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Abstract

While several studies have examined how particular personality traits are related to dopamine D2/3 

receptor (D2/3R) availability in the striatum of humans, few studies have reported how multiple 

traits measured in the same persons are differentially related to D2/3R availability in different 

striatal sub-regions. We examined how personality traits measured with the Karolinska Scales of 

Personality are related to striatal D2/3R availability measured with [11C]-raclopride in 30 healthy 

humans. Based on previous literature, five personality traits were hypothesized to be most likely 

related to D2/3R availability: impulsiveness, monotony avoidance, detachment, social desirability, 

and socialization. We found self-reported impulsiveness was negatively correlated with D2/3R 

availability in the ventral striatum and globus pallidus. After controlling for age and gender, 

monotony avoidance was also negatively correlated with D2/3R availability in the ventral striatum 

and globus pallidus. Socialization was positively correlated with D2/3R availability in the ventral 

striatum and putamen. After controlling for age and gender, the relationship between socialization 

and D2/3R availability in these regions survived correction for multiple comparisons (p-

threshold=.003). Thus, within the same persons, different personality traits are differentially 

related to in vivo D2/3R availability in different striatal sub-regions.
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Introduction

Many attempts have been made to link personality traits – self-reported enduring patterns of 

perceiving, relating to, and thinking about the environment and oneself (Engler, 2013) – 

with the brain dopamine (DA) D2/3 receptor (D2/3R) system (Cumming, 2009). Using 

positron emission tomography (PET), several studies have examined the relationship 

between striatal D2/3R availability in healthy humans and the personality traits of 

impulsivity (Buckholtz et al., 2010; Kim et al., 2014; Lee et al., 2009; Oswald et al., 2007; 

Reeves et al., 2012; Rosa-Neto et al., 2005; Weiland et al., 2014), novelty seeking/sensation 

seeking (Boileau et al., 2006; Gjedde et al., 2010; Leyton et al., 2002), social attachment 

(Breier et al., 1998; Farde et al., 1997), and social desirability (Cervenka et al., 2010; 

Egerton et al., 2010; Reeves et al., 2007). However, many of these studies have not 

examined the relationship between these different traits and D2/3R availability within the 

same persons; rather they have often focused on a single trait. Moreover, not all studies have 

differentiated sub-regions of the striatum, for example the ventral striatum (VS) and globus 

pallidus (GP).

We examined in thirty healthy persons the relationship between personality traits measured 

with the Karolinska Scales of Personality (KSP) and DA D2/3R availability in multiple sub-

regions of the striatum using [11C]-raclopride. Our a priori focus was on those traits 

captured by the KSP which are thought to be related to DA functioning in the striatum: 

impulsiveness, monotony avoidance, detachment, social desirability, and socialization. We 

focused our a priori personality traits based on those studies which used radioligands for 

D2/3R and found relationships between striatal D2/3R availability and personality traits. 

However, other radiotracers relevant to the DA system have been employed. For example, 

several studies have looked at DA synthesis capacity (Laakso et al., 2003; Lawrence and 

Brooks, 2014; Menza et al., 1995; Schluter et al., 2013) and DA transporter availability 

(Laakso et al., 2000), in relation to personality traits. It should be emphasized that although 

baseline striatal D2/3R availability and striatal DA synthesis capacity are related (Ito et al., 

2011), they are also distinct; the former being affected by not just endogenous DA levels, 

but also the total density and affinity of receptors (Gunn et al., 2015). For example, using 

more direct estimates of endogenous DA, it has been reported that only 16% of the variance 

in baseline [11C]-raclopride binding in the striatum can be accounted for by endogenous DA 

(r(31)=−.40, p=.02) (Kegeles et al., 2014). Finally, it is noteworthy that studies have 

observed relationships between personality traits and baseline extrastriatal D2/3R availability 

(Buckholtz et al., 2010; Suhara et al., 2001).To our knowledge, this study is the first to 

report how all these traits, measured with the KSP, relate to D2/3R availability with [11C]-

raclopride in the same persons. Moreover, to our knowledge this study employs to date the 

largest sample of [11C]-raclopride scans investigating the relationship between baseline 

D2/3R availability and personality traits. This investigation lends further support to the 
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hypothesis that different personality traits are differentially related to the functioning of the 

DA D2/3R system in different striatal regions in humans.

