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ABSTRACT 

Background: The five-factor model is the most prominent theory in personality science which 

aspire to understand the thoughts, feelings and behavior of individuals, determined by five 

relatively stable domains. Neuroticism, defined as a higher threat reactivity and susceptibility 

to negative affect, is one domain which has proven problematic for well-being, and has 

estimated societal costs of approximately 2.5 times that of common mental disorder per 1 

million inhabitants.  

Problem: The neural correlates of neuroticism could supply research with a fundamental base 

of understanding the trait, however, due to scattered founding’s of segregated activity in brain 

structures relative to neuroticism, meta-analyses argue that increased understanding of global 

rather than local organization, could be more fruitful for the investigation.  

Methodology: Since neuroticism is convergent with emotional instability, two structures of 

interest with regards to global organization are the amygdala, crucial for emotion generation, 

and the prefrontal cortex (PFC), responsible for emotion interpretation and emotion 

regulation. Reviewing brain imaging research conducted with emphasis on integrative 

communication between the amygdala and the PFC in individuals with high trait neuroticism 

has therefore been the main objective of this thesis.  

Results/conclusion: According to the investigated research there is compromised structural 

integrity correlated with neuroticism, while the research on functional communication 

between the structures explored is not yet sufficiently covered to supply a satisfactory answer. 

Some of these neurobiological findings are in line with personality science observation in 

neuroticism, and could hence contribute to the investigation. However, more research is 

warranted in this field of neuroscience. 
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1. Introduction 

My experience of the world might differ a lot from yours. A statement that’ll surprise no one 

since we are all born unique with different sets of biological compositions, and brains that 

enable different perceptions of our surroundings. Some might feel moody during rainy days 

while others feel joyful. Some may prefer their own company while others have to be in 

social settings in order to thrive. Maybe some people think that confrontation is essential for a 

healthy dialog while others avoid confrontation at all cost.  

The thoughts, emotions, and behavior that we as humans convey in relation to 

prevailing circumstances are according to scientists, to a large degree, reliant on individual 

differences in our personality and the traits which define it (Parks-Leduc, Feldman, & Bardi, 

2015). With the emergence of the five-figure model (FFM) which incorporated all knowledge 

of personality into five traits namely; conscientiousness, agreeableness, neuroticism, openness 

to experience and extraversion, scientists seem more or less unanimous in an approach 

towards personality, as these five traits are the most influential in personality research (Costa, 

McCrae, & Löckenhoff, 2019). However, although this may have supplied psychologists with 

a descriptive guideline of specific personality characteristics, the neural basis of human 

personality remains more speculative. Why is it for instance that people high in neuroticism, 

which is characterized as a inclination towards negative affectivity, are generally more 

sensitive to negative thoughts and worry, which both serve as important features of 

depression (Muris, Roelofs, Rassin, Franken, & Mayer, 2005).  

There is research claiming a robust correlation between neuroticism and 

psychopathology since the predisposed stress levels of individuals high in trait neuroticism 

leave them more vulnerable to particular stress evocative situations than individuals low in 

trait neuroticism (Widiger, 2011). In response to their heightened reactivity towards particular 

stressor, individuals with high levels of neuroticism report high levels of self-criticism, 

elevated sensitivity to external criticism and feelings of inadequacy (Servaas et al., 2013a; 

Clara, Cox, & Enns, 2003; Hartley, Stritzke, Page, Blades, & Parentich, 2018).  

These research findings have contributed to the understanding of a predictive nature 

between trait neuroticism and psychopathology, which has encouraged researchers to claim 

the origins of trait neuroticism as one of the most important factors for future investigation in 

extending the knowledge regarding treatment and prevention of pathology (Lahey, 2009; 

Barlow, Ellard, Sauer-Zavala, Bullis, & Carl, 2014a). 
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In attempts to map the underlying neural network of personality, the research has 

relied to a large extent on neuroimaging techniques such as positron emission tomography 

(PET) and electroencephalography (EEG), as well as functional magnetic resonance imaging 

(fMRI), where the latter has served as the most prominent technique correlated with 

personality inventories from subjects (Abram & DeYoung, 2017). In a meta-analysis from 

2013 which investigated multiple fMRI studies and their contribution to the neural correlates 

of neuroticism, Servaas et al. (2013b), found that the results obtained had been largely 

inconsistent across studies, meaning an attempt in explaining the neural correlates of 

neuroticism up until that point, had been insufficient. Structures of interest for the majority of 

the 18 papers examined where frontal regions such as the medial prefrontal cortex (mPFC) 

and anterior cingulate cortex (ACC), as well as limbic regions including the amygdala and 

hippocampus.  

According to Pang et al. (2016), there are extensive connections between both cortical 

and subcortical structures intertwined with the amygdala that could reveal critical functions 

relevant for neuroticism. Some research suggests that there is an impaired communicative 

relationship between prefrontal regions and the amygdala that depict the neurological marker 

for neuroticism since impaired attenuation of amygdala activity can be insinuated as a result 

of reduced frontal control (De Raedt, & Koster, 2010). In line with the hypothesis, reduced 

structural integrity between the prefrontal cortex and the amygdala is one finding which is 

indicative of reduced communication between the structures of interest, potentially 

contributing to an increase in threat sensitivity and negative affect (Xu & Potenza, 2012; De 

Raedt, & Koster, 2010). 

Aside from structure, cortical areas have been revealing an interplay in 

communication through simultaneous activation, which has been observed in neuroimaging 

research. This is one subject of interest as there are genetic predispositions found in 

neuroticism that are correlated with an impairment in this interplay, especially between the 

amygdala and the medial prefrontal cortex (Madsen et al., 2015). The results observed in 

connectivity can according to Servaas et al. (2015) reveal characteristic neural mechanisms 

for high trait neuroticism, that could supply an explanation to its positive correlation with 

psychopathology, and maybe even contribute to the development of treatment in order to 

prevent clinical outcome (Adelstein et al., 2011).  
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1.1. Present Study Aims  

The aim of this study will be to conduct a literature review on the neural correlates of 

neuroticism with emphasis on neural connections. This investigation will in part establish 

whether there are any differences in structural integrity of connections between brain regions 

correlated with the personality trait of neuroticism. Functional connectivity, or the 

corresponding activity of anatomically separated brain regions, is a central topic of this thesis. 

Individual differences of this phenomenon is hypothesized to serve as a neural marker and 

predictor of both personality traits and psychopathology (Lahey, 2009), making it a highly 

interesting topic of investigation. This thesis will explore the connective properties between 

two cortical structures that have been of great interest for preceding personality research, 

namely: the amygdala and the prefrontal cortex, and review whether there are any structural 

or functional abnormalities in these regions’ characteristic for trait neuroticism. In order to 

investigate the structural and functional differences, if any, in high trait neuroticism, this 

study will revolve mainly around research findings which have utilized fMRI or diffusion 

tensor imaging (DTI).  

In line with these goals, the study will first introduce the personality trait of 

neuroticism in a background section, consisting of information regarding relevant progress in 

personality science, measurement, societal consequences as well as the hypothetical 

implications that neuroticism has on well-being and psychopathological development. The 

study will move onward by introducing research on the neural correlates of neuroticism with 

respect to individual reactivity of the amygdala and the PFC, and subsequently, investigate 

part of the research conducted on the structural and functional connections between these 

areas. In order to establish a more unanimous definition of neuroticism across studies, this 

thesis has only included research that have utilized two assessment methods of the trait that 

both display high statistical significance across measures. After this section there will be a 

discussion of the information provided and some limitations and future directions within the 

field of neurobiological research in personality science. This will be followed by a short 

conclusion. 
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2. Background 

2.1. The Five Factor Model of Personality and Assessment  

When psychologist conducts research on personality they are generally interested in 

the thoughts, emotional responses and behaviors of people (Gazzaniga, Heatherton, & 

Halpern, 2015). Examples of investigation could be why it is that some people are more self-

conscious than others, why some are impulsive in their decision making while others are 

more restrictive, and why some individuals feel better in social settings, while others would 

rather be left alone. The definition of a personality trait is according to Gazzaniga et al., 

2015), a personal characteristic of behavior that is fairly consistent over time and situation, 

dynamic in the sense that it provides an individual with a goal seeking and adaptive feature 

that is largely dependent on the context that the individual find themselves in.  

The most prominent approach in defining these traits today in personality research is 

through the five-factor model (FFM), as this is the most accepted taxonomy and also the most 

influential theory of personality in the research conducted to date (Bjørnebekk et al., 2013; 

Costa, et al., 2019; Gazzaniga et al., 2015.). The theory is based on trait descriptive adjectives 

which are arranged in accordance with a hierarchical build-up, where five broad domains are 

defined by more specific lower level subdivisions (DeYoung, Quilty, & Peterson, 2007). The 

domains created have produced high cross-observer agreement found in research 

implementing self-report contrasted with spouse-ratings and peer-ratings, which is a 

fundamental factors that contributes to the validation of the theory (McCrae, & Costa, 1987).  

The five traits included in the theory are: conscientiousness, agreeableness, 

neuroticism, openness to experience and extraversion, all believed to serve as characteristics 

that predict an individual's dispositions to think, feel or behave in a certain way depending on 

the prevalent situation (Gazzaniga et al., 2015). An individual can possess these traits on a 

continuum from low to high which have their individual expressions in behavior. For 

example, high levels of agreeableness can be indicative of a friendly and trustworthy person, 

while low levels of the same trait could implicate a more selfish inclination in the individual 

(Dalpé, Demers, Verner-Filion, & Vallerand, 2019; DeYoung, 2015).  

