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Opinion
Neuroticism is a dimension of personality that captures
trait individual differences in the tendency to experience
negative thoughts and feelings. Established theories
explain neuroticism in terms of threat sensitivity, but
have limited heuristic value since they cannot account
for features of neuroticism that are unrelated to threat,
such as creativity and negative psychological states
experienced in benign, threat-free environments. We
address this issue by proposing that neuroticism stems
from trait individual differences in activity in brain cir-
cuits that govern the nature of self-generated thought
(SGT). We argue our theory explains not only the asso-
ciation of neuroticism with threat sensitivity but also the
prominence within the neurotic mind of representations
of information that are unrelated to the way the world is
right now, such as creativity and nonsituational ‘angst’.

The challenge of explaining neuroticism
The personality dimension of neuroticism captures trait
individual differences in proneness to negative psycholog-
ical states of all types. High scorers on neuroticism are
especially vulnerable to psychiatric illness and also tend to
perform poorly in dangerous jobs, yet are typically more
creative than average individuals. Despite its important
effects on the human experience, currently we lack a
mechanistic neurocognitive account that can explain both
the costs and benefits of high scores on neuroticism.

In this opinion article, we propose that the cost and
benefits of neuroticism are surface manifestations of a
tendency to engage in negatively hued SGT [1]. SGT
reflects the capacity for cognition to represent information
without an obvious link to the current environment, such
as those thoughts that occur during mind wandering or
daydreaming. However, these SGT processes are not
wholly fanciful, but instead are typically based on prior
experience and are especially important in contexts where
episodic memory and/or semantic knowledge are needed
to make sense of the world. Therefore, the process of self-
generation can be conceptualised as a mechanism that
allows a stimulus to convey a meaning that goes beyond
that prescribed by its veridical features. Viewed from an
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individual differences perspective, the capacity to think
beyond the current situation explains the vulnerability
that neurotic individuals have for negative thoughts and
feelings of an apparently abstract nature. Furthermore,
we now have evidence as to where SGTs come from, since
neuroimaging research has identified that the same brain
network (the default mode network) is implicated in the
episodic memory and semantic processing that occurs
during states of spontaneous thought. The simplest and
most elegant explanation is therefore that we use the
same process to perform all of these different mental
computations and that the tendency to apply these par-
ticular brain systems to generate negative thoughts and
feelings will be reflected in high scores on measures of
neuroticism.

Viewed as a whole, these analyses provide a plausible
mechanistic account for the fact that neurotic individuals
often experience negative affect even when their environ-
ment is benign. Moreover, since SGT is also linked to
beneficial outcomes, such as creativity and a patient,
long-term style of decision-making, it entails a similar
mix of costs and benefits to the neurotic personality profile.
Finally, both neuroticism and SGT have been linked to
changes in activity in the medial prefrontal cortex, includ-
ing those examples of SGT that are accompanied by a
negative ruminative emotional tone. Altogether, these
similarities suggest to us that individual differences in
proneness to particular elements of SGT are the root cause
(the ‘engine’) of neuroticism.

What is neuroticism?
Neuroticism indexes individual differences in proneness
to negative thoughts and emotions of all types [2]. It is
reliably measured by self-report questionnaires and
features in all major descriptive models of personality
[3–6]. Neuroticism significantly increases susceptibility
to psychiatric illness [7–11] and also modulates risk-relat-
ed behaviour. For example, high scorers on neuroticism
take fewer risks when making investments, an effect that
is genetically based [12]. Likewise, neuroticism affects
performance in occupations that entail physical danger:
low scores on neuroticism are associated with superior
performance among bomb-disposal operatives [13]. Simi-
larly, volunteers for military pilot training on average
score significantly lower on neuroticism than the general
public and those trainees that graduate typically score
even lower on neuroticism than their already low-scoring
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Box 1. SGT

The content of consciousness does not always directly reflect the

events taking place in the immediate environment. Building on work

showing that episodic and semantic knowledge is a constructive

process, it is hypothesised that states such as mind-wandering or

daydreaming are consequences of a similar mechanism(s) that

allows us to represent thoughts and feelings that are not present

in the immediate environment. One term that captures both the

independence of these experiences from the events in the environ-

ment as well as their active representational nature, is SGT [1].