Experimental Procedures

Participants

This analysis included PET scans previously collected from healthy persons from various 

studies conducted by our lab (Caravaggio et al., 2015; Graff-Guerrero et al., 2009; Graff-

Guerrero et al., 2008). To decrease potential noise, in instances where subjects were scanned 

with multiple radiotracers besides [11C]-raclopride, only data from persons scanned with 

[11C]-raclopride first were used. Participants were right-handed non-smoking adults free of 

any major medical or psychiatric disorders as determined by clinical interview, the Mini 

International Neuropsychiatric Interview (Lecrubier et al., 1997), basic laboratory tests, and 

electrocardiography. At inclusion and before the PET scan participants were required to 

have a negative urine screen for drugs of abuse and/or pregnancy. All participants provided 

written informed consent. This study was approved by the Research Ethics Board of the 

Centre for Addiction and Mental Health (CAMH), Toronto.

Karolinksa Scales of Personality

On the day of the PET scan, all participants completed the KSP self-report questionnaire 

(Schalling et al., 1987). The KSP comprises 15 personality subscales which are scored on a 

four point Likert scale (1 = does not apply, 4 = applies completely). Based on previous 

research, we expected measurements from 5 of the subscales to be potentially related to 

baseline D2/3R availability measured with [11C]-raclopride: impulsiveness, monotony 

avoidance, detachment, social desirability, and socialization. Impulsiveness measures the 

degree to which people endorse acting on “the spur of the moment” (i.e. non-planning 

impulsivity) (Ortet et al., 2002). Monotony avoidance assesses the desire to avoid routine 

and seek change (Ortet et al., 2002). Detachment measures the degree to which people are 

involved or withdrawn from others (Farde et al., 1997; Ortet et al., 2002). Social desirability 

assesses the degree to which people are socially comforting, helpful, or “fake good” 

(Cervenka et al., 2010; Ortet et al., 2002). Socialization captures the degree to which 

participants had positive childhood experiences and satisfaction with current life events 

(Ortet et al., 2002).

PET Imaging

The radiosynthesis of [11C]-raclopride and the acquisition of PET images have been 

described in detail elsewhere (Graff-Guerrero et al., 2008; Wilson et al., 2000). Briefly, 

images were acquired using a high resolution head-dedicated PET camera system (CPS-

HRRT; Siemens Molecular Imaging, USA), which measures radioactivity in 207 brain slices 

with a thickness of 1.2mm each. The in-plane resolution was ~2.8mm full-width at half-

maximum (FWHM). Transmission scans were acquired using a 137Cs (T1/2 = 30.2 yr, E = 

662 KeV) single photon point source to provide attenuation correction, and the emission 

data were acquired in list mode. The raw data were reconstructed by filtered-back 

projection. The average time of injection was 1:46pm. The mean radioactivity dose was 

9.75(±1.2)mCi, with a specific activity of 1127.32(±434.3)mCi/µmol, and an injected mass 
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of 3.99(±1.8)µg. [11C]-raclopride data were acquired for 60 min and redefined into 28 

frames (1–5 of 1-min duration, 6–25 of 2-min duration, and 26–28 of 5-min duration).

Image Analysis

The region of interest (ROI)-based analysis for [11C]-raclopride has been described in detail 

elsewhere (Graff-Guerrero et al., 2008). Using a two-step process, regional BPND estimates 

were extracted from ROIs defined in Montreal Neurological Institute (MNI) brain space 

from parametric voxelwise BPND maps, calculated for each subject. First, time activity 

curves (TACs) from ROIs were obtained from the dynamic PET images in native space with 

reference to each subjects co-registered MRI image. The co-registration of each subjects 

MRI to PET space was done using the normalized mutual information algorithm (Studholme 

et al., 1997) as implemented in SPM2 (SPM2, Wellcome Department of Cognitive 

Neurology, London; http://www.fil.ion.ucl.ac.uk/spm). The TACs were analyzed using the 

Simplified Reference Tissue Method (SRTM) (Lammertsma and Hume, 1996), using the 

cerebellum as the reference region, to derive a quantitative estimate of binding: binding 

potential relative to the non-displaceable compartment (BPND) as defined by the consensus 

nomenclature for in vivo imaging of reversibly binding radioligands (Innis et al., 2007). 