Assessment of the five factor model can be done with questionnaires that ask 

questions appealing to the more specific subdivisions, also known as facets, of each 

individual trait, which in turn will determine where the individual is situated on the 

continuum relative to each trait of the five factor model (Costa Jr & McCrae, 2008). One such 
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inventory is the NEO-Personality inventory revised (PI-R), examining 6 lower level facets of 

each trait by exposing subjects to 240 questions that are answered on a likert scale from 1-5. 

Aside from the NEO-PI-R there is a shorter version called the NEO-Five factor inventory 

(FFI), consisting of 60 questions derived from the NEO-PI-R. While only declarative of the 

broader domains and not the facets of each domain, the NEO-FFI can serve as a fast effective 

way of extracting personality data (Costa Jr & McCrae, 2008). Correlation between the NEO-

FFI and the NEO-PI-R domains have been observed to range between r = .87 to .93, and the 

retest reliability of each domain in the NEO-PI-R over a two year period, extends between r = 

.83 to .91 depending on the trait. (Gutiérrez, Jiménez, Hernández, & Pcn, 2005; Costa Jr & 

McCrae, 2008) Although there is a correlative value between the assessments, Costa Jr and 

McCrae (2008) claim that the NEO-PI-R is much more preferable in evaluation of personality 

than the NEO-FFI since there can be interindividual differences in facets that are not 

accounted for by only distinguishing the top-level domain. However, in establishing 

individual traits, it serves as a valuable tool.  

Some researchers however, argue that this is insufficient in personality science, as 

facets of personality serve as a refined and important approach in specifying personality 

characteristics (Hough, Oswald, & Ock, 2015). The theory of the five factor model as a whole 

has hence accumulated its fair share of criticism over the years with respect to, in addition of 

the facet disregard in the NEO-FFI, the construct validity of subdivided facets which does not 

always reach satisfactory relations. Although, researchers also acknowledge the theory as a 

valuable tool in organizing personality research and finding a common language for it 

(DeYoung et al., 2007).  

2.2. Neuroticism  

Neuroticism is generally defined as an individual difference in negative emotional 

response to external strains (Lahey, 2009). It is a personal inclination to experience negative 

emotional affect which, according to McCrae and Costa (1989) for example, can be phrased 

in terms of fear, sadness, embarrassment, anger, guilt, or disgust. These negative responses to 

external stimuli tend to be frequent in nature and also exaggerated in relation to actual 

circumstances (McCrae & Costa, 2003). Due to this natural disposition in experiencing 

negative emotions, people with high levels of neuroticism tend to perceive their environment 

as more threatening than others, accompanied with a conviction that they are unable to cope 

with or control their external circumstances (Barlow, Sauer-Zavala, Carl, Bullis, & Ellard, 

2014b).  
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High levels of neuroticism has been negatively correlated with marital and 

relationship satisfaction (Boertien & Mortelmans, 2018; Roberts, Walton, & Viechtbauer, 

2006), job satisfaction (Lüdtke, Roberts, Trautwein, & Nagy, 2011), and positive feelings, 

which indicates a detrimental impact on life satisfaction (Liu, Wang, & Li, 2012). Individuals 

who display high levels of neuroticism tend to seek and make greater use of mental health 

services, even though they do not have a mental disorder (Ten Have, Oldehinkel, Vollebergh, 

& Ormel, 2005). In an investigation of societal costs with respect to health service uptake, 

personal funding and indirect costs in the form of production losses (such as sick leave), using 

5504 subjects Cuijpers et al. (2010) found that elevated neuroticism is convergent with an 

increase in cost. The concluding findings suggest that the total excess cost of neuroticism per 

1 million inhabitants exceeds that of common mental disorder (including mood, anxiety and 

substance use disorders) with approximately 2.5 times as much (total of $1.393 billion).  

According to the FFM and the NEO-PI-R, which was covered in the section above, 

neuroticism serves as a “latent” reference for six lower-order facets which sum up the 

operational definition of the psychometric term (Jeronimus, 2015). These six facets are 

anxiety, angry hostility, depression, self-consciousness, impulsiveness, and vulnerability, all 

of which have demonstrated significant construct validity (Widiger & Trull, 1997). 

 

2.2.1. Neuroticism; Stability and Change 

When assessing the stability of personality, psychologists tend to different notions of 

consistency that address difference with respect to increase or decrease of a trait on a 

population-level (mean-level consistency), as well as an individual level relative to age (intra-

individual consistency)(Cobb-Clark & Schurer, 2012). This can be done with longitudinal 

studies, but the effects of age in trait stability has also been observed using cross-sectional 

retest analysis of different age groups (Terracciano, McCrae, & Costa, 2010).    

In the assessment of mean-level consistency, early meta-analytic studies have 

acknowledged a negative age trend in trait neuroticism since the consensus in previous 

research suggests that older cohorts produce lower neuroticism scores than younger cohorts 

(Roberts et al., 2006). These claims have further been enforced in later studies utilizing cross-

sectional measures. In a large cross-sectional sample (N = 1.267.218) ranging between ages 

of 10-65, Soto, John, Gosling, and Potter (2011) found that there was an overall negative age 

trend observed in neuroticism. Furthermore, they found that the mean level of neuroticism in 

a population, depicted by standardized T-scores (ranging from 20-80, M = 50, SD = 10), goes 

through a high level of change mainly in childhood and adolescence, where women 
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neuroticism scores indicated a mean-level increase (50-54) up until the age of 15 as opposed 

to men, who only expressed a slight decrease within the same time-frame (50-49).  

The change in neuroticism relative to intra-individual consistency is according to 

some researchers becoming less evident after the age of 30 (Steunenberg, Twisk, Beekman, 

Deeg, & Kerkhof, 2005), and recent evidence suggests a modest negative correlation (r = -

0.14) in a study group of 4963 people (Chopik, & Kitayama, 2018). The consensus in 

research seems in favor of increased stability in personality after the age of 30 (Terracciano et 

al., 2010). However, in terms of neuroticism, this seems to be less evident and there is even 

research exceeding 15000 participants which claim that neuroticism will decrease in an 

almost linear fashion throughout one's life even after the age of 30 (Wortman, Lucas, & 

Donnellan, 2012).  

 

2.2.2. Neuroticism; Genetic and Environmental Influence  

All people have a dispositional level of neuroticism, which can vary greatly depending 

on the individuals, meaning there are individual differences in the baseline of trait 

neuroticism that is said to approximate a normal curve in societal distribution (Jeronimus, 

2015). Changes in this individual set point level of neuroticism that according to reports are 

found significant, have been observed in a great amount of cross-sectional and longitudinal 

studies. In adults there has been a significant change observed in baseline neuroticism over a 

four year period (Allemand, Zimprich, & Hertzog, 2007), as well as intra-class levels 

observed in adolescent twins over a 6 year period, which displayed great change in baseline 

levels depending on if twins lived apart from each other (Kaprio, Koskenvuo, & Rose, 1990). 

However, the degrading relationship between stressful life events and neuroticism scores due 

to hardship seem to be more palpable if they are more recent rather than distant, indicating 

that neuroticism regress back towards baseline with time (Riese et al., 2014; Ormel, Riese, & 

Rosmalen, 2012).   

According to a recent meta-analysis conducted by Briley and Tucker-Drob (2014), in 

alignment with McCrae & Costa’s (1994) claim of a stagnation point in personality 

malleability by age 30, findings suggested that genetics will act as the main contributor for 

this previously observed personality stability. These results are however not individually 

reflective of neuroticism, in which the researchers did not find any significant findings (p < 

.05) with respect to neither genetic nor environmental contribution in phenotypic stability 

(Briley & Tucker-Drob, 2014).  
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Twin studies, however, suggest that genetics are estimated to account for about 40% 

to 60% of the variance in neuroticism, from evaluating self-report personality measures that 

share fairly high consistency in test-retest (Barlow et al., 2014b). According to Kandler 

(2012) who conducted a small review of the biological and environmental implications on 

exclusively neuroticism and extraversion stability, the stability found between populations 

can be explained in relation to genetically influenced maturation. This implies that we are 

inclined to specific environmental scenes as a result of our genetic makeup, which stability is 

further rooted due to the environmental pressure we have chosen.  

 

2.2.3. Neuroticism in Psychiatry  

According to multiple sources, individuals with high levels of neuroticism display a 

higher vulnerability in developing mental disorder such as depression, anxiety, personality 

disorder, and eating disorder (Kendler, Gatz, Gardner, & Pedersen, 2006; De Graaf, Bijl, 

Ravelli, Smit, & Vollebergh, 2002 ;Widiger & Oltmanns, 2017). In a recent meta-analysis on 

the subject, Jeronimus, Kotov, Riese, and Ormel (2016) found that neuroticism shares a 

significant relation with psychopathology especially in the case of depression and anxiety, 

where neuroticism serves as an indicator for future pathology. One potential reason is that 

neuroticism seems to share the same genetic roots as these psychopathologies (Hettema, 

Prescott, & Kendler, 2004; Kendler et al., 2006). In addition to these findings, prior meta-

analysis has suggested that neuroticism is a vulnerability factor for substance use and mood 

disorders (Kotov, Gamez, Schmidt, & Watson, 2010). 

