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Abstract Extraversion is a fascinating personality dimension
that consists of two major components, agentic extraversion
and affiliative extraversion. Agentic extraversion involves
incentive motivation and is expressed as a tendency toward
assertiveness, persistence, and achievement. Affiliative
extraversion involves the positive emotion of social warmth
and is expressed as a tendency toward amicability,
gregariousness, and affection. Here we investigate the
neuroanatomical correlates of the personality traits of agentic
and affiliative extraversion using the Multidimensional
Personality Questionnaire Brief Form, structural magnetic
resonance imaging, and voxel-based morphometry in a sample
of 83 healthy adult volunteers. We found that trait agentic
extraversion and trait affiliative extraversion were each
positively associated with the volume of themedial orbitofrontal
cortex bilaterally (t’s≥ 2.03, r’s≥ .23, p’s< .05). Agentic
extraversion was specifically and positively related to the
volume of the left parahippocampal gyrus (t= 4.08, r= .21, p<
.05), left cingulate gyrus (t= 4.75, r= .28, p< .05), left caudate
(t= 4.29, r= .24, p< .05), and left precentral gyrus (t= 4.00, r=
.18, p< .05) in males and females, and the volume of the right
nucleus accumbens in males (t= 2.92, r= .20, p< .05). Trait
affiliative extraversion was not found to be associated with
additional regions beyond the medial orbitofrontal cortex. The
findings provide the first evidence of a neuroanatomical
dissociation between the personality traits of agentic and
affiliative extraversion in healthy adults.
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Personality neuroscience

Identifying the neural foundations of basic emotional traits is
an important goal in affective neuroscience. Extraversion is a
particularly fascinating higher-order personality trait that has
two major components—agentic and affiliative extraversion—
that are separable domains of positive emotionality. Agentic
extraversion involves the positive emotions of surgency,
ascendency, and ambition, and is behaviorally expressed as a
tendency toward assertiveness, persistence, and leadership
(Church, 1994; Depue & Collins, 1999; Patrick, Curtin, &
Tellegen, 2002; Tellegen, 1982). Affiliative extraversion, in
contrast, primarily involves the positive emotion of social
warmth and is behaviorally expressed as a tendency toward
gregariousness and affection (Church, 1994; Morrone-
Strupinsky & Lane, 2007; Patrick et al. 2002). The two traits
tend to be positively correlated on the order of +.2 to +.3 in most
studies (e.g., +.27 in DeYoung, Weisberg, Quilty, & Peterson,
2013), though a range of larger and smaller correlations have
also been observed (e.g., r= +.43 and +.52 in DeYoung, Quilty,
& Peterson, 2007; r= +.14 in Morrone-Strupinsky & Lane,
2007, andWatson&Clark, 1997). The psychometric distinction
between the two traits has beenwell supported by factor-analytic
studies. Measures of agentic extraversion load strongly on
factors of assertiveness, assuredness, leadership, and social
dominance, whereas measures of affiliative extraversion load
strongly on a separate factor of enthusiasm and social warmth
(Church, 1994; Depue & Collins, 1999; DeYoung et al. 2007;
DeYoung et al. 2013). There are also gender differences in both
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traits. Males as a group tend to report higher scores on measures
of trait agentic extraversion than do females, and females tend to
report higher scores on measures of trait affiliative extraversion
than do males (Helgeson & Fritz, 1999; Weisberg, DeYoung, &
Hirsh, 2011). Despite this, the distributions of scores on both
traits are highly overlapping in males and females, and
individual males and females can and do report scores that span
the entire range of scores on each trait. Heritability studies
indicate strong genetic loadings for both traits, indicating the
involvement of biological processes in both personality
dimensions (Blonigen, Carlson, Hicks, Krueger, & Iacono,
2008; Krueger, 2000; Tellegen et al. 1988). These data indicate
that trait agentic extraversion and trait affiliative extraversion are
phenomenologically and psychometrically distinct, and may
involve different brain mechanisms.