Second, the basis function implementation of the SRTM (Gunn et al., 1997) was applied to 

the dynamic PET images to generate parametric voxelwise BPND maps using PMOD (v2.7, 

PMOD Technologies, Zurich, Switzerland). These images were spatially normalized into 

MNI brain space by Nearest Neighbour Interpolation with a voxel size fixed in 2 × 2 × 2 

mm3 using SPM2. Regional BPND estimates were then derived from ROIs defined in MNI 

space. The ventral striatum and dorsal striatum (dorsal caudate, hereafter caudate and dorsal 

putamen, hereafter putamen) were defined according to the criteria of Mawlawi et al 

(Mawlawi et al., 2001). The delineation of caudate and putamen was made in the coronal 

plane. The VS (inferiorly), caudate, and putamen (superiorly) were defined by a line joining 

the intersection between the outer edge of the putamen with a vertical line going through the 

most superior and lateral point of the internal capsule and the center of the portion of the 

anterior commissure (AC). This line was extended to the internal edge of the caudate. The 

other boundaries of the VS were visually determined by its dense gray signal and were 

easily distinguishable from the adjacent structures. The VS was sampled from the anterior 

boundary of the striatum to the level of the AC coronal plane. The caudate also was sampled 

from its anterior boundary to the AC coronal plane. Thus, for the VS, the sampled region 

included the ventral and rostral part of the striatum, with reference to AC having the brain 

horizontal to the AC-PC line. For the caudate, the sampled region included the dorsal part of 

the head of the caudate and the anterior third of the body of the caudate. The putamen was 

sampled from its anterior to posterior boundaries in slices posterior to the AC plane. The 

globus pallidus was defined according to the criteria of Tziortzi and colleagues (Tziortzi et 

al., 2011). The GP delineation was performed on the transverse plane, dorsal to ventral, and 

included both the internal and external segments.

Statistical Analysis

We examined the Pearson product-moment correlations between DA D2/3R availability in 4 

subregions of the striatum with 5 personality traits measured by the KSP. These traits were 

selected as a priori based on previous literature. We also conducted exploratory analyses 
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between the other personality traits measured on the KSP and DA D2/3R availability in the 

ROIs. Multiple comparisons in these exploratory analyses were controlled for using 

Bonferroni correction. Age and gender were controlled for using partial Pearson product-

moment correlations. Statistical analyses were conducted using SPSS (v.12.0; SPSS, 

Chicago, Illinois) and GraphPad (v.5.0; GraphPad Software, La Jolla California). Normality 

of variables was determined using the D’Agostino-Pearson test. The significance level for 

all testes was set at p<0.05 (two-tailed).

Results

Thirty healthy persons (11 female; age range: 18–45, mean=32, SD=9) participated in the 

study. All participants provided a [11C]-raclopride scan under baseline conditions and 

completed the Karolinska Scales of Personality. Age was negatively correlated with [11C]-

raclopride BPND in the caudate (r(28)=−.40, p=.03; 95% CI [−.66, −.04]) and putamen 

(r(28)=−.40, p=.03; 95% CI [−.66, −.04]), but not in the VS (r(28)=−.35, p=.06; 95% CI [−.

63, .01]) or GP (r(28)=−.28, p=.14; 95% CI [−.58, .10]). Table 1 reports the simple linear 

regressions predicting [11C]-raclopride BPND from age for each ROI. Males had more 

baseline [11C]-raclopride BPND than females in the putamen (t(28)=2.20, p=.04) and GP 

(t(28)=3.27, p=.003). There was no significant gender difference in [11C]-raclopride BPND 

in the caudate (t(28)=0.91, p=.37) and VS (t(28)=2.07, p=.05). Age was not correlated with 

self-reported impulsiveness (r(28)=−.16, p=.41), monotony avoidance (r(28)=−.31, p=.10), 

detachment (r(28)=−.16, p=.39), social desirability (r(28)=.24, p=.21), or socialization 

(r(28)=.21, p=.27). Males and females did not differ on impulsiveness (t(28)=−.99, p=.33), 

monotony avoidance (t(28)=−.60, p=.55), detachment (t(28)=1.57, p=.13), social desirability 

(t(28)=.05, p=.96), and socialization (t(28)=−.27, p=.79).

