and sadness over the day. 

Detailed information about these measures is presented on page 132. After this 7-day 

diary period, participants were invited for individual stress testing in a light- and 

temperature-controlled laboratory at UCL.  

Testing was performed in either the morning or the afternoon and was based on a 

standard protocol previously used in the same laboratory (Hamer, O'Donnell, Lahiri, 

& Steptoe, 2010; Steptoe, Owen, et al., 2002). Pre-testing instructions were to avoid 
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taking any anti-inflammatory or antihistamine medication up to seven days before 

testing, to refrain from performing vigorous physical activity and consuming alcohol 

from the evening before testing, and to avoid caffeinated beverages or smoking for at 

least two hours prior to the stress session. People who reported having colds or other 

infections on the day of testing were re-scheduled.  

On the testing day, participants’ anthropometric characteristics were firstly assessed 

by members of the study team and self-reported information on sociodemographic 

and behavioural factors as well as physical and mental health was collected before 

stress testing. Following this, a venous cannula was inserted into participants’ forearm 

for blood sample collection. The participant rested for 30 minutes and within the last 

five minutes of the resting period a subjective stress rating was obtained, and a blood 

sample was drawn to detect pre-task inflammatory levels. Two 5-minute mental stress 

tasks were then administered, and blood was sampled again immediately after the 

tasks, at 45 minutes, and at 75 minutes after the completion of the tasks. Task 

perception ratings (e.g. task difficulty) were taken immediately after the tasks. 

Subjective stress ratings were also taken up to 75 minutes after the end of the tasks. 

Detailed information about the two mental stress tasks and study measures is 

presented in the sub-sections below.  

Blood samples were collected using ethylenediaminetetraacetic acid tubes which 

were centrifuged immediately after collection at 2500 rpm for 10 minutes at room 

temperature. Ten minutes later, plasma was removed from the tubes, aliquoted into 

0.5 ml portions and stored at -80o Celsius degrees at UCL until batch analysis at a later 
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date. Figure 4.1 shows a volunteer undertaking biological measurements at the UCL 

stress laboratory where the Diabetes Study participants underwent their testing.  

 

Figure 4.1. A volunteer undertaking biological measurements at the UCL stress laboratory.  

 

5.3 Mental stress tasks 

Two 5-minute mental stress tasks were administered in random order. These were a 

paper version of the Stroop colour – word interference task and a mirror tracing task. 

The Stroop task requires successive reporting of target colour words (e.g. blue and 

red) printed in an incongruous colour. The mirror tracing task requires participants to 

move a metal stylus to trace a star while looking only at the mirror image. When the 

stylus comes off the star’s outer line, a loud noise is emitted by the device indicating 

that a mistake is counted (Lafayette Instruments Company, Lafayette, Indianapolis, 

US). Participants were informed that the average person achieves five tracings with a 

minimum number of mistakes in the 5-minute time. The two tasks are used widely in 
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laboratory stress testing studies as they present important advantages. For example, 

they have been shown to induce robust biological responses and they seem to 

stimulate similar appraisals of involvement and engagement from participants across 

the social gradient (Hamer et al., 2010; Steptoe, Feldman, et al., 2002). The two tasks 

have been used in previous studies carried out by the Psychobiology Group at UCL 

(Hamer et al., 2010; Steptoe, Feldman, et al., 2002). The mirror tracing task is 

illustrated in Figure 4.2.  

 

Figure 4.2. The mirror tracing task. This was one of the two stress tasks administered during the 
laboratory session of the Diabetes Study. Reprinted from “Biological Psychology” by S.M. Breedlove 
and N.V. Watson, 2013, Sunderland, Massachusetts, MA: Sinauer associates. Copyright (02.06.2020) 

by Oxford Publishing Limited. Reprinted with permission. 
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4.5 The Diabetes Study measures

4.5.1 Biological variables  

Three inflammatory markers were assayed from all four blood samples. These 

included IL-6 (pg/ml), IL-1ra (pg/ml), and MCP-1 (pg/ml). Plasma IL-6 was assayed 

using a Quantikine high sensitivity two-site enzyme-linked immunosorbent assay from 

R & D Systems (Oxford, UK).  The minimum limit of detection for IL-6 was between 

0.016 pg/ml and 0.110 pg/ml. IL-1ra and MCP-1 were analysed in duplicate using 

fluorescent-labelled capture antibody beads from Millipore (Milliplex Human 

Cytokine/Chemokine kit, Millipore Corporation, US), and concentrations were 

measured using Luminex flow cytometer technology from Bio – Rad (Bio – Plex, 

Hercules, California, US). The minimum limit of detection for IL-1ra was 2.3 pg/ml and 

for MCP-1 was 1.2 pg/ml. The mean intra-assay coefficients of variation for IL-6, IL-

1ra, and MCP-1 were 7.3%, 4.6% and 6.1%, respectively. The mean inter-assay 

coefficients of variation for the three markers were 7.7%, 6% and 12%, respectively.   

5.3.1 Sociodemographic variables  

Sociodemographic variables, collected by self-report, included age (years), sex (man, 

woman), educational level (no qualifications, up to O-levels, A-levels or Ordinary 

National Certificate, degree or above46), household income (<£20,000, £20,000 – 

40,000, £40,000 – 60,000, >£60,000), ethnicity (White, Asian, Afro-Caribbean, other), 

and marital status (married, single, divorced or separated or widowed). Household 

 
46 These four educational level categories are equivalent to the US elementary school diploma, middle 
or junior high school diploma, high school or senior high school diploma, and university 
undergraduate certificate or above, respectively.  
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income was used as it is thought to be a better indicator of SES than personal income 

in older ages (Banks, Karlsen, & Oldfield, 2003).  

5.3.1 Behavioural and physical health-related variables  

Behavioural and physical health-related measures included current smoker status (no, 

yes), moderate or vigorous physical activity per week (hours), height (cm), weight (kg), 

waist (cm), hip (cm), body fat (%), HbA1c (%), medication use at the time of testing, 

and physical health-related quality of life. Smoking status and physical activity were 

recorded by self-report. Anthropometric measurements were carried out using 

standardised techniques with participants wearing light clothing. More specifically, 

height was measured to the nearest 0.1 cm using a stadiometer, weight was assessed 

using a Tanita scale (Tanita Corporation of America, Inc., Arlington Heights, IL), and 

BMI was calculated (kg/m2). Body fat % was estimated by bioelectrical impedance 

body composition analysis. Waist and hip measurements were carried out (using a 

tape measure) for the calculation of WHR (the waist circumference divided by hip 

circumference). HbA1c was assessed from the pre-task blood draw using standardised 

techniques and the sample was sent to The Doctor’s Laboratory for testing.  

Medication categories were oral anti-diabetic medication (yes, no), insulin or other 

injectable anti-diabetic medication (yes, no), aspirin (yes, no), beta blockers (yes, no), 

anti-hypertensive medication (yes, no), and cholesterol-lowering drugs (yes, no). 

Medication use was self-reported but also confirmed by inspection of the medication 

packaging on the testing day. Physical health-related quality of life was assessed by 

self-report using the physical health component of the Short Form (SF)-36 Health 

Survey (Ware & Sherbourne, 1992). The SF-36 is a self-reported 36-item survey of 



 
 

133 
 

patient health. The physical health dimension includes subscales relating to 1) physical 

functioning, 2) bodily pain, 3) role limitations due to physical health problems, and 4) 

general health perceptions. All the four subscales were used to calculate an average 

physical health-related quality of life score for each participant, with higher scores 

reflecting better physical health (scores can range from 0 to 100).  

5.3.1 Mental health-related variables  

Mental health-related variables included daily happiness and daily sadness, 

depressive symptoms, and mental health-related quality of life. Daily happiness was 

measured with ratings made at the end of each day for seven consecutive days prior 

to stress testing, using daily diaries. More specifically, participants were asked to 

report the extent to which they had been feeling happy on that particular day using a 

5-point Likert-type scale (from 0 = not at all to 4 = a lot). An average happinesss score 

over the week was computed, with higher scores indicating greater daily happiness. 

The mean coefficient of variation over the week was 0.28, proposing a relatively small 

mean variability of data. Similarly, an average sadness score was calculated by 

aggregating ratings made at the end of each day for seven consecutive days before 

the laboratory testing. Participants were asked to report the extent to which they had 

been feeling sad on that day using a 5-point scale ranging from 0 (not at all) to 4 (a 

lot). Higher scores indicated greater daily sadness. The mean coefficient of variation 

over the seven days was 1.18.  

For depressive symptoms, participants completed the revised version of the 20-item 

CES-D scale (Radloff, 1977). As described previously in Chapter 3, this is a validated 

questionnaire used to measure depressive symptomatology in the general population. 
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Items include statements such as ‘I felt that everything I did was an effort’ and ‘I felt 

that I could not shake off the blues’. Responses can range from 0 (rarely or none of 

the time [less than 1 day]) to 3 (most of all the time [5-7 days]). Responses were 

summed and higher scores indicated greater depressive symptoms over the previous 

week.  

Mental health-related quality of life was assessed using the mental health component 

of the SF-36 Health Survey (Ware & Sherbourne, 1992). The mental health dimension 

of the SF-36 includes subscales relating to 1) role limitations due to personal or 

emotional problems, 2) general mental health, 3) social functioning, and 4) energy, 

fatigue, or vitality. All the four subscales were used to calculate an average mental 

health-related quality of life score and higher scores were indicative of better mental 

health (scores can range from 0 to 100).  

5.3.1 Task-related variables  

Task-related variables included subjective stress throughout the session, task 

perceptions, and time of testing (morning, afternoon). Subjective stress was measured 

throughout the laboratory session: before the tasks, immediately after each of the 

tasks, and at 45 and 75 minutes post-task. Participants were asked ‘how stressed do 

you feel at the moment’ (pre-task), ‘how stressed did you feel during the (Stroop, 

mirror tracing) task’ (immediately post-task; responses for the two different tasks 

were averaged to compute an overall score), and again the question ‘how stressed do 

you feel at the moment’ (at 45 and 75 minutes post-task). Participants answered on a 

7-point Likert-type scale (from 1 = not at all stressed to 7 = very stressed). Higher 

scores indicated greater subjective stress at the different time points. 
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Perceptions of task stressfulness, involvement, control, difficulty, and performance 

were also taken after each of the tasks, with responses taken on a 7-point Likert-type 

scale (from 1 = not at all stressful, involved, in control, difficult, well to 7 = very 

stressful, involved, in control, difficult, well). Responses relating to the two different 

tasks were averaged to create overall scores for task stressfulness, involvement, 

control, difficulty, and performance.   

Finally, further variables were measured during the Diabetes Study including financial 

strain, neighborhood social cohesion, social support, medication adherence, 

loneliness, self-esteem, cynical hostility, optimism, as well as heart rate, cortisol, and 

cholesterol levels. These data were not used for the purposes of this thesis therefore 

they are not presented here.  
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Chapter 5. Study 2: Sex differences in IL-6 stress responses 

in people with T2D 

Study 2 explored sex differences in inflammatory stress responses in people with T2D 

using data from the Diabetes Study. This chapter provides a brief overview of the study 

background followed by the methods and results of the study and a discussion of the 

findings. The results presented here have been the subject of a peer-reviewed 

publication in Psychophysiology (Panagi, Poole, Hackett, & Steptoe, 2019b). 

5.1 Introduction 

Increasing evidence from basic and clinical research shows that sex, as a fundamental 

biological factor and an intrinsic individual characteristic, is relevant to the modulation 

of the acute stress response. A 2017 review of animal studies demonstrated consistent 

differences in biological stress responses between males and females, highlighting 

brain anatomical differences that are relevant to the acute stress response as well as 

differences at the level of the reproductive axis/hormones across the lifespan which 

interact with the HPA axis at different levels (Novais, Monteiro, Roque, Correia-Neves, 

& Sousa, 2017). For example, females have bigger LC, the brain area that produces 

noradrenaline during the acute stress response (Pinos et al., 2001). Furthermore, in 

response to acute stress, oestrogens display an exacerbation effect on the HPA axis 

(Novais et al., 2017; Viau & Meaney, 1996). In contrast, testosterone was found to 

decrease adrenocorticotropin hormone and GC levels after stress in males (Viau & 

Meaney, 1996), revealing an inhibitory effect over the anterior pituitary that is 

reverted by gonadectomy of male rats (Seale, Wood, Atkinson, Harbuz, & Lightman, 

2004). Indeed, several studies showed that exogenous replacement of estrogens leads 
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to an enhanced response of the HPA axis while testosterone leads to an inhibition 

(Lund, Munson, Haldy, & Handa, 2004; Viau, Bingham, Davis, Lee, & Wong, 2005).  

As described in the introductory chapter of this thesis, several studies have found sex 

differences in the morbidity and mortality rate associated with T2D. For example, 

some inflammatory-mediated conditions, including CVD, are more frequently seen in 

ageing women with T2D compared with their male counterparts (Peters et al., 2014a, 

2014b). Even though these sex-specific differences are of increasing clinical interest, 

the underlying mechanisms driving these differences are not entirely clear yet. 

Previous research has demonstrated that sex differences in disease and mortality risk 

are only partially explained by demographic, lifestyle, clinical, genetic, or hormonal 

factors (Espeland et al., 2018; Raparelli et al., 2017). 

Laboratory studies in humans, involving middle-age and older participants, have 

suggested differences in inflammatory stress responses between women and men. 

These studies are described in more detail in Chapter 1. Overall, evidence to date 

derives mostly from healthy participants (four studies involved healthy participants 

and only one study involved patients with CAD) and supports that women show 

greater IL-6 stress responses compared with similarly-aged men (Edwards et al., 2006; 

Endrighi et al., 2016; Lockwood et al., 2016; Steptoe, Owen, et al., 2002; Sullivan et 

al., 2018). Interestingly, evidence on sex differences in inflammatory stress 

responsivity appears to be more consistent for older compared to younger 

participants, as described in Chapter 1.  

The mechanisms that underpin difference morbidity rates between men and women 

with T2D are likely, to some extent, the result of sex differences in stress-related 
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inflammatory pathways. However, no previous studies have explored sex differences 

in inflammatory stress responsivity in this patient group. This study aimed to better 

understand the biological pathways explaining sex differences in T2D progression. The 

objective of this study was to investigate potential differences in IL‐6 stress responses 

between older men and women with T2D. I hypothesised that women with T2D will 

exhibit larger IL-6 stress responses than men with diabetes.  

5.2 Method 

5.2.1 Participants  

Participants from the Diabetes Study took part in this project of sex differences in IL-

6 stress responses. Detailed information regarding the Diabetes Study participants 

and the procedure (such as information on sample calculation, exclusion criteria, 

recruitment procedures, pre-testing instructions, testing day procedures and the 

mental stress tasks) was reported in Chapter 4. For this project, data were analysed 

for 121 participants (76 men, 45 women) who provided full data on predictor variable 

and all covariates.  

Out of 121 participants of the current study, 29 participants had missing data on at 

least one IL-6 measurement47. Sensitivity analysis was carried out to check for 

significant differences in participants’ characteristics between those with full data on 

all four IL-6 measurements and those with missing data on at least one IL-6 

measurement. Analysis was carried out using independent samples t-tests for 

 
47 Missing inflammatory data owned to technical issues in blood sampling. More precisely, as the 
majority of participants were obese, maintaining a functioning cannula for the whole duration of the 
laboratory session presented technical challenges. For example, the cannula failed part-way through 
the session for some participants. The research team had a protocol to not re-attempt blood draw in 
these participants so as to avoid causing psychological stress.  
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continuous variables and Chi-square tests for categorical variables. Results revealed 

marginally significant difference for BMI such as those participants with higher BMI 

were more likely to have missing data on IL-6 (t(36.93) = -1.98, p = 0.055, d = 0.46, 95% 

CI [-5.70, 0.07]). There were no other significant differences between those with and 

without missing IL-6 data (ps ≥ 0.067).  

5.2.2 Study measures 

5.2.2.1 Predictor variable: Sex   

Self-reported information on sex (man, woman) was used as predictor variable in 

this study.  

5.2.2.2 Outcome variable: IL-6 stress responses  

Plasma IL-6 levels were measured at four time points throughout the laboratory 

session: pre-task, immediately post-task, at 45 minutes post-task, and at 75 minutes 

post-task. Three IL-6 change/delta (Δ) scores were calculated to reflect the mean 

difference/change in IL-6 levels from pre-task to the three post-task measurements: 

immediately post-task minus pre-task levels (Δ immediately post-task), 45 minutes 

post-task minus pre-task levels (Δ 45 minutes), and 75 minutes post-task minus pre-

task levels (Δ 75 minutes). The three change scores were used as outcome variables 

in this study, with higher positive change scores indicating greater increases in IL-6 

from pre- to post-task measurements. Chapter 4 describes the blood sample 

collection and IL-6 assay methods and presents information on the minimum limit of 

detection and intra-assay coefficients of variation for IL-6. 
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5.2.2.3 Covariates  

Covariates were chosen based on previous studies which have indicated their 

influence on inflammatory (re)activity. These included age (Steptoe, Owen, et al., 

2002), household income as an indicator of SES (Steptoe, Owen, et al., 2002; Stringhini 

et al., 2013), smoking status (Marsland et al., 2017), BMI (McInnis et al., 2014), and 

depressive symptoms (Howren, Lamkin, & Suls, 2009). Glucose control (as indexed by 

HbA1c), oral anti-diabetic medication, and insulin or other injectable anti-diabetic 

medication at the time of testing were also chosen to be included in the model as 

these could reflect different levels of diabetes severity. Additionally, as IL-6 shows 

some diurnal variation with increasing levels over the course of the day (Vgontzas et 

al., 2005), time of testing (morning, afternoon) was also included as a covariate. 

Detailed information on these measures is reported in Chapter 4.  

Other variables such as ethnicity, marital status, educational level, moderate or 

vigorous physical activity per week, body fat %, WHR, and cardiovascular medication 

(anti-hypertensive medication, cholesterol-lowering drugs, aspirin, and beta blockers) 

use at the time of testing were also considered in the analyses. Subjective stress at 

baseline and task perception variables including task stressfulness, involvement, 

control, difficulty, and performance were also included in analyses. These further 

variables were used in univariate analyses in order to give a broader description of the 

characteristics of men and women in this sample. Some of these extra variables were 

considered in secondary analyses. Full details on these measures are provided in 

Chapter 4.  
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5.2.3 Statistical analysis 

The distribution of IL-6 concentrations was positively skewed (skewness > 1 for all four 

IL-6 measurements [values between 1.27 and 1.63] and kurtosis values between 1.53 

and 2.98). Therefore, log-n transformation was applied in all analyses. Log-n 

transformation corrected the skewness of the data (skewness between -0.30 and 0.27 

for all four values after log-n transformation). Characteristics between men and 

women were compared using Chi-square tests for categorical variables and 

independent samples t-tests for continuous variables.  

Significant main effects and interactions were initially examined using mixed model 

Analysis of Variance (ANOVA), with sex as the between-subjects factor and IL-6 levels 

at the four time points (pre-task, immediately post-task, 45 minutes post-task, and 75 

minutes post-task) as the within-subjects factor. Significant interactions were further 

explored using mixed model Analysis of Covariance (ANCOVA). In this second (and 

main) model, the three IL-6 change scores were used as the within-subjects factor, 

reflecting the mean difference in IL-6 levels from pre-stress to immediately post-task 

(Δ immediately post-task), 45 minutes post-task (Δ 45 minutes), and 75 minutes post-

task (Δ 75 minutes). To avoid overadjustment, only nine covariates were included: age, 

household income, smoking status, BMI, HbA1c, oral anti-diabetic medication, insulin 

or other injectable anti-diabetic medication, depressive symptoms, and time of 

testing. Since change scores account for initial, pre-stress levels, the three change 

scores rather than the four absolute values were used as outcome variables in the 

main analysis. 
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Secondary analyses were carried out to further control for potential confounders 

using mixed model ANCOVA. Moreover, secondary analyses were conducted to test 

for the potential effect of age in the magnitude of IL‐6 stress responsivity in female 

participants using mixed model and repeated measures ANOVA.  

Results are presented as means and standard deviations (SDs) for continuous variables 

or numbers and percentages for categorical variables. The level of significance was set 

at p < 0.05, though exact p values are reported throughout. Statistical analyses were 

carried out using SPSS version 24 (SPSS, Chicago, IL).  

5.3 Results 

5.3.1 Sample characteristics by sex 

Data were analysed for 121 participants (37% women) who provided full data on sex 

and all covariates (age, household income, smoking status, BMI, HbA1c, oral anti-

diabetic medication, insulin or other injectable anti-diabetic medication, depressive 

symptoms, and time of testing). Table 5.1 shows sample characteristics by sex and 

comparisons between sexes. Men and women in this study did not differ in 

socioeconomic characteristics including age (p = 0.506), household income (p = 0.060), 

marital status (p = 0.070), or educational level (p = 0.726). There was a significant 

difference in ethnicity, with more men than women being of Asian origin; χ2(3) = 9.77, 

p = 0.021, V = 0.2848. Participants were obese on average and women had slightly (but 

not significantly) higher BMI than men; t(119) = -1.92, p = 0.057, d = 0.35, 95% CI [-

4.11, 0.06]. Additionally, women had higher body fat % (t(66.98) = -11.51, p < 0.001, d 

 
48 V stands for Cramer’s V. It is used as an effect size indicator in r x c frequency tables. Effect sizes of 
0.1, 0.3, and 0.5 are considered as small, medium, and large, respectively (Cohen, 1988).  
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= 2.27, 95% CI [-15.67, -11.04])49. On the other hand, men had marginally higher WHR 

than women (t(118) = 1.98, p = 0.050, d = 0.36, 95% CI [0.00, 0.06]). Men and women 

did not differ in other lifestyle-related variables such as smoking status (p = 0.803) or 

frequency of physical activity (p = 0.889). Moreover, similar diabetes-related 

characteristics were observed between sexes including no differences in HbA1c levels 

(p = 0.700) or anti-diabetic medication (for oral medication: p = 0.878; for insulin or 

other injectable medication: p = 1.000). Men, however, were more likely than women 

to take aspirin at the time of testing; χ2(1) = 5.85, p = 0.016, ϕ = -0.2550. Depressive 

symptoms (p = 0.875), pre-stress subjective stress (p = 0.441), and time of testing (p = 

0.765) did not differ between sexes.  

 

 
49 Body fat % is another measure of fitness level calculated as the total mass of fat (essential fat and 
storage fat) divided by total body mass, multiplied by 100. The percentage of essential body fat is 
greater for women compared to men, due to the demands of pregnancy and hormonal functions. 
Therefore, physiological ranges vary according to sex. Based on the American Council on Exercise, the 
average body fat % is 25 - 32% for women and 18 - 25% for men. Obesity is defined as body fat % > 
32% in women and > 25% in men (Muth, 2009). 
50 ϕ stands for Phi. It is used as an effect size indicator in 2 x 2 frequency tables. Effect sizes of 0.1, 0.3, 
and 0.5 are considered as small, medium, and large, respectively (Cohen, 1988). 
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Table 5.1 

Sample characteristics by sex (N = 121) 

Characteristic  Men (n = 76) 

n (%) or M ± SD 

Women (n = 45) 

n (%) or M ± SD 

Sex differences:  

Effect size, p value 

Age [years] 64.09 ± 7.35 63.20 ± 6.70 d = 0.13, p = 0.506 

Ethnicity 

White 

Asian  

Afro-Caribbean 

     Other 

 

61 (80.3) 

10 (13.2) 

4 (5.3) 

1 (1.3) 

 

35 (77.8) 

1 (2.2) 

4 (8.9) 

5 (11.1) 

V = 0.28, p = 0.021 

Household income [£] 

<£20,000  

£20,000-40,000  

£40,000-60,000  

     >£60,000 

 

31 (40.8) 

17 (22.4) 

8 (10.5) 

20 (26.3) 

 

21 (46.7) 

17 (37.8) 

3 (6.7) 

4 (8.9) 

V = 0.25, p = 0.060 

Marital status 

Married  

Single  

Divorced, separated 

or widowed 

45 (59.2) 

13 (17.1) 

18 (23.7) 

17 (37.8) 

13 (28.9) 

15 (33.3) 

V = 0.21, p = 0.070 

aEducational level 

No qualifications 

Up to O-levels  

A-levels or ONC 

Degree or above 

 

5 (6.8) 

16 (21.6) 

7 (9.5) 

46 (62.2) 

 

3 (6.7) 

6 (13.3) 

5 (11.1) 

31 (68.9) 

V = 0.11, p = 0.726  

Smoking status [smoker] 11 (14.5) 5 (11.1)  ϕ = -0.05, p = 0.803 
bModerate or vigorous 

physical activity per 

week 

[hours]  

4.08 ± 8.19 3.89 ± 4.18 d = 0.03, p = 0.889 

BMI [kg/m2] 30.11 ± 5.13 32.14 ± 6.33 d = 0.35, p = 0.057 

Body fat [%] 30.96 ± 4.58 44.32 ± 6.94 d = 2.27, p = <0.001 
cWHR  1.01 ± 0.07 0.97 ± 0.11 d = 0.36, p = 0.050 

HbA1c [%] 7.28 ± 1.36 7.38 ± 1.64 d = 0.07, p = 0.700 

Oral anti-diabetic 

medication [yes] 

62 (81.6) 38 (84.4) ϕ = -0.04, p = 0.878 

Insulin or other 

injectable anti-diabetic 

medication [yes] 

9 (11.8) 6 (13.3) ϕ = 0.02, p = 1.000 
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5.3.2 Sex differences in task perceptions  

Task perception ratings showed that female participants perceived the tasks as more 

stressful than male participants; t(188) = -2.78, p = 0.006, d = 0.53, 95% CI [-1.29, -

0.22]. There were no significant sex differences in perceived task involvement (p = 

0.153), control (p = 0.798), difficulty (p = 0.074), or performance (p = 0.674). 

 

 

 

 

 

Characteristic  Men (n = 76) 

n (%) or M ± SD 

Women (n = 45) 

n (%) or M ± SD 

Sex differences:  

Effect size, p value 

Anti-hypertensive 

medication [yes]  

55 (72.4) 30 (66.7) ϕ = -0.06, p = 0.647 

Cholesterol-lowering 

drugs [yes] 

57 (75.0) 37 (82.2) ϕ = 0.08, p = 0.486 

Aspirin [yes] 33 (43.4) 9 (20.0) ϕ = -0.24, p = 0.016 

Beta blockers [yes] 7 (9.2) 4 (8.9) ϕ = -0.01, p = 1.000 

Depressive symptoms 

[score] 

11.60 ± 8.19 11.84 ± 8.28 d = 0.03, p = 0.875 

Baseline subjective stress 

[score] 

1.45 ± 0.82 1.58 ± 1.01 d = 0.14, p = 0.441 

Time of testing 

[morning]  

32 (42.1) 21 (46.7) ϕ = -0.04, p = 0.765 

Note. Differences between sexes were tested using independent samples t-tests for continuous 
variables and Chi-square tests for categorical variables. AM = after midnight; BMI = body mass index; 
HbA1c = glycated hemoglobin; kg/m2 = kilogram per square metre; ln = log-n; M = mean; Min = 
minutes; N = number; n = number, ONC = ordinary national certificate; pg/ml = picogram per 
millilitre; SD = standard deviation; WHR = waist-to-hip ratio. an = 119, bn = 111, cn = 120.  
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Table 5.2 

Perceived task appraisals by sex (N = 121) 

Task-related 

variables 

Men (n = 76) 

M ± SD 

Women (n = 45) 

M ± SD 

Sex differences:  

Effect size, p value 

Stress [score] 4.25 ± 1.50 5.00 ± 1.33 d = 0.53, p = 0.006 

Involvement 

[score] 

5.24 ± 1.52 5.66 ± 1.59 d = 0.27, p = 0.153 

Control [score] 2.50 ± 1.21 2.43 ± 1.47 d = 0.05, p = 0.798 

Difficulty [score] 5.63 ± 1.07 5.99 ± 1.00 d = 0.34, p = 0.074 

Performance 

[score] 

2.23 ± 1.17 2.13 ± 1.31 d = 0.08, p = 0.674 

Note. Sex differences in perceived task appraisals were tested using independent samples t-tests. M 
= mean; N = number; n = number; SD = standard deviation. 
 

5.3.3 Sex differences in IL-6 stress responses 

Plasma IL-6 concentrations increased significantly (time effect F(2.44, 219.28) = 13.18, 

p < 0.001, η2
p = 0.12851) from pre-task (x̄ = 0.53 ± 0.06) to 75 minutes (x̄ = 0.69 ± 0.06) 

after stress. There was also evidence for a significant sex by time interaction effect 

(F(2.44, 219.28) = 5.39, p = 0.003, η2
p = 0.06; see Figure 5.1), providing insight of sex 

differences in the magnitude of IL-6 responses to stress.  

Pairwise comparisons showed significant differences in women at 45 and 75 minutes 

post-stress compared to pre-stress levels (45 minutes compared to pre-stress: p < 

0.001, 95% CI [0.09, 0.25]; 75 minutes compared to pre-stress: p < 0.001, 95% CI [0.14, 

0.36]) and compared to immediately post-task values (45 minutes compared to 

immediately-post task: p = 0.002, 95% CI [0.05, 0.22]; 75 minutes compared to 

immediately-post task: p < 0.001, 95% CI [0.11, 0.31]). In men, IL-6 increases were not 

significant (ps > 0.087). There were no significant sex differences in pre-task (p = 0.258) 

 
51 η2

p stands for partial eta-squared and is a measure of effect size used in ANOVA and ANCOVA 
models. Values for small, medium, and large effect sizes are 0.01, 0.06, and 0.14, respectively 
(Stevens, 2002). 
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or post‐task (ps ≥ 0.405) IL‐6 values between women and men (checked with 

independent samples t tests).  

 



 
 

148 
 

 

Figure 5.1. Mean plasma interleukin-6 values (log-n) at four time points in men and women with type 
2 diabetes (n = 92). Results are unadjusted. IL-6 = interleukin-6; ln = log-n; min = minutes; n = number. 

 

The ANCOVA model including sex as the between-subjects factor and the three IL-6 

change scores (Δ immediately post-task, Δ 45 minutes, Δ 75 minutes) as the within-

subjects factor showed a significant sex by time interaction after adjusting for 

covariates. Specifically, IL-6 responses differed significantly between men and women 

after controlling for age, household income, smoking, BMI, HbA1c, oral anti-diabetic 

medication, insulin or other injectable anti-diabetic medication, depressive 

symptoms, and time of testing (F(2, 162) = 4.19, p = 0.019, η2
p = 0.05). Significant 

differences between women and men occurred at 45 minutes when women exhibited 

greater IL-6 increases compared to men (Δ 45 minutes for women: x̄ = 0.17 ± 0.04 

versus men: x̄ = 0.01 ± 0.03, p = 0.002, 95% CI [0.65, 0.27]). This difference was 

sustained at 75 minutes (Δ 75 minutes for women: x̄ = 0.26 ± 0.06 versus men: x̄ = 0.06 
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± 0.04, p = 0.004, 95% CI [0.06, 0.34]). The adjusted IL-6 changes in the two sexes are 

depicted in Figure 5.2 

.  
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Figure 5.2. Mean changes in interleukin-6 (log-n) from pre-stress to the three time points after stress 
in men and women with type 2 diabetes (n = 92). Values are adjusted for age, household income, 
smoking status, body mass index, glycated hemoglobin, oral anti-diabetic medication, insulin or other 
injectable anti-diabetic medication, depression symptoms, and time of testing. IL-6 = interleukin-6; ln = 
log-n; min = minutes; n = number; Δ = delta (change) score.  

