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Note

To acknowledge the contributions of many coauthors, ―we‖ will be used instead of ―I‖
throughout the chapters of this thesis.

LAY SUMMARY

Lay Summary

The purpose of this thesis was twofold. First, to explore whether personality can act as
protective and/or risk factor for diabetes. Second, to investigate potential mechanisms in
which personality could influence diabetes, and other health outcomes such as heart disease
and mortality.
The thesis begins with the brief overview of the development of the framework for the
empirical study of the personality-health associations in Chapter 1.
Chapters 2-4 explore associations between personality and diabetes. Studies described
in Chapter 2 detected that people with type 1 diabetes are less open to experience and more
neurotic than those without type 1 diabetes. However, healthy people with higher neuroticism
have lower risk of developing type 2 diabetes. In Chapter 3, personality and diabetes data
were averaged on the level of the U.S. counties, to account for any regional characteristic that
may affect both personality and diabetes levels. In this study we did not find any associations
between typical personality per county and the number of new diabetes cases per year.
The study described in Chapter 4 found that highly agreeable people are less likely
to develop diabetes if they have a diabetes genetic predisposition, than less agreeable people.
Same was true for people who are highly conscientious and organized.
The study described in Chapter 5 explores whether high neuroticism leads to higher or
lower risk of death. The results showed that highly neurotic people are at a higher risk of
death if their objective or self-perceived health is poor, but have lower risk of death than nonneurotic people if their objective and subjective health status is good.
In Chapter 6, I tested whether patterns of heart activation correspond to some
personality characteristics. People with healthier hearts were more open to experience, and
less neurotic, than those with hearts with poorer ability to adapt to the situation.
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Finally, in Chapter 7, I summarize the findings of the five empirical chapters, discuss
the limitations of the current method, and offer suggestions for future research in the field.
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THESIS ABSTRACT

Thesis Abstract

There were two main objectives of this thesis. First, given that personality traits have
been linked to a number of diabetes risk factors and precursors such as lifestyle and the
metabolic syndrome, our aim is to explore whether personality traits are associated with type
1 and type 2 diabetes mellitus. Second, we aim to investigate several potential mechanisms
by which personality could influence diabetes, and other health outcomes such as
cardiovascular disease and mortality.
Chapter 1 provides an introductory overview of the history of personality-health
research, and discusses strengths and limitations of different methodological frameworks.
Chapters 2-4 focus on the associations between personality and diabetes. Two studies
described in Chapter 2 examine cross-sectional and longitudinal associations between
personality and type 1 and type 2 diabetes. We used a large national sample with ten years of
follow-up. We detected positive associations between openness and neuroticism and type 1
diabetes prevalence, and negative associations between neuroticism and type 2 diabetes
incidence.
In Chapter 3, we examine relationships between personality and type 2 diabetes
incidence using aggregated personality and diabetes data on a level of the U.S. counties and
states. In a six-years follow-up study, we found no evidence that mean levels of personality
traits were associated with diabetes incidence in the U.S. states.
In the following chapter we explore whether a possible mechanism by which
personality may influence diabetes is by moderating the expression of its genetic risk. The
study described in Chapter 4 looks at interactions between personality domains and facets
with polygenic risk score for type 2 diabetes in predicting glycated haemoglobin levels using
a large community-dwelling sample. This study found a negative phenotypic correlation
7
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between openness and glycated haemoglobin levels, though this association was confounded
by cognitive ability. Moreover, genetic risk for diabetes was more strongly associated with
glycated haemoglobin levels in people with lower levels of either agreeableness or
conscientiousness.
In Chapter 5 we move away from diabetes to discuss previously reported
contradictory results regarding the effects neuroticism has on mortality. Some of the previous
studies reported higher neuroticism being associated with higher risk of mortality, whereas
some reported that higher neuroticism was associated with lower risk of death. We tested
whether the sign of the neuroticism effect was a function of the covariates included in the
models. In a national sample with ten years of follow-up we found that neuroticism was a risk
factor for death in the models that did not include objective and self-rated health variables.
However, when these variables were included, neuroticism was related to lower risk of death.
In the last empirical chapter, Chapter 6, we explore whether autonomic nervous
system activity is a biomarker for personality traits. The first study tests whether openness is
associated with measures of sympathetic and parasympathetic nervous system activation. We
find that openness was associated with sympathetic nervous system activity under baseline
but not in the stress conditions, and that it was not associated with measures of
parasympathetic activation. The second study describes a model of associations between
neuroticism and autonomic nervous system activation, while controlling for cardiovascular
disease and depression and their mutual associations. We found that neuroticism has
independent contributions to all measures of autonomic nervous system activity, and to heart
disease, even when controlling for relevant clinical variables. Thus, autonomic nervous
system activity may explain in part observed links between personality, and heart disease and
mortality.
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Finally, in Chapter 7 we summarize the findings presented in the five empirical
chapters, discuss the limitations of the current method, and offer suggestions for future
research in the field.
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Chapter One: Development of the framework for the study of personality and health
outcomes

Abstract

That personality traits might be implicated in health outcomes has been recognized since
ancient times. However, scientific rigour is not possible without a strong conceptual
framework. This introductory chapter provides a brief overview of the development of
conceptual frameworks for the study of human personality and health outcomes. We begin by
outlying the ancient Greek concepts of bodily humours, and then focus on the 20th century
development. We then review the contributions of psychoanalytic theory for the recognition
of psychosomatic medicine, and several relevant reinforcement and factor theories of
personality. Finally, we describe the Five Factor Model of personality in the context of health
research – the methodological framework we are going to use in the subsequent empirical
chapters. The chapter ends with proposed mechanisms of associations between personality
and health outcomes, and specific aims and research questions asked in the empirical
chapters.
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The four bodily humours

The idea that personality characteristics are anchored in physiology and linked to a
variety of diseases goes back as far as the Ancient Greece times. The first author who
systematized this idea was Hippocrates (c. 460 - c. 370 BC), who assumed that four bodily
humours constitute the basis of human temperament. Hippocrates thought that the mix of
these humours --- blood, black bile, yellow bile, and phlegm --- in each individual form what
we today call individual differences in personality. When these humours are balanced, the
person was believed to be healthy. When there is an excess of one of the humours, the person
was believed to experience pain and illness (Chadwick, 1983).
This idea was further elaborated by Galen (130-200 AD), in his work De
temperamentis (Allport, 1961). According to this hypothesis, an excess of a bodily humour
leads to both a certain type of personality, and physical illness associated with it. The word
temperament comes from Latin temperare, to mix, reflecting Hippocrates‘ and Galen‘s ideas
that the mixture of bodily fluids constitutes one‘s personality. According to this theory, there
are four types of temperament: excess of black bile in the body produces the lonely, hopeless,
moody and depressed melancholic type, associated with the spleen. The angry, dominant,
passionate and even hostile choleric temperament is assumed to be a product of the excess of
yellow bile, mainly associated with the liver. The excess of phlegm forms the calm, apathetic,
alexithymic, patient and tolerant phlegmatic character. This type of character was thought to
be associated with the brain, perhaps to reflect the lack of strong emotionality. Quite the
opposite is the ruddy, optimistic, energetic sanguine. According to the four humours theory,
this character reflects blood as a predominant bodily fluid, and the associated organ is,
unsurprisingly, the heart.
15
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The notion of four temperament types remained influential for many centuries. A
Persian polymath Avicena (c. 980 – c. 1037) further elaborated on the bodily humours theory
in his Canon of Medicine by including emotional functioning, moral attitudes and selfawareness (Keirsey, 1998). Avicena‘s influence stretched throughout the Middle Ages, and
continued to influence a number of later thinkers and philosophers. However, in the long run,
the theory of four bodily humours did not receive enough empirical support and was
gradually abandoned from scientific literature.

The birth of psychosomatic medicine

The importance of psychological factors in the pathogenesis of somatic disease had
been widely popularized and accepted with the emergence of psychoanalytic theory.
Historically, psychoanalytic theory emerged as a reaction to the mechanistic medicine of the
late 19th century, and emphasized the idea that the organism presents one functional unit. In
this context, Alexander (1950) viewed personality as ―the expression of the unity of the
organism. As a machine can only be understood from its function and purpose, the
understanding of the synthetic unit which we call the body can only be fully understood from
the point of view of the personality, the needs of which are served by all parts of the body in
an intelligible coordination.‖ (p. 34). In classic psychosomatic terms, disturbance of a bodily
organ can be seen as a consequence of functional disturbances of the mentioned unity – the
notion similar to that of the four bodily humours.
Following this logic, psychiatrists Alexander and Dunbar proposed that emotions that
cannot be openly expressed are likely to result in somatic diseases (Alexander, 1950). They
identified the Holy Seven somatic diseases that, according to them, had psychological
16
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origins, and called them psychosomatic diseases (Dunbar, 1947). These diseases were:
asthma, hypertension, ulcerative colitis, Graves‘ disease, rheumatoid arthritis, peptic ulcer,
and neurodermatitis.
However, there was a number of methodological issues with these early studies: they
often used retrospective designs and solely psychiatric samples. The results were not backed
by strong empirical evidence and independent replications, and with the birth of other
theories and more evidence-based research were gradually abandoned.

Sheldon’s Constitutional psychology

Another psychologist who advocated the idea that psychological makeup has close
interconnection with the state of the body and physiology was William H. Sheldon. In his
books The Varieties of Human Physique (Sheldon, Stevens, & Tucker, 1940 ), and The
Varieties of Temperament (Sheldon & Stevens, 1942), Sheldon proposed that temperament
was determined not by bodily humours, but rather by constitutional aspects of human
physique. Based on research conducted on approximately 4,000 participants, Sheldon
classified people into three ‗somatotypes‘, each of which was associated with a specific
personality. Endomorphs are rounded and soft, and have a ―viscerotonic‖ personality: they
are relaxed, comfortable, and extroverted. Mesomorphs are square and muscular and
characterized by a ―somatotonic‖ personality, i.e. they are often active, dynamic, assertive
and aggressive. Finally, ectomorphs are thin, fine-boned and fragile, and have a
―cerebrotonic‖ personality, meaning that they are mostly introverted, thoughtful, inhibited
and sensitive. Sheldon argued that these body/personality types can predict behaviour. For
example, he argued that persons high in mesomorphy and low in ectomorphy are more likely
17
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to engage in delinquency and criminal behaviour (Glueck & Glueck, 1956; Sheldon &
Stevens, 1942).
Even though these ideas were grounded in lay intuitions about body-temperament
associations and therefore appealed to the public, there were a number of methodological
problems with Sheldon‘s studies. The correlations Sheldon reported were extraordinarily
high, ranging from .79 for endomorphy and viscerotonia to .83 for ectomorphy and
cerebrotonia (Sheldon, 1942). Correlations this high are rare in psychology and thus have
raised suspicion among other researchers (Hall & Lindzey, 1957). One possibility is the fact
that the same observers provided ratings for both body types and personality characteristics
and thus these findings may have reflected the raters‘ perceptions rather than the true
associations between body and psyche (Hall & Lindzey, 1957). More recent studies found the
associations between body types and personological characteristics, but although significant,
these were much weaker in magnitude than those originally proposed by Sheldon (Kenneth &
Matthew, 2013).
Altogether, Sheldon‘s ideas made a significant contribution to the field, especially in
his conviction that genetic and biological factors play a significant role in determining
behaviour, but his framework was gradually abandoned due to the above-noted
methodological issues as well as advances in other approaches in personality research.

The beginnings of systematic and evidence based research

In the 1950s two cardiologists, Friedman and Rosenman, discovered an association
between behavioural factors and coronary heart disease (Friedman & Rosenman, 1959). They
described three types of overt behaviour in relation to work characteristics and performance.
18
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Type A behaviour is characterized by intense, sustained need for achievement, sense of
urgency, and a strong desire to compete. Type B is the opposite of Type A, therefore
characterized by the lack of drive, ambition and competitiveness. Finally, pattern C is similar
to pattern B but includes a chronic state of anxiety. Friedman and Rosenman compared serum
cholesterol levels, clotting times and presence of coronary heart disease in three groups of
men characterized by these behavioural patterns. They found that serum cholesterol levels
were significantly higher in the type A group (253 mg per 100 ml) than in either the type B
(215 mg per 100 ml) or C (210 mg per 100 ml) groups. Similarly, the Type A group exhibited
significantly more rapid blood coagulation time and a far greater incidence of coronary heart
disease than either Type B or Type C groups. These differences could not be accounted for
by differences in diet, exercise, alcohol intake or smoking (Friedman & Rosenman, 1959).
They concluded that the Type A behavioural pattern was a ―coronary-prone personality‖.
This suggestion marked the beginning of evidence based psychosomatic medicine and
propelled research towards studying personality characteristics in relation to cardiovascular
disease.
The concept of the Type A behaviour pattern was expanded to include characteristics
such as hostility and anger. Three decades after the concept was first proposed, Stephanie
Booth-Kewley and Howard S. Friedman (1987) conducted a quantitative review of the
literature published to date. The review included measures of anger, hostility, aggression,
depression, anxiety, extraversion, and Type A behaviour pattern as predictors, and coronary
heart disease (CHD), myocardial infarction, angina, atherosclerosis, cardiac death, and
combinations thereof as outcomes. In the 55 published reports, the Type A behavioural
pattern was associated with combined heart disease outcomes. This relationship was highly
significant yet small in magnitude (r = .14), and the component of Type A behaviour
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―competitiveness/hard driving/aggressiveness‖ was most strongly related to CHD. However,
other personality predictors related to negative affect were also significantly related to CHD,
namely anger, hostility, depression, and anxiety. The strongest predictor was hostility, and
the combined effect size was higher than that of Type A behaviour (r = .21). The pattern of
associations with Type A behaviour was similar for each component of CHD. However, the
associations were slightly higher in cross-sectional than in prospective designs (r = .05)
between Type A and all disease outcomes combined). The authors conclude that: ―The
picture of coronary-proneness revealed by this review is not one of a hurried, impatient
workaholic but instead is one of a person with one or more negative emotions: perhaps
someone who is depressed, aggressively competitive, easily frustrated, anxious, angry, or
some combination. In short, a maladapted personality may actually be the one that is
particularly prone to developing CHD, and perhaps other diseases as well‖ (p. 358).
Following this conclusion, the authors proposed the concept of the ‗disease-prone
personality‘ that may be a causal factor in disease development (Friedman & Booth-Kewley,
1987). This construct emerged from another meta-analysis conducted by the same authors,
this time of the literature on personality correlates of five of the psychosomatic diseases:
asthma, arthritis, ulcers, and headaches, along with the abovementioned coronary heart
disease. The previous literature suggested that asthma-prone personality is anxious,
dependent, aggressive and neurotic. Headaches had been linked with stress, anger, repressed
hostility and emotional tensions. Similarly, peptic ulcers had been associated with chronic
exposure to stress, and rheumatoid arthritis with a depressed, perfectionistic and repressed
personality. Given that these diseases had been associated with similar traits of negative
affect, Friedman and Booth-Kewley conducted a meta-analysis of the studies to test these
proposed associations. Personality variables were grouped into following categories: anxiety,
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depression, extraversion, one category combining anger and hostility, and one combining
anger, hostility and aggression. The meta-analysis included 101 previously published studies.
Overall, the results suggested a high degree of consistency across diseases. There was no
specific ―arthritic‖ or ―coronary-prone personality‖, as no independent associations between
particular aspects of personality and the particular diseases was found. The magnitude of the
correlations were the same as previously described for CHD, ranging between .101 to .203
for specific diseases and outcomes. Taken together, these results suggested that there may
exist a generic ‗disease prone personality‘. This type of personality is characterized by a
tendency to experience negative affect, such as anxiety, depression, hostility, anger and
aggressiveness (Friedman & Booth-Kewley, 1987).
Negative emotions are often reactions to a negative life event, or external stress.
Independently of Type A and disease-prone personality research, but in the same time span,
endocrinologist Hans Selye proposed the General Adaptation Syndrome theory of stress
(GAS: Selye, 1956, 1976). Generally, stress is defined as a sum of bodily processes that
result in reaction to a real or imagined stressor. The GAS model describes this bodily reaction
to stressors, which is characterized by three phases.
The first phase of a stress response is a nonspecific mobilization phase. There are two
stages of this phase: shock and antishock. As an initial (shock) reaction to a stressor,
physiological changes such as decreased blood volume and lowered levels of electrolytes and
sugar in blood occur. When the stressor is identified, the body starts to respond as in the state
of emergency (antishock): the sympathetic nervous system activates and adrenaline is being
produced. These changes result in increased muscular tonus, increased blood pressure, heart
rate and blood glucose levels.
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The second phase is a resistance phase, characterized by increased secretion of
glucocorticoids, which intensify the body‘s ability to cope with the stressor. As a
consequence, blood concentrations of glucose, fat and protein increase. Furthermore, high
levels of cortisol begin to lower blood levels of potassium. However, these changes cannot be
sustained as the resources become gradually depleted.
Depending on whether the resources are depleted, the final stage of the stress response
according to Selye‘s GAS model is exhaustion or recovery. When the body successfully
copes with the stressor during the resistance phase a recovery phase occurs, blood levels of
glucose, fat and aminoacids decrease, and homeosthasis is restored. On the other hand, in
case of a prolonged exposure to the stressor in the resistance phase and inability of the body
to eliminate the stressor, the resources become gradually depleted and the body is unable to
maintain normal function: the exhaustion stage occurs. If the exhaustion stage is sustained for
a longer period of time, bodily changes may result in tissue damage. Prolonged
overactivation of the sympathetic nervous system and exhaustion of the immune system may
result in the digestive tract disturbances, diabetes, or cardiovascular problems (Taylor &
Sirois, 2012).
Friedman and Booth-Kewley noted that their concept of the disease-prone personality
fits in with the idea of Selye‘s general adaptation syndrome, rather than with previous
psychosomatic explanations of unresolved psychological conflicts as offered by Alexander,
Dunbar and other advocates of the psychodynamic approach (1987). Instead of affecting
specific organs, psychological disturbances seem to affect autonomic nervous system,
immune system functions and metabolic processes thus leading to a broad range of negative
health outcomes. Selye‘s model offers a potential biological mechanism by which prolonged
exposure to stress could lead to health complications and subsequent disease.
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However, the mere presence of a stressor is not a sufficient explanation of subsequent
adverse health outcomes: there are wide individual differences in perceived stress and lasting
effects of stress when encountering the same stressful event (Watson, 1988; Watson &
Pennebaker, 1989). This indicates a trait-like tendency of an individual to experience
negative affect, and react more poorly to stressful events. Therefore, trait negative affect is a
possible mediator of the associations between psychosocial variables and physiological stress
reactions. Two of the most influential models to conceptualize individual differences in trait
negative affect and its biological roots are Eysenck‘s PEN model of personality and Gray‘s
Reinforcement Sensitivity Theory. We will briefly describe both of them.

Biological theories of personality: Hans Eysenck and Jeffrey Gray

During the 20th century, personality psychology was saturated with individual theories
and conceptualizations that were not strongly rooted in empirical evidence. This made
generalizability and replicability of results very difficult. The development and expansion of
statistical methods allowed for the development of more scientifically grounded conceptual
frameworks of personality. One key statistical method that strongly influenced the field of
psychology was factor analysis, first introduced by Charles Spearman (1904). The method
was later refined and improved by Louis Thurstone (1931), and received great application
first in the study of human mental abilities. This idea was shortly followed by the researchers
of human personality. Among the first researchers to develop a factor theory of personality
was Hans Eysenck, whose theory was also strongly grounded in biological factors.

23

Chapter One: Development of the framework for the study of personality and health
outcomes

Eysenck’s Three Factor Theory
Eysenck recognized the need for reducing the abundance of constructs and personality
theories into fewer more basic ones. He applied the factor analytic method to reach the
description of personality using a few basic dimensions, or traits. In the trait approach to
personality, perhaps the most widely accepted definition is the one provided by Gordon
Allport. He defined personality as:
The sum total of the actual or potential behaviour-patterns of the organism,
as determined by heredity and environment; it originates and develops
through the functional interaction of the four main sectors into which these
behaviour-patterns are organized: the cognitive sector (intelligence), the
conative sector (character), the affective sector (temperament), and the
somatic sector (constitution). (Allport, 1947, p. 25).
In this general framework, Eysenck defined traits as observed constellations of
individual action tendencies. In other words, habits or repeated acts of an individual that
consistently group together form a trait. Traits, furthermore, can similarly group into types:
observed constellations or syndromes of traits.
Eysenck‘s first major study was carried out on seven hundred neurotic soldiers
(Eysenck, 1947). Their ratings on thirty-nine items concerning personality ratings and
personal facts were subject to factor analysis. Eysenck followed this up with a large scale
analysis on the sample of approximately 10,000 normal and neurotic subjects (Eysenck,
1950), which led to identifying two basic personality dimensions: extraversion, and
neuroticism.
Eysenck defined neuroticism as the tendency to experience negative emotions and
extraversion as the tendency to enjoy positive events, especially social ones. By pairing these
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two dimensions, Eysenck (1950) noted that resulting types were similar to the four
temperaments of Hippocrates and Galen. Neurotic introverts “show a tendency to develop
anxiety and depression symptoms, they are characterized by obsessional tendencies,
irritability, apathy, and they suffer from a lability of the autonomic system”. (p. 246). “In
comparison, (neurotic) extraverts show a tendency to develop hysterical coversion symptoms,
and a hysterical attitude to their symptoms. Furthermore, they show little energy, narrow
interests, have a bad work history, and are hypochondriacal.” (p. 247). In the years that
followed Eysenck identified a third basic personality dimension, psychoticism, which is
mostly related to aggressiveness and hostility, and poorer performance in a variety of
cognitive tasks (Eysenck, 1952).
Eysenck‘s personality dimensions were strongly rooted in his arousal theory of
personality (Eysenck, 1967). According to this theory, individual differences in extraversion
reflect individual differences in response thresholds of the ascending reticular activating
system (ARAS). Introverts have lower stimulation thresholds consequently react more easily
to environmental stimulation and have higher levels of cortical arousal. Conversely,
extroverts require more external stimulation to achieve equivalent levels of cortical arousal as
introverts. Similarly, according to Eysenck‘s theory, neuroticism is biologically rooted in
individual differences in activation of the limbic system, thus producing different levels of
emotional (in)stability (Corr, 2004; Eysenck, 1967). It is easy to imagine, then, how
neuroticism as a trait of negative affect could share the underlying biological mechanism with
unhealthy activity of autonomic nervous system, and therefore, consequent cardiovascular
disease (Matthews & Gilliland, 1999).
Eysenck‘s theory indeed strongly propelled research towards study of individual
differences in personality, biological basis of personality traits, and corresponding health
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outcomes such as stress, and cardiovascular disease. However, there has been a debate
whether there were three or more basic personality dimensions and Eysenck‘s three-factor
model has not sustained the subsequent empirical investigation.

Gray’s Reinforcement Sensitivity Theory
In 1970, Jeffrey Gray proposed an alternative biological theory of Eysenck‘s
introversion-extraversion dimension. Gray suggested that traits E and N should be rotated by
approximately 30º to better represent their underlying neurophysiological basis (Corr, 2004).
Axes formed in this way were called Punishment Sensitivity – a dimension reflecting anxiety
(similar to Eysenck‘s neuroticism) – and Reward Sensitivity, a dimension that reflects
Impulsivity (similar to Eysenck‘s extraversion). Gray‘s proposed mechanism explained
Eysenck‘s conception of arousal as derivative of more basic mechanisms of
punishment/reward sensitivity: punishment is more arousing than reward, and introverts are
more sensitive to punishment. This is the reason, according to Gray, that introverts
experience higher cortical arousal than extroverts (Corr, 2004; Gray, 1970). Because
dimensions were defined by sensitivity of the neural pathways, the theory was named
Reinforcement Sensitivity Theory of Personality (Gray, 1982, 1990). The axes were later
described as: behavioural inhibition system (BIS) and behavioural activation system (BAS),
with a later addition of a fight/flight system (FFS: Gray, 1982, 1990).
BIS is activated by aversive stimuli (punishment, absence of reward) and causes
behavioural inhibition and an increase of arousal and levels of attention. Activation of BIS
leads to experiencing negative emotions such as fear, anxiety, frustration, sadness and
depression (Gray, 1990) and resembles a stable and biologically determined trait negative
affect. According to Gray, the underlying neurological substrate is the septo-hippocampal
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system with its monoaminergic afferent projections from the brainstem, and its neurocortical
projections in the frontal lobe. Some later studies have shown that BIS might be associated
with an increased arousal of the symphatetic component of the autonomic nervous system
(Fowles, 1980).
BAS is activated by appetitive stimuli (reward, termination of punishment) and causes
approach behaviour and activation. Activation of BAS triggers experiences of positive
emotions such as hope, elation and happiness and therefore postulates a trait of positive
affect. The neurological basis of BAS is thought to be the mesolimbic dopamine system
focused on the nucleus accumbens. Its activation is further associated with increased heart
rate (Fowles, 1980).
Gray‘s reinforcement sensitivity theory was recently modified to make a functional,
behavioural and pharmacological distinction between fear and anxiety (McNaughton & Gray,
2000). The third, FFS, is more closely related to fear, panic and general reaction to threat
(Zelenski & Larsen, 1999). This distinction is important for psychosomatic medicine as
anxiety but not fear has been implied in the pathogenesis of many diseases (McNaughton &
Corr, 2004). Establishing measureable traits of positive (BAS) and particularly negative
affect (BIS) led to more systematic research into their direct and moderating effects on health
outcomes. For example, people with a more sensitive BIS experience more negative affect
after negative life events than people with a less sensitive BIS (Gable, Reis, & Elliot, 2000).
Furthermore, people with a more sensitive BIS express a greater increase of anxiety during
stress than people with a less sensitive BIS, which is of interest to health research as anxiety
has been implied in cardiovascular disease as discussed above.
Both Eysenck‘s three factor model and Gray‘s Reinforcement Sensitivity Theory
offered a good model for generating hypotheses in the domains of personality traits and
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psychosomatic medicine. However, other researchers utilizing factor analytic methods
observed different numbers of personality dimensions depending on different data being
analysed and different methods of interpretations. These efforts will be briefly described in
the following section.