� SGT refers to the nature of the process through which an

experience is produced; it does not refer to whether an experience

is related to an ongoing task. Certain tasks, such as reading, require

an individual to elaborate on stimulus input. For example, when

reading a detective novel, it is necessary to use a model of the

narrative to make inferences about who committed a crime

[45]. The extent to which an experience is related to a task depends

on whether the process of self-generation is coupled or decoupled

from task-relevant events in the environment.

� SGTs do not imply that an experience is intentional. Self-gen-

eration is a process that describes how conscious experiences re-

present information we can not see and/or results from an intrinsic

stimulus. It does not describe whether the experiences are inten-

tional. In the same way that a dishwasher can be programmed to

initiate a self-cleaning routine without prescribing intention, SGT can

be both deliberate and nondeliberate [46].
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peers who fail training [14]. This association appears to
stem from the more dangerous nature of military aviation
rather than the psychomotor demands of flying aircraft per
se, because amateur civilian pilots score close to the popu-
lation average on neuroticism [15]. Other personality con-
structs also influence performance in military aviation,
especially extraversion [15], but recent meta-analytic re-
search comparing the incremental effect of different per-
sonality constructs on military aviation success shows that
neuroticism exerts the strongest influence [16].

Given that high scorers on neuroticism have difficulty
coping with dangerous jobs, it might seem reasonable to
explain neuroticism as stemming from a magnified percep-
tion of threat; indeed, this hypothesis is a leading causal
explanation for neuroticism [17]. However, high scorers on
neuroticism are not only highly sensitive to threat but also
prone to experiencing negative psychological states in the
absence of a current threat stimulus, as demonstrated by
the content of neuroticism items in the well-established
Eysenck Personality Questionnaire (e.g., ‘Do you ever feel
‘just miserable’ for no reason?’; ‘Are you often troubled
about feelings of guilt?’; ‘Do you worry about awful things
that might happen?’; ‘Have you ever wished that you were
dead?’; ‘Do you worry too long after an embarrassing
experience?’) [2]. The content of these items suggests that
a cardinal aspect of neuroticism is the tendency to self-
generate negative affect, a tendency that casts doubt upon
theories that explain neuroticism wholly in terms of threat
sensitivity, because these theories can only explain a
heightened response to a threat stimulus that is currently
present. Instead, our SGT-based theory of neuroticism has
the advantage of encompassing threat sensitivity, since it
is plausible that a tendency to self-generate negative affect
would be a distraction when attempting to defuse a bomb,
yet it also explains the proclivity for rumination and
abstract ‘angst’ in threat-free situations that is such a
prominent feature of the neurotic mind.

Links between neuroticism and creativity
If it is true that the root cause of neuroticism lies in the
tendency to self-generate negatively hued thoughts and
feelings, then it is plausible that high scorers on neuroticism
should, on average, be more creative problem-solvers than
low scorers, because they will tend to dwell on problems to a
greater degree than low scorers. This is an important point
because a key feature of creative thought is the ability to
generate solutions to problems that are distinct from the
traditional way the problem is solved [18]. This hypothesis is
supported by the stereotype of the brooding, tortured, ge-
nius, as well as a variety of empirical evidence. For example,
depressive states may facilitate the analysis of complex
problems [19]. Additionally, there is evidence that high
scorers on neuroticism tend to be more creative than low
scorers: a study of 257 professional painters and sculptors
living in Germany found that the male artists were signifi-
cantly more neurotic than the male nonartists [20]. Similar-
ly, individuals working in creative roles in the advertising
industry tend to score significantly higher on neuroticism
than employees in noncreative roles [21].

These associations between neuroticism and creativity
are backed up by epidemiological research showing that
creative professionals have a higher than average risk of
both psychiatric illness and suicide [22]. Viewed as a whole,
these findings are consistent with the notion that a hyper-
active imagination is the root cause of neuroticism, but
they do not demonstrate that this is the case.

A clue as to the solution of this problem can be found in
the words of Isaac Newton, who viewed his creativity as a
product of intense, prolonged rumination: ‘I keep the sub-
ject constantly before me, and wait till the first dawnings
open slowly, by little and little, into a full and clear light.’
[23]. Newton also exhibited signs of being highly neurotic,
such as brooding over past mistakes and worrying obses-
sively about scientific precedence, all of which culminated
in a nervous breakdown during the summer and autumn of
1693 [24]. This breakdown could have been a coincidence
but, viewed in the light of studies linking neuroticism and
creativity, it seems more plausible that the proclivity for
prolonged, self-generated rumination that underpinned
Newton’s creativity was also responsible for his neurotic
symptoms and, ultimately, the collapse of his mental
health. In line with this notion, experimental findings
show that associations between neuroticism and creativity
stem from the problem-solving benefits of rumination-re-
lated processes, such as worrying. For example, experi-
mentally induced worry increased creativity in high
scorers on neuroticism [25].