Believing that neuroticism scores shift and adapt in relation to the set point 

neuroticism of an individual, Ormel et al. (2012) mean that the individual baseline of 

neuroticism will serve as a predictor of psychopathology. This is one of the many reasons 

contributing to the relevance of examining ways of altering or influencing the neuroticism 

baseline, rather than focusing on the pathology that might be succeeding from it (Cuijpers et 

al., 2010; Ueda et al., 2018). Although there is an assumption that personality stays fairly 

stable both in nonclinical and psychopathological cases, Costa Jr & McCrae (2008), have 

observed declined neuroticism as a result of successful pharmacological treatment in 

depression. Even though there is just a modest magnitude in change, it was validated 

statistically and clinically significant, indicating that neuroticism, as depicted through NEO 

inventories, can register a change in pathology such as depression.  
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2.2.4. Neuroticism, Well-Being, and Evolution 

In addition to examining the psychopathological implications of neuroticism, 

researchers are also interested in looking at its impact on the psychological functioning of the 

general public. Well-being of an individual can be divided into two main components; 

subjective well-being, referring to an individual's emotional responses (positive and negative 

affect), domain satisfaction and life satisfaction (Diener, 1984); and psychological well-being, 

consisting of individual autonomy, environmental mastery, self-acceptance, personal growth, 

purpose in life and positive relations (Deci & Ryan, 2008). According to Grant, Langan-Fox, 

and Anglim (2009), in relation to well-being and personality, neuroticism shows the highest 

relationship of all the big five. Furthermore, higher scores in neuroticism seem to be 

correlated with low scores of both subjective and psychological well-being overall (Keyes, 

Shmotkin, & Ryff, 2002).  

One might wonder since there are so many obvious downsides related to the 

personality trait of neuroticism, why it is that the trait has managed to endure through 

evolution and still has a normal distribution in society. For our ancestors, high levels of 

neuroticism might have been beneficial for survival since an elevated sensitivity to threat, 

may guide the individual to actively avoid threatful scenarios (Nettle, 2006). In modern 

society, people seeking thrills through high-risk sports such as mountain climbing, BASE 

jumping or paragliding among else, report having very low levels of neuroticism. This 

indirectly indicates that neuroticism could be beneficial for survival, as the outcome of 

mistakes in high-risk sports is equal to either severe injury or death (see McEwan, Boudreau, 

Curran, & Rhodes, 2019 for meta-analysis). 

It has been proposed that individuals high in neuroticism prefer to heighten their 

worry levels when they are to perform a task that is cognitively demanding since this might 

increase the likelihood of positive outcomes in the future, with current hedonic levels being 

considered as a necessary sacrifice (Tamir, 2005). This has been further replicated in studies 

investigating performance goals and trait-consistent regulation of affect, where individuals 

high in neuroticism were much more likely to desire negative affective states in relation to 

performance motivation opposed to low neuroticism population (Augustine, Hemenover, 

Larsen, & Shulman, 2010). According to Tamir (2005), there are instrumental benefits to 

experiencing trait consistent negative affect, as this has been shown to increase performance 

in different cognitively demanding task. Recent cognitive experiments have however tested 

this claim in larger sample sizes, establishing that neuroticism was significantly associated 

with decreased cognitive efficiency depicted by a positive correlation of individual 
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inconsistency in subject response time across subsequent trials (Munoz, Stawski, Sliwinski, 

Smyth, & MacDonald, 2018). These inconsistencies can according to Munoz et al. (2018) be 

attributed as mental noise which has been correlated with reduced cognitive function in 

relation to increased negative affect, making the adaptive value of neuroticism questionable in 

this regard.  

3. Connectomics 

The human brain network has been estimated to consist of over 86 billion neurons 

with approximately 1 quadrillion synaptic connections (Mears & Pollard, 2016). This has 

made connectomics, or the mapping of complex connective brain networks and their relation 

with behavioral and cognitive alteration, a huge area of investigation which is believed to be 

able to aid personality science in finding a neurological basis for neuroticism (Servaas et al., 

2015; Behrens & Sporns, 2012). The mapping of cortical networks relative to personality 

science relies on brain imaging methodology that enables researchers to distinguish individual 

differences in anatomical integrity of cortical connections and the corresponding reactivity of 

separated brain areas, two concepts referred to as structural and functional connectivity (Park 

& Friston, 2013).  

Through the use of these methods, science has established a hierarchical relationship 

in the functional cortical networks where the lowest level of interconnected individual nodes 

(neuronal regions), contribute in creating high density communicative modules (brain areas) 

that are further integrated with each other (Behrens & Sporns, 2012). The implications of 

connective properties between these modules has made it possible to divide the brain into two 

main categories of organization where delineated modules are referred to as local 

organization, and the integration of these modules suggests a global organization (Park & 

Friston, 2013).   

3.1. Local and Global Organization 

This division of organization can convergent with the two principles be attributed in 

terms of its functional segregation (local) and functional integration (global)(Park & Friston, 

2013). The local organization of networks refer to individual modules responsible for very 

specific tasks that distinguish them, or in other words, make them segregated from other brain 

areas in functional property (Sporns, 2013; Park & Friston, 2013). Modules are delineated by 

their dense, intrinsic connectivity characterized by a high level of connections going into 
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individual nodes, as well as a short path lengths between neighboring nodes of the cluster, 

which increase its efficiency. (Mears, & Pollard, 2016; Sporns, 2011). Different stimulus will 

in turn activate the module depending on its particular responsive preference, such as the 

attribute of color in vision, which is interpreted by the segregated V4 area in the occipital lobe 

(Gazzaniga, 2009).  

This internal efficiency of the module creates an obvious distinction of weaker 

connectivity outside of the cluster, however, edges (connections) are not restricted to their 

individual module but are also able to stretch outside their module with the help of hub nodes. 

These nodes are characterized by their extensive amount of connections within modules, as 

well as their ability to connect nearby modules of the network with long range edges (Mears 

& Pollard, 2016). They can also be defined by the numbers of connections extending from the 

node, also referred to as degree, or by its betweenness centrality, which differentiate how 

many percent of the shortest pathways within a network are going through the node (Friston, 

2011; Mears & Pollard, 2016).  

One example of functional integration, or the global organization of a network is the 

default mode network (DMN) which is resting state activity in the human brain that lights up 

medial frontal, inferior parietal and temporal regions, mediating the interaction between 

anatomically separated cortical structures (Friston, 2009; Van Den Heuvel & Pol, 2010). This 

implies that certain types of function is not restricted to specific or proximal anatomy in 

cortical activity, and there are multiple other resting state networks such as the primary visual 

network, auditory network and higher order cognitive networks that have been observed in 

the human brain, supplying evidence for these cortical properties (Van Den Heuvel & Pol, 

2010). Furthermore, research on traumatic brain injury has contributed to connectomics 

research by accentuating the relevance of hub nodes and betweenness centrality within a 

network, since damage to these regions will have a detrimental effect on cognitive function 

(Fagerholm, Hellyer, Scott, Leech, & Sharp, 2015; Hallquist & Hillary, 2018).  

3.2. Brain imaging 

3.2.1. Functional Brain Imaging 

The brain is, like any other organ of the body, reliant on energy metabolism in its 

basic process of activation and proper signaling between nodes. In exchange for oxygen and 

glucose, the brain is able to produce electrical activity which enables neural signaling 

(Buxton, 2009). The building blocks for this energy exchange is supplied via the cerebral 
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blood flow, as hemoglobin molecule of the blood releases oxygen to different regions of the 

brain, making the molecule change into deoxyhemoglobin. In this process, the magnetic 

properties of the molecule are changed, a physiological phenomenon which is being exploited 

in functional magnetic resonance imaging (fMRI).  

Although it cannot be acclaimed to read people's minds, fMRI is able to make 

inferences about individuals cognitive and emotional functioning due to the blood 

oxygenation level dependent (BOLD). This phenomenon relies on the elevated net 

oxygenation level of specific brain areas due to increased blood flow to that region 

(Mahmoudi, Takerkart, Regragui, Boussaoud, & Brovelli, 2012). Since the signal of magnetic 

resonance is much stronger in oxygenated blood, and since the blood flow to metabolism ratio 

is in favor of a net increase in hemoglobin molecules in areas of neural activity, an fMRI 

scanner is able to pinpoint these locations (Buxton, 2009).  

 

3.2.2. Structural Brain Imaging 

Structural connectivity is assessed using an MRI technique called diffusion tensor 

imaging (DTI), which measure the motion and diffusion of water molecules in white matter 

tracts, supplying a visual representation of neural pathways available in two or three 

dimensions (Assaf & Pasternak, 2008). The diffusion of water molecules in a tract depends on 

the number of oligodendrocytes surrounding it, as the myelin sheath which is created from 

these cells provide isolation of the tract, encouraging a stronger electrical signal between 

brain structures (Allen & DeYoung, 2017; Assaf & Pasternak, 2008). This can be observed in 

relation to mean diffusivity (MD) or fractional anisotropy (FA), where white matter pathway 

strength is indicated by either a positive relation observed in MD or a negative relation 

observed in FA (Kim, & Whalen, 2009). Higher FA value depicts a greater level of degree in 

neuronal organization, meaning that there are stronger connections in these areas (Ayling, 

Aghajani, Fouche, & van der Wee, 2012). 