The Five Factor Model of personality

As described above, Eysenck detected his personality dimensions from self-ratings on
thirty nine adjectives by neurotic soldiers. However, it may be possible that the three factor
structure detected from such a specific sample of adjectives may not cover the breadth of
human personality. It is possible that other dimensions could be detected if a wider range of
adjectives was used. Indeed, The Lexical Hypothesis, first proposed by Sir Francis Galton in
the late 19th century, proposed that all relevant aspects of the character would be coded in the
natural language. This idea did not gain much attention until Allport and Odbert (1936)
identified nearly 18,000 terms from Webster‘s New International Dictionary that can be used
to describe personality and behaviour. This list was further reduced by Norman, who
removed archaic and obsolete words, redundancies, offensive terms and words used to
describe physical characteristics. The final list consisted of 2,797 unique terms used to
describe human personality (Norman, 1967).
These efforts to use systematized descriptors coming from the natural language
strongly influenced researchers in the following decades. One pioneer of the factor analytic
method, Cattell, identified sixteen primary and eight second-order personality dimensions
(Cattell, 1943, 1946). However, other researchers did not manage to replicate this complex
structure. They argued that Cattell‘s interpretation of correlations is too complex and that five
28

Chapter One: Development of the framework for the study of personality and health
outcomes
factors that are sufficient to describe the whole domain of personality (Fiske, 1949). Since
then, the five factor structure has been repeatedly and consistently replicated by a number of
independent researchers (Norman, 1967; Tupes & Christal, 1992). The evidence has been
mounting since for the robustness of the five factor structure, independently of the method of
assessment or the study populations (Digman, 1990; McCrae & Costa, 1997).
The five dimensions of the FFM are neuroticism, extraversion, openness to
experience, agreeableness, and conscientiousness. Neuroticism is a dimension that represents
a tendency to feel negative emotions such as anxiety and depression on the high end, and
emotional stability at the low end of the trait. It resembles Eysenck‘s neuroticism, and Gray‘s
BIS. The second personality trait of the FFM is extraversion. The high end of extraversion
describes a person who tends to be gregarious and outgoing, while the low end represents a
socially shy and timid person. This, of course, parallels Eysenck‘s extraversion dimension,
and Gray‘s BAS. The third personality trait of the FFM is conscientiousness. It is a tendency
to be well-organized and plan ahead, versus a tendency to be disorganized, careless and not
follow a schedule. Another personality trait, agreeableness, describes a variation in a
tendency to be trusting and compliant, versus distrust and independence at the low end of the
spectrum. The final trait of the FFM is openness to experience. This trait represents a
tendency to be intellectual and open to new ideas and feelings, versus a tendency to be rigid
and conservative in attitudes and behaviours (Costa & McCrae, 1992; Digman, 1990, 1997).
Given that personality traits are conceptualized as broad and persistent behavioural
tendencies, it is not inconceivable that they may be related to health-related behaviours and
risk factors. Indeed, a growing body of research indicates that these stable and geneticallybased psychological traits (Digman, 1990; McCrae & Costa, 2003) are associated with health
outcomes. Lacking strong theoretical or biological background to generate specific
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hypotheses in the way Eysenck‘s and Gray‘s models allow, personality-health research within
the FFM to date has mostly relied on correlational studies to detect relevant associations. We
will next present a brief overview of the studies to date and then discuss potential
mechanisms that could explain the observed associations. Broader reviews of more specific
topics are presented in each subsequent empirical chapter.

Personality-health associations within the FFM framework
As discussed earlier, it is commonly noted that Type A behaviour and hostility are
related to coronary heart disease, but the question is how do these associations translate into
the FFM. Antagonistic hostility is most strongly related to low end of the agreeableness
dimension and to a lesser extent to higher end of neuroticism (Deary, Weiss, & Batty, 2010;
Dembroski & Costa, 1987), which is not surprising given that these traits are most strongly
related to the experience of negative affect. This combination of the FFM traits could then
lead to CHD and poorer cardiac outcomes.
Another type of personality that has been associated with CHD is Type D personality
(Denollet, 2005). The type D personality pattern is characterized by a combination of
negative affect and social inhibition, and has been repeatedly related to higher incidence of
heart disease and poorer cardiac outcomes (Deary et al., 2010; Denollet, Vaes, & Brutsaert,
2000). If chronic anxiety does lead to poorer cardiac outcomes, Gray‘s modification of
Eysenck‘s theory could provide a biological explanation of why that would be more
commonly found in neurotic introverts: people of this personality profile would be more
sensitive to punishment, and less sensitive to reward, and thus chronically over-aroused in
response to negative stimuli, which is in turn related to poorer cardiovascular health (for a
more detailed discussion see Corr, 2004). However, the construct of Type D personality has
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recently been criticized for conceptual, methodological, and statistical reasons (Coyne & de
Voogd, 2012; Ioannidis, 2012). Namely, the studies into Type D personality have mostly
been underpowered and lacking independent replication. Most importantly, the use of a
categorical Type D variable instead of the interaction between continuous traits of negative
affect and sociability is not statistically justified, given that dichotomizing a continuous
variable leads to loss of information and statistical power, and cross-tabulating two such
variables inflates estimates of statistical significance and as such increases the risk of false
positives (Coyne & de Voogd, 2012). Furthermor, it is not clear whether Type D is a
construct clearly distinct from other negative affect variables studied in the past (Coyne & de
Voogd, 2012). This calls for research that would utilize dimensions of the FFM in studies of
personality predictors of heart disease.
Furthermore, a review paper by Suls & Bunde (2005) suggest that underlying trait of
unspecific negative affect might be more relevant for studies of cardiac outcomes, rather than
any of the specific components of negative affect such as depression, anxiety or hostility.
This idea fits with the early propositions of Friedman and Booth-Kewley (1987), and, taken
together with the Type D criticisms, further supports the idea that neuroticism is a suitable
candidate for the study of associations between personality and health and its potential
underlying biological systems. Indeed, cross-sectional studies show correlations of
neuroticism with CHD, hypertension, and gastric disorders (Goodwin, Cox, & Clara, 2006).
Some studies found that neuroticism was only a predictor of health outcomes in people with
multiple diseases, which is a further indicator that neuroticism might be linked to a general
susceptibility to disease rather than any specific pathology (Matthews, Deary, & Whiteman,
2003). Neuroticism is, in fact, recognized as a major influence on public health (Lahey,
2009), with the total excess cost approximately 2.5x higher than that of the common mental
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disorders (Cuijpers et al., 2010). The total per year per capita excess cost of neuroticism is
estimated at $12,362 in the 5% highest scorers of neuroticism, and at $1.393 billion per 1
million inhabitants in the 25% highest scores (Cuijpers et al., 2010). However, the exact
mechanisms by which neuroticism influences health are yet to be fully understood.
Apart from neuroticism, openness to experience has been linked to cardiovascular
disease. Facets of openness, including openness to aesthetics, feelings, actions, and ideas,
were all linked to reduced risk for cardiac mortality (Jonassaint et al., 2007). A study by
Goodwin and Friedman (2006) conducted in a national representative sample found that
conscientiousness and neuroticism were related to several other self-reported diseases:
participants who reported having diabetes, hypertension, hernia, or bone and joint problems
had lower levels of conscientiousness. Participants with ulcers, asthma, bronchitis, and other
lung problems had higher neuroticism. Finally, participants who reported having chronic skin
problems, sciatica–lumbago, urinary–bladder problems, stroke, or tuberculosis were both
lower in conscientiousness and higher in neuroticism (Goodwin & Friedman, 2006).
Personality traits have also been linked to longevity. One meta-analysis (Roberts,
Kuncel, Shiner, Caspi, & Goldberg, 2007) showed that lower conscientiousness, lower
extraversion, higher neuroticism and low agreeableness were all associated with higher risk
of all-cause mortality. While conscientiousness was the strongest and most consistent
predictor of mortality across the studies, the effects of neuroticism were inconsistent: in some
studies neuroticism was associated with increased, and in some with reduced risk of death
(Deary et al., 2010). The beneficial effect of conscientiousness on mortality has been
consistently replicated across meta-anylses and narrative reviews (Kern & Friedman, 2008;
Bog & Roberts, 2013).
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Finally, personality traits have been associated with a variety of disease precursors.
One such example is a consistent link between higher conscientiousness and lower openness
with lower levels of inflammatory markers, namely CRP and interleukin-6 (Luchetti,
Barkley, Stephan, Terracciano, & Sutin, 2014). There is evidence of interaction between
personality traits, namely evidence suggests that individuals high in both neuroticism and
conscientiousness have lowest levels of circulating interleukin-6 (Turiano, Mroczek,
Moynihan, & Chapman, 2012).

Mechanisms linking personality and health
The evidence is convincing that personality traits of the FFM are associated with
cardiovascular disease, mortality, and other important health outcomes. But, if personality
plays a causal role in disease development, what are potential mechanisms of this influence?
Unhealthy habits. Given that personality traits are described as broad patterns of
behaviour, it may be that some aspects of behaviour are risk factors for disease. For example,
if the experience of negative emotions leads to binge eating, and obesity contributes to
diabetes and cardiovascular disease, then personality traits associated with a proneness to
experience negative affect would be an indirect cause for these health condition. There has
been substantial evidence that personality traits are related to health-related behaviours. For
example, a combination of high neuroticism and low agreeableness and low
conscientiousness has been linked to smoking (Terracciano & Costa, 2004) and alcohol abuse
(Malouff, Thorsteinsson, Rooke, & Schutte, 2007). High extraversion and conscientiousness,
and low neuroticism are associated with higher levels of physical activity (Rhodes & Smith,
2012; Wilson & Dishman, 2015); and high conscientiousness and openness, and low
agreeableness and neuroticism with active health care decision making (Flynn & Smith,
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2007). In the recent years, the evidence that individuals low in conscientiousness and higher
in extraversion engage in riskier health behaviours has been mounting (Atherton, Robins,
Rentfrow, & Lamb, 2014). However, Friedman and Booth-Kewley (1987) note that it is
important to bear in mind that changes in personality would not necessarily cure the disease if
the mediating behaviour is not affected by the change, so focusing on personality traits may
be more useful in prevention strategies and a useful tool for targeting at-risk individuals
Direct Influences of Personality. The second mechanism by which personality could
causally contribute to disease onset is by directly influencing a physiological mechanism that
causes the disease. In the context of Type A personality research, if this behavioural pattern
causes hypertension, then personality would be a direct cause for heart disease. In other
words, if a personality trait has an underlying pattern of emotional responding, as suggested
by almost all personality researchers described above, then then a person high on that trait
would have a corresponding physiological response when coping with environmental
challenges that could be either beneficial of detrimental for one‘s health. Friedman and
Booth-Kewley (1987) emphasize that this does not mean that personality is the only cause of
the disease, but rather act as a risk factor that makes one more or less prone to that disease.
Biological Third Variables. Yet another possibility is that an underlying biological
variable causes both a certain personality trait and the corresponding disease. For example, a
certain physiological response would not be an underlying characteristic of an anxiety-prone
individual, but would rather cause both anxiety and heart disease, and anxiety would not
influence heart disease itself. Similarly, common genetic influences could shape both
personality traits and act as risk factors for the disease and the observed associations would
be merely correlational. Eysenck‘s (1967) theory of introversion/extraversion as defined by
weak/strong nervous systems would fall into this category of explanations. Friedman and
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Booth-Kewley (1987) note that the biological third variable model is not inconsistent with
causal personality models if the biological models allow for feedback to and changes in the
biological variable as a function of personality influenced physiological responding. Both
direct influences and biological third variable pathways from personality to disease would be
more easily seen as derivatives from one of the previously described biological theories of
personality. However, traits of the FFM resemble Eysenck‘s and Gray‘s proposed concepts
but potentially provide a more comprehensive description of human personality variation.
This makes the FFM a good methodological framework for Exploration into mechanisms of
associations between personality and health.
Illness Behaviours. As compared to standard medical models, social psychology and
sociology define illness (as opposed to disease) as a socially determined state that involves
getting a physician diagnosis and being attributed the sick role which further defines one‘s
perceptions and actions (DiMatteo & Friedman, 1982). Given that this role is determined by
social factors, and that personality traits are closely linked to social behaviours, it is possible
that some of the observed links between personality and health are therefore a method
artefact of these social influences, i.e. the same social influences could determine perceptions
of both subjective health status and personality. This could particularly affect research if
self-reported symptoms are used as an outcome. Thus, use of objective measures is strongly
encouraged to minimize the role of social factors in responding and obscuring the observed
personality-health associations.
The body as a system. Lastly, it is likely that a disease would not be caused by a
single factor, be it personality-related or not. Rather, a host of processes and feedback loops
are often at play and jointly affect health in a deleterious way. For example, anxiety could
lead to increased smoking, which in turn can trigger changes in heart rate and autonomic
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nervous system, which could then both further increase anxiety and contribute to heart
disease. For this reason, it is important not to oversimplify models, and discern all the
different paths and influences, which would in turn form a translational path for intervention
and prevention strategies.
More recently, Deary, Batty and Weiss offered their suggestions on the potential
mechanisms linking personality traits and health outcomes (Deary et al., 2010). They group
them broadly in two clusters: health behaviours, and socioeconomic status. The authors
describe health behaviours as links to health outcomes in a manner similar to previously
described Friedman and Booth-Kewley (1987). The most significant addition is the
recognition of the role of socioeconomic status. Socioeconomic status is a known
independent predictor of health outcomes (Frank, Cohen, Yen, Balfour, & Smith, 2003), and
it is known that personality traits are also related to indicators of socioeconomic status such
as educational achievement and income (Deary et al., 2010; Jonassaint, Siegler, Barefoot,
Edwards, & Williams, 2011). Deary et al. suggest two ways in which health behaviours and
socioeconomic status could influence health outcomes: by mediating the effects of
personality traits on health outcomes; or by modifying and moderating other risk factors such
as genetic risk. In addition to these, the patient-health-care practitioner relationship may also
be another important mechanism, as personality traits may make more or less likely to adhere
to treatment and follow overall health advice subsequently affecting objective health state of
an individual.
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The present thesis – research questions and aims

After we presented the overview of the trait approach for the study of the links
between personality and health outcomes, and main findings to date, we will here present the
main objectives and specific questions asked in this thesis.
The purpose of this thesis is twofold. Firstly, given that personality traits have been
linked to several health outcomes and health related behaviours, but also to precursors of
diabetes mellitus, our aim is to explore whether personality traits can act as protective and/or
risk factors for diabetes mellitus. Second, given that the mechanisms by which personality
traits could influence health are still largely unknown, we aim to investigate several potential
mechanism by which personality could influence diabetes, and other health outcomes such as
cardiovascular disease and mortality.
Chapters 2-4 focus on the associations between personality and diabetes. Two studies
examined cross-sectional and longitudinal associations between personality and type 1 and
type 2 diabetes. Personality traits have previously been linked to metabolic syndrome – a
precursor of diabetes, and its components such as obesity, hypertension, higher levels of
blood triglycerides and glucose, as well as behaviours such as dietary habits and exercise.
The few studies that looked into the personality-diabetes associations did not distinguish
between type 1 and type 2 diabetes. The two forms of the disease have distinct aetiologies
and severity of the symptoms, which could lead to different patterns of association with
personality traits. Furthermore, previous studies did not utilize longitudinal designs, and thus
were not able to rule out the possibility that the presence of the disease has led to changes in
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personality and not vice versa. Using a large national sample with detailed personality and
health data we were able to test these separately.
In Chapter 3, we aim to replicate the findings presented in Chapter 2 using a different
level of analysis. Instead of using individual participants‘ data, we aggregate personality and
diabetes data on a geographical level of the U.S. counties to account for potential unmeasured
geographical correlates that could affect both personality and diabetes – such as
socioeconomic status, typical lifestyle choices, quality of food, etc. Using multilevel
modelling we test whether average personality levels are associated with type 2 diabetes
incidence in the U.S. counties and states. Furthermore, using a large internet sample of over
1,000,000 people, in addition to personality domains enables us to examine more fine-grained
associations of personality facets with type 2 diabetes incidence in a time span of six years.
Having established whether associations between personality trait domains and facets
correlate with type 1 and type 2 diabetes prevalence and incidence on both individual and
geographical levels, we next tested whether a possible mechanism by which personality may
influence diabetes is by moderating the expression of its genetic risk. The study described in
Chapter 4 looks at interactions between personality domains and facets with polygenic risk
score for type 2 diabetes. Apart from being genetically informative, another methodological
strength of this study is use of glycated haemoglobin, an objective and commonly used
diagnostic tool for diabetes, instead of self-reported diabetes variables used in Chapters 2 and
3.
In study 5 we move away from diabetes to the study of mortality as a health outcome.
Here we aim to resolve previous contradictory results regarding the effects neuroticism has
on mortality. Some of the studies report higher neuroticism being associated with higher risk
of mortality, whereas some report higher neuroticism as a protective factor for mortality. We
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aim to better understand these contradictory findings, by carefully reviewing the literature
and detecting covariates included in previously reported studies. We identify that previous
studies that found neuroticism to be a risk factor did not include measures of both objective
and self-reported health. However, when neuroticism was protective against death, self-rated
health variables were always included in the model. In the current study we test the
hypothesis that the sign of the effect neuroticism has on all-cause mortality will depend on
the presence of objective and self-rated health variables in the logistic regression models.
The last empirical chapter of the thesis is Chapter 6. Here we explore autonomic
nervous system activity as a potential biomarker for personality traits, and its ability to act as
a mediator between personality traits and two highly comorbid diseases: cardiovascular
disease and depression. We utilize measures of heart rate variability: standard deviation of
heart beat intervals as a measure of general autonomic reactivity, and high-frequency and
low-frequency power of the continuous heart function as measures of parasympathetic and
sympathetic components of the autonomic nervous system. Given the different theoretical
and empirical rationales, we test two hypotheses. The first study tests whether openness
would be associated with low-frequency power as a measure of sympathetic activation. The
second study describes a model of associations between neuroticism and autonomic
activation, while controlling for cardiovascular disease and depression and their mutual
associations with the key variables in the study.
Finally, Chapter 7 offers a summary of the findings presented in the five empirical
chapters, discusses the limitations of the current method, and offers suggestions for future
research in the field.
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Abstract
Previous research suggested that personality traits are related to diabetes risk factors
such as dietary habits, obesity, and components of the metabolic syndrome. In two studies,
we tested whether personality traits are related to diabetes mellitus. In Study 1 we examined
cross-sectional relationships between personality traits and type 1 diabetes and type 2
diabetes. The sample (n = 8490) was taken from the 1982-84 wave of the National Health and
Nutrition Examination Survey Epidemiological Follow-up Study. Higher neuroticism was
associated higher chance of having type 1 diabetes and openness was associated decrease in
that chance. The associations remained significant after controlling for sex, age,
race/ethnicity, depressive symptoms, body mass index, hypertension, and cigarette smoking
status. No personality traits were associated with type 2 diabetes in the cross-sectional study.
In Study 2 we tested whether personality traits are associated with type 2 diabetes incidence.
The sample (n = 6798) was derived from the same cohort as in Study 1. Higher neuroticism
was associated with reduced type 2 diabetes risk even after controlling for race/ethnicity, age,
depressive symptoms, and BMI. The limitations of these studies and the implications for
future research on personality and diabetes are discussed.
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Introduction
Diabetes is a major risk factor for health complications, including heart disease and
stroke, blindness, kidney and nervous system disease, limb amputations, and increased risk of
death (Centers for Disease Control and Prevention, 2011). In type 1 diabetes, pancreatic βcells are destroyed and the body needs exogenous insulin for survival (Bach, 1994). Type 1
diabetes is formerly known as juvenile diabetes as develops most frequently in the early
stages of life (Rother, 2007). On the other hand, type 2 diabetes is a metabolic disorder
characterized by chronic hyperglycemia with disturbances of carbohydrate, fat, and protein
metabolism, resulting from defects in insulin secretion, insulin action, or both (World Health
Organization, 1999). Type 2 diabetes is associated with later-life onset (American Diabetes
Association, 2011). In 2011 there were 366 million people with diabetes worldwide,
approximately 90% of whom had type 2 diabetes, and this number is expected to rise to 552
million by 2030 (Whiting, Guariguata, Weil, & Shaw, 2011; Zimmet, Alberti, & Shaw,
2001). Given the personal and social costs associated with diabetes, it is imperative to find
ways to identify at-risk individuals early, and to engage them in prevention strategies
(Tuomilehto et al., 2011; Zimmet et al., 2001).
Genetic factors play a major role in development of type 1 diabetes (Barrett et al.,
2009), primarily through the human leukocyte antigen complex (Barrett et al., 2009; Lambert
et al., 2004; Redondo, Fain, & Eisenbarth, 2000). However, studies of monozygotic twins
have shown that concordance rates range from 30 to 50%, which suggest that non-genetic
risk factors also play a role (Todd, 1990). One factor that triggers the expression of the
genetic influences is stress. Evidence for this comes both from animal models and studies on
human populations. For example, chronic stress significantly increases the incidence of the
phenotypic expression of the type 1 diabetes gene in the bio-breeding rat (Carter, Herrman,
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Stokes, & Cox, 1987; Lehman, Rodin, McEwen, & Sahlin, 1991). Moreover, children with
type 1 diabetes are reported by caregivers/parents to experience a higher number of stressful
events in the first two years of life compared to matched healthy controls (Thernlund et al.,
1995). This implies that individuals with more perceived stressful events, like those high in
trait anxiety (as discussed in Chapter 1), could be at higher risk of expressing their genetic
risk for Type 1 diabetes.
On the other hand, The International Diabetes Federation lists obesity, unhealthy diet,
physical inactivity, older age, insulin resistance, family history, and ethnicity as risk factors
for type 2 diabetes (International Diabetes Foundation, 2012). However, evidence is
mounting that psychological factors, including mood and personality, may play an equally
important role in development of type 2 diabetes. For example, a prospective study found that
depressive symptoms were a risk factor for diabetes incidence in participants from the
National Health and Nutrition Examination Survey Epidemiological Follow-up Study
(NHEFS) (Carnethon, Kinder, Fair, Stafford, & Fortmann, 2003). Similarly, two metaanalyses found that depressed adults are at greater risk of developing diabetes (Knol et al.,
2006; Musselman, Betan, Larsen, & Phillips, 2003). Eriksson and colleagues (Eriksson et al.,
2008) showed that baseline psychological distress, a measure of anxiety, depression, apathy,
fatigue, and insomnia, predicted type 2 diabetes onset after controlling for baseline glucose
tolerance. In a large prospective study (Engum, 2007), participants with higher scores on the
baseline clinical measure that assessed anxiety and depression had significantly higher type 2
diabetes prevalence in the follow-up wave. Further studies suggest that symptoms of
depression and anxiety influence type 2 diabetes risk by impairing endocrine response
(Björntorp, Holm, & Rosmond, 1999; Boyle et al., 2007; Everson-Rose et al., 2004).
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Normal personality traits have also been associated with diabetes. Two cross-sectional
studies have shown that personality traits, such as those of the Five-Factor Model (Digman,
1990; McCrae & Costa, 2003), are associated with diabetes. In the first study, Goodwin and
Friedman (Goodwin & Friedman, 2006) found lower levels of conscientiousness, openness,
and higher levels of agreeableness in people with diabetes than in those without diabetes. In
the second, Goodwin, Cox, and Clara (2006) reported that neuroticism was associated with
increased risk of diabetes. On the other hand, an ―individual participant‖ meta-analysis of
five cohort studies found that diabetes incidence was only associated with low levels of
conscientiousness (Jokela et al., 2013).
Studies have also shown associations between personality and physiological and
behavioural factors related to diabetes risk. Neuroticism has been associated with the
metabolic syndrome and its components, namely obesity, high triglycerides, hypertension,
and elevated blood glucose (Phillips et al., 2010; Sutin et al., 2010). Tsenkova et al.
(Tsenkova, Carr, Coe, & Ryff, 2012) found that higher neuroticism enhanced the association
between body mass index (BMI) and poor glucose metabolism. However, this same study
showed that neuroticism was inversely associated with average levels of blood sugar as
measured by HbA1c, which suggests that the long term associations between neuroticism and
diabetes may differ from the cross-sectional ones. Lower levels of neuroticism have been
associated with unhealthy dietary habits (Mõttus et al., 2012) and lower levels of physical
activity (Rhodes & Smith, 2006). Higher extraversion has been associated with healthier
dietary habits (Mõttus et al., 2012) and higher levels of physical activity (Rhodes & Smith,
2006). Lower openness to experience has been associated with higher baseline cholesterol
and tryglycerides levels (Sutin et al., 2010) and poorer diet (Mõttus et al., 2012). Finally,
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agreeableness has been associated with increased alcohol consumption (Flynn & Smith,
2007; Malouff, Thorsteinsson, Rooke, & Schutte, 2007).
In the current study, we focused on cross-sectional and longitudinal associations
between personality traits and diabetes. In the cross-sectional sample, we examined the
associations of personality traits with both type 1 and type 2 diabetes. In the prospective
sample, we focused on associations between personality traits and type 2 diabetes incidence.
Based on the aforementioned studies, we hypothesized that personality traits will be
associated with diabetes prevalence. We predict that neuroticism and, due to its association
with low agreeableness (Dembroski & Costa, 1987), type A personality would be associated
with higher diabetes prevalence, whereas openness to experience and extraversion would be
associated with lower prevalence of diabetes mellitus. Given that the previously discussed
studies on personality and diabetes do not make a distinction between different forms of the
disease, we make no distinct hypotheses for type 1 and type 2 diabetes prevalence. However,
we ran separate models for the two forms of diabetes to allow for possible differences in their
associations with personality traits.
The second part of the study will focus on personality traits in their relationship to
type 2 diabetes incidence, given the strength of this design to address directionality of the
associations. We predict that higher openness will be associated with lower type 2 diabetes
incidence. Similarly, higher type A behavior will be associated with higher type 2 diabetes
risk. Finally, we hypothesized that extraversion would be associated with reduced type 2
diabetes risk.
We tested these hypotheses in the National Health and Nutrition Examination Survey
I Epidemiological Follow-up Study (NHEFS) (Centers for Disease Control and Prevention
(CDC). National Center for Health Statistics (NCHS), 2012). The NHEFS is a cohort study
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with four waves of assessment designed to assess the health and nutritional status of general
population in the United States, conducted from 1982 through 1992. Using a cross-sectional
and a longitudinal sample, we examined the associations of personality traits with diabetes,
adjusting for major risk factors, including age, ethnicity, body-mass index, hypertension, and
smoking history.