Towards a mechanistic explanation for neuroticism
The two features of the neurotic brain (affective states that
are independent of the environment and novel and original
solutions to abstract problems) can both be simply
accounted for by a mechanism that allows thoughts and
feelings to represent states that are unrelated to immedi-
ate sensory input, a phenomenon known as SGT (Box 1)
[18]. SGT is common across cultures [18] and is fundamen-
tally prospective in orientation [26]. It has been argued
that SGT is adaptive because it allows individuals the
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Box 2. The MPN and SGT neuroticism theory

It has been proposed [31] that the MPN is a key component of the

DMN [47]. The PCC and mPFC, both core hubs of the DMN, support

spontaneous examples of SGT, such as mind-wandering [39], as well

the cognitive operations that underpin these states, including the

imagination of new events and the recollection of episodic memories

[48]. The MPN also provides a critical framework from which to

understanding the relation between creativity, SGT, and negative

affect. For example, creativity, worry, criticism, depression, neuroti-

cism, and rumination have been linked to the PCC [49–52], suggest-

ing a functional overlap between these processes. Intriguingly, the

MPN not only connects the mPFC–PCC, but also integrates these

regions with descending pathways from the amygdala, medial tha-

lamus and midbrain PAG, amygdala, and medial thalamus, all re-

gions known to be involved in negative affect [31]. One speculation is

that the mPFC inhibits transmission from the amygdala, bed nucleus

of the stria terminalis (BNST), and midbrain regions, including the

PAG. The functional relation between the mPFC and PCC is spec-

ulative, yet the PCC is part of the episodic and attention systems and

may have a role in internally directed self-referential operations [53],

while the mPFC may be involved in the regulation and control of

cognitive processes through its role in metacognition [54,55]. The

mechanism we propose here is that neuroticism is related to trait

interindividual differences in activity in the mPFC–PCC SGT path-

ways. This pattern of activity is beneficial to creativity because it

results in higher engagement of imagination and binding of episodic

experiences, yet leaves the individual open to rumination, worry, and

engagement of descending pathways, thereby increasing the like-

lihood of negative affect and psychopathology. In this way, the

process by which we self-generate cognition can perpetuate the

duration of negative affective states.
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freedom to bring existing knowledge to bear on current
problems, such as making sense of who they are and
deciding what to do next [18].

This idea is backed up by the finding that SGT is a
vehicle for planning [26,27], creativity [28], and delaying
gratification [29]. For example, the structural integrity of
regions of the medial prefrontal cortex (mPFC) is predic-
tive of both greater SGT as well as a better capacity to
delay gratification [30]. It has been argued that the bene-
ficial functional outcomes linked to SGT reflect the reliance
of our species on imagination in navigating the complex
social world in which we exist [18]. Since neuroticism
reflects both worry and creativity, we suggest that extreme
proneness to SGT, arising through individual differences
in the structure and function of the mPFC, provides a
parsimonious explanation for the neurotic mind.

Importantly, if SGT is a core mechanism in neuroticism,
this can explain the tendency among high scorers on
neuroticism to represent unpleasant affect in the absence
of a stimulus [2]. We base this claim on the finding that
SGT can perpetuate unhappiness, presumably because
dwelling on negative events from the past or fretting about
possible future disasters can extend into the present mo-
ment the impact that these episodes have on our happiness
[27]. Neuroimaging has provided a viable mechanism in
support of this view. For example, SGT is linked to changes
in activity in the mPFC and the posterior cingulate cortex
(PCC) [18], which are two major hubs of the default mode
network (DMN), a network of brain systems that are active
during thoughts that are unrelated to external demanding
perceptual tasks [29]. Importantly, the mPFC and PCC are
also key components of the medial prefrontal network
(MPN), a subsystem of the DMN that connects it with
affective systems, including the amygdala, medial dorsal
thalamus, striatum, hypothalamus, and the midbrain peri-
aqueductal gray (PAG) [31] (Box 2).