Impulsiveness was negatively correlated with [11C]-raclopride BPND in the VS (r(28)=− .39, 

p=.03; 95% CI [−.66, −.03]) and the GP (r(28)=−.38, p=.04; 95% CI [−.65, −.02]). These 

relationships became stronger after partially controlling for age and gender: VS (r(26)=−.44, 

p=.02), GP (r(26)=−.39, p=.04). Impulsiveness was not correlated with BPND in the caudate 

(r(28)=−.27, p=.16; 95% CI [−.57, .11]) or putamen (r(28)=−.30, p=.12; 95% CI [−.59, .

08]), and partially controlling for age and gender did not affect these results: caudate (r(26)=

−.35, p=.07), putamen (r(26)=−.34, p=.08) (see Figure 1).

Monotony Avoidance was not correlated with [11C]-raclopride BPND in the caudate (r(28)=

−.07, p=.70; 95% CI [−.42, .29]), putamen (r(28)=−.12, p=.54; 95% CI [−.46, .25]), VS 

(r(28)=−.31, p=.10; 95% CI [−.60, .06]), or GP (r(28)=−.32, p=.08; 95% CI [−.61, .04]). 

However, after partially controlling for age and gender monotony avoidance was negatively 

correlated with [11C]-raclopride BPND in the VS (r(26)=−.44, p=.02) and GP (r(26)=−.42, 

p=.03), but not in the caudate (r(26)=−.21, p=.29) or putamen (r(26)=−.23, p=.24) (see 

Figure 2).

Detachment was not correlated with [11C]-raclopride BPND in the caudate (r(28)=.18, p=.34; 

95% CI [−.19, .51]), putamen (r(28)=.23, p=.23; 95% CI [−.15, .54]), VS (r(28)=.19, p=.30; 

95% CI [−.18, .52]), or GP (r(28)=.22, p=.24; 95% CI [−.15, .54]). Controlling for age and 
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gender did not change these results: caudate (r(26)=.10, p=.60), putamen (r(26)=.10, p=.63), 

VS (r(26)=.07, p=.73), GP (r(26)=.06, p=.75).

Social desirability was not correlated with [11C]-raclopride BPND in the caudate (r(28)=.16, 

p=.41; 95% CI [−.22, .49]), putamen (r(28)=.05, p=.80; 95% CI [−.32, .40]), VS (r(28)=−.

005, p=.98; 95% CI [−.36, .36]), or GP (r(28)=.006, p=.97; 95% CI [−.35, .37]). Controlling 

for age and gender did not change these results: caudate (r(26)=.28, p=.16), putamen 

(r(26)=.15, p=.44), VS (r(26)=.07, p=.71), GP (r(26)=.06, p=.77).

Socialization was positively correlated with [11C]-raclopride BPND in the putamen (r(28)=.

39, p=.03; 95% CI [.04, .66]) and VS (r(28)=.47, p=.01; 95% CI [.12, .71]). These 

relationships survived statistically controlling for age and gender: putamen (r(26)=.57, p=.

002), VS (r(26)=.63, p=.0001). Socialization was not correlated with [11C]-raclopride BPND 

in the caudate (r(28)=.25, p=.19; 95% CI [−.12, .56]) or GP (r(28)=.10, p=.59; 95% CI [−.

27, .45]), and controlling for age and gender did not change these results: caudate (r(26)=.

37, p=.05), GP (r(26)=.21, p=.29) (see Figure 3).