 

Using a secondary model, analyses were carried out to control for the potential effects 

of ethnicity, body fat %, WHR, aspirin intake, and stress perception. These variables 

were selected as they were associated with sex in univariate analyses. These were 

included in a separate ANCOVA model and the sex by time interaction remained 

significant (F(1.78, 147.39) = 4.05, p = 0.023, η2p = 0.05). Despite being not statistically 

significant, pre-stress IL‐6 levels were higher for men than women, as illustrated in 

Figure 5.1. Adjusting for pre-stress IL‐6 levels attenuated the sex by time interaction 

(F(1.84, 163.89) = 2.69, p = 0.075, η2p = 0.03). Finally, additional analysis was carried 

out to test for the effect of age in the magnitude of IL‐6 stress responses in women. 

IL‐6 levels over time did not interact with age in women (F(2.17, 77.95) = 0.06, p = 

0.955, η2p = 0.002). Examining IL‐6 levels over time separately for younger and older 
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women (≤ 55, > 55 years) revealed a greater main effect of time for older women (F(3, 

21) = 4.74, p = 0.011, η2p = 0.40) versus younger women (F(2.08, 60.41) = 8.88, p < 

0001, η2p = 0.23).  

5.4 Discussion 

This study explored differences between sexes in IL-6 stress responses in older-aged 

men and women with T2D. Women with T2D exhibited significantly larger IL-6 

increases from pre-task to 45 minutes and 75 minutes post-task compared to men. 

Significant changes in women were detectable 45 minutes after the end of the two 

tasks, with IL-6 levels continuing to rise reaching their highest levels at 75 minutes 

post-task. In contrast, IL-6 changes in men were more delayed, showing observable, 

albeit not significant increases at 75 minutes post-task. Significant differences 

between women and men in IL-6 responses were independent of age, household 

income, smoking status, BMI, HbA1c, oral anti-diabetic medication, insulin or other 

injectable anti-diabetic medication, depressive symptoms, and time of testing. 

Findings from this study shed light on different inflammatory stress response 

processes between older women and men with T2D. 

The lack of previous studies in participants with T2D or pre-diabetes does not allow 

comparisons with people with similar clinical characteristics. Nevertheless, these 

findings are consistent with three previous studies on healthy, middle- and older-aged 

participants (Endrighi et al., 2016; Lockwood et al., 2016; Steptoe, Owen, et al., 2002), 

and one study in patients with CAD (Sullivan et al., 2018). Results from Study 2 

contradict findings from one previous study with smaller sample size (N = 40) and 

younger participants (mean age 21 years old) that reported delayed IL-6 response for 
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women compared to men (Edwards et al., 2006). As mentioned previously in Chapter 

1, one hypothesis is that the post-menopausal reduction in reproductive hormones in 

women might contribute to sex differences in IL-6 stress responses that are more 

consistently observed in older participants. It was not possible to directly test this 

hypothesis because menopausal status data were not collected during the Diabetes 

Study. Nevertheless, menopause usually occurs between 45 and 55 years of age, and 

the mean age for a woman to reach the menopause in the UK is 51 (National Health 

System [NHS] Choices UK, 2018). The mean age of the women in this study was 63 

years old (SD = 6.70). Only three out of the 45 women in this study were ≤ 51 years 

old and eight of them were ≤ 55 years old. Hence, it is conceivable that the great 

majority of women participants were in the post-menopause phase. In secondary 

analyses, a greater main effect of time was observed for older (> 55) versus younger 

women (≤ 55). The possibility that post-menopausal women with T2D may exhibit 

greater inflammatory stress responses than pre-menopausal women with T2D 

warrants direct testing in future studies.  

Stress-related mediators, including IL-6, cortisol, and catecholamines act 

synergistically to maintain homeostasis (Karatsoreos & McEwen, 2010) and therefore, 

human studies on sex differences in cortisol and catecholamines responsivity would 

be informative. With regards to sex differences in cortisol reactivity, animal studies 

have demonstrated higher GC stress responsivity for females compared to males 

(Seale, Wood, Atkinson, Bate, et al., 2004), possibly because of oestrogens displaying 

an exacerbation effect on the HPA axis (Novais et al., 2017) as well as due to a sex-

dimorphic expression of GC receptors in the brain (Kitraki, Kremmyda, Youlatos, 
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Alexis, & Kittas, 2004). With regard to catecholamines stress responsivity, a 2019 

review of sex differences in arousal systems that integrated both human and animal 

studies suggested that the female LC area of the brain has a greater capacity to 

synthesise and release noradrenaline in target regions due to its bigger size and 

morphological characteristics. Along with the oestrogen-related increase in 

noradrenaline under stress, these brain differences could increase biological 

stimulation, including inflammatory arousal, in women in response to acute stress 

(Bangasser, Eck, & Ordones Sanchez, 2019). Future studies need to examine how the 

interaction of these factors may influence sex differences in inflammatory stress 

responsivity in people with T2D.  

Interestingly, a previous study showed that the sensitivity of immune cells to the anti-

inflammatory effects of GCs rises one hour after acute stress in men but not in women, 

even though men and women had similar free cortisol stress responses (Rohleder, 

Schommer, Hellhammer, Engel, & Kirschbaum, 2001). Such sensitivity in men may 

facilitate a sufficient inhibition of IL-6 and other pro-inflammatory cytokines 

production, and therefore terminate the inflammatory response timely. However, it 

unknown whether these cellular sensitivity differences can be generalised to people 

with T2D. Additionally, in this previous study of Rohleder and colleagues (Rohleder et 

al., 2001) men and women were exposed to a psychosocial stressor (the TSST) instead 

of a mental stressor. As mentioned previously on page 62, the TSST has a strong social 

evaluation component and is characterised by increased uncontrollability, therefore 

is more likely to induce elevations in cortisol secretion than mental stressors. 

Therefore, it is unlikely that mental stressors activate cortisol in the same way as a 
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psychosocial stressor; thus, the study by Rohleder and colleagues (Rohleder et al., 

2001) is not directly comparable to this study of sex differences in IL-6 stress 

responsivity.  

Men and women of the study shared a similar sociodemographic, behavioural, and 

clinical profile. Specifically, men and women did not differ in key characteristics 

including smoking status, frequency of physical exercise, glucose levels, anti-diabetic 

or cardiovascular medication use, or depressive symptoms. Previous studies showed 

that women with diabetes remain less likely to achieve high-density lipoprotein 

cholesterol targets, have a higher prevalence of obesity (Franzini et al., 2013; Go et 

al., 2013; Ogden, Carroll, Kit, & Flegal, 2014), and have a lower frequency of aspirin 

use than men (Winston, Barr, Carrasquillo, Bertoni, & Shea, 2009). Indeed, significant 

differences between sexes were found in body fat % and aspirin use, but when 

including these variables in a secondary model the significant sex by time interaction 

effect was maintained. Whether existing sex differences in IL-6 responses are 

magnified by sex differences in sociodemographic, lifestyle, or clinical factors requires 

consideration. 

Interestingly, women rated the tasks as being more stressful than men did. It is 

plausible that the effect of the two tasks on participants’ mood was reflected in 

biological activation. A laboratory stress testing study with middle-aged, healthy 

participants found that greater increases in anxiety after stress predicted larger 

increases in IL-6 (Carroll et al., 2011). Nevertheless, including stress perception in a 

secondary model did not alter the significant sex by time interaction. Also, the stress 

perception by time interaction effect was non-significant. It is also possible that 
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different stress paradigms could have resulted in different stress appraisals and/or 

different inflammatory reactivity patterns between women and men. In the recent 

meta-analysis by Marsland et al. (Marsland et al., 2017) the magnitude of IL-6 

responsivity did not vary as a function of task type (IL-6 responses were compared for 

social stressors versus other stressors). However, analyses were carried out separately 

for men and women, therefore they did not allow direct comparisons between sexes 

related to the effects of different task types.  

Another possible explanation of the sex differences observed in this study would be 

that men and women have different levels of background chronic stress, since 

background chronic stress has long been recognised as a primary influencer of 

biological (re)activity (McEwen, 1998). The Diabetes Study lacks information on 

stressful life events but sex differences in depressive symptoms scores were tested in 

univariate analyses as an indicator of chronic stress exposure. Depressive symptoms 

score did not differ in women and men, and the IL-6 response difference between 

sexes was sustained despite inclusion of depressive symptoms as a covariate in main 

analysis.  

The clinical impact of IL-6 stress responsivity in people with T2D remains unclear. In 

this study, IL-6 concentrations were somewhat higher in men versus women at all four 

time points, although these differences in absolute levels were not significant. 

Consequently, despite greater IL-6 changes in women, female participants did not end 

up with greater IL-6 concentrations than male participants overall. It is not yet certain 

whether the heightened stress responsivity of women coupled with lower absolute 

levels or the higher absolute values among men coupled with smaller changes post-
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stress is more hazardous to health in the long-term since no follow-up studies have 

yet tested the longitudinal association between IL-6 stress responses and health 

outcomes in people with T2D (this link is examined in Study 4, Chapter 8). It is also 

plausible that these different response patterns bias women and men with T2D 

towards different pathologies since older women with T2D are rendered more 

susceptible to macrovascular complications while men with T2D are more prone to 

microvascular complications, as described previously in Chapter 1. Notably, evidence 

from laboratory stress testing studies with a follow-up design supports that 

heightened inflammatory (including IL-6) stress responsivity is associated with the 

development of CVD risk factors (Brydon & Steptoe, 2005; Ellins et al., 2008; Ellins et 

al., 2017; Steptoe et al., 2016) and depressive symptoms (Aschbacher et al., 2012) in 

initially healthy participants. However, it is not yet known whether the same 

conclusions can be drawn for people with T2D. Study 4 presented in Chapter 8 

addresses this gap by investigating the links between IL-6 stress responsivity and 

health outcomes in people with T2D.   

Finally, although the inflammatory response has been recognised as an integral part 

of the stress response (Chrousos, 1998; Marsland et al., 2017; Steptoe et al., 2007), IL‐

6 is secreted from multiple sources, such as the liver (Heinrich, Castell, & Andus, 1990) 

or from muscle tissue during exercise (Pedersen, 2012; Shephard, 2002), and these 

responses are not part of the inflammatory response. However, simultaneous 

increases in IL‐6 and other pro‐ or anti‐inflammatory factors, such as MCP‐1 and IL‐

1ra, have been reported in individual laboratory stress studies (Hackett, Hamer, 

Endrighi, Brydon, & Steptoe, 2012; Steptoe, Willemsen, Owen, Flower, & Mohamed-
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Ali, 2001), including the Diabetes Study (Panagi et al., 2019a). These results suggest a 

simultaneous upregulation of inflammatory factors after laboratory stress and 

therefore support the notion that IL‐6 activation found in this study represents 

changes within the inflammatory signaling cascade. 

This study has strengths and limitations. Firstly, this is a relatively large laboratory 

study. Nevertheless, full biological data were collected for only about three quarters 

of the sample due to practical difficulties in blood sampling during the insertion of the 

cannula in some participants. These difficulties were mostly related to obesity. 

Additionally, this study involved a relatively long post-task blood sampling period. 

However, a more extended sampling could have provided additional detail particularly 

in view of evidence of IL-6 responses may continue to increase beyond 75 minutes 

post-task (Marsland et al., 2017). A wide range of covariates and potential 

confounders were taken into account including sociodemographic, behavioural, 

clinical, and psychological factors. The sole focus on IL-6 provides a limited perspective 

regarding stress-related biological functioning in men and women with T2D. 

Nevertheless, we recently showed that it is valuable to test IL-6 stress responsivity in 

people with T2D versus other inflammatory markers. Specifically, we found that IL-1ra 

and MCP-1 do not increase in response to mental stress in the laboratory in this 

patient group, in contrast to IL-6 which shows the expected increases (Panagi et al., 

2019a). This study, Study 3, is described in Chapter 6. Plasma catecholamines were 

not assessed as venous measures of these factors can be unreliable indicators of the 

SNS activation. Additionally, the half-life of catecholamines in plasma is 1-2 minutes 

and venous concentrations in the forearm have been shown to be primarily due to 



 
 

158 
 

local muscle activity (Hjemdahl, 1993). Therefore, in order to assess the dynamic 

sympathetic function reliably would have required complex, invasive, and costly 

techniques that were not included in this protocol. Despite not being statistically 

significant, pre-task IL‐6 levels were slightly higher in men than women in this study. 

It might be more difficult to observe increases in levels when initial values are already 

elevated (the so-called ‘ceiling effect’), but this scenario is unlikely to have happened 

in this study since pre-task values were not very high in an absolute sense. Adjustment 

for pre-stress IL‐6 levels in secondary analysis attenuated the sex by time interaction. 

These findings need to be replicated in future studies. Furthermore, given the 

differences in IL‐6 (re)activity between people with T2D and healthy individuals 

(Steptoe, Hackett, et al., 2014), direct comparisons of sex differences in T2D and a 

healthy control group would be of interest in future work. Participants of this study 

were middle-aged and older men and women with T2D and without a history or a 

doctor diagnosis of CHD, inflammatory diseases, allergies, or mood disorders. They 

were recruited from London and most of them were of white European ethnicity; thus, 

it is unknown whether similar patterns would emerge among other cohorts.  

Taken together, different inflammatory stress response pathways are present in men 

and women with T2D, with women producing larger IL-6 stress increases compared to 

men. Sex differences in the magnitude of IL-6 stress responses might explain the 

different levels of inflammatory-related disease vulnerability in this population. This 

hypothesis is directly tested in Study 4 (Chapter 8).   
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Chapter 6. Study 3: Daily happiness and inflammatory 

stress responses in people with T2D  

Study 3 examined the role of subjective well-being in inflammatory stress responses 

in people with T2D, using data from the Diabetes Study. This chapter provides an 

overview of the study background followed by the methods and results of the study 

and a discussion of the findings. The results presented in this chapter have been the 

subject of a peer-reviewed publication in Annals of Behavioural Medicine (Panagi et 

al., 2019a).  

6.1 Introduction  

Evidence from longitudinal studies suggests that subjective well-being, particularly 

hedonic-well-being, is a protective factor for physical disability, cognitive decline, 

morbidity, and mortality among older adults (Chida & Steptoe, 2008; Martin-Maria et 

al., 2017; Steptoe, 2019a). The impact of hedonic well-being on health and longevity 

may be even more important in populations at increased risk of ill-health and 

premature mortality, such as those with T2D. In people with T2D, hedonic well-being 

and other positive constructs have been related to superior physical health outcomes 

in the long-term. More specifically, findings from longitudinal studies have shown that 

stress resilience and quality of life are associated with lower HbA1c in people with T2D 

(Yi et al., 2008), and factors such enjoyment of life, life satisfaction, and self-efficacy 

are linked with fewer diabetes complications and reduced risk of heart disease and all-

cause mortality, independent of covariates (Celano et al., 2013; Huffman et al., 2015; 

Moskowitz et al., 2008). 
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As mentioned in the introductory chapter of this thesis, health behaviours do not fully 

explain the associations between hedonic well-being and longevity (Chida & Steptoe, 

2008; Giltay et al., 2006; Kubzansky & Thurston, 2007; Moskowitz et al., 2008; Ostir et 

al., 2000). Therefore, direct biological mechanisms have been suggested to play a role. 

Indeed, hedonic well-being has been linked with a more adaptive biological profile, 

including reduced inflammatory (re)activity (Steptoe, Dockray, & Wardle, 2009). In 

particular, in a previous study of 2,873 healthy adults, daily happiness, as assessed 

using EMA (repeated measurements over one day in naturalistic environments), was 

inversely associated with IL-6 concentrations (Steptoe et al., 2008). Moreover, a 

nationally representative study in the US demonstrated a significant association 

between positive events over eight consecutive days and reduced IL-6 levels (Sin, 

Graham-Engeland, & Almeida, 2015). Similarly, greater decreases in happiness on 

stressful days were predictive of elevated IL-6 levels (Sin, Graham-Engeland, Ong, & 

Almeida, 2015). Additionally, in a study of 210 participants with chronic heart failure, 

lower positive affect was associated with increased IL-6 levels (Brouwers et al., 2013). 

Cross-sectional associations between lower IL-6 concentrations and other positive 

factors, such as purpose in life, positive social relationships, and optimism, have also 

been reported in previous studies (Friedman, Hayney, Love, Singer, & Ryff, 2007; Ikeda 

et al., 2011). Interestingly, associations were sustained after adjustment for 

depressive symptoms in some studies (Brouwers et al., 2013; Steptoe et al., 2008). As 

reported previously in Chapter 1, an important advantage of well-being studies is 

statistical adjustment for ill-being as it adds value to the distinct, not opposite, effect 

of well-being on biology and health. Other inflammatory markers, such as IL-1ra and 

MCP-1 are also relevant to psychological factors. For example, both IL-1ra and MCP-1 
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have been linked with loneliness in older women (Hackett et al., 2012), and elevated 

MCP-1 levels have been associated with increased depressive symptoms (Rajagopalan 

et al., 2001; Suarez, Krishnan, & Lewis, 2003) and chronic psychosocial stress (Asberg 

et al., 2009). Nevertheless, these previous studies are limited by the fact that they only 

captured basal inflammatory activity as measurements were only taken under resting 

conditions, providing no details on the role of well-being on the dynamic inflammatory 

reactivity to stress.  

Albeit scarce, laboratory stress testing studies have provided consistent findings on 

the role of subjective well-being and related attributes on circulating inflammatory 

stress responsivity. Specifically, greater daily happiness, self-compassion, and 

maintaining a positive outlook (characterised by positive affect and cognition) during 

the stress tasks have been linked with smaller inflammatory increases following 

laboratory stress (Aschbacher et al., 2012; Breines et al., 2014; Steptoe et al., 2005), 

after adjusting for covariates. Details from these studies are presented in Chapter 1. 

Two of the three previous studies (Aschbacher et al., 2012; Breines et al., 2014) tested 

IL-6 stress responses but included a small sample size (< 41 participants). The study by 

Steptoe and colleagues (Steptoe et al., 2005) involved a larger sample size (N = 226) 

and a naturalistic measurement of happiness over the day but effects on fibrinogen 

reactivity were not controlled for negative affect (e.g. daily sadness). Previous 

laboratory stress testing studies have also shown negative factors, such as loneliness, 

to be associated with greater IL-1ra stress responses in healthy, middle-aged women, 

further supporting the direction of association between psychological factors and 

inflammatory reactivity (Hackett et al., 2012). To the best of my knowledge, none of 
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previous studies have tested associations between subjective well-being and IL-1ra or 

MCP-1 stress responses.  

Elevated inflammatory (re)activity has been prospectively associated with increased 

illness risk. As mentioned previously in Chapter 1, both absolute inflammatory levels 

and inflammatory stress responses are of clinical interest. For example, increased IL-6 

levels have been prospectively linked to macrovascular events and early deaths in 

those with established T2D (Lowe et al., 2014), and increased inflammatory stress 

responses in the laboratory have been associated with cardiovascular risk factors and 

depressive symptoms at follow-up in initially healthy participants (Brydon & Steptoe, 

2005; Ellins et al., 2008; Ellins et al., 2017; Steptoe et al., 2016). Apart from IL-6, 

heightened basal levels of IL-1ra and MCP-1 are also relevant to T2D pathology. For 

example, increased IL-1ra and MCP-1 concentrations have been prospectively linked 

to newly-diagnosed CHD in initially healthy adults (Danesh et al., 2008; Herder et al., 

2006; Tang et al., 2007; van Minkelen et al., 2009). These findings are particularly 

relevant to people with T2D because of the greater vulnerability to CHD in this 

population. Therefore, efforts should be made in order to better understand the 

factors that are linked to decreased inflammatory (re)activity in this patient group.  

Reduced inflammatory (re)activity might be a mechanism through which hedonic well-

being protects against future disease risk and mortality in people with established 

T2D. Considering the lack of research in this patient group, the aim of this study was 

to explore the role of daily happiness in inflammatory (re)activity in people with T2D. 

The objective of this study was to examine the relationship between daily happiness 

and three inflammatory factors, IL-6, IL-1ra, and MCP-1, before and after laboratory 
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stress testing in people with T2D. It was hypothesised that happier participants will 

have lower IL-6, IL-1ra, and MCP-1 levels before and after stress exposure and will 

show smaller IL-6, IL-1ra, and MCP-1 responses post-stress.  

Daily happiness ratings were selected as the measure of hedonic well-being in the 

current study. More precisely, happiness ratings were recorded once a day (every 

evening, before going to bed) for seven consecutive days prior to the laboratory 

session. This method was used to provide an aggregated measure of daily happiness 

over the week. This strategy has been introduced by Cohen and colleagues (Cohen, 

Doyle, Turner, Alper, & Skoner, 2003) and has been used more recently (Bostock, 

Hamer, Wawrzyniak, Mitchell, & Steptoe, 2011). Previous studies have indicated that 

positive emotional factors assessed using naturalistic methods form wider 

associations with biological stress responses compared with a retrospective 

measurement of affect over the previous week using a standardised mood scale or 

questionnaire (Bostock et al., 2011). Furthermore, repeated measures that are taken 

under naturalistic environments might provide a more reliable estimate of happiness 

that is not biased by transient moods on a single day or recall bias, as well as involve 

a smaller burden for participants compared with EMA-derived measures (Steptoe et 

al., 2005).   

6.2 Method 

6.2.1 Participants  

Participants from the Diabetes Study took part in this project of daily happiness and 

inflammatory processes. Full information regarding the Diabetes Study is provided in 

Chapter 4. For this study, data were analysed for 122 participants who provided full 
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data on exposure variable and all covariates. Twenty-seven out of 122 participants 

had missing data for at least one IL-6 measurement, 27 participants for at least one IL-

1ra measurement, and 26 participants for at least one MCP-1 measurement, owing to 

blood sampling difficulties related to obesity. Sensitivity analysis was conducted to 

test for significant differences in participants’ characteristics between those with full 

data on inflammatory markers and those with missing data on at least one marker and 

for at least one time point. Sensitivity analysis was carried out using independent 

samples t-tests for continuous variables and Chi-square tests for categorical variables. 

As expected, participants with higher BMI were more likely to have missing data on 

inflammatory markers (t(38.75) = -2.50, p = 0.017, d = 0.57, 95% CI [-6.14, -0.06]) but 

no other significant differences were detected between those with and without 

missing data on inflammatory markers (ps ≥ 0.091). 

6.2.2 Study measures  

6.2.2.1 Exposure variable: Daily happiness 

Daily happiness was measured using ratings made at the end of each day (using a daily 

diary) for seven consecutive days prior to the laboratory session. Participants reported 

the extent to which they had been feeling happy on that day using a 5-point Likert-

type scale from 0 (not at all) to 4 (a lot). The mean daily happiness score over the week 

was calculated to be used as the exposure variable in this study. Items were assessed 

using the continuous range of scores, with higher scores indicating greater daily 

happiness. The mean coefficient of variation over the week was 0.28 suggesting a 

relatively small data variability on average. 
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6.2.2.2 Outcome variables: IL-6, IL-1ra, MCP-1  

Plasma inflammatory markers were measured at four time points: pre-task, 

immediately post-task, at 45 minutes post-task, and at 75 minutes post-task. For each 

marker, four absolute scores and three change scores were used as outcome 

variables. The four absolute scores were the mean values at the four time points. The 

three change scores were calculated as the mean difference in markers from pre-task 

to the three post-task measurements: immediately post-task minus pre-task levels (Δ 

immediately post-task), 45 minutes post-task minus pre-task levels (Δ 45 minutes), 

and 75 minutes post-task minus pre-task levels (Δ 75 minutes). Higher positive change 

scores in each marker indicated greater increases from pre- to post-task 

measurements. Detailed information on the blood sample collection and assay 

methods, the minimum limit of detection for each marker, and intra- and inter-assay 

coefficients of variation are presented in Chapter 4.   

6.2.2.3 Covariates 

Covariates were selected a priori, based on previous research indicating their 

association with inflammatory (re)activity: age (Steptoe, Owen, et al., 2002), sex 

(Endrighi, Hamer, & Steptoe, 2016; Lockwood, Marsland, Cohen, & Gianaros, 2016; 

Steptoe, Owen, et al., 2002), household income (Stringhini et al., 2013), smoking 

status (Marsland et al., 2017), BMI (McInnis et al., 2014), oral anti-diabetic medication, 

insulin or other injectable anti-diabetic medication (Steptoe et al., 2007), and time of 

testing (Vgontzas et al., 2005). Additionally, in univariate analyses I found that daily 

happiness was marginally associated with marital status (p = 0.054), therefore marital 

status was also included as a covariate. To test whether the association between daily 



 
 

166 
 

happiness and inflammatory (re)activity is independent of negative affect, significant 

findings were further adjusted for daily sadness in sensitivity analysis. These measures 

were described in more detail in Chapter 4.  

Other measures included in univariate analyses were ethnicity, educational level, 

hours of moderate or vigorous physical activity per week, HbA1c, and cardiovascular 

medication (anti-hypertensive medication, cholesterol-lowering drugs, aspirin, and 

beta blockers) at the time of stress testing. These further variables were chosen in 

order to give a broader description of the characteristics of the study sample. Anti-

hypertensive medication or beta blocker use were not significantly associated with 

inflammatory levels or stress responses in preliminary analyses; therefore, these 

factors were not included as covariates. Subjective stress levels throughout the 

session (pre-task, immediately post-task, 45 minutes post-task, and 75 minutes post-

task) were also assessed in order to verify the stressful nature of the stress tasks. Full 

information on these variables is reported in Chapter 4.  

6.2.3 Statistical analysis 

MCP-1 values were normally distributed but the distribution of IL-6 and IL-1ra values 

were skewed; thus, log-n transformation was applied (all IL-6 and IL-1ra values 

presented in the Results section are transformed, except those presented in Table 6.2 

for ease of interpretation). As reported previously in Chapter 5, the distribution of IL-

6 concentrations was positively skewed (skewness > 1 for all four IL-6 measurements 

[values between 1.27 and 1.63] and kurtosis values between 1.53 and 2.98). Log-n 

transformation corrected the skewness of the data (skewness between -0.30 and 0.27 

for all four IL-6 values after log-n transformation). The distribution of IL-1ra 
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concentrations was positively skewed (skewness > 1 for all four IL-1ra measurements 

[values between 1.27 and 2.01] and kurtosis values between 1.60 and 5.31). Log-n 

transformation corrected the skewness of the data (skewness was between 0.12 and 

0.40 for all four IL-1ra values after log-n transformation). 

Univariate analyses were first conducted to check for associations between daily 

happiness and sample characteristics using Pearson’s r correlations for continuous 

variables and independent samples t-tests and one-way between-subjects ANOVA for 

categorical variables. Univariate analyses were also carried out to test associations 

between pre-task inflammatory markers (absolute levels) and their patterns of 

responsivity (change scores) using Pearson’s r correlations. 

To test for the effects of stress tasks on subjective stress and inflammatory levels, 

subjective stress ratings and inflammatory levels were examined across the four time 

points (pre-task, immediately post-task, 45 minutes post-task, and 75 minutes post-

task) using one-way repeated measures ANOVA.  

In main analyses, the association between daily happiness and inflammatory levels 

was tested using multivariable linear regressions on the pre-task and post-task 

absolute values for all three inflammatory markers (four absolute levels for each 

inflammatory marker). The association between daily happiness and inflammatory 

stress responses was tested using multivariable linear regressions on the mean 

changes between pre-task and the three post-task values for all three inflammatory 

markers (three change scores for each inflammatory marker). Separate regression 

analyses were conducted for each inflammatory marker and for each time point 

(resulting in 21 separate regression models). Models were adjusted for age, sex, 
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household income, marital status, smoking status, BMI, oral anti-diabetic medication, 

insulin or other injectable anti-diabetic medication, and time of testing. Significant 

results were further adjusted for daily sadness in sensitivity analysis.  

Results are reported as means and SDs or standard errors (SEs) for continuous 

variables or numbers and percentages for categorical variables. Data from the 

regression analyses are reported as unstandardised coefficients (B), p values, and 95% 

CIs. The level of significance was set at p < 0.05, though exact p values are reported 

throughout. Statistical analyses were carried out using SPSS version 24 (SPSS, Chicago, 

IL). 

6.3 Results 

6.3.1 Sample characteristics and associations with daily happiness 

Data were analysed for 122 participants (36% women) who provided full data on 

predictor variable (daily happiness) and all covariates (age, sex, household income, 

marital status, smoking status, BMI, oral anti-diabetic medication, insulin or other 

injectable anti-diabetic medication, and time of testing). Table 6.1 presents 

characteristics of the sample and associations with mean daily happiness score. 

Participants were 63.67 (SD = 7.02) years old on average, mostly of White ethnicity 

(80%), and with relatively low incomes (61% < £40.000 household annual income). The 

majority of participants (64%) held a degree or above. The mean BMI was within the 

obese range (30.54 kg/m2, SD = 5.59) and the mean HbA1c was 7.32% (SD = 1.49; 

equals to 56.50 mmol/mol, SD = 13.93). The majority of participants were taking oral 

anti-diabetic medication (80%), anti-hypertensive medication (70%), and cholesterol-

lowering drugs (77%).  
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The mean daily happiness score was 2.61 (SD = 0.87), with scores ranging from 0 to 4. 

One participant had the minimum score of 0 and eight participants scored 4. Daily 

happiness was not related to age (p = 0.643), sex (p = 0.868), ethnicity (p = 0.376), 

household income (p = 0.678), or educational level (p = 0.345). The association 

between happiness and marital status approached significance (F(2, 119) = 2.99, p = 

0.054, η²p = 0.05). No significant associations were found between happiness and 

smoking status (p = 0.315), physical activity (p = 0.162), BMI (p = 0.463), HbA1c (p = 

0.173), time of testing (p = 0.576), or medication use (for oral anti-diabetic medication: 

p = 0.430; for insulin or other injectable anti-diabetic medication: p = 0.120; for anti-

hypertensive medication: p = 0.330; for cholesterol-lowering drugs: p = 0.117; for 

aspirin: p = 0.115; for beta blockers: p = 0.193). A significant negative correlation 

between daily happiness and daily sadness was observed (r(118) = 0.34, p < 0.001).  
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Table 6.1 

Sample characteristics and associations with daily happiness (N = 122) 

Characteristic  n (%) or M ± SD Associations with 

happiness: 

Effect size, p value 

Daily happiness [score] 2.61 ± 0.87 - 

Age [years] 63.67 ± 7.02 r = 0.04, p = 0.634 

Sex [women] 44 (36.1) d = 0.03, p = 0.868 

Ethnicity 

White 

Asian 

Afro-Caribbean 

     Other 

 

97 (79.5) 

12 (9.8) 

7 (5.7) 

6 (4.9) 

η2
p = 0.03, p = 0.376 

Household income [£] 

<£20,000 

£20,000-40,000 

£40,000-60,000 

     >£60,000 

 

51 (41.8) 

34 (27.9) 

11 (9.0) 

26 (21.3) 

η2
p = 0.01, p = 0.678 

Marital status 

Married  

Single  

Divorced, separated or widowed  

 

62 (50.8) 

26 (21.3) 

34 (27.9) 

η2
p = 0.05, p = 0.054 

aEducational level 

No qualifications 

Up to O-levels  

A-levels or ONC 

Degree or above 

 

10 (8.3) 

21 (17.5) 

12 (10) 

77 (64.2) 

η2
p = 0.04, p = 0.345 

Smoking status [smokers] 18 (14.8) d = 0.26, p = 0.315 
bModerate or vigorous physical 

activity per week [hours] 

4.61 ± 8.56 r = 0.13, p = 0.162 

BMI [kg/m2] 30.54 ± 5.59 r = 0.07, p = 0.463 
cHbA1c [%] 7.32 ± 1.49 r = -0.13, p = 0.173 

Oral anti-diabetic  

medication [yes] 

98 (80.3) d = 0.43, p = 0.077 

Insulin or other injectable  

anti-diabetic medication [yes] 

15 (12.3) d = 0.12, p = 0.661 

Anti-hypertensive  

medication [yes] 

85 (69.7) d = 0.33, p = 0.077 

Cholesterol-lowering drugs  

[yes] 

94 (77.0) d = 0.12, p = 0.554 
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Characteristic  n (%) or M ± SD Associations with 

happiness: 

Effect size, p value 

Aspirin [yes] 44 (36.1) d = 0.12, p = 0.557 

Beta blockers [yes] 11 (9.0) d = 0.19, p = 0.620 

Time of testing [morning] 55 (45.1) d = 0.10, p = 0.576 
dDaily sadness [score]  0.74 ± 0.73 r = -0.34, p = < 0.001 

Note. Associations between mean happiness score and sample characteristics were tested using 
Pearson’s r correlations for continuous variables and independent sample t-tests and one-way 
between-subjects analysis of variance for categorical variables. AM = after midnight; BMI = body mass 
index; HbA1c = glycated hemoglobin; kg/m2 = kilograms per square metre; M = mean; min = minutes; 
N = number; n = number; ONC = ordinary national certificate; SD = standard deviation. an =120, bn = 
112, cn = 118, dn = 120.  