Building on these data, research revealed that the
mPFC–PCC axis is important in the affective tone of
SGT. Multivoxel pattern analysis demonstrated that neu-
ral patterns in the mPFC determined the emotional con-
tent of SGT [32]. A large-scale individual-differences
study exploring the neural correlates of the content of
SGT at rest indicated that individuals whose experiences
were less positive in tone (akin to being highly neurotic)
exhibited greater activity in regions of the mPFC–PCC
that are associated with conscious perception of threat
[33]. Fitting with these findings is work showing that
DMN brain regions were more active during induced
worry compared with a neutral condition and that neurot-
icism correlated positively with the amount of everyday
worrying and also with the generation of more worry-
related thoughts following exposure to a worry-inducing
sentence [34].

Together, these findings suggest that the persistent,
rumination-based unhappiness that the neurotic person
carries with them even in benign environments (their
‘camel-hump’ of misery) can be conceptualised as blue-
tinted SGT generated by tonic differences in the activity
in the DMN (and especially in threat-related circuits of the
MPN). Stated more briefly, we argue that high scorers
on neuroticism are distinguished from low scorers by a
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tendency for their threat-related brain systems to be par-
ticularly active, even in an environment that is threat free.

However, this analysis should not be taken to mean that
we believe high scorers on neuroticism are prone to misery
due to imagining completely fanciful threatening events
that have no link to external realities (e.g., the invasion of
Earth by aliens in flying saucers). Instead, we suggest that
the unhappiness of the neurotic mind is mostly due to
threats with some grounding in reality, such as past ad-
versity in the workplace or future risk of spousal infidelity.
However, our key point is that, at the moment when the
neurotic misery is experienced, the threat stimulus is not
present and is, instead, imagined. Therefore, it is this
capacity for the self-generation of vivid thoughts concern-
ing nonpresent but nonfanciful threats that we suggest is
the hallmark of the highly neurotic individual. Further-
more, we address causality by arguing that this hallmark
of neuroticism can be explained as arising from endoge-
nous and possibly genetically based differences in activity
in certain parts of the DMN; these are brain circuits that
are known to influence proneness to negatively hued SGT
and, thus, can be viewed as a plausible neural seat of
neuroticism [33].

Our hypothesis that SGT provides the foundation of
neuroticism addresses a limitation in prior accounts of
the neurotic mind. Research has already established that
the ventromedial prefrontal cortex (vmPFC) is a hub that
is linked to the emotion-generating apparatus of the amyg-
dala [35] and that the basolateral nuclei of the amygdala
(BLA) controls the switch from anxiety-related forebrain
activity to panic-related midbrain activity as threat moves
closer [36]. In line with this notion, neuroticism positively
correlates with amygdala reactivity when subjects are
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under stress, which in turn, may result in faster switches
into higher threat states [37]. Therefore, individuals who
happen to have a negatively weighted vmPFC combined
with a hyper-reactive BLA should, in response to a threat,
switch to panic earlier than an average person (i.e., they
will display a magnified perception of threat intensity;
Figure 1A).

The model shown in Figure 1A provides a plausible
explanation for individual differences in sensitivity to
threat, which has been shown to contribute variance to
neuroticism [38]. However, this model still requires a
threat stimulus to be present in the environment: it cannot
explain why high scorers on neuroticism are prone to
unpleasant thoughts and feelings when no threat is pres-
ent [2]. By taking the novel step of recognising interindi-
vidual variations in self-generated threat-related cognition
as the engine of neuroticism, our model overcomes this
problem. Accordingly, if an individual happens to have
unusually high levels of endogenous activity in the
mPFC–PCC circuits of the DMN, then powerful, threat-
related thoughts and feelings can be represented in envir-
onments that are threat free, especially in individuals who
also have a magnified perception of threat intensity
(Figure 1B, Box 3). Therefore, we argue that it is this
spontaneous tendency to represent threat-related emotion-
al phenomena that is the true engine of neuroticism. Thus,
it is not SGT per se that is the cause of neuroticism, but it is
when this type of thought turns negative.
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Figure 1. Neuroticism, self-generated thought (SGT) and perceptions of threat intensity

of the amygdala (BLA) that is twice as reactive as that of the average person switches fro

average person will switch from anxiety to panic only when that same spider encroache