The neuroanatomical features that distinguish these traits
are not yet understood. A growing number of studies have
focused on the structural brain correlates of extraversion,
which can be assessed in healthy living humans using voxel-
based morphometry (VBM) and tensor-based morphometry
(TBM) methods. These techniques use high-resolution
anatomical magnetic resonance imaging (MRI) scans to
correlate between-subject variation in brain volumes in
specific regions with preexisting, between-person variation
in one or more independent variables, such as extraversion.
Despite an ability to investigate the brain correlates of
emotional functioning noninvasively with this approach,
such investigations have yielded conflicting findings, with a
variety of both positive and negative correlations identified,
few of which have been replicated (Coutinho, Sampaio,
Ferreira, Soares, & Goncalves, 2013; Cremers et al. 2011;
DeYoung et al. 2010; Forsman, de Manzano, Karabanov,
Madison, & Ullen, 2012; Hu et al. 2011; Lu et al. 2014;
Omura, Constable, & Canli, 2005; Wright et al. 2006). One
of the more robust findings has been a positive association
between global measures of extraversion and gray matter
volume in the medial orbitofrontal cortex (mOFC), a region
involved in coding reward, which has been associated with
extraversion in three previous studies of healthy adults
(Cremers et al. 2011; DeYoung et al. 2010; Omura et al.
2005). Positive correlations have also been identified between
extraversion and regional brain volumes in the left
amygdala, left fusiform gyrus, left parahippocampal gyrus,
right superior temporal gyrus (Omura et al. 2005), and right
amygdala (Cremers et al. 2011), which suggests an overall
trend toward left-lateralized specialization for extraversion as
a higher-order trait. Negative correlations have also been
identified, both bilaterally—in the precentral gyrus, superior
frontal gyrus, middle frontal gyrus, middle orbitofrontal
gyrus, and supramarginal gyrus (Coutinho et al. 2013; Omura
et al. 2005)—and unilaterally, in the right hemisphere
(superior frontal sulcus, superior frontal gyrus, inferior
frontal gyrus, caudate nucleus, angular gyrus, and middle

temporal gyrus) as well as the left hemisphere (ventrolateral
prefrontal cortex, superior frontal gyrus, intraparietal sulcus,
inferior occipital gyrus, and thalamus) (Coutinho et al. 2013;
Forsman et al. 2012). The literature is further complicated by
several failures to replicate (e.g., no relationship between left
amygdala and extraversion (Wright et al. 2006); no
relationship between mOFC, amygdala, and extraversion
(Koelsch, Skouras, & Jentschke, 2013); a null finding with
regional brain volumes (Hu et al. 2011); and gender
differences in the direction of findings in specific regions,
such as anterior cingulate (Cremers et al. 2011)). Differences
in methods and statistical power have likely contributed, at
least in part, to some of these differences between studies.
For instance, VBM and TBM differ in their procedures for
image registration, spatial normalization, and computation
(Ashburner & Friston, 2000, 2001, 2003; Yanovsky, Leow,
Lee, Osher, & Thompson, 2009), and studies that involve
fewer than approximately 80 to 100 participants are
underpowered to identify effects that are small in size (Cohen,
1988; DeYoung et al. 2013), increasing the likelihood of
Type II error and failures to replicate. The neuroanatomical
correlates of extraversion and its subdomains thus remain
unclear, despite the importance of this personality domain
for subjective well-being, personal achievement, and social
bonds.

We propose that some of the variability in the literature
could result from a neural heterogeneity among lower-order
traits of extraversion. Most VBM and TBM studies conducted
to date have used relatively broad, higher-order measures of
extraversion, such as the NEO Personality Inventory–
Revised, to assess this domain. Although these measures
capture extraversion at the superfactor level, they typically
do not distinguish between the subcomponents of agentic
extraversion and affiliative extraversion, which are dissociable
subdomains of positive emotionality. Variation in these two
traits in different samples could contribute to the differences
observed across studies, particularly if agentic extraversion
and affiliative extraversion have distinctive profiles of gray
matter volumes in healthy adults. One solution to this issue
would be to assess agentic extraversion and affiliative
extraversion separately, using separate measures of each trait
in the same participants. This can be done in healthy
volunteers using self-reports on measures such as the
Multidimensional Personality Questionnaire, Brief Form
(MPQ-BF; Patrick et al. 2002; Tellegen, 1982), an empirically
derived personality instrument that assesses agentic
extraversion and affiliative extraversion separately, using the
primary scales of social potency and social closeness,
respectively (Patrick et al. 2002; Tellegen, 1982).
Neuroanatomical correlates may then be assessed for each trait
using VBM methods, to provide information about the
potentially distinct neuroanatomical correlates of each trait.
Despite the importance of agentic and affiliative extraversion
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for social and personal well-being throughout the life course, to
date only a single study has investigated the brain correlates of
the two components of extraversion in the context of normal
aging and neurodegenerative disease (Sollberger et al. 2009),
and no published data on the structural brain correlates of
agentic and affiliative extraversion in healthy adults. The
present article begins to fill this gap, with the aim of better
understanding the unique neuroanatomical correlates of agentic
and affiliative extraversion in healthy adults.