Pre-task IL-6 levels were inversely correlated with IL-6 stress responses immediately 

post-task (r(108) = -0.21, p = 0.028) and at 75 minutes post-task (r(94) = -0.37, p < 

0.001). Pre-task IL-6 was not significantly correlated with the 45-minute response (p = 

0.068). Similarly, pre-task MCP-1 was negatively correlated with the 75-minute MCP-

1 response (r(95) = -0.29, p = 0.004). No significant correlations were found between 

pre-task MCP-1 and MCP-1 stress responses immediately post-task (p = 0.257) or at 

45 minutes post-task (p = 0.211), or between pre-task IL-1ra and IL-1ra stress 

responses post-task (ps ≥ 0.111).   

6.3.2 Subjective stress and inflammatory levels across the laboratory 

session52 

A significant main effect of stress tasks was found for the subjective stress ratings 

(F(1.79, 206.36) = 285.52, p < 0.001, η²p = 0.71). Specifically, there were marked 

increases in subjective stress immediately post-task compared with pre-task levels (p 

< 0.001, 95% CI [-3.28, -2.47]) and recovery levels (45 minutes versus immediately 

post-task levels: p < 0.001, 95% CI [2.47, 3.30]; 75 minutes versus immediately post-

 
52 95% CI presented in this sub-section is 95% CI for difference.  
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task levels: p < 0.001, 95% CI [2.58, 3.39]). Values returned to pre-task levels during 

the recovery period so that 45-minute and 75-minute levels were not significantly 

different from pre-task levels (ps = 1.000).  

 

Figure 6.1. Mean subjective stress levels throughout the laboratory session in 116 participants with 
type 2 diabetes. min = minutes. 

 

Significant main effects of the two tasks were also found for IL-6 levels (F(2.47, 231.68) 

= 5.15, p = 0.004, η²p= 0.05). Specifically, IL-6 increased over time and was significantly 

higher at 75 minutes compared with pre-task levels (p = 0.038, 95% CI [0.01, 0.47]) 

and immediate post-task values (p = 0.009, 95% CI [0.04, 0.39]). The average increase 

from pre-stress to 75 minutes levels (where the greatest change was observed) was 

0.24 pg/ml (SE = 0.09). No significant effects of the stress tasks were observed for IL-

1ra (F (2.665, 250.530) = 0.16, p = 0.903, η²p= 0.002). In contrast, and contrary to 

expectations, MCP-1 concentrations showed a progressive decline across the session 

(F (2.67, 253.26) = 7.14, p < 0.001, η²p= 0.07). More precisely, MCP-1 values at 75 

minutes were significantly lower than pre-task (p < 0.001, 95% CI [-12.09, -2.96]) and 

immediately post-task values (p = 0.004, 95% CI [-12.37, -1.67]). The average decrease 

from pre-task to 75 minutes (where the greatest change was observed) was 7.52 
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pg/ml (SE = 1.69). Table 6.2 presents participants’ subjective stress and inflammatory 

levels across the duration of the laboratory session. 

Table 6.2 

Subjective stress and inflammatory levels throughout the laboratory session 

                        N Baseline 

 

M ± SD 

Immediately 

post-task 

M ± SD 

45 min  

post-task  

M ± SD 

75 min  

post-task 

M ± SD 

Subjective 

stress 

[score] 

116 a1.51 ± 0.91 b4.38 ± 1.52 a1.50 ± 0.95 a1.40 ± 0.80 

IL-6 

[pg/ml] 

 95 a2.06 ± 1.14 

 

a2.08 ± 1.11 

 

2.20 ± 1.26 b2.30 ± 1.23 

 

IL-1ra 

[pg/ml]  

95 812.59 ± 409.10 

 

813.90 ± 393.59 818.44 ± 404.48 820.05 ± 414.98 

MCP-1 

[pg/ml] 

96 a115.58 ± 33.80 

 

a115.08 ± 38.83 

 

111.67 ± 37.54 

 

b108.06 ± 33.02 

 

Note. Differences in levels across time were tested using one-way repeated measures analysis of 
variance. Values in rows with different superscripts (a, b) are significantly different from one another (p 
< 0.05). IL-1ra = interleukin-1 receptor antagonist; IL-6 = interleukin-6; MCP-1 = monocyte 
chemoattractant protein-1; M = mean; min = minutes; N = number; pg/ml = picograms per mililitre; SD 
= standard deviation. 

6.3.3 Daily happiness and inflammatory levels and stress responses53 

6.3.3.1 IL-6 

Higher daily happiness predicted significantly lower IL-6 absolute levels at all four time 

points: pre-task (B = -0.11, p = 0.043, 95% CI [-0.22, -0.004]), immediately post-task (B 

= -0.10, p = 0.045, 95% CI [-0.20, -0.002]), 45 minutes post-task (B = -0.12, p = 0.028, 

95% CI [-0.23, -0.01]), and 75 minutes post-task (B = -0.11, p = 0.033, 95% CI [-0.22, -

0.01]). These effects were adjusted for age, sex, household income, marital status, 

smoking status, BMI, oral anti-diabetic medication, insulin or other injectable anti-

diabetic medication, and time of testing. Further adjustment for daily sadness did not 

 
53 All results presented in this sub-section are adjusted for age, sex, household income, marital status, 
smoking status, BMI, oral anti-diabetic medication, insulin or other injectable anti-diabetic 
medication, and time of testing (unless otherwise indicated). 
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alter the significant effect of daily happiness on pre-task IL-6 levels (B = -0.15, p = 

0.015, 95% CI [-0.26, -0.03]), immediately post-task levels (B = -0.15, p = 0.006, 95% CI 

[-0.25, -0.04]), 45-minute levels (B = -0.14, p = 0.018, 95% CI [-0.26, -0.03]), or 75-

minute levels (B = -0.15, p = 0.007, 95% CI [-0.26, -0.04]). Significant results from the 

regression analysis are presented in Table 6.3. No significant associations were found 

between daily happiness and IL-6 change scores (B values between -0.01 and -0.02, 

and p values ≥ 0.410), indicating no significant effect of daily happiness on IL-6 

reactivity to stress.  

6.3.3.2 IL-1ra 

Daily happiness was not related to IL-1ra levels either pre- or post-stress (B values 

between -0.03 and -0.04, and p values ≥ 0.352). Similarly, happiness was not 

associated with IL-1ra changes in response to stress (B values between -0.01 and -0.03, 

and p values ≥ 0.072). 

6.3.3.3 MCP-1  

Happier individuals with T2D had significantly lower MCP-1 concentrations before 

stress after adjusting for age, sex, household income, marital status, smoking status, 

BMI, oral anti-diabetic medication, insulin or other injectable anti-diabetic 

medication, and time of testing (B = -7.82, p = 0.041, 95% CI [-15.31, -0.32]). 

Associations between daily happiness and MCP-1 levels post-task were not significant 

(B values between 5.82 and -8.17, and p values ≥ p = 0.062). After the inclusion of daily 

sadness in the model, results for pre-task MCP-1 were rendered non-significant (B = -

6.31, p = 0.131, 95% CI [-14.54, 1.92]). No significant associations were observed 
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between happiness and MCP-1 changes in response to stress (B values between 1.05 

and 0.17, and p values ≥ 0.606). 
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Table 4 

Multivariable linear regression on daily happiness predicting pre- and post-task IL-6 

absolute levels, and pre-task MCP-1  

Model  Unstandardised 

coefficients  

B                SE 

Standardised 

coefficients  

ß 

95% CI p value 

IL-6 [ln] 

Pre-task (n = 111) 

Daily happiness 

[score] 

-0.15 0.06 -0.23 -0.26 to -0.03 0.015 

Age [years] 0.004 0.01 0.05 -0.01 to 0.02 0.571 

Sex [ref. cat.: men] -0.19 0.10 -0.17 -0.39 to 0.004 0.055 

BMI [kg/m2] 0.04 0.01 0.44 0.03 to 0.06 < 0.001 

Smoking status  

[ref. cat.:  

non-smoker] 

0.27 0.14 0.18 -0.003 to 0.55 0.053 

Household income  

[ref. cat.: < £20.000] 

-0.06 0.05 -0.14 -0.15 to 0.03 0.166 

Marital status  

[ref. cat.: married] 

0.03 0.06 0.04 -0.10 to 0.15 0.698 

Oral anti-diabetic 

medication  

[ref. cat.: yes] 

0.05 0.12 0.04 -0.18 to 0.28 0.683 

Insulin or other 

injectable anti-

diabetic medication 

[ref. cat.: no] 

-0.04 0.15 -0.02 -0.33 to 0.26 0.813 

Time of testing  

[ref. cat.: morning] 

0.14 0.10 0.13 −0.05 to 0.34 0.138 

Daily sadness 

[score] 

-0.10 0.07 −0.14 −0.24 to 0.03 0.140 

Immediately post-task (n = 108) 

Daily happiness 

[score] 

-0.15 0.05 -0.24 -0.25 to -0.04 0.006 

Age [years] 0.01 0.01 0.11 -0.01 to 0.02 0.213 

Sex [ref. cat.: men] -0.09 0.09 -0.08 -0.27 to 0.08 0.296 
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Model  Unstandardised 

coefficients  

B                SE 

Standardised 

coefficients  

ß 

95% CI  p value 

BMI [kg/m2] 0.05 0.01 0.53 0.04 to 0.07 < 0.001 

Smoking status  

[ref. cat.:  

non-smoker]   

0.28 0.13 0.18 0.02 to 0.53 0.032 

Household income  

[ref. cat.: < £20.000]  

-0.07 0.04 -0.16 -0.16 to 0.01 0.084 

Marital status  

[ref. cat.: married]  

-0.04 0.06 -0.07 -0.15 to 0.07 0.465 

Oral anti-diabetic 

medication  

[ref. cat.: yes]  

0.09 0.11 0.07 -0.12 to 0.29 0.412 

Insulin or other 

injectable anti-

diabetic medication 

[ref. cat.: no]  

-0.01 0.13 -0.01 -0.28 to 0.25 0.927 

Time of testing  

[ref. cat.: morning]  

0.26 0.09 0.24 0.08 to 0.43 0.004 

Daily sadness 

[score] 

-0.15 0.07 −0.20 -0.28 to -0.02 0.025 

45 min post-task (n = 99) 

Daily happiness 

[score] 

-0.14 0.06 -0.230 -0.26 to -0.03 0.018 

Age [years] 0.01 0.01 0.10 -0.01 to 0.02 0.318 

Sex [ref. cat.: men] -0.03 0.10 -0.02 0.22 to 0.17 0.795 

BMI [kg/m2] 0.05 0.01 0.46 0.03 to 0.07 < 0.001 

Smoking status  

[ref. cat.:  

non-smoker]  

0.21 0.14 0.14 -0.07 to 0.48 0.134 

Household income  

[ref. cat.: < £20.000]  

-0.10 0.05 -0.21 -0.19 to -0.01 0.038 

Marital status  

[ref. cat.: married]  

0.05 0.06 -0.08 -0.17 to 0.08 0.446 
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Model  Unstandardised 

coefficients  

B                SE 

Standardised 

coefficients  

ß 

95% CI  p value 

Oral anti-diabetic 

medication  

[ref. cat.: yes]  

0.06 0.11 0.05 -0.17 to 0.28 0.601 

Insulin or other 

injectable anti-

diabetic medication 

[ref. cat.: no] 

-0.01 -0.01 -0.01 -0.31 to 0.30 0.957 

Time of testing  

[ref. cat.: morning]  

0.25 0.10 0.23 0.05 to 0.44 0.014 

Daily sadness 

[score] 

-0.07 0.08 -0.10 -0.22 to 0.08 0.333 

75 min post-task (n = 95) 

Daily happiness 

[score] 

-0.15 0.06 -0.26 -0.26 to -0.04 0.007 

Age [years] 0.01 0.01 0.07 -0.01 to 0.02 0.494 

Sex [ref. cat.: men] -0.02 0.09 -0.02 -0.20 to 0.16 0.819 

BMI [kg/m2] 0.05 0.01 0.48 0.03 to 0.07 < 0.001 

Smoking status  

[ref. cat.:  

non-smoker]  

0.24 0.12 0.18 -0.01 to 0.48 0.061 

Household income  

[ref. cat.: < £20.000]  

-0.07 0.04 -0.16 -0.15 to 0.02 0.120 

Marital status  

[ref. cat.: married]  

-0.06 0.06 -0.10 -0.17 to 0.05 0.305 

Oral anti-diabetic 

medication  

[ref. cat.: yes]  

0.11 0.10 0.10 -0.09 to 0.31 0.291 

Insulin or other 

injectable  

anti-diabetic 

medication  

[ref. cat.: no]  

0.02 0.14 0.01 -0.27 to 0.30 0.899 

Time of testing  

[ref. cat.: morning]  

0.25 0.09 0.25 0.07 to 0.42 0.007 



 
 

179 
 

6.4 Discussion 

This study investigated the relationship between daily happiness and three 

inflammatory markers before and after stressful tasks in older people with T2D. One 

Model  Unstandardised 

coefficients  

B                SE 

Standardised 

coefficients  

ß 

95% CI  p value 

Daily sadness 

[score] 

-0.17 0.07 -0.25 -0.31 to 0.03 0.016 

MCP-1 [pg/ml] 

Baseline (n = 117) 

Daily happiness -7.82 3.78 -0.19 -15.31 to -

0.32 

0.041 

Age 0.89 0.49 0.18 -0.07 to 1.85 0.070 

Sex [ref. cat.: men] -2.96 6.85 -0.04 -16.53 to 

10.62 

0.667 

BMI 0.89 0.65 0.14 -0.40 to 2.19 0.175 

Smoking status  

[ref. cat.:  

non-smoker]  

8.19 9.49 0.08 -10.62 to 

27.00 

0.390 

Household income  

[ref. cat.: < 20.000]  

-2.65 3.13 -0.09 -8.84 to 3.55 0.399 

Marital status [ref. 

cat.: married] 

1.96 4.23 0.05 -6.41 to 10.34 0.643 

Oral anti-diabetic 

medication  

[ref. cat.: yes] 

-4.72 8.12 -0.06 -20.82 to -

11.38 

0.562 

Insulin or other 

injectable anti-

diabetic medication 

[ref. cat.: no]  

4.24 9.87 0.04 -15.32 to 

23.80 

0.688 

Time of testing  

[ref. cat.: morning]  

3.58 6.58 0.51 -9.46 to -6.62 0.587 

Note. IL-6 model is adjusted for covariates including daily sadness. MCP-1 model is adjusted for 
covariates except daily sadness. B = unstandardised beta coefficient; BMI = body mass index; CI = 
confidence interval; IL-6 = interleukin-6; ln = log-n; MCP-1 = monocyte chemoattractant protein-1; n 
= number; pg/ml = picograms per mililitre; SE = standard error; ß = standardized beta coefficient.  
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of the first outcomes of the study was that the stress tasks elicited significant increases 

in subjective stress and IL-6 levels. In particular, subjective stress increased 

immediately after the tasks and returned to initial levels during recovery period. IL-6 

values were not significantly different from resting levels until 75 minutes post-task. 

This finding is in agreement with the meta-analytic evidence of relatively delayed IL-6 

increases in response to laboratory stress (Marsland et al., 2017). Interestingly, the 

stress of the two tasks did not translate into significant increases in IL-1ra or MCP-1 in 

this patient group, in contrast to findings in healthy participants (Hackett et al., 2012; 

Marsland et al., 2017; Steptoe et al., 2007). It is plausible that the condition of diabetes 

in this sample has accounted for these findings. It is also possible that the type of the 

tasks or the timing of post-stress sampling played a role in these findings. For example, 

in a previous laboratory study, IL-1ra reached a peak at 90 minutes following social 

stress test (Rohleder et al., 2006). Additionally, in another study, IL-1ra showed 

significant increases only two hours following the tasks (Steptoe et al., 2001), whilst 

our measurements were taken up to 75 minutes post-task. Further studies looking at 

the time course of IL-1ra and MCP-1 stress responses over a longer post-task period 

would allow for a more detailed investigation of stress reactivity in these markers. 

Nevertheless, IL-6 is one of the most frequently examined factors in stress testing 

studies (Marsland et al., 2017), and these findings add to the value of assessing IL-6 

stress responsivity in adults with T2D.  

It was hypothesised that participants with greater daily happiness will have lower IL-

6, IL-1ra, and MCP-1 concentrations before and after stress, and will show reduced 

increases in these markers post-stress. Despite the fact that not any differential 
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response to stress was found in people varying in happiness over the day, greater daily 

happiness predicted significantly lower IL-6 levels pre-stress and at all three time 

points post-stress, and lower pre-stress MCP-1. These effects were independent of 

age, sex, household income, marital status, smoking status, BMI, oral anti-diabetic 

medication, insulin or other injectable anti-diabetic medication, and time of testing. 

Notably, the association between happiness and IL-6 levels throughout remained 

significant after further adjustment for daily sadness.  

The majority of previous studies looking at positive psychological attributes and IL-6 

levels involved healthy participants (Friedman et al., 2007; Ikeda et al., 2011), and only 

one study included participants with chronic heart failure (Brouwers et al., 2013). 

Findings from these studies consistently demonstrated lower IL-6 concentrations in 

people reporting greater well-being. These findings are extended in individuals with 

T2D, showing that similar patterns exist in men and women with T2D. The association 

between happiness and lower IL-6 levels was independent of covariates, including 

daily sadness. This finding lends further support to the notion that the effects of 

happiness may be beyond the effects of sadness and consequently, even in the 

presence of sadness, happiness may have stronger links with biological processes. This 

independent association between happiness and biological processes is in line with 

the independent relationships observed between subjective well-being and physical 

health, as reported previously in Chapter 1.   

Greater happiness was not associated with smaller inflammatory stress responses in 

this study. This finding contradicts previous research showing reduced inflammatory 

stress responses in people with greater daily happiness, self-compassion, and positive 



 
 

182 
 

outlook (Aschbacher et al., 2012; Breines et al., 2014; Steptoe et al., 2005). In the 

current study, IL-6 levels increased in parallel in people reporting higher and lower 

happiness. Consequently, absolute levels of IL-6 were greater in less happy people 

overall, both before and after stress testing, but changes in levels from pre-task to 

post-task time points were similar in magnitude across different happiness scores. As 

described in detail in Chapter 1, this sample of people with T2D has been recently 

characterised by biological dysregulation across multiple systems, manifested as 

significant differences in biological mechanisms, including inflammatory processes, 

compared with healthy participants. These differences between the samples were 

seen both under resting conditions and in response to stress tasks in the laboratory 

(Steptoe, Hackett, et al., 2014). These biological disturbances in people with T2D might 

have accounted for the null association between happiness and IL-6 stress responses 

found in the current study.  

Happier participants had significantly lower MCP-1 levels before stress. This result add 

to the evidence of MCP-1 being sensitive to psychological factors (Asberg et al., 2009; 

Hackett et al., 2012; Rajagopalan et al., 2001; Suarez et al., 2003). Contrary to 

hypothesis, no significant association was observed between happiness and resting IL-

1ra. Nevertheless, happiness represents only one dimension of hedonic well-being. It 

is possible that different dimensions of well-being reflect distinct biological processes 

and are, therefore, linked with different biological markers. For example, in the study 

with patients with chronic heart failure, different aspects of positive affect were 

associated with different markers of inflammation (Brouwers et al., 2013). The 

examination of multiple well-being constructs and their links with different 
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biomarkers would be informative in future studies. No significant relationships were 

observed between happiness and IL-1ra or MCP-1 levels post-stress, or stress 

responses. Neither of the two markers showed increases after stress though, contrary 

to IL-6. Future studies need to replicate findings relating to IL-1ra and MCP-1 reactivity 

in people with T2D.  

The precise pathways linking greater happiness with lower circulating inflammatory 

factors are unclear. Nonetheless, ample evidence supports a reciprocal relationship 

between mood and markers of inflammation. The inflammation – mood direction is 

supported by pre-clinical evidence that shows that inflammatory cytokines, including 

IL-6, act centrally to induce mood symptoms (Rosenblat, Cha, Mansur, & McIntyre, 

2014). Additionally, in both animal and human studies, the administration of 

inflammatory cytokines increases the incidence of depressive symptoms (Rosenblat 

et al., 2014). On the other direction, the mood – inflammation relationship is 

supported by a variety of laboratory studies that showed that stress exposure induces 

reliable inflammatory responses (Marsland et al., 2017; Steptoe et al., 2007). In line 

with this concept, greater happiness over the day might be associated with more 

adaptive coping mechanisms when faced with daily stressors, such as more adaptive 

appraisals about the stressor (e.g. perceive the stressor as a challenge rather than as 

a problem), resulting in lower subjective stress and ultimately a favourable basal 

activity of the stress systems overall, including the immune system and its parametres.  

Given the health-damaging effects of increased inflammatory levels, the lower IL-6 

and MCP-1 concentrations recorded in people with T2D might contribute to reduced 

progression of diabetes in processes such as insulin resistance and macrovascular 
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complications. The examination of the mediating role of inflammatory levels in the 

link between happiness and health outcomes in T2D was one of the objectives of Study 

4 presented in Chapter 8.  

This study has numerous strengths. Mood recordings were assessed repeatedly over 

several consecutive days. Additionally, three different inflammatory markers were 

measured before and after stress tasks using a standard protocol. This method 

allowed the examination of both absolute inflammatory levels and stress responses. 

Furthermore, a variety of potential confounders were taken into account, including 

daily sadness. Despite the fact that this is a relatively large laboratory study, full 

biological data were collected for only about three quarters of participants due to 

difficulties in blood sampling, particularly in obese individuals, as mentioned 

previously. Albeit including a long blood sampling period that lasted up to 75 minutes 

post-task, an extended sampling could have provided important information as well. 

The present study is also limited by its cross-sectional nature; it does not involve a 

repeated examination of stress responsivity, hence causal relationships between 

greater happiness in daily life and lower inflammatory markers in the long-term 

cannot be drawn. The generalisability of our findings is limited to middle- and older-

aged participants with T2D, of white European ethnicity, and with no history or a 

diagnosis of CHD, inflammatory diseases, allergies, or mood disorders.  

In conclusion, this study revealed happier participants with T2D have lower basal IL-6 

levels throughout the stress session and lower pre-session MCP-1 concentrations. 

These findings provide evidence for a protective mechanism that might link daily 

happiness with better health and longevity in people with T2D.  
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Chapter 7. The Diabetes Follow-up Study: Data and 

methods 

This chapter describes the data and methods of the Diabetes Follow-up Study. The 

Diabetes Follow-up Study data were collected by myself and were used for the 

analyses presented in Chapter 8. 

7.1 The Diabetes Follow-up Study 

The Diabetes Follow-up Study is a follow-up investigation of the original Diabetes 

Study. It is an observational study with an average follow-up period of 7.5 years. 

Analyses presented in Study 4 (see Chapter 8) were carried out using data from the 

Diabetes Follow-up Study. Study 4 examined sex differences and the effect of daily 

happiness, as measured during the initial Diabetes Study, on physical and mental 

health outcomes at follow-up in people with T2D, and the mediating role of 

inflammatory stress responses. The methods of the Diabetes Follow-up Study are 

described below, though more specific information about Study 4 (e.g. exposure and 

outcome measures, covariates, statistical analyses) is provided in Chapter 8.   

7.2 Participants   

All living participants of the baseline study were invited to take part in this follow-up 

study carried out between January 2019 and July 2019. Therefore, all participants also 

took part in the baseline Diabetes Study. No exclusion criteria were applied, assuming 

that the participant was confirmed alive by their primary care practice manager or 

physician. Specifically, before any contact was made with the potential participants, 



 
 

186 
 

Dr Ruth A. Hackett, who had permission to access participants’ personal data54, was 

requested by the ethics committee to contact primary care practices to ascertain 

whether the participant was still alive. Nine out of 16 practices responded to this initial 

request. One participant was confirmed deceased; hence 139 invitation letters were 

initially posted. The flow chart of the study sample is depicted in Figure 7.1. All 

participants of the follow-up study gave fully informed written consent to take part in 

the study and ethical approval was obtained by the National Research Ethics Service. 

 

 

 

 

 

 

 

 

 

 

 

 
54 All participants of the Diabetes Study had given permission to Dr Ruth A. Hackett to have access to 
their personal information including home address details and information on their primary care 
practices.  
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Figure 7.1. The flow diagram of the Diabetes Follow-up Study showing the number of participants at 
each stage of the study. N = number; n = number. 
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7.3 Procedure  

The Diabetes Follow-up Study was a questionnaire-based study consisted of a single 

stage, the completion of a questionnaire booklet. Participants initially received by post 

an invitation letter, a participant information sheet, a consent form, and a contact 

details form. Subsequently, consented participants (confirmation of study 

participation was ascertained on receipt of a singed consent form) were posted the 

questionnaire booklet to complete at home and to return to UCL using a freepost 

envelope. Participants were encouraged to contact me for any questions they might 

have regarding any aspect of the study (my full contribution to the Diabetes Follow-

up Study is presented on page 192). Parts of the questionnaire booklet along with the 

study consent form and the participant information sheet can be found in Appendix 

C.  

7.4 The Diabetes Follow-up Study measures  

The questionnaire booklet consisted of questions and standardised scales aimed 

primarily to capture the current physical and mental health condition of the individual 

as well as any changes in their health since the baseline assessment. For simplicity, 

only the variables that have been used for the purposes of this thesis are described in 

the next paragraphs. These variables were used in analyses presented in Chapter 8, 

though the full list of the follow-up study measures is also presented in Table 7.1.  

7.4.1 Physical and mental health-related variables  

Physical health variables were measured by self-report and included doctor-diagnosed 

CVD, number of hospital admissions over the 7.5-follow-up period, and physical 

health-related quality of life. More precisely, information was collected on doctor-
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diagnosed CVD: angina or long-term heart problems (yes, no), MI (yes, no), and stroke 

(yes, no). Participants were free from CVD at baseline, and during the follow-up 

assessment they were asked to indicate the date (month, year) of diagnosis. 

Moreover, information was collected on the number of hospital admissions over the 

last seven years including both day cases and overnight stays. Again, participants were 

asked to indicate the date (month, year) of hospitalisation. The physical health 

component of the SF-36 Health Survey (Ware & Sherbourne, 1992) was applied to 

measure current physical health-related quality of life. Finally, T2D duration was also 

measured by self-report. Participants were asked to indicate the date (year) of T2D 

diagnosis. The duration of diabetes was calculated by subtracting the year of diagnosis 

from 2019. Mental health-related quality of life was assessed using the mental health 

component of the SF-36 Health Survey (Ware & Sherbourne, 1992). More details on 

how these variables were handled are presented in Chapter 8.  
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Table 7.1  

List of variables assessed during the Diabetes Follow-up Study55 

Sociodemographic 

measures  

Employment status 

Marital status 

Personal income  

Household income 

Financial strain (Pearlin, Lieberman, Menaghan, & Mullan, 

1981) 

Lifestyle measures BMI  

Smoking status  

Physical activity 

Alcohol consumption 

Medication adherence 

Sleep hours  

Sleep quality (Jenkins, Stanton, Niemcryk, & Rose, 1988)  

Physical health-related 

measures 

Doctor-diagnosed macrovascular complications  

Doctor-diagnosed microvascular complications 

Doctor-diagnosed illnesses commonly observed in T2D such as 

depression, anxiety, and Alzheimer’s disease 

Number of hospital admissions 

Medication use  

Diabetes medication change  

Diabetes duration56 

Physical health-related quality of life (Ware & Sherbourne, 

1992) 

Deceased status 

Mental health-related 

and psychosocial 

measures  

Depressive symptoms (Radloff, 1977)  

Mental health-related quality of life (Ware & Sherbourne, 

1992) 

Daily happiness (Cohen et al., 2003) 

Psychological well-being (Ryff, 1989) 

Loneliness (Russell, Peplau, & Cutrona, 1980)  

Optimism (Scheier, Carver, & Bridges, 1994)  

Cynical hostility (Cook & Medley, 1954) 

Self-esteem (Rosenberg, 1979) 

Note. Bold text indicates that the specific variable has been used for the purposes of Study 4 presented 
in Chapter 8. BMI = body mass index; T2D = type 2 diabetes.  

 
55 The content and wording of the questionnaire booklet was mutually established between myself 
and my supervisors. Further details on my contribution to the Diabetes Follow-up Study are presented 
on page 192.  
56 Diabetes duration was not assessed during the baseline study, but it was measured at follow-up by 
self-report. Moreover, information on age and time-invariant variables such as sex, ethnicity, and 
educational level were not re-assessed in order to decrease the burden for participants.  
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7.5 Plans to access medical data from primary care practices  

The initial strategy regarding the study measures was to collect both self-reported and 

clinical records-based data relevant to health. Clinical variables would include 

indicators of current physical health such as the latest blood pressure results and the 

latest biochemistry report for information on HbA1c and lipids profile, as well as 

doctor confirmation of any physical or mental illness diagnosis over the last years. 

Participants of the follow-up study gave me written consent to access specific parts of 

their medical files and provided me with information about their current primary care 

practice. As a result, 31 practices were contacted via electronic mails and phone calls 

with information about the study. As a first step, practices needed to review and sign 

the Health Research Authority (HRA) Statement of Activities for participating NHS 

organisations in England. This document acts as a confirmation of the practice 

agreement to take part in the study. At the time of writing this thesis, nine out of 31 

practices agreed to take part in the study, covering 13 out of the 69 consented 

participants. Given the small number of responding practices and due to time 

constraints clinical data were not collected for the purposes of this thesis, but further 

attempts will continue to be made in order to successfully obtain medical data.  

7.6 Data storage and handling  

The Diabetes Follow-up Study was registered with the UCL Data Protection Office. This 

is a secure system at UCL designed for to handle identifiable data. It has been certified 

to the ISO27001 information security standard and conforms to the NHS Information 

Governance Toolkit. Considering the sensitive nature of information collected, the 

data were treated as strictly confidential. Personal identification information 
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(included in the consent form and the contact details form) were stored separately 

from the questionnaire data, ensuring that all data remain strictly anonymous. 

Personal identification information was stored in the Data Safe Haven, a ‘walled 

garden’ online system where personal data are stored, processed, and managed 

securely, avoiding the complexity of assured end-point encryption. Access to the Data 

Safe Haven was limited to myself57 and Dr Ruth A. Hackett. The NHS Code of 

Confidentiality was followed to ensure that personal information is handled fairly, 

lawfully, and as transparently as possible. 