There are important limitations suggested in the method of defining cortical pathways. 

Since the DTI is not jet able to distinguish tiny tracts that overlap with larger ones, it can be 

hard to infer in which direction the diffusion is taking place (Damoiseaux, & Greicius, 2009). 

This could, in turn, lead to false negatives or positives of implied anatomical pathways 

between nodes, given that there are multiple opportunities in a direction that the blood could 

travel.    
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3.3. Functional Connectivity  

Functional connectivity is the way that research is able to make inferences and 

analyze functional integration (Friston, 2009), and it is defined as “ the temporal dependence 

of neuronal activity patterns of anatomically separated brain regions” (Van Den Heuvel & 

Pol, 2010 p. 520). The assessment is generally conducted with the help of fMRI pictures, 

indexed with correlations between brain regions over time, where a high level of correlated 

spontaneous activation, or dynamics between two or more brain regions within the same time-

series, is indicative of functional connectivity (Van Den Heuvel & Pol, 2010; Cullen et al., 

2014).  

In order to retrieve functional connectivity data, researchers can either focus on 

specific regions of the brain and correlate them with all other regions of the brain, also 

referred to as a model-dependent method (Van Den Heuvel & Pol, 2010). Functional 

connectivity can also be retrieved with regards to the entire integration of brain networks in a 

model-free method. One example of a model-dependent method is the seed method, where a 

specific region, or seed, of the brain is predetermined in a conventional fMRI task-based 

experiment, and then contrasted with all other brain regions in resting state, in order to 

establish correlational dynamics within the same time-series of anatomically separated 

regions. Although simple in its assessment and relevant for understanding the extent of 

correlation between regions and a specific seed, a downside to this method according to Van 

Den Heuvel and Pol (2010) is that it cannot make inferences about functional networks 

throughout the brain without regarding its predetermined seed, which could, in turn, lead to 

bias. In contrast to this, a model-free method is able to derive information about unique 

connectivity patterns throughout the brain, supplying a direct comparison without a priori 

established brain regions. An example of this is the independent component analysis (ICA) 

method where an algorithm is used in order to assess BOLD data from many different time 

points, where statistically independent regions supply a potential co-active network as they 

follow similar time courses (Fox, & King, 2018).  

The method of distinguishing functional connectivity is not without its flaws and has 

unfortunately in fMRI a susceptibility to confounding variables in readings of the data. While 

observing neuronal activity, researchers work within a bandpass between 0.01-0.1 Hz of the 

frequency spectrum, as there are physiological processes that could be mistaken for neuronal 

activity in the BOLD above that frequency range, such as cardiac pulsation (~ 1 Hz) and 

respiration (~ 3 Hz)(Murphy, Birn, & Bandettini, 2013). Although these physiological 
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implications are well above the frequencies of investigation there is still research which have 

found a correlation between this noise and the BOLD response, meaning that they could be 

mistaken for neuronal activation during rest when in reality, there is none (Murphy et al., 

2013; Van Den Heuvel & Pol, 2010).  

3.4. Connectomics Relevance in Personality Science 

Both meta-analyses and reviews are insinuating that the behavioral characteristics of 

high trait neuroticism could be a result of a global organization mediated by the connectivity 

of edges, rather than a local organization or segregated brain reactivity. In the meta-analysis 

conducted by Servaas et al. (2013b) it was proposed based on the existing literature of 

structural and functional connectivity, that the emotion instability found in neuroticism could 

be a result of disconnectivity between the amygdala and PFC. This was hypothesized since 

the meta-analysis was unable to find any significant relation between amygdala activity and 

elevated levels of neuroticism. Only two years later, in order to further validate their proposed 

hypotheses, Servaas et al. (2015) conducted a study with a more direct focus on connectivity 

in the neurotic brain. After having established a significantly disrupted functional 

connectivity between the amygdala and the PFC, they encouraged future research to continue 

the investigation on structural and functional connectivity in trait neuroticism as this could be 

a valuable piece of the puzzle in associating behavioral measures and network measures.  

In a meta-analytic review of the neuroanatomy of neuroticism, behavioral inhibition, 

harm avoidance and trait anxiety, the authors concluded that a compromised structural 

connectivity between the amygdala and PFC was responsible for the behavioral output in all 

of these negative emotionality traits (Mincic, 2015). The author emphasized the importance of 

continued investigation of the structural underpinnings relative to negative emotionality traits, 

as this could reveal neurobiological markers of vulnerability towards developing pathology 

and also contribute in developing successful treatment.  

In a major review of neuroticism retrieved from the Oxford handbook of the five-

factor model of personality, functional connectivity is described as an increasingly popular 

approach in contrast to readings of individual structure reactivity, with great contributory 

promise in mapping the brain's’ global organization (Allen & DeYoung, 2017). In relation to 

neuroticism the method is not explored enough and the methodological difference and lack of 

participants across studies has resulted in contradictory findings which are hard to integrate. 

Allen and DeYoung (2017) suggest however in sum of the research conducted, that there is an 
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imbalance in cognitive control and subjective experience that predispose neurotic individuals 

to an increased negative affectivity, as a result of compromised fronto-limbic communication.  

The research displayed clearly suggests that there is a need for further research in the 

area of connectivity between the amygdala and the PFC in order to understand the functional 

integration of neuroticism. Furthermore this research could be of great benefit for the 

understanding of personality and its correlation with psychopathology. However, in order to 

understand the global organization of neuroticism and the communication between the 

amygdala and the PFC, one has to understand the modular functional segregation and the 

implications of reactivity of the globally interesting structures. 

4. Local Organization in the Neurotic Brain; Amygdala and PFC Activity 

According to Allen and DeYoung (2017), in explaining individual differences in 

sensitivity towards threat, neuroticism can be contrasted using Gray and McNaughton's 

reinforcement sensitivity theory. This theory is comprised of the behavioral inhibition system 

(BIS) and fight-flight-freeze system (FFFS), both of which are proposed to be involved in the 

processing of negative stimuli (Heym, Ferguson, & Lawrence, 2008). BIS is positively 

correlated with increased activity of the amygdala-hippocampus-PCC network, which 

response to situations of behavioral conflict (eg: avoidance or approach) and the FFFS 

activate the amygdala-ACC network, involved in reactivity to negative stimuli and active 

avoidance (Allen & DeYoung, 2017; Kennis, Rademaker, & Geuze, 2013). Both BIS and 

FFFS have been observed to be significantly correlated with neuroticism (BIS/Neuroticism, r 

= 0.68, p < 0.01; FFFS/Neuroticism, r = 0.53, p < 0.05) (Smits, & Boeck, 2006; Heym et al., 

2008). This might explain why people scoring high on neuroticism attend more to negative 

outcomes since the BIS motivates individuals to move away from their goals due to an 

anticipation of emotional punishment (Jackson, 2010). 

One thing that must be taken into account when evaluating the research conducted is 

that the field of neurobiology related to personality is suffering from a trend of low sample 

rates, decreasing the generalizability and overall power of the findings (Yarkoni, 2015). Since 

there is already a rich base of investigation on the neurological underpinnings of the BIS and 

FFFS, especially in the limbic system, these frameworks might serve as an important aid in 

interpreting research on neuroticism (Allen & DeYoung, 2017). Furthermore, insight in 

motivational tendencies, such as BIS and FFFS, might contribute to personality science since 

our motivation guide perceptual, affective and cognitive functioning (Cunningham, Arbuckle, 

Jahn, Mowrer, & Abduljalil, 2010).  
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4.1. The Amygdala 

4.1.1. The Emotion Generator 

The amygdala is a bilateral structure located in the limbic system. A large amount of 

research has been conducted on it both through animal testing and human participation, and 

since it is suggested to be a central structure in emotional processing, it is one of the most 

investigated structures in this regard (Hilbert, Lueken, & Beesdo-Baum, 2014). Electrical 

stimulation of the amygdala in different animals has resulted in cessation of ongoing behavior 

(freeze response), respiratory alteration, and change of both heart rate and blood pressure, all 

of which are indicative of increased fear or anxiety in the body (Davis, 1992). In human trials, 

exposure to an emotion-eliciting stimulus which is generally measured with an fMRI, has 

revealed a convergent activation in the amygdala in experimental settings, observing amongst 

else emotional face recognition, fear conditioning and emotional memory in subjects 

(Brierley, Shaw, & David, 2002).  

The research conducted on the amygdala has supplied evidence that the structure plays 

a vital role in fear learning and expression of fear. One example contributing to its relevance 

in the processing of this general emotion is that individuals with damage to the amygdala 

structure report unable to recognize the facial expression of fear in others (Li et al., 2013; 

Workman, & Reader, 2014). The amygdala is however not restricted to this emotional 

component, as there are observations of elevated amygdala activity in processing of sad faces 

(Haas, Constable, & Canli, 2008; Workman, & Reader, 2014). Recent findings also suggest 

that the amygdala is fundamental in networks associated with joyful emotions since the 

largest quantity of extensive connections was found in the left lateral amygdala in subjects 

listening to joy-inducing music (Koelsch & Skouras, 2014). Although a central connective 

role in modular hierarchy cannot be mistaken for elevated activity in specific structures, these 

results could explain earlier findings of amygdala stimulation in humans which has found that 

the left lateral amygdala is able to produce positive emotions, such as joy or happiness, in 

addition to anxiety and fear (Lanteaume et al., 2006; Mears & Pollard, 2016).  