Method
Participants. Two samples were drawn from the NHEFS cohort (Centers for Disease
Control and Prevention (CDC). National Center for Health Statistics (NCHS), 2012; CornoniHuntley et al., 1983), which is a subsample of the NHANES I. The NHANES I was
conducted in 1975 and was designed to assess the health and nutritional status of a
nationwide probability sample of approximately 32,000 participants in the United States
(National Center for Health Statistics, 1973, 1978). The NHEFS cohort comprises
participants aged between 25 and 74 and took place over three follow-up waves (1982-1984,
1987, and 1992) (Centers for Disease Control and Prevention (CDC). National Center for
Health Statistics (NCHS), 2012; Cornoni-Huntley et al., 1983). Sample 1 was used to study
prevalence and Sample 2 was used to study incidence.
Sample 1: prevalence. This sample was used to examine the association between
personality and diabetes prevalence. It was derived from 12,200 participants of the Wave I
(1982-1984) of the NHEFS cohort. We excluded participants who had missing data on
personality measures, depressive symptoms, diabetes, demographics or medical covariates.
The final sample used here included 9100 (Mage = 55.93, SDage = 14.46) participants: 3400
men (Mage = 57.57, SDage = 14.52) and 5700 women (Mage = 54.95, SDage = 14.34) who selfreported their ethnicity as ―white‖ (n = 7872), ―black‖ (n = 1134), or ―other‖ (n = 94). The
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last category included participants who reported themselves as Aleut, Eskimo, American
Indian, Asian/Pacific islander, Hispanic, Japanese, Chinese, Korean, or Hindu.
There were 146 (1.6%) participants who met the criteria to be classified as having
type 1 diabetes, and 460 (5.1%) participants were classified as having type 2 diabetes. The
remaining 8494 (93.3%) participants were classified as being free of diabetes.
Sample 2: Incidence. The sample used to study diabetes incidence in relation to
personality traits was comprised of subjects from Sample 1 who also completed the final
(1992) wave of assessment. The 1992 sample consisted of 9281 participants. Of these, 753
were not classified with respect to the diabetes variables and were thus excluded. Merging the
usable 1982 and 1992 subsamples produced a prospective sample with 6962 participants with
full data at both time points. We further excluded participants if they reported having type 1
diabetes in 1982 and type 2 in 1992 (n = 6), if they had any type of diabetes in 1982 or
developed it after 1992 (n = 127), or if they had type 1 diabetes in 1992 (n = 29). The final
incidence sample thus comprised 6800 participants.
In 1982 the mean age of the final incidence sample was 53.8 (SD = 13.8). The sample
comprised 2431 men whose mean age in 1982 was 54.9 (SD = 13.9) and 4369 women whose
mean age in 1982 was 53.2 (SD = 13.7). Of these participants, 6072 reported being ―white‖,
663 reported being ―black‖, and 65 reported being ―other‖, grouped in the same categories as
described in Sample 1.
One hundred and ninety seven (2.9%) participants developed type 2 diabetes over the
ten year follow-up period. The incidence rates for females and males were 2.7% and 3.2%,
respectively. These incidence rates are comparable to those previously reported for the same
time period (3% incidence for women and 3.6% for men) (C. S. Fox et al., 2006).
Measures
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Demographics. Age was treated as a continuous variable. Gender was coded 0 for
females and 1 for males. Race/ethnicity was entered as two dummy-coded variables, which
compared participants who self-identified as ―black‖ and ―other‖ to those who identified as
―white‖, respectively.
Diabetes. Participants were classified as having developed type 2 diabetes based on
their answers to two questions. The first asked: ―Did a doctor ever tell you that you had
diabetes or sugar diabetes?‖. The second question asked: ―Are you now taking medications
for this condition: Insulins (includes NPH U-100, Lente U-100, Lente Reg.)?‖. Participants
who answered ―yes‖ to both questions were classified as having type 1 diabetes. Participants
who answered ―yes‖ to the first and ―no‖ to the second question were classified as having
type 2 diabetes. Participants who answered ―no‖ to both questions were classified as not
having diabetes.
While, today, insulin is prescribed to treat some cases of type 2 diabetes, and
especially the later stages of the disease (Hamaty, 2011), this is a recent phenomenon
(Holden, Gale, Jenkins-Jones, & Currie, 2014) and at the time of the sample collection in
1982, and up until the late 1990‘s, the distinction between type 1 and type 2 diabetes was
based on whether patients were talking insulin (Andersen, Christiansen, Andersen, Kreiner,
& Deckert, 1983; Barker et al., 1993; Tisch & McDevitt, 1996).
Psychological variables. Personality and depressive symptoms were assessed in
1982. Short scales were used to assess neuroticism, extraversion, and openness to experience
(Costa & McCrae, 1986; Costa, McCrae, & Locke, 1990; Costa et al., 1986). The
Framingham Type A scale (Haynes, Levine, Scotch, Feinleib, & Kannel, 1978) was used to
assess the Type A behavioral pattern. The Center for Epidemiologic Studies Depression Scale
(CES-D; Radloff, 1977) was used to assess depressive symptoms.
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The neuroticism short scale consisted of five items chosen on theoretical grounds
from the NHANES General Well-Being Schedule (GWBS) (Dupuy, 1984; Fazio, 1977).
Three neuroticism items were taken from the anxiety subscale of the GWBS. These items
assessed the degree to which participants, during the past month, felt they were under strain,
stress, or pressure, the degree to which participants were anxious, worried, or upset, and the
degree to which participants were emotionally stable and sure of themselves (reverse scored)
(Dupuy, 1984; Fazio, 1977). The fourth neuroticism item was taken from the depression
subscale of the GWBS and asked participants how cheerful/depressed they had been during
the past month. The fifth neuroticism item asked the participants how relaxed/tense they had
been during the past month. The three items taken from the anxiety subscale were rated on a
six point scale with lower scores indicating higher levels of endorsement. The two remaining
items were rated from 0 to 10 with higher scores indicating higher levels of endorsement.
The extraversion and openness scales were selected from the NEO Personality
Inventory using multiple regression (Costa & McCrae, 1986). The eight (two reversed)
extraversion items tapped aspects of extraversion related to gregariousness, warmth, activity,
assertiveness, positive emotions, and excitement-seeking. The six (three reversed) openness
items tapped aspects of openness related to openness to fantasy, actions, aesthetics, ideas.
The extraversion and openness items could be rated on a five point scale ranging from 1
―Strongly Disagree‖ to 5 ―Strongly Agree‖. We scored these scales according to the
weighting equation for each of the scales provided in the scoring key (Costa et al., 1990).
The internal consistencies of the neuroticism, extraversion, and openness scales were
identified in a previous study as being .76, .51 and .42, respectively (Costa et al., 1986). The
lower internal consistencies for the latter two scales were attributed to ―the breadth of item
content as well as the brevity of the scales‖ (Costa et al., 1986, p. 142). In addition to internal
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consistencies, these scales showed good convergent and discriminant validity against self,
spouse, and peer reports on the NEO Inventory‘s neuroticism, extraversion, and openness
scales (Costa & McCrae, 1986). The neuroticism and extraversion scales also displayed good
convergent and discriminant validity against the neuroticism and extraversion scales of the
Eysenck Personality Inventory (Eysenck & Eysenck, 1964).
The fourth personality measure was the Framingham Type A scale (Haynes et al.,
1978). This scale is designed to assess a stable behavioral pattern characterized by
competitiveness, striving for achievement, aggressiveness, and time urgency. The scale has
been shown to be related to the measures of hostility and the low pole of the agreeableness
domain of the Five-Factor Model (Costa, Stone, McCrae, Dembroski, & Williams, 1987;
Dembroski & Costa, 1987; Dembroski, MacDougall, Costa, & Grandits, 1989). The scale
consisted of six items that could be answered using a four-point Likert scale with higher
scores indicating less of the trait. The internal consistency in the analysed sample was .57.
Depressive symptoms were assessed using the Center for Epidemiologic Studies
Depression Scale (CES-D; Radloff, 1977), which was designed to measure depressive
symptomatology in the general population. It consists of twenty items to assess symptoms of
depression such as feeling sad, lonely, having crying spells, feeling happy (reverse-scored).
The answers are given on a 4-point scale that assesses the frequency of reported symptoms,
ranging from ―Rarely of none of the time‖ to ―Most or all of the time‖. We used a continuous
measure of depression rather than a cut-point to parallel the continuous personality traits.
Health. While weight data were available in the NHEFS cohort, height data were not.
We thus used height data from the NHANES I to compute BMI. The correlation between
weight in the NHANES I and first wave of NHEFS was high, r(6798) = .87, p < .001. We
treated BMI as a continuous variable.
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Hypertension status was based on participants‘ answer to the question ―Has a doctor
ever prescribed medication for you for hypertension or high blood pressure?‖ Responses were
coded 0 for ―no‖ and 1 for ―yes‖.
Smoking status was based on participants‘ answers to two questions: ―Have you ever
smoked more than 100 cigarettes?‖ and ―Are you a smoker now?‖ Participants answering
―yes‖ to both questions were classified as current smokers. Participants answering ―yes‖ to
the former and ―no‖ to the latter were classified as former smokers. Participants answering
―no‖ to both questions were classified as non-smokers. Smoking status was entered as two
dummy coded variables: the first compared former smokers to non-smokers and the second
compared current smokers to non-smokers.
Analyses
Descriptive statistics. We used t-tests and chi-square tests to compare participants
who developed type 2 diabetes during the 10 years of follow-up to those who did not develop
type 2 diabetes on all the key variables in the study. Similarly, we compared participants with
those excluded from the final sample due to missingness or not meeting the study selection
criteria.
Logistic regression models. To assess personality risk factors for type 2 diabetes
incidence, we fit generalized linear models using the glm function in R, version 3.0.3 (R Core
Team, 2013). A set of models assessed associations of personality traits with diabetes
prevalence and incidence. We were interested in whether potential associations between
neuroticism, extraversion, openness, and type A were mediated through depressive
symptoms, or traditional risk factors such as BMI, hypertension, and smoking history. We fit
two cross-sectional and four longitudinal models. Cross-sectional models examined
associations of personality traits and all covariates with type 1 and type 2 diabetes. To
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address possible causal roles in development of type 2 diabetes, we next fit four longitudinal
models. Model 1 tested for the effects of gender, race/ethnicity, and age on development of
type 2 diabetes. Model 2 included the same predictors as in Model 1 and the four personality
traits. Model 3 tested whether the effects of personality traits, controlling for demographics,
would be attenuated by including depression in the model. Finally, Model 4 added risk
factors such as smoking, hypertension, and BMI, to test for further attenuation of the effects
of personality. For ease of interpretation, psychological variables were transformed into zscores.

Results

Study 1: Personality and Prevalence of Type 1 and Type 2 Diabetes
Descriptive statistics for the cross-sectional sample, based on diabetes status in 19821984 are presented in Table 2.1. Participants diagnosed with diabetes were on average older,
had higher BMIs, were more often diagnosed with hypertension, and were more neurotic,
depressed and introverted than participants with no diagnosis of type 1 or type 2 diabetes. A
matrix of correlations of key variables in the study is presented in Table 2.2.
Type 1 diabetes. As presented in Table 2.3, age was significantly related to type 1
diabetes prevalence, with a 2% increase in risk associated with every year of age. There was
also a significant effect of race/ethnicity: compared to participants who self-identified as
―white‖, those who self-identified ―black‖ were almost 2.5 times more likely to have
diabetes and those who self-identified as ―other‖ were 3.4 times more likely to report type 1
diabetes. A unit increase in BMI was associated with an 8% increase in the chance of having
type 1 diabetes, and presence of hypertension was associated with a 2.33 increase in chance
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of having type 1 diabetes. Of the personality traits, every standard deviation of neuroticism
was associated with a 33% higher chance of having type 1 diabetes and openness to
experience with a 27% decrease in that chance. Depression and smoking were not
significantly related to presence of type 1 diabetes.
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Table 2.1
Descriptive Statistics of the 1982-1984 Sample by Diabetes Status
Diabetes Status
No diabetes

Type 1

Type 2

Total

(n = 8494)

(n = 146)

(n = 460)

(n = 9100)

M(SD)

M (SD)

M (SD)

M (SD)

Neuroticism

9.77 (6.64)

11.73 (7.48)

11.13 (7.45)

9.87 (6.70)

Extraversion

18.16 (3.58)

17.51 (3.56)

17.58 (3.95)

18.12 (3.60)

Openness

11.82 (3.01)

10.64 (2.65)

11.32 (2.75)

11.78 (3.00)

Type A

13.50 (3.73)

14.03 (4.04)

13.51 (4.05)

13.51 (3.75)

Depression

8.23 (8.27)

10.87 (8.99)

11.44 (9.89)

8.44 (8.40)

BMI (kg/m2)

26.11 (4.87)

29.17 (5.79)

28.58 (5.56)

26.29 (4.97)

Age

55.45 (14.44)

61.57 (12.14)

62.96 (13.29)

55.93 (14.46)

n (%)

n (%)

n (%)

n (%)

Males

3165 (37.3)

56 (38.4)

179 (38.9)

3400 (37.4)

Females

5329 (62.7)

90 (61.6)

281 (61.1)

5700 (62.6)

White

7412 (87.3)

97 (66.4)

363 (78.9)

7872 (86.5)

Black

997 (11.7)

46 (31.5)

91 (19.8)

1134 (12.5)

Other

85 (1.0)

3 (2.1)

6 (1.3)

94 (1.0)

2441 (28.7)

93 (63.7)

261 (56.7)

2795 (30.7)

Gender

Ethnicity

Hypertension
Yes
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No

6053 (71.3)

53 (36.3)

199 (43.3)

6305 (69.3)

Non-smoker

3807 (44.8)

80 (54.8)

217 (47.2)

4104 (45.1)

Former smoker

2263 (26.6)

39 (26.7)

145 (31.5)

2447 (26.9)

Current smoker

2424 (28.6)

27 (18.5)

98 (21.3)

2549 (28.0)

Smoking status

Note. Personality and depressions scores are given in raw units.
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Table 2.2
Pearson’s correlations between main variables at baseline
Neuroticism
-.16***

Age
Neuroticism

CES-D Extraversion

Openness

Type A

BMI

.03*

-.16***

-.17***

-.26***

.01

.62***

-.10***

.04***

.26***

-.02

-.15***

-.03*

.16***

.03*

.23***

.19***

.01

.06***

-.02

CES-D
Extraversion
Openness
Type A

.06***

Note. CES-D = The Center for Epidemiologic Studies Depression Scale; n = 6800;
*** p < .001, ** p < .01, * p < .05

Type 2 diabetes. In the second cross-sectional model, we predicted prevalence of
type 2 diabetes using the same set of predictors as in the first model (see Table 2.3). The
effect size of age was similar as for type 1 diabetes. Being black increased the chance of selfreporting type 2 diabetes by 135%. The likelihood of having type 2 diabetes was almost
double for those with hypertension than for those without. However, the associations of
psychological factors were different than for type 1 diabetes. This time, only depression was
significantly related to diabetes, with a 22% increased chance of having type 2 diabetes for
every standard deviation increase in depression. None of the personality traits were related to
type 2 diabetes prevalence and neither was smoking.
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Table 2.3
Odds ratios and 95% Confidence Intervals (CI) for the Associations between Personality
Traits and Type 1 and Type 2 Diabetes Prevalence
Type 1 diabetes

Type 2 diabetes

OR (95% CI)

p

OR (95% CI)

p

Neuroticism

1.33 (1.07-1.64)

.010

1.079 (0.950-1.226)

.24

Extraversion

0.98 (0.82-1.16)

.78

0.979 (0.884-1.084)

.69

Openness

0.73 (0.61-0.88)

< .001 0.956 (0.863-1.059)

.39

Type A

1.14 (0.97-1.34)

.12

1.010 (0.913-1.117)

.85

Depression

0.94 (0.77-1.16)

.58

1.221 (1.087-1.371)

< .001

1.26 (0.86-1.85)

.23

1.134 (0.911-1.412)

.26

1.02 (1.01-1.04)

< .01

1.034 (1.025-1.042)

< .001

White vs. Black

2.47 (1.70-3.61)

< .001 1.350 (1.048-1.739)

White vs. Other

3.39 (1.03-11.14)

Gender
Female vs. Male
Age
Ethnicity

BMI

.045

1.673 (0.710-3.943)

.020
.24

1.08 (1.05-1.11)

< .001 1.083 (1.064-1.103)

< .001

2.33 (1.60-3.37)

< .001 1.868 (1.519-2.298)

< .001

Hypertension
Present vs. absent
Smoking status
Non vs. Former

0.85 (0.56-1.29)

.44

1.211 (0.955-1.536)

.11

Non vs. Current

0.70 (0.44-1.12)

.13

1.071 (0.822-1.396)

.61

Note. BMI = Body Mass Index. Personality scores, BMI and depression are given in raw
units
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Study 2: Personality and Type 2 Diabetes Incidence
Table 2.4 presents descriptive statistics for the whole sample by 1992 diabetes status.
Attrition analysis1 is presented in Table 2.5, namely the differences in means and frequencies
between participants in the initial sample and those included in the study, and between those
who did and did not develop diabetes. The differences between those included and excluded
from the study even though significant were small in size, and ranged between one tenth of a
standard deviation for type A behaviour, to one third of a standard deviation for depressive
symptoms.
Table 2.4
Descriptive Statistics of the Prospective Sample by 1992 Diabetes Status
Type 2 Diabetes
Absent

Present

Total

(n = 6603)

(n = 197 )

(n = 6800)

M (SD)

M (SD)

M (SD)

Neuroticism

9.6 (6.5)

8.7 (6.4)

9.6 (6.5)

Extraversion

18.3 (3.6)

17.7 (3.5)

18.3 (3.6)

Openness

12.0 (3.0)

11.6 (3.0)

12.0 (3.0)

Type A

13.5 (3.6)

13.6 (3.7)

13.5 (3.6)

Depression

7.7 (7.7)

8.9 (8.4)

7.7 (7.7)

BMI (kg/m2)

25.9 (4.6)

29.8 (5.5)

26.0 (4.7)

Age (at baseline)

53.7 (13.8)

57.4 (11.9)

53.8 (13.8)

Variable

1

Attrition analysis, i.e. comparisons between included and excluded participants is presented for each
longitudinal sample in the thesis.
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Type 2 Diabetes
Absent

Present

Total

(n = 6603)

(n = 197 )

(n = 6800)

n (%)

n (%)

n (%)

Male

2354 (35.7)

77 (39.1)

2431 (35.8)

Female

4249 (64.3)

120 (60.9)

4369 (64.2)

White

5924 (89.7)

148 (75.1)

6072 (89. 3)

Black

617 (9.3)

46 (23.4)

663 (9.8)

Other

62 (1.0)

3 (1.5)

66 (0.9)

Yes

1680 (25.4)

86 (43.7)

1766 (26.0)

No

4923 (74.6)

111 (56.3)

5034 (74.0)

Non-smoker

2985 (45.2)

85 (43.1)

3070 (45.1)

Former smoker

1741 (26.4)

55 (27.9)

1796 (26.4)

Current smoker

1875 (28.4)

57 (29.0)

1932 (28.5)

Gender

Ethnicity

Hypertension

Smoking status

Note. Personality and depression scores are given in raw units.
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Table 2.5
Differences in means and frequencies for all variables.
Type 2 vs. None

Excluded vs. Included

t

df

p

t

df

p

Neuroticism

1.92

6798

.055

-8.27

9950

< .001

Extraversion

2.36

6798

.018

9.52

9888

< .001

Openness

1.44

6798

.15

10.30

9989

< .001

Type A

-0.48

6798

.62

3.88

9809

< .001

Depression

-2.05

6798

.041

-14.97

9510

< .001

BMI (kg/m2)

-11.68

6798

< .001

-8.48

9970

< .001

χ2

df

p

χ2

df

p

Gender

0.84

1

.36

139.68

1

< .001

Ethnicity

43.73

2

< .001

223.91

2

< .001

Hypertension

32.06

1

< .001

315.27

1

< .001

Smoking

0.37

2

.83

110.45

2

< .001

Note. Assumption of equal variances was met.
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The logistic regression models are presented in Table 2.6. The assumption that the
independent predictor was linearly related to log odds was met for all variables in all of the
models. The variance inflation factor (VIF: Fox & Monette, 1992) ranged from 1.01 to 1.89
and thus there was little evidence that multicollinearity was a problem as would be indicated
if the VIF were greater than five.
In Model 1, gender was not significantly related to type 2 diabetes risk. However, age
was a significant risk factor, with a 2% increase in risk per year of age and race/ethnicity was
also a risk factor, with participants categorized as black being approximately three times as
likely to report developing type 2 diabetes.
Model 2 included the effects of personality. In this model, the effect sizes for the
demographic predictors were similar to those in Model 1. Extraversion was significantly
related to type 2 diabetes incidence with each standard deviation increase of extraversion
being associated with a 17% reduction in risk. Moreover, each standard deviation increase in
type A behavior was related to 18% increase in risk of type 2 diabetes.
Model 3 included the effects of depression. In this model, depression was a significant
risk factor, with each standard deviation being associated with a 27% increase in risk. The
effect of neuroticism was now significant, with each standard deviation increase being related
to a 26% reduction in risk for type 2 diabetes. Type A behavior was no longer significant, but
extraversion was still related to a 15% reduction in risk per standard deviation increase.
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Table 2.6
Odd Ratios and 95% Confidence Intervals of Type 2 Diabetes Incidence Associated with Demographics, Personality Traits, Depression, and
Diabetes-related Factors
Model 1

Model 2
p

p

1.16 (0.87-1.56)

.32

1.07 (0.79-1.45)

White vs. Black

3.03 (2.15-4.26)

< .001

3.00 (2.13-4.23)

White vs. Other

2.03 (0.63-6.56)

.24

1.98 (0.61-6.43)

.26

1.94 (0.60-6.28)

.27

2.42 (0.74-7.94)

.15

1.02 (1.01-1.03)

< .001

1.02 (1.01-1.03)

<.001

1.02 (1.01-1.03)

< .01

1.02 (1.01-1.03)

<.01

Neuroticism

0.86 (0.73-1.01)

.059

0.74 (0.61-0.89)

< .01

0.74 (0.61-0.91)

<.01

Openness to Experience

0.98 (0.85-1.14)

.84

0.99 (0.85-1.15)

.88

0.98 (0.84-1.14)

.79

Extraversion

0.83 (0.72-0.97)

.018

0.85 (0.73-.99)

.036

0.87 (0.74-1.01)

.068

Type A

1.18 (1.01-1.37)

.037

1.16 (0.99-1.35)

.063

1.10 (0.94-1.29)

.28

.66

OR (95% CI)

Model 4

OR (95% CI)
Female vs. Male

OR (95% CI)

Model 3

1.10 (0.81-1.49)

p
.53

OR (95% CI)
1.19 (0.85-1.65)

p
.31

Race/Ethnicity

Age

< .001 2.82 (1.99-3.98)

< .001 1.99 (1.38-2.86)

< .001
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Model 1
OR (95% CI)
Depression

Model 2
p

OR (95% CI)

Model 3
p

OR (95% CI)
1.27 (1.07-1.52)

Model 4
p

p

1.22 (1.02-1.46)

.027

1.14 (1.11-1.17)

<.001

1.29 (0.94-1.79)

.12

Non vs. Former

1.12 (0.77-1.63)

.55

Non vs. Current

1.41 (0.97-2.03)

.068

BMI

< .01

OR (95% CI)

Hypertension
(Present vs. Absent)
Smoking status

Note. Personality predictors in terms of the effects of standard deviation increases. n = 6800 for all models.

63

Chapter Two: Personality and Diabetes Mellitus in a National Sample

Finally, Model 4 included BMI, hypertension, and smoking. The effects of BMI but
not smoking or hypertension, was a significant risk factor: each unit increase in BMI was
associated with 14% increase in risk. Increased neuroticism was still associated with a 26%
reduction in risk. However, the effect of depressive symptoms was somewhat attenuated,
with each standard deviation now being associated with a 22% increase in risk. Other
personality traits were not significantly related to diabetes risk.
The neuroticism and depressive symptoms variables were positively skewed. To
correct this we square root transformed both variables. We then re-ran Model 3 and Model 4.
The effects sizes were slightly smaller, but remained in the same direction and were
significant. After the transformation, the effect size of neuroticism dropped from 26% to 17%
in both models. Similarly, the effects of depression dropped from 27% to 14% in Model 3,
and from 22% to 11% in Model 4. The other effects remained unchanged.
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Discussion
Personality traits were associated with type 1 but not type 2 diabetes prevalence and
with type 2 diabetes incidence. Participants higher in neuroticism or lower in openness to
experience were more likely to have type 1 diabetes after controlling for age, sex,
race/ethnicity, depression and standard medical covariates. Personality traits were not crosssectionally related to type 2 diabetes. Prospectively, in a model controlling for age, sex and
race/ethnicity, higher extraversion was associated with reduced risk for developing type 2
diabetes, while higher type A behaviour was associated with increased risk. After adjusting
for depressive symptoms, type A behaviour was not significantly associated with diabetes
risk but extraversion remained protective. Higher neuroticism was now significantly
associated with reduced risk and extraversion remained a protective factor. After also
adjusting for BMI, hypertension, and smoking, neuroticism was still significant protective
factor, but neither type A behaviour nor extraversion were significantly related to type 2
diabetes.
Given the different characteristics of the two forms of the disease, it is not surprising
that the relationships between personality traits and type 1 and type 2 diabetes differ. Type 1
diabetes is seen to be a largely genetically determined progressive autoimmune disease that
leads to destruction of pancreatic β cells (Bach, 1994), and only 29 participants developed
this type of diabetes over the course of 10 years of their adulthood. Therefore, the
neuroticism and openness results may reflect reverse causality. Being a more severe and a
more difficult to manage form of diabetes, type 1 diabetes could increase one‘s levels of
neuroticism. Experiencing more stress and adapting to the demands of living with the disease
may lower one‘s openness to experience as the nature of the disease has a significant impact
on lifestyle.
65