half as reactive as that of the average person will switch from anxiety to panic only when

state (panic) is achieved in each individual, but the physical distance to threat that elicits

susceptibility to negatively hued SGT. Individuals who happen to have greater sponta

frequent, spontaneous activation of threat-related amygdala circuits in situations that ar

vmPFC/BLA, these activations are likely to be sufficiently intense to be debilitating; the
Existing evidence that corroborates our theory
Our SGT-based theory of neuroticism is new and, there-
fore, has yet to be validated experimentally. Nevertheless,
supportive circumstantial evidence is available, such as
from studies that show links between individual differ-
ences in imagination-related cognitions and individual
differences in DMN activity as measured by neuroimaging.
For example, when participants executed sequences of
verbal and visuospatial working-memory tasks that had
been previously practiced, they displayed an increase in
both the generation of SGT and activity in the DMN
(relative to novel but otherwise identical working-memory
tasks) [39]. Furthermore, the magnitude of the increase in
DMN activity that the participants displayed while en-
gaged in SGT was positively correlated with the magnitude
of their self-reported tendency to daydream, suggesting
that endogenous individual differences in the activity of
the DMN are responsible for causing trait individual dif-
ferences in the subjective experience of imagination-relat-
ed processes. More recently, three studies used online
experience sampling to show greater mPFC–PCC activity
during periods of SGT [40–42].

Consistent with our hypothesis, activity in the mPFC–
PCC is also important in creativity. A Japanese study
found that the more creative the participant, the more
difficulty they had in suppressing activity in the DMN
while engaging in an effortful working-memory task
[43]. This latter finding echoes the pattern of costs and
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Box 3. Psychiatric relevance of the SGT neuroticism theory:

major depressive disorders

A highly ruminative cognitive style, equivalent to a tendency for

reverberating self-generated negative cognitions to dominate neu-

tral or positive ones, has been shown to be associated with vulner-

ability to major depression [56] and severity of depressive symptoms

in affected individuals [57]. Increased functional connectivity be-

tween core DMN brain structures central to SGTs (vmPFC and

PCC) and the subgenual prefrontal cortex (sgPFC) has been postu-

lated to be pivotal in generating self-referential cognitions with the

ruminative tone typical of major depression [58]. Our novel cognitive

model might help to explain the ruminative thinking pattern seen in

depression and is complementary to the already defined role of the

sgPFC in the aetiology of mood dysregulation [59]. A diminished top-

down dorsolateral PFC control over the DMN is a further plausible

addition to the aetiology of the ruminative quality of SGT in depres-

sion. This region has been shown to be involved in enabling the

shifting in attentional capacity of emotionally relevant self-generated

information from negative to positive [60]. Impairment in effective

connectivity has been shown in depression between dorsal prefron-

tal regions and brain networks modulating emotional responses and

cognitive function, including the DMN [61]. Hence, a pattern of the

ruminative SGT quality that is clinically relevant to depression might

be one consequence of a reduction in top-down control exercised by

lateral vertical brain networks combined with an increased baseline

activity in the DMN modulated by medial brain activity [62]. Clinically

relevant treatments have been demonstrated to affect neural and

metabolic activity in the sgPFC [63]. The level of activity in the lateral

prefrontal brain regions has also been shown to be susceptible to the

modification induced by psychological interventions. For instance,

mindfulness-based cognitive psychotherapy, an intervention be-

lieved to reduce ruminative thinking and risk of further depressive

relapses [64], has been shown to increase task-related neural activity

in lateral brain networks [62]. SGTs in depression are likely to be

influenced by several factors affecting brain structure and function.

Epidemiological and clinical variables and individual differences in

personality (e.g., neuroticism) are likely contributors to small but

significant effects [65] detectible in clinical studies investigating

depressive disorders [66].

Box 4. Outstanding questions

� Theoretical perspectives suggest that the functional outcomes

associated with SGT arise either through a person’s capacity to

control the content of the experience, or the context in which it

occurs [67]. These are known as the content and context regulation

hypotheses, respectively. A key assumption of this framework is

that important elements of the neurotic state emerge from the

negative focus to self-generated experience and so would reflect

problems in shaping the content of experience away from an

unpleasant state. However, these experiences may also emerge

at inappropriate times and so reflect problems in exerting control

over thought processes. In the future, it may be important to

explore whether the neurotic basis to the mind-wandering state

depends only on the content of the experience or whether it also

reflects problems in limiting these experiences to an appropriate

context.