In experimental settings observing response to positive and negative stimulus, these 

findings of amygdala activation have however been less evident as the results have either 

been reversed in regards to lateralization (Baas, Aleman, & Kahn, 2004), or not significant at 

all, which was stated in a meta-analysis conducted by Sergerie, Chochol, and Armony (2008). 

In contrast to this a meta-analysis conducted by Costafreda, Brammer, David, & Fu (2008), 

found that there is predominantly amygdala activation in relation to negative stimuli, but there 
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was also activation in response to positive stimuli such as humor. Unilateral activation of the 

right amygdala was detected in response to masked stimuli, indicating a faster more automatic 

response in this location. The conflict of the difference in research method can be debated in 

regards to lateralized underpinnings of amygdala positive and negative valence processing, 

but regardless of these confounds the importance of the amygdala according to connectomics 

in networks of affective processing seem very much highlighted (Mears & Pollard, 2016).  

According to Mears and Pollard (2016), the amygdala is one of the most highly 

connected structure in the brain, which further implicates that it serves an important purpose 

within the network of emotion processing. Amongst else there is evidence that the amygdala 

is highly interconnected with sensory areas (smell, taste, vision) and the basal ganglia, 

indicating an elevated communication in relation to sensory input and reinforcement of 

motion (McDONALD, 2003). Its connections with the orbitofrontal cortex, which works as a 

relay for information mediation between the prefrontal cortex and the limbic system, suggests 

that there is an information exchange between these structures (Workman & Reader, 2014).  

In addition, elevated betweenness centrality of the amygdala is positively correlated 

with stress reactivity, indicating that an increased opportunity for information flow in the 

amygdala due to a greater number of edges, could leave an individual more vulnerable to the 

effects of stress (Gao et al., 2013; Wheelock et al., 2018). The main reason behind this 

physiological mediation, however, seems to be a dysfunctional communication between the 

amygdala and the PFC, since input from the PFC helps down-regulate the amygdala 

(Makovac et al., 2018). This could further lead to an increase in anxiety and seem to 

contribute to the generation of ruminative thoughts, which have been correlated with 

generalized anxiety disorder and depression.  

 

4.1.2 Psychopathological Implications of Amygdala Reactivity 

Since the amygdala is suggested to be a central part of the processing of emotion, and 

since disturbance of affect and emotional processing serve as one of the clinical 

manifestations in depression, abnormalities in this structures activation have been correlated 

with this psychopathological complication (Mears & Pollard, 2016). One of the hypothetical 

reasons behind this is that there are observations in humans suggesting that increased cerebral 

blood flow and metabolism in the amygdala is correlated with ruminating thoughts, which 

could serve as a neural predictor of psychopathology (Drevets, 2001). In line with this, 

research has found that remitted major depression disorder (MDD) subjects show an 
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abnormal level of amygdala baseline metabolism as compared to subjects who do not relapse, 

indicating that resting state amygdala activity may contribute to MDD (Drevets, 1999). 

The investigation of amygdala volume in relation to depression has yielded conflicting 

answers while the majority of the research, however, seems to be in favor of a reduced 

amygdala volume in MDD which could be a result of stress-induced excitotoxicity effects due 

to excessive amounts of cortisol secretion (see: Hamilton, Siemer, & Gotlib, 2008 for meta-

analysis). In addition to depression, elevated amygdala activation also referred to as hyper 

activation, has been found in multiple instances of research investigating anxiety disorders 

and phobias, which according to Hilbert et al. (2014) is a reasonable conclusion, given the 

amygdala’s fear-circuitry characteristics.  

 

4.1.3. Amygdala Properties in Neuroticism 

In fMRI experiments, the amygdala has been observed to have a significantly 

increased activation in relation to an emotional conflict task, dependent on individual 

differences in neuroticism (Haas, Omura, Constable, & Canli, 2007). This amygdala 

activation observed has further been replicated in later studies with similar research method 

utilizing the goal attentive mechanism of emotional conflict (Cunningham et al., 2010). As 

stated earlier, emotional conflict is mediated through the BIS, a system which prevalence can 

be observed through an individual's sensitivity to punishment, which is hypothesized to 

correlate positively with not only an increase in amygdala activity, but also increased grey 

matter volume of the structure (Barros-Loscertales et al., 2006; Rahman, Xu, & Potenza, 

2014).  

In the investigation of amygdala activation, relative to trait neuroticism, there is no 

obvious answer aside from the results relative to BIS scores, which seem in favor of greater 

amygdala activity. A great part of the literature has found positive correlations between 

neuroticism and different constellations of amygdala activity depending on the task 

employed. For instance there has been correlations observed in right amygdala activity in 

response to fearful faces (Chan, Norbury, Goodwin, & Harmer, 2009) and fear learning 

(Hooker, Verosky, Miyakawa, Knight, & D’esposito, 2008) as well as bilateral amygdala 

activation in response to unpleasant pictures (Harenski, Kim, & Hamann, 2009). These results 

are indicating an increased sensitivity of the amygdala in neurotic population, implicating 

mediation of a maladaptive fear response in this population provided that the amygdala is 

causally responsible for producing the emotion of fear. However, there is research with a 

greater amount of participants that indicate opposing results after exposing subjects to similar 
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tasks (Cremers et al., 2010; Klamer et al., 2017; Raufelder et al., 2016), and the meta-analysis 

conducted by Servaas et al. (2013b) concluded that there is no correlation between elevated 

levels of neuroticism and amygdala activation. An elevation of grey matter volume can 

however according to a recent meta-analysis by Mincic (2015), be attributed as a result of 

high neuroticism scores.  

This obvious inconsistency in research findings have led to some interesting 

controversy, and there are attempts in explaining the observed mismatch in results from both 

camps of conviction. Some researchers argue that the variable of stress is not adequately 

controlled for in some fMRI experiments, making the hyper activation of the amygdala less 

noticeable (Everaerd, Klumpers, van Wingen, Tendolkar, & Fernández, 2015) while others 

argue that the nature of the paradigm such as emotional faces tasks, might counteract the 

significance of amygdala activation found in samples, as there are other cortical structures at 

play (Klamer et al., 2017; Feng, DeMarco, Haroon, & Rilling, 2015).  

4.2. The Prefrontal Cortex  

The prefrontal cortex is a cluster of different structures occupying over 30% of the 

human brain, proven to be central for higher cognitive functions and relevant for emotion 

regulation as it is able to mediate the integration between emotional and cognitive processes 

(Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Gazzaniga et al., 2015). This cognitive 

control has been demonstrated in studies investigating lesion to the different structures of the 

cluster, and its detrimental impact on behavior, as well as fMRI studies which have been able 

to depict metabolic rate in relation to active alteration of emotional experience (Wager, 

Davidson, Hughes, Lindquist, & Ochsner, 2008; Di Pellegrino, Ciaramelli, & Làdavas, 2007).   

According to O’Reilly (2010), the medial portion of the prefrontal cluster is assumed 

to be more directly interconnected with limbic structures, insinuating a higher information 

transfer and functional integration in motivational and emotional pathways, mediated by these 

areas. Examples of medial prefrontal structures are the orbitofrontal cortex (OFC), receding in 

the ventromedial PFC and the anterior cingulate cortex (ACC), which is located in the 

dorsomedial PFC. Both these prefrontal structures are concerned with the interpretation and 

correct action execution in relation to perceptive evaluations, where the OFC make emotional 

and motivational inferences (for example avoid or approach) while the ACC encode 

emotional value of action (what action would result in reward rather than 

punishment)(O’Reilly, 2010; Drevets, 2001). 
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The lateral PFC is believed to be more involved in cognitive control than the medial 

portion, contributing with a more complex footing in maintaining and updating behavioral 

rules (Taren, Venkatraman, & Huettel, 2011). However, both medial and lateral PFC has been 

suggested to have a highly interactive relationship in their attempt to guide adaptive behavior 

since they share high levels of functional connectivity suggested in resting state fMRI 

research (Kouneiher, Charron, & Koechlin, 2009; Taren et al., 2011). Reduced regional 

connectivity mediated by decreased betweenness centrality and degree, has been observed in 

fMRI studies investigating the dorsolateral PFC of depressed population (Gong & He, 2015). 

One hypothesis retrieved from lesion studies assumes, that the dorsolateral PFC exhibit less 

activation in depressed population while the ventromedial PFC is hyper activated (Koenigs & 

Grafman, 2009). This abnormal network relationship could infer incapability of adopting 

productive emotion regulatory strategies due to an inactive lateral portion of the PFC while a 

hyper activation in the medial PFC, could lead to an elevation of ruminating negative 

thoughts, given its role in motivation and emotion interpretation.  

According to multiple studies, there is accordance that a reliably flexible ability to 

regulate emotions is convergent with an increase in well-being (Kashdan & Rottenberg, 2010; 

Hollenstein, Lichtwarck-Aschoff, & Potworowski, 2013; Bonanno & Burton, 2013). There is 

also meta-analytic literature which claims that dysregulation of emotion can lay the 

foundation for internalizing psychopathological problems such as anxiety and depression. 