Discrimination of agentic and affiliative extraversion

We propose that agentic and affiliative extraversion have
distinct yet overlapping neuroanatomical correlates in the
healthy adult brain. We hypothesize that agentic extraversion
should be positively associated with larger gray matter
volumes in regions that are innervated by ascending dopamine
terminals from the A10 ventral tegmental dopamine cell
group, particularly in males who are predisposed to this trait.
We hypothesize that affiliative extraversion should be
positively associated with larger gray matter volumes in
regions innervated by β-endorphin cells of the hypothalamus,
particularly in females who are predisposed to this trait
(Depue & Collins, 1999; Depue & Morrone-Strupinsky,
2005). These predictions are based on prior work and gender
differences in the traits. Agentic extraversion is thought to
reflect a behavioral approach system based on positive
incentive motivation (Depue, 2006), which brings a person
in contact with unconditioned and conditioned positive stimuli
and facilitates the frequency and intensity of behaviors
oriented toward achieving reward, such as goal-directed
action, aggression, and social competition (Depue & Collins,
1999). Affiliative extraversion, in contrast, is thought to
involve individual differences in the mu opiate system and
the specific behavioral–motivational processes of (1) social
aggregation, in which individuals come together for a social
purpose; (2) social consummation, in which individuals engage
in social behaviors and experience relaxation and satiety;
(3) short-term affective bonding, which is relevant to maternal
and paternal parenting behavior and nurturance; and (4) long-term
affective bonding, which is relevant to the formation,
maintenance, and strength of interpersonal bonds in complex
social groups (Depue & Morrone-Strupinsky, 2005). These
behavioral–motivational processes involve both an ability to
experience reward relevant to affiliative interactions and an
ability to form conditioned preferences for specific individuals
based on interpersonal reward (Depue & Morrone-Strupinsky,
2005). As such, affiliative extraversion should relate to function
and possibly structure in regions innervated by dopamine as
well as endogenous opiates, which are released during
pleasure-inducing behaviors such as sexual activity, birth,
lactation and nursing, maternal social interaction, and play

(Machin&Dunbar, 2011; Nelson&Panksepp, 1998; Panksepp,
2007; Panksepp, Nelson, & Siviy, 1994). We thus expected to
find a pattern of common and distinct neuroanatomical
correlates for the traits of agentic and affiliative extraversion.
The brain correlates of these traits may be most observed where
biological and cultural processes are relatively aligned and
should maximize the developmental expression of preexisting
genetic capacities, such that brain correlates of agentic
extraversion may be more easily observed in males, and brain
correlates of affiliative extraversion may be more easily
observed in females. This said, we expect to observe similar
directions of the effects in brain substrates in each gender, given
the highly overlapping distributions of scores on each trait in
males and females.