The results of the exploratory correlations between [11C]-raclopride BPND in each ROI and 

the other ten scales on the KSP are presented in Table 2. Notably, indirect aggression was 

negatively correlated with [11C]-raclopride BPND in the VS (r(28)=−.40, p=.03). Controlling 

for age and gender, indirect aggression was negatively correlated with [11C]-raclopride 

BPND in both the VS (r(26)=−.40, p=.04) and the putamen (r(26)=−.40, p=.03). However, 

these exploratory findings did not survive correction for multiple comparisons (Bonferroni 

corrected p-threshold=. 001). Controlling for age and gender did not affect any other 

exploratory correlations (data not shown).

Discussion

This study examined the relationship between personality traits measured by the KSP and 

DA D2/3R availability in the striatum of healthy humans in vivo. Five personality traits were 

selected as being most likely related to D2/3R availability, and were examined as a priori 

based on previous literature: impulsiveness, monotony avoidance, detachment, social 

desirability, and socialization.

With regards to measures of impulsivity, studies have either reported, i) correlations with 

striatal DA release but not baseline striatal D2/3R (Buckholtz et al., 2010; Oswald et al., 

2007; Weiland et al., 2014), ii) positive correlations with baseline striatal D2/3R (Kim et al., 

2014; Reeves et al., 2012), or iii) negative correlations with baseline striatal D2/3R only in 

persons with neuropsychiatric disorders (Lee et al., 2009). Our study is the first to 

demonstrate a negative association between baseline D2/3R availability and self-reported 

impulsiveness in healthy humans, specifically in the VS and GP. Our finding is at least 

consistent with some findings in animals, whereby impulsivity is associated with reduced 

D2/3R expression in the VS (Dalley et al., 2007).

After controlling for age and gender, we observed a negative correlation between monotony 

avoidance and D2/3R availability in the VS and GP. Previous studies have shown that higher 

levels of novelty seeking predict greater DA release and sensitization in the VS of healthy 
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persons in response to d-amphetamine (Boileau et al., 2006; Leyton et al., 2002). However, 

these studies did not observe correlations between baseline D2/3R availability and novelty 

seeking. Notably, one study has shown an inverted-U relationship between sensation seeking 

and D2/3R availability in the VS and putamen of healthy persons (Gjedde et al., 2010). In the 

current investigation, we did not observe such a non-linear relationship with monotony 

avoidance.

We did not observe a relationship between detachment scores and D2/3R availability in the 

dorsal striatum like that reported in previous studies (Breier et al., 1998; Farde et al., 1997). 

However, our null findings are consistent with those of Schneier et al. who found no 

relationship between level of detachment and striatal D2/3R availability in healthy persons 

and persons with generalized anxiety disorder (Schneier et al., 2009). Moreover, we did not 

observe a relationship between social desirability and D2/3R in any striatal region, despite a 

correlation being observed using a scale which is a revised version of the KSP (Cervenka et 

al., 2010). Further work is necessary to elucidate the nature of these discrepancies.

We observed a positive correlation between self-reported socialization and D2/3R 

availability in the putamen and VS. This seems consistent with previous work showing a 

positive correlation between social support/status in healthy persons and striatal D2/3R 

availability (Martinez et al., 2010). Further work is necessary to elucidate the relationship 

between personality traits related to social, intersubjective behaviors and D2/3R receptor 

availability.

There are several limitations to the current investigation. First, for our a priori personality 

traits we did not explicitly control for multiple comparisons. In total, we made 20 

comparisons (5 personality traits*4 ROIs). Using Bonferroni correction, the corrected p-

value for significance would be p=.003 (α=.05/20). Notably, using this criterion the 

relationship between socialization and BPND in both the VS and putamen survived after 

controlling for age and gender (p=.0001 and p=.002, respectively). While we believe enough 

literature exists examining the relationship between D2/3R availability and personality traits 

to validate our a priori approach, this is admittedly a potential limitation. Second, newer 

reversions of the KSP exist which were not employed in this study (Gustavsson et al., 2000). 