All participant questionnaires were labelled using a unique anonymised participant 

identification number (e.g. OO1). All hard copies of the data were stored in a locked 

filing cabinet (located under my office desk at UCL) with access to keys being limited 

to the authorised study researchers58. The questionnaire data that were entered into 

the computer from hard copies were also anonymised, using the assigned participant 

number. Electronic questionnaire data were kept on password-protected computers 

with access only available to the authorised study team. The new dataset was stored 

on a secure network drive accessible only to the study team, so that any transfer of 

data between the study team was avoided. The study master file will be archived at 

UCL for the stipulated time period of 20 years and in line with all relevant legal and 

statutory requirements. Concluding, data storage and management was conducted in 

accordance to ethical procedures.  

 
57 All participants of the follow-up study gave me permission to have access to their personal data.   
58 Authorised researchers consisting the study team were myself, Dr Ruth A. Hackett, Dr Lydia Poole, 
and Professor Andrew Steptoe.  



 
 

193 
 

7.7 My contribution to the Diabetes Follow-up Study   

The research questions and, therefore, the design of the Diabetes Follow-up Study 

were both established after discussions with my supervisors, Professor Andrew 

Steptoe, Dr Lydia Poole, and Dr Ruth A. Hackett. The following paragraphs provide 

specific details on my role and contribution during the different stages of the project. 

7.7.1 Research training  

In order to successfully complete this project, I attended several statistical training 

courses offered to PhD students by the UCL Doctoral School. Also, to ensure that all 

personal and research data collected for this project were handled appropriately, I 

completed training relating to the data protection legislation, including the NHS Digital 

Data Security Awareness course (carried out on annual basis) and the General Data 

Protection Regulation online training for students and researchers.  

7.7.2 Regulatory approvals  

The Diabetes Follow-up Study was deemed to require regulatory approval from 

several authorities. As a result, my first responsibility was to apply to three different 

bodies in order to receive 1) UCL sponsorship, 2) ethical approval, and 3) HRA 

approval. These formal procedures required the preparation and submission of 

different sets of documents. These documents included a study protocol that 

highlights the rationale of the proposed study, the scientific hypotheses to be 

resolved, the anticipated research outputs with their research and clinical impact, and 

the study methodology. With regards to study methods, a comprehensive list of the 

study measures was also submitted and scientific justification for the variables to be 
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collected was provided. Information on study participants, statistical analyses, 

assessment and management of risk was also described explicitly.  

7.7.3 Public involvement 

Public involvement is encouraged by the UCL Joint Research Office, and I was 

responsible for involving members of the public in this study. In particular, I asked two 

members of the public to review the participant information sheet, the consent form, 

and the questionnaire booklet. Both individuals were of old age (mean age 65 years), 

are native speakers of English language, and have T2D. They both verbally confirmed 

that the information, instructions, and questions included in the study documents 

were clear. Moreover, the two members of the public calculated how long it took 

them to fully complete the questionnaire booklet at home in order for me to give 

study participants an estimation about the time needed to fill out the booklet. 

7.7.4 Data collection  

I prepared all study documents with input from my supervisors. These documents 

included the invitation letter, the participant information sheet, the consent form, the 

contact details form, the thank you letter, and two reminder letters. The content and 

wording of the questionnaire booklet was mutually established between me and my 

supervisors. After preparation, I was responsible for posting and receiving all sets of 

mail-outs to consented participants. I was also responsible for responding to 

participants’ electronic mails and phone calls on questions they might have regarding 

any aspect of the study.  
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7.7.5 Data cleaning and statistical analyses  

I set up the dataset for the study, carried out all the data entry, and cleaned the 

dataset to remove any data entry errors. I also merged the new dataset with the 

baseline dataset based on the participants’ identification number. I performed all 

statistical analyses for Study 4, presented in Chapter 8, with input from my 

supervisors. 

7.7.6 Data storage and handling 

I was fully responsible for keeping all personal and questionnaire data, both hard 

copies and electronic data, strictly confidential and to handle them in accordance with 

ethical procedures, as described previously in this chapter.   

7.7.7 Interpretation and planned dissemination of findings 

I interpreted the findings from the follow-up study, as presented in Chapter 8, in line 

with the relevant scientific knowledge. I am also expected to disseminate the results 

of the follow-up study through conference presentations and publications in peer-

reviewed scientific journals, as well as internally at UCL via this thesis.  
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Chapter 8. Study 4: Sex and daily happiness as predictors 

of future health outcomes in T2D: The mediating role of 

IL-6 stress responses 

Study 4 is concerned with the role of sex and daily happiness on physical and mental 

health outcomes over 7.5 years in people with T2D. Also, Study 4 directly tests the 

mediating role of IL-6 stress responsivity on these links. This chapter provides a brief 

overview of the study background, followed by the methods used, the results of the 

study, and a discussion of the findings. 

8.1 Introduction 

Stress-related biological markers form a plausible mediating pathway linking 

demographic and psychological factors with prospective health outcomes in people 

with T2D. Studies 2 and 3, presented in Chapters 5 and 6, respectively, have 

demonstrated that sex and daily happiness are related to inflammatory (re)activity in 

this population. Briefly, in Study 2 it was found that women with T2D show increased 

IL-6 stress responses compared with men with T2D (Panagi et al., 2019a). In Study 3, 

daily happiness was associated with lower IL-6 absolute levels before and after stress 

in this sample (Panagi et al., 2019b). One of the main limitations of these previous 

studies is that they had a cross-sectional design. Therefore, the temporal relationship 

between baseline IL-6 stress responsivity and future health outcomes in people with 

T2D is yet to be established.  

Existing longitudinal studies have elucidated that heightened inflammatory reactivity 

due to mental stress in the laboratory may herald more rapid progression of CVD-

related risk factors over time (Aschbacher et al., 2012; Brydon & Steptoe, 2005; Ellins 
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et al., 2008; Ellins et al., 2017; Steptoe et al., 2016). These laboratory stress testing 

studies have been described in more detail in Chapter 1. Albeit informative, these 

studies are limited by the fact that they only included healthy samples and they mostly 

assessed physical disease risk factors (e.g. carotid artery stiffness) rather than disease-

specific endpoints (e.g. stroke). To the best of my knowledge, only a single previous 

study considered mental health outcomes (depressive symptoms). Additionally, this 

was the only study to directly test the mediating role of inflammatory (IL-1b) stress 

responses in the association between positive psychological factors (positive outlook 

during stress tasks) and depressive symptoms at follow-up (Aschbacher et al., 2012). 

Nevertheless, this study is limited by its small sample size (N = 35) and short follow-up 

period (one year). Also, this previous study was carried out in a healthy sample of 

women participants. The long-term effects of inflammatory reactivity on health might 

be more apparent in people with existing disease, but the longitudinal association 

between inflammatory stress responses and health outcomes in people with existing 

T2D remains to be established. Moreover, no previous studies have directly tested the 

mediating role of inflammatory stress responses in linking sex and daily happiness with 

physical and mental health outcomes in people with T2D.  

The aim of this follow-up study was to better understand the biological mechanisms 

that potentially link sex and daily happiness with physical and mental health outcomes 

in people with T2D. The objectives of this study were 1) to investigate the total effect 

of sex and happiness, measured at baseline, on physical and mental health outcomes 

at 7.5-year follow-up, 2) to test the association between IL-6 stress responses, as 

assessed at baseline, with physical and mental health outcomes at follow-up, and 3) 
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to test the plausible mediating role of IL-6 stress responsivity on the association 

between of sex, happiness and future health outcomes. I hypothesised that male sex 

and greater happiness will be associated with better physical and mental health 

outcomes at follow-up in people with T2D. I also hypothesised that smaller IL-6 stress 

responses will be associated with better physical and mental health outcomes at 

follow-up in this sample. Finally, I hypothesised that the associations between sex and 

happiness with health outcomes would be mediated (at least partly) by IL-6 stress 

responses. IL-6 responsivity was chosen based on previous research indicating the 

importance of measuring IL-6 responses over other inflammatory markers (e.g. IL-1ra, 

MCP-1) in this sample. Since happiness was related to IL-6 absolute levels rather than 

stress responses in Study 3, the four IL-6 levels (pre- and three time points post-stress) 

were also considered in analyses.   

8.2 Method 

8.2.1 Participants 

Sixty-six participants of the Diabetes Follow-up Study took part in this project. Full 

information regarding the Diabetes Follow-up Study participants, the procedure, 

exclusion criteria, and the study’s flow chart is presented in Chapter 7. Out of 66 

participants at the follow-up, five participants had missing data on baseline daily 

happiness (n = 61), four participants had missing data on pre-task IL-6 (n = 62), eight 

participants had missing data on immediately post-task IL-6 (n = 58), 13 participants 

had missing data on IL-6 at 45 minutes post-task (n = 53), and 18 participants had 

missing data on IL-6 at 75 minutes post-task (n = 48). With regards to follow-up 
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(outcome) measures, missing data occurred in self-reported CVD diagnosis for six 

participants (n = 60). Separate numbers for each analysis are given in footnotes.  

Out of 140 participants of the initial study, 53% were lost to follow-up. Univariate 

analyses, using independent samples t-tests for continuous variables and Chi-square 

tests for categorical variables, were carried out to test for significant differences in 

sample characteristics between people who participated in the Follow-up Study (N = 

66) and those who were lost to follow-up (N = 74). Results showed that participants 

of lower education (χ2(3) = 14.26, p = 0.003, V = 0.32), higher depressive symptoms 

(t(122.77) = -2.54, p = 0.012, d = 0.43, 95% CI [-6.63, -0.82]), and higher IL-6 absolute 

levels at three time points (pre-task: t(119.95) = -2.07, p = 0.041, d = 0.36, 95% CI [-

0.90, -0.02]; 45 minutes post-task: t(97.80) = -2.84, p = 0.006, d = 0.52, 95% CI [-1.20, 

-0.21]; 75 minutes post-task: t(93.87) = -2.34, p = 0.021, d = 0.45, 95% CI [-1.02, -0.08]) 

were more likely to be lost to follow-up. In addition, participants who were taking 

cholesterol-lowering medication during the initial study were more likely to take part 

at follow-up (χ2(1) = 11.92, p = 0.001, ϕ = -0.30). No other significant differences were 

observed between those who participated at follow-up and lost to follow-up (ps ≥ 

0.077). Full findings from these analyses are presented in Appendix D.  

8.2.2 Study measures 

8.2.2.1 Model 1: Sex and daily happiness as predictors of physical and mental 

health outcomes  

8.2.2.1.1 Predictor variables: Sex and daily happiness at baseline 

Self-reported information on sex and the daily happiness measured over one week 

were used as predictor variables in this study. Full information on the happiness 
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measure is presented in Chapter 4. Separate analyses were carried out for each 

predictor variable.  

8.2.2.1.2 Outcome variables: Physical and mental health at follow-up 

Physical and mental health at follow-up were assessed using four different measures. 

1) Self-reported CVD diagnosis: Self-reported information on CVD diagnosis was 

collected by asking participants whether they had been diagnosed by a doctor with 

angina or long-term heart problems (yes, no), MI (yes, no), or stroke (yes, no) since 

their participation in the initial Diabetes Study. A combined variable of doctor-

diagnosed angina or long-term heart problems, and/or MI, and/or stroke was created 

and used as an outcome variable. All participants were free from CVD during the initial 

Diabetes Study, and the date of diagnosis (year/month) was self-reported by 

participants. 2) Number of hospital admissions: Participants were asked to report the 

number of hospital admissions including both day cases and overnight stays since the 

initial study. Date of hospitalisation (year/month) was self-reported by participants. A 

3-level categorical variable was created to reflect 0 admissions, 1 admission, and ≥ 2 

admissions over the follow-up period. 3) Physical health-related quality of life: The 

physical health component of the SF-36 Health Survey (Ware & Sherbourne, 1992) was 

applied to measure physical health-related quality of life. This physical health 

dimension was also administered during the initial study (Cronbach’s α for the initial 

study = 0.75). As described previously in Chapter 4, the SF-36 is a self-reported 36-

item survey of patient’s health. The physical health dimension includes subscales on 

physical functioning, bodily pain, role limitations due to physical health problems, and 

general health perceptions, all of which were used to calculate an average physical 
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health-related quality of life score for each participant. Greater scores indicated better 

physical health-related quality of life. The Cronbach’s α for the physical health 

component was good in this study (α = 0.80). 4) Mental health-related quality of life: 

Mental health-related quality of life was assessed using the mental health component 

of the SF-36 Health Survey (Ware & Sherbourne, 1992). The mental health component 

of the SF-36 was also completed during the initial study (Cronbach’s α for the initial 

study = 0.78). The mental health dimension includes subscales relating to role 

limitations due to personal or emotional problems, general mental health, social 

functioning, and energy, fatigue, or vitality, all of which were used to calculate an 

average mental health-related quality of life score. Greater scores were indicative of 

better mental health-related quality of life. The Cronbach’s α of the mental health 

component was acceptable in this study (α = 0.68).  

8.2.2.1.3 Covariates 

Covariates were chosen based on previous research indicating their effect on physical 

and/or mental health. All covariates were assessed during the baseline study. 

Covariates included age, sex59, smoking status, and BMI. Analyses predicting physical 

health-related quality of life and mental health-related quality of life were further 

adjusted for baseline scores on these measures. In sensitivity analysis, significant 

findings were further adjusted for T2D duration (T2D duration was self-reported at 

follow-up). Full information on these measures is given in Chapter 4.   

8.2.2.2 Model 2: IL-6 stress responses as predictors of physical and mental health 

outcomes  

 
59 Sex was used as a covariate in analyses testing happiness and health outcomes (but as a predictor 
variable in analyses testing sex and health outcomes).  
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8.2.2.2.1: Predictor variables: IL-6 stress responses at baseline 

During the initial Diabetes Study, IL-6 was measured in plasma at four time points: 

before stress tasks, immediately post-task, 45 minutes post-task, and 75 minutes post-

task. The three change scores were used as predictor variables in this study. As 

reported previously in Chapter 4, these three change scores were calculated to reflect 

the mean difference/change in IL-6 from pre-task to the three post-task 

measurements. Higher positive change scores indicated greater increases in IL-6 from 

pre-task to post-task measurements. Separate analyses were carried out for each time 

point. In secondary analyses, the four IL-6 absolute scores were also used to test for 

associations with physical and mental health outcomes at follow-up. Detailed 

information on the blood sample collection and IL-6 assay methods, the minimum 

limit of detection, and intra-assay coefficients of variation are presented in Chapter 4.  

8.2.2.2.2: Outcome variables: Physical and mental health at follow-up 

Physical and mental health at follow-up were assessed using the four different 

measures, as described on page 199: self-reported CVD diagnosis, number of 

hospital admissions, physical health-related quality of life, and mental health-related 

quality of life.   

8.2.2.2.3: Covariates  

In this second model of IL-6 stress responses predicting health outcomes at follow-up, 

covariates were chosen based on previous research indicating their effect on physical 

and/or mental health. All covariates were measured during the initial Diabetes Study. 

Covariates included age, sex, smoking status, and BMI. Analyses predicting physical 

health-related quality of life and mental health-related quality of life were further 
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adjusted for baseline scores on these measures. In sensitivity analysis, significant 

findings were further adjusted for pre-task IL-6 levels and T2D duration. Full 

information on these measures is given in Chapter 4 of the thesis.  

8.2.2.3 Model 3: Mediation model of sex, IL-6 stress responses, and mental health 

outcomes  

Based on the findings of Models 1 and 2 (shown below in the Results section), the 

mediation model was limited to the association between sex (predictor variable) and 

mental health-related quality of life at follow-up (outcome variable), mediated by the 

45-minute IL-6 stress response. Mediation analysis was adjusted for age, smoking 

status, BMI, and mental health-related quality of life (all covariates were measured at 

baseline). 

8.2.2.4 Other measures  

Other measures included in univariate analyses were ethnicity, household income, 

marital status, education level, physical activity, body fat %, WHR, oral anti-diabetic 

medication, insulin or other injectable anti-diabetic medication, anti-hypertensive 

medication, cholesterol-lowering medication, aspirin, beta blockers, and pre-test 

subjective stress. These variables were measured during the initial Diabetes Study and 

along with the exposure measures and all covariates (also measured during the initial 

study) were used to compare baseline characteristics between individuals who took 

part at follow-up and those lost to follow-up (see Appendix D). Full information on 

these measures is reported in Chapter 4.   
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8.2.3 Statistical analysis  

The distribution of IL-6 concentrations was positively skewed (skewness > 1 for all four 

IL-6 measurements [values between 1.27 and 1.63] and kurtosis values between 1.53 

and 2.98). Therefore, log-n transformation was applied in all analyses, except the 

descriptive statistics presented in Table 7.2 for ease of interpretation. After log-n 

transformation, skewness levels were between -0.30 and 0.27 for all four values, 

hence transformation corrected the skewness of the data.  

Three statistical models were tested in this follow-up study. For the first model, sex 

and daily happiness (as measured during the initial study) were used as predictor 

variables and physical and mental health outcomes (as measured at follow-up) were 

used as outcome variables. For the second model, IL-6 stress responses (as assessed 

during the initial study) were used as predictor variables and physical and mental 

health outcomes (as assessed at follow-up) were used as outcome variables. For the 

third (mediation) model, the 45-minute IL-6 stress response was used as the mediator 

variable to test whether the association between sex and mental health-related 

quality of life was mediated by IL-6 responsivity.  

Descriptive statistics for baseline exposure measures and covariates and follow-up 

outcome data were first carried out (see Table 7.2). One-way repeated measures 

ANOVA was also used to test for significant differences in physical and mental health-

related quality of life between baseline and follow-up assessments. Associations 

between sex and happiness with long-term health outcomes (Model 1) were 

examined using multivariable binary logistic regression for binary outcomes, 

multivariable multinomial logistic regression for categorical outcomes, and 
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multivariable linear regression for continuous outcomes. Separate regression analyses 

were carried out for each exposure and outcome measure adjusting for covariates. 

Associations between IL-6 stress responses and long-term health outcomes (Model 2) 

were explored using multivariable binary logistic regression for binary outcomes, 

multivariable multinomial regression for categorical outcomes, and multivariable 

linear regression for continuous outcomes. In secondary analyses, I examined the 

relationship between absolute IL-6 concentrations at the four time points and health 

outcomes adjusting for covariates. Separate regression analyses were carried out for 

each exposure and outcome measure adjusting for covariates. Findings from the 

regression analyses are presented as ORs or unstandardised coefficients (B), p values, 

and 95% CI, as appropriate.  

In the last set of main analyses (Model 3), I explored whether IL-6 responsivity at 45 

minutes post-task mediated the association between sex and mental health-related 

quality of life adjusting for covariates. Mediation was initially tested by conducting a 

series of linear regression analyses (Baron & Kenny, 1986). The significance of the 

indirect pathway was assessed with the Sobel first-order test for mediation using the 

method set out by Preacher and Hayes (Preacher & Hayes, 2004, 2008). The 

bootstrapping technique (5000 replications) was also employed using PROCESS 

version 3.5 by Andrew F. Hayes as a validated method to estimate the bias-corrected 

CIs of the indirect effect (MacKinnon, 2008).  

Results of this study are presented as means and SDs for continuous variables or 

numbers and percentages for categorical variables. The level of significance was set at 
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p < 0.05, though exact p values are reported throughout. Statistical analyses were 

carried out using SPSS version 25 (SPSS, Chicago, IL). 

8.3 Results 

8.3.1 Sample characteristics  

Sixty-six participants (41% women) from the initial Diabetes Study took part in this 

Follow-up Study. Table 7.2 presents baseline and follow-up characteristics of the 

follow-up sample (N = 66). In 2011 - 2012, when the initial study was carried out, 

follow-up participants were 63.70 (SD = 6.65) years old on average. The mean BMI was 

within the obese range (30.79 kg/m2, SD = 5.31) and the majority of participants were 

non-smokers (86%). The average IL-6 levels pre-task were 1.91 pg/ml (SD = 1.03). 

Follow-up participants had an average daily happiness score of 2.66 (SD = 0.82). 

Physical and mental health-related quality of life at baseline was 72.75 (SD = 19.54) 

and 75.29 (SD = 15.07), respectively. Mean duration of T2D, as reported at follow-up 

assessment, was 15.66 years (SD = 7.52). Four participants (7%) reported having been 

diagnosed with either angina or long-term heart problems, and/or MI, and/or stroke 

over the follow-up period. Thirty-three participants (50%) reported being admitted to 

hospital at least once since the initial study either as a day case or overnight stay, with 

19 participants (29%) reporting more than two admissions. Physical and mental 

health-related quality of life at follow-up was 70.55 (SD = 22.78) and 74.99 (SD = 

19.52), respectively. 
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Table 7.2  

Sample characteristics at baseline (2011/2) and follow-up (2019) in 66 participants 

from the Diabetes Follow-up Study  

Sample characteristics at baseline  

Characteristic  n (%) or M ± SD 

Age [years] 63.70 ± 6.65 

Sex [women] 27 (40.9) 

Smoking status [smokers] 9 (13.6) 

BMI [kg/m2] 30.79 ± 5.31 

aPre-task IL-6 [pg/ml] 1.91 ± 1.03 

bImmediately post-task IL-6 [pg/ml] 1.93 ± 0.95 

c45 min IL-6 [pg/ml] 1.99 ± 1.03 

d75 min IL-6 [pg/ml] 2.02 ± 0.93 

cΔ immediately post-task [pg/ml] 0.02 ± 0.38 

bΔ 45 min [pg/ml] 0.10 ± 0.42 

dΔ 75 min [pg/ml] 0.26 ± 0.66 

eDaily happiness [score] 2.66 ± 0.82 

Physical health quality of life [score] 72.75 ± 19.54 

Mental health quality of life [score] 75.29 ± 15.07 

Sample characteristics at follow-up 

Characteristic  n (%) or M ± SD 

CVD case [yes] 4 (6.7) 

Hospital admissions  

     0 admissions 

     1 admission 

     ≥ 2 admissions 

 

33 (50.0) 

14 (21.2) 

19 (28.8) 

Physical health quality of life [score] 70.55 ± 22.78 

Mental health quality of life [score] 74.99 ± 19.52 

Note. IL-6 values presented in Table 7.2 are unlogged values. BMI = body mass index; IL-6 = 
interleukin-6; kg/m2 = kilograms per square metre; M = mean; min = minutes; N = number; n = 
number, pg/ml = picogram per millilitre; SD = standard deviation; Δ = delta (change) score. an = 62; 
bn = 54; cn = 59; dn = 51; en = 61.  
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8.3.2 Model 1: Sex and daily happiness as predictors of physical and mental 

health outcomes  

The first model tested the effect of sex and daily happiness on physical and mental 

health outcomes at the 7.5-year follow-up.  

8.3.2.1 Doctor-diagnosed CVD 

Four participants (7%) reported having been diagnosed with either angina or long-

term heart problems, and/or MI, and/or stroke over the follow-up period. No 

significant sex differences were found in the prevalence of doctor-diagnosed CVD at 

follow-up after adjusting for age, smoking status, and BMI (OR = 4.48, p = 0.290)60. 

There was no significant effect of baseline daily happiness on doctor-diagnosed CVD 

prevalence at follow-up after adjusting for age, sex, smoking status, and BMI (OR = 

5.40, p = 0.066)61.  

8.3.2.2 Number of hospital admissions  

Thirty-three participants (50%) reported being admitted to hospital at least once since 

the initial study either as a day case or overnight stay, and 19 participants (29%) 

reported more than two admissions. No significant sex differences were observed in 

the number of hospital admissions over the follow-up period after adjusting for age, 

smoking status, and BMI (for 1 versus 0 admissions: OR = 0.91, p = 0.887, 95% CI [0.25, 

3.36]; for ≥ 2 versus 0 admissions: OR = 0.70, p = 0.567, 95% CI [0.97, 1.17])62. The 

effect of daily happiness on the number of hospital admissions was not significant 

adjusting for age, sex, smoking status, and BMI (for 1 versus 0 admissions: OR = 1.16, 

 
60 n = 60. 
61 n = 55.  
62 n = 66.  
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p = 0.713, 95% CI [0.53, 2.56]; for ≥ 2 versus 0 admissions: OR = 1.30 p = 0.511, 95% CI 

[0.59, 2.85])63.  

8.3.2.3 Physical health-related quality of life  

There was no significant effect of time (from baseline to follow-up) for the physical 

health-related quality of life score (F(1.00, 65.00) = 1.14, p = 0.290, η²p = 0.02). There 

were no significant associations between sex and physical health-related quality of life 

adjusting for age, smoking status, BMI, and baseline physical health-related quality of 

life (B = -6.34, p = 0.131, 95% CI [-14.64, 1.95)64. The relationship between daily 

happiness and physical health-related quality of life was non-significant after adjusting 

for age, sex, smoking status, BMI, and baseline physical health-related quality of life 

(B = 0.76, p = 0.761, 95% CI [-4.23, 5.75])65.  

8.3.2.4 Mental health-related quality of life  

Mental health-related quality of life did not significantly change from baseline to 

follow-up (F(1.00, 65.00) = 0.02, p = 0.886, η²p = 0.00). Significant sex differences in 

mental health-related quality of life were found between men and women in this 

study (B = -8.76, p = 0.033, 95% CI [-16.79, -0.73])66. Specifically, women with T2D 

scored significantly lower in the mental health component of the SF-36 scale, 

reflecting worse mental health-related quality of life at follow-up compared with men 

with T2D. These findings were adjusted for age, smoking status, BMI, and mental 

health-related quality of life as assessed at baseline. These results are presented in 

 
63 n = 61.  
64 n = 66.  
65 n = 61.  
66 n = 66.  
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Table 7.3 below. After inclusion of diabetes duration as an additional covariate, the 

significant sex differences in quality of life were sustained (B = -9.29, p = 0.040, 95% CI 

[-18.12, -0.46])67. In contrast, daily happiness was not significantly linked with mental 

health-related quality of in analyses adjusted for age, sex, smoking status, BMI, and 

baseline mental health-related quality of life (B = 0.99, p = 0.685, 95% CI [-3.88, 

5,87])68. 

Table 7.3  

Multivariable linear regression on sex predicting mental health-related quality of life 

at follow-up (N = 66) 

Model Unstandardised 

Coefficients 

B              SE 

Standardised 

Coefficient 

ß 

95% CI p value 

Sex [ref. cat.: men] -8.76 4.01 -0.22 -16.79 to -0.73 0.033 

Age [years]  -0.24 0.31 -0.08 -0.87 to 0.38 0.440 

Smoking status  

[ref. cat.: non-smokers] 

3.90 5.73 0.07 -7.57 to 15.36 0.499 

BMI [kg/m2] -0.62 0.38 -0.17 -1.38 to 0.15  0.112 

Baseline mental health 

quality of life [score]  

0.71 0.13 0.55 0.44 to 0.98  < 0.001 

Note. B = unstandardised beta coefficient. BMI = body mass index; CI = confidence interval; kg/m2 = 
kilograms per square metre; ref. cat. = reference category; SE = standard error; ß = standardised beta 
coefficient.  

8.3.3 Model 2: IL-6 stress responses as predictors of physical and mental 

health outcomes  

8.3.3.1 Doctor-diagnosed CVD 

 
67 n = 62. 
68 n = 61.  
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IL-6 stress responses immediately post-task, at 45 minutes, or at 75 minutes post-task 

did not significantly predict the prevalence of doctor-diagnosed CVD adjusting for age, 

sex, smoking status, and BMI (ORs between 0.06 and 0.40, and p values ≥ 0.230)69.  

8.3.3.2 Number of hospital admissions 

IL-6 stress responses at the three post-task time points were not significantly 

associated with the number of hospital admissions over the follow-up period after 

adjusting for age, sex, smoking status, and BMI (for 1 versus 0 admissions: ORs 

between 1.55 and 7.63, and p values ≥ 0.152; for ≥ 2 versus 0 admissions: ORs between 

0.13 and 1.00, and p values ≥ 0.178)70.  

8.3.3.3 Physical health-related quality of life  

No significant relationships were found between IL-6 stress responses at the three 

time points post-task and physical health-related quality of life adjusting for age, sex, 

smoking status, BMI, and baseline physical health-related quality of life (B values 

between 2.521 and -7.880, and p values ≥ 0.431)71.  

8.3.3.4 Mental health-related quality of life  

A significant association was observed between IL-6 stress responses and mental 

health-related quality of life at follow-up adjusting for covariates. More precisely, 

higher IL-6 stress responses at 45 minutes post-task significantly predicted lower 

mental health-related quality of life after adjusting for age, sex, smoking status, BMI, 

 
69 For immediately post-task changes: n = 53; for 45 minutes changes: n = 49; for 75 minutes changes: 
n = 44.  
70 For immediately post-task changes: n = 58; for 45 minutes changes: n = 53; for 75 minutes changes: 
n = 48. 
71 For immediately post-task changes: n = 58; for 45 minutes changes: n = 53; for 75 minutes changes: 
n = 48. 
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and baseline mental health-related quality of life (B = -21.45, p = 0.026, 95% CI [-40.23, 

-2.67]; see Table 7.4)72. The model remained significant after further adjustment for 

pre-task IL-6 levels (B = -21.26, p = 0.043, 95% CI [-41.82, -0.70])73 and T2D duration (B 

= -25.90, p = 0.019, 95% CI [-47.28, -4.52])74. Neither immediately post-task changes 

in IL-6 (B = -6.718, p = 0.491, 95% CI [-26.14, 12.70])75 nor 75-minute changes (B = -

3.79, p = 0.593, 95% CI [-17.99, 10.41])76 showed a significant effect on mental health-

related quality of life at follow up controlling for covariates.  

Table 7.4 5 

Multivariable linear regression on IL-6 stress responses in 2011/2 predicting mental 

health-related quality of life in 2019 (n = 53) 

Model Unstandardised 

Coefficients 

B                SE 

Standardised 

Coefficient 

ß 

95% CI p value 

45 min  

IL-6 response [ln] 

-21.44 9.33 -0.26 -40.23 to -2.67 0.026 

Age [years] -0.27 0.36 -0.09 -1.00 to 0.46 0.462 

Sex [ref. cat.: men] -9.51 4.72 -0.23 -19.01 to -0.01 0.050 

Smoking status  

[ref. cat.:  

non-smokers] 

8.54 6.45 0.15 -4.45 to 21.52 0.192 

BMI [kg/m2] -0.60 0.42 -0.17 -1.44 to 0.24 0.158 

Baseline mental 

health quality of life 

[score]  

0.72 0.15 0.55 0.41 to 1.02 < 0.001 

Note. B = unstandardised beta coefficient; BMI = body mass index; CI = confidence 
interval; IL-6 = interleukin-6; kg/m2 = kilograms per square metre; ln = log-n; min = 
minutes; n = number; ref. cat. = reference category; SE = standard error; ß = 
standardised beta coefficient. 

 
72 n = 53.  
73 n = 53.  
74 n = 50.  
75 n = 58.   
76 n = 48.   
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8.3.3.5 Secondary analyses: IL-6 absolute levels as predictors of physical and 

mental health outcomes  

The associations between IL-6 absolute scores at the four time points and follow-up 

physical and mental health outcomes adjusting for covariates were not significant (for 

CVD77: ORs between 0.04 and 0.56, and p values ≥ 0.147; for number of hospital 

admissions78: 1 versus  0 admissions: ORs between 1.13 and 5.67, and p values ≥ 0.069; 

≥ 2 versus 0 admissions: ORs between 0.91 and 1.74, and p values ≥ 0.337; for physical 

health-related quality of life79: B values between 0.26 and 2.45, and p values ≥ 0.637; 

for mental health-related quality of life80: B values between -0.788 and 2.815, and p 

values ≥ 0.442). 