Dysregulation of the PFC would hence serve as a disadvantage for adaptive behavior.  

 

4.2.1. The PFC in Neuroticism  

Similar hyperactivity found in depressed population of the ventromedial PFC has been 

proposed in people, and convergent across different studies, although difference in statistical 

power and methodology, is that prefrontal regions seem to be reduced in relation to increasing 

neuroticism (Bjørnebekk et al., 2013). A decrease in surface area and folding of the superior 

PFC has been observed in large sample sizes, which might partly serve as an explanation as to 

why people with high neuroticism are more vulnerable to negative affect (Riccelli, Toschi, 

Nigro, Terracciano, & Passamonti, 2017).  

Individuals who exhibit high levels of neuroticism have reduced grey matter in the left 

lateral and medial orbitofrontal cortex, indicative of reduced functional segregation in these 

areas (Mahoney, Rohrer, Omar, Rossor, & Warren, 2011). In addition, the structural integrity 

of the ventrolateral PFC and the dorsolateral PFC in relation to neuroticism have suggested 

negative correlation as a result of aging, indicating that high neuroticism is linked with 
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structural degeneration relative to time (Jackson, Balota, & Head, 2011). According to 

Drabant et al. (2011), individual differences in neuroticism modulates the sensitivity of 

anticipating threat assessed through electro dermal readings, declared anxiety levels and 

neural response. This research suggests that high-level neuroticism is related to decreased 

activation of the cortex, in attempts of changing regulation tactics while at the same time, 

experiencing an increase in anxiety, indicating that the regulatory interventions undertaken 

are not working. 

5. Global Organization of the Neurotic Brain; Fronto-Limbic Circuitry   

5.1. Structural Integrity  

The function of specific brain regions has been observed to rely to a large degree on 

its structural integrity both in local and global regard. The case of Phineas Gage, which is 

probably the most famous brain injury in history, show that severe damage to cortical 

structures such as the OFC can have a fundamental impact on behavioral output. A 

physiological rule which has been strengthened in countless other brain lesion studies 

(García-Molina, 2012; Barbey et al., 2012).  

Aside from brain lesions, there is research suggesting a decrease in function related to 

the size of structures, such as working memory decline related to neuronal degeneration of 

frontal structures observed in the aging population (Park & Bischof, 2011; Nissim et al., 

2017). Convergent, there is neuronal retention or even growth related to performance and 

function in individuals who are either exercising physically or practicing cognitively 

demanding tasks regularly (Draganski et al., 2004; Hindin & Zelinski, 2012). According to 

Bjørnebekk et al. (2013), neuroticism is a trait most clearly associated with brain volume as 

three facets (anxiety, depression, and vulnerability to stress) of neuroticism have indicated a 

significant decrease of total brain volume. The cognitive makeup and abnormalities in 

functional segregation of the amygdala and PFC relative to neuroticism have been briefly 

presented in the above sections, some of which share similarities with psychopathological 

conditions. Due to major amounts of contradicting data retrieved however in the literature 

regarding, for example, the segregated amygdala activation and its volume in relation to 

neuroticism, there seems to be no real consensus of the personality trait and its neural 

correlates.  

According to Perkins, Arnone, Smallwood, and Mobbs (2015), there is an established 

link in fronto-limbic connectivity which manifests an elevated threat response in neurotic 
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population. This is based on the premise that the assumption of hyperactivity in the amygdala 

is true in a highly neurotic population under stress (Everaerd et al., 2015), in interplay with 

decreased ventromedial PFC reactivity. The abnormal informational exchange between these 

structures is indicative of a faster switch to panic in relation to approaching stressful stimuli 

since the amygdala control mediation from prefrontal activated anxiety to midbrain-related 

panic during these circumstances (Perkins et al., 2015). This means that there is a higher risk 

of developing logically unfounded panic due to an individual inability to interpret the threat in 

the ventromedial PFC.   

 

5.1.1. Implications of Structural Connectivity; Amygdala - PFC    

Given the insight in the amygdala as a mediator of emotion generation and the PFC as 

an interpreter and regulator of emotions, the elevated threat response found in the personality 

trait of neuroticism, accompanied with a wide array of pathological complications, have been 

suggested to mediate an information exchange relaying on interconnections between these 

structures (Servaas et al., 2013b). One connection of interest is the uncinate fasciculus (UF) 

which is a tract that interconnects prefrontal regions with the amygdala, hypothesized to 

enable this information integration and exchange between these distanced clusters (McIntosh 

et al., 2013; Kim et al., 2011; Ayling et al., 2012). Trait anxiety scores have been negatively 

correlated with FA in communication between ventromedial PFC and amygdala, claimed to 

be mediated via the UF (Ayling et al., 2012). In line with these findings, there have been 

similar results observed in generalized anxiety disorder (GAD) and social anxiety disorder 

(SAD), although, a body of opposing evidence has been found in GAD, exhibiting positive 

correlations with FA in the UF as well (Makovac et al., 2016). Further research findings 

depicting its relevance in the emotion-generative network is that the structural integrity of the 

UF is highly compromised in individuals with major depressive disorder, indicating that this 

tract could serve as a neurobiological underpinning for emotional instability (Bhatia, 

Henderson, Hsu, & Yim, 2018).  

 

5.1.2. Structural Correlates of Neuroticism  

Results of FA and MD in white matter relative to high neuroticism scores have been 

conflicting across studies. For example, Bjørnebekk et al. (2013) found that there is a positive 

relationship between MD and neuroticism, as well as a negative relation between FA and 

neuroticism across a large span of networks throughout the brain, with emphasis on the 

connection between the amygdala and the OFC. In addition, significant negative relations 
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were found in total brain volume in participants displaying high levels of neuroticism. This 

indicates that there is a great amount of structurally compromised areas in high neuroticism 

brains with respect to both the segregated clustering and integrative connections between 

distanced nodes.  

In contrast to these findings, a prior assessment conducted by Xu and Potenza (2012), 

found no significant relationship between FA and neuroticism, however, a strong positive 

correlation in MD of the UF due to elevated neuroticism scores. According to McIntosh et al. 

(2013), there was not only a significant negative relation between neuroticism and FA in the 

UF but also depression, which contribute to the hypothesis that this connective tract could 

serve as a common neural biomarker for neuroticism and depression. The collective 

agreement of these studies, although contradicting in their figures obtained with regards to 

MD and FA, is that there are compromised structural integrity in neuroticism especially in the 

UF as well as other relevant tracts for emotion regulatory processes such as the cingulum. 

These results are indicating that white matter integrity in the brain is playing a vital part in 

variations of human behavior and personality, especially since these results are exclusive for 

neuroticism, as they were not found in any other personality trait of the big five (Xu & 

Potenza, 2012).  

So far there is no meta-analysis or review conducted on the subject of structural 

integration via connective tracts in the case of neuroticism, but there are meta-analyses 

investigating white matter connectivity in late-life depression (Wen, Steffens, Chen, & 

Zainal, 2014) and bipolar disorder (Vederine, Wessa, Leboyer, & Houenou, 2011) suggesting 

that disruption of white matter in the UF and prefrontal structures, contribute to abnormal 

emotional processing characteristic for these pathologies. Although this does not supply 

convincing evidence that the compromised white matter integrity found in these studies could 

be transcribed to neuroticism scores, it does provide a rich base indicative of behavioral 

alteration due to structural connectivity deficit.  

According to a recent study conducted by Privado, Román, Saénz-Urturi, Burgaleta, 

and Colom, (2017) there was no significant correlation between neuroticism and white matter 

integrity as they failed to replicate the findings by Bjørnebekk et al., (2013). Although staying 

over the median sample size for the latest investigations in neurobiological personality 

research (n=47) the main difference between these studies was the sample size (Privado et al., 

2017). Bjørnebekk et al. (2013) exceeded Privado et al. by 218 participants which indicate 

that the power is fundamentally greater in their experiment. 
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5.2. Functional Connectivity Findings 

The information presented of anatomical build up with regards to white matter 

integrity and nodal degree between the amygdala and PFC, supply a suggestion of 

information exchange and functional integration between these structures, which seem to be 

compromised in individuals exhibiting high levels of neuroticism. In order to establish this 

hypothesis, contingent functional connectivity of these clusters would be able to make further 

inference of the structural connection by defining the relevance of the network edges in the 

fronto-limbic pathway.  

The understanding in research is that structural connectivity is able to predict 

functional connectivity, as stronger close range anatomical connections are indicative of a 

more functional interplay between communities (Damoiseaux, & Greicius, 2009). At the 

same time, there are observations of communities within networks that are functionally 

connected, while not having any direct structural connection. One explanation of this is that 

there are third party nodes or communities that interconnect these functionally connected 

clusters, indicating that functional connectivity is reliant and restrained by structure (Honey et 

al., 2009). Since the amygdala and PFC have revealed a direct structural connection mediated 

by the UF, there should be functional connectivity observed in these regions in healthy 

population.  