Chapter Two: Personality and Diabetes Mellitus in a National Sample

Finding that lower neuroticism is related to risk of developing diabetes in the
prospective study is surprising given studies that indicate, along with depressive symptoms,
anxiety is linked to higher diabetes risk (Engum, 2007; Eriksson et al., 2008), and that
chronic anxiety and depression are associated with neuroticism (Hettema, Neale, Myers,
Prescott, & Kendler, 2006). To try and resolve these differences we first considered several
methodological reasons that could have led to our result. In light of the fact that including
depressive symptoms in the model brought out the protective effect of neuroticism, and that
neuroticism and depression are phenotypically and genetically related (Bienvenu et al., 2004;
Hettema, An, et al., 2006; Hettema, Neale, et al., 2006; Jardine, Martin, Henderson, & Rao,
1984), these findings may have resulted from overfitting. However, this is not a plausible
explanation for three reasons: 1) unadjusted mean levels of neuroticism are higher in the
group that did not go on to develop diabetes; 2) the direction of the neuroticism effect was the
same even in a model that did not include depressive symptoms; 3) the variance inflation
factor values ranged from 1.01 to 1.89 and thus were far below a cut-point of 5 that would
suggest multicollinearity.
Another possibility is that the protective effect of neuroticism came about because of
attrition. Participants who were included in the study were significantly more neurotic and
depressed than those who were excluded. However, it is difficult to see how this difference
would reverse the effect of neuroticism, but not that of depressive symptoms. Furthermore,
the differences in means for the included and excluded samples were, while significant, very
small – approximately one fifth of a standard deviation for neuroticism, and one third of a
standard deviation for depressive symptoms. Finally, the nature and magnitude of the
correlation between the neuroticism and depressive symptoms did not differ between the total
NHEFS sample (.64), the sample used in this study (.62), and in participants who were
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excluded from the study (.68). Thus, attrition did not have an effect on the association
between neuroticism and a well-known criterion. It is therefore unlikely that the observed
effects of neuroticism were due to attrition.
Having concluded that it is unlikely that overfitting or attrition could explain the
present findings with respect to neuroticism, we turn to differences between our studies and
the previous studies. Two previous studies (Engum, 2007; Eriksson et al., 2008) that found
positive associations between anxiety measures and diabetes risk used measures that
combined symptoms of anxiety and depression into a single score. As such, these measures
may simply tap depression to a greater extent than anxiety. Moreover, the elevated endocrine
response that would result in increased risk of diabetes (Björntorp et al., 1999; Boyle et al.,
2007; Everson-Rose et al., 2004) may not be reflected in the normal range of stress and worry
captured by trait neuroticism (Riese, Rijsdijk, Rosmalen, Snieder, & Ormel, 2009). Thus,
even though neuroticism is a risk factor for anxiety and depression (Hettema, Neale, et al.,
2006), high neuroticism represents subclinical levels. Clinical and subclinical levels of
negative affect may have different effects on health outcomes.
The finding from the second study described in this chapter differs from other studies
that used similar neuroticism measures because, while we used a prospective design, the
studies that found a positive association between neuroticism and type 2 diabetes were crosssectional (Goodwin, Cox, & Clara, 2006; Goodwin & Friedman, 2006). Thus, the findings in
these other studies may reflect reverse causality. This is corroborated by our cross-sectional
results that show higher neuroticism is related to higher likelihood of having type 1 diabetes.
Given that the two previous studies do not distinguish between two types of diabetes, this
association could in fact be driving the effect. In other words, if lower levels of neuroticism
are associated with higher risk of developing diabetes, as found in study 2.2, but presence of
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diabetes reversely causes an increase in neuroticism, a cross-sectional study could find any of
the associations, depending on sample characteristics and the exact phase of that process
majority of the participants are at: the cross-sectional association could be either negative (in
early stages of the process), non-existent (in middle-stages, and consistent with findings of
our Study 2.1), or positive (in later stages of the disease, and consistent with reports by
Goodwin and colleagues).
The possibility that neuroticism is protective against the development of diabetes is
supported by two recent findings in the diabetes literature. First, higher neuroticism was
related to better glycaemic regulation in patients with type 2 diabetes (Lane et al., 2000).
Second, Tsenkova and her colleagues (Tsenkova et al., 2012) found a positive association
between neuroticism and immediate blood sugar markers, such as blood insulin, but a
negative association between neuroticism and HbA1c, a measure of blood sugar concentration
over time. More broadly, Turiano et al. (2012), showed that participants high in neuroticism
who were also high in conscientiousness had lower circulating interleukin-6 levels than those
with any other configuration of the two traits. Similarly, studies show neuroticism to be
associated with greater vigilance (Costa & McCrae, 1987) and perceived susceptibility to
health risks (Vollrath, Knoch, & Cassana, 1999), which may lead to individuals seeking out
physicians at pre-diabetic stages, when the condition can still be reversed (Friedman, 2000).
The effect of type A behavior was not significant after controlling for depressive
symptoms, suggesting that the negative influence of type A behavior on diabetes is due to its
small but significant correlation with depressive symptoms. The effects of extraversion, were
not significant after controlling for BMI, suggesting that extraversion likely influences
diabetes through the related risk factors such as physical activity (Rhodes & Smith, 2006) and
diet (Mõttus et al., 2012).
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The present study had several strengths. First, the sample was large and
representative. Second, the study included several covariates related to diabetes risk. Third,
the detailed and repeated interview data enabled us to screen out probable cases of type 1
diabetes and individuals who were diagnosed as having diabetes at or before baseline.
The present study also had some limitations. First, the NHEFS cohort was not
assessed on a measure of conscientiousness, a well-established personality predictor of health
behaviors and outcomes (Bogg & Roberts, 2004; Kern & Friedman, 2008). Furthermore, it
did not include personality facets (Costa & McCrae, 1995) which would enable testing for
more specific associations. Second, diabetes status and hypertension were based on selfreports. However, prior studies indicate close correspondence between self-reports of medical
conditions and actual disease diagnoses (Kriegsman, Pennix, Van Eijk, Boeke, & Deeg,
1996; Simpson et al., 2004). Furthermore, self-reported diabetes in the NHEFS cohort has
been shown to predict all-cause mortality (Gu, Cowie, & Harris, 1998).
Future studies should thus endeavor to include measures of insulin resistance, blood
glucose levels, and HbA1c, as well as cholesterol and triglyceride levels, or should be based
on actual type 2 diabetes diagnosis. They should also include broader, facet level measures of
personality. These steps would allow for more accurate assessment of the associations
between personality, traditional risk factors, and type 2 diabetes. Third, even though the food
and alcohol intake and physical activity variables were available in the NHEFS, the number
of participants with missing data on these variables was high and thus including these
variables would greatly reduce the available sample size. However, we used BMI as a proxy
of healthy diet and physical activity (Lahti-Koski, Pietinen, Heliövaara, & Vartiainen, 2002;
Togo, Osler, Sørensen, & Heitmann, 2001). Finally, we were unable to control for genetic
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influences, which would enable us to assess whether personality traits may moderate the
expression of diabetes genetic risk.
In conclusion, higher neuroticism and lower openness were related to presence of type
1 diabetes in the cross-sectional study, but not with type 2 diabetes, and higher neuroticism
was associated with lower risk of developing type 2 diabetes. The pattern of neuroticism
results is particularly interesting. It is possible that when the disease is present, that elevates
one‘s neuroticism levels, as seen in Study 1.1. That this may be the case is further supported
by the type 2 diabetes results. If lower levels of neuroticism increase the risk of type 2
diabetes, as shown in study 2.2, and the presence of the disease consequently raises one‘s
neuroticism levels, then it would be expected that in a cross-sectional study there is no
relationship between neuroticism and diabetes, which is what we found in Study 2.1. One
prediction following this interpretation is that, after a longer follow-up period, in a crosssectional study of the same sample, elevated levels of neuroticism would again be found, as
people spend more years living with the disease, while this effect is noticeable earlier in life
for type 1 diabetes because this type of diabetes is typically diagnosed early.
It is tempting to suggest, based on these findings, that patients who are high in
neuroticism should be screened for diabetes less often than patients who are low in
neuroticism. However, this is overly simplistic, and could very well be harmful. Instead,
these results suggest that it may be worth considering different prevention strategies for
patients who have high and low levels of neuroticism. On the one hand, patients who are high
in neuroticism should be screened for depressive symptoms as depression is a major risk
factors for diabetes. On the other hand, patients who are low in neuroticism should be taught
to be vigilant for the signs of high blood sugar or diabetes risk factors.
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Abstract
In previous chapters we discussed associations between personality traits and health
based on research conducted on a level of an individual. However, evidence suggests that
personality traits differ across various geographical locations. Similarly, health risk factors
and outcomes show a substantial geographical variation. Thus, the associations between
personality and health may different across different contexts. In this chapter, we examine
relationships between personality and type 2 diabetes incidence using aggregated personality
and diabetes data on a level of the U.S. counties and states in order to control for this
geographical variability. In a six-years follow-up study, we found no evidence that mean
levels of personality traits were associated with diabetes incidence in the U.S. states.
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Introduction
In Chapter 2 we outlined previous studies linking personality traits and diabetes
mellitus, as well as studies that show links between personality traits and a number of
diabetes precursors and behavioural risk factors. The two studies described in Chapter 2
found associations between lower openness to experience and higher neuroticism and higher
type 1 diabetes prevalence, and associations between higher neuroticism and lower type 2
diabetes incidence. These studies were conducted on a national representative U.S. sample.
However, there is substantial evidence that personality traits differ across various
geographical locations (Rentfrow, Gosling, & Potter, 2008). For example, Midwest and
South-eastern states have higher levels of extraversion, conscientiousness and neuroticism
than the rest of the U.S. Similarly, openness levels are higher in New England, mid-Atlantic
and West Coast states (Plaut, Markus, & Lachman, 2002). Furthermore, regional variations in
personality traits across the U.S. show strong correlations with external variables such as
crime, religiosity, political values, employment, and health (Rentfrow et al., 2008).
Similarly, there are clear differences in individual health status between different
geographical settings (Britton, 1990; Langford & Bentham, 1996). Obesity is a known risk
factor for type 2 diabetes (International Diabetes Foundation, 2012), and obesity rates vary
across the U.S. states (Ezzati, Martin, Skjold, Vander Hoorn, & Murray, 2006). Same is true
for socioeconomic status indices such as educational attainment (United States Census
Bureau, 2011) and income (McLaughlin & Stokes, 2002; Nielsen & Alderson, 1997).
However, these location specific ―contextual‖ effects are not necessarily directly associated
with health. Another possibility is that variations in health status reflect personality levels
typical of a place, which may make inhabitants more or less likely to develop a disease
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(Duncan, Jones, & Moon, 1998). In other words, the associations between personality traits
and health may vary between contexts (Duncan et al., 1998).
The aim of the present chapter, thus, is to investigate whether personality traits
correlate with diabetes incidence when regional aspects of the variability in personality and
health indicators are accounted for.

Methods
Sample
Personality data were collcted as part of an ongoing Internet-based study (Gosling,
Vazire, Srivastava, & John, 2004; Srivastava, John, Gosling, & Potter, 2003). The sample
used in this study was collected between 2003 and 2009 and comprised over a million
responders from 3133 U.S. counties. The final sample used here consisted of 3038 counties
nested within all fifty U.S. states for which both personality and health data were abailable.
Measures
Personality traits. Personality was assessed using the 44-item Five Factors Big Five
Inventory (BFI) , designed to assess the five personality traites derived from the Five Factor
Model (John & Srivastava, 1999). The answers are given on a five-point Likert scale ranging
from 1 (diagree strongly) to 5 (agree strongly). The BFI scale shows a robust factor structure,
and good internal and test-retest reliabitliy. It is also succesfully validited against the other
FFM measures (Benet-Martinez & John, 1998; Gosling, Rentfrow, & Swann, 2003). All
items were residualised on age and sex prior to the scoring procedure.
Health. Diabetes data were obtained from CDC Diabetes Atlas website (CDC, 2014).
Diabetes incidence was expressed as a number of new cases per each U.S. Physical activity
and obesity data were obtained from the CDC Behavrioural Risk Factor Surveillance System
Web site (CDC, 2012). Physical activity and obesity rates were expressed as percent of the
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population per each U.S. county. The data for all health variables were available for years
2004 through 2009.
Time. The time variable had six levels, one for each year between 2003 and 2009.
Personality and health data were aggregated per each U.S. county per year of the follow-up.
Analyses
To examine the aggregated data trends between personality and diabetes, we fitted a
series of multilevel models (Duncan et al., 1998). The models were fitted using the lmer
function from the lme4 package (Bates, 2005) in R version 3.0.3 (R Core Team, 2013).
Random effects of time were included in all models to account for different prevalences and
incidences of diabetes in the U.S. counties and states. Random effects of personality traits
were added one-by-one to control for differential trait levels and change of mean levels in
personality accross time.

Results
Mean levels and standard deviations of the five personality traits for each of the fifty
U.S. states are given in Table 3.1. In the present study, 62% of the variance in diabetes
incidence was between states, and 24% of the variance was between counties nested within
states. The model that accounted for variability within the states showed a significantly better
fit (χ2= 8884, p < .001).
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Table 3.1.
Mean levels and standard deviations of personality traits in each of the U.S. states
Neuroticism

Extraversion

Openness

Agreeableness

Conscientiousness

M (SD)

M (SD)

M (SD)

M (SD)

M (SD)

Alabama

3.03 (0.14)

3.36 (0.13)

3.61 (0.10)

3.68 (0.14)

3.56 (0.12)

Alaska

2.85 (0.24)

3.27 (0.31)

3.70 (0.25)

3.65 (0.20)

3.48 (0.26)

Arizona

3.02 (0.11)

3.23 (0.17)

3.65 (0.10)

3.64 (0.11)

3.46 (0.12)

Arkansas

3.11 (0.15)

3.30 (0.16)

3.58 (0.13)

3.67 (0.17)

3.49 (0.15)

California

2.98 (0.08)

3.28 (0.09)

3.72 (0.12)

3.65 (0.08)

3.50 (0.08)

Colorado

2.95 (0.18)

3.28 (0.24)

3.65 (0.20)

3.59 (0.17)

3.48 (0.22)

Connecticut

2.99 (0.03)

3.30 (0.06)

3.70 (0.03)

3.66 (0.03)

3.48 (0.06)

Delaware

3.02 (0.05)

3.35 (0.03)

3.61 (0.03)

3.64 (0.04)

3.50 (0.07)

Florida

2.99 (0.16)

3.34 (0.20)

3.71 (0.18)

3.61 (0.13)

3.53 (0.12)

Georgia

3.00 (0.16)

3.35 (0.16)

3.60 (0.15)

3.73 (0.18)

3.57 (0.17)

Hawaii

2.93 (0.05)

3.32 (0.05)

3.71 (0.05)

3.74 (0.05)

3.50 (0.02)

Idaho

3.00 (0.23)

3.25 (0.23)

3.64 (0.14)

3.62 (0.14)

3.51 (0.14)

Illinois

3.05 (0.13)

3.34 (0.15)

3.58 (0.15)

3.64 (0.14)

3.51 (0.11)

Indiana

3.07 (0.12)

3.28 (0.13)

3.59 (0.10)

3.63 (0.11)

3.52 (0.10)

Iowa

3.03 (0.13)

3.32 (0.15)

3.56 (0.15)

3.63 (0.13)

3.51 (0.12)

Kansas

3.08 (0.26)

3.29 (0.26)

3.60 (0.20)

3.64 (0.23)

3.46 (0.24)

Kentucky

3.10 (0.19)

3.32 (0.16)

3.58 (0.15)

3.62 (0.14)

3.50 (0.15)

Louisiana

3.08 (0.16)

3.30 (0.16)

3.62 (0.13)

3.65 (0.13)

3.51 (0.16)

Maine

3.09 (0.07)

3.26 (0.09)

3.71 (0.09)

3.63 (0.08)

3.44 (0.08)

Maryland

3.03 (0.07)

3.29 (0.06)

3.66 (0.07)

3.64 (0.05)

3.50 (0.06)
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Massachusetts

3.00 (0.05)

3.30 (0.09)

3.71 (0.08)

3.68 (0.04)

3.48 (0.05)

Michigan

3.03 (0.12)

3.29 (0.13)

3.63 (0.13)

3.63 (0.10)

3.50 (0.10)

Minnesota

2.98 (0.12)

3.33 (0.13)

3.57 (0.15)

3.69 (0.10)

3.51 (0.14)

Mississippi

3.00 (0.24)

3.30 (0.16)

3.60 (0.15)

3.73 (0.18)

3.55 (0.20)

Missouri

3.03 (0.18)

3.34 (0.17)

3.60 (0.15)

3.65 (0.16)

3.52 (0.13)

Montana

3.01 (0.31)

3.28 (0.35)

3.59 (0.26)

3.61 (0.27)

3.44 (0.35)

Nebraska

2.97 (0.23)

3.28 (0.30)

3.53 (0.28)

3.68 (0.21)

3.55 (0.23)

Nevada

3.01 (0.24)

3.32 (0.16)

3.67 (0.26)

3.57 (0.13)

3.47 (0.13)

New Hampshire

3.11 (0.28)

3.30 (0.09)

3.72 (0.14)

3.76 (0.21)

3.49 (0.09)

New Jersey

3.01 (0.05)

3.32 (0.04)

3.70 (0.06)

3.68 (0.02)

3.47 (0.04)

New Mexico

3.01 (0.16)

3.30 (0.14)

3.64 (0.20)

3.64 (0.16)

3.53 (0.13)

New York

3.07 (0.08)

3.28 (0.07)

3.67 (0.08)

3.60 (0.06)

3.47 (0.05)

North Carolina

3.01 (0.11)

3.32 (0.14)

3.61 (0.09)

3.69 (0.10)

3.57 (0.10)

North Dakota

2.98 (0.40)

3.39 (0.41)

3.52 (0.33)

3.74 (0.32)

3.52 (0.31)

Ohio

3.06 (0.10)

3.32 (0.08)

3.62 (0.08)

3.64 (0.07)

3.51 (0.07)

Oklahoma

3.05 (0.15)

3.26 (0.16)

3.60 (0.14)

3.65 (0.16)

3.50 (0.15)

Oregon

2.99 (0.11)

3.29 (0.16)

3.66 (0.12)

3.64 (0.11)

3.49 (0.12)

Pennsylvania

3.03 (0.13)

3.30 (0.13)

3.64 (0.18)

3.64 (0.20)

3.49 (0.15)

Rhode Island

2.98 (0.07)

3.32 (0.05)

3.70 (0.07)

3.68 (0.06)

3.48 (0.04)

South Carolina

3.03 (0.16)

3.30 (0.11)

3.62 (0.09)

3.67 (0.13)

3.55 (0.11)

South Dakota

3.00 (0.34)

3.33 (0.33)

3.58 (0.27)

3.66 (0.33)

3.45 (0.26)

Tennessee

3.09 (0.16)

3.28 (0.14)

3.63 (0.13)

3.66 (0.15)

3.53 (0.15)

Texas

3.04 (0.24)

3.32 (0.23)

3.63 (0.19)

3.62 (0.21)

3.49 (0.22)

Utah

2.94 (0.16)

3.30 (0.17)

3.62 (0.16)

3.64 (0.15)

3.54 (0.15)
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Vermont

3.03 (0.13)

3.33 (0.11)

3.66 (0.12)

3.70 (0.08)

3.52 (0.07)

Virginia

3.02 (0.15)

3.29 (0.15)

3.67 (0.12)

3.66 (0.14)

3.50 (0.13)

Washington

2.95 (0.12)

3.22 (0.25)

3.68 (0.17)

3.65 (0.06)

3.51 (0.11)

West Virginia

3.14 (0.22)

3.27 (0.20)

3.60 (0.20)

3.63 (0.18)

3.50 (0.15)

Wisconsin

3.00 (0.10)

3.36 (0.11)

3.60 (0.18)

3.64 (0.12)

3.53 (0.16)

Wyoming

3.01 (0.17)

3.24 (0.23)

3.58 (0.21)

3.57 (0.15)

3.50 (0.13)

To test whether aggregaed measures of personality traits are related to type 2 diabetes
incidence we fitted a series of multilevel models. Our baseline model (Model 0, Table 3.2)
included fixed effects of all five personality traits (neuroticism, extraversion, openness,
agreeableness, conscientiousness), as well as fixed effects of obesity, physical activity and
time. The model also included by-county and by-state random intercepts and random slopes
for time. We used this model as a baseline for comparisons with models that included bycounty and by-state random intercepts and slopes for each of the personality traits. Model
comparisons are shown in table 3.2.
Model 1 was the same as Model 0 but added random intercepts and slopes of
neuroticism. This did not improve model fit (χ2 = 12.483, p = .53). Model 2 added random
slopes and intercepts of aggreableness. Adding random effects of aggreablenees did
significantly improve model fit (χ2 = 33.295, p < .001). Model 3 was the same as Model 2,
but added random intercept and slopes of openness, which did not significantly improve the
model fit (χ2 = 11.564, p = .17). The next model, Model 4, added random intercepts and
slopes of conscientiousness to Model 2. The model fit was again not improved (χ2 = 12.18, p
= .14). Finally, Model 5 added random effects of extraversion to Model 2. This again did not
result in an improve model fit (χ2 = 12.18, p = .14).
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Table 3.2
Model Comparisons
Comparison
M0

df

AIC

BIC

16

46386

Log
Deviance
Likelihood
46509
-23177
46354

M1 (adds N)

M0

22

46385

46555

-23171

46341

M2 (adds A)

M0

22

46365

46534

-23160

46321

M3 (adds O)

M2

30

46369

46600

-23155

46309

M4 (adds C)

M2

30

46368

46599

-23154

46308

M5 (adds E)

M2

30

46374

46605

-23157

46314

Note. Adds = adds by-county and by-state random effects of X. N = neuroticism, A = agreeableness,
O = openness, C = conscientiousness, E = extraversion

Based on the AIC and χ2 comparisons, we concluded that the best fitting model was
the one that included fixed effects of all five personality traits, fixed effects of obesity,
physical activity and time, and by-county and by-state random intercepts and random slopes
for agreeableness and time. In this model, none of the personality traits was significantly
related to type 2 diabetes incidence. The only significant predictors of diabetes were physical
activity and obesity (Table 3.3).

Table 3.3
Estimates in the baseline and the best fitting model
Model 0 (baseline)

M2 (best fitting)

Est.

S. E

t-value

Est.

S.E.

t-value

Intercept

2.007

0.223

9.02

2.005

0.223

9.01

Neuroticism

-0.011

0.008

-1.31

-0.010

0.008

-1.22

Agreeableness

0.010

0.008

1.32

-0.002

0.009

-0.16
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Openness

0.009

0.007

1.19

0.001

0.007

1.13

Extraversion

0.010

0.008

1.27

0.009

0.008

1.22

Conscientiousness

-0.001

0.008

-0.11

-0.003

0.007

-0.05

Obesity

0.209

0.005

38.32

0.209

0.005

38.34

Physical Activity

0.108

0.004

24.89

0.107

0.004

24.97

Time

-0.120

0.029

-4.18

-0.119

0.029

-4.17

Note. t-values higher than 1.96 are statistically significant. M0 includes random effects of time. M2 includes
random effects of time and aggreeableness.

To test whether the associations between personality traits and diabetes incidence
were fully mediated by the covariates included: obesity and physical activity, we fitted a
model that included fixed effects of neuroticism, extraversion, openness, agreeableness,
conscientiousness, and time, and random by-county and by-state intercepts and slopes of
time. In this model, no personality trait was significantly related to diabetes (all t-values <
1.96).

Discussion
In the present study we found no evidence that mean levels of personality traits are
related to type 2 diabetes incidence. This was true in the models controlling for age, sex,
physical activity and obesity. However, dropping physical activity and obesity did not yield
significant associations of personality to diabetes.
In Chapter 2, we showed that higher neuroticism was associated with lower risk of
developing diabetes using data on the level of indidivual participants. There are several
possibilities for this result not to replicate when aggregated measures are used. First, the
present sample was collected via the Internet. However, even though Internet samples are not
fully represenative of populations (Lebo, 2000), they tend to be sufficiently diverse and yield
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data of comparable quality to those obtained via paper and pen, face-to-face and telephone
surveys (Skitka & Sargis, 2006). Furthermore, Internet data are not likely to be significantly
affected by nonserious or repeated responsers (Gosling et al., 2004). Yet, personality and
health data we used come from two different sources, and it is not inconcievable that while
CDC data may represent true health status of the U.S. counties, same is not true for our
personality variables. Furthermore, our personality measures were not repeated. County and
state averages were calculated using the data collected in the time points of interest, based on
different responders for each year. Therefore, personality data could reflect the true
personality levels in the populations to various degrees across the time-points.
Finally, even if our personality and health data were truly representative of the
populations examined, and our null result reflects the true lack of associations between mean
levels of personality and diabetes incidence, aggregatd relationships do not necessarily reflect
those that exist on an individual level (Robinson, 1961). In the classic statistical approach, an
ergodic assumption is made: interindividual variation is considered to be representative of
variation within individual cases (Molenaar, Hofer, & Alwin, 2008). However, it is shown
that Classical Test Theory is non-ergodic, and that intra-individual means and variances in
particular are different from the inter-individual mean and variance (Molenaar, 2004;
Kelderman & Molenaar, 2007). It is, by extension, questionable wether data aggregated
across populations can in fact reflect true interindividual, let alone intraindividual variability.
In conclusion, one strong motivator of the present study was the availability of the
CDC health data on the level of the U.S. counties, however the null results described in this
chapter should be interpreted with caution given a number of methodological limitations
described above. In Chapter 4 we will aim to replicate findings from the individual-level
analyses described in Chapter 2, using an older, community-dweling sample. Furthermore,
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we will test whether personality traits influence diabetes by modifying the expression of its
genetic risk.
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Chapter Four: Personality Traits and Genetic Risk for Type 2 Diabetes
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Abstract
In this chapter, we test whether personality traits moderate the genetic risk for type 2
diabetes. Using a large community-dwelling sample (n = 837, Mage = 69.59 ± 0.85 years, 49%
males) we fitted a series of linear regression models predicting glycated haemoglobin
(HbA1c) from T2D polygenic risk – aggregation of small individual effects of a large number
of single nucleotide polymorphisms (SNPs) – and five personality traits. We tested the main
effects of personality traits and their interactions with T2D polygenic risk score, controlling
for age and sex. The final set of models adjusted for cognitive ability, highest educational
qualification, and occupational class. Lower levels of openness were associated with
heightened levels of HbA1c (β = -0.014, p = .032). The only significant interaction was
between T2D polygenic risk score and agreeableness: lower agreeableness was related to a
stronger association between T2D polygenic risk and HbA1c (β = -0.08, p = .021). In the
adjusted model, the main effect of openness was not significant (β = -0.08, p = .057). The
interaction between agreeableness and T2D polygenic risk was still present after controlling
for cognitive ability and socioeconomic status indicators, and the interaction between
conscientiousness and polygenic risk score was also significant: lower conscientiousness was
associated with a stronger association between T2D polygenic risk and HbA1c levels (β =
0.09, p = .04. Personality may be associated with markers of diabetes, and may moderate the
expression of its genetic risk.
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Introduction
In Chapters 2 and 3 we examined phenotypic associations between personality traits
of the FFM and diabetes prevalence and incidence. In Chapter 2 we found that higher
neuroticism and lower openness were associated with higher type 1 diabetes prevalence.
Furthermore, higher neuroticism was associated with lower type 2 diabetes incidence. Using
the aggregated data in Chapter 3 we found no associations between personality traits and type
2 diabetes incidence. With respect to type 2 diabetes, we discussed a number of lifestyle risk
factors that contribute to the onset of the disease. Here, we test whether personality traits
moderate the expression of genetic risk for type 2 diabetes.
Apart from lifestyle and clinical variables described in Chapters 2, genetic risk factors
also contribute to type 2 diabetes development (Almgren et al., 2011). About 10% of the
genetic risk is explained by known genetic variants (Morris et al., 2012) with the remainder
being attributable to small individual effects of a large number of single nucleotide
polymorphisms (SNPs) (Stahl et al., 2012). These small effects may not be detectable by
current GWAS studies (Stahl et al., 2012), but they may be aggregated across thousands of
SNPs to quantify diabetes genetic risk (Davies, Tenesa, Payton, Yang, Harris, Liewald, …, et
al., 2011; S. M. Purcell et al., 2009; Yang et al., 2010). The manifestation of the genetic risk
may be moderated by non-genetic factors. For example, there is evidence that dietary habits
may interact with the genetic factors predisposing to type 2 diabetes (Cornelis & Hu, 2012;
Hindy et al., 2012; Nettleton et al., 2010; Qi, Cornelis, Zhang, van Dam, & Hu, 2009).
Psychological factors, including those related to the aforementioned dietary habits and
depression, could moderate the expression of diabetes among those who are at high genetic
risk.
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Mõttus et al. recently found that childhood cognitive ability moderates the
relationship between polygenic risk for type 2 diabetes and late life HbA1c levels:
participants at a given level of genetic risk with lower cognitive ability at age 11 years were
more likely to have heightened HbA1c levels at age 70 than participants with higher
childhood cognitive ability (Mõttus, Luciano, Starr, McCarthy, & Deary, In press).
Glycated hemoglobin (HbA1c) is typically used as an indicator of long-term blood glucose
levels (Tapp et al., 2006) and as a diagnostic criterion for diabetes mellitus (Executive
summary: Standards of medical care in diabetes—2010, 2010). About 75% of the variation
in the levels of Hba1c is due to genetic influences (Simonis-Bik et al., 2008). The
behavioural trait by genetic risk interaction described by Mõttus et al. offers an insight into
potential mechanisms by which psychological characteristics may influence health
outcomes. Personality traits are such broad behavioural tendencies that, as discussed in
Chapters 2 and 3, are related to both diabetes risk factors and precursors, and to diabetes
prevalence and incidence. It is, then, possible that personality trait may influence diabetes
by moderating its genetic risk in a way similar to cognitive abilities as shown by Mõttus et
al.
Specifically, we test whether one of the mechanisms by which personality influences
diabetes is by moderating its genetic risk. We hypothesized that personality traits contribute
to whether genetically at-risk individuals have higher levels of glycated haemoglobin, a
diagnostic tool for diabetes mellitus. This hypothesis is based on the direct and indirect - i.e.,
via other risk factors, associations between personality traits with diabetes, as well as on the
recent study showing that higher cognitive ability is protective among participants who are at
high genetic risk for diabetes.
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Method
Sample
Participants were community-dwelling members of the Lothian Birth Cohort 1936
(LBC1936). We used the data from the first follow-up wave (between 2004 and 2007).
Details on the recruitment and testing procedures are provided elsewhere (Deary et al., 2007).
Complete data on personality traits, HbA1c, and genetic risk were available for 837
LBC1936 members (Mage = 69.59 ± 0.85 years, 48.7% males). All participants provided
written informed consent. Ethical approval was obtained from the Ethics the Multi-Centre
Research Ethics Committee for Scotland.
Measures
Personality. Personality was assessed using the 60-item NEO Five-Factor Inventory
(NEO-FFI), a valid and reliable instrument designed to assess the five personality domains -- neuroticism, extraversion, openness, agreeableness, and conscientiousness --- of the Five
Factor Model (Costa & McCrae, 1992). Approximately 50% of the variance in personality
traits can be accounted for by genetic influences (Bouchard & Loehlin, 2001).
Glycated haemoglobin. The HbA1c levels were recorded during participants‘ stay at
the clinic, using the Menarini HA8160 analyser. HbA1c was treated as a continuous variable.
T2D Polygenic Risk. All participants underwent genome-wide genotyping,
conducted by the Genetics Core Laboratory at the Wellcome Trust Clinical Research Facility,
Western General Hospital, Edinburgh, UK, using the Illumina Human 610-Quadv1 Chip
(Illumina Inc., San Diego, CA, USA). The quality control procedures included checks for
gender discrepancies, individual relatedness and non-Caucasian descent, and are fully
described elsewhere (Davies, Tenesa, Payton, Yang, Harris, Liewald, & al., 2011).
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The polygenic risk score for type 2 diabetes was calculated following a previously
published meta-analysis on the association between type 2 diabetes and approximately
121,000 SNPs. The meta-analysis comprised 34840 participants with type 2 diabetes
diagnosis and 114981 healthy controls (Morris et al., 2012). The genetic risk score was
estimated by inclusion of all available SNPs (n = 120,991) based on the meta-analysis by
Morris et al. (2012). The meta-analytic effect size of every individual SNP was transformed
into a Z-score and multiplied by the number of copies (0/1/2) of the effect allele carried by
the individual. These individual risks across all SNPs were summed to form participants‘ allinclusive type 2 diabetes polygenic risk score. The calculations were done using PLINK
software (Purcell et al., 2007). A more detailed description of the scoring procedure is
provided elsewhere (Luciano et al., 2014).
Covariates.
Age and sex. Sex was coded as 0 for females and 1 for males. Age was treated as a
continuous variable.
Cognitive ability. Cognitive ability at age 70 was assessed using the Moray House Test no.
12. The test consisted of a variety of items designed to assess reasoning ability, e.g. word
classification, analogies, reasoning, spatial items, etc. (Deary, Gow, Taylor, Corley, Brett,
Wilson, et al., 2007). Cognitive ability was treated as a continuous variable.
SES indicators. Highest educational qualification was classified into five categories ranging
from ‗no qualification‘ to ‗university degree‘. Occupational class was assessed on a fivepoint scale ranging from ‗professional‘ to ‗manual labour‘ (Office of Population Censuses
and Surveys, 1980). Women who reported lower occupational class than their spouse were
classified according to their spouses. Both the highest educational qualification and
occupational class were treated as continuous variables.
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Analyses

We fit a series of linear regression models predicting HbA1c from its polygenic risk
score and five personality traits. Models 1-5 tested the main effects of each of the five
personality domains, and their interactions with polygenic risk. Model 6 tested the main
effects of all five personality traits taken together and their interactions with polygenic risk.
Finally, we ran the same set of models, but controlling for the effects of cognitive ability
and SES indicators. All models were fitted using R 3.0.3 (R Core Team, 2013), and
controlled for the effects of age and sex.