8.3.4 Model 3: Mediation model of sex, 45-minute IL-6 response, and mental 

health-related quality of life   

A mediation model was performed using the 45-minute IL-6 stress response as a 

plausible mediator of the sex – mental health quality of life relationship. Firstly, and 

as shown in Model 1, sex significantly predicted mental health-related quality of life 

in the absence of the mediator (adjusted B = -8.76, p = 0.033, 95% CI [-16.79, -0.73])81. 

Secondly, sex did not significantly affect the 45-minute IL-6 stress response (adjusted 

B = -0.09, p = 0.218, 95% CI [-0.24, 0.06])82. Nevertheless, significant sex differences in 

the 45-minute IL-6 response were evident in this sample (see Results section of Study 

 
77 For baseline IL-6: n = 57; for immediately post-task IL-6: n = 53; for 45-minute IL-6: n = 49; for 75-
minute IL-6: n = 44.  
78 For baseline IL-6: n = 62; for immediately post-task IL-6: n = 58, for 45-minute IL-6: n = 53, for 75-
minute IL-6: n = 48.  
79 For baseline IL-6: n = 62; for immediately post-task IL-6: n = 58; for 45-minute IL-6: n = 53; for 75-
minute IL-6: n = 48. 
80 For baseline IL-6: n = 62; for immediately post-task IL-6: n = 58; for 45-minute IL-6: n = 53; for 75-
minute IL-6: n = 48. 
81 Findings are adjusted for age, smoking status, BMI, and baseline mental health-related quality of 
life (n = 66).  
82 Findings are adjusted for age, smoking status, and BMI (n = 53).  
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2 presented in Chapter 5). Thirdly, and as shown in Model 2, the 45-minute IL-6 

response had a significant effect on mental health-related quality of life when sex was 

included in the regression model (adjusted B = -21.45, p = 0.026, 95% CI [-40.23, -

2.67])83. At the same time, sex was also a significant predictor in the model (adjusted 

B = -9.511, p = 0.049, 95% CI [-19.014, -0.007])84. Therefore, the significant effect of 

sex on mental health-related quality of life was not attenuated on the inclusion of the 

45-minute IL-6 response. The Sobel test for mediation revealed no significant indirect 

pathway in the model (Sobel test statistic = 1.10, SE = 1.76, p = 0.272). The 

bootstrapping technique using PROCESS by Andrew F. Hayes confirmed no significant 

indirect effect (adjusted B = 1.91, SE = 1.55, 95% CI [-1.67, 4.73])85. 

8.4 Discussion 

This study extends previous research by investigating the longitudinal relationship 

between sex and daily happiness with physical and mental health outcomes in T2D, 

and the mediating role of inflammatory stress responsivity. Evidence from this study 

showed that 1) women with T2D are more likely to experience lower mental health-

related quality of life at follow-up compared with their male counterparts, 2) greater 

IL-6 stress responses at 45 minutes following stress predict lower mental health-

related quality of life at follow-up, and 3) increased IL-6 stress responses at 45 minutes 

post-stress do not mediate the association between sex and quality of life. 

 
83 Findings are adjusted for age, sex, smoking status, BMI, and baseline mental health-related quality 
of life (n = 53). 
84 Findings are adjusted for age, smoking status, BMI, baseline mental health-related quality of life, 
and the 45-minute IL-6 stress response (n = 53).  
85 Findings are adjusted for age, smoking status, BMI, and baseline mental health-related quality of 
life (n = 53).  
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Unfortunately, the associations between daily happiness at baseline and follow-up 

health outcomes were not statistically significant. 

With regards to the first set of main analyses, my first hypothesis was partially 

supported. Sex differences in mental health-related quality of life were observed, 

measured using the mental health component of the SF-36 questionnaire. The mental 

health component included questions on role limitations due to personal or emotional 

problems, general mental health, social functioning, and energy, fatigue, or vitality. 

Results showed that women with T2D experience significantly worse mental health 

quality of life at follow-up compared with men with T2D after adjusting for age, 

smoking status, BMI, baseline mental health quality of life, and diabetes duration. 

These findings are in agreement with previous research. As reported in the 

introductory chapter of the thesis, results from cross-sectional studies demonstrate 

that men with T2D experience greater quality of life and subjective well-being 

compared to women with diabetes, live more effectively with the condition, 

experience lesser depression and anxiety, have more energy, and use more active 

problem-oriented and solving approach strategies when faced with every-day 

challenges. Although the impact of coping styles is not yet fully explored, strategies 

classified as problem-focused coping (e.g. active planning) seem to enhance 

adjustment to T2D compared to emotion-focused coping (Julien, Senécal, & Guay, 

2009). What is more, women with diabetes are less satisfied with their management 

of the disease and experience more social worry (Siddiqui et al., 2013). In keeping with 

the findings from the current study, two large cross-sectional studies involving 755 

and 1,353 participants with T2D, respectively, showed that women were more likely 
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to score lower in mental health-related quality of life using questionnaire measures, 

including the SF-12 (Landman et al., 2010; Schunk et al., 2015). Not only self-reported 

mental health-related quality of life but also clinical disorders like anxiety and eating 

disorders are more common in women than men with T2D (Kautzky-Willer et al., 

2016). Mental disorders and low quality of life may adversely affect treatment 

adherence, ultimately leading to poorer lipids and glucose control in women with T2D 

and the development of complications (Billimek et al., 2015; Kautzky-Willer et al., 

2016). The increased mental health burden in women with T2D may be related to a 

variety of underlying causes such as lower perceived family support (Kautzky-Willer et 

al., 2016), lower self-efficacy (Kautzky-Willer et al., 2016), increased concerns about 

potential anti-diabetic treatment side effects (Inzucchi et al., 2012), or a sense of 

failure because of poorer disease control (Mohamed et al., 2013; Shibayama et al., 

2011). We recently found that female participants with T2D show increased perceived 

stress coupled with enhanced IL-6 stress responses in the laboratory compared with 

male participants with T2D (Panagi et al., 2019b). Such psychobiological, particularly 

psycho-immunological, differences in stress responsivity may be another plausible 

mechanism explaining the sex differences in mental health-related quality of life 

observed at follow-up. This hypothesis was directly tested in the current study (see 

page 219 below).  

Contrary to hypothesis, no significant sex differences were found in the prevalence of 

doctor-diagnosed CVD at follow-up, number of hospital admissions over the follow-up 

period, or physical health-related quality of life at follow-up. Similarly, baseline daily 

happiness did not significantly predict physical or mental health outcomes in this 
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cohort, in contrast to previous research. One possible explanation of the null findings 

is the small sample size of this study. Also, only four participants (7%) reported having 

been diagnosed with CVD over the follow-up period in this study. Therefore, the effect 

of sex or happiness on CVD diagnosis may have been missed because of insufficient 

prevalence.  

With regards to the second set of main analyses, and in line with the second 

hypothesis, participants with greater IL-6 stress responses at 45 minutes were 

observed to have significantly lower mental health quality of life 7.5 years later. These 

findings were adjusted for age, sex, smoking status, BMI, and baseline mental health 

quality of life score. Significant findings were sustained in sensitivity analysis after 

further adjusting for pre-stress IL-6 levels and T2D duration. To the best of my 

knowledge, this is the first laboratory stress testing study to explore the longitudinal 

association between inflammatory responsivity and later mental health outcomes in 

people with T2D. This study corroborates findings from a previous cross-sectional 

study in this same sample of participants with T2D that found that more hostile 

participants with T2D show enlarged IL-6 stress responses adjusting for covariates 

(Hackett et al., 2015). However, this previous study did not include a follow-up 

examination. The current study, therefore, adds to this evidence demonstrating a 

temporal relationship between heightened IL-6 responses to stress and later decline 

in mental functioning in people with T2D, in line with one previous study in 35 healthy 

women (Aschbacher et al., 2012). It is notable that an independent association 

between the IL-6 response and mental health was only observed with change in IL-6 

at 45 minutes post-task and not with immediate post-task changes or 75-minute 
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changes. In previous laboratory stress testing studies, IL-6 responses were solely 

assessed at either 30 minutes (Lockwood et al., 2016) or 45 minutes post-stress 

(Brydon & Steptoe, 2005; Ellins et al., 2008); thus it is difficult to draw conclusions on 

the 45-minute response as a more important time point than others. Nevertheless, 

two previous laboratory stress studies demonstrated a stronger effect of the 

fibrinogen 45-minute response on future health outcomes versus the immediate 

response (Ellins et al., 2008; Ellins et al., 2017), in agreement with the current finding. 

As shown previously in this sample, stress-induced IL-6 levels increase significantly 

only at 45 minutes post-stress and continue to rise up to 75 minutes following stress 

(Panagi et al., 2019a). It is unclear why the 75-minute response did not significantly 

predict mental health outcomes in this study. As reported previously in Chapter 4, 

increased missing IL-6 data occurred at this time point due to technical difficulties in 

repeated blood sampling. Specifically, 18 out of 66 participants had missing data on 

75-minute IL-6 levels. Missing 75-minute data led to a smaller sample size in analyses 

of this time point and this might explain the non-significant effect of 75-minute 

responses on later health outcomes.  

The mechanisms through which IL-6 stress responses and mental health are related 

are not clear. Hypothetically, inflammatory hyperactivity may be associated with 

sickness behaviour (Dantzer, O'Connor, Freund, Johnson, & Kelley, 2008) that may be 

reflected in impaired mental functioning in the long-term. Ample evidence also 

supports the direct effect of inflammatory biomarkers on mood and well-being. For 

example, pre-clinical studies have shown that pro-inflammatory cytokines, including 

IL-6, act centrally to induce negative mood symptoms (Rosenblat et al., 2014). In both 
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animal and human studies, the administration of pro-inflammatory cytokines, such as 

INF-γ, increases the incidence of depressive symptoms (Rosenblat et al., 2014) and 

fatigue (Majer et al., 2008; Malik, Makower, & Wadler, 2001). Additionally, two 

reviews of the literature evident that the administration of pro-inflammatory 

cytokines inhibitors, such as TNF-α antagonists and IL-1 inhibitors, reduces depressive 

symptoms, anxiety, and fatigue, and increases vitality and mental health-related 

quality of life across different patient populations (Soczynska et al., 2009; Yadlapati & 

Efthimiou, 2016). The immune system may also be related to subsequent well-being 

indirectly via the HPA axis activity. To support this notion, there is evidence that mood 

symptoms are subserved by disturbances in interacting inflammatory and 

neuroendocrine networks (Soczynska et al., 2009). Indeed, pro-inflammatory 

cytokines may initiate, promote, and maintain immune-stimulus-associated HPA 

reactivity and variations in HPA axis responses have been associated with chronic pain, 

psychological distress, and major depressive disorder (Hurwitz & Morgenstern, 2001). 

Future studies need to elucidate the precise mechanisms that link IL-6 stress processes 

with poorer mental health in people with T2D. 

There were no significant associations between IL-6 stress responses and doctor-

diagnosed CVD, number of hospital admissions, or physical health quality of life. Also, 

secondary analyses indicated no significant effect of IL-6 absolute levels at the four 

time points on physical or mental health outcomes. The dynamic inflammatory 

changes rather than absolute levels may provide a more accurate measure of future 

disease risk in this patient group, particularly with regards to mental health outcomes. 
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However, given the small sample size of the current study, replication of these findings 

is warranted.  

No evidence was found to support the third hypothesis of the study. In particular, the 

45-minute IL-6 stress response was not a significant mediator of the relationship 

between sex and mental health-related quality of life, suggesting that the lower 

mental health quality of life observed in women with T2D is not mediated by the 

increased IL-6 responsivity to stress. Although small sample sizes have been used in 

mediation analyses in some previous investigations, larger sample sizes are suggested 

for small indirect paths’ effects and in order to maintain 0.8 power (Fritz & Mackinnon, 

2007). Future studies involving greater sample sizes need to further explore the 

mediating role of inflammatory stress responses in associations between sex and 

health outcomes in this population.  

This study has several strengths. The follow-up design of the study allowed the 

examination of longitudinal associations between baseline and follow-up 

measurements, and the mediating role of inflammatory stress responsivity. Daily 

happiness at baseline was recorded repeatedly over seven consecutive days, and a 

standard stress testing protocol was applied to assess biological responsivity to stress 

tasks. Outcome variables were based on self-report. Self-reported clinical data may 

increase the likelihood of missing data and recall errors, especially in cases of long 

recall periods (Bhandari & Wagner, 2006; Short et al., 2009). Nevertheless, self-

reported clinical data are increasingly used in health research as they have been found 

to be accurate for hospital admissions-related data (Raina, Torrance-Rynard, Wong, & 

Woodward, 2002; Seidl et al., 2016) and well-defined chronic conditions such as MI 
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and stroke (Bush, Miller, Golden, & Hale, 1989; Jamrozik et al., 2014; Kehoe, Wu, 

Leske, & Chylack, 1994; Okura, Urban, Mahoney, Jacobsen, & Rodeheffer, 2004; 

Paganini-Hill & Chao, 1993; Tretli, Lund-Larsen, & Foss, 1982), independently of age, 

sex, ethnicity, and education (Kehoe et al., 1994). A key limitation of this follow-up 

study is the fact that 54% of the initial sample was lost to follow-up (with 6% of them 

known to have deceased over the follow-up period while 8% of them did not receive 

the participation invitation letter [study’s flow chart is presented in Chapter 7). Out of 

66 participants of the follow-up, up to 18 participants had missing data on post-task 

IL-6 due to difficulties in blood sampling, as mentioned previously (see Chapter 5). 

Comparisons between participants who took part at follow-up and those who were 

lost to follow-up showed that those lost to follow-up were more likely to have lower 

education, higher depressive symptoms, lower mental health-related quality of life, 

and higher IL-6 values at three time points, and were more likely to not take 

cholesterol-lowering medication at the time of testing. This pattern of non-response 

suggests that the observed associations may have been reduced. This limitation is 

discussed in more detail in Chapter 9. Results of this study were adjusted for potential 

confounders. Nevertheless, the small sample size restricted the number of covariates 

included in the regression models. Therefore, residual confounding as a consequence 

of unmeasured variables cannot be wholly discounted. Participants of the current 

study were middle- and older-aged women and men with T2D and without a history 

or a diagnosis of CHD, inflammatory diseases, allergies, or mood disorders during the 

baseline assessment. They were recruited from London area and the majority of them 

were of white European ethnicity, hence it is unknown whether these findings can be 

generalised in other cohorts. 
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In conclusion, this study showed that women with T2D experience poorer mental 

health-related quality of life over time compared with men with T2D and strengthened 

the predictive value of IL-6 stress responsivity for mental health-related outcomes. 

Particular focus is needed on how to improve the mental health of women with T2D. 

Also, further longitudinal research is required in order to explore the role of biological 

processes linking demographic and positive psychological factors with future health 

outcomes in people with T2D. These implications are discussed more broadly in the 

following chapter. 
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Chapter 9. Discussion  

9.1. PhD findings  

This PhD consisted of four studies with an overarching aim to assess the associations 

between two individual factors (sex and subjective well-being), stress-related 

inflammatory processes, and T2D. To fulfil its aim, this thesis used data from an 

epidemiological cohort study, a laboratory stress testing study, and an observational 

follow-up to the laboratory trial. This chapter summarises the findings of the four 

studies, highlights their contribution to the existing knowledge, and discusses their 

implications for research and practice, acknowledging at the same time the limitations 

of this thesis.  

9.1.1 Study 1: Enjoyment of life predicts T2D incidence over 12 years: 

Findings from ELSA  

In Study 1 (presented in Chapter 3) data were analysed from 4134 diabetes-free 

participants who were followed-up biennially from 2004/05 up to 2016/17. 

Participants were drawn from ELSA, a nationally representative cohort study of adults 

50 years and older living in England. I sought to examine the longitudinal association 

between two types of subjective well-being (hedonic and eudaimonic well-being) with 

incident T2D and to estimate the extent to which these associations could be 

explained by sociodemographic, behavioural, and clinical risk factors. The foundation 

of this study was research that has shown hedonic and eudaimonic well-being to be 

associated with better health and longevity in older adults (Cohen et al., 2016; Kim et 

al., 2019; Westerhof et al., 2012; Zaninotto & Steptoe, 2019). Studies examining 

associations between subjective well-being and T2D risk are scarce and the majority 
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of them have tested a single dimension of well-being or used a blended measure of 

overall well-being. None of the previous studies differentiated between hedonic and 

eudaimonic well-being in relation to T2D. Indeed, it is not common for the different 

aspects of well-being to be considered simultaneously within a single sample, 

preventing the ability to determine whether differential effects are evident for 

individual attributes of well-being. Nevertheless, consideration of the individual 

contribution of the different types of well-being is suggested in order to specify the 

role of well-being on certain health conditions (Hernandez et al., 2017; Steptoe, 2019). 

Therefore, this study has provided novelty to the field by assessing how the 

relationship between subjective well-being and T2D incidence could vary according to 

type of well-being. Additionally, even though previous studies demonstrated an 

independent association between subjective well-being and T2D (Boehm et al., 2015; 

Okely & Gale, 2016; Poole et al., 2019; Tsenkova et al., 2016), what was still unclear is 

the extent to which the link between well-being and T2D can be explained by 

sociodemographic, behavioural, and clinical characteristics. As described in Chapter 1, 

these factors are relevant to both subjective well-being and T2D, forming plausible 

mechanisms through which subjective well-being links to superior health. Study 1 

addressed this gap in the field by estimating, for the first time, the degree to which 

the protective effects of well-being can be explained by sociodemographic, 

behavioural, and clinical risk factors.  

Results from Study 1 revealed a protective relationship between hedonic well-being 

(as indexed by enjoyment of life score) and T2D rate over 12 years of follow-up after 

adjusting for several covariates. Sociodemographic, behavioural, and clinical 

https://journals.sagepub.com/doi/full/10.1177/1754073917697824
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characteristics accounted for 27%, 27%, and 18% of the relationship between 

enjoyment of life and incident diabetes, respectively, compared to the unadjusted 

model. In contrast, the association between eudaimonic well-being (as indexed by 

purpose in life score) and T2D was attenuated in adjusted analyses, suggesting that 

there is no direct relationship between purpose in life and diabetes. One possible 

explanation for the null results is that the assessment of purpose in life was weak in 

this study. This limitation was discussed in Chapter 3 and is reiterated in the next 

sections of this chapter (see page 235 below). Nevertheless, these results add 

credence to value of testing these different dimensions separately. With regards to 

my secondary analyses, findings for enjoyment of life were maintained after the 

inclusion of depression in the secondary model. Also, associations between subjective 

well-being and T2D did not differ by age or sex.   

Overall, Study 1 made a significant contribution to the field by showing, for the first 

time, that T2D risk is differentially related to hedonic and eudaimonic well-being. 

Additionally, Study 1 added to our understanding of the mechanisms through which 

subjective well-being is linked to reduced risk of T2D by demonstrating the role of 

sociodemographic, behavioural, and clinical pathways. Furthermore, this study built 

upon previous research by indicating that the protective effect of enjoyment of life is 

above and beyond the adverse effects of depression. Finally, the study supported a 

general protective effect of enjoyment of life which is not moderated by age or sex 

differences.   
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9.1.2 Study 2: Sex differences in IL-6 stress responses in people with T2D 

Moving from T2D onset to prevalent T2D, Study 2 (presented in Chapter 5) used data 

from 121 patients with existing T2D drawn from the Diabetes Study (Steptoe, Hackett, 

et al., 2014). I sought to examine whether women and men with T2D respond 

differently to stress, in terms of inflammatory levels, particularly IL-6. The rationale 

for this study was that post-menopausal women with T2D show higher rates of some 

inflammatory-related conditions compared to their male counterparts, including CVD 

(Peters et al., 2014a, 2014b). These sex differences are not fully explained by 

conventional risk factors (Espeland et al., 2018; Raparelli et al., 2017). A small number 

of previous laboratory stress testing studies revealed that women show heightened 

IL-6 stress responses (Edwards et al., 2006; Endrighi et al., 2016; Lockwood et al., 2016; 

Steptoe, Owen, et al., 2002; Sullivan et al., 2018), suggesting that sex differences in 

stress-related inflammatory reactions may expose women to a higher risk of 

inflammatory-related conditions in the long-term. However, no previous laboratory 

stress testing studies were conducted in people with established T2D. Therefore, this 

study added to the literature by investigating sex differences in IL-6 stress responses 

in women and men with T2D.  

Results from Study 2 showed that, following acute stress in the laboratory, IL-6 stress 

responses are greater in women with T2D compared to men with T2D after adjusting 

for covariates. Briefly, significant changes in women were detectable 45 minutes after 

the end of the tasks with IL-6 levels continuing to rise, reaching their peak at 75 

minutes post-task. In contrast, IL-6 changes in men were more delayed, showing 

observable, albeit not significant increases at 75 minutes post-task. Secondary 
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analyses revealed that female participants perceived the tasks as more stressful than 

male participants did. Evidence from secondary analyses also showed that the effect 

of the two tasks on IL-6 stress responses was greater in older than younger women.  

Overall, Study 2 made a novel contribution to the field by examining, for the first time, 

sex differences in inflammatory stress responses in people with established T2D. Sex 

differences in both subjective stress and objective inflammatory responses were 

evident, with women being more profoundly impacted by the stress experience than 

men. Importantly, this study formed the basis of the Diabetes Follow-up Study 

(presented in Chapter 8 and summarised on page 229 below).  

9.1.3 Study 3: Daily happiness and inflammatory stress responses in people 

with T2D 

In Study 3 (presented in Chapter 6) data were analysed from 122 participants with T2D 

drawn from the Diabetes Study. I sought to examine whether daily happiness can 

predict inflammatory levels and stress responses in people with T2D. The evidence 

that drove this study was that, in adults with existing T2D, subjective well-being and 

related constructs are longitudinally associated with more favourable health 

outcomes as well as longer survival (Celano et al., 2013; Huffman et al., 2015; 

Moskowitz et al., 2008; Yi et al., 2008). Interestingly, lifestyle factors do not fully 

explain the health-protective effect of subjective well-being (Chida & Steptoe, 2008; 

Giltay et al., 2006; Kubzansky & Thurston, 2007; Moskowitz et al., 2008; Ostir et al., 

2000). Also, a limited number of previous studies showed that positive psychological 

factors, including hedonic well-being, are cross-sectionally associated with lower 

inflammatory (absolute) levels (Brouwers et al., 2013; Sin et al., 2015; Steptoe et al. 
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2008) and can predict diminished inflammatory stress responses in the laboratory 

(Aschbacher et al., 2012; Breines et al., 2014; Steptoe et al., 2005), suggesting that 

reduced inflammatory (re)activity might be a plausible underlying mechanism through 

which hedonic well-being may enhance better health and longevity. However, 

previous laboratory studies were carried out in healthy volunteers. Considering that 

inflammatory processes play a key role in the risk and progression of T2D (as described 

in Chapter 1), translation of this previous research in people with T2D would be 

important. Study 3 has contributed to the field in several key ways. Firstly, this is the 

first study to investigate associations between daily happiness and inflammatory 

(re)activity in people with T2D. Secondly, none of the previous studies recorded 

happiness ratings once-a-day for seven consecutive days in order to provide an 

aggregated measure of daily happiness over the week. In the study by Steptoe et al. 

(Steptoe et al., 2005), daily happiness was assessed by aggregating momentary 

experience ratings over a single working day. This strategy used by Steptoe et al. has 

improved ecological validity, since ratings are accomplished under naturalistic 

conditions. The measurement method used for Study 3 extended this approach, by 

collecting repeated measurements over several days; this is thought to provide a more 

reliable estimate of affect that is not biased by transient moods on a single day. What 

is more, Study 3 is the first to examine associations between subjective well-being and 

three different markers of inflammation (IL-6, IL-1ra, MCP-1) before and after 

laboratory stress. Considering that IL-1ra and MCP-1 are a) sensitive to psychological 

factors (Asberg et al., 2009; Hackett et al., 2012; Rajagopalan et al., 2001; Suarez et 

al., 2003), b) stress-responsive (Hackett et al., 2012; Marsland et al., 2017; Steptoe et 

al., 2007), and c) relevant to diabetes complications, particularly CVD (Danesh et al., 
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2008; Herder et al., 2006; Tang et al., 2007; van Minkelen et al., 2009), these 

inflammatory factors were also selected as interesting markers to explore.  

Results from Study 3 showed that the stress tasks elicited significant increases in 

subjective stress levels and in IL-6, lending support to the validity of the mental stress 

tasks used in the Diabetes Study. However, the two tasks did not translate into 

significant increases in IL-1ra or MCP-1. Regarding the main findings of the study, 

greater daily happiness significantly predicted lower IL-6 levels pre-stress and post-

stress, and reduced MCP-1 levels pre-stress, independent of covariates. No significant 

relationships were observed for happiness and IL-1ra levels. Nevertheless, this study 

assessed only one dimension of subjective well-being, and as reported earlier, 

consideration of the different types of well-being is meaningful in health research. It 

can be, for example, that IL-1ra shows more consistent associations with other aspects 

of well-being, but this hypothesis requires direct testing in future studies86. Contrary 

to hypothesis, changes in markers were similar in magnitude across different 

happiness levels. It is not clear why well-being does not influence inflammatory 

responses in this patient group. Inflammatory dysregulation in this population, 

reflected in both pre-task absolute levels and IL-6 stress responses compared to 

healthy people (Steptoe, Hackett, et al., 2014), may have accounted for the null 

findings, but replication of these results is warranted.  

Overall, Study 3 shed light on some previously unexplored associations by examining, 

for the first time, the effect of daily happiness on three different inflammatory 

markers throughout laboratory stress testing. The study showed that, in people with 

 
86 Further suggestions for future research are provided on page 244.  
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T2D, subjective stress and IL-6 increase after stress tasks. Notably, the current study 

extended previous literature by demonstrating, for the first time, that happier 

individuals with T2D have lower IL-6 and MCP-1 levels pre-stress (for both markers) 

and post-stress (for IL-6). Importantly, Study 3 formed the basis of the Diabetes 

Follow-up Study that is summarised below.  

9.1.4 Study 4: Sex and daily happiness as predictors of future health 

outcomes in T2D: The mediating role of IL-6 stress responses 

Study 4 (presented in Chapter 8) is a follow-up investigation of the Diabetes Study that 

built upon findings from the two preceding laboratory studies, studies 2 and 3. Data 

were collected and analysed from people with T2D (N = 66) who had previously taken 

part in the Diabetes Study, 7.5 years earlier. Taking the results of studies 2 and 3 into 

consideration, I sought to examine their long-term health implications, by testing 

associations between my baseline predictors of interest (sex, daily happiness) and 

future health outcomes (doctor-diagnosed CVD, number of hospital admissions over 

the previous years, physical and mental health-related quality of life), and by exploring 

the potential mediating role of IL-6 (re)activity (my primary focus was on IL-6 stress 

responses but IL-6 absolute levels were also studied in secondary analysis).  

Study 4 makes a novel and significant contribution to the field for numerous reasons. 

Firstly, the majority of the research on mechanisms published to date has been cross-

sectional, and relatively few longitudinal studies linking inflammatory stress responses 

to future health have been published. Additionally, even though existing laboratory 

studies with a follow-up design demonstrated significant associations between 

increased inflammatory stress responses and poorer CVD risk profile in the long-term 
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(Brydon and Steptoe, 2005; Ellins et al., 2008; Ellins et al., 2017; Steptoe et al., 2016), 

none of these studies were carried out in people with T2D, who face a substantially 

elevated risk of CVD. Also, while these previous studies suggested that increased 

inflammatory responsivity may be a mechanism through which psychological factors 

contribute to ill-health, only one study formally tested the mediating role of 

inflammatory responsivity using mediation analysis (Aschbacher et al., 2012). 

Additionally, Study 4 considered mental health outcomes (as indexed by mental 

health-related quality of life). Mental health-related outcomes have received less 

attention in follow-up studies of biological stress reactivity. Given that increased 

inflammatory cytokines, including IL-6, can induce negative mood symptoms 

(Rosenblat et al., 2014), mental health outcomes are important to be considered, 

especially in people with T2D, who face an increased risk of mental health 

disturbances and subsequently lower quality of life (Arditi et al., 2019; Fisher et al., 

2008; Jannoo et al., 2017; Rotella & Mannucci, 2013; Smith et al., 2013). The study by 

Aschbacher and collegues (Aschbacher et al., 2012), which tested inflammatory (IL-

1β) stress responses in relation to follow-up depressive symptoms, is limited by its 

sample size (N = 35 healthy, post-menopausal women) and short follow-up period of 

one year. In contrast, Study 4 included a larger sample size of both women and men 

with T2D and a follow-up of 7.5 years on average.  

Study 4 confirmed previous research by demonstrating that women with T2D 

experience worse mental health-related quality of life versus men with T2D after 

adjusting for covariates. No sex differences were observed for the other outcomes of 

interest, and no significant associations were found between daily happiness and 
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physical or mental health outcomes. Interestingly, reduced IL-6 stress responses at 45 

minutes (but not the other time points post-stress) predicted superior mental health-

related quality of life at follow-up after adjusting for covariates. Opposed to my 

expectations, IL-6 stress responses were not associated with physical health 

outcomes. Similarly, IL-6 absolute levels did not predict physical or mental health 

outcomes in this study. Finally, mediation analysis (carried out to test whether sex 

differences in mental health-related quality of life are mediated by IL-6 stress 

responses at 45 minutes) was not significant. Therefore, the sex – mental health 

relationship was not mediated by IL-6 stress responses in this study.  

Findings from Study 4 should be interpreted with caution. Despite its longitudinal 

design, this study may have low statistical power (low power increases the probability 

that the test will accept the null hypothesis when it is false [Kang, 2013]). Indeed, one 

of the major limitations of this study is the fact that 74 out of 140 initial participants 

did not take part at follow-up, resulting in a final sample of just 66 individuals. This 

limitation and ways to minimise loss to follow-up are discussed more broadly in the 

sections below (pages 241 and 249, respectively). Nevertheless, findings from Study 4 

significantly added to evidence in the field by introducing, for the first time, the 

prognostic value of IL-6 stress responsivity in the risk of mental health disturbances in 

people with T2D. 

Taken together, this PhD work has shed light on some previously opaque avenues, and 

in combination these studies contribute to the knowledge linking individual factors 

such as sex and subjective well-being, stress-related inflammatory processes, and T2D 

risk and progression.  
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9.2. Methodological issues and limitations   

The results presented in this thesis need to be interpreted in light of their limitations. 

The shortcomings of the individual studies were mentioned at the end of each 

chapter. In this section, the most important methodological issues and limitations of 

the studies comprising this PhD will be highlighted and discussed.  

9.2.1 The study samples   

For this PhD, two different study samples were used. Study 1 participants were drawn 

from ELSA, a nationally representative cohort study of adults aged 50 years and older 

who live in England. Study 1 involved a large sub-sample of ELSA, including 4134 

participants free from diabetes at baseline (2004/05). The samples for Study 2 (N = 

121) and Study 3 (N = 122) were drawn from the Diabetes Study. The Diabetes Study 

was conducted by the Psychobiology Group at UCL in 2011/2 and included participants 

with established T2D. The Diabetes Follow-up Study (Study 4) was a follow-up 

examination of the Diabetes Study involving 66 participants who responded to a 

follow-up invitation.  

