
INTRODUCTION

Previous studies using Cloninger’s temperament and character 

model [1] have provided important information for investigating 
individual differences in cognitive behaviors and basic stimulus-
response characteristics [1, 2]. In this model, personality is divided 
into the categories of temperament and character. Temperament 
primarily consists of four dimensions: novelty seeking (NS), harm 
avoidance, reward dependence, and persistence. Character reflects 
acquired behavioral, emotional, and thought patterns and has 
three dimensions: self-directedness, cooperativeness, and self-
transcendence. Cloninger’s Temperament and Character Inventory 
(TCI) has been used to assess personality profiles and consists of 
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Original Article

Novelty seeking (NS) and antisocial personality (ASP) are commonly exhibited by those who suffer from addictions, such as 
substance abuse. NS has been suggested to be a fundamental aspect of ASP. To investigate the neurobiological substrate of NS and 
ASP, we tested the relationship between regional cerebral glucose metabolism and the level of NS, determining the differences 
between individuals with and without ASP. Seventy-two healthy adults (43 males, mean age±SD=38.8±16.6 years, range=20~70 
years; 29 females, 44.2±20.1 years, range=19~72 years) underwent resting-state brain positron emission tomography (PET) 40 
minutes after 18F-fluorodeoxyglucose (FDG) injection. Within 10 days of the FDG PET study, participants completed Cloninger’s 
240-item Temperament and Character Inventory (TCI) to determine NS scores. Participants with and without ASP were grouped 
according to their TCI profiles. Statistical parametric mapping analysis was performed using the FDG PET and TCI profile data. 
NS scores positively correlated with metabolism in the left anterior cingulate gyrus and the insula on both sides of the brain 
and negatively correlated with metabolism in the right pallidum and putamen. Participants with ASP showed differences in 
cerebral glucose metabolism across various cortical and subcortical regions, mainly in the frontal and prefrontal areas. These data 
demonstrate altered regional cerebral glucose metabolism in individuals with NS and ASP and inform our understanding of the 
neurobiological substrates of problematic behaviors and personality disorders.
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seven dimensions based on the socio-biological personality model. 
As a biological basis of personality, the TCI profile is known to 
indicate an individual’s propensity for mental abnormalities or 
problematic behaviors [3-7]. The TCI profile also has neurological 
implications for healthy individuals, as well as those with 
personality disorders associated with abnormal neurotransmitter 
activity [5, 8]. In particular, several lines of evidence suggest that 
dopaminergic neurotransmission is involved in NS [5, 9]. For 
example, human genetic studies have reported that dopamine D4 
receptor [10, 11] and dopamine D2 receptor polymorphisms were 
associated with NS [12]. NS has been found in substance abusers, 
and it is associated with dopamine D2 receptors on both the 
genetic and endocrine levels [3-5, 13]. 

A previous study reported that high NS predisposes individuals 
to adult antisocial personality disorder [1, 14, 15] that is closely 
related to a hypersensitive brain reward system modulated by the 
dopamine neurotransmitter systems [16]. NS involves behavioral 
activation and describes a genetic disposition towards being 
excitable, impulsive, exploratory, and quick-tempered. Antisocial 
personality disorder is characterized by a pervasive pattern of 
disregard for, or violation of, the rights of others. Increasing 
evidence indicates that deficits in prefrontal functioning are 
characteristic of violent, antisocial persons as indicated by both 
positron emission tomography (PET) [17, 18] and single-photon 
emission computed tomography [19].

In the present study, we investigated the relationship between 
regional cerebral glucose metabolism and NS scores, and the 
differences in level of regional cerebral glucose metabolism 
(cerebral activation or deactivation) of individuals with ASP 
compared to those without ASP using FDG PET and TCI profile 
data acquired from healthy individuals.

MATERIAlS AND METhODS

This study was approved by the Institutional Review Board of 
the Seoul National University College of Medicine and the Seoul 
National University Bundang Hospital. All participants were 
informed about the study procedures in detail and subsequently 
provided written informed consent for their participation.

Participants were recruited by community bulletin boards 
and internet advertisements. Seventy-two right-handed healthy 
volunteers (43 males, mean age±SD=38.8±16.6 years, range=20~70 
years; 29 females, 44.2±20.1 years, range=19~72 years) participated. 
Researchers obtained a self-reported clinical history for each 
participant in order to exclude individuals with neurological 
abnormalities that might affect brain metabolism. All participants 
answered that they did not have any neurological or psychiatric 

history and that they were drug-free.
We used a Korean version of the TCI with 240 items [20] to 

assess participants’ TCI profile. Within 10 days after the FDG 
PET study, participants completed a TCI of seven dimensions. 
Based on individual TCI profiles, participants were allocated 
into one of eight personality categories (antisocial, histrionic, 
passive-aggressive, explosive, obsessional, schizoid, cyclothymic, 
and passive-dependent) using quartile statistics [12, 13]. First 
and second quartile scores were defined as low scores, and third 
and fourth quartile scores were defined as high scores for each 
personality dimension [2]. Finally, of the 72 participants, 18% 
(n =13) were assigned to the antisocial personality category; 
12.5% (n=9) to the histrionic personality category; 6.9% (n=5) to 
the passive-aggressive personality category; 11.1% (n =8) to the 
explosive personality category; 15.3% (n =11) to the obsessional 
personality category; 15.3% (n =11) to the schizoid personality 
category; 9.7% (n=7) to the cyclothymic personality category; and 
11.1% (n=8) to the passive-dependent personality category.