Results
Ninety one (10.9 %) participants showed HbA1c levels higher than the diagnostic cutoff value (6.5 mmol/L) that would lead to a diabetes diagnosis (The Executive Committee,
2009). Polygenic risk score is known to predict the HbA1c measure in the LBC sample
(Mõttus et al., In press) and did so in our study (p < .001). Participants with higher levels of
HbA1c were more neurotic, less open to experience and less agreeable than those with lover
levels (Table 4.1). The differences between participants with normal and heightened levels of
HbA1c were significant for openness (p = .020) and agreeableness (p = .004), but not for
neuroticism (p = .21). The full list of group comparisons is presented in Table 4. 1.
Of personality traits, openness to experience and agreeableness were negatively
correlated with HbA1c (r = -0.07, p = 0.028, and r = -0.08, p = 0.013, respectively). The only
personality trait related to T2D polygenic risk was agreeableness (r = -0.08, p = 0.021). The
matrix of correlation between all variables in the study is presented in Table 4.2.
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Table 4.1
Descriptive Statistics of the Sample by HbA1c Levels
HbA1c levels

Comparisons

Low

High

M (SD)

M (SD)

t

P

M (SD)

Skewness

Kurtosis

HbA1c

5.73 (0.34)

7.54 (1.04)

-34.54

< .001

5.92 (0.74)

2.98

19.38

Neuroticism

16.97 (7.69)

18.05 (7.88)

-2.77

.20

17.09 (7.71)

0.43

3.36

Extraversion

26.96 (5.88)

27.13 (6.16)

-0.26

.80

26.98 (5.90)

-0.31

3.21

Openness

26.20 (5.77)

24.67 (5.82)

2.39

.017

26.04 (5.79)

0.19

3.01

Agreeableness

33.60 (5.31)

31.89 (5.23)

2.90

.004

33.42 (5.33)

-0.14

2.90

Conscientiousness

34.78 (5.96)

34.12 (6.23)

0.99

.32

34.71 (5.99)

-0.38

3.35

Age

69.57 (0.86)

69.72 (0.79)

-1.65

.10

69.58 (0.85)

-0.05

2.12

101.87 (13.21)

97.01 (17.17)

3.16

.002

101.35 (13.76)

-1.28

4.82

Education

1.77 (1.30)

1.32 (1.14)

3.15

.002

1.72 (1.29)

0.57

2.18

Occupational

2.34 (0.90)

2.56 (0.93)

3.15

.036

2.37 (0.91)

0.01

2.12

Cognitive Ability

Low vs. High

Total
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HbA1c levels
Low

High

n (%)

n (%)

Comparisons
Low vs. High

Class

Gender
Male

358 (48.0)

50 (54.9)

Female

388 (52.0)

41 (45.01)

X2

P

1.30

.25

Note. Low HbA1c < 6.5 mmol/L, n = 746; High HbA1c ≥ 6.5 mmol/L, n = 91; Total n = 837.
Personality scores are given in raw units. Education = Highest educational attainment.

Total
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Table 4.2
Matrix of correlations between all variables in the study
HbA1c

T2D Polygenic Risk

T2D Polygenic Risk

0.16***

1

Cognitive Ability

-0.10*

0.01

1

-0.14***

-0.03

0.46***

1

Occupational Class

0.06

-0.02

-0.36***

-0.54***

1

N

0.03

-0.02

-0.19***

-0.13***

0.13***

1

E

-0.03

0.01

0.00

-0.06

-0.01

-0.39***

1

O

-0.07*

-0.02

0.26***

0.33***

-0.28***

-0.05

0.20***

1

A

-0.08*

-0.08*

0.11***

0.04

-0.09*

-0.20***

0.20***

0.14***

1

C

-0.05

0

-0.02

-0.02

0.00

-0.38***

0.33***

0.00

0.24***

Education

Cognitive Ability

Education

Occupational Class

N

Note. *** p < .001; ** p < .01, * p < .05 N = neuroticism, E = extraversion, O = openness, A = agreeableness, C = conscientiousness.

E

O

A
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First, we tested whether personality traits moderated the expression of genetic risk for
type 2 diabetes. The normality of the residuals assumption was checked by examining the qq
plots for studentized residuals and was met for all of the regression models. The
homoscedasticidy assumption was investigated by plotting studentized residuals against the
fitted values and was met for all the models. Models 1-5 (Table 4.3) included the main
effect of one personality trait at a time, and its interaction with polygenic risk, while
controlling for the effects of age and sex. Lower levels of openness were related to
heightened HbA1c (β = -0.07, p = .036), but the interaction between openness and polygenic
risk was not significant. Furthermore, in the model including personality trait agreeableness,
lower agreeableness was related to heightened levels of HbA1c (β = -0.07, p = .033), and the
interaction between agreeableness and T2D polygenic risk was also significant (β = -0.07, p
= .033) – the nature of the interaction is considered below. The final model (Table 4.3)
included the effects of all five personality traits: neuroticism, openness, agreeableness,
extraversion and conscientiousness. In this model, both the main effects of personality traits,
and the interactions between personality traits and T2D polygenic risk were comparable to
those in models 1-5. The main effect of openness to experience was related to HbA1c –
higher openness was associated with lower HbA1c levels (β = -0.07, p = .040), and the
interaction between openness and polygenic risk was not significant. The main effect of
agreeableness was no longer significant (β = -0.05, p = .20), although similar in magnitude
to the one in Model 4. However, the interaction between agreeableness and T2D polygenic
risk was still significant (β = -0.08, p = .021). No other main effects of personality traits or
interaction terms with T2D polygenic risk were significant in this model (Table 4.3).
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Table 4.3
Standardized Betas (Standard Errors) in the models predicting HbA1c levels using type 2 diabetes (T2D) polygenic risk and personality traits
Model 1
Β (SE)

Model 2
P

-6.87
Int Intercept

B (SE)

Model 3
P

B (SE)

Model 4
P

B (SE)

Model 5
P

Model 6

B (SE)

P

B (SE)

P

-6.93
.009

(2.65)

.009 -7.03 (2.62) .007

-6.64 (2.61) .011

-6.81 (2.67)

.011

-6.34 (2.69)

.019

(2.65)

0.00
Age

.009

0.00 (0.00)

.010

0.00 (0.00)

.008

0.00 (0.00)

.012

0.00 (0.00)

.011

0.00 (0.00)

.020

.69

0.04(0.06)

.59

0.05 (0.06)

.48

0.07 (0.07)

.32

0.04 (0.06)

.50

0.07 (0.07)

.33

0.15 (0.03)

<.001

0.12 (0.03)

<.001

.21

0.01 (0.04)

.89

.11

0.05 (0.04)

.20

(0.00)
0.03
Male vs. Female
(0.07)
0.15

<.00

(0.03)

1

T2D Polygenic risk

<.00
0.14 (0.03)

0.14 (0.03) <.001

0.12 (0.32) <.001

1

0.04
Neuroticism
(0.03)
N x T2D Polygenic

0.05
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Risk

(0.03)
-0.03

Extraversion

.36

0.01 (0.04)

.76

.81

0.01 (0.04)

.80

-0.07 (0.03) .036

-0.07 (0.03)

.04

0.02 (0.03)

0.05 (0.03)

.12

-0.07 (0.03) .033

-0.05 (0.04)

.20

-0.07 (0.03) .033

-0.08 (0.03)

.021

(0.03)
E x T2D Polygenic

-0.01

Risk

(0.81)

Openness
O x T2D Polygenic

.41

Risk
Agreeableness
A x T2D Polygenic
Risk
Conscientiousness

-0.05 (0.03)

.12

-0.04 (0.04)

.30

0.01 (0.03)

.77

0.06 (0.04)

.12

C x T2D Polygenic
Risk
Note. n = 837; N = neuroticism, E = extraversion, O = openness, A = agreeableness, C = conscientiousness.
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The next set of models were the same as Models 1-6, but adjusted for the effects of
cognitive ability at age 70, highest educational attainment, and occupational class, in addition
to age and sex (Table 4.4). In the model that included the effects of one personality trait at a
time, adjusting for these covariates attenuated the effects of openness. This time, neither the
main effect of openness (β = -0.04, p = .27), nor the interaction between openness and T2D
was significant. This was not specific to the inclusion of cognitive ability or socioeconomic
status indicators – including just one of the confounders at a time produced the same effect.
However, both the main effect of agreeableness (β = -0.07, p = .028) and its interaction with
T2D polygenic risk (β = -0.05, p = .010) were still significant after adjusting for the effects of
IQ, educational attainment and occupational class. In the model that included all five
personality traits along with the covariates (Model 6a), the main effect of agreeableness was
not significant (β = -0.06, p = .091). However, the interaction between agreeableness and
polygenic risk was still significant (β = -0.07, p = .036). Finally, the interaction between
conscientiousness and diabetes polygenic risk was significant in the model including all traits
and all covariates (β = 0.09, p = .015).

To clarify the significant interactions between T2D polygenic risk and personality
traits agreeableness and conscientiousness, we performed a median split of participants on
the two personality traits and predicted HbA1c from T2D polygenic risk separately in the
lower and higher agreeableness groups. The differential predictions are presented in Figures
1 and 2, respectively and suggest that the polygenic risk for diabetes was more strongly
associated with HbA1c levels among participants with lower levels of agreeableness, and
lower levels of conscientiousness.
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Table 4.4
Standardized Betas (Standard Errors) in the models predicting HbA1c levels using type 2 diabetes (T2D) polygenic risk and personality traits controlling
for cognitive ability, education and occupational class
Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Β (SE)

P

B (SE)

P

Int Intercept

-5.96 (2.62)

.023

-5.86 (2.62)

.025

-6.21 (2.60) .017 -5.49 (2.59) .034

-5.64 (2.64)

.033 -5.56 (2.65) .036

Age

0.00 (0.00)

.019

0.00 (0.00)

.020

0.00 (0.00) .013 0.00 (0.00) .027

0.00 (0.00)

.026

0.00 (0.00)

.030

Male vs. Female

0.02 (0.07)

.80

0.01 (0.06)

.82

0.02 (0.06) .75

0.02 (0.06)

.76

0.07 (0.07)

.35

T2D PR

0.14 (0.03)

<.001

0.13 (0.03)

<.001

0.13 (0.03) <.001 0.13 (0.03) <.001 0.014 (0.03) <.001 0.11 (0.03) <.001

Cognitive Ability

-0.08 (0.03)

.034

-0.09 (0.04)

.016

-0.07 (0.04) .064 -0.06 (0.04) .11

-0.09 (0.04)

.017 -0.08 (0.04) .057

-0.08 (0.04)

.010

-0.08 (0.03)

.008

-0.08 (0.03) .013 -0.09 (0.03) .005

-0.09 (0.03)

.007 -0.08 (0.03) .009

Occupational Class

-0.04 (0.04)

.37

-0.04 (0.03)

.39

-0.05 (0.04) .21 -0.04 (0.04) .31

-0.04 (0.03)

.35

Neuroticism

0.02 (0.03)

.64

-0.03 (0.04)

.43

N x T2D PR

0.03 (0.03)

.36

0.04 (0.04)

.31

B (SE)

P

B (SE)

0.05 (0.07)

P

.48

B (SE)

P

B (SE)

P

Highest
Qualification
-0.04 (0.04) .057
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Extraversion

-0.04 (0.03)

.19

-0.03 (0.04)

.50

E x T2D PR

0.01 (0.03)

.79

0.01 (0.03)

.71

-0.03 (0.04)

.35

0.05 (0.03)

.10

Openness
O x T2D PR

-0.04 (0.03) .27
.03 (0.03)

.36

Agreeableness

-0.07 (0.03) .028

-0.06 (0.04) .091

A x T2D PR

-0.05 (0.03) .010

-0.07 (0.03) .036

Conscientiousness

-0.05 (0.03)

.15

-0.03 (0.04)

.34

C x T2D PR

0.04 (0.03)

.16

0.09 (0.04)

.015

Note. n = 812; T2D = type 2 diabetes, PR = polygenic risk, N = neuroticism, E = extraversion, O = openness, A = agreeableness, C =
conscientiousness.

98

Chapter Four: Personality Traits and Genetic Risk for Type 2 Diabetes

Figure 4.1

Associations between HbA1c levels and genetic risk for type 2 diabetes

Standardized Glycated Haemoglobin (HbA1c)

in high and low agreeableness groups

1.0

0.5

0.0
Agreeableness
−0.5

Low
High

−2
0
2
Standardized Diabetes Risk Score

4

Note. Shaded lines represent 95% confidence intervals. Correlations between diabetes polygenic risk
and HbA1c in low and high agreeableness groups: r(322) = .17, p = .002 and r(331) = .13, p = .02,
respectively.
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Figure 2

Association between HbA1c levels and genetic risk for type 2 diabetes

Standardized Glycated Haemoglobin (HbA1c)

in high and low conscientiousness groups

1.0

0.5

0.0

Conscientiousness
−0.5

Low
High

−2

0
2
Standardized Diabetes Risk Score

4

Note. Shaded lines represent 95% Confidence intervals. Correlations between diabetes polygenic risk and
HbA1c in low and high conscientiousness groups: r(382) = .17, p = .001 and r(271) = .10, p = .09,
respectively.

Discussion
The current findings suggest that lower levels of personality domain of openness are
associated with higher levels of a diagnostic biomarker (HbA1c) of diabetes. However, this
association did not remain after controlling for cognitive ability, although the effect size
remained similar in magnitude. Furthermore, the genetic risk for diabetes was more strongly
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associated with HbA1c levels among participants who were lower in agreeableness and lower
in conscientiousness, though the latter was true only in models that adjusted for cognitive
ability, SES indicators, and included all five personality traits.
The finding that lower openness was related to higher levels of HbA1c is consistent
with a cross-sectional study (Goodwin & Friedman, 2006). However, the link between
openness and HbA1c was explained by the association between openness and cognitive
ability, which in the current study was r = .26. Furthermore, cognitive ability has been
associated with diabetes onset and moderates the expression of its T2D genetic (Harris, 2004;
Mõttus et al., In press; Olsson, Hulting, & Montgomery, 2008). However, our studies
reported in Chapter 2 did not found associations between openness to experience and type 2
diabetes.
We also found that agreeableness enhanced the expression of the genetic risk for
diabetes. One possible mechanism is through links of personality with socioeconomic status
(Deary et al., 2010). Lower agreeableness is associated with lower levels of education, an
indicator of socioeconomic status (Jonassaint, Siegler, Barefoot, Edwards, & Williams, 2011),
which is in turn associated with poorer health in general (Frank, Cohen, Yen, Balfour, &
Smith, 2003), and type 2 diabetes prevalence in particular (Connolly, Unwin, Sherriff, Bilous,
& Kelly, 2000). Including indicators of socioeconomic status, namely educational attainment
and occupational status, attenuated the strength of the interaction between agreeableness and
T2D polygenic risk, but this attenuation was very small in size (β = -0.08 in the unadjusted
model compared to β = -0.07 in the adjusted model). On the other hand, lower agreeableness
may lead to higher expression of T2D genetic risk via its associations with health harming
behaviours (Deary, Weiss, & Batty, 2010) and overall unhealthy lifestyle factors (Malouff,
Thorsteinsson, Rooke, & Schutte, 2007; Terracciano & Costa, 2004). Another mechanism
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may be that lower agreeableness is linked with lower trust in healthcare system and poor
patient-doctor communication, which may lower the chances of diabetes symptoms detection
or impair their effective management (Deary et al., 2010).
The present study had some limitations. Firstly, we were not able to distinguish
between type 1 and type 2 diabetes. Given that genetic risk for type 2 diabetes is likely
different from that of type 1 diabetes (Anjos & Polychronakos, 2004; Hirschhorn, 2003; Scott
et al., 2007; van Hoek et al., 2008) and that the two forms of the disease have different
mechanisms of action (Cnop et al., 2005), the role of personality traits as potential
moderators possibly varies between types. Additionally, we were not able to control for
diabetes medication intake, and being on medication could alter one‘s glycated haemoglobin
levels. However, we were able to exclude six participants who explicitly reported taking
insulin, and this did not significantly alter the results, Second, our sample was relatively
small for a genetically informative design. Thus, the results should be replicated using a
larger genetically informative sample.
In conclusion, across several studies reported in Chapters 2-4 utilizing cross-sectional
and longitudinal designs, different measures of personality and diabetes, and large cohorts
collected in different countries and decades, we found evidence that personality traits are
related to diabetes mellitus. These links may differ between type 1 and type 2 diabetes, and
between cross-sectional and longitudinal designs. Potential mechanisms of these associations
are lifestyle factors such as dietary habits and exercise, and general levels of health concerns.
These lifestyle factors may in turn enhance or lower the expression of innate genetic
influences on the disease. In Chapter 5 we move to another important health outcome – allcause mortality. More specifically, we test a hypothesis that could explain mixed results
reported in previous literature.
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Abstract

Higher neuroticism is typically associated with all-cause mortality risk. However, in
several studies, higher neuroticism was significantly associated with reduced risk of
mortality, and these discrepant findings cannot be ruled out as results of sampling variations
or measurement effects. To explore potential explanations we inspected the covariates
included in the latest meta-analysis of the studies of personality and mortality and two
additional studies published more recently. We found that no study in which neuroticism was
a risk factor included both objective and self-rated health in the models. We predicted that,
without objective/self-rated health in the model, neuroticism acts as a risk factor for all-cause
mortality. We also predict that including self-rated health in the model will flip the sign and
therefore render neuroticism a protective factor for mortality We tested this in a national
sample that comprised 8642 participants (Mage = 55.8 ± 14.4 years at baseline). In our
models, neuroticism was related to all-cause mortality. In all models that did not include selfrated health and depressive symptoms, neuroticism was a significant risk factor for all-cause
mortality. In all models that included depressive symptoms but not self-rated health,
neuroticism was not significantly related to mortality. In all models that included self-rated
health, neuroticism was associated with lower risk of death. Overall, the results, if replicated
in the future, could support the idea that inconsistent associations of neuroticism with
mortality reported in previous literature are at least partially due to presence or absence as
self-assessed health, objective health and depressive symptoms as covariates in the models.
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Introduction
As outlined in Chapter 1, personality has been consistently associated with mortality.
The effects sizes of the associations between personality traits and mortality are comparable
to those of commonly accepted risk factors, such as SES and cognitive ability (Roberts,
Kuncel, Shiner, Caspi, & Goldberg, 2007b).
Higher neuroticism is typically associated with all-cause mortality risk, as noted in
several meta-analyses and reviews of the literature (Chapman, Roberts, & Duberstein, 2011;
Deary, Weiss, & Batty, 2010; Roberts, Kuncel, Shiner, Caspi, & Goldberg, 2007a). However,
in several studies, higher neuroticism was significantly associated with reduced risk of
mortality (Korten et al., 1999; Ploubidis & Grundy, 2009; Weiss & Costa, 2005; Weiss, Gale,
Batty, & Deary, 2013). One of these studies was a 3 to 4 year follow-up of 897 community
dwelling adults aged 70 years or older in Australia (Korten et al., 1999). In this study,
participants in the upper quintile of neuroticism (corresponding to a score of 6 or more) were
nearly half as likely to die as those with a score of 0. The other study involved a ~5 year
follow-up of 1076 community dwelling adults aged 65 or older and a ~3 year follow-up
approximately 2 years later of 597 of these participants. All participants were taking part in a
Medicare Demonstration study and in poor health (Weiss & Costa, 2005). The study found
that, in the full sample, each standard deviation of neuroticism was associated with a nearly
16% reduction in risk and that, in the follow-up sample, each standard deviation was
associated with a 21% reduction in risk.
The discrepancies in results regarding the effect of neuroticism cannot be ruled out as
results of sampling variations or measurement effects: samples similar in size and
demographic composition yielded contradictory results (see Table 2 in Roberts et al., 2007a),
and there was not a consistent association of type of neuroticism scale used and the overall
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neuroticism effect. What could, then, lead to mixed observed associations between
neuroticism and mortality?
A study by Ploubidis and Grundy (2009) suggests that the answer may lie in the
covariates included in a model. Specifically, they used two structural equations models --one for men and one for women --- to examine the effects of neuroticism and extraversion on
mortality risk. These models specified that the personality-mortality association was made up
of direct effects and indirect effects, the latter being mediated via psychological distress,
alcohol use, smoking, and somatic health, a latent variable that loaded on self-rated health,
chronic illness, and forced vital capacity. They found that the overall effect of neuroticism
was that of a risk factor, although only in men. Furthermore, the effect of neuroticism via the
mediators was that of a significant risk factor in men and women. The direct effect of
neuroticism was that of a protective factor, though this effect was not significant in men. The
sign of the neuroticism effect, therefore, varied across studies possibly as a function of
covariates included in the models, namely measures of perceived and actual health.
To further examine this possibility, we inspected the covariates included in the latest
meta-analysis of the studies of personality and mortality (see Table 2 in Roberts et al., 2007a)
and two additional studies published more recently (Ploubidis & Grundy, 2009; Weiss et al.,
2013). No study in which neuroticism was a risk factor included both objective and self-rated
health in the models. All studies that found neuroticism to be a significant protective factor
included a measure of self-assessed health and at least one measure of objective health status
(Korten et al., 1999; Weiss & Costa, 2005; Weiss et al., 2013). The only study that included
self-assessed health and found neuroticism to be a risk factor did not include any objective
health measure (Grossardt, Bower, Geda, Colligan, & Rocca, 2009).
The possibility that self-rated health might influence the relationship between
neuroticism and mortality is not surprising. Self-rated health was associated with mortality in
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the National Health and Nutrition Examination Survey (NHANES I) Epidemiologic Followup Study (NHEFS) (Idler & Angel, 1990). The study found that, independently of medical
diagnoses, demographic factors and health related behaviors, self-rated health was associated
with mortality in the follow-up period among middle-aged men, but not among elderly men
or women of any age. Another study found ―a consistent and graded association of [selfreported health] with future mortality― in men and women, even after controlling for age,
physician diagnoses and other relevant variables (Miilunpalo, Vuori, Oja, Pasanen, &
Urponen, 1997). A review of twenty seven community studies revealed that self-rated health
was consistently an independent predictor of mortality, over and above a wide range of
objective health indicators and risk factors, and independent of the follow-up time, way the
question was asked, covariates included, and the country/culture of origin (Idler &
Benyamini, 1997). The authors of the review concluded that self-rated health might be a
better measure of general objective health than the sum of the covariates used in studies
because it takes into accoutnt the full range of illness, including symptoms of yet
undiagnosed disease. They also noted that self-rated health measures might represent the
trajectory rather than current state of the illness, or reflect the presence or absence of
environmental or within-person resources that can affect future health outcomes; or in turn
influence behaviours that lead to later outcomes. Furthermore, individuals higher in
neuroticism report more health problems than those with lower levels of this trait (Costa &
McCrae, 1987; Costa & McCrae 1980). Neuroticism is negatively correlated with self-rated
health both in cross-sectional (Okun, 1984), and longitudinal studies (Svedberg, Bardage,
Sandin, & Pedersen, 2006), and as discussed above, both are associated with mortality
(Miilunpalo et al., 1997; Roberts et al., 2007b; Weiss & Costa, 2005).
Jointly, this led us to hypothesize that neuroticism has dual influence on all-cause
mortality. We predicted that, without objective/self-rated health in the model, neuroticism
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act as a risk factor for all-cause mortality. We also predict that including self-rated health in
the model will flip the sign and therefore render neuroticism a protective factor for mortality
of all-causes. We tested this hypothesis in a large national-representative sample that
contained detailed information on self-assessed and objective health, and a large number of
deaths thus allowing for enough statistical power to detect the effects. In our models we use
data on eleven medical conditions and adjusted for the effects of personality traits other than
neuroticism, depressive symptoms, basic demographics, body mass index and smoking status.
We control for depressive sypmtoms, because as shown in Chapter 2, in the present sample
depressive symptoms and neuroticism are highly correlated (r = .64), and including
depressive symptoms in the model affected the effects of neuroticism in the models reported
in Chapter 2. To control for this, depressive part of neuroticism variance, we include
depressive symptoms as a covariate in our models.