Participant samples are not without limitations. In ELSA, while the entire sample is 

nationally representative, missing baseline and follow-up data substantially reduced 

the size of the analytic sample in Study 1. The analytic sample (N = 4134), consisting 

of participants with full data on exposure and outcome variables and all covariates, 

was compared to those excluded due to missing data (N = 4646). Significant 

differences were observed in sociodemographic, behavioural, and clinical 

characteristics between the two samples, and such differences may have introduced 

bias to the study results. For example, compared to those excluded due to missing 
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data, participants of this study were younger, wealthier, and healthier on average, and 

they were more likely to engage in health behaviours such as more frequent physical 

activity and not smoking.  

The Diabetes Study involved strict inclusion criteria. More precisely, enrollment was 

limited to people with T2D and no history or previous diagnosis of CHD, inflammatory 

diseases, allergies, or mood disorders. Even though strict inclusion criteria may 

minimise the risk of extraneous factors being present, these may also restrict the 

external validity of the results (Patino & Ferreira, 2018). For example, by restricting 

the sample to people with T2D and without CHD raises issues about the 

representativeness of the study, since a large number of older people with T2D (up to 

29.1%) have comorbid CHD (Einarson, Acs, Ludwig, & Panton, 2018).  

The number of participants who met the inclusion criteria at the outpatient diabetes 

clinics was low (10%), and as a result the majority of participants were recruited from 

primary care practices. However, the study response rate was difficult to assess as 

primary care practices differed substantially in their ability to record the number of 

screened medical records. For example, patients’ paper records were hand searched 

by the study researchers in some practices. In others, the practice shared the 

addresses of eligible participants, while in the remainder, the practice administrators 

themselves searched for eligible individuals and sent out the recruitment letters 

independent of the study group87. Subsequently, for many practices, the study 

researchers could not estimate the number of eligible participants or the number of 

 
87 The Diabetes Study was carried out before the General Data Protection Regulation was in place, 
therefore it allowed for the specific recruitment strategies to be performed.  
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invitation letters sent out before an interested person contacted the study team at 

UCL.  

All primary care practices that were approached to provide participants for the 

Diabetes Study were located in the London borough of Camden. The fact that 

recruitment was limited to a single area of London raises issues about the 

representativeness of the study sample. More specifically, evidence from the Camden 

Joint Strategic Needs Assessment (Camden Joint Strategic Needs Assessment, 2014) 

demonstrates a large difference between the number of people with T2D and the 

number of expected T2D cases in Camden, and that this chasm is significantly larger 

compared to London or England as a whole. This suggests that a significant number of 

individuals with T2D in Camden are undiagnosed hence these individuals were not 

identified using the recruitment strategy applied in the Diabetes Study.  

Selection bias can alter study findings in cases where potential participants with 

certain characteristics are more or less likely to be selected for the study, rendering 

them over- or under-represented in the study than they are in the general population. 

Participants of the Diabetes Study were blind to study hypotheses, reducing the risk 

of selection bias. Additionally, it is unlikely that individuals with a greater vulnerability 

to stress were more prone to be selected since people with a diagnosed mood 

disorder were excluded from the study. Nevertheless, mood disorder diagnosis (along 

with the other inclusion criteria of the study) was self-reported by the participants 

instead of being screened using questionnaire measures of depression. Specifically, 

potentially eligible participants were asked during a telephone interview and on the 
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day of stress testing whether they had any co-morbidities that would exclude them 

from participating in the study.  

All participants of the Diabetes Study were fluent in the English language. Fluency in 

English was necessary in order for participants to be able to successfully complete the 

study’s self-reported questionnaires. Therefore, the sample is representative of the 

wider London community. Most participants (80%) of the Diabetes Study were of 

white ethnicity. This limitation is important, especially considering the fact that people 

of South Asian and African-Caribbean origin who live in London have a significantly 

greater risk of diabetes than white ethnic groups (Tillin et al., 2013). Similarly, and with 

regards to Study 1, there are very few ethnic minority participants in ELSA (1%), as 

establishing representative oversamples of ethnic minority groups was prohibitively 

expensive (ELSA, 2019). The small number of ethnic minorities in ELSA is still nationally 

representative. However, because of the lack of diversity within study samples, it was 

not possible to test for ethnic differences in study findings. Nevertheless, my PhD 

research was limited to analysing data from existing datasets, therefore it was not 

likely for me to amend the recruitment processes. Additionally, adjusting for ethnicity 

in analyses of studies 1, 2, and 3 did not change the pattern of results observed.  

9.2.2 The study measures  

The ELSA study could be criticised for its single purpose in life measure, as a source of 

measurement error and consequently, residual confounding. Indeed, as suggested by 

previous research (Czekierda et al., 2017), a combined measure of meaning in life and 

meaning-related sense of harmony, peace, and well-being shows more robust 

associations with physical health outcomes compared to a single measure that focuses 
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solely on meaning in life. The purpose in life measure of the Ryff Psychological Well-

being Scales, which has been widely used in previous studies, was only administered 

to a sub-sample of ELSA participants hence it would result in a much smaller sample 

size had it been selected for inclusion in Study 1. Additionally, one-off assessments of 

enjoyment of life and purpose in life were used in Study 1. Repeated measurements 

could provide a more reliable estimate of well-being over time that reflects chronic 

rather than situational well-being. Nevertheless, the temporal stability of subjective 

well-being has been previously documented (Charles et al., 2001; Lucas, & Gohm, 

2000). In ELSA, doctor diagnosis of diabetes over the follow-up was self-reported 

instead of being assessed objectively using HbA1c measurements. Self-reported 

outcome measures rely on the completeness and accuracy of the recorded 

information (Song & Chung, 2010). The reason why self-reported diagnoses rather 

than clinical assessments of blood glucose were chosen is because the latter are only 

carried out every four years (in ELSA’s clinical waves). Furthermore, HbA1c data are 

missing for many participants in ELSA, hence assessing T2D with HbA1c data would 

result in a smaller sample size. Excellent agreement between self-reported doctor 

diagnosis and validated diagnosis of diabetes has been reported in a study of more 

than 1,000 older participants independent of age, education, exiting comorbidities, 

and cognition (Simpson et al., 2004). Additionally, HbA1c data were used in sensitivity 

analysis in order to exclude individuals with undiagnosed T2D at baseline and thence 

minimise the possibility of reverse causality.  

With regards to the biological measures of studies 2, 3, and 4, these included three 

inflammatory markers (IL-6, IL-1ra, MCP-1). All three markers have been used in the 
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analyses presented in Study 3. Findings from Study 3 demonstrated that, in people 

with T2D, IL-6 is the only marker to show significant increases in response to two 

mental stress tasks in the laboratory, adding value to measuring IL-6 stress 

responsivity in this patient group. Considering this finding, Study 2 and Study 4 were 

solely focused on IL-6 (re)activity. One of the key limitations of these studies is that 

missing inflammatory data occurred for about one quarter of participants due to 

technical difficulties with blood sampling, especially in obese individuals. As expected, 

sensitivity analyses showed that participants with missing inflammatory data were 

more likely to be obese compared to participants with full biological data. Complete 

case analysis was used for the main analyses, but such a strategy subsequently 

resulted in a smaller sample size in all three studies. Evidence from previous 

laboratory stress testing studies has shown that blunted cardiovascular and 

neuroendocrine stress responses are cross-sectionally related to obesity (Jones et al., 

2012; Phillips, 2011), as well as increase the likelihood of becoming obese 

longitudinally (Carroll et al., 2008; de Rooij, 2013). If participants with T2D and higher 

obesity show blunted inflammatory stress responses, missing data from obese 

individuals may have produced biased estimates in this study. Additionally, 

ambulatory measures are often more reliable predictors of patient outcomes than 

measures taken in a clinical or laboratory setting (Sheikh, Sinha, & Agarwal, 2011) due 

to the ‘white coat effect’, which refers to a transient elevation in biological levels that 

is exhibited in response to observation during measurement. So, although pre-task 

blood sampling was taken 30 minutes into the rest period, it is possible that the white 

coat effect could have impacted the measurements of the study. Also, even though 

the consideration of three different markers of inflammation is an important 
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advantage of the Diabetes Study, one limitation of studies 2, 3, and 4 is that they only 

focused on inflammatory processes. Given the interplay between the immune system 

and other stress-responsive biological systems (as described in Chapter 1), the 

assessment of other biomarkers would have been valuable. For example, potentially 

relevant biological markers that were not assessed are glucose and insulin. Stressful 

tasks in the laboratory induce increases in both glucose and insulin in healthy 

participants (Nowotny et al., 2010; Picard, Juster, & McEwen, 2014), and may alter 

glucose control in people with T2D (Faulenbach et al., 2012). Even though glucose 

metabolism is a key issue in T2D risk and progression, glucose and insulin stress 

responses were not assessed in the Diabetes Study because these measures were not 

available in the HSS which focused primarily on healthy individuals rather than people 

with metabolic disturbances (as reported earlier in Chapter 4, the Diabetes Study was 

set up as a comparison study to the HSS). 

Outcome measures of the Diabetes Follow-up Study were self-reported. These 

included doctor diagnosis of CVD over the follow-up period, number of hospital 

admissions over the follow-up period, and physical and mental health-related quality 

of life at follow-up. Self-reported clinical measures might be susceptible to recall 

errors (Bhandari & Wagner, 2006; Short et al., 2009). Nevertheless, self-reported 

clinical data are increasingly used in health research as they have been found to be 

accurate for hospital admissions-related data (Raina et al., 2002; Seidl et al., 2016) and 

well-defined chronic conditions such as MI and stroke (Bush et al., 1989; Jamrozik et 

al., 2014; Kehoe et al., 1994; Okura et al., 2004; Paganini-Hill & Chao, 1993; Tretli et 

al., 1982), independently of age, sex, ethnicity, and education (Kehoe et al., 1994). For 
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example, in a nationally representative study of over 10,000 participants in the US, it 

was found that self-reports of hospitalisations for ischemic heart disease and stroke 

were confirmed as accurate for 84% and 67% of cases, respectively (Bergmann, Byers, 

Freedman, & Mokdad, 1998). As reported in Chapter 7, the initial strategy regarding 

the outcome measures of this follow-up was to collect both self-reported and clinical-

records data that are relevant to health. However, at the time of writing this thesis, 

just nine out of 31 primary care practices had agreed to provide data for the study, 

covering only 13 out of the 69 consented participants. Given the small number of 

responding practices and due to time constraints, clinical-records data were not 

collected for the purposes of this thesis, but efforts to obtain medical data will 

continue. Finally, although studies 1, 2, and 3 have adjusted their analyses for multiple 

covariates, the small sample size of the follow-up study limited the number of 

covariates to be included in analyses, hence increasing the possibility of residual 

confounding as a ramification of unmeasured variables. Nevertheless, key covariates, 

such as baseline BMI, were assessed objectively using standardised methods.  

9.2.3 Causality  

Two out of the four studies presented in this thesis were of cross-sectional nature, 

something that precludes any inference about causality. For example, Study 2 did not 

allow the investigation of the background factors that may have contributed to 

significant sex differences in IL-6 stress responsivity in this patient group. Similarly, in 

Study 3, the direction of the relationship between happiness and lower IL-6 and MCP-

1 concentrations could not be examined. It might be that feelings of happiness have a 

regulatory effect on stress systems, including the immune system, or, in the opposite 
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direction, that higher inflammatory levels act centrally to induce mood symptoms (as 

discussed in Chapter 6). Nevertheless, the two studies generated hypotheses to be 

investigated using the follow-up design of Study 4.   

Although studies 1 and 4 were longitudinal analyses, this does not assure that there is 

a causal relationship between the exposures and outcomes of interest. For example, 

we cannot conclude that enjoyment of life or male sex causes more favourable health 

outcomes; other factors may be involved in the pathway. Indeed, this limitation of 

observational studies is particularly relevant to subjective well-being, which is 

embedded in a matrix of other health-related phenomena (Steptoe, 2019b). 

Controlling for sociodemographic, behavioural, and clinical factors in the relationship 

between well-being and health does not mean that these factors are not relevant and 

does not tease out the complexity of these relationships. Naturally this issue also 

applies to the other studies of this thesis.  

Based on the Bradford Hill’s criteria, the case for causation is strengthened when 1) 

the association between exposure and outcome is strong (strength), 2) the same link 

is reported consistently using a variety of methods and in different populations 

(consistency), 3) the association is limited or is greatly increased in specific groups of 

people with a particular environmental exposure (specificity), 4) the exposure 

precedes the outcome (temporality), 5) a biological gradient or a dose-response 

relationship is manifested (biological gradient), 6) there is a biological plausibility of 

the relationship based on current knowledge (biological plausibility), 7) the cause-and-

effect interpretation fits with the known facts of the natural history and biology of the 
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disease (coherence), 8) there is experimental evidence to support the association 

(experiment), and 9) analogies are present (analogy; Lucas & McMichael, 2005).  

The issue of reverse causality (when an outcome of interest is already present, but 

mistaken, at the time of initial assessment) is particularly relevant in conditions which 

develop slowly over many years. This hypothesis was unsubstantiated in Study 1, since 

the results did not attenuate after excluding participants with undiagnosed diabetes 

at baseline and participants who developed T2D within two years of baseline, adding 

weight to the temporal sequence between well-being and T2D. Additionally, 

experimental evidence from Study 3 complements the longitudinal association 

between hedonic well-being and T2D found in Study 1.  

Another well-recognised drawback of observational cohort studies is confounding. 

Indeed, adjusting for potential confounding factors does not fully exclude the 

possibility that unmeasured or imperfectly measured factors account for the 

relationship. This limitation is particularly relevant to Study 4, where the small sample 

size of the study restricted the number of statistical adjustments, as reported 

previously in Chapter 8.  

Another potential source of bias in cohort studies is loss to follow-up, and this is a key 

limitation of Study 4. The sample in Study 4 was reached with invitation letters which 

were posted to participants’ home addresses. Information on home addresses (but 

not telephone numbers) was obtained during the initial Diabetes Study and was 

available for all 140 participants. However, some participants (n = 11) likely moved to 

a new house in the interim period, as invitation letters for these participants were 

returned to UCL as undelivered. Therefore, these participants were not recruited to 
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take part in the follow-up study. Also, at least eight participants had died over the 

follow-up period, and 52 participants failed to respond to the study invitation, despite 

the fact that we provided incentives to participate (a £20 retail voucher) as a means 

to maximise retention of participants. Information on the reasons of the withdrawal 

should be obtained to be used in analyses. However, given the limited ways of 

communication between the study team and participants, this was not feasible. Loss 

to follow-up resulted in a small sample size (N = 66), potentially reducing the statistical 

power of Study 4. Also, systematic differences relating to the outcome or the exposure 

measures between people who drop out and those who continue can introduce 

attrition bias to the study results, thus may reduce the internal validity of the study 

(Song & Chung, 2010). For example, in Study 4 it was found that individuals who did 

not participate at follow-up were of lower education, had higher IL-6 levels (pre- and 

post-task), and experienced higher depressive symptoms during the baseline 

assessment. Adverse psychosocial and inflammatory profiles may be related to an 

increased risk of ill-health in the long term, therefore if losses to follow-up were 

maintained in the study then the study findings may have been different. A general 

rule of thumb states that > 20% losses to follow-up poses serious threats to validity of 

observational cohort studies (Merril & Trimmreck, 2006).  

9.2.4 Limitations of the laboratory stress testing protocol  

The advantages and disadvantages of laboratory stress testing studies have been 

discussed in the introductory chapter. In brief, laboratory stress tasks are often 

arbitrary and may bear little resemblance to everyday life. The Stroop and mirror 

tracing tasks, that were used in the Diabetes Study, have been previously shown to 
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stimulate similar appraisals of involvement and engagement from participants across 

the social gradient and have been used in a number of previous studies (Steptoe, 

Feldman, et al., 2002). However, these tasks are not without limitations. One of the 

main limitations relating to the stress tasks is that the Stroop task was computer-

based. The age range in the Diabetes Study was 50 - 75 years and older participants 

may have less experience using a computer versus younger participants. Previous 

experience with computers could have impacted participants’ performance and 

subjective task ratings (e.g. stressfulness, difficulty). In contrast, in the case of the 

mirror tracing task, computer literacy was unlikely to have influenced performance or 

subjective task ratings. The two tasks are commonly used in stress research, usually in 

combination. However, there was no socially evaluative element to the stress session, 

which could have potentially elicited greater inflammatory responses (Dickerson & 

Kemeny, 2004). A previous study, for example, showed that IL-1ra levels increase two 

hours after exposure to a social stress task. Indeed, in order to obtain a comprehensive 

snapshot of how an individual would respond to a stressor encountered in real-life 

settings, laboratory stressors should have ecological validity and be representative of 

experiences in natural settings. In natural settings, exposure to social evaluation is 

omnipresent; for example, giving presentations and being monitored during the 

performance of tasks in the workplace are commonplace and involve perceived 

threats to ones’ abilities, traits or competencies (Gruenewald, Kemeny, Aziz, & Fahey, 

2004). Therefore, a laboratory paradigm that is representative of these situations 

would be advantageous. Another limitation of the laboratory stress testing protocol 

was the timing of post-stress blood sampling. Although the Diabetes Study was 

designed to capture post-stress reactivity and recovery levels, longer post-stress 
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sampling could be required for the optimal measurement of IL-6 recovery, since IL-6 

is known to peak at 90 minutes post-stress as shown in a meta-analysis of previous 

laboratory studies (Marsland et al., 2017). Also, as mentioned previously in Chapter 6, 

there is evidence to support that IL-1ra shows delayed increases, captured at 90 

minutes (Rohleder et al., 2006) and 120 minutes (Steptoe et al., 2001) post-stress. 

Therefore, it is possible that the stress effects in IL-1ra may have been missed due to 

the limited sampling duration. Nevertheless, repeated blood sampling over a longer 

period may have been intrusive and stress-inducing, which in itself may also influence 

biomarker levels.  

9.3. Suggestions for future research   

Specific suggestions for future studies have been provided in the Discussion section of 

each chapter, particularly in view of the limitations of each study. In this sub-section, 

I will highlight ways to address the most important limitations in future studies as well 

as provide more general ideas for future work in the field.  

With regards to Study 1, ELSA is ongoing (Wave 9 data collection was completed in 

2019 [ELSA, 2019]), and therefore continues to present numerous possibilities for 

research. For example, future analyses of ELSA data could make use of the repeated 

assessments of subjective well-being over time. Indeed, most studies to date have 

assessed subjective well-being on a single occasion. However, the duration of the 

exposure may also be important in this relationship. Repeated reports over several 

years may have a stronger association with physical health outcomes than reliance on 

a single measurement point, and evidence of a time-dependent exposure effect would 

increase confidence for a potential causal association. For example, Iob et al. (Iob, 
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Kirschbaum, & Steptoe, 2020) has assessed the longitudinal persistence of depressive 

symptoms over a 14-year period using Trait ‐ State ‐ Occasion structural equation 

modelling. Future studies can use this method to measure the maintenance of 

subjective well-being over time. Additionally, while some studies (including Study 1) 

have used a single purpose in life measure, research has suggested that a combined 

measure of meaning in life and meaning-related sense of harmony, peace, and well-

being may be preferable as it shows more robust associations with physical health 

outcomes compared to a single measure that focuses solely on meaning in life 

(Czekierda et al., 2017). To add to this point, although most of the previous studies 

have treated purpose in life and meaning in life as synonymous constructs, emerging 

work  has  resulted in the development of a tripartite model of meaning in life, 

consisting of three aspects: 1) purpose in life, 2) coherence88, and 3) significance89 

(George & Park, 2016; Martela & Steger, 2016). Therefore, in order to identify the best 

potential intervention targets for reducing T2D risk, observational cohort studies 

could also assess the other facets of meaning in life. This also applies to the different 

facets of hedonic well-being (e.g. enjoyment of life versus happiness), some of which 

may show stronger associations with T2D. Another key point that requires attention 

is whether the protective association between enjoyment of life and incident T2D (as 

observed in Study 1) is mediated via biological factors, such as reduced inflammatory 

(re)activity. Fibrinogen data are available in ELSA, and considering that fibrinogen 

(re)activity is sensitive to subjective well-being (Steptoe et al., 2005) and relevant to 

 
88 Coherence refers to the degree to which people perceive their lives as making sense (George & 
Park, 2016; Martela & Steger, 2016). 
89 Significance refers to the degree to which people feel that their existence is of significance, 
importance, and value in the world (George & Park, 2016; Martela & Steger, 2016).  
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physical health outcomes (Brydon & Steptoe, 2005; Ellins et al., 2008; Ellins et al., 

2017; Steptoe et al., 2016), fibrinogen would be an interesting marker to assess in 

future work. In addition, over the last decades, several studies have demonstrated 

that cellular aging markers, including telomere length, mitochondrial function, 

markers of oxidative stress (e.g. 8-hydroxy-2-deoxyguanosine levels, superoxide 

dismutase), and inflammatory markers intertwined in complex networks that shape 

their roles in cellular senescence (Liu et al., 2019; Zhu, Liu, Ding, Wang, & Geng, 2019; 

Zole & Ranka, 2018). These factors have been reported to be associated with multiple 

age-related conditions, including T2D (D'Mello et al., 2015; Liu et al., 2020; Salpea et 

al., 2010; Willeit et al., 2014; Zhao et al., 2014). The complex interactions of these 

markers are also possible avenues of exploration in relation to T2D.   

With regards to the Diabetes Study limitations, and for the sake of advancing the 

quality of future research, recruitment of participants with T2D should be carried out 

across different areas of London in order for researchers to ensure that the sample is 

representative of the wider population of individuals with T2D who live in London. For 

example, a more divergent sample would be expected taken that people of South 

Asian and African-Caribbean origin who live in London have a significantly greater risk 

of T2D than white ethnic groups (Tillin et al., 2013). And even though Camden is an 

ethnically diverse area, as mentioned previously, many people with T2D remain 

undiagnosed in Camden (Camden Joint Strategic Needs Assessment, 2014). 

Additionally, as described previously, one of the key limitations of studies 2 and 3 is 

that full biological data were collected for only about three quarters of the sample due 

to practical difficulties with blood sampling. Indeed, blood sampling is invasive and 
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may be burdensome to collect for both researchers and participants. An alternative, 

non-invasive means to assess systemic inflammation may be the use of salivary 

cytokines. Research examining the utility of salivary markers of inflammation has 

grown rapidly over the past five years. A review of laboratory stress testing studies 

concluded that IL-1β, TNF-α, and IL-6 can be reliably determined from saliva and they 

show significant increases in response to laboratory stress, with effect sizes ranging 

from very small to very large (Slavish et al., 2015). Furthermore, salivary markers of 

inflammation, including CRP and IL-6, have been cross-sectionally associated with 

psychological characteristics such as daily happiness, vital exhaustion, depressive 

symptoms, and post-traumatic stress symptoms (Newton, Fernandez-Botran, Miller, 

& Burns, 2014; Sjögren, Leanderson, Kristenson, & Ernerudh, 2006; Slavish et al., 2019; 

Wang, Mandel, Levingston, & Young, 2016). There is also evidence for connections 

between salivary cytokine responses and brain activity. Specifically, in women who 

experienced a recent loss, salivary IL-1β and soluble TNF receptor II correlated 

positively with activation of the prefrontal cortex and anterior cingulate cortex after a 

grief elicitation task (O'Connor, Irwin, & Wellisch, 2009). Albeit limited, evidence from 

existing studies encourages further investigation of the utility of salivary measures as 

well as more basic research on the origin of inflammatory markers in saliva and on 

potential daily rhythm (Out, Hall, Granger, Page, & Woods, 2012). Most importantly, 

future studies with larger sample sizes should explore the predictive validity of saliva 

cytokines (re)activity on targeted disease outcomes, as well as demographic and 

psychological moderators of salivary concentrations and stress responses. Another 

advantage of salivary collection is that it may allow the application of naturalistic pre-

test measurements as a means to rule out the white coat effect. While comparisons 
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of absolute concentrations of biomarkers obtained through different means can be 

problematic, this is less critical when examining change in biomarkers over time. In 

the laboratory, salivary measurements may also enable a more extensive sampling to 

be carried out. Indeed, a longer sampling period (e.g. up to 120 minutes following 

stress) would be an important asset for future studies which aim to measure the 

course of inflammatory markers such as IL-6 or IL-1ra.   

With regards to Study 3, future qualitative studies could assess observable happy 

feelings (e.g. using records of facial signs of emotional experiences under naturalistic 

conditions) as this could provide a different perspective in understanding the 

relationship between daily happiness and inflammatory stress reactivity. Additionally, 

as reported earlier, consideration of the different types of well-being is meaningful in 

health research. It could be, for example, that IL-1ra shows more consistent 

associations with different aspects of well-being, and this hypothesis requires direct 

testing in future studies. Another suggestion for studies of stress reactivity would be 

to investigate the effects of individual factors (e.g. happiness) on multiple systems’ 

function in people with T2D, and the long-term health implications. Cardiovascular 

and cortisol data are available in the Diabetes Study, and by examining the effect of a 

psychological factor upon the whole system’s function would give us a more detailed 

picture of the underlying mechanisms and would pave the way for the examination of 

the predictive validity of an aggregated biological risk score. It is also important for 

future investigations to assess glucose and insulin stress responses (these were not 

measured in the Diabetes Study) as these may also be key predictors of T2D risk and 

progression. Further inflammatory factors that are relevant to assess, as shown in 
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laboratory stress testing studies, include IL-1b, fibrinogen, and TNF-α (fibrinogen, in 

particular, shows consistent associations with physical health outcomes in follow-up 

studies, as described in Chapter 1). Not only biological markers’ levels but also the 

cellular sensitivity to these markers would also be an interesting pathway to search. 

Given the anti-inflammatory effects of GCs, the measurement of GC sensitivity would 

be particularly important in this context. A previous study has shown that the 

condition of T2D is associated with increased GC sensitivity pre-stress (measured by 

quantifying the action of dexamethasone on IL-6 levels) compared to a healthy control 

group. Additionally, in contrast to the control group, which showed decreased GC 

sensitivity in response to stress, GC sensitivity remained stable in the diabetes group 

post-stress (Carvalho et al., 2015). These findings are in line with the blunted IL-6 

stress responses found in T2D compared to healthy controls (Steptoe, Hackett, et al., 

2014). Following on from findings of studies 2 and 4, further sex-specific research on 

health outcomes in T2D must be stressed. One line of research would be to have clear 

insight on what contributed to sex differences in inflammatory responsivity in this 

population, and why women with T2D experience had worse mental health-related 

quality of life compared to men with the condition. Future studies would benefit from 

a careful consideration of sex as a potential moderator of the relationship between 

psychological factors and health outcomes in T2D.  

Referring to the follow-up study, future investigations should try to minimise the 

number of participants who drop out from the study. One useful strategy to prevent 

losses to follow-up is to ensure good communication between researchers and 

participants using effective communication channels (e.g. contact to be carried out via 



 
 

251 
 

telephone instead of post). For example, future follow-up studies can maintain 

telephone communication with the initial study participants about plans to be re-

contacted for future research. Indeed, participants from the Diabetes Study were not 

warned that they might be re-approached again in a few years’ time. Telephone 

communication would also enable researchers to track any changes in participants’ 

personal details (e.g. home address details). These strategies certainly imply that a 

prior permission was provided by the participants, personal data are securely stored, 

access is limited to authorised researchers, and anonymity is maintained, as required 

by the General Data Protection Regulation. Another strategy to help prevent losses to 

follow-up is to limit the amount of data collected in order to reduce the burden for 

participants. This can be achieved by collecting only the essential information. With 

regards to outcome measures, objective medical data should be assessed. Objective 

clinical data can also be expanded to include mental health outcomes (e.g. major 

depressive disorder diagnosis), while nurse visits at participants’ homes would allow 

objective measurements to be carried out (e.g. blood sampling for HbA1c 

measurements or objective anthropometric assessments). Nevertheless, such 

objective measurements carried out by trained staff demand considerable financial 

investment.  

Finally, and with regards to study design and causality, firm conclusions would be 

strengthened by randomised intervention studies aimed at measuring whether the 

changes in the exposure result in changes in the outcome, but such a method would 

require longitudinal trials that involve robust methods of modifying the exposure over 

prolonged periods. Randomised controlled studies are described in the final section 
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of this chapter (page 251). In the meantime, observational cohort studies can be 

complemented by other approaches that might produce more compelling findings 

than those emerging from observational work, such as Mendelian randomisation and 

regression discontinuity analyses. Mendelian randomisation studies sit at the 

interface between conventional observational studies and randomised controlled 

trials (Davies, Holmes, & Davey Smith, 2018). These use genetic variants, which are 

fixed at conception, to support, under certain assumptions, causal associations 

between an exposure and an outcome using observational data (Davies et al., 2018). 

Comparable to randomised clinical trials, Mendelian randomisation studies create 

groups that are determined by genotypes and are independent of confounding 

factors. In theory, if the groups form a significant association with the outcome, the 

relationship is independent of confounders and is via the exposure (Davey Smith & 

Hemani, 2014; Kuo, Pilling, Kuchel, Ferrucci, & Melzer, 2019). Mendelian 

randomisation studies may produce more compelling findings than traditional 

observational studies as they are less susceptible to confounding effects, 

measurement errors, or reverse causality bias (Davies et al., 2018; Kuo et al., 2019). 

Regression discontinuity design is a form of quasi-randomisation in an observational 

setting that can be used, in some cases, to estimate the impact of an intervention on 

a specific outcome of interest. Regression discontinuity studies make use of a clinical 

cut-off point and assume that individuals who are just above the cut-off point and 

those who are just below belong to the same population. Based on this assumption, 

the treatment is made available to people who are just above the threshold and is not 

provided to those who are just below the threshold (O'Keeffe et al., 2014). By 
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assigning people to well-being interventions based on BMI or HbA1c clinical cut-offs 

might be a way to harness this design in well-being and health research.  

9.4 Implications 

9.4.1 Well-being and lifestyle interventions for the prevention of T2D 

Results from Study 1 showed that enjoyment of life was associated with a decreased 

rate of incident T2D over the follow-up period of 12 years. These findings highlight the 

role of enjoyment of life on glucoregulation and, ultimately, diabetes prevention and 

have implications for positive psychology interventions to reduce the risk of T2D.  

Positive psychology is a fast-moving research area with great promise. Positive 

psychology interventions aim to boost positive emotions, behaviours, and thoughts 

via structured exercises such as expressing gratitude, using strengths, savouring 

positive experiences, performing acts of kindness, and mindfulness (Bolier et al., 2013; 

Sin & Lyubomirsky, 2009). They differentiate from traditional psychological 

interventions that were designed to address an emotional or behavioural problem in 

that positive psychology interventions were developed to enhance subjective well-

being across different populations, including those with and without emotional or 

behavioural difficulties (Feig et al., 2019). This is an important asset of positive 

psychology interventions compared to other intervention programs. As described in 

Chapter 1, positive and negative emotions operate on separate continua; The absence 

of negative affect does not by definition imply that one is experiencing psychological 

well-being (Keyes, 2005). Positive psychology interventions operate from this 

conceptualisation; Subjective well-being is not just the absence of negative affect or 
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mental health problems, but instead is the presence of positive psychological 

resources (Sin & Lyubomirsky, 2009). 

There is currently a substantial literature on positive psychology interventions and 

their efficacy in enhancing subjective well-being in both healthy and diseased 

individuals. Findings from previous studies showed that positive psychology 

interventions have favourable effects on reducing psychological distress (symptoms 

of depression, anxiety, and stress) and increasing well-being, positive affect, quality of 

life, and life satisfaction (Allen, Wetherell, & Smith, 2020; Bawa et al., 2015; Bolier et 

al., 2013; Chakhssi, Kraiss, Sommers-Spijkerman, & Bohlmeijer, 2018; Frawley, 2015; 

Gotink et al., 2015; Hendriks, Schotanus-Dijkstra, Hassankhan, de Jong, & Bohlmeijer, 

2019; Sin & Lyubomirsky, 2009; Smith, Thompson, Hall, Allen, & Wetherell, 2018). 