In a review conducted by Kim et al. (2011), they claim that the cross information 

transfer between these structures mediated by functional connectivity is crucial for healthy 

top-down cognitive control mediation. This is mainly because an abnormal elevation of 

functional connectivity between the amygdala and PFC has been observed to predict 

operative emotion regulation as well as lower levels of anxiety (Kim et al., 2011). In relation 

to threat-induced anxiety, subjects have portrayed increased functional connectivity between 

the PFC and the amygdala, which could be interpreted as a means of maintaining goal 

orientation and regulate emotional admission in response to a threatful situation (Gold, 

Morey, & McCarthy, 2015; Ormel et al., 2013).  

 

5.2.1. Functional Connectivity of Neuroticism  

           The body of research produced with a direct investigation of the relation between 

neuroticism and functional connectivity of the fronto-limbic network has been less 

conclusive, both with respect to resting state fMRI and task-based assessment. There is 

research which concludes that there is no significant correlation between neuroticism scores 
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and functional connectivity in resting state fMRI, insinuating that presence of anxiety based 

or threatful stimulation is required in this functional mediation (Aghajani et al., 2014). These 

results are in line with prior investigation of structural integrity and functional segregation of 

the PFC cluster and amygdala investigation, however, Servaas et al. (2013a) claim that there 

is a negative correlation of functional connectivity in these structures with increased levels of 

neuroticism in resting state subjects experiencing critique.  

           In relation to task-based experiments, the research has adopted both neutral vs. 

negative valenced facial expressions and aversive stimuli conditioning in the assessment of 

functional connectivity. In this investigation the right lateralized amygdala has been 

positively functionally related to the medial PFC in both assessment models, raising the 

research hypothesis that this functional integration is contributory of elevated self-referential 

thoughts in relation to medial PFC and amygdala hyper activation (Tzschoppe et al., 2014; 

Cremers et al., 2010). In addition, Tzschoppe et al. (2014) found that there was a positive 

relation in functional connectivity of the dorsolateral PFC and right amygdala, which 

according to the authors could be indicative of an increased consolidation of fear memory in 

the medial PFC, given that lateral PFC and the amygdala, goes through the medial PFC.  

           In contrast, research that has adopted similar investigative methods with regards to 

valenced face stimulus has found a significant negative correlation of functional connectivity 

between the right amygdalae and the medial PFC as well as the bilateral amygdala and the 

ventrolateral PFC (Madsen et al., 2015). The latter negative correlate could be explained 

according to the authors as a neural correlate for increased negative affect based on the 

existing understanding of the lateral PFC as an emotion regulatory relay, and due to the 

structures decreased recruitment observed in depression. However, the negative correlation to 

the medial PFC supplied no satisfactory explanation other than a statement that further 

research is needed in order to understand the associations between medial PFC- amygdala 

connectivity in neuroticism (Madsen et al., 2015).  

 

5.2.2. Neurotransmission; Impact on Functional Connectivity 

A growing body of research suggests a pathological relationship in the serotonergic 5-

HT system, as the serotonin transporter-linked polymorphic region (5-HTTLPR) which come 

in either short or long allele variants, has been found to moderate psychological vulnerability 

and even the relationship of depression, anxiety, and emotional instability, depending on the 

allele combination inherited (Long et al., 2013; Madsen et al., 2015). More exactly, two sets 

of the short allele variant of 5-HTTLPR are related to these consequences and the 
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neurological correlate has furthermore been associated with neuroticism in two meta-analyses 

(See: Sen, Burmeister, & Ghosh, 2004; Munafò et al., 2009). The heterozygous allele 

combination was also significantly related to stress sensitivity in another meta-analysis, which 

is an acknowledge subcomponent of the NEO assessment of neuroticism (Karg, Burmeister, 

Shedden, & Sen, 2011). The genetic setup has furthermore been associated with disrupted 

functional connectivity between the ACC and amygdala (Gong & He, 2015).  

Subsequently, to these meta-analyses, there is a large body of research that is aligned 

with earlier results, and the implications of this neural correlate of neuroticism is a degraded 

functional connectivity between both amygdalae and their relation to the left lateral 

orbitofrontal cortex and ventrolateral prefrontal cortex (Madsen et al., 2015). The mutual 

assessment of some of these studies is that this might have pathological consequences in 

population with high trait neuroticism due to diminished amygdala communication. A 

summation of the functional connectivity research related to trait neuroticism assessment 

using either NEO-PI-R or NEO-FFI can be found in table 1.  
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Table 1 

Summary of Functional Connectivity Findings; Amyg - PFC 

Referens Sample Pers. Measure NE Scores Amyg - PFC 

Interaction 

Hypothesis; Obtained 

Results 

Aghajani et 

al., 2014 

  

N = 50 (32 

female), age: 

M = 40 

NEO-FFI, RSFC M = 12.02,  

SD = 4.46  

(Range: 1-23)  

Low Level NE 

No significant 

NE - FC 

relation found 

in Amyg and 

PFC 

Results in these 

structures might be 

task-dependent; there 

was very low levels of 

NE observed in the 

sample (did not exceed 

clinical levels) 

Cremers et 

al., 2010 

N = 60 (37 

female), age: 

M = 39.9 

NEO-FFI, 

Neutral Vs. 

Negative 

Valenced Facial 

Expressions 

M = 24.3,  

SD = 5.3 

(Range: 13-36) 

Average Level 

NE 

Significant 

positive right 

lateralized corr 

between NE 

and FC in 

Amyg and 

medialPFC; 

processing 

fearful faces. r 

= 0.51, p < 

0.001 

Results might reflect a 

negative self-referential 

evaluation while 

observing fearful faces 

Madsen et 

al., 2016 

N = 76 (9 

female), age: 

M = 25.6 

NEO-PI-R, 

Neutral Vs. 

Negative 

Valenced Facial 

Expressions 

M = 74.2,  

SD = 18.7  

(Range: 30-150)  

Low Level NE 

Negative corr 

found between 

elevated NE 

and FC in R 

Amyg - 

medialPFC; 

bilateral Amyg 

- L lOFC 

Decreased cognitive 

control due to lateral 

PFC – amyg 

connectivity. Medial 

PFC further influence 

negative influence of 

the lateral PFC leading 

to abnormal emotion 

regulation  

Tzschoppe 

et al., 2013 

N = 39 (21 

female), age: 

M = 14 

NEO-FFI, 

Pavlovian 

Aversive 

Conditioning 

Paradigm 

M= 1.716, 

SD=0.497 

(Range: 0.67–

2.9)  

Average Level 

NE 

Positive corr 

found between 

elevated NE 

and FC in R 

Amyg - 

vmPFC and 

dlPFC; 

response to 

fear 

conditioning 

Positive connectivity in 

vmPFC – amyg leads to 

increased self-criticism 

which is further 

mediated by dlPFC.  
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6. Discussion 

The objective of this thesis has been to review, in alignment with the informative 

value expected from a bachelor's degree, the current understanding of connectomics research 

with emphasis on structural and functional connectivity of the fronto-limbic circuitry as a 

result of elevated neuroticism scores. This has been the primary question of this thesis which 

relevance has been based on the contradicting results obtained in various studies investigating 

activation of mainly the amygdala but also the PFC. An additional motivator has been the 

assemblage of researchers that have advocated connectomics, mapping the structural and 

functional integration of the brain, as a relevant method for understanding the neurobiology of 

pathology and personality, in addition to individual cluster reactivity.  

In order to accomplish this, the study findings documented with respect to fronto-

limbic connectivity, correlated with neuroticism have gone through minor selection demands 

before being included in this review to increase the generalizability of the findings. The 

studies included have hence complied with the criteria of personality assessment using either 

NEO-PI-R or NEO-FFI, which have been validated due to the methods correlational value, 

and the samples have been divided with respect to gender.  

In light of the gathered research reviewed in this literature study, there seems to be 

contradicting results observed with respect to figures obtained in structural integrity research, 

and the results observed with respect to functional connectivity in the brain of an individual 

displaying high neuroticism. The studies conducted on structural connectivity does however 

in contrast to the functional connectivity investigation, seem to agree on a consensus despite 

differences in data obtained, of compromised structural integrity in the UF of individuals with 

elevated neuroticism. The research observed has emphasized the neural correlate as a 

Servaas et 

al., 2013 

N = 48 (32 

female), age M 

= 20.8 

NEO-PI-R, RSFC 

and Criticism 

Response 

M = 138.7,  

SD = 20.5  

Average Level 

NE 

Negative corr 

found between 

elevated NE 

and FC in 

amyg - dmPFC 

and dlPFC 

Results indicate that 

high trait neuroticism 

might make it harder 

for individuals to 

appraise and express 

emotions due to 

compromised functional 

coupling of these 

structures 

 

Note. Abbreviations: RSFC = Resting state functional connectivity, FC = Functional connectivity, R = Right, L = Left, Amyg = 

Amygdala, PFC = Prefrontal cortex, NE = Neuroticism, lOFC = Lateral Orbitofrontal cortex, vmPFC = Ventromedial PFC, 

dlPFC = Dorsolateral PFC, Corr = Correlation, dmPFC = Dorsomedial PFC.  

All results are significant at p < 0.05 unless otherwise specified.  
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precursor for elevation in trait neuroticism, but the direction of correlation has yet to be 

determined, if it is the neural anatomy that determines neuroticism or if neuroticism serves as 

a component that degrades structural integrity.  