Method
Participants
The sample was derived from the members of the NHANES I Epidemiological
Follow-Up Study (NHEFS) (Centers for Disease Control and Prevention (CDC). National
Center for Health Statistics (NCHS), 2012; Cornoni-Huntley et al., 1983). Details of the
sample were provided in Chapter 2. The 1982-1984 data contained extensive information on
objective health, as well as personality ratings and self-rated health variables. The final
(1992) wave contained detailed mortality/vital status data, so we focused on these two
assessment waves.
From the initial 12,220 participants we removed those who had missing data on any
of the variables used (n = 3578). The final sample thus comprised 8642 participants (Mage =
55.8 ± 14.4 years at baseline), including 3229 men (Mage =57.5 ± 14.5 years) and 5413
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women (Mage =54.8 ± 14.3 years). Analyses were done on the complete sample following the
logic demonstrated in Chapter 2, using the same longitudinal sample as here. Differences
between participants who dropped out and who stayed in the study were, although significant
for some variables, very small in magnitude and did not change the nature of the relationship
of the variables.
Measures
Demographics. The gender variable compared males (coded as 1) to females (coded
as 0). Race/ethnicity was dummy-coded as two variables, which compared subjects who
identified as ―black‖ and ―other‖ to those who identified as ―white‖, respectively. We treated
age as a continuous variable.
Personality traits. Short scales were used to assess neuroticism, openness to
experience and extraversion, and the Framingham Type A scale are described in detail in
Chapter I of this thesis.
Depressive symptoms. The Center for Epidemiologic Studies Depression Scale
(CES-D: Radloff, 1977) was described in detail in Chapter I of this thesis.
Self-rated Health Index. The self-rated health index was constructed using two
measures of self-assessed health: a self-rated health measure, and a health concerns measure.
Self-rated health was represented by a single item that asked: ―Would you say that your
health in general is excellent, very good, good, fair or poor?‖. This item was previously
reported to be independently associated with mortality (Idler & Angel, 1990). Health
concerns were assessed using two items: ―Have you been bothered by any illness, bodily
disorder, pains, or fears about your health, during the past month?‖ and ―How concerned or
worried about your HEALTH have you been during the past month?‖. These items were
scored according to the dataset documentation. The correlation between the two self-rated
health items in the current sample was r = .48, p < .001
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Objective Health Index. We constructed the objective health index using eleven
questions. Each of these questions asked ―Has a doctor ever told you/prescribed medications
for…‖: heart disease or heart trouble (n = 2255), heart attack (n = 1109), stroke (n = 423),
thyroid disease (n = 1120), asthma (n = 883), chronic bronchitis (n = 1376), kidney
problems/stones (n = 1172), polyps/tumor of the colon (n = 464), cirrhosis of the liver (n =
101), hypertension (n = 3347) and diabetes (n = 1083). Responses were coded 0 for no and 1
for yes for all of the conditions (ns in the brackets represent number of yes responses for each
condition). The final objective health index variable was calculated as a sum of all eleven
binary health variables. It ranged from zero (no reported conditions) to nine (nine reported
conditions) out of the maximum possible of eleven.
Health covariates. Body Mass Index (BMI) and smoking status were determined
using the same procedures as described in Chapter I of this thesis.
Mortality. Vital status in 1992 was derived from death certificates (98.7%) or a proxy
interview for participants identified as deceased. If there was no death certificate or proxy to
confirm the death then the subject was treated as lost to follow-up. The time to death variable
was the time between personality measurement and date last known alive for the deceased
and lost to follow-up, and the time between the date of personality measurement and the date
of last contact for the survivors and those without known last date alive.
Analyses
Descriptive statistics. We used t-tests and chi-squared tests to compare participants
who died during follow-up to those who survived, and those who were kept in the study to
those who were excluded from the initial sample due to having missing data.
Cox proportional hazard models. To test whether the sign of neuroticism effect on
all-cause mortality depended on the presence or absence of self-rated and objective health
covariates, we fit two sets of four generalized linear models using the coxph function in R,
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version 3.0.3 (R Core Team, 2013). The first set included combinations of covariates such as
demographics, personality traits, depressive symptoms, objective health index and risk
factors. The second set included the same models, but adjusting for the effects of self-rated
health.

Results
Descriptive statistics for the whole sample and by vital status at the end of the study is
presented in Table 5.1.
Table 5.1
Descriptive statistics for the variables in the 1982-4 sample by the 1992 vital status
1992 Vital Status
Alive

Deceased

Total

(n = 7118)

(n = 1524 )

(n = 8642)

M (SD)

M (SD)

M (SD)

Neuroticism

9.93 (6.6)

9.36 (6.9)

9.83 (6.7)

Extraversion

18.30 (3.6)

17.42 (3.5)

18.14 (3.6)

Openness

11.98 (3.0)

11.00 (2.8)

11.81 (3.0)

Type A behavior

14.26 (3.5)

12.59 (3.5)

14.00 (3.6)

Self-rated Health Index

15.46 (4.2)

13.20 (5.0)

15.06 (4.4)

Objective Health Index

0.82 (1.04)

1.66 (1.4)

0.97 (1.2)

Depressive symptoms

8.99 (8.1)

9.76 (9.1)

8.31 (8.3)

BMI (kg/m2)

26.39 (5.0)

25.67 (4.7)

26.26 (4.9)

Age (at baseline)

52.55 (12.8)

71.15 (10.9)

55.83 (14.4)

n (%)

n (%)

n (%)

Variable

Gender
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1992 Vital Status
Alive

Deceased

Total

(n = 7118)

(n = 1524 )

(n = 8642)

Male

2436 (34.2)

793 (52.0)

3229 (37.4)

Female

4682 (65.8)

731 (48.0)

5413(62.6)

White

6222 (87.4)

1295 (85.0)

7517 (87.0)

Black

817 (11.5)

217 (14.2)

1034 (12.0)

Other

79 (1.1)

12 (0.8)

91 (1.0)

Non-smoker

3242 (45.5)

657 (43.1)

3899 (45.1)

Former smoker

1826 (25.7)

500 (32.8)

2326 (26.9)

Current smoker

2050 (28.8)

367 (24.1)

2417 (28.0)

Race/Ethnicity

Smoking status

Note. Personality trait scores, self-rated health index, objective health
index and depressive symptoms are given in raw unites.

Comparisons between participants who survived and those who died during the study,
as well as those included and excluded from the sample due to missing data are presented in
Table 5.2.
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Table 5.2
Differences in means and frequencies for all variables.
Survived vs. Deceased

Excluded vs. Included

t

df

P

t

df

P

Neuroticism

3.00

8640

.003

-7.16

9950

< .001

Extraversion

8.73

8640

.018

6.21

9888

< .001

Openness

11.72

8640

< .001

5.89

9980

< .001

Type A

16.84

8640

< .001

3.60

9809

< .001

Depression

-7.57

8640

< .001

-9.09

9510

< .001

Self-rated Health

18.39

8640

< .001

11.50

9979

< .001

Objective Health

-26.9

8640

< .001

-12.00

10143

< .001

Age

-52.60

8640

< .001

-18.56

10521

< .001

BMI (kg/m2)

5.18

8640

< .001

0.19

9970

.85

χ2

df

p

χ2

df

p

Gender

169.39

1

< .001

115.65

1

< .001

Race/Ethnicity

10.09

2

.006

95.88

2

< .001

Smoking

35.50

2

< .001

232.97

2

< .001

Note. The assumption of equal variances was met.

The correlation matrix between the key measures at baseline is presented in Table 5.3.
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Table 5.3
Pearson’s correlations of the main measures at baseline
Age

Self-rated
Health

Objective
Health

Neuroticism

Depressive
Symptoms

Extraversion

Self-rated Health

-0.31***

Objective Health

0.34***

-0.44***

Neuroticism

-0.13***

-0.27***

0.15***

Depressive Symptoms

0.05***

-0.33***

0.19***

0.64***

Extraversion

-0.16***

0.19***

-0.10***

-0.12***

-0.17***

Openness

-0.18***

0.17***

-0.06***

0.03**

-0.03***

0.23***

-0.02

0.26***

Type A
-0.29***
0.18***
-0.11***
0.07***
Note. *** p < .001, ** p <. 01. All p values are corrected for multiple comparisons

Openness

0.10***
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The Cox proportional hazards models are presented in Tables 5.4 and 5.5. We
examined the proportionality of hazards assumption by inspecting the log(−log(survival))
plots. The proportionality assumption was not violated in any of the models.
We first tested whether neuroticism acts as a risk factor in models that do not contain
self-rated health variables. Model 1 included demographics (age, gender, and race/ethnicity)
and four personality traits (neuroticism, extraversion, openness to experience, and type A
personality). Neuroticism was significantly related to mortality, with every standard deviation
of increase being related to 15% increase in the risk of death (Model 1, Table 5.4).
Model 2 added depressive symptoms to the same predictors as in Model 1. In this
model, the effect of neuroticism was not significant, but was still in the direction of a risk
factor (Model 2, Table 5.4).
The next model (Model 3, Table 5.4) included BMI, BMI2 , smoking and objective
health index. Neuroticism was again a risk factor, associated with 6% increase in risk per
standard deviation increase. The final model in the set without self-rated health included
depressive symptoms and objective health variables. This rendered the effect of neuroticism
non-significant, but, interestingly, in the direction of a protective factor.
The next set of models (Table 5.5) tested whether inclusion of self-rated health will
make neuroticism significant and protective. Model 4 added self-rated health to the same list
of predictors as in Model 1. This time, neuroticism was a protective factor with each standard
deviation increase being related to a 6% decrease in risk of death. Model 5 (Table 5.5) was
the same as Model 2 (Table 5.4) with added self-rated health. The effect of neuroticism was
significant, and each standard deviation increase in neuroticism was related
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Table 5.4
Models without self-rated health variables
Model 1

Model 2

Model 3

HR [95% CI]

P

1.846 [1.646, 2.07]

< .001

.001

1.251 [1.080, 1.448]

.003

.68

1.110 [0.628, 1.962]

.72

1.096 [1.09, 1.101] < .001

1.094 [1.088, 1.100]

< .001

.29

1.056 [1.002, 1.114]

.043

0.977 [0.913, 1.045]

.49

0.954 [0.903, 1.007]

.090

0.947 [0.897, 1.000]

.051

0.947 [0.896, 0.999]

.048

.62

0.996 [0.941, 1.054]

.88

0.998 [0.944, 1.056]

.96

1.008 [0.953,1.067]

.77

< .001

0.873 [0.825, 0.924]

< .001

0.906 [0.855, 0.959]

.001

0.903 [0.853, .956]

< .001

1.164 [1.091, 1.242]

< .001

-

-

1.131 [1.059, 1.208]

< .001

1.310 [1.256, 1.366]

< .001

HR [95% CI]

P

HR [95% CI]

P

1.925 [1.734, 2.137]

< .001

1.939 [1.747, 2.153]

< .001

White vs. Black

1.316 [1.138, 1.520]

< .001

1.270 [1.098, 1.469]

.001

1.286 [1.111, 1.488]

White vs. Other

1.047 [0.592, 1.850]

.88

1.036 [0.586, 1.832]

.90

1.129 [0.639, 1.996]

Age

1.095 [1.090, 1.100]

< .001

1.093 [1.088, 1.098]

< .001

Neuroticism

1.147 [1.090, 1.208]

< .001

1.037 [0.969, 1.109]

Openness

0.954 [0.903, 1.008]

.091

Extraversion

0.986 [0.932, 1.043]

Type A

0.876 [0.827, 0.927]

Female vs. Male

Model 4

HR [95% CI]

P

1.837 [1.638, 2.061] < .001

Race/Ethnicity

CES-D
Objective Health

1.316 [1.263, 1.372] < .001
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Model 1
HR [95% CI]

Model 2
P

HR [95% CI]

Model 3
P

HR [95% CI]

Model 4
P

HR [95% CI]

P

BMI

0.858 [0.797, 0.923] < .001

0.857 [0.796, 0.922]

< .001

BMI2

1.003 [1.001, 1.004] < .001

1.003 [1.001, 1.004]

< .001

Non vs. Former

1.230 [1.083, 1.396] .001

1.233 [1.086, 1.400]

.001

Non vs. Current

1.774 [1.543, 2.041] < .001

1.750 [1.521, 2.013]

< .001

Smoking status

Note. Personality traits scores, self-rated health, health concerns and BMI are presented per standard deviation increase.
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to a 12% decrease in risk of death. Model 7 (Table 5.5) added self-rated health index to the
list of predictors of Model 3 (Table 5.4). Neuroticism was again significantly related to lower
risk of death, 9% per standard deviation increase. Finally, Model 8 (Table 5.5) was the same
as Model 4 (Table 5.4) but with self-rated health included. Neuroticism was again a
significant protective factor, with 12% decrease in risk per standard deviation increase.
To sum up, in all models containing self-rated health, neuroticism was a significant
protective factor. In all models that did not include self-rated health neuroticism was either a
significant risk factor or non-significant.
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Table 5.5
Models that include self-rated health variables
Model 5

Model 6

Model 7

HR [95% CI]

P

HR [95% C]

P

1.895 [1.706, 2.104]

< .001

1.905 [1.716, 2.116]

< .001

White vs. Black

1.186 [1.025, 1.373]

.022

1.162 [1.003, 1.345]

.045

White vs. Other

0.820 [0.463, 1.454]

.50

0.82 [0.462, 1.453]

.50

Age

1.091 [1.086, 1.097]

< .001

1.09 [1.085, 1.096]

< .001

Neuroticism

0.933 [0.875, 0.994]

.03

0.881 [0.818, 0.949]

Openness

0.975 [0.923, 1.030]

.36

Extraversion

1.000 [0.945, 1.058]

Type A

0.884 [0.836, 0.936]

Female vs. Male

HR [95% CI]

Model 8
P

HR [95% CI]

P

1.814 [1.617, 2.034] < .001

1.821 [1.624, 2.042]

< .001

1.183 [1.021, 1.371]

.026

1.164 [1.004, 1.349]

.045

0.915 [0.516, 1.622]

.76

0.911 [0.513, 1.615]

.75

1.094 [1.088, 1.099] < .001

1.093 [1.087, 1.099]

< .001

.001

0.919 [0.862, 0.979]

.009

0.876 [0.814, 0.943]

< .001

0.973 [0.921, 1.028]

.33

0.958 [0.907, 1.012]

.13

0.957 [0.906, 1.01]

.11

.99

1.008 [0.952, 1.066]

.80

1.010 [0.955, 1.068]

.731

1.017 [0.961, 1.076]

.56

< .001

0.882 [0.833, 0.933]

< .001

0.908 [0.858, 0.961]

.001

0.906 [0.857, 0.959]

.001

0.789 [0.744, 0.838]

< .001

Race/Ethnicity
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0.718 [0.678, 0.76]

< .001

0.728 [0.687, 0.771]

0.78 [0.735, 0.828]

< .001
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Model 5
HR [95% CI]
CES-D

Model 6
P

Model 7

Model 8

HR [95% C]

P

HR [95% CI]

P

HR [95% CI]

P

1.105 [1.035, 1.18]

.003

-

-

1.089 [1.019, 1.163]

.012

Objective Health

1.255 [1.201, 1.311] < .001

1.253 [1.2, 1.309]

< .001

BMI

0.875 [0.812, 0.942] < .001

0.873 [0.811, 0.94]

< .001

BMI2

1.002 [1.001, 1.004]

1.002 [1.001, 1.004]

.001

1.201 [1.058, 1.363]

.005

1.763 [1.533, 2.029]

< .001

.001

Smoking status

Non vs. Former

1.196 [1.054, 1.358]

.006

Non vs. Current

1.782 [1.549, 2.049] < .001

Note. Personality traits scores, self-rated health, health concerns and BMI are presented per standard deviation increase.
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Sensitivity analysis
We ran two types of sensitivity analyses. First, to rule out the possibility that our
results are affected by multicollinearity between the key variables (Table 2), we ran survival
models with ridge regression (Gray, 1992). As reported in Table 6, this did not alter the
nature and sign of the effects: self-rated health variables still had a suppressor effect on
neuroticism. This effect was, however, attenuated, with neuroticism now being associated
with 2% reduction in risk of death in the fully adjusted model. Finally, to remove any doubt
that the result is not due to overfitting of the model, we residualized neuroticism on the selfrated health and health concerns variables and fit the model using sex, age, race, openness,
extraversion, type A behaviour and residualised neuroticism scores as predictors. In this
model including only personality traits, residualised neuroticism had a protective effect and
was associated with 3% reduction in risk per standard deviation increase (See Model 4, Table
5.4 for comparison).
Second, we wanted to test whether the way we scored the Self-rated Health Index
produced artifactual results. While we created a composite measure of the classic self-rated
health item, ―Would you say that your health in general is excellent, very good, good, fair or
poor?‖, and two health concerns items, this might not be an optimal approach. A high score
on the first health concerns item, ―Have you been bothered by any illness, bodily disorder,
pains, or fears about your health, during the past month?‖, could reflect mainly health fears or
preoccupations, which is largely related to neuroticism, or it could reflect a severe illness or
real body pains (Costa & McCrae, 1985). As noted by Costa et al (1986), it could ―confound
objective health differences with neuroticism-related complaints.‖ (p.141). The second health
concerns item, ―How concerned or worried about your HEALTH have you been during the
past month?‖, is a classic psychosomatic item in that it asks mainly about worry regardless of
the nature or severity of the illness. Therefore, we re-ran the models but instead of
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Table 5.6
Survival models with ridge regression for the models that include neuroticism and depressive symptoms
Model 2r

Model 4r
P

HR (95% CI)

Model 8r

HR [95% CI]

P

1.939 [1.747, 2.153]

< .001 1.846 [1.646, 2.070]

White vs. Black

1.27 [1.098, 1.469]

.001

1.251 [1.080, 1.448]

.003

1.162 [1.004, 1.345] .045

White vs. Other

1.036 [0.586, 1.832]

.90

1.110 [0.628, 0.962]

.72

0.820 [0.463, 1.454] .50

Age

1.093 [1.088, 1.098]

< .001 1.094 [1.088, 1.100]

< .001 1.090 [1.085, 1.096] < .001 11.093 [1.087, 1.099]

< .001

Neuroticism

1.005 [0.995, 1.016]

.29

0.996 [0.986, 1.007]

.50

0.981 [0.970, 0.992] .001

0.98 [0.97, 0.991]

< .001

Openness

0.954 [0.903, 1.007]

.090

0.947 [0.896, 0.999]

.048

0.973 [0.921, 1.028] .33

0.957 [0.906, 1.01]

.11

Extraversion

0.996 [0.941, 1.054]

.88

1.008 [0.953, 1.067]

.77

1.008 [0.952, 1.066] .80

Female vs. Male

HR [95% CI]

Model 6r
P

HR (95% CI)

< .001 1.906 [1.716, 2.116] < .001 1.821 [1.624, 2.042]

P
< .001

Race/Ethnicity
1.164 [1.004, 1.350]
0.911 [0.514, 1.616]

1.017 [0.961, 1.076]

.044
.75

.56

<
Type A

0.873 [0.825, 0.924]

< .001 0.903 [0.853, 0.956]

< .001 0.882 [0.833, 0.933]

0.906 [0.857, 0.959]

.001

1.01 [1.002, 1.018]

.012

.001
Depressive symptoms

1.018 [1.011, 1.026]

< .001 1.015 [1.007, 1.023]

< .001 1.012 [1.004, 1.02]

.003
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Model 2r
HR [95% CI]
Objective Health

Model 4r
P

Model 6r

HR [95% CI]

P

HR (95% CI)

1.263 [1.218, 1.309]

< .001 -

Model 8r
P

HR (95% CI)

-

1.216 [1.171, 1.262]

P
< .001

<
Self-rated Health

-

-

0.931 [0.919, 0.943]

0.948 [0.935, 0.961]

< .001

.001
BMI

0.857 [0.796, 0.922]

< .001

0.873 [0.811, 0.94]

< .001

BMI2

1.003 [1.001, 1.004]

< .001

1.002 [1.001, 1.004]

.001

Non vs. Former

1.233 [1.086, 1.400]

.001

1.201 [1.058, 1.363]

.005

Non vs. Current

1.750 [1.521, 2.013]

< .001

Smoking status

1.764 [1.533, 2.029]

Note. Personality traits scores, depressive symptoms, and health concerns are presented per standard deviation increase. Model 2r: ridged
neuroticism and depressive symptoms; Model 4r: ridged neuroticism and depressive symptoms and objective health; Model 6r: ridged
neuroticism, depressive symptoms and self-rated health; Model 8r: ridged neuroticism, depressive symptoms, self-rated health and objective
health

< .001
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creating the composite self-rated health index measure, to retain the classic self-rated health
item, and the second health concerns item, and to enter them separately in the models. By
doing that we would avoid them competing and potentially cancelling each other out.
We, therefore, run a next set of models, including combinations of neuroticism, selfrated health single item, the second health concerns item, objective health and depressive
symptoms. Contrary to previous models, we included demographic and health covariates in
all models, focusing only on interdependence of the named variables. These models are
presented in Tables 7 and 8. As shown in the tables, results were consistent with the initial
analyses: when we did not control for the full range of objective-health outcomes,
neuroticism acts as a risk factor. When we controlled for objective health, the effect of
neuroticism is that of a protective factor, but not statistically significant. However, when selfrated health was included into the models, neuroticism becomes associated with reduced risk
of death in all models.
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Table 5.7
Sensitivity analysis: Models without self-rated health variables
Model 1

Model 2

HR [95% CI]

P

Male vs. Female

1.703 [1.523, 1.905]

.000

1.802 [1.610, 2.016]

.000

1.723 [1.539, 1.929]

.000

Black vs. White

1.293 [1.117, 1.496]

.001

1.293 [1.118, 1.495]

.001

1.210 [1.046, 1.401]

.011

Other vs. White

1.071 [0.606, 1.893]

.813

1.119 [0.633, 1.977]

.699

1.064 [0.602, 1.880]

.832

Age

1.105 [1.100, 1.110]

.000

1.099 [1.093, 1.104]

.000

1.095 [1.089, 1.100]

.000

BMI

0.855 [0.794, 0.920]

.000

0.852 [0.792, 0.916]

.000

0.880 [0.818, 0.948]

.001

BMI2

1.003 [1.001, 1.004]

.000

1.003 [1.001, 1.004]

.000

1.002 [1.001, 1.004]

.003

Former vs. non-smoker

1.277 [1.125, 1.448]

.000

1.260 [1.11, 1.429]

.000

1.232 [1.085, 1.398]

.001

Current vs. non-smoker

1.861 [1.619, 2.140]

.000

1.857 [1.615, 2.136]

.000

1.752 [1.524, 2.015]

.000

Neuroticism

1.132 [1.077, 1.190]

.000

1.053 [1.000, 1.109]

.052

0.987 [1.02, 1.131]

.634

1.321 [1.267, 1.377]

.000

1.230 [1.176, 1.287]

.000

0.771 [0.725, 0.819]

.000

Objective Health

HR [95% CI]

Model 3

Self-rated Health
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Table 5.7 (continued)
Sensitivity analysis: Models with self-rated health variables
Model 4
HR [95% CI]

Model 5
P

HR [95% CI]

Model 6
P

HR [95% CI]

P
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Male vs. Female

1.727 [1.543, 1.933]

.000

1.731 [1.546, 1.938]

.000

1.734 [1.549, 1.941]

.000

Black vs. White

1.169 [1.009, 1.355]

.038

1.189 [1.027, 1.377]

.021

1.152 [0.993, 1.336]

.031

Other vs. White

0.943 [0.531, 1.673]

.840

1.047 [0.592, 1.851]

.875

0.935 [0.527, 1.659]

.819

Age

1.095 [1.089, 1.100]

.000

1.094 [1.088, 1.938]

.000

1.094 [1.088, 1.099]

.000

BMI

0.884 [0.821, 0.952]

.001

0.879 [0.816, 0.946]

.001

0.883 [0.820, 0.951]

.001

BMI2

1.002 [1.001, 1.003]

.004

1.002 [1.001, 1.004]

.002

1.002 [1.001, 1.003]

.003

Former vs. non-smoker

1.232 [1.085, 1.398]

.001

1.233 [1.087, 1.399]

.000

1.222 [1.077, 1.387]

.002

Current vs. non-smoker

1.752 [1.524, 2.015]

.000

1.735 [1.509, 1.995]

.000

1.752 [1.523, 2.015]

.000

Neuroticism

0.935 [0.880, 0.994]

.031

0.931 [0.870, 0.997]

0.041

0.891 [0.829, 0.958]

.002

Objective Health

1.225[1.171, 1.281]

.000

1.229 [1.175, 1.285]

.000

1.224 [1.170, 1.280]

.000

Self-rated Health

0.798 [0.750, 0.850]

.000

0.778 [0.732, 0.827]

.000

0.803 [0.754, 0.856]

.000
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Model 4
HR [95% CI]
Health Concerns #2
Depressive Symptoms

1.122 [1.106, 1.187]

Model 5
P

HR [95% CI]

Model 6
P

.000
1.097 [1.028, 1.171]

.005

HR [95% CI]

P

1.115 [1.053, 1.18]

.000

1.085 [1.017, 1.158]

.014

Note. Neuroticism, Objective Health, Self-rated Health; Health Concerns and Depressive symptoms are in standard deviation increase.

127

Chapter Five: Neuroticism, Self-rated Health and All-cause Mortality

Discussion
In our models, neuroticism was related to all-cause mortality. In all models that did
not include self-rated health and depressive symptoms, neuroticism was a significant risk
factor for all-cause mortality. In all models that included depressive symptoms but not selfrated health, neuroticism was not significantly related to mortality. In all models that included
self-rated health, neuroticism was associated with lower risk of death. One possible
interpretation of the results is the idea that inconsistent associations of neuroticism with
mortality reported in previous literature are at least partially due to presence or absence as
self-assessed health, objective health and depressive symptoms as covariates in the models,
although this should be taken with caution. We ruled out some of the methodological issues
that would render our result a statistical artefact, but results should be replicated before any
firm conclusions are made.
If the current results are ‗true‘, that could mean that portions of neuroticism variance
have different effects on health outcomes. One possible explanation is presented in Figure
5.1. Higher neuroticism is generally related to many poor health outcomes (Booth-Kewley &
Friedman, 1987; Deary et al., 2010; Dembroski, MacDougall, Costa, & Grandits, 1989;
Friedman & Booth-Kewley, 1987; Goodwin & Friedman, 2006), but including self-rated
health in the models may have consistently removed the risk portion of the neuroticism
variance rendering the remainder of the neuroticism variance a significant and protective
factor. There are several possible explanations of that result. The correlation between the
objective health and self-rated health index in our sample was .44, which means that the two
measures share just under 20% of the variance.
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Figure 5.1
The sign of neuroticism effect on mortality as a hypothetical function of covariates included.

Note. The ―-― sign denotes a portion of variance associated with lower risk of mortality. The ―+‖
sign denotes a portion of variance associated with an increased risk of mortality. In panel I,
neuroticism is the only independent variable and as bigger portion of the variance is ―+‖, the
overall effect of neuroticism is that of a risk factor. In panel II, neuroticism and self-rated health
are included in the model. Self-rated health removes a big part of the ―risk‖ variance of
neuroticism which renders the effect of neuroticism that of a protective factor. In panel III,
neuroticism and objective-health are included in the model. Objective health removes part of the
neuroticism variance associated with increased risk of death. The remaining part of neuroticism
variance is split between risk and protective, which cancel each other out and render the overall
effect of neuroticism non-significant. NB: self-rated and objective-health share a part of ―risk‖
variance in neuroticism. Finally, in Panel IV, neuroticism, self-rated and objective health are all
included in the model. Both self-rated and objective health remove the ―risk‖ portion of
neuroticism variance, which renders the remainder of neuroticism variance as significant and
protective. The effect of including depressive symptoms as a covariate would be similar to that of
objective health. The figure is meant to be viewed as an illustration; the overlapping sections
represent the zero-order correlation magnitudes in this study only approximately.