Notably, a meta-analysis of single-component intervention studies (including activities 

that target one component of well-being [Boiler et al., 2013]) and a meta-analysis of 

multi-component interventions (including activities that target more than one 

construct of well-being [Hendriks et al., 2019]) demonstrated similar effects on 

increasing well-being and reducing depression symptoms post-interventions. These 

results suggest that targeting only one component (e.g. enjoyment of life) can be as 

effective as targeting multiple components. For example, interventions targeting 

enjoyment of life may include 1) exercises that help individuals to identify those 

activities they enjoy the most in their daily life and their wider concept; when, where, 

how, why, with who, 2) exercises that boost full consciousness so as for individuals to 

learn to be ‘at present’ when experiencing joyful moments, and 3) enhancement of 

these activities on a daily basis. Single component interventions may be easier for 
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participants to grasp and exercise and cheaper to deliver compared to multi-

component trials. Given that the well-being programs require a trained 

interventionist, the feasibility and cost of disseminating such a program in a 

healthcare setting is important to consider. 

As mentioned above, positive psychology interventions seem efficacious for eliciting 

favourable changes in well-being in both clinical and non-clinical populations. With 

regards to people with established diabetes, a recent systematic review identified 34 

well-being interventions in participants with T1D and/or T2D (mostly group-based 

interventions in adults with T2D [Massey et al., 2019]). These included positive 

psychology interventions, mindfulness-based programs, acceptance and commitment 

therapy, and resilience-based interventions. The overall findings revealed significant 

benefits across a variety of psychological and physical health outcomes. Depressive 

symptoms and HbA1c levels were the most consistently improved outcomes post-

intervention. Some, but lesser, effects were observed for behavioural (self-care) 

outcomes. Nevertheless, only four studies were rated as high-quality in this review, 

and the majority of them involved small sample sizes (less than 50 participants). 

Although promising, it is not yet known whether the effects of well-being 

interventions are sufficiently large or enduring to improve prognosis of people with 

T2D or to prevent the onset of T2D.  

Indeed, the effects of positive psychology interventions could be even more important 

in people at high risk of developing T2D. A recent randomised controlled trial 

examined the effectiveness of an 8-week mindfulness-based stress reduction program 

combined with diabetes risk reduction education versus diabetes risk reduction 
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education alone on reducing the risk of T2D. The sample consisted of 68 African 

American participants with pre-diabetes and high levels of self-reported life stress. 

Both groups (mindfulness-based stress reduction and education versus education 

alone) attended weekly sessions that lasted for two and a half hours, in addition to a 

4-hour half-day retreat, plus six 1.5-hour booster sessions at 1-month intervals after 

the completion of the 8-week intervention. Within-group comparisons demonstrated 

that both groups achieved reductions in HbA1c at three and six months from baseline 

(effect sizes for each group are not reported in this study). Also, the mindfulness group 

showed decreases in calorie, carbohydrate, and fat intake and increases in spiritual 

well-being which were observed up to six months from baseline. BMI and perceived 

stress reductions were seen at the 3-month follow-up but were not maintained at six 

months (Woods-Giscombe et al., 2019). Concluding, this study by Woods-Giscombe et 

al. showed that mindfulness-based interventions might have biological benefits and 

might reduce the risk of overt diabetes by modifying clinical risk factors. Nevertheless, 

this was a small intervention study and follow-up period was short. Therefore, what is 

still unknown is whether these effects could be sustained over longer time periods 

and for how long these interventions need to be applied in order for them to have a 

meaningful impact on biology and thence health.  

And although mindfulness is distinct from enjoyment of life, the two constructs 

present important similarities. For example, the state of awareness, which is at the 

core of mindfulness practices, might be strongly related to the state of enjoyment. 

Additionally, mindfulness practices are focused on savouring positive emotions, 

including enjoyment of life. Findings from a meta-analysis with a heterogeneous 
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sample of clinical and non-clinical populations showed that psychological 

interventions (including mindfulness interventions) have positive effects on biological 

factors relevant to diabetes including fasting blood glucose, ambulatory systolic blood 

pressure, resting heart rate, heart rate variability, and low density lipoprotein 

cholesterol (Pascoe, Thompson, & Ski, 2017). Again these findings suggest that 

mindfulness interventions may be effective in reducing the risk or delaying the onset 

of T2D.  

The benefits of well-being interventions might be extended to improve lifestyle 

factors. Indeed, not only clinical, but also behavioural pathways, could provide 

simultaneous targets for well-being interventions studies. For example, two previous 

interventions (positive affect and mindfulness interventions, respectively) revealed 

advantageous effects on lifestyle measures, including increased physical activity, in 

patients with heart disease (Peterson et al., 2012; Younge et al., 2015). Enduring 

physical activity, either directly or indirectly, might be particularly important for the 

prevention of T2D (Wu et al., 2014).  

Preventing or delaying T2D by directly targeting healthy lifestyle is on the focus of 

numerous intervention studies. Nine lifestyle randomised controlled trials in 

individuals who were at elevated risk of T2D (mostly based on measures of glycemia) 

were reviewed in 2013 (Schellenberg, Dryden, Vandermeer, Ha, & Korownyk, 2013). 

It was concluded that lifestyle interventions can decrease the risk of diabetes up to 10 

years later, as well as having benefits for weight loss and BMI. However, the lifestyle 

interventions performed by each of the studies included in the review were 

heterogenous. For example, all lifestyle interventions included both a diet and a 
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physical activity component, but further components such as counselling, smoking 

cessation programmes, and weight loss medication, were divergent between studies. 

A 2016 systematic review of lifestyle interventions with a more similar structure 

(including physical activity and diet) in diabetes high-risk groups demonstrated that 

these interventions are associated with reduced rate of diabetes as well as decreased 

glucose levels and adiposity at follow-up (Howells, Musaddaq, McKay, & Majeed, 

2016). Notably, these benefits were more variable in time-limited interventions, 

highlighting the need for longer-duration trials. Additionally, most interventions 

included less than six years follow-up, but longer follow-up periods may be required 

in order to capture additional effects that failed to be assessed in this review (e.g. 

effects on cardiovascular complications and mortality). Finally, a more recent 

Cochrane library review of 12 randomised controlled trials provided further 

information on the separate effects of physical activity and diet interventions in 

people who are at elevated risk of T2D. Specifically, it was found that physical activity 

alone or diet alone are not efficient enough to reduce the risk of T2D compared to 

standard treatments, but in combination these strategies can significantly reduce the 

incidence of T2D or delay the onset of T2D in participants with impaired glucose 

tolerance (Hemmingsen et al., 2017). However, it seems that only a small number of 

people at high-risk for diabetes are taking part in lifestyle intervention studies, 

therefore more efforts should be made in order to engage these people in 

intervention trials. Concluding, there is evidence to support the effectiveness of 

lifestyle interventions for the prevention of T2D. These interventions should be 

considered in micro-level and macro-level prevention strategies. 
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9.4.2 Anti-inflammatory interventions for the prevention of mental health 

disturbances in people with T2D 

Study 3 showed a cross-sectional association between greater subjective well-being, 

as indexed by daily happiness levels, and lower IL-6 levels before and after stress 

exposure in people with T2D. Adding to these results, Study 4 demonstrated that 

higher IL-6 stress responses in individuals with T2D are longitudinally linked with lower 

mental health-related quality of life. Together these findings suggest that IL-6 levels 

and stress responses could possibly serve as individual biomarkers of excess risk for 

the development of mental health disturbances in this population and encourage 

research to investigate the implementation of immunomodulatory interventions in 

patients with elevated IL-6 levels and exaggerated stress responses.  

Psychological interventions (Cognitive Behaviour Therapy [CBT], mindfulness-based 

interventions, relaxation techniques, medical qigong) seem to have anti-inflammatory 

effects, as evident in a systematic review and meta-analysis of 19 randomised 

controlled trials including healthy and diseased individuals (O'Toole et al., 2018). More 

specifically, a small but significant effect was observed for CRP attenuation 

immediately following these interventions. In view of evidence that lower 

concentrations of resting CRP are cross-sectionally associated with reduced IL-6 stress 

responses in the laboratory (Lockwood et al., 2016), such interventions may have 

additional benefit in terms of regulating IL-6 reactivity to stress. Nevertheless, the 

effect of the interventions on CRP was not seen when including studies with follow-

up assessments (the mean time from baseline to follow-up was eight months [ranged 

from three to 16 months]). Indeed, the majority of well-being interventions have 

measured health outcomes over relatively short periods, and one of the greatest 
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challenges of such studies are to induce sustained effects that can be translated into 

long-term improvements in health. Intervention effects are worthwhile but are not 

likely to promote enhanced health unless sustained for longer periods (Steptoe, 

2019b). Moderation analysis on treatment type (CBT versus meditation/mindfulness), 

number of sessions (from four sessions to 24 sessions [mostly on a weekly basis], and 

follow-up duration was not statistically significant in the aforementioned meta-

analysis (O’Toole et al., 2018). Non-significant findings from these sub-group analyses 

may in part be explained by the small number of studies included. For example, only 

four studies were included in analyses testing for follow-up effects. However, the 

effect for CRP reduction was greater for individuals with higher psychological stress at 

baseline, suggesting that people with T2D, who have been found to experience 

increased levels of psychological stress compared to healthy individuals (Steptoe, 

Hackett, et al., 2014), may experience a stronger anti-inflammatory advantage when 

participating in psychological interventions. A more recent meta-analysis of 56 

randomised controlled trials examined the effect of nine different psychosocial 

interventions on seven immune outcomes in participants with inflammatory-related 

conditions (Shields, Spahr, & Slavich, 2020). This study revealed that psychosocial 

interventions, especially CBT and interventions incorporating multiple 

psychotherapies, were significantly associated with enhanced immune system 

function overall. Immune outcomes more consistently associated with the 

interventions were decreases in inflammatory markers’ levels, including IL-6 and CRP, 

and, secondarily, increases in immune cell counts. The mean length of the 

interventions was 10 weeks and the effects of the interventions persisted for at least 

six months following the end of the programmes. Notably, relative to the control 
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group, psychosocial interventions were associated with an 18% reduction in harmful 

pro-inflammatory activity.  In comparison, a previous randomised clinical trial (Mohler 

et al., 2008) demonstrated that, compared to a control group, a treatment with 160-

milligram dose of darapladib (for the management of atherosclerosis) decreased IL-6 

and CRP levels by 12% and 13%, respectively, suggesting that psychosocial 

interventions can reduce systemic inflammation in a way similar to using anti-

inflammatory agents to reduce CVD risk. A previous randomised controlled trial in 214 

participants with T2D and sub-clinical depression explored the anti-inflammatory 

effect of a 5-week CBT versus diabetes education (Hermanns et al., 2015). At the 12-

month follow-up both groups showed significant decreases in IL-1ra levels, but no 

significant differences were observed in serum CRP, IL-6, and total adiponectin within 

or between groups. Concluding, well-being interventions seem to have an anti-

inflammatory impact which may be of clinical importance in patients with T2D.  

Physical activity is another example of a natural anti-inflammatory agent. A growing 

number of studies have demonstrated the role of physical exercise on improving 

inflammatory parameters in older individuals. A recent review of the literature 

involving both observational studies and randomised trials suggested that physical 

activity can successfully modify the inflammatory status of the elderly by decreasing 

the levels of pro-inflammatory markers including IL-6, IL-1ra, and TNF-α (Fossati et al., 

2020). It was also evident that acute periods of exercise result in a transient, mostly 

pro-inflammatory effect, whereas physical activity on a regular basis is associated with 

a chronic anti-inflammatory effect (Fossati et al., 2020).  
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Evidence of the anti-inflammatory impact of physical activity in people with 

established T2D seems contradictory (Melo et al., 2017). For example, one previous 

study including 60 participants with impaired glucose tolerance showed that a 12-

month aerobic exercise programme (versus usual care) resulted in significant 

decreases in plasma IL-6 concentrations but only in those participants carrying the SNP 

K174C allele (Oberbach et al., 2008). In contrast, another study which compared 

aerobic exercise versus resistance exercise in 48 participants with diabetes found no 

significant between-groups differences in IL-6 after the 3-month training session 

(Jorge et al., 2011). Data from another study with a larger sample size (N = 82) showed 

that high-intensity and supervised aerobic or combined exercise (aerobic and 

resistance training) can result in a significant reduction in IL-6 and CRP in individuals 

with T2D and metabolic syndrome after 12 months of training compared with 

controls, with the effects for CRP being stronger for the combined exercise group 

(Balducci et al., 2010). In another study of 75 participants with T2D, no significant 

decrease in IL-6 was reported for the exercise group (moderate-intensity aerobic) 

versus controls after 12 weeks of training, but the aerobic group achieved a significant 

reduction in CRP (Choi et al., 2012). It is not clear why physical activity interventions 

in people with metabolic disturbances present mixed results relating to their 

effectiveness in reducing inflammatory factors. Differences in sample size, type and 

intensity of exercise programmes, and the duration of the interventions may have 

played a role in the inconsistency of findings.  

Intervening with anti-inflammatory dietary supplements in people with T2D provides 

another interesting possibility to consider in this area for the prevention and/or 
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management of mental health difficulties. A randomised, double-blind, placebo-

controlled trial was carried out to examine the effectiveness of vitamin D and probiotic 

co-supplementation in 60 patients with T2D and comorbid heart disease. It was found 

that the 12-week intervention had beneficial effects on CRP reduction among other 

favourable changes (mental health, glycemic control, high-density lipoprotein 

cholesterol, nitric oxide, and total antioxidant capacity levels (Raygan, 

Ostadmohammadi, Bahmani, & Asemi, 2018). However, a previous meta-analysis 

conducted among people with T2D indicated that probiotic use does not have a 

significant effect on CRP levels (Kasińska & Drzewoski, 2015), therefore it is possible 

that the CRP-effect seen in the study by Raygan et al. (Raygan et al., 2018) was mainly 

driven by the consumption of vitamin D. The effects of omega-3 polyunsaturated fatty 

acids supplementation on reducing inflammatory factors, including IL-6, in patients 

with the metabolic syndrome, hypertensive obese and/or T2D, were not confirmed in 

previous individual randomised controlled trials (Ellulu, Khaza'ai, Patimah, Rahmat, & 

Abed, 2016; Kabir et al., 2007; Satoh et al., 2007; Woodman et al., 2003) with small 

sample sizes (Ns between 27 and 64). In contrast, a pooled analysis of three trials (with 

159 participants in total) showed a beneficial effect of omega-3 supplements in 

reducing fibrinogen levels by 10% compared with placebo (Hartweg, Farmer, Holman, 

& Neil, 2009).  

Concluding, current findings from well-being programs, physical activity trials, and 

nutrient supplementation interventions seem promising in reducing levels of IL-6 and 

other markers of inflammation and should be considered in people with T2D for the 

prevention of mental health difficulties. Notably, no previous interventions have 
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directly targeted inflammatory stress reactivity, albeit the latter has been found to be 

predictive of clinical health outcomes as described in Chapter 1. One previous study 

showed that increased physical fitness (as indexed by exercise heart rate) is associated 

with reduced IL-6 and TNF-α stress responses in the laboratory after adjusting for 

covariates (Hamer & Steptoe, 2007). However, there is a lack of intervention studies 

that have directly targeted inflammatory stress responses. Inflammatory stress 

responsivity needs to be considered as a modifiable risk factor in future intervention 

studies.    

9.4.3 Interventions for the management of mental health disturbances in 

women with T2D 

Study 4 showed that women with T2D face worse mental health-related quality of life 

compared to men with the condition. These findings highlight the role of sex as an 

individual factor that needs to be considered in clinical settings and suggest that the 

management of mental health-related quality in people with T2D, especially women, 

should be set as a priority in diabetes care.  

Improving quality of life is an ultimate goal of diabetes care. As evident from a recent 

review of 700 articles published in 61 countries, intervention trials to improve quality 

of life in people with diabetes have risen over time, but the majority of studies have 

been carried out in high-income countries (Tran et al., 2020). Common approaches to 

improve quality of life in people with diabetes include community, family, and e-based 

interventions (using digital technology) to improve self-management and self-efficacy, 

lifestyle (physical activity and dietary) programmes, and interventions focused on 

comorbidities, while only a minority of programmes (4%) are focused on addressing 
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mental disorders in people with diabetes (Tran et al., 2020). The impact of 

interventions aiming to improve quality of life in people with diabetes seems to vary 

according to type of intervention. For example, surgery and pharmacotherapy for the 

management of complications bear the highest beneficial impact on quality of life, 

while educational and behavioural interventions have the lowest effect (Zhang, Norris, 

Chowdhury, Gregg, & Zhang, 2007). Individual studies focused solely on the mental 

health component of quality of life have shown that mindfulness-based interventions 

(van Son et al., 2014), community programmes (Markle‐Reid et al., 2018), family-

oriented self-management interventions (Wichit, Mnatzaganian, Courtney, Schulz, & 

Johnson, 2017), and vitamin D supplementation (Penckofer et al., 2017) are all 

impactful means of improving mental health-related quality of life in people with 

diabetes. However, the above-mentioned intervention studies did not stratify 

analyses by sex and therefore outcomes are presented for both women and men with 

diabetes. This does not allow direct comparisons of the effect of the intervention 

between sexes to help identify of the most beneficial intervention for each sex. As 

reported previously in the introductory chapter of this thesis, women with diabetes 

have a more stressful psychological profile than men with the condition, and much of 

the increased burden felt by women is disease-oriented (Fisher et al., 2008; Inzucchi 

et al., 2012; Siddiqui et al., 2013). Therefore, women with diabetes may be more 

benefitted from diabetes management approaches in order to cope with mental 

health-related problems than men. Sex-specific interventions targeting mental health-

related quality of life in people with T2D are warranted.   
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Intervening with anti-inflammatory agents in people with T2D shows promise in 

improving mental health and quality of life. For example, two  reviews of the literature 

evident that the administration of pro-inflammatory cytokines inhibitors, such as TNF-

α antagonists and IL-1 inhibitors reduces depressive symptoms, anxiety, and fatigue, 

and increases vitality and mental health-related quality of life across different patient 

populations (Soczynska et al., 2009; Yadlapati & Efthimiou, 2016). The effect of anti-

inflammatory agents may be even more robust in individuals with T2D and comorbid 

mental disorders, such as major depressive disorder. Indeed, inflammation has been 

implicated in the pathophysiology, risk, and progression of mood disorders and anti-

inflammatory agents found to have anti-depressant effects compared to placebo in 

people with mood disorders (Husain, Strawbridge, Stokes, & Young, 2017; Rosenblat, 

Cha,  Mansur, & McIntyre, 2014). Notably, anti-inflammatory agents, such as TNF-α 

antagonists and IL-1 inhibitors, have shown to exhibit metabolic effects as well 

(Rosenblat et al., 2014), something which opens new avenues for the prevention and 

management of diabetes (Donath, 2014) and mood comorbidities.  

Concluding, as evidence accumulates, subjective well-being might emerge as a novel 

target for interventions and policies seeking to enhance metabolic health and reduce 

the risk of T2D. Lifestyle interventions can also be a powerful way to prevent or delay 

diabetes onset in high-risk populations. Also, interventions targeting inflammatory 

levels and stress responses should be considered for the prevention of mental health 

difficulties in people with diabetes. Women with T2D, especially, who face worse 

mental health-related quality of life ramifications, should be at the forefront of the 

focus on management interventions. 
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9.5 Final conclusion  

This PhD consisted of four studies aiming to assess the impact of sex and subjective 

well-being on T2D risk and progression, and the biological processes involved. Data 

were used from a nationally representative cohort study and a laboratory stress 

testing study with a follow-up design. Together this body of work contributes to a 

better understanding of the role of sex and subjective well-being in T2D risk and 

progression, and the inflammatory mechanisms involved. Considering the limitations 

of this PhD research, future studies should seek to replicate and expand current 

findings in order to provide improved modalities for the prevention and management 

of T2D.  
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Appendix B. Chapter 3 Supplementary Tables.  

Appendix B1.  

Table S1  

Cox proportional hazards regression on enjoyment of life at 2004/5 predicting 

type 2 diabetes incidence from 2006/7 to 2016/7 after adjustment for 

sociodemographic variables (N = 4134)  

                                                                        HR 95% CI p value 

CASP enjoyment of life [score]  0.92 0.87 to 0.97 0.003 

Age [years] 1.01 1.00 to 1.03 0.060 

Sex [ref. cat.: men] 0.61 0.48 to 0.77 < 0.001 

Financial wealth [£] 

   Quintile 1 [ref. cat.] 

   Quintile 2 

   Quintile 3 

   Quintile 4 

   Quintile 5 

 

1 

0.59 

0.66 

0.52 

0.33 
 

 

 

0.41 to 0.87 

0.47 to 0.92 

0.37 to 0.73 

0.23 to 0.48 
 

 

 

0.007 

0.014 

< 0.001 

< 0.001 

Ethnicity [ref. cat.: White] 2.05 0.91 to 4.60 0.083 

Marital/cohabiting status  

[ref. cat.: married or cohabiting] 

0.87 0.66 to 1.15 0.331 

Note. CASP = Control Autonomy Self-realisation Pleasure scale; CI = confidence interval; HR = 
hazard ratio; N = number; ref. cat. = reference category. 
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Appendix B2.  

Table S2  

Cox proportional hazards regression on enjoyment of life at 2004/5 predicting 

type 2 diabetes incidence from 2006/7 to 2016/7 after adjusting for 

behavioural variables (N = 4134) 

                                                                      HR 95% CI p value 

CASP enjoyment of life [score]  0.92 0.87 to 0.97 0.004 

Physical activity per week 

  Light or none [ref. cat.] 

  Moderate or vigorous 1 day       

Moderate or vigorous >1 days  

 

1 

0.73 

0.77 

 

 

0.52 to 1.02 

0.58 to 1.02 

 

 

0.067 

0.070 

Smoking status [ref. cat.: smokers] 0.67 0.50 to 0.90 0.007 

Alcohol consumption per week  

[ref.  cat.: < 5 days] 

0.80 0.60 to 1.07 0.131 

BMI [kg/m2] 1.11 1.09 to 1.13 <0.001 

Note. CASP = Control Autonomy Self-realisation Pleasure scale; CI = confidence interval; HR = 
hazard ratio; N = number; ref. cat. = reference category.  
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Appendix B3.  

Table S3  

Cox proportional hazards regression on enjoyment of life at 2004/5 predicting 

type 2 diabetes incidence from 2006/7 to 2016/7 after adjustment for clinical 

variables (N = 4134) 

                                                                         HR 95% CI p value 

CASP enjoyment of life [score]  0.91 0.86 to 0.97 0.003 

Hypertension [ref. cat.: no] 1.65 1.31 to 2.08 <0.001 

CHD [ref. cat.: no] 1.39 0.99 to 1.95 0.059 

HbA1c [%] 2.74 2.52 to 2.97  <0.001 

Note. CASP = Control Autonomy Self-realisation Pleasure scale; CI = confidence interval; CHD = 
coronary heart disease; HbA1c = glycated hemoglobin; HR = hazard ratio; N = number; ref. cat. 
= reference category. 
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Appendix B4.  

 

 

Table S4 

Cox proportional hazards regression on purpose in life at 2004/5 predicting 

type 2 diabetes incidence from 2006/7 to 2016/7 after adjustment for 

sociodemographic variables (N = 4134)  

                                                                      HR 95% CI p value 

CASP purpose in life [score]  0.90 0.77 to 1.04 0.154 

Age [years] 1.01 1.00 to 1.03 0.057 

Sex [ref. cat.: men] 0.60 0.48 to 0.75 <0.001 

Financial wealth [£] 

   Quintile 1 [ref. cat.] 

   Quintile 2 

   Quintile 3 

   Quintile 4 

   Quintile 5 

 

1 

0.58 

0.63 

0.50 

0.31 
 

 

 

0.34 to 0.85 

0.45 to 0.89 

0.36 to 0.70 

0.22 to 0.45 

 

 

0.005 

0.006 

<0.001 

<0.001 

Ethnicity [ref. cat.: White] 2.03 0.90 to 4.56 0.086 

Marital/cohabiting status  

[ref. cat.: married or cohabiting] 

0.89 0.67 to 1.17 0.391 

Note. CASP = Control Autonomy Self-realisation Pleasure scale; CI = confidence interval; HR 
= hazard ratio; N = number; ref. cat. = reference category. 
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Appendix B5.  

 

 

Table S5 

Cox proportional hazards regression on purpose in life at 2004/5 predicting 

type 2 diabetes incidence from 2006/7 to 2016/7 after adjusting for 

behavioural variables (N = 4134)  

                                                                      HR 95% CI p value 

CASP purpose in life [score]  0.87 0.75 to 1.01 0.066 

Physical activity per week 

   Light or none [ref. cat.] 

   Moderate or vigorous 1 day 

   Moderate or vigorous > 1 days 

 

1 

0.71 

0.74 

 

 

0.51 to 1.00 

0.56 to 0.99 

 

 

0.047 

0.040 

Smoking status [ref. cat.: smokers] 0.65 0.48 to 0.87 0.004 

Alcohol consumption per week 

[ref. cat.: < 5 days] 

0.79 0.59 to 1.06 0.111 

BMI [kg/m2] 1.11 1.09 to 1.13 <0.001 

Note. BMI = body mass index; CASP = Control Autonomy Self-realisation Pleasure scale; CI = 
confidence interval; HR = hazard ratio; kg/m2 = kilograms per square metre; N = number; ref. 
cat. = reference category. 
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Appendix B6. 

Table S6 

Cox proportional hazards regression on purpose in life at 2004/5 predicting 

type 2 diabetes incidence from 2006/7 to 2016/7 after adjusting for clinical 

variables (N = 4134) 

                                                                         HR 95% CI p value 

CASP purpose in life [score] 0.93 0.80 to 1.09 0.389 

Hypertension [ref. cat.: no] 1.69 1.34 to 2.12  <0.001 

CHD [ref. cat.: no] 1.41 1.01 to 1.98 0.046 

HbA1c [%] 2.75 2.53 to 2.99 <0.001 

Note. CASP = Control Autonomy Self-realisation Pleasure scale; CHD = coronary heart 
disease; CI = confidence interval; HbA1c = glycated hemoglobin; HR = hazard ratio; N = 
number; ref. cat. = reference category. 
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Appendix B7.  

Table S7  

Cox proportional hazards regression on purpose in life at 2004/5 predicting type 2 

diabetes incidence from 2006/7 to 2016/7 after adjusting for sociodemographic, 

behavioural, and clinical variables (N = 4134)  

                                                                      HR 95% CI p value 

CASP purpose in life [score]  0.92 0.79 to 1.08 0.322 

Age [years] 1.01 1.00 to 1.03 0.064 

Sex [ref. cat.: men] 0.63 0.50 to 0.80 <0.001 

Financial wealth [£ 

   Quintile 1 [ref. cat.] 

   Quintile 2 

   Quintile 3 

   Quintile 4 

   Quintile 5 

 

1 

1.00 

1.12 

1.00 

0.67 
 

 

 

0.66 to 1.50 

0.78 to 1.61 

0.66 to 1.39 

0.44 to 1.01 

 

 

0.993 

0.556 

0.810 

0.057 

Ethnicity [ref. cat.: White] 1.87 0.83 to 4.21 0.134 

Marital/cohabiting status  

[ref. cat.: married or cohabiting] 

0.76 0.57 to 1.01 0.061 

Physical activity per week 

   Light or none [ref. cat.] 

   Moderate or vigorous 1 day   

Moderate or vigorous >1 days 

 

1 

0.93 

0.94 

 

 

0.65 to 1.33 

0.69 to 1.28  

 

 

0.697 

0.701 

Smoking status [ref. cat.: smokers] 0.92 0.66 to 1.27 0.594 

Alcohol consumption per week 

[ref. cat.: < 5 days] 

0.85 0.63 to 1.14 0.273 

BMI [kg/m2] 1.11 1.08 to 1.13 <0.001 

Hypertension  

[ref. cat.: no] 

1.37 1.08 to 1.73 0.010 

CHD [ref. cat.: no] 1.12 0.79 to 1.59 0.512 

HbA1c [%] 2.56 2.31 to 2.83 <0.001 

Note. BMI = body mass index; CASP = Control Autonomy Self-realisation Pleasure scale; CHD 
= coronary heart disease; CI = confidence interval; HbA1c = glycated hemoglobin; HR = 
hazard ratio; kg/m2 = kilograms per square metre; N = number; ref. cat. = reference category.  
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Appendix C. The Diabetes Follow-up Study documents.  

Appendix C1. The Diabetes Follow-up Study Participant Information 

Sheet.  

 

Study IRAS ID: 226142 

Diabetes Follow-Up Study 

Participant information sheet 

• We would like to invite you to take part in a follow-up study. Before you 

decide whether you wish to take part, it is important that you understand 

the purpose of the study and what it involves. 

• Please read through the following information and discuss it with others if 

you wish.  

• If anything is unclear or if you would like more information please do not 

hesitate to contact Ms Laura Panagi either by phone (020 7679 1723) or e-

mail (laura.panagi.16@ucl.ac.uk).  

 

What is the purpose of the study? 

We are interested in understanding all the changes that happen to the body in people 

with Type 2 Diabetes. In the first study you took part in, we looked at how you felt 

when we gave you some stressful tasks in our laboratory. We think that how your 

body copes with stress may have a long-term impact on your health. Therefore, we 

are now interested in looking at how the things we found out about you in the first 

study are linked with how you are currently doing. For example, we know that people 

with diabetes sometimes go on to have other health problems such as heart disease 

or problems with their eyes or feet. We would like to find out how you have been 

getting on since the earlier study you took part in with us and how your mood and 

health has been since then. This research will help us work out all the different things 

that are involved in the long-term health of people with diabetes and may inform new 

ways of improving patient care. 

mailto:laura.panagi.16@ucl.ac.uk
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Why have I been invited? 

You have been invited as you took part in our earlier study entitled “The Psychobiology 

of Social Position: The Diabetes Study”. All participants from that initial study are 

invited to participate in this follow-up study. The study is being conducted by 

researchers at the Department of Behavioural Science and Health of University College 

London (UCL). The study team are Professor Andrew Steptoe (study supervisor), Dr 

Lydia Poole (study supervisor), Dr Ruth Hackett (chief investigator), and Ms Laura 

Panagi (student researcher and co-investigator). 

 

Do I have to take part? 

No. It is up to you to decide whether or not to take part. If you are interested in taking 

part then you will be given this information sheet to keep. You will also have the 

opportunity to ask questions and discuss the study in more detail. Even after agreeing 

to take part, you will be free to withdraw at any time without giving a reason. A 

decision not to take part or withdraw from the study will not affect your medical 

treatment in any way. 

 

What does it involve? 

The study involves the completion of a questionnaire booklet. The questions in the 

booklet will be about your current health, well-being, lifestyle and feelings. Our aim is 

to link these data with your previous data collected in our earlier study. This will be 

carried out through statistical analyses and will help us identify the causes of the long-

term health in people with diabetes. You will need approximately 35 minutes to 

complete the booklet, and we will ask you to return it to us using the freepost 

envelope provided. Once we receive your booklet, we will post you a £20 Marks and 

Spencer voucher as a token of our thanks. With your permission, we will ask your 

General Practitioner (GP) to provide us information about your health from your 

medical notes. The things your GP will provide include information about your latest 

blood pressure and blood test results. We will also ask them to confirm whether you 

have any other illnesses such as if you have suffered a heart attack or stroke. All this 
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information will be held in the strictest of confidence and any information you and 

your GP provide will be anonymised so that you are not able to be identified.  

 

What should I do if I would like to take part? 