PET data were acquired using an Allegro PET scanner operating 
in the three-dimensional (3D) mode. Participants fasted for at 
least 6 hours before scanning. Prior to imaging, participants were 
administered an intravenous injection of 4.8 MBq/kg FDG in 
a dimly lit, quiet waiting room and were instructed to remain 
lying comfortably during a 40-minute FDG equilibration period. 
Participants were then led to an adjacent imaging suite and 
positioned within the PET scanner so that the head was aligned 
relative to the canthomeatal line. Ten-minute emission scans 
and attenuation maps using a Cs-137 transmission source were 
obtained. Attenuation-corrected images were reconstructed using 
PET data and a 3D row-action maximum-likelihood algorithm 
with a 3D image filter of 128×128×90 matrices and a pixel size of 
2×2×2 mm.

Spatial preprocessing and statistical analyses were performed 
using SPM2 (Institute of Neurology, University College of London, 
UK) implemented in MATLAB (Mathworks Inc., Natick, MA, 
USA). Every image was spatially normalized to the standard MNI 
template (Montreal Neurological Institute, McGill University, 
CA) of SPM2 in order to eliminate within-subject anatomical 
variability [21]. Spatially normalized images were smoothed 
by convolution with an isotropic Gaussian kernel with 12 mm 
full width at half maximum to increase the signal-to-noise ratio 
and accommodate variations in subtle anatomical structures. 
Glucose metabolism of each voxel was also normalized by using 
proportional scaling with the mean glucose metabolism of global 
gray matter set at 100. 

To identify regions showing relationships between resting-state 
patterns of regional cerebral glucose metabolism and the NS 
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scores, SPM correlation analyses were performed for each voxel 
with a general linear approach. NS scores were incorporated as 
covariates of interest, whereas age was set as nuisance variable to 
regress out its effects. The height threshold (u), used to interpret 
correlations in terms of the probability level, was set at z =3.28 
(p<0.001, uncorrected). The extent threshold (k ) was set at 100 
voxels, which was sufficient to remove any small noisy clusters that 
may have reached significance by chance.

Neurobiological differences in ASP were investigated using the 
mean image of the ASP group and the mean image of all other 
individuals. The height threshold (u), used to interpret the mean 
difference in terms of the probability level, was set at z =2.58 
(p<0.005, uncorrected). The extent threshold (k ) was also set at 
100 voxels.

RESUlTS AND DISCUSSION

The cerebral metabolic correlates of NS are provided in Table 1. 

Positive correlations between cerebral glucose metabolism and NS 
scores were found in the left anterior and middle cingulate gyrus 
(peak activation at x =-4, y =32, z =14; Z=4.41, k =1996), and the 
insula (right insula, peak activation at x=-38, y=-20, z=-10; Z=3.49, 
k =835; left insula, peak activation at x =-44, y =-10, z =-4; Z=4.10, 
k =581), whereas negative correlations were found in the right 
hemisphere, including the pallidum and putamen (peak activation 
at x =22, y =-10, z =6; Z=3.63, k =195). The present results are in 
accordance with those of previous studies on regional cerebral 
metabolic correlates of the TCI. Consistent with Sugiura et al. [22], 
metabolism in the left anterior cingulate gyrus and right insula 
positively correlated with NS scores (Fig. 1). Positive correlations 
between the NS score and metabolism in the anterior cingulate 
gyrus and insula suggest that these regions play a critical role in 
NS. The anterior cingulate gyrus modulates impulsivity, attention 
control [4, 23], and addiction [24]. The insula mediates emotional 
behavioral responses [25, 26], especially craving behaviors [27, 28]. 
In a functional MRI study, the abstinence-induced urge to smoke 

Table 1. Brain regions showing significant correlations between regional glucose metabolism and novelty seeking scores

Region Clusters (k)
Coordinates

Z scores
x y z

Positive correlations with NS score

L Anterior cingulate gyrus 1996 -4 32 14 4.41

R Middle cingulate gyrus 8 18 30 4.22

R Insula 835 38 20 -10 3.49

L Insula 581 -44 -10 -4 4.10 

Negative correlations with NS score

R Pallidum 195 22 -10 6 3.63 

R Putamen 28 0 14 3.31 

L, left; NS, novelty seeking; R, right. p<0.001, uncorrected; k=100.