This relatively low overlap could suggest that self-rated health is a better measure of
general health than the sum of medical conditions available in the sample, perhaps because it
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takes into accoutnt the full range of illness including symptoms of yet undiagnosed disease
(Idler & Benyamini, 1997). In other words, the part of neuroticism that is predictive of death
could be one that is linked to actual disease, either by contributing to the onset, or perhaps
more likely, via reverse causation. However, this is not likely the only explanation, as our
sample included eleven medical conditions covering a wide-spectrum of diseases. Self-rated
health may also represent the trajectory rather than current state of the illness, or reflect the
presence or absence of environmental or within-person resources that can affect future health
outcomes; or in turn influence behaviours that lead to later outcomes (Idler & Benyamini,
1997).
The finding that aspects of neuroticism may be protective is not that surprising, given
that beneficial effects of higher neuroticism on health have been reported in the literature. For
example, a prospective study showed that participants high in both neuroticism and
conscientiousness predicted lower circulating interleukin-6 levels than those with other
combinations of the two traits (Turiano, Mroczek, Moynihan, & Chapman, 2012).
Furthermore, neuroticism was associated with lower risk of type 2 diabetes in a longitudinal
study described in Chapter 2. Speculatively, the protective part of neuroticism variance is
likely one that is linked to increased health-aware behaviours, such as higher vigilance (Costa
& McCrae, 1987) and better perceived susceptibility to health problems (Vollrath, Knoch, &
Cassana, 1999). Friedman (2000) described this as ―Woody Allen type [of neuroticism]
which leads one to be very vigilant about germs, symptoms needing attention, medical
developments, and cooperation with treatment. Such a (health nut) neurotic might remain
very healthy‖ (p. 1102) (Friedman, 2000). The question of the exact nature of this, beneficial
portion of neuroticism variance, remains. We were not able to score facets of neuroticism to
examine whether increased and decreased risk of death are facet-specific. It could be that the
depression facet of neuroticism is linked to both objective health problems, poorer self-rated
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health, and of course depressive symptoms, and that this facet of neuroticism would be
related to an increased risk of death. On the other hand, the anxiety facet of neuroticism could
be related to some of the abovementioned beneficial health behavours. If future studies
succeed in replicating present results, a more fine-grained analysis on the level of facets is
recommended before any conclusive interpretations of the results could be made.
Strengths and Limitations. This study had several strengths - it included a large,
representative sample, with a long follow-up period and a large number of deaths.
Furthermore we were able to separate influences of neuroticism, self-rated health, and a range
of health conditions and risk factors. However, and as previously discussed, we did not have
information on neuroticism facets, or measures of neuroticism and self-rated health in
multiple waves of assessment, which would enable us to understand better the mechanisms
behind the results.
Given that the overall effect of neuroticism on health is negative and costly, it is
important to further explore the possibility that aspects of neuroticism could also play a
beneficial role. Future research should focus on replicating and identifying the nature of this
effect.
The present chapter discussed whether neuroticism in some instances can provide
certain health benefits. In Chapter 6 we move on to explore a potential biological mechanism
that may underlie individual differences in personality traits and their links to health
outcomes. This mechanism is autonomic nervous system reactivity, which has been linked to
Gray‘s and Eysenck‘s biological models of personality, but is underexplored within the FFM.
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Chapter Six: Heart Rate Variability as a Biomarker of Personality
Traits
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Abstract

In this chapter we examined whether heart rate variability, a trait-like measure of the
beat-to-beat activity of the heart was a biomarker of two of the FFM personality traits.
Openness to experience has been linked to reward/motivation centres in the brain, which in
turn have links to autonomic nervous system activation. Furthermore, heart rate variability
has been related to negative affect, depression, and cardiovascular disease. In Study 1, we
tested whether the sympathetic activation of the autonomic nervous system is related to
openness to experience under baseline and stress conditions. In 952 subjects and controlling
for potential confounds, including age, sex, height, weight and BMI, a significant association
was found between sympathetic activity and openness to experience under baseline but not at
stress. These results support the idea of sympathetic activation as a biomarker of openness to
experience. In Study 2 we tested whether the associations between neuroticism, a personality
domain related to negative affect and susceptibility to depression, and heart rate variability
over and above its association with depression, cardiovascular disease, and their comorbidity.
In 1,152 subjects, higher neuroticism was associated with reduced heart rate variability under
rest and stress conditions. Structural equation modelling revealed that neuroticism was
independently associated with heart rate variability and cardiovascular disease, over and
above its associations with depression and other related variables. Overall we concluded that
sympathetic activation can act as a biomarker of openness to experience, and that general
heart rate variability can act as a biomarker of neuroticism.
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Heart Rate Variability as a trait-like characteristic of the human Autonomic
Nervous System functioning

Cardiac activity is determined by two components of autonomic nervous system
(ANS): sympathetic and parasympathetic. These components function as a negative
feedback loop. The sympathetic component increases heart rate and has an excitatory
effect and the parasympathetic component decreases heart rate and has an inhibitory effect.
Activation of the parasympathetic component has protective and anti-fibrillatory effects on
the heart. On the other hand, the activation of the sympathetic component of the ANS leads
to the onset of cardiac dysrhythmia and increase in heart rate and blood pressure, as well as
oxygen expenditure. If chronic, over-activation of the sympathetic component of the ANS
may lead to poorer prognosis for acute myocardial infarction (White, 1999).
The mutual effects of the two ANS components lead to the variability in the length of
the intervals between two consecutive heartbeats: heart rate variability (HRV). Lower HRV
predicts myocardial infarction (MI), poorer post-MI prognosis, and sudden cardiac death
(Buccelletti et al., 2009; Dekker et al., 2000; Kleiger, Miller, Bigger, & Moss, 1987; Thayer
& Lane, 2007).
HRV measures demonstrate stable individual response patterns across situations (e.g.
stress-tasks) that are stable across time (Berntston & Cacioppo, 2004). In this way, HRV
differences are trait-like, and thus may be biomarkers of personality (Koelsch, Enge, &
Jentschke, 2012), and partly explain the associations between personality traits and health.
Measures of HRV come from time and frequency domains. In a continual
electrocardiogram (ECG) recording, the R-wave represents the largest depolarization peak,
corresponding to contraction of the left and right ventricles. The distance in milliseconds
between two consecutive R-waves, the RR interval, also known as NN: Normal-to-Normal
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interval, is used to calculate time domain HRV measures. The most common time-domain
measure is Standard Deviation of NN-interval (SDNN), which reflects all the cyclic
components that affect HRV and therefore serves as a general measure of HRV rather than a
specific measure of the sympathetic or parasympathetic component of the ANS.
To separate influences of the sympathetic and parasympathetic components of the
ANS, frequency domain HRV measures are used. Beat-to-beat interval information can be
translated into the frequency domain via Fast-Fourier transforms and subjected to spectral
analysis (Figure 6.1). Numerous studies have identified a principal influence of sympathetic
autonomic nervous system activity on low-frequency power (0.04 – 0.15 Hz), whereas
parasympathetic activity and respiration are linked to higher power in the high-frequency
band (0.15 – 0.50 Hz) (Camm et al., 1996; Malik, 2008; Stajzel, 2004).

Figure 6.1
Processing from EKG signal interval RR-intervals and power spectrum.
(LF: 0.04-0.15 Hz) and high (HF: 0.15-0.50 Hz)
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We make two predictions about heart rate variability and personality traits. Study 1
concerns sympathetic influences on openness, and Study 2 tests the relationship of
neuroticism with heart rate variability, in the context of cardiovascular disease and
depression. The introductions for each study will be presented separately, given the different
empirical and theoretical backgrounds to the specific hypotheses.
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Study 6.1: Sympathetic Activation as a Biomarker of Openness to
Experience

Introduction
In this study we will test the hypothesis that higher levels of openness are reflected in
increased autonomic activity. The rationale for this lies in the hypothesis that one of the
possible mechanisms that underlie openness to experience is a reward/motivation system of
the human brain. We begin by outlying this hypothesis.
In their review of the empirical literature on openness to experience, McCrae and
Costa (1997) argued that while it is correlated with higher education and IQ (e.g. Silvia &
Sanders, 2010), openness to experience cannot be understood as a cognitive ability or as an
acculturated value-set but is a distinct multi-faceted motivational system affecting the
―breadth, depth, and permeability of consciousness, and in the recurrent need to enlarge and
examine experience‖ (McCrae & Costa, 1997, p. 826). Such descriptors, they acknowledge,
while capturing the experience of openness, require greater specification and mechanistic
explanation to form a theory. In particular, openness to experience should be associated with
neural activity, for instance in brain regions underpinning reward/motivational structures
(McCrae & Costa, 1997).
One clue to the nature of potential biological mechanisms underlying openness to
experience was highlighted by McCrae (2007), who reported that the single best marker of
openness, irrespective of culture examined, was the experience of ―aesthetic chills‖ defined
as ―a transient emotional response to music or other experiences of beauty‖. Self-reported
aesthetic chills, may, then, be a behavioural marker of the biological functions underlying
openness to experience. Such biological functions might, in turn, be measured.

136

Chapter Six: HRV as a Biomarker of Personality Traits
Systematic differences in motivation could influence the links between openness to
experience and alterations in sympathetic ANS functions. High openness to experience could
be linked to alterations in autonomic responding promoting prolonged absorption in stimuli.
In line with this, Blood and Zatorre (2001) reported a monotonic relationship of cerebral
blood flow changes correlated with the intensity of aesthetic chills, regionalized in the ventral
striatum, midbrain, amygdala, orbitofrontal cortex, and ventral medial prefrontal cortex.
These areas are associated with reward/motivation, emotion, and arousal. These brain
functional changes were accompanied by similar dose-dependent changes in heart rate,
electromyogram, and respiration. Thus, the results of Blood and Zatorre (2001) indicate that
openness is associated with alterations in heart rate, mediated by specific regional
reward/motivation brain activation. Based on these results, we explored the hypothesis that
heart rate activity indices linked to sympathetic autonomic activation that is reflected in
cardiovascular function (namely low-frequency (LF) power measure of HRV) might provide
an easily measured biomarker of openness. This, in turn, could provide a potential
explanation of links between openness and cardiovascular mortality (Jonassaint et al., 2007).
Factors linking openness to experience and sympathetic HRV activation are, of
course, not conclusive. Suggestive evidence includes research showing that HRV is linked to
differences in attention (Hansen, Johnsen, & Thayer, 2003) and with sympathetic
cardiovascular influences inducing a more adaptive attentional state (Duschek, Muckenthaler,
Werner, & del Paso, 2009). In addition, music is a common elicitor of aesthetic chills, and
cardiovascular measures, including heart rate and blood pressure, vary in response to music,
and even music conducting (Harrer & Harrer, 1977). In another study, HRV was found to be
related to the experience of music: listening to sedative and excitative music increased the LF
power component, while the measure decreased in the no-music condition, suggesting
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sympathetic nervous system activation as a response to music stimuli (Iwanaga, Kobayashi,
& Kawasaki, 2005).
Based on the above-described findings, we tested whether higher openness to
experience would be associated with increased LF in the heart rate signal at baseline,
reflecting sympathetic activation. Conversely, we predicted that this relationship would not
hold for high-frequency power, which reflects activity in the parasympathetic activity. More
speculatively, because HRV was recorded under stress and baseline conditions, we explored
whether these relationship differed depending on whether LF heart rate power was elicited
under a non-task baseline condition or a cognitive stressor. Based on research indicating that
creative responding occurs primarily under non-task directed situations (Hennessey &
Amabile, 2010), and evidence that under stress, the heart-rate response is primarily driven by
emotional responding, we predicted that the link between openness to experience and LFHRV power would be stronger under baseline conditions (Pagani et al., 1991). As is standard
in analysis of cardiovascular fitness measures (Aberg et al., 2012), all analyses controlled for
covariates linked to heart function, including age, sex, weight, height, and body mass index
(BMI).

Method
Participants
Participants were all eligible persons in Project 4 of Wave II of the MacArthur
Foundation Survey for Midlife Development in the United States (MIDUS II: Ryff &
Almeida, 2009).2 The Project 4 sub-sample participants were assessed for major biomarkers,

2

The MIDUS I study (Midlife in the U.S.) was supported by the John D. and Catherine T. MacArthur

Foundation Research Network on Successful Midlife Development. The MIDUS II research was supported by a
grant from the National Institute on Aging (P01-AG020166) to conduct a longitudinal follow-up of the MIDUS
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including HRV (Love, Seeman, Weinstein, & Ryff, 2010). All 952 subjects for whom
biomarker and openness scores were available were included in the analyses (mean age 54.6
years, SD = 11.6). In total, there were 429 males (mean age 55.3 years, SD = 11.9) and 523
females (mean age 54.03 years, SD = 11.3).
Measures
Heart rate variability. The ECG was recorded continuously during the protocol.
Analog signals were digitized at 500 Hz and 16-bit resolution with a National Instruments
analog-to-digital board, and then processed by proprietary event detection software that
identified RR interval. Heart rate variability was assessed using beat-to-beat information,
namely, the variability of intervals between consecutive ventricular depolarizations (or RR
intervals). These were detected automatically, with post-detection visual inspection of
waveforms to correct any software errors (Berntson, Quigley, Jang, & Boysen, 1990; Dykes
et al., 1986). The resulting data were used to calculate cardiovascular reactivity in frequency
domain with separate assessments of sympathetic and vagal activity based on power in the
low (LF: 0.04-0.15 Hz) and high (HF: 0.15-0.50 Hz) frequency bands respectively (Bootsma
et al., 1994; Camm et al., 1996). These measures have been shown to be reproducible in
normal as well as clinical samples (Camm et al., 1996).
Heart rate was assessed under a rest and a cognitive stress condition. Stress was
induced with a math task (Turner et al., 1986; Turner, Sims, Carroll, Morgan, & Hewitt,
1987) and with an attentional-control stressor (Stroop). In the arithmetic task, subjects
performed addition and subtraction tasks that adaptively increased or decreased in difficulty
I investigation. The research was further supported by the following grants M01-RR023942 (Georgetown),
M01-RR00865 (UCLA) from the General Clinical Research Centers Program and 1UL1RR025011 (UW) from
the Clinical and Translational Science Award (CTSA) program of the National Center for Research Resources,
National Institutes of Health.
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to create a cognitive stress. The second condition, the Stroop Color-Word Task involved
adaptive presentation of Stroop stimuli as a function of task performance in similar way to
that used in the arithmetic task. Both are standard stressors in heart rate research, and full
details about the presentation and a full list of measures obtained during the protocol are
provided elsewhere (Love et al., 2010).
Covariates. Weight and height were self-reported according to a detailed protocol,
including tape measure provided to subjects. To remove the extreme values, heights greater
than 84 inches were set to 84 inches. Then, respondent‘s weight in kilograms was divided by
their height in meters squared to compute their BMI.
Personality. Openness was assessed using the Big Five adjective rating scale
developed for the MIDUS study, based on existing trait lists and inventories (Lachman &
Weaver, 1998). Participants rated themselves on a set of adjectives using a Likert scale
ranging from 1: ―Not at all‖ to 4: ―A lot‖. The adjectives for openness were: ―Creative‖,
―Imaginative‖, ―Intelligent‖, ―Curious‖, ―Broad-minded‖, ―Sophisticated‖, and
―Adventurous‖. The scale showed satisfactory reliability (α = .77).
Procedure
Heart rate variability measures were taken as part of a two-day collection protocol
conducted in a hospital clinic setting on the morning of the second day of participants‘
hospital stay. Testing consisted of a 6-minute baseline measure, a stress challenge, and a 6minute recovery period/second baseline followed by a second, 6-minute stressor task. The
two cognitive stressors were presented in randomized order. Total test time was
approximately half an hour.
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Results
All analyses were conducted using linear regression modeling in the R 3.0.3.
environment (R Core Team, 2012). Descriptive statistics for the personality and
cardiovascular reactivity measures are shown in Table 6.1.
The two measures of heart function under stress were highly correlated (r values
ranged from .81 to .91, all p-values were less than .001). We thus combined the HRV
measures from the two challenge conditions and used this measure in all subsequent analyses.
For the 63 subjects who had valid data for only one task, the available single measure was
used in place of the average.

Table 6.1
Descriptive statistics for all variables examined in Study 6.1
Female
N

M

SD

Male
M

SD

Total
M

SD

Openness

952

2.94 0.54

2.98 0.50

2.96 0.52

Height (feet)

934

4.99 0.16

5.28 0.45

5.12 0.36

Weight (pounds)

943 161.8 34.7 199.3 35.9 178.7 39.9

BMI

923 27.49 5.95 28.42 4.79 27.91 5.48

Baseline SDRR

952

3.46 0.44

3.53 0.45

3.49 0.44

Baseline LF power

952

5.35 1.10

5.60 1.13

5.46 1.12

Baseline HF power 952

4.80 1.21

4.71 1.23

4.76 1.22

Stress LF power

937

4.71 1.04

4.90 1.14

4.80 1.09

Stress HF power

937

4.45 1.19

4.40 1.23

4.43 1.21

Note. M = Mean; SD = Standard Deviation; BMI = Body Mass Index; SDRR = Standard
Deviation of R-wave to R-wave interval; LF = Low Frequency; HF = High Frequency.
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Our first hypothesis was that higher levels of openness to experience would be
associated with increased autonomic activation in the form of greater LF power at rest. This
was examined using multiple regression with openness to experience as the dependent
variable and LF power at baseline as the independent variable, and, following Koelsch, Enge,
and Jentschke (2012), entering age, sex, BMI, height, and weight as covariates. This model
showed a significant overall effect. Importantly, LF had a significant effect in the predicted
direction, p = .01 (Model 1, Table 6.2). We next tested whether HF power, a marker of
parasympathetic activation, would be unrelated to openness to experience. The model tested
was identical to that presented above, including the same covariates, but had baselinecondition HF power as the independent variable. In line with the hypothesized effect, HF
power at baseline was not a significant contributor to model fit, t(1) = 1.45, p = .229 (see
Model 2, Table 6.2).
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Table 6.2
The relationship of openness with power measures of HRV at baseline
Model 1: Low Frequency Power
Est.

S.E.

t

p-value

Model 2: High Frequency Power
β

Est.

S.E.

t

p-value

β

Intercept

3.927 1.586

2.475

.014

0.01

4.040 1.590

2.540

.011

Age

0.014 0.013

1.034

.301

0.02

0.014 0.013

1.072

.284 -0.01

Sex (F)

-0.370 0.171 -2.164

.031

0.03 -0.403 0.171 -2.360

.019 -0.01

Age2

-0.000 0.000 -1.020

.308 -0.04 -0.000 0.000 -1.164

.245 -0.04

.019

.014

Age x sex
BMI
Weight
Height
HRV Power

0.007 0.003

2.357

-0.037 0.025 -1.445
0.005 0.004

1.250

-0.022 0.023 -0.954
0.044 0.017

2.617

0.16

0.007 0.003

2.452

0.04

0.17

.149 -0.39 -0.036 0.026 -1.401

.162 -0.38

.212

.243

0.39

0.005 0.004

1.168

.340 -0.17 -0.021 0.023 -0.887
.009

0.10

0.018 0.015

1.203
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Note. Model 1: R2 = 0.03, F(8, 914) = 3.09, p < .01; Model 2: R2 = 0.02, F(8,
914) = 2.40, p < .05
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We next tested whether the association of openness to either of LF or HF power would hold
under the cognitive stress condition. Two models were constructed with openness to experience as a
dependent variable, and LF power under stress (the marker of sympathetic activity under stress) as the
independent variable in the first model, and HF power (the marker of parasympathetic activity) under
stress as the independent variable in the second model. Both models included the standard covariates, as
above. Neither power measure significantly contributed to model fit, t(1) = 2.68, p = .10, and t(1) = 0.55,
p = .50, for the LF and HF models, respectively. Furthermore, dropping LF power from the first of the
two stress models did not significantly decrease fit, F(1, 900) = 2.68, p = .10. The same was true for the
HF model in the stress condition, F(1, 900) = 0.55, p = .46.

Discussion
Openness to experience was associated with increased low-frequency heart rate variability
power, an indicator of increased sympathetic autonomic activity. This association was specific to LF
power recorded under the baseline non-task condition. Furthermore, it was not present in the highfrequency power realm under either condition. Results were independent of the covariates of age, sex,
height, weight, and BMI. These results, then, support the hypothesis that openness to experience reflects,
in part, sympathetic autonomic activity in the resting, non-task, condition, and may account for the
association of openness to experience with aesthetic chills, cardiovascular health and mortality
(Jonassaint et al., 2007).
McCrae and Costa (1997) argued that openness to experience must be viewed primarily as a noncognitive system of motivational structures and, moreover, that an autonomic effect – aesthetic chills –
is the best single marker of openness to experience (McCrae, 2007). The results here linking autonomic
function to openness to experience suggest a mechanism important for understanding biological
mechanisms understanding openness. The finding that that dispositional autonomic activation may be a
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useful biomarker for openness to experience is important in its own right. The finding was strengthened
by the fact that controlling for covariates linked to openness to experience or cardiac function did not
diminish the relationship between openness to experience and LF power. The finding that the increased
LF cardiac power pattern was associated with high openness only under the baseline condition suggests
that the reaction of the heart under stress is driven by emotional factors, or perhaps openness to
experience is suppressed under conditions of stress (Walker & Jackson, 2014). Alternatively, the
directedness of behaviour is known to suppress creative responding (Hennessey & Amabile, 2010) and
may suppress the association between LF power and openness to experience. Significant associations
with autonomic activity may, then, reflect a basic association of autonomic orienting to openness to
experience.
Limitations. Within the present study, we could not determine the direction of causality. It may
be that higher autonomic nervous system activity in part underlies the enhanced orienting to novel
stimuli characteristic of high openness to experience. Alternatively, cortical mechanisms that increase
the processing of novelty as rewarding and resource consuming may trigger increased activity in medial
pre-frontal cortical areas associated with anxiety, and which directly project to brain stem autonomic
centers. This, perhaps, can cause decreased heart rate variability as a consequence of negative affective
cognitions (Berntson & Cacioppo, 2004).
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Study 6.2: Neuroticism, Cardiovascular Disease, Depression, and HRV

Introduction
Cardiovascular disease (CVD) and depression are two of the major disease burdens (Lim et al.,
2012; Lopez, D, Ezzati, Jamison, & Murray, 2006). The diseases are comorbid (Barefoot & Schroll,
1996; Lichtman et al., 2008) and there is some suggestion that they may causally contribute to each
other (Barth, Schumacher, & Herrmann-Lingen, 2004; Van der Kooy et al., 2007; van Melle et al.,
2004). However, a third variable, the personality trait of neuroticism, is also strong and welldocumented risk factor for depression (Hettema et al., 2006; Jardine, Martin, Henderson, & Rao, 1984),
and, to a lesser degree, CVD (Suls & Bunde, 2005). This raises the possibility that neuroticism may
account for some of the excess heart disease risk associated with depression. One suggestion for
understanding these relations is to incorporate measures of ANS activity, which are strongly associated
with negative affect (Kreibig, 2010). Here we investigate this possibility using heart rate variability
(HRV), which has been previously linked to CVD and depression (Carney et al., 1995; de Jonge &
Roest, 2012).
Reduced HRV has been associated with elevated CVD risk (Buccelletti et al., 2009; Dekker et
al., 2000; Kleiger, Miller, Bigger, & Moss, 1987; Thayer & Lane, 2007) and depression (Rechlin, Weis,
Spitzer, & Kaschka, 1994; Rottenberg, 2007). A causal link between heart function and depression was
recently demonstrated in a sample of over a million Swedish male conscripts (Aberg et al., 2012). Tulen
et al. (Tulen et al., 1996) report that reduced HRV in major depressive disorder may be dependent on
high levels of trait anxiety, potentially supporting a chronic link of HRV to neuroticism rather than an
acute link to depressed mood. Here we test whether neuroticism and HRV are associated controlling for
their mutual associations with depression and CVD, and comorbidity between the depression and CVD.
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We tested this hypothesis using structural equation modelling (SEM) in a large population-based
sample. This allows explicit testing of paths in the presence of mediating variables and other
associations among variables (Neale, Boker, Xie, & Maes, 1999). Our baseline model is shown in Figure
6.2. We tested modifications of this model to examine support for direct influences of neuroticism on
HRV, and for indirect influences via cardiovascular disease or depression. A significant reduction in
model fit for a model lacking a direct contribution of neuroticism to HRV would support the hypothesis
that associations of neuroticism with HRV cannot be explained by links to CVD and/or depression
alone.
As HRV was measured in a resting and a stress condition, we were able to test whether
neuroticism was a trait marker for cardiovascular health (i.e., is associated with HRV under both
baseline and stress conditions, our preferred hypothesis) or whether neuroticism was rather related to
HRV only in the stress condition (i.e. being specific to suboptimal reaction of the ANS to a stressor). We
first tested this and then moved to the main modeling hypotheses: that neuroticism would show
significant direct influences (path loadings) on heart disease, on depression, and on HRV. All analyses
controlled for covariates linked to HRV, including age, sex, height, weight, and BMI.

Method
Participants
Similarly to Study 6.1, participants were members of Project-4 of the WAVE II of the
MacArthur Foundation Survey for Midlife Development in the U.S cohort (MIDUS) (Brim, Ryff, &
Kessler, 2004). Here we used 1,152 subjects for whom data were available (mean age 53.9 years, SD =
11.4). In total, there were 495 males (mean age 54.48 years, SD = 11.75) and 657 females (mean age
53.53 years, SD = 11.26).
Measures
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Neuroticism. Neuroticism was assessed using an adjective-rating scale derived from existing
Big Five trait lists and inventories (Lachman & Weaver, 1998). The adjectives were: ―moody‖,
―worrying‖, ―nervous‖ and ―calm‖. Participants rated themselves on each item using a Likert scale
ranging from 1: ―Not at all‖ to 4: ―A lot‖. The scale is a valid and reliable assessment of neuroticism
(Mroczek & Kolarz, 1998), and correlates highly with standard neuroticism scales (Prenda & Lachman,
2001).
Depression. The clinical depression measure was part of the short form of the Composite
International Diagnostic Interview, Version 10 (CIDI) (Kessler, Andrews, Mroczek, Ustun, & Wittchen,
1998). This screening interview is based on the definitions and criteria as described by the third editionrevised of the American Psychiatric Association‘s (APA) Diagnostic and Statistical Manual of Mental
Disorders (DSM III-R) (Kessler et al., 1998). For a diagnosis of major depression, a period of at least
two weeks of either depressed affect or anhedonia, felt most of the days, was required over the 12
months prior to the interview, with at least of four other associated symptoms including disrupted eating
or sleeping habits, problems with concentration, or suicidal thoughts or actions. The final variable
ranged from 0 to 7, where 0 represented participants' diagnosed as negative for major depression, and
scores between one and seven represented the range of the symptoms severity (Wang, Berglund, &
Kessler, 2000). The scale showed satisfactory validity and reliability (Wittchen, 1994).
Heart Disease. Heart disease was assessed via a pre-screening question: ―Have you ever had any
of the following conditions/illnesses? - Heart disease‖. If the subject did not respond ―no‖, they were
asked if they had heart disease diagnosed by a physician, and this binary variable was used (Brim et al.,
2004).
HRV measures. In addition to the frequency domain measures described in Study 6.1, standard
deviation of beat-to-beat intervals (SDRR) was used as a measure of general autonomic nervous system
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function variability (Camm et al., 1996). SDRR proved to be reproducible and with useful prognostic
value in both long term and short term recordings in clinical patients as well as in normal subjects
(Camm et al., 1996). All HRV measures were log-transformed.
Covariates. Following Koelsch, Enge and Jentschke (Koelsch et al., 2012), height in inches, weight in
pounds, BMI, and age were used as covariates. All covariates were treated as continuous variables.
Procedure
The cognitive stressors used and the overall procedure was the same as in Study 6. 1.
Analyses
To assess and compare the associations between neuroticism and HRV measures under stress and
at baseline we fitted three linear regression models with neuroticism as a dependent variable and a HRV
measure at stress, at baseline, and combined as predictors. To assess direct and indirect associations of
neuroticism, HRV and the clinical variables, we fit and compare a series of SEM models. A total of
1,255 subjects were available. Of these, 908 had complete data for variables, including all covariates.
Neuroticism was available for 955 subjects. Structural Equation Modelling used Full Information
Maximum Likelihood (FIML; Enders & Bandalos, 2001), and thus utilised all data available.
Regressions vary in the effective number of subjects, as reflected in the degrees of freedom in these
analyses. The analyses were conducted in the R 3.1.3 environment (R Core Team, 2013), and SEM
models were fitted using the OpenMx package (Boker, Neale, Maes, Wilde, Spiegel, Brick, et al., 2011).