Moreover, it will be important to corroborate these findings with other personality scales 

which capture similar traits (e.g. the NEO-P-IR and the temperament and character 

inventory). Third, this study only looked at baseline receptor availability. It will be 

important to further elucidate how functional PET measures – i.e. estimates of DA release 

and endogenous DA levels – relate to these personality traits (Suridjan et al., 2012). Fourth, 

to our knowledge, no formal validation of the GP ROI for [11C]-raclopride has been 

published. However, since the HRRT camera offers the resolution to resolve the VS, we 

argue that we can also appropriately delineate the GP. Notably, BPND in the GP appears 

distinct from other regions. For example, [11C]-raclopride BPND in the GP was not found to 

be related to age, as it is for the other striatal ROIs (Nakajima et al., 2015). We contend that 

this is a valid ROI with [11C]-raclopride and note that for the current investigation, GP 

BPND was found to be differentially related to personality traits compared to nearby 

structures, such as the putamen. However, test-retest values for this structure using [11C]-

raclopride are warranted by future studies. Due to their high cost, PET imaging studies often 
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employ small sample sizes. This engenders low statistical power and the potential for false 

negatives. While attempts have been made to accommodate for these problems statistically 

(Ko et al., 2011), acquiring representative samples in PET studies nevertheless remains 

pertinent. The vast majority of PET studies looking at the relationship between personality 

traits and D2/3R have done so retrospectively, or as a secondary aim. This is true for the 

current investigation. Thus, across studies it is unclear how representative of the general 

healthy population these subjects may be – as opposed to, for example, selected based on the 

purpose of matching to neuropsychiatric participants. This potentially biased sampling 

coupled with small sample sizes is a limitation which remains to be addressed by the field in 

general (Button et al., 2013). Finally, the current investigation only examined the 

relationship between personality traits and DA D2/3R availability in healthy people. It will 

be of interest to examine the relationship between D2/3R availability and personality traits in 

persons with neuropsychiatric disorders (Martinez et al., 2004) – e.g. in persons with 

schizophrenia and ultra-high risk for psychosis (Fresan et al., 2014; Kim et al., 2011).

Our study adds to the literature examining how differences in personality traits may relate to 

in vivo biomarkers of brain DA system functioning.
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Figure 1. 
Relationship between self-reported Impulsiveness on the Karolinska Scales of Personality 

and [11C]-raclopride BPND in each region of interest.
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Figure 2. 
Relationship between self-reported Monotony Avoidance on the Karolinska Scales of 

Personality and [11C]-raclopride BPND in each region of interest.
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Figure 3. 
Relationship between self-reported Socialization on the Karolinska Scales of Personality and 

[11C]-raclopride BPND in each region of interest.
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Table 2

Exploratory correlations between self-reported personality traits from the Karolinska Scales of Personality and 

[11C]-raclopride BPND in each region of interest.

Karolinska Scales
of Personality

Dorsal
Caudate

Dorsal
Putamen

Ventral
Striatum

Globus
Pallidus

Psychic Anxiety .042
[−.32, .40]

−.078
[−.43, .29]

−.162
[−.49, .21]

.080
[−.29, .43]

Somatic Anxiety −.007
[−.37, .36]

−.155
[−.49, .22]

−.155
[−.49, .22]

.102
[−.27, .45]

Muscular Tension .058
[−.31, .41]

−.139
[−.48, .23]

−.147
[−.48, .22]

−.050
[−.40, .32]

Psychasthenia .221
[−.15, .54]

.136
[−.23, .47]

.212
[−.16, .53]

.296
[−.07, .59]

Inhibition of Aggression .009
[−.35, .37]

−.173
[−.50, .20]

−.221
[−.54, .15]

−.070
[−.42, .30]

Verbal Aggression −.103
[−.45, .27]

−.165
[−.50, .21]

−.217
[−.54, .16]

−.027
[−.38, .34]

Indirect Aggression −.242
[−.55, .13]

−.409*

[−.67, −.06]
−.397*

[−.66, −.04]
−.194

[−.52, .18]

Irritability .055
[−.31, .41]

.088
[−.28, .44]

−.080
[−.43, .29]

.217
[−.16, .54]

Guilt −.233
[−.55, .14]

−.105
[−.44, .26]

.008
[−.35, .37]

.110
[−.26, .45]

Suspicion .016
[−.35, .37]

.062
[−.30, .41]

.019
[−.34, .38]

.180
[−.19, .50]]

*
. Correlation is significant at p<0.05 (2-tailed).

Values in square brackets [] represent 95% confidence intervals
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