If you have any questions about the study, please contact Ms Laura Panagi either by 

phone (020 7679 1723) or e-mail (laura.panagi.16@ucl.ac.uk).  You will have the 

opportunity to ask questions and discuss the study in more detail. If you are interested 

in taking part, please read and sign the consent form enclosed with this letter and post 

it back to us using the freepost envelope provided. Please also complete the contact 

information form so we can make sure we have the most up-to-date details for you. 

Please return the consent form and contact information forms to us within two weeks 

from receiving this letter. After having received your consent, we will post you the 

questionnaire booklet to fill in at home.  

 

What are the possible disadvantages of taking part? 

This is not a treatment study and so the likelihood of any harm is minimal. However, 

we understand you will have to spend some time answering the questionnaire booklet 

for us. Therefore, we are offering a £20 voucher from Marks and Spencer to every 

participant as a token of our thanks. This will be posted to you after receiving the 

completed questionnaire booklet from you.  

 

What are the possible benefits of taking part? 

Although there may be no direct benefits to you personally, by taking part you will 

contribute to the scientific knowledge of factors relating to the long-term health of 

people with diabetes. The information we get from this study may also help us to treat 

future patients.   

 

Will my GP be aware of my participation in the study? 

Yes. With your permission, we will contact your GP to notify them of your participation 

in this follow-up study and we will ask them to provide us information about your 

health. Specifically, we will ask your GP to provide us your latest test results on 1) 

mailto:laura.panagi.16@ucl.ac.uk


 
 

359 
 

blood pressure, 2) glycated hemoglobin (HbA1c), 3) fasting glucose levels, 4) 

cholesterol levels and 5) triglycerides levels, as well as information on 6) any health 

conditions such as whether or not you have been told you have had a heart attack and 

stroke since we last saw you. The research team at UCL will collect this information 

about you for this research study from your GP. This information will include your 

name, NHS number, home address and telephone details and health information, 

which is regarded as a special category of information. We will use this information to 

understand how your health has been recently. Finally, if we have any concerns about 

any of the results you provide us in your questionnaire booklet, we will notify your GP 

so they can offer their help to you.  

 

Will my responses to the questionnaire booklet and my medical data be kept 

confidential? 

We want to emphasise that all responses obtained will be strictly confidential and will 

only be used for research purposes. To ensure the information is kept secure, your 

questionnaire responses and medical data will be kept separately from personally 

identifiable information in a secure system, ensuring that all information remains 

strictly anonymous. These data cannot be linked back to you as it will be coded with 

your participant number and not your name. Your personal data will be kept in a 

secure system at UCL designed for handling identifiable data which has been certified 

to the ISO27001 information security standard and conforms to the NHS Information 

Governance Toolkit. Your medical records will not hold any of your results from this 

research.  

The research team at UCL will collect information from you for this research study in 

accordance with our instructions. UCL will use your name, home address and 

telephone details to contact you about the research study, and make sure that 

relevant information about the study is recorded to oversee the quality of the study. 

Individuals from UCL and regulatory organisations may look at your medical and 

research records where they are relevant to your participation in this study to check 

the accuracy of the research study. Your GP will pass relevant information from your 

medical records to the research team at UCL regarding your current health (your latest 
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test results on blood pressure, HbA1c, fasting glucose levels, cholesterol levels and 

triglycerides levels, as well as information on any health conditions since we last saw 

you). The only people at UCL who will have access to information that identifies you 

will be people who need to contact you regarding your participation in this study or 

to audit the data collection process. The people who analyse the information will not 

be able to identify you and will not be able to find out your name, NHS number or 

contact details. With your consent, UCL will keep identifiable information from this 

study for up to 20 years after the study has finished.  

 

What will happen to the results of the research study? 

The results will be statistically analysed and findings will be made known to the 

medical community and published in scientific journals. This is so the results can be 

shared with other doctors and researchers. You will not be identified in any 

publication. You will be personally informed about the results of this study by a letter 

posted to your address.  

 

What if I don’t want to carry on with the study? 

You will be free to terminate your participation in the study at any time and without 

giving a reason. A decision not to take part or withdraw will not affect your medical 

treatment in any way. Please notify Ms Laura Panagi in case of study withdrawal either 

via phone or e-mail.  

 

What if something goes wrong? 

We do not expect you to suffer any adverse effects from this questionnaire study. 

However, if you have a concern about any aspect of this study, you should ask to speak 

to the study researchers in the first instance. If you remain unhappy and wish to 

complain formally, you can do this through UCL complaints procedures by emailing 

research-incidents@ucl.ac.uk. UCL insurance and indemnity cover is being provided.  
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Data Privacy Notice 

Notice: UCL is the sponsor for this study based in the United Kingdom. We will be using 

information from you and your medical records in order to undertake this study and 

will act as the data controller for this study. This means that we are responsible for 

looking after your information and using it properly. UCL will keep identifiable 

information about you for 20 years after the study has finished. Your rights to access, 

change or move your information are limited, as we need to manage your information 

in specific ways in order for the research to be reliable and accurate. If you withdraw 

from the study, we will keep the information about you that we have already 

obtained. To safeguard your rights, we will use the minimum personally-identifiable 

information possible. You can find out more about how we use your information by 

contacting UCL’s Data Protection Office at data-protection@ucl.ac.uk or at 

www.ucl.ac.uk/legal-services/privacy/participants-health-and-care-research-privacy-

notice. 

 

Who has reviewed the study? 

This study has been reviewed and given favourable opinion by the East of Scotland 

Research Ethics Service.  

 

Who is organising and funding the research? 

The research is sponsored and organised by UCL and funded by the Anastasios G. 

Leventis Foundation. No conflicts of interest exist. 

 

What should I do now? 

If you are interested in taking part in the study, please read and sign the consent form 

and complete the contact details form enclosed with this information sheet. Please 

post these back to us using the freepost envelope provided - there is no need to use a 

stamp - within two weeks from receiving this letter. After having received your 

consent, we will post you the booklet to fill in at home. If you are not able to complete 

the consent form at the moment, but would like us to contact you to have a chat about 

the study, please return this contact details form by itself in the freepost envelope so 

mailto:data-protection@ucl.ac.uk
http://www.ucl.ac.uk/legal-services/privacy/participants-health-and-care-research-privacy-notice
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we can give you a call to answer any questions you might have about the study. Or, if 

you prefer, you can contact Ms Laura Panagi directly either by phone (020 7679 1723) 

or e-mail (laura.panagi.16@ucl.ac.uk) with any queries regarding any aspect of the 

study. If you would prefer not to take part, you do not need to do anything. A reminder 

letter will be sent to you in two weeks’ time. 

 
Co-investigator (contact person)    Study Supervisor 
Ms Laura Panagi      Professor Andrew Steptoe 
Tel: 020 7679 1723      Tel: 02076791804 
E-mail: laura.panagi.16 @ucl.ac.uk     E-mail:   
a.steptoe@ucl.ac.uk 

 

Address: UCL Department of Behavioural Science & Health, Psychobiology Group, 1-
19 Torrington Place, London WC1E 6BT 

 

Thank you for taking the time to read this information sheet 

 

mailto:laura.panagi.16@ucl.ac.uk
mailto:laura.panagi.16%20@ucl.ac.uk
mailto:a.steptoe@ucl.ac.uk
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Appendix C2. The Diabetes Follow-up Study consent form.  

 
Study IRAS ID: 226142 

 

Diabetes Follow-Up Study 

CONSENT FORM FOR ADULTS WITH TYPE 2 DIABETES IN 

RESEARCH STUDIES 

Please complete this form after you have read the Participant 

Information Sheet 

 

Title of Study: Diabetes Follow-up Study 

Address: Research Department of Behavioural Science and Health, University College 

London, 1-19 Torrington Place, London WC1E 6BT 

Chief Investigator: Dr Ruth Hackett (tel.: 0207 679 1688, e-mail: 

ruth.hackett.09@ucl.ac.uk) 

Co-investigator: Ms Laura Panagi (tel.: 020 7679 1723, e-mail: 

laura.panagi.16@ucl.ac.uk) 

Principal Investigator/Primary Supervisor: Professor Andrew Steptoe 

(a.steptoe@ucl.ac.uk) 

Secondary Supervisor: Dr Lydia Poole (lydia.poole@ucl.ac.uk) 

UCL Data Protection Officer: Mr Spenser Crouch (s.crouch@ucl.ac.uk)  

 

This study has been approved by the UCL Research Ethics Committee. 

Project ID number: 226142 

mailto:ruth.hackett.09@ucl.ac.uk
mailto:laura.panagi.16@ucl.ac.uk
mailto:a.steptoe@ucl.ac.uk
mailto:lydia.poole@ucl.ac.uk
mailto:s.crouch@ucl.ac.uk
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Consent form instructions 

Thank you for considering taking part in this research. If you have any questions arising 

from the Information Sheet or this consent form, please contact the research team 

before you decide whether or not to join in. The individuals organising the research 

are responsible for explaining the project to you before you agree to take part. Please 

contact Ms Laura Panagi either via phone (020 7679 1723) or via e-mail 

(laura.panagi.16@ucl.ac.uk) with any questions or queries.  

What is this form? 

This form is the consent form. If you would like to take part in our study, we ask you 

to complete this form so that we have written proof of your willingness to take part. 

Participation in this study is completely voluntary.  

What do I need to do with this form? 

If you would like to take part, please read each of the statements on the consent form 

carefully. If you are happy with each of the statements, please put your initials in the 

box to indicate that you agree. At the bottom of the page is a space for you to sign and 

date the form.  

Who should I return this form to? 

Please return this form to us using the freepost envelope provided within two weeks’ 

time. Please include the completed contact details form in the envelope.  

What happens next? 

When we have received your form through the post, we will also sign the form before 

making a photocopy which we will then post back to you for your records. Along with 

this photocopy we will also post you the questionnaire booklet for you to complete, 

at home, in your own time.  

What if I am not able to complete the consent form at the moment?  

mailto:laura.panagi.16@ucl.ac.uk
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If you are not able to complete the consent form at the moment, but would like to us 

to contact you to have a chat about the study, please return the contact details form 

by itself in the freepost envelope so we can give you a call to answer any questions 

you might have about the study. Or, if you prefer, you can contact Ms Laura Panagi 

directly either by phone (020 7679 1723) or e-mail (laura.panagi.16@ucl.ac.uk) with 

any queries regarding any aspect of the study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ID         __ 

mailto:laura.panagi.16@ucl.ac.uk
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Diabetes Follow-Up Study 

Consent Form 

 

I confirm that I understand that by initialling each box below I am consenting to this 

element of the study.  I understand that if I do not initial a box it means that I DO 

NOT consent to that part of the study.  I understand that by not giving consent for 

any one element that I may be deemed ineligible for the study. 

 

 Initials 

1.  I confirm that I have read and understood the Information Sheet 

for the above study.  I have had an opportunity to consider the 

information and what will be expected of me. I have also had 

the opportunity to ask questions which have been answered to 

my satisfaction, and I would like to take part in the study. 

  

 

2.  I understand that I will be able to withdraw my data at any time 

without giving a reason. 

 

3.  I consent to the processing of my personal information (name, 

surname, home address) for the purposes explained to me. I 

understand that such information will be handled in accordance 

with all applicable data protection legislation. 

 

4.  I understand that all personal information will remain strictly 

confidential and that all efforts will be made to ensure I cannot 

be identified. Personal data will be kept in a secure system at 

UCL, with access being limited to Dr. Ruth Hackett and Ms 

Laura Panagi.  

I understand that my data gathered in this study will be kept 

separately from personally identifiable information in a secure 

system. It will not be possible to identify me in any 

publications. 
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5.  I understand that my information may be subject to review by 

responsible individuals from the University for monitoring and 

audit purposes. 

 

6.  I understand that my participation is voluntary and that I am 

free to withdraw at any time without giving a reason and 

without the care I receive or being affected. 

I understand that if I decide to withdraw, any personal data I 

have provided up to that point will be deleted unless I agree 

otherwise. 

 

7.  I understand that support will be available to me should I wish 

to complain either informally or formally about any aspects of 

the study. 

 

8.  I understand the benefits of participating.  

9.  I understand that the data will not be made available to any 

commercial organisations but is solely the responsibility of the 

researchers undertaking this study.  

 

10.  I understand that I will be compensated £20 for my 

participation in the study.  

 

11.  I understand that my GP will be notified of my participation in 

this study.  

 

12.  I understand that my GP will be contacted for information 

about 1) my latest blood pressure results, 2) my latest diabetes-

related blood test results, and 3) any diagnoses of long-standing 

illness.  

 

13.  I agree that my GP may be contacted if any unexpected results 

are found in relation to my health. 

 

14.  I am aware of who I should contact if I wish to lodge a 

complaint.  
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15.  I voluntarily agree to take part in this study.   

16.  I understand that other authenticated researchers may have 

access to my anonymous questionnaire and health records for 

research purposes in the future. These data will be kept 

separately from personally identifiable information; Thus, 

identification will be impossible.  

 

 

If you would like your contact details to be retained so that you can be contacted in 

the future by UCL researchers who would like to invite you to participate in follow 

up studies to this project, or in future studies of a similar nature, please tick the 

appropriate box below. 

 

_________________________         ________________ ___________________ 

Name of participant          Date   Signature 

 

_________________________         ________________ ___________________ 

Name of researcher              Date             Signature 

 

 

 

 

 

 

 

 Yes, I would be happy to be contacted in this way  

 No, I would not like to be contacted  
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Appendix C3. Parts of the questionnaire booklet of the Diabetes Follow-

up Study.  

      

Section 2 - This section is about your health 
       

 

 

1a. When were you diagnosed with type 2 
diabetes? Please indicate the year of 
diagnosis.  
 
 
 
  

 

 
 

 
 
 

 

  
 

Please enter reason for 
admission 

 

 
 
 
 

 
 
 
 

 
 
Please enter month 

of admission 
 

 
 
 

 
 
 

 
 

Please enter year 
of admission 

 

Admissio
n 1 

 
   

    

         

Admissio
n 2 

 
 

      
     

         

Admissio
n 3 

 
 

      
     

         

Admissio
n 4 

 
 

      
     

2a. Have you been admitted to hospital 
(including both day cases and overnight 
stays) in the last seven (7) years? 
  

   
   

Yes 
 

1 

 

 
 

      

No 
 

2 

  

Go to question 3a 
  

2b. 
Please enter number of times 
(please provide details below) 
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Admissio
n 5 

 
 

      
     

 
If more than five admissions, please use the comments page at the end of the 
questionnaire. 
 
 

 
3a.    Using the list below, please indicate which medical conditions (if any) you 
have. If you have a medical condition please indicate if and when you were 
diagnosed by a doctor. 
 

Medical condition   Please 
indicate yes 
or no. 
Yes = I have 
the condition. 
No = I do not 
have the 
condition. 
 

Was this 
diagnosed by a 
doctor?  
 

Please tick ✓ 

 
Yes                     
No 

Please enter 
month and year 
of diagnosis (if 
diagnosed by a 
doctor)  

Example  
Heart attack  
 

 
Yes 

 
✓ 

  
June, 2016 

High blood pressure 

(hypertension)  

    

Angina or long-term 

heart problems 

    

Heart attack 

(myocardial infarction)  

    

Stroke/brain 

haemorrhage/blood 

clot in the brain  

    

Peripheral arterial 

disease (e.g. 

claudication) 

    

Kidney disease 

(nephropathy)  

    

Nerve damage 

(neuropathy; e.g. foot 

problems including 

pain, ulcer, infections, 

gangrene, amputation) 

    



 
 

371 
 

Medical condition   Please 
indicate yes 
or no. 
Yes = I have 
the condition. 
No = I do not 
have the 
condition. 

Was this 
diagnosed by a 
doctor?  
 

Please tick ✓ 

 
Yes                     No 

Please enter 
month and year 
of diagnosis (if 
diagnosed by a 
doctor) 

Glaucoma      

Cataract      

Retinopathy      

Blindness or severe 

visual impairment  

    

Foot problems (e.g. 

foot ulcers, amputation)  

    

Alzheimer’s disease or 
dementia  

    

Depression     

Anxiety     

Another long-term 
mental health problem 
(please specify) 
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3b.    Please list any other physical or mental longstanding illnesses, diseases or 
medical conditions (e.g. cancer/ type of cancer, inflammatory diseases such as 
rheumatoid arthritis, fibromyalgia, Irritable Bowel Syndrome, osteoarthritis, lung 
disease) that you have been diagnosed with and for which you have sought 
treatment.  
 
Longstanding means anything that has troubled you over a period of time or is 
likely to affect you over a period of time.  
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 

 

Name of the longstanding 
illness, disease or medical 
condition 
 
 

Was this diagnosed by a 
doctor?  

 

Please tick  ✓ 

 
 
Yes                     No 

Please enter 
month and year of 
diagnosis (if 
diagnosed by a 
doctor), 
e.g. June, 2016 
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10a. Compared with one year ago, how would you rate your 

health in general now?  

 

(Please tick one) 

 

      

 Much better now than one year ago 

     

 

1 

  

 
  

     

 Somewhat better now than one year ago 

  
  

 

 

2 

  

 
  

  
  

 

 About the same as one year ago 

     

 

3 

  

 
  

     

 Somewhat worse than one year ago 

     

 

4 

  

 
  

     

 Much worse than one year ago 

     

 

5 

  

 
  

     

 
 
 
 
 
 

9a.  In general would you say your health is: 

 

 

(Please tick 
one) 

 

      

 Excellent 

     

 

1 

  

 
  

     

 Very good 

     

 

2 

  

 
  

     

 Good 

  
  

 

 

3 

  

 
  

  
  

 

 Fair 

     

 

4 

  

 
  

     

 Poor 

     

 

5 
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11.  
The following items are about activities you might do 
during a typical day.  Does your health now limit you in 
these activities?  If so, how much? 

  

 

  (Please tick one box  
for each question) 

 

      

  Yes, 
limited 
a lot 

Yes, 
limited 
a little 

No, not 
limited  
at all 

 
 

  
 

 
 

 

     

 

 

11a.  Vigorous activities, such as running, 
lifting heavy objects, participating in 
strenuous sports 

           

 
1 

  

2 

  

3 

   

  
  

    

  

 

 

     

 

  
 

 
 

 

     

 

 

11b.  Moderate activities, such as moving a 
table, pushing a vacuum cleaner, 
bowling or playing golf 

           

 
1 

  

2 

  

3 

  

  
  

    

  

 

 

     

 

 

  
 

 
 

 

     

 

 

11c. Lifting or carrying groceries 

           

 
1 

  

2 

  

3 

  

  
    

           

  
 

 
 

 

     

 

 

11d. Climbing several flights of stairs 

          

 
 

1 

  

2 

  

3 

  

 
 

   
 

           

  
 

 
 

 

     

 

 

11e. Climbing one flight of stairs 

           

 
1 

  

2 

  

3 

  

  
    

           

  
 

 
 

 

     

 

 

11f. Bending, kneeling or stooping 

           

 
1 

  

2 

  

3 

  

  
    

           

  
 

 
 

 

     

 

 

11g. Walking more than one mile 

           

 
1 

  

2 

  

3 

  

  
    

           

  
 

 
 

 

     

 

 

11h. Walking half a mile 

           

 
1 

  

2 

  

3 

   
  

    

          

  
 

 
 

 

     

 

 

11i. Walking one hundred yards 

           

 
1 

  

2 

  

3 

  

  
    

           

  
 

 
 

 

     

 

 

11j. Bathing and dressing yourself 

           

 
1 

  

2 

  

3 
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12.  
During the past four weeks have you 
had any of the following problems with 
your work or other regular daily 
activities as a result of your physical 
health? 

 

 

  (Please tick one answer 
for each question) 
 

 

  Yes No   

 
  

 
 

 

  

 

 

12a.  

Cut down the amount of time you 
spent on work or other activities. 

        

 

1 

 
 

2 

 
  

  

 
 
 

 

 
 

  

 

 

  

 

 

  
 

 
 

 

  

 

 

12b. 
Accomplished less than you would 
like. 

    
    

 

1 

 
 

2 

 
  

 
 
 

 

 
 

    
   

  
 

 
 

 

  

 

 

12c. 
Were limited in the kind of work or 
other activities you could do. 

    
    

 

1 

 
 

2 

 
 

 
 
 

 

 
 

    
    

  
 

 
 

 

  

 

 

12d. Had difficulty performing the work or 
other activities (for example, it took 
extra effort) 

    
    

 

1 

 
 

2 
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14a. During the past four weeks to what extent have 
your physical health or emotional problems 
interfered with your normal social activities with 
family, friends, neighbours or groups? 

(Please tick 
one) 

 

      

 Not at all 

     

 

1 

  

 
  

     

 Slightly 

     

 

2 

  

 
  

  
  

 

 Moderately 

     

 

3 

  

 
  

     

 Quite a bit 

     

 

4 

  

 
  

     

 Extremely 

     

 

5 

  

 
  

  
  

 

 

 
 
 

 
13.  During the past four weeks have you had any of the 

following problems with your work or other regular 
daily activities as a result of any emotional problems 
(such as feeling depressed or anxious)? 

 

 

  (Please tick one answer  
for each question) 
 

 

  Yes No   
 

  

 
 

 

  
 

 

13a. Cut down the amount of time you spent on work 
or other activities 

        

 
1 

  

2 

   
  

  

        

  
 

 
 

 

  

 

 

13b. Accomplished less than you would like 

        

 
1 

  

2 

   
  

  

       

  
 

 
 

 

  

 

 

13c. 
Didn’t do work or other activities as carefully as 
usual 

        

 
1 

  

2 
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15a. How much bodily pain have you had during 
the past four weeks? 

(Please tick 
one) 

 

      

None 

     

 
1 

  

 

  

  
  

Very mild 

    

 
2 

  

  

    

Mild 

    

 
3 

  

  

    

Moderate 

    

 
4 

  

  

    

Severe 

    

 
5 

  

  

    

Very severe 

    

 
6 

  

  

    

      

 

 
 

16a. During the past four weeks, how much did 
pain interfere with your normal work 
(including both work outside the home and 
housework)? (Please tick 

one) 

 

 Not at all 

 

 

1 

  

 
  

  
  

 

 A little bit 

     

 

2 

  

 
  

     

 Moderately 

  
  

 

 

3 

  

 
  

  
  

 

 Quite a bit 

  
  

 

 

4 

  

 
  

  
  

 

 Extremely 

     

 

5 
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17. During the past four weeks, how 
much of the time has your physical 
health or emotional problems 
interfered with your social activities 
(like visiting friends, relatives, etc)? 
 

 

                     (Please tick one answer) 
 

 

 

 All 
of the 
time 

Most 
of the  
time 

Some 
of the 
time 

A little 
bit of 

the time 

None  
of the 
time 

 

  
 

 
 

 

 

             

 

  

  
 

               
 

 
 

 
 

1 

  

2 

  

3 

  

4 

  

5 
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18. How much of the time 
during the past four 
weeks: 
 
 

(Please tick one answer for each question) 
 

 

  
 

 
 

               

 

 
 

All 
of the 
time 

Most 
of the  
time 

A good 
bit of 

the time 

Some 
of the 
time 

A little 
bit of 

the time 

None  
of the 
time 

 

  
 

 
 

               

 

18a. Did you feel full of life? 

  

 

               

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  
 

    

 

  

       

 

 

  
 

  

    

 

          

 

18b. 
Have you been a very 
nervous person? 

  
 

    

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  

 

 

 
  

 

  

       

 

 

  
 

 
 

 

 
  

 

          

 

18
c. 

 Have you felt so down in 
the dumps that nothing 
could cheer you up? 

  
 

 

 
  

 

  

       

 

 

 

1 

 

 

2 

  

3 

  

4 

  

5 

  

6 

 

 

  
 

     
    

 
 

  

 

 

 
  

 

  

       

 

 

  
 

 
 

 

 
  

 

          

 

18d. 
Have you felt calm and 
peaceful? 

  

 

 

 
  

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  

 

 

 
  

 

  

       

 

 

  
 

 
 

 

 
  

 

          

 

18e. 
Did you have a lot of 
energy? 

  
 

 

 
  

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  

 

 

 
  

 

  

       

 

 

  
 

 
 

 

 
  

 

          

 

18f. 
Have you felt downhearted 
and low? 

  

 

 

 
  

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  

 

 

 
  

 

  

       

 

 

  
 

  

 

 
  

 

          

 

18g. Did you feel worn out? 

  
 

 

 
  

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  

 

 

 
  

 

  

       

 

 

  
 

  

 

 
  

 

          

 

18h. 
Have you been a happy 
person? 

  
 

 

 
  

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 

 
 

 
     

    
 

 

  

 

 

 
  

 

  

       

 

 

  
 

 
 

 

 
  

 

          

 

18i. Did you feel tired? 

  

 

 

 
  

 

  

       

 

 

 
1 

 
 

2 

  

3 

  

4 

  

5 

  

6 
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19. Please choose the answer that best 

describes how TRUE or FALSE 
each of the following statements is 
for you:  

  (Please tick one answer for each 
question) 

  
 

  

            

 
 

Definitel
y 

true 

Mostly 
True 

Don't  
know 

Mostly 
false 

Definitely 
false 

  
 

 
 

            

19a. 
I seem to get sick a little easier than 
other people 

  
 

            

 
1 

 
 

2 

  

3 

  

4 

  

5 

 

 
     

   
  

 
    

 

  

     

  
 

  

    

 

       

19b. I'm as healthy as anyone I know 

               

 
1 

 
 

2 

  

3 

  

4 

  

5 

 

 
     

   
  

 

 

 
  

 

  

     

  
 

  

 

 
  

 

       

19c. I expect my health to get worse 

  

 

 

 
  

 

  

     

 
1 

 
 

2 

  

3 

  

4 

  

5 

 

 
     

   
  

 

 

 
  

 

  

     

  
 

  

 

 
  

 

       

19d. My health is excellent 

  

 

 

 
  

 

  

     

 
1 

 
 

2 

  

3 

  

4 

  

5 
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Appendix D. Chapter 8 Supplementary Table.  

Table S8 

Comparisons between participants who took part at follow-up (N = 66) and those 

lost to follow-up (N = 74) 

 Participated at 

follow-up  

n (%) or  

mean ± SD 

Lost to  

follow-up 

n (%) or  

mean ± SD 

Effect size, 

p value 

Age [years] 63.70 ± 6.65 63.72 ± 7.35 d = 0.00, p = 0.987 

Sex [women] 27 (40.9) 25 (33.8) φ = -0.074, p = 0.487 

Ethnicity  

   White 

   Asian 

   Afro-Caribbean 

   Other  

 

58 (87.9) 

3 (4.5) 

2 (3.0) 

3 (4.5) 

 

54 (73.0) 

9 (12.2) 

8 (10.8) 

3 (4.1) 

V = 0.212, p = 0.098  

aHousehold income [£] 

   <£20,000 

   £20,000-40,000 

   £40,000-60,000 

   >£60,000 

 

23 (36.5) 

16 (25.4) 

6 (9.5) 

18 (28.6) 

 

34 (48.6) 

22 (31.4) 

5 (7.1) 

9 (13.9) 

V = 0.209, p = 121 

Marital status 

   Married 

   Single 

   Divorced, separated    

or widowed 

 

28 (42.4) 

15 (22.7) 

23 (34.8) 

 

42 (56.8) 

16 (21.6) 

16 (21.6) 

V = 0.161, p = 0.162 

bEducational level  

   No qualifications 

   Up to O-levels  

   A-levels or ONC 

   Degree or above  

 

0 (0.0) 

10 (15.4) 

6 (9.2) 

49 (75.4) 

 

12 (16.4) 

15 (20.5) 

8 (11.0) 

38 (52.1) 

V = 0.32, p = 0.003 

cSmoking status  

[smokers]  

9 (13.6) 11 (15.1) φ = 0.020, p = 1.000 

dModerate or vigorous 

physical activity per 

week [hours]  

5.40 ± 8.55 4.00 ± 9.09 d = 0.16, p = 0.372 

eBMI [kg/m2]  30.79 ± 5.31 30.71 ± 6.12 d = 0.01, p = 0.935 
eBody fat [%]  36.26 ± 7.98 35.53 ± 9.30 d = 0.08, p = 0.625 
fWHR  0.99 ± 0.08 0.98 ± 0.09  d = 0.12, p = 0.377 
gHbA1c [%]  7.04 ± 1.08 7.45 ± 1.67 d = 0.29, p = 0.090 
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 Participated at 

follow-up  

n (%) or  

mean ± SD 

Lost to  

follow-up 

n (%) or  

mean ± SD 

Effect size, 

p value 

hOral anti-diabetic 

medication [yes]  

52 (80.0) 57 (80.3) φ = -0.004, p = 1.000 

hInsulin or other 

injectable anti-diabetic 

medication [yes]  

8 (12.3) 7 (9.9) φ = -0.039, p = 0.856 

hAnti-hypertensive 

medication [yes]  

48 (73.8) 48 (67.6) φ = -0.068, p = 0.542 

hCholesterol-lowering 

medication [yes]  

59 (90.8) 47 (66.2) φ = -0.30, p = 0.001 

hAspirin [yes]  28 (43.1) 20 (28.2) φ = -0.156, p = 0.102 
hBeta blockers [yes]  6 (9.2) 10 (14.1) φ = 0.075, p = 0.541 

Pre-task subjective 

stress [score]  

1.50 ± 0.90 1.49 ± 0.88 d = 0.01, p = 0.929 

iDepressive symptoms 

[score]  

9.90 ± 6.66 13.62 ± 10.30 d = 0.43, p = 0.012 

jDaily happiness [score]  2.66 ± 0.82 2.60 ± 0.92 d = 0.07, p = 0.737  
kPre-task IL-6 [pg/ml]  1.91 ± 1.03 2.37 ± 1.47 d = 0.36, p = 0.041  
lImmediately post-task 

IL-6 [pg/ml]  

1.99 ± 1.03 2.35 ± 1.41 d = 0.29, p = 0.096 

m45 min IL-6 [pg/ml]  1.93 ± 0.95 2.63 ± 1.66 d = 0.52, p = 0.006 
n75 min IL-6 [pg/ml]  2.02 ± 0.93 2.58 ± 1.48 d = 0.45, p = 0.021 
lΔ immediately post-

task [pg/ml]  

0.02 ± 0.38 -0.03 ± 0.69 d = 0.09, p = 0.629 

mΔ 45 min [pg/ml]  0.10 ± 0.42 0.16 ± 0.93 d = 0.08, p = 0.658 
nΔ 75 min [pg/ml]  0.26 ± 0.66 0.20 ± 0.91 d = 0.08, p = 0.695 
oPhysical health-

related  

quality of life [score]  

72.75 ± 19.54 69.16 ± 24.43 d = 0.16, p = 0.344 

oMental health-related  

quality of life [score]  

75.29 ± 15.07 68.62 ± 22.63 d = 0.35, p = 0.041 

Time of testing 

[morning] 

24 (36.4) 39 (52.7) φ = -0.164, p = 0.077 

Note. Differences between the two groups were tested using t-tests for continuous measures and chi-

square tests for categorical measures. BMI = body mass index; HbA1c = glycated hemoglobin; IL-6 = 

interleukin-6; kg/m2 = kilograms per square metre; N = number; n = number; min = minutes; ONC = 

ordinary national certificate; SD = standard deviation; WHR = waist-to-hip ratio; Δ delta (change) score. an 

= 63, 70;  bn = 65, 73; cn = 66, 73; dn = 65, 62; en = 66, 72; fn = 66, 73; gn = 65, 69; hn = 65, 71; in= 65, 72, jn 

= 61, 69, kn = 62, 68; ln= 59, 67; mn = 54, 61; nn = 51, 56; on = 66, 73.  
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