Results
Descriptive statistics for the personality and cardiovascular reactivity measures are shown in
Table 6. 3. As in Study 6.1, heart function measures from the Stroop and math challenges correlated
highly (r‘s ranging from .81 to .91, all p-values < .001), and HRV measures from the two challenge
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conditions were therefore combined in all subsequent analyses. For the subjects who had valid data for
one task only (n = 63), the single available measure was used in place of the average. All assumptions
for fitting linear regression models were met.
Table 6.3
Ns, Means and Standard Deviations for Experimental variables and Confounders
Female
N

M

Male

SD

M

Total

SD

M

SD

Neuroticism

955

2.11

0.63

1.99

0.64

2.05

0.64

Depression

1152

0.91

2.06

0.43

1.42

0.69

1.82

Height (feet)

933

4.99

0.16

5.28

0.45

5.12

0.36

Weight (pounds)

949

161.68

34.83

199.09

36.02

178.59

39.96

BMI

929

27.47

5.95

28.39

4.79

27.88

5.48

SDRR baseline

1152

3.48

0.45

3.54

0.45

3.51

0.45

LF baseline

1152

5.36

1.1

5.61

1.13

4.87

1.26

HF baseline

1152

4.94

1.28

4.78

1.23

5.47

1.12

SDRR stress

1136

3.25

0.45

3.28

0.48

3.26

0.46

LF stress

1136

4.71

1.09

4.88

1.15

4.78

1.12

HF stress

1136

4.56

1.28

4.45

1.24

4.51

1.26

Note. BMI = Body Mass Index, SDRR = Standard Deviation of R to R intervals, LF = Low Frequency
Heart Rate Power, HF = High Frequency Heart Rate Power. ―Stress‖ and ―baseline‖ refer to testing
under the stress and baseline conditions respectively.

We first used multiple regression to examine whether higher neuroticism was associated with
reduced HRV under stress and at baseline. Neuroticism scores were used as the dependent variable and
SDRR under stress, and SDRR at baseline as the independent variables, and age, sex, BMI, height, and
weight were entered as covariates prior to SDRR. Regression results are described in Table 6,4. The
stress model showed a significant overall effect, R2 = 0.08, F(8, 903) = 9.43, p < .001, and SDRR had a
significant effect in the predicted direction, β = -0.17, p < .001. The same was true for the association
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between neuroticism and SDRR in the baseline condition: R2 = 0.07, F(8, 917) = 9.11, β = -0.16, p <
.001, and baseline SDRR was significantly associated with neuroticism (p = .002) thus suggesting that
neuroticism was a trait marker for HRV. We next tested whether SDRR in the baseline and under stress
was independently associated with elevated neuroticism. The model containing both variables as
predictors again gave a significant overall result, R2 = 0.08, F(8, 917) = 9.51, p < .001. However,
whichever of the two SDRR variables was entered first rendered the second non-significant, suggesting
multicollinearity of these indicators. We therefore computed the mean SDRR under baseline and under
stress. A model using this combined SDRR variable as a predictor of neuroticism, using the same
covariates as above gave a highly significant effect.
Using a test procedure and covariates identical to those used for SDRR, models treating HF and
LF power as predictors of neuroticism showed significant effects, for the baseline and stress conditions,
and did not add to the prediction of neuroticism over and above mean SDRR.
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Table 6.4.
Relationships between SDRR measure of HRV and Neuroticism
Model 1
Est.
S.E.
(Intercept)
3.294 1.907
Age
-0.015 0.016
Sex (F)
-0.118 0.206
Age2
0.000 0.000
Age x sex
0.002 0.004
BMI
0.022 0.031
Weight
-0.004 0.005
Height
0.004 0.028
SDRR stress
-0.166 0.048
SDRR baseline Mean SDRR
-

t
1.727
-0.959
-0.574
-0.026
0.508
0.710
-0.843
0.156
-3.421
-

P
.084
.338
.566
.979
.612
.478
.399
.876
<.001
-

Model 2
Est.
S.E.
3.354 1.896
-0.017 0.016
-0.105 0.204
0.000 0.000
0.001 0.004
0.023 0.030
-0.004 0.005
0.004 0.028
-0.156 0.050
-

T
1.769
-1.044
-0.514
0.064
0.356
0.763
-0.876
0.139
-3.150
-

P
.077
.297
.608
.949
.722
.446
.381
.889
.002
-

Model 3
Est.
S.E.
3.466 1.894
-0.018 0.16
-0.136 0.204
0.000 0.000
0.002 0.004
0.023 0.030
-0.004 0.005
0.004 0.028
-0.187 0.052

Note. BMI = Body Mass Index; SDRR = Stand Deviation of R-R Interval; HRV = Heart Rate Variability.

t
1.830
-1.114
-0.665
0.103
0.524
0.753
-0.883
0.156
-3.601

P
.068
.265
.506
.918
.601
.452
.377
.876
<.001
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We next moved to test whether neuroticism has direct effects on HRV, on CVD and
on depression. All models were fitted using the OpenMx package (Boker et al., 2011). As
shown in Figure 6.2, the full model includes direct effects of neuroticism on HRV, on CVD
and on depression, and allowed for covariation among HRV and CVD, CVD and depression,
and between HRV and depression. The model also included covariates of age, sex, BMI,
height, and weight which were allowed to load on neuroticism, HRV, CVD, and depression.
For clarity, these covariates are not shown in Figure 6.2, but all paths and estimates are
shown in Table 6.5. Where criteria for fit were used, we used TLI >= .95 and RMSEA <=
.06; (Hu & Bentler, 1999; Yu, 2002). In comparing models, χ² change in fit between the
models was adopted (Neale and Maes, 1998). It is worth noting that, while personality trait
openness was a dependent variable in Study 6.1, neuroticism here acts as a predictor which
may seem contradictory. However, given the cross-sectional nature of our samples, we are
not able to claim any direction of causality between personality and autonomic system
variables. These models were devised to maximise clarity of interpretation, especially given
the complex relationships between personality, HRV and clinical variables used in the current
study.
Given the similarity of relationships among our variables to the two frequency
indicators of HRV, the mean SDRR score was used as the HRV measure in these analyses.
The path between HRV and depression was not significant, and dropping it did not
significantly reduce model fit, p = .287. We then tested the association between neuroticism
and HRV. Dropping the path from neuroticism to HRV significantly reduced model fit, χ2(2)
= 15.85, p < .001, supporting association of neuroticism and HRV, independent of other
paths.
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Table 6.5
The full list of paths and estimates for the baseline (saturated) model.
Path

Estimate

95% CI

Age to HRV

-0.372

-0.428, -0.317

Age to N

-0.249

-0.305, -0.192

Age to CVD

0.363

0.317, 0.409

Age to Depression

0.025

-0.022, 0.071

Sex to HRV

-0.586

-0.751, -0.421

Sex to N

-0.027

-0.199, 0.146

Sex to CVD

-1.308

-1.444, -1.172

Sex to Depression

1.133

0.996, 1.267

BMI to HRV

0.710

0.278, 1.142

BMI to N

0.436

-0.015, 0.886

BMI to CVD

1.498

1.412, 1.854

BMI to Depression

-0.471

-0.830, -0.111

Weight to HRV

-1.096

-1.610, -0.592

Weight to N

-0.529

-1.055, -0.002

Weight to CVD

-1.837

-2.252, -1.421

Weight to

0.846

0.427, 1.266

Height to HRV

0.054

-0.219, 0.326

Height to N

0.138

-0.147, 0.423

Height to CVD

-0.163

-0.388, 0.062

Height to Depression

0.499

0.272, 0.726

Depression
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N to HRV

-0.104

-0.157, -0.051

N to CVD

0.161

0.117, 0.204

N to Depression

0.466

0.421, 0.510

Age with sex

-0.058

-0.114, -0.002

Age with BMI

-0.039

-0.095, 0.016

BMI with sex

-0.091

-0.147, -0.036

Age with weight

-0.060

-0.116, -0.005

Sex with weight

-0.575

-0.642, -0.514

BMI with weight

0.846

0.777, 0.922

Age with height

-0.046

-0.102, 0.009

Height with sex

-0.934

-1.013, -0.862

BMI with height

-0.030

-0.086, 0.026

Height with weight

0.497

0.438, 0.562

Height with height

1.000

0.926, 1.083

HRV with HRV

0.848

0.785, 0.918

N with N

0.927

0.858, 1.004

CVD with HRV

-0.047

-0.087, -0.009

CVD with CVD

0.578

0.535, 0.625

Depression with

0.021

-0.018, 0.061

0.135

0.102, 0.169

0.589

0.545, 0.638

HRV
Depression with
CVD
Depression with
depression
Note. Exogenous covariates omitted: standardized covariances equal 1.
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We next tested the association between neuroticism and depression. Dropping the
neuroticism to depression path reduced model fit, χ2(2) = 369.23, p < .001. We then tested
whether HRV and depression were independently related to CVD. Dropping either the HRV
to CVD path, or the path from depression to CVD significantly reduced the model fit, χ2(2) =
8.56, p = .014 and χ2(2) = 71.47, p < .001, respectively.
Figure 6.2
Structural model of the relationship of neuroticism with HRV, cardiovascular disease, and
depression. Dotted paths are non-significant (95% CIs in brackets).

Note. Covariates (age, sex, height, weight, BMI) are omitted for clarity. See Table 6.5. for the full
list of path estimates.
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Finally, to test the hypothesis that neuroticism has an independent contribution to
CVD, we tested dropping the path from neuroticism to CVD and found that doing so
reduced model fit, χ2(2) = 52.02, p < .001. This supports a distinct association of
neuroticism on CVD (see Table 3 for a list of all model comparisons).

Table 6.6
Model comparisons: All paths significant by χ2 and AIC comparison except for the HRV
with Depression path.
Δ -2LL

Δ df P-value

EP

AIC

Model 1 (baseline)

45

0.0027

–

–

–

Drop HRV with Depression

44

-0.8629

1.134

1

.287

Drop path from N to CVD

44

48.941

50.939

1

< .001

Drop path from N to HRV

44

12.718

14.715

1

< .001

Drop path from N to Depression

44 366.103 368.101

1

< .001

Drop covariance of HRV with CVD

44

3.7757

5.773

1

.016

Drop covariance of Depression with CVD 44

66.695

68.692

1

< .001

Note. Model 1 was used as a baseline for all comparisons. N = neuroticism,
CVD = cardiovascular disease, HRV = heart rate variability; EP = Estimated
Parameters; AIC = Akaike Information Criterion; -2LL = -2× Log likelihood.
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Discussion
We found that neuroticism was significantly associated with HRV. This was true
under the baseline and stress conditions. Structural equation modeling indicated significant
associations of neuroticism with HRV, depression, and CVD, with additional covariation
between CVD and depression. The residual covariance between HRV and depression was
estimated at near zero and was non-significant, suggesting that the covariation of depression
with HRV reflects influences of CVD and neuroticism on both HRV and depression. This
model also indicates that the association of neuroticism with depression and with CVD
explains why CVD and depression are often comorbid
The significant association of neuroticism with HRV builds on previous work using
different measures of emotionality (Koelsch et al., 2007) and cardiovascular functioning
(Hansen et al., 2003; Koelsch et al., 2012; Riese, Rijsdijk, Rosmalen, Snieder, & Ormel,
2009). Suls and Bunde (Suls & Bunde, 2005) argued that dispositional negative affectivity
may be more important as a causal factor in the development of disease than experienced
emotion states such as anxiety or hostility. Our results support this claim, and suggest that
neuroticism may be an excellent measure of the trait affective responsiveness factor
influencing heart disease, possibly both directly and via its associations with depression and
reduced HRV. Such a model would be in keeping with RdOC models of depression (Insel et
al., 2010).
Interestingly, the association between neuroticism and HRV in the baseline condition
was comparable to that found for HRV in the stress condition. The finding that the
suboptimal cardiac reactivity pattern shown by high-neuroticism individuals was crosssituational was, at first glance, anomalous, namely as one might expect heart function under
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stress to more clearly reflect suboptimal emotional reactivity. Its presence at baseline may
indicate high neuroticism is chronically associated with adverse heart function.
This ability of both HF and LF power to predict neuroticism has implications for
interpretations of HRV measures as indicators of autonomic effects on heart function. It is
known that respiratory pattern modulates HRV independent from autonomic regulation
(Grossman & Kollai, 1993) and respiratory pattern has been linked to negative affect (Kollai
& Kollai, 1992). While we did not attempt to measure respiration effects, inspiratory vagal
control is relatively specific to HF-HRV (Ori, Monir, Weiss, Sayhouni, & Singer, 1992). This
allows us to test the role of respiratory influences relative to autonomic influences. The two
power measures were similar in their ability to predict neuroticism, thus ruling out the
possibility that HRV mostly reflects respiratory effects on (or of) neuroticism.
Limitations. This study is not without limitations. Individual differences in HRV may
not only reflect individual differences in heart function, but also respiration (Grossman &
Kollai, 1993). However, given that the effects of respiration are more specific to HF
measures of HRV (Ori et al., 1992), and that, in our study, the effects of HF, LF and SDRR
had effects comparable in size and direction, we conclude that the link of HRV to respiration
did not affect our results. Furthermore, heart disease includes a range of heterogeneous
conditions. Positive responses to the question about heart disease include patients with
conditions ranging from atherosclerotic CHD (the condition most strongly linked with
negative affect) to congenital valve effects (Brim et al., 2004). Future studies should examine
the specificity of links between neuroticism, depression, HRV and specific cardiovascular
conditions. Finally, our sample was cross-sectional. Therefore, we were limited in our ability
to assign directionality in the associations of HRV and neuroticism. Future studies should
include three or more waves of assessment to parse directionality of the effects.
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Conclusion
Our two studies provided initial evidence that measures of autonomic nervous system
activity are related to openness to experience and neuroticism. An association of low
frequency power with openness was found which, while modest in magnitude, was
significant, and restricted to sympathetic (low frequency power) and not parasympathetic
(high frequency power) component of the autonomic nervous system. The association was
restricted to non-task/low stress conditions, and may reflect a biological mechanism
underlying the drive to expand and consider experience characteristic of openness.
Furthermore, our results suggest that HRV is a biomarker for neuroticism, and that
neuroticism can account for portions of the phenotypic association of HRV with CVD, and
depression.
Overall, these results may pave the way for future research into mechanisms of
associations between personality and health outcomes. Both openness and neuroticism have
been previously related to cardiovascular mortality. Autonomic reactivity may be either a
biological third variable, or a mechanism of direct influence of personality on health as
proposed by Friedman and Booth-Kewley (1987) and outlined in Chapter 1 of this thesis.
However, more research is needed before we fully understand directions of causality between
personality traits and one such biological mechanism.
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Abstract
The present thesis had two main goals: to investigates associations between personality traits
and diabetes, and to explore several potential mechanisms by which personality can influence
one‘s health. This final chapter discusses the findings from the present thesis in light of the
two broad goals, and offers some recommendations and implications for future research. At
the end of the chapter, a broad direction for future research of personality-health associations
within the FFM is discussed.
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Summary of the present thesis and implications for future research

The opening chapter of the current thesis presented a brief overview of the
development of the conceptual framework for the study of human personality and health
outcomes. We hope that the brief discussion of the ancient concepts of bodily humours,
contributions of the psychoanalytic theory, and several evidence-based approaches developed
during the 20th century provided a good background for the present-day research. We
described the Five Factor Model of personality in the context of health research, and
discussed several proposed mechanisms of associations between personality and health
outcomes. We emphasized several mechanisms of associations between personality and
health that are of particular interest to the current thesis. These mechanisms are: health
behaviours (Booth-Kewley & Friedman, 1987; Deary et al., 2010), personality as a direct
cause of the disease, biological third variables that influence both personality and health
(Booth-Kewley & Friedman, 1987), and personality traits as moderators of other risk factors
(Deary et al., 2010). We concluded the introductory chapter by outlying specific aims and
goals of the thesis.
The focus of the thesis was two-fold. The first broad aim of the thesis was based on
the studies that showed links between personality traits and a number of diabetes risk factors.
Some of those factors are poor diet (Mõttus et al., 2012), lower levels of physical activity
(Rhodes & Smith, 2006; Wilson & Dishman, 2015), and the metabolic syndrome with its
components such as high tryglicerides, hypertension, and obesity (Phillips et al., 2010; Sutin
et al., 2010). Therefore, the first aim of the present thesis was to test whether personality
traits are associated with diabetes mellitus (Chapters 2-4). We found that, in a large national
sample, lower openness and higher neuroticism were related to higher risk of having type 1,
but not type 2 diabetes. Given the cross-sectional nature of this study, different patterns of
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associations between personality and two types of diabetes may either reflect different
aetiologies of the diseases, or the fact that type 1 diabetes is a more severe type and thus may
more strongly influence changes in personality through the process of reverse-causation. That
the latter might be a more likely explanation is further supported in the longitudinal study
presented in Chapter 2: here higher neuroticism was related with lower risk of developing
type 2 diabetes. We considered and ruled out several possibilities that this, perhaps at first
surprising result, is a methodological artifact. Even though neuroticism is commonly
observed as a negative health influence (Friedman & Booth-Kewley, 1987; Matthews et al.,
2003; Goodwin et al., 2006), there have been reports of its protective effects. For example,
Turiano et al. (2012), showed that participants high in neuroticism who were also high in
conscientiousness had lower circulating interleukin-6 levels than those with any other
configuration of the two traits. Similarly, studies show neuroticism to be associated with
greater vigilance (Costa & McCrae, 1987) and perceived susceptibility to health risks
(Vollrath, Knoch, & Cassana, 1999), which may lead to individuals seeking out physicians at
early stages when the condition can still be reversed (Friedman, 2000).
In Chapter 3, we further examined relationships between personality and type 2
diabetes. Previously reported evidence suggests that levels of personality traits differ across
various geographical locations (Rentrfrow et al., 2008). Similarly, health risk factors and
outcomes show a substantial geographical variation (Britton, 1990; Langford & Bentham,
1996). Thus, the associations between personality and health may different across different
contexts (Duncan et al., 1998). We used aggregated personality and diabetes data across the
U.S. counties and states to test the personality-diabetes relationships controlling for potential
geographical variability in the associations. We found no evidence that mean levels of
personality traits were associated with diabetes incidence in a six-years follow-up. However,
we were not able to rule out all of the potential methodological reasons that would make our
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study suboptimal for detecting the real effects, and thus could not derive any strong
conclusions based on this study. Future studies taking into account geographical variability of
personality and health should be conducted on representative samples, and utilize repeated
measures designs.
The observation that neuroticism may exert positive influences on health was
discussed in Chapter 2 and is of great importance given the overall high public health costs of
neuroticism (Cuijpers et al., 2010). In Chapter 5 we further elaborated the idea that
neuroticism under certain circumstances may provide some health benefits. Even though
neuroticism is often associated with higher risk of death (Chapman et al., 2011, Deary et al.,
2010), some studies reported that higher neuroticism was associated with lower risk of death
(Korten et al., 1999; Ploubidis & Grundy, 2009; Weiss & Costa, 2005; Weiss et al., 2013).
We examined whether the sign of the neuroticism effect was a function of the covariates
included in the models. In a national sample with ten years of follow-up we found that
neuroticism was a risk factor for death in the models that did not include objective and selfrated health variables. However, when subjective and objective health variables were
included in the models, neuroticism was related to lower risk of death. The effects were
moderate in size, but remained significant after relevant controls. One possibility is that when
a person is faced with the presence of an actual disease (measured by objective health
variables) or when he or she anticipates or experiences poorer general health (measured by
self-rated health variables), that experience causes their levels of neuroticism to rise.
However, when there is no imminent health problem, then higher neuroticism may act,
through mechanisms like higher vigilance and greater health concerns, as a protective factor
against the disease. This explanation ties in well with the patterns of relationships between
neuroticism and diabetes described in Chapter 2: long-term presence of diabetes might raise

165

Chapter Seven: Summary and Discussion
neuroticism levels, while in healthy individuals higher neuroticism lowers the risk of
subsequent diabetes diagnosis.
However, it would be too soon to derive any strong conclusions based solely on the
studies presented in this thesis. Future studies should aim to replicate the protective effects of
neuroticism. If the effects prove to be ‗real‘, understanding the nature of protective and
detrimental aspects of neuroticism will be the key to targeting at-risk individuals and utilizing
the beneficial aspects of neuroticism in prevention and treatment strategies. Current
knowledge allows us only to speculate about the nature of these different aspects of
neuroticism. One possibility would be that different facets may have differential associations
with health outcomes. Some studies indeed show that associations with health-related
behaviours, such as smoking, are facet-specific (Terracciano & Costa, 2004). It is not
inconceivable that the vulnerability and depression-related aspects of neuroticism are linked
to poorer health outcomes, while the anxiety related variance could be associated with
increased concerns for one‘s health and increased protective behaviours (Friedman, 2000).
Finally, it is possible that variance in neuroticism is not truly partitioned according to the
current facet structure. Elements of neuroticism are grouped into the facets of the FFM as a
mere conceptual convenience (McCrae, 2014). Some factor analytic studies suggest that there
may in fact be two facets of neuroticism: volatility, and withdrawal (DeYoung, Quilty, &
Peterson, 2007). Others suggest a likely overlap in variance between the facets and make a
recommendation for future studies to look at facet-specific variance after the variance of all
other facets and traits have been removed (McCrae, 2014). An insight into the effects of more
narrowly defined traits may help eliminating confounding effects, and increase our
understanding of differential influences neuroticism exerts on health outcomes. Current large
longitudinal datasets often suffer from the lack of detailed personality measures that would
allow us to elucidate these important relationships between lower levels of personality and
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health. Understanding the mechanisms of their interrelationships could prove to be a useful
target for prevention and intervention strategies.
The second broad aim of the present thesis was to investigate several potential
mechanisms by which personality could influence diabetes and other health outcomes, such
as cardiovascular disease and mortality. Following suggestions by Deary et al. (2010), we
tested whether personality traits moderate the expression of diabetes genetic risk (Chapter 4).
The study focused on the interactions between personality domains and polygenic risk scores
for type 2 diabetes in predicting glycated haemoglobin levels. In a community-dwelling
sample, we found a negative phenotypic correlation between openness and glycated
haemoglobin levels. In the study described in Chapter 2, lower openness was related to higher
type 1 but not type 2 diabetes prevalence. However, mean age of the participants in the study
that found the association between openness and type 1, but not type 2 diabetes was
approximately fifty five. The mean age of the participants in the study that found an
association of openness with type 2 diabetes was 70. It is possible that, if diabetes can lower
one‘s openness levels, this effect may be noticeable earlier in life in case of type 1 diabetes,
given that this type is typically diagnosed earlier in life. Importantly, the association between
openness and HbA1c levels in our study described in Chapter 4 was confounded by cognitive
ability. Previous cross-sectional study that found the relationship between openness and
diabetes (Goodwin & Friedman, 2006) did not include measures of cognitive ability. After
discussing the observed phenotypic correlations, the main focus of Chapter 4 was to test the
possibility that personality traits moderate genetic risk for diabetes. We found that genetic
risk for diabetes was more strongly associated with glycated haemoglobin levels in people
with lower levels of agreeableness, or with lower levels of conscientiousness than in highly
agreeable people. This result supports the idea proposed by Deary et al. (2010) that
personality may influence health by moderating other risk factors. Furthermore, our finding
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that the genetic risk for diabetes is more strongly expressed in individuals lower in
conscientiousness is in line with the finding of a previous study that reported lower levels of
the trait in individuals with diagnosed diabetes (Goodwin & Friedman, 2006).Future studies
would benefit from testing the interactions between personality traits and other commonly
recognized risk factors in predicting health outcomes such as diabetes.
Finally, in Chapter 6 we investigated whether the autonomic nervous system – a
biological system implied in Eysenck‘s (1952, 1967) and Gray‘s (1982, 1990) personality
theories – is related to personality traits of the FFM. In the first study described in Chapter 6
we found that openness was associated with sympathetic nervous system activity. These
results support the hypothesis that the sympathetic activity may account for the associations
of openness to experience with cardiovascular health and mortality (Jonnasaint et al., 2007).
Future studies should test this, and investigate whether structural or functional differences in
the brain arousal and reward/motivation systems: the ventral striatum, midbrain, amygdala,
orbitofrontal cortex, and ventral medial prefrontal cortex (Blood & Zatorre, 2001) can
account for a portion of individual differences in openness to experience.
In the second study of Chapter 6, we described a model of associations between
neuroticism and autonomic reactivity. The results supported independent contributions of
neuroticism to autonomic nervous system activity, and to heart disease, even after controlling
for relevant clinical variables. Overall we concluded that autonomic activation can act as a
biomarker of neuroticism. The finding that individual differences in a biological system such
is the ANS parallel individual differences in personality traits offers a promising tool for
future investigations into mechanisms of associations between personality traits of the FFM
and related health outcomes. Future studies should investigate whether the ANS serves as a
‗biological third variable‘, or a mechanism of direct influence of personality on health
(Booth-Kewley & Friedman, 1987).
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Suggestions for the future research into mechanisms of personality-health
associations

In conclusion, the present thesis provides further evidence for personality-health
associations. We discussed in Chapter 1 that some theories, such are those proposed by
Eysenck and Gray, provide a good framework for generating specific hypotheses regarding
the mechanisms by which personality may influence bodily functions and subsequent health
problems. However, even though the FFM provides a more comprehensive description of
variation in human personality, it does not assume specific underlying biological mechanisms
that could explain such variation. Personality traits of the FFM are shown to be heritable
(Bouchard & Loehlin, 2001; Vukasović & Bratko, 2015), and correlate with some basic
bodily functions such as metabolic rate and aerobic capacity (Terracciano et al., 2013),
researchers often find themselves frustrated by the lack of convincing evidence to support
any biological mechanisms that may explain individual differences in personality traits. To
understand why this could be the case, it might be useful to remember the words of the
founding father of the psychosomatic approach:
A mysterious and vague correlation between personaliy and disease does
not exist; there is a distinct correlation between certain emotional
constellations

and certain vegetative innervations.

(...) The true

psychosomatic correlations are between emotional constellations and
vegetative responses. These emotional states may occur in a great number
of very different personalities. (Alexander, 1950)
Translated into the FFM framework: given their broad definition, personality trait
domains may not be the most suitable level for the study of personality and health. As
highlighted by our findings regarding differential relations of neuroticism to diabetes and all
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cause-mortality, researchers should focus their efforts into looking at the associations on the
level of facets, facet-specific variance (McCrae, 2014), or alternative sub-domain structures
of personality traits (DeYoung, Quilty, & Peterson, 2007). Similarly, a clinician diagnosis
often does not represent a unitary entity, but rather a set of heterogeneous and multiply
determined conditions (e.g. Brim et al., 2004). Future studies should aim at detecting these
more molecular units of measurement in both personality and health domains. In the domain
of personality, the level of facets, or even items, may be more suitable to detect these specific
processes. In the domain of health, rather than broad diagnostic categories, underlying
biological mechanisms such as the immune system or the autonomic nervous system activity
should be used. These variables could be better suited to link psychosomatic ‘emotional
constellations‘ typical of certain personality traits, with potentially harmful changes in bodily
functions, thus providing us with a better insight into the relationships between personality
and health.
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