� How do nature and nurture interact to shape the neural mechan-

isms and connectivity profiles that form the causal underpinnings

individual differences in SGT-proneness and, thus, neuroticism?

For example, it might be the case that traumatic childhood experi-

ences increase connectivity between global brain circuits involved

in SGT, but only in individuals with certain genetic variants.
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benefits seen in highly neurotic individuals, who enjoy
greater creativity at the expense of less efficient function-
ing in effortful situations that demand that attention is
focussed on the here and now, such as when defusing a
bomb or flying a fighter jet in combat.

Further corroborating evidence for our theory is provid-
ed by the finding that individuals who have nightmares
score significantly higher on neuroticism than nonsufferers
[44]. Since nightmares can be conceptualised as a form of
unpleasant, threat-related SGT, this finding fits the notion
that the unpleasant and unwarranted cognitions that
plague high scorers on neuroticism are underpinned by
proneness to negatively hued SGT.

Concluding remarks
In conclusion, neuroticism is one of the most intriguing
personality features because its functional correlates cap-
ture aspects of the human condition at both beneficial and
detrimental ends of the continuum. In this article, we
argue that key features of the neurotic mind can be
explained by recognising the important role of SGT in this
aspect of personality. We hypothesise that the tendency
spontaneously to simulate past and future problems
explains why neurotic individuals tend to experience un-
pleasant affect in the absence of any provoking agent.
Moreover, because SGT allows us to imagine realities
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different to way they are right now, we argue that it
underpins our capacity to solve problems in creative
and original ways, which is a particularly common gift
among high scorers on neuroticism. Thus, our theory can
explain why neurotic individuals tend to do well in crea-
tive professions but poorly in occupations that demand the
individual’s attention is constrained to the moment (such
as combat aviation). It also suggests that deliberately
managing SGT so that it acquires a positive slant (as in
meditation-based therapies) is likely to be psychologically
protective but, if improperly trained, can do more harm
than good. Future work may extend our understanding of
beneficial and detrimental elements of the human condi-
tion by exploring the intersection of neuroticism with the
nature and form of the thoughts that characterize our
experience when we are not engaged with the world
around us (Box 4).
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20 Götz, K.O. and Götz, K. (1979) Personality characteristics of successful
artists. Percept. Motor Skill. 49, 919–924

21 Gelade, G.A. (1997) Creativity in conflict: the personality of the
commercial creative. J. Genet. Psychol. 158, 67–78

22 Kyaga, S. et al. (2013) Mental illness, suicide and creativity: 40-year
prospective total population study. J. Psychiatr. Res. 47, 83–90

23 Innys, W. (1760) In Biographia Britannica: Or the Lives of the Most
Eminent Persons who Have Flourished in Great Britain from the
Earliest Ages Down to the Present Times (Vol. 5), Innys

24 Westfall, R.S. (1981) Never at Rest: A Biography of Isaac Newton,
Cambridge University Press

25 Leung, A.K.Y. et al. (2014) The role of instrumental emotion regulation
in the emotions–creativity link: how worries render individuals with
high neuroticism more creative. Emotion 14, 846–856

26 Baird, B. et al. (2011) Back to the future: autobiographical planning
and the functionality of mind-wandering. Conscious. Cogn. 20, 1604–
1611

27 Ruby, F.J. et al. (2013) How self-generated thought shapes mood: the
relation between mind-wandering and mood depends on the socio-
temporal content of thoughts. PLoS ONE 8, e77554

28 Baird, B. et al. (2012) Inspired by distraction mind wandering
facilitates creative incubation. Psychol. Sci. 23, 1117–1122

29 Smallwood, J. et al. (2013) Escaping the here and now: evidence for a
role of the default mode network in perceptually decoupled thought.
Neuroimage 69, 120–125

30 Bernhardt, B.C. et al. (2014) Medial prefrontal and anterior cingulate
cortical thickness predicts shared individual differences in self-
generated thought and temporal discounting. Neuroimage 90, 290–297

31 Price, J.L. and Drevets, W.C. (2010) Neurocircuitry of mood disorders.
Neuropsychopharmacology 35, 192–216
32 Tusche, A. et al. (2014) Classifying the wandering mind: revealing the
affective content of thoughts during task-free rest periods. Neuroimage
97, 107–116