Based on the research findings declared, it seems as if white matter integrity serve as a 

relevant component in relation to function, which does not necessarily have to do with an 

under or hyperactivated amygdala or PFC, but rather their faulty communication in the 

integrative modular network. Since the information transfer in the UF is bidirectional it is 

hard to based on the collected research determine which one of the connected clusters is 

exerting power over the other, but this has on the other hand never been an objective for this 

thesis. However, the compromised structural integrity suggested, could prove detrimental for 

individuals with high neuroticism both in a bottom-up emotion generative and top-down 

emotion interpretive and regulatory fashion, disregarding the modular hierarchy of the 

amygdala and PFC. This hypothesis is however in need of further scientific research in order 

to be validated.  

In relation to functional connectivity the research seem less convergent and based on 

the studies included in this review, which have been selected in accordance with the inclusion 

criteria, there is no consensus in the research and the inferences made based on the 

connectivity findings of high trait neuroticism is too scattered to make a reliable conclusion. 

If comparing all the findings it seems as if there is no correlation in resting state functional 

connectivity but the fronto-limbic circuit relies on either a pavlovian type task or neutral vs. 

negative valenced stimuli in order to serve as a neural correlate of neuroticism. Even though 

there are reviews in the field suggestive of a high relation of decreased functional 

connectivity in fronto-limbic circuits in depression and anxiety, a conclusion which would be 

convergent with the structural integrity findings declared, there is no real consensus regarding 

neuroticism at this point.  

Since there have been many instances of both negative and positive findings of 

functional connectivity between the PFC and amygdala in high trait neuroticism, Madsen et 

al. (2015) even included some aspects from Cremers et al. (2010) in their research in order to 

find an explanation for their contradictory findings. They did not according to themselves 

manage to supply a satisfactory explanation but they hypothesized that there could be 

methodological differences or variations in the division of male and female participants that 

was responsible for the opposing results. One difference in these two studies aside from 

gender was that Madsen et al. (2015) had a sample that was estimated to be within the low 

range of produced neuroticism scores while Cremers et al. (2010) has a sample within the 
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mid-range, indicating that their results could be more generalizable in a normally distributed 

population.  

According to Weisberg, DeYoung, and Hirsh (2011), there are gender differences in 

neuroticism as women report higher scores of the trait than men. However, since Madsen et 

al. (2015) recruited fewer women than earlier studies, while at the same time producing lower 

average neuroticism scores, the argument of gender differences in these two studies would be 

invalid if there is a general gender difference in neuroticism skewed towards the female 

population. 

One possible explanation could be that there are different readings in fronto-limbic 

functional connectivity which rely on the element of critique. Cremers et al. (2010) concluded 

that their obtain result could be a result of self-referential criticism due to elevated 

communication between the amygdala and medial PFC. However, in the study conducted by 

Servaas et al. (2013a), results suggested a negative correlation in functional connectivity 

between the amygdala, medial and lateral PFC due to individual response to criticism.  

All and all, the interpretation of the results produced in the field of functional 

connectivity between the amygdala and PFC in these subjects is not easy as there are 

contradictory results obtained across the current body of research conducted with regards to 

multiple variables. There is no single apparent variable that could explain the current 

mismatches in research, and the field is therefore in need of new research that employs 

similar research techniques, in order to expand the area.  

6.1. Problems in Connectomics Research 

One problematic aspect of the functional connectivity research reviewed in this study 

is that some of the papers try to deduct logical arguments of individual differences found in 

high neuroticism population based on the research conducted on under or hyperactivated 

individual clusters, which has also been covered throughout this thesis. One idea which has 

been employed in the majority of the research is that the findings of functional connectivity 

are convergent with reactivity in the PFC, which in both cases of positive and negative 

connectivity, have been interpreted as counterproductive reactivity in either lateral or medial 

parts of the PFC depending on the results obtained.  

For instance, as result of the negative correlation in fronto-limbic connectivity 

produced by Madsen et al. (2015), they chose to conclude that this mediation was in line with 

research that has revealed a downgraded reactivity in the lateral PFC, as this is correlated with 
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decreased cognitive control and emotion regulation. Negative functional connectivity was 

however also found in the medial PFC, suggested in light of reactivity findings to be 

counteractive aid against anxiety and depression as a result of decreased activation. This was 

however not declared in the research conducted by Madsen et al. (2015), but rather, they 

inferred, since both medial and lateral structures of the PFC are highly connected, that this 

negative functional connectivity could further affect the lateral PFC, contributing to a more 

palpable decreased connectivity in the entire network.  

 As for positive functional connectivity findings of the amygdala with medial and 

lateral PFC, Tzschoppe et al. (2014) would on the contrary account for the disadvantageous 

properties of elevated medial PFC activation, such as self-referential criticism, while 

excluding the properties of the lateral PFC. In relation to their findings, they concluded that 

the positive functional connectivity of the amygdala and lateral PFC, further mediated 

adverse properties on the medial PFC due to their high connectivity in the network.  

These statements do not necessarily have to be wrong but since functional 

connectivity is only indicative of an interplay between at least two structures in a network and 

does not reveal which structure is exerting power over the other, it is hard to validate the 

inferences. Although Madsen et al. (2015) had a larger sample size than any other study 

investigating functional connectivity in relation to neuroticism scores reviewed in this thesis, 

their sample revealed low range neuroticism scores, indicating small differences in trait 

neuroticism between individuals which could affect their findings. Tzschoppe et al. (2014) on 

the other hand had a very small sample which affects their power greatly.  

All and all this reveal a weakness in the investigation of functional connectomics as it 

can explain differences in segregated reactivity opportunistically in relation to the researchers' 

hypothesis. In this review, the conclusions drawn in the studies included have contributed to 

confusion, since the inferences made in relation to the reactivity of both the amygdala and the 

PFC, can be interpreted as partly bias since they do not cover all aspects of the cluster 

properties. Even though there is no logical explanation at the moment, this research should 

declare all possibilities and inferences based on both reduced and increased functional 

connectivity in segregated cluster even though it does not correspond with their findings in 

order to let future research expand the field. Although these inferences are only correlative 

and not causative, it reveals that there is not enough research conducted on the fronto-limbic 

circuitry in relation to neuroticism scores, and more extensive research followed by a meta-

analysis in the field is warranted in order to conclude any actual functional relation.   
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This is a fundamental note in a majority (if not all) of the research included in this 

review, that more research is needed in order to establish if there is an actual neurobiological 

characteristic in neuroticism mediated by fronto-limbic connectivity. According to Kundu et 

al. (2013), the matter of expenses in fMRI studies of functional connectivity is a clear 

holdback for advancement in the research, and there is a demand of further clarification 

regarding functional connectivity and its informative value before there can be any 

satisfactory funding in this field.     

6.2. Limitations and Future Directions  

One big limitation of this study is that it has only investigated the functional 

connectivity of structures without paying any attention to the effective connectivity of 

structures. The functional connectivity can only in itself supply results regarding the 

correlation and interplay between specific structure, but it cannot statute which structure is 

influencing which. In order to make inference of the connectivity findings, research has to 

conduct evaluative research of individual edges, supplying weighted graph mapping and 

effective connectivity research. Furthermore this study has only regarded the PFC and 

amygdala, which does not necessarily have to be single handedly responsible for the 

variations of behavior observed in neurotic populations. Given the insight of the DMN which 

incorporates multiple areas of the cortex including the PFC and the amygdala, There could be 

other attributes of functional connectivity that are exerting power over either the structures 

that this thesis has mainly focused on.  

Aside from this, there are some other contingencies that the research has to be wary 

of. According to Hsu, Rosenberg, Scheinost, Constable, and Chun, (2018), since neuroticism 

is correlated with self-referential negative affect, the resting state functional imaging of 

individuals could be more relevant for personality neuroscience since there is the confounding 

variable of performance anxiety that has to be accounted for in task-related studies. This 

could serve as a massive confounding variable, and since a great body of the research 

conducted is deriving their results based on elevated self-referential criticism, one objective 

for future research is to have this manage this variable with great caution.  

According to Costa et al. (2019), there are conceptual and methodological issues that 

have to be accounted for in personality studies which could be best tackled through 

observation of individual subdivisions of traits. This value of investigating separate facets in 

personality science is that they can be used as independent variables in relation to personality 
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disorders and to a better degree than general domains, contribute to increased specificity and 

discrimination between personality disorders (García, Escorial, García, Blanch, & Aluja, 

2012).  

In addition to this a more united definition of personality and their assessment, such as 

exclusively using NEO-PI-R in research, would gain the research area since there would be a 

more unanimous agreement on subdivisions as well, which could supply a further 

understanding of the overhead traits. 

7. Conclusion  

This literature review attempts to present parts of the current understanding regarding 

connectivity between the amygdala and PFC in individuals exhibiting high levels of 

neuroticism, in order to establish if these structures could serve as a neural correlate of the 

personality trait with respect to both their functional and structural integration. The research 

findings presented suggest compromised structural integrity in the UF, indicative of decreased 

top-down processing in individuals with high-level neuroticism, which in turn could explain 

the elevation of threat response and negative affect characteristic of the trait.  

There is no current agreement in the research conducted on functional connectivity 

between the PFC and amygdala, and the contradictory results have yet to supply a satisfactory 

explanation that validates the neurobiological properties assumed of functional connectivity 

in high trait neuroticism. The research conducted advocate further investigation in the field of 

functional connectivity in relation to individuals with high-level neuroticism.  
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