Fig. 1. Cerebral metabolism in the anterior cingulate area (Pearson r=0.49, p<0.0001) and insula (left, Pearson r=0.48, p<0.0001; right, Pearson r=0.44, 
p<0.0001) correlate with novelty seeking scores.
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increased cerebral blood flow in the anterior cingulate gyrus 
and insula simultaneously [28]. A proposed model of neuronal 
connectivity between the anterior cingulate gyrus and the insula 
suggests that the insula integrates the urge of the volitional agents 
that is then represented in the anterior cingulate gyrus [29, 30]. 
Our data not only demonstrate a functional association between 
these areas but also implicate this association as a neural substrate 
for the propensity for addictive behavior. Additionally, negative 
correlations between metabolism in the right pallidum and 
putamen and NS scores also support Cloninger’s hypothesis of a 
negative correlation between NS score and dopaminergic activity 
[1, 3, 5, 9] (Fig. 2). Traditionally, subcortical and limbic regions 

of the brain have been viewed as involved in the generation of 
negative feelings and behavior, whereas the frontal cortex is viewed 
as inhibiting and modulating these basic emotions [31]. 

Participants with ASP (13 of the 72 participants, 18%) showed 
significantly higher NS scores (mean±SD=21.3±3.3) than those 
without ASP (mean±SD=15.6±5.6; t  [70]=3.464, p<0.001). 
However, despite high NS scorers being well represented in the 
ASP group, regional changes in glucose metabolism largely did 
not overlap between the ASP and NS groups, with the exception 
of the middle cingulate gyrus. Increased cerebral regional glucose 
metabolism was found in the left hemisphere, including in the 
inferior frontal gyrus (peak activation at x=-54, y=14, z=4; Z=3.02, 
k=156). Decreased metabolism occurred bilaterally in cortical and 
subcortical regions, including the right orbitofrontal gyrus (peak 
activation at x=26, y=42, z=-2; Z=4.00, k=814) and hippocampus 
(peak activation at x =40, y =-22, z =-16; Z=3.60, k =744). These 
results are summarized in Table 2. The present results identify 
neuronal abnormalities in the frontal and temporal cortical 
regions and the hippocampus related to ASP. In accordance with 
these findings, previous studies have identified abnormalities in 
frontal and prefrontal areas as relevant to borderline personality 
disorder and impulse control disorder [32-34]. It could be argued 
that what may be critically important in predisposing individuals 
to antisocial behavior is the relative balance of activity between 
the prefrontal and subcortical brain regions. Our findings suggest 
that ASP may be related to differences in level of regional glucose 
metabolism in specific prefrontal and subcortical brain regions. 

Table 2. Brain regions with activated or deactivated regional cerebral glucose metabolism in individuals in antisocial personality categories

Region Clusters (k)
Coordinates

Z scores
x y z

Activated regions in ASP

L Inferior frontal gyrus 156 -54 14 4 3.02

L Middle cingulate gyrus 161 -2 16 32 2.99

L Medial superior frontal gyrus 180 0 46 18 2.80

Deactivated regions in ASP

L Supramarginal gyrus 2211 -48 -24 26 4.53

R Superior orbitofrontal gyrus 814 26 42 -2 4.00

L Middle temporal gyrus 1090 -48 -44 2 3.78

R Hippocampus 744 40 -22 -16 3.60

L Postcentral gyrus 1115 -22 -36 58 3.50

L Middle cingulate gyrus 245 -18 -52 38 3.43

R Middle cingulate gyrus 159 14 18 38 3.21

L Middle temporal gyrus 150 -36 -68 10 3.10

ASP, antisocial personality; L, left; R, right. p<0.005 uncorrected, k=100.

Fig. 2. Cerebral metabolism in clusters of the right pallidum and putamen 
(Pearson r=0.47, p<0.0001) correlate with novelty seeking scores.
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Regional cerebral function in addition to neurotransmitter 
effects seems to play a crucial role in the prevalence of personality 
disorders and psychiatric disease. For example, it is known 
that borderline personality disorder involves typical antisocial 
characteristics with impulsive, irresponsible, violent, and suicidal 
behaviors [33, 34]. This study had some limitations. For example, 
once the participants had been divided according to their TCI 
results, only 13 were placed in the ASP group. This relatively low 
number prevented us from conducting a full analysis of the brain 
metabolism changes according to the NS trait within the ASP 
subgroup. Indeed, the current findings do not suggest that NS and 
ASP have a common neurobiological basis, which is incongruous 
with the literature suggesting that NS is a central trait of ASP. 
Further, we were limited as to the type of analyses we could do 
based on the number of participants in this study. In the future, 
we would like to utilize the new graph-theoretical approaches 
to assess the functional subnetworks of the anterior cingulate 
cortex and insula in order to more fully understand the biological 
substrates of NS and ASP.

In the present study, we investigated the neurobiological 
substrates of NS and ASP as fundamental aspects of problematic 
behavior. Voxel-based correlation and subtraction analysis with 
TCI scores and FDG PET data revealed that personality variants 
might be predicted by resting-state patterns of regional cerebral 
glucose metabolism. These data may benefit the identification of 
patients who are at risk for the development of psychological or 
psychiatric disorders.
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