33 Gorgolewski, K.J. et al. (2014) A correspondence between individual
differences in the brain’s intrinsic functional architecture and
the content and form of self-generated thoughts. PLoS ONE 9,
e97176

34 Servaas, M.N. et al. (2014) The neural correlates of worry in association
with individual differences in neuroticism. Hum. Brain Mapp. 35,
4303–4315

35 Phillips, M.L. et al. (2008) A neural model of voluntary and automatic
emotion regulation: implications for understanding the
pathophysiology and neurodevelopment of bipolar disorder. Mol.
Psychiatr. 13, 833–857

36 Mobbs, D. et al. (2007) When fear is near: threat imminence
elicits prefrontal-periaqueductal gray shifts in humans. Science 317,
1079–1083

37 Everaerd, D. et al. (2015) Association between neuroticism and amygdala
responsivity emerges under stressful conditions. Neuroimage 112,
218–224

38 Perkins, A.M. et al. (2013) Advancing the defensive explanation for
anxiety disorders: lorazepam effects on human defense are
systematically modulated by personality and threat-type. Transl.
Psychiatry Published April 16, 2013. http://dx.doi.org/10.1038/tp.
2013.20

39 Mason, M.F. et al. (2007) Wandering minds: the default network and
stimulus-independent thought. Science 315, 393–395

40 Christoff, K. et al. (2009) Experience sampling during fMRI reveals
default network and executive system contributions to mind
wandering. Proc. Natl. Acad. Sci. U.S.A. 106, 8719–8724

41 Stawarczyk, D. et al. (2011) Neural correlates of ongoing conscious
experience: both task-unrelatedness and stimulus-independence are
related to default network activity. PLoS ONE 6, e16997

42 Allen, M. et al. (2013) The balanced mind: the variability of task-
unrelated thoughts predicts error monitoring. Front. Hum. Neurosci.
7, 743

43 Takeuchi, H. et al. (2011) Failing to deactivate: the association between
brain activity during a working memory task and creativity.
Neuroimage 55, 681–687

44 Berquier, A. and Ashton, R. (1992) Characteristics of the frequent
nightmare sufferer. J. Abnorm. Psychol. 101, 246

45 Smallwood, J. et al. (2008) When attention matters: the curious
incident of the wandering mind. Mem. Cogn. 36, 1144–1150

46 Seli, P. et al. (2015) On the relation of mind wandering and ADHD
symptomatology. Psychon. Bull. Rev. 1–8

47 Raichle, M.E. et al. (2001) A default mode of brain function. Proc. Natl.
Acad. Sci. U.S.A. 98, 676–682

48 Hassabis, D. and Maguire, E.A. (2009) The construction system of the
brain. Philos. Trans. R. Soc. Lond. B: Biol. Sci. 364, 1263–1271

49 Shah, C. et al. (2013) Neural correlates of creative writing: an fMRI
study. Hum. Brain Mapp. 34, 1088–1101

50 Cooney, R.E. et al. (2010) Neural correlates of rumination in
depression. Cogn. Affect. Behav. Neurosci. 10, 470–478

51 Servaas, M.N. et al. (2013) Neuroticism and the brain: a quantitative
meta-analysis of neuroimaging studies investigating emotion
processing. Neurosci. Biobehav. Rev. 37, 1518–1529

52 DeNeve, K.M. and Cooper, H. (1998) The happy personality: a meta-
analysis of 137 personality traits and subjective well-being. Psychol.
Bull. 124, 197–229

53 Leech, R. and Sharp, D.J. (2014) The role of the posterior cingulate
cortex in cognition and disease. Brain 137, 12–32

54 Baird, B. et al. (2013) Medial and lateral networks in anterior
prefrontal cortex support metacognitive ability for memory and
perception. J. Neurosci. 33, 16657–16665

55 Fleming, S.M. et al. (2010) Relating introspective accuracy to
individual differences in brain structure. Science 329, 1541–1543

56 Marchetti, I. et al. (2012) The default mode network and recurrent
depression: a neurobiological model of cognitive risk factors.
Neuropsychol. Rev. 22, 229–251

57 Kuehner, C. and Weber, I. (1999) Responses to depression in unipolar
depressed patients: an investigation of Nolen-Hoeksema’s response
styles theory. Psychol. Med. 29, 1323–1333
497

http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0355
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0355
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0360
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0360
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0360
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0365
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0365
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0370
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0370
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0375
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0375
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0375
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0375
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0380
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0380
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0385
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0385
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0385
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0390
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0390
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0390
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0395
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0395
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0400
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0400
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0405
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0405
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0405
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0410
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0410
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0415
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0415
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0415
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0420
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0420
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0420
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0425
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0425
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0425
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0430
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0430
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0430
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0435
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0435
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0440
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0440
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0445
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0445
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0450
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0450
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0450
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0455
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0455
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0460
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0460
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0460
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0465
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0465
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0465
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0470
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0470
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0470
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0475
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0475
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0480
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0480
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0480
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0485
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0485
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0485
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0490
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0490
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0495
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0495
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0495
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0500
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0500
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0500
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0500
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0505
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0505
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0505
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0510
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0510
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0510
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0510
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0515
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0515
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0515
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0520
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0520
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0520
http://dx.doi.org/10.1038/tp. 2013.20
http://dx.doi.org/10.1038/tp. 2013.20
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0530
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0530
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0535
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0535
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0535
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0540
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0540
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0540
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0545
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0545
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0545
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0550
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0550
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0550
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0555
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0555
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0560
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0560
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0565
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0565
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0570
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0570
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0575
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0575
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0580
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0580
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0585
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0585
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0590
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0590
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0590
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0595
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0595
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0595
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0600
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0600
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0605
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0605
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0605
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0610
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0610
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0615
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0615
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0615
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0620
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0620
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0620


Opinion Trends in Cognitive Sciences September 2015, Vol. 19, No. 9
58 Hamilton, J.P. et al. (2015) Depressive rumination, the default-mode
network, and the dark matter of clinical neuroscience. Biol. Psychiatry
Published February 24, 2015. http://dx.doi.org/10.1016/j.biopsych.
2015.02.020

59 Mayberg, H.S. et al. (2000) Regional metabolic effects of fluoxetine in
major depression: serial changes and relationship to clinical response.
Biol. Psychiatry 48, 830–843

60 Vanderhasselt, M.A. et al. (2011) Healthy brooders employ more
attentional resources when disengaging from the negative: an event-
related fMRI study. Cogn. Affect. Behav. Neurosci. 11, 207–216

61 Sheline, Y.I. et al. (2010) Resting-state functional MRI in depression
unmasks increased connectivity between networks via the dorsal
nexus. Proc. Natl. Acad. Sci. U.S.A. 107, 11020–11025

62 Farb, N.A.S. et al. (2012) The mindful brain and emotion regulation in
mood disorders. Can. J. Psychiatry 57, 70–77
498
63 Wise, T. et al. (2014) Diagnostic and therapeutic utility of
neuroimaging in depression: an overview. Neuropsychiatr. Dis.
Treat. 10, 1509–1522

64 Segal, Z.V. et al. (2002) Mindfulness-based Cognitive Therapy For
Depression: A New Approach to Preventing Relapse, Guilford Press

65 Arnone, D. et al. (2012) Magnetic resonance imaging studies in
unipolar depression: systematic review and meta-regression
analyses. Eur. Neuropsychopharmacol. 22, 1–16

66 De Moor, M.H.M. et al. (2015) Meta-analysis of genome-wide
association studies for neuroticism, and the polygenic association
with major depressive disorder. JAMA Psychiatry 72, 642–650

67 Smallwood, J. and Andrews-Hanna, J. (2013) Not all minds that
wander are lost: the importance of a balanced perspective on the
mind-wandering state. Front. Psychol. 4, 1–6

http://dx.doi.org/10.1016/j.biopsych. 2015.02.020
http://dx.doi.org/10.1016/j.biopsych. 2015.02.020
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0630
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0630
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0630
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0635
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0635
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0635
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0640
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0640
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0640
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0645
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0645
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0650
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0650
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0650
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0655
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0655
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0660
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0660
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0660
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0665
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0665
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0665
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0670
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0670
http://refhub.elsevier.com/S1364-6613(15)00154-0/sbref0670

	Thinking too much: self-generated thought as the engine of neuroticism
	The challenge of explaining neuroticism
	What is neuroticism?
	Links between neuroticism and creativity
	Towards a mechanistic explanation for neuroticism
	Existing evidence that corroborates our theory
	Concluding remarks
	Acknowledgements
	References