To address these issues, we investigated the relationship
between agentic extraversion, affiliative extraversion, and
regional brain volumes in a relatively large sample of healthy
adult volunteers (n= 83). A sample size of 83 provided 80%
power to detect correlations of r= .3, and 99.8% power to detect
correlations of r= .5, both evaluated two-tailed at an alpha level
of .05 (computations from G*Power 3.1) (Cohen, 1988; Faul,
Erdfelder, Buchner, & Lang, 2009), and it exceeds the mean
sample size of previous VBM and TBM studies of extraversion.
We assessed agentic extraversion and affiliative extraversion
separately, using the MPQ-BF scales of social potency and
social closeness, respectively. Scores on each trait were available
in all participants, and each participant served as his or her own
control. We focused our region-of-interest (ROI) analysis
on two brain regions—the orbitofrontal cortex and nucleus
accumbens—which we believe could be differentially related
to agentic and affiliative extraversion. The orbitofrontal cortex
was selected due to its positive relationship with higher-order
measures of extraversion in three prior studies of healthy adult
volunteers (Cremers et al. 2011; DeYoung et al. 2010; Omura
et al. 2005). The nucleus accumbens was selected due to its role
in incentive motivation, approach, and goal-directed motor
behavior, which is relevant to the agentic extraversion
dimension. Agentic extraversion modulates the voluntary
approach of salient rewards in the environment (White, Lejuez,
& deWit, 2007), the magnitude of positive emotion to incentive
cues (Morrone, Depue, Scherer, & White, 2000), and the
magnitude of BOLD responses to psychostimulant drug
challenge in the right nucleus accumbens. We investigated the
mOFC and nucleus accumbens bilaterally, to assess whether a
left-hemispheric lateralization would obtain for either trait (for
discussion, see Harmon-Jones, Gable, & Peterson, 2010). Our
specific hypotheses were that (1) both agentic extraversion and
affiliative extraversionwould be positively related to graymatter
volume in the mOFC, given its involvement in reward salience
and updating the contextual cues of reward, and (2) trait agentic
extraversion would be specifically and positively related to gray
matter volume in the nucleus accumbens, given the role of this
region and trait in incentive motivation and goal-directed
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approach behavior. To protect against false negative (Type II)
errors and to investigate relationships in the rest of the brain, we
also conducted a whole-brain VBM analysis, which was
statistically corrected for the number of comparisons on a
voxel-wise basis. Regional brain volumes were thus assessed
in the sample using (1) an a-priori ROI analysis, to assess
relationships with orbitofrontal cortex and nucleus accumbens,
and (2) whole-brain VBM, to assess relationships in the
remainder of the brain. Using this approach, we identified a
pattern of both common and unique gray matter correlates of
agentic extraversion and affiliative extraversion in the healthy
adult brain. Our methods and findings are described below.

Method

Participants

Participants gave informed consent and underwent structural
MRI and personality assessment as a part of one of two smaller
studies of the acute effects of alcohol (31 participants) and
amphetamine (52 participants). Participants from these smaller
studies were combined into a single, larger sample in order to
assess the relationship between trait agentic extraversion, trait
affiliative extraversion, and brain structure in healthy adult
males and females. The participants underwent identical
structural imaging procedures and personality assessments,
and the structural findings have not been previously reported.
Each participant was prescreened using a standardized lab
protocol that involved self-report, interview, and medical
assessments. The inclusion criteria were age 18–35 years for
the amphetamine sample and 21–65 years for the alcohol
sample, a minimum high school education, fluency in English,
right-handedness, no nonremovable bodily ferromagnetic
materials, no history of claustrophobia, no serious medical
condition (current or history of cardiac, pulmonary, or liver
problems), and for females, no current or intended pregnancy
or lactation and using adequate birth control. Individuals with
Axis I psychiatric disorders, a history of head trauma with loss
of consciousness greater than 10min, stroke, brain tumor, brain
infection, brain surgery, Parkinson’s disease, multiple sclerosis,
seizure disorder, Huntington’s disease, history of mental
retardation or developmental disability, and dementia were
excluded. Additional exclusion criteria were in effect, to ensure
that the participants met NIAAA guidelines for alcohol
administration and liver health in the alcohol subsample, and
to exclude contraindications for amphetamine administration in
the amphetamine subsample. These additional exclusion
criteria are not relevant to the present structural data and will
not be discussed further. The Brown University Institutional
Review Board approved the experimental procedures, with
oversight by the BrownUniversity Research Protections Office

(RPO). The research was conducted ethically in accordance
with the Helsinki Declaration of 1964 (revised 2013).

Demographics

Healthy right-handed adults were recruited from Brown
University and the surrounding community in Providence,
Rhode Island (N= 83). The combined sample represented a
cross-section of 83 healthy well-educated adults, 18–54 years
of age (mean= 24.9 years, SD= 7.7), roughly equally
distributed by gender (46 female, 37 male), with an average
15 years of education (mean education= 15.1 years, SD= 1.3)
and average body weight (mean BMI= 23.96, SD= 3.3). The
sample was racially and ethnically diverse, with 1.2% of the
sample self-identifying as American Indian, 20.5% as Asian,
12% as African American, 60.2% as Caucasian, and 6% as
multiracial/other. The majority of the sample (91.6%)
self-identified their ethnicity as non-Hispanic, with 8.4%
identifying as Latino/Hispanic.

Personality measures

The Multidimensional Personality Questionnaire Brief Form
(MPQ-BF; Patrick et al. 2002) was used to assess the separate
personality traits of agentic extraversion (social potency scale;
SP) and affiliative extraversion (social closeness scale; SC) in
each participant. Personality was assessed at an in-person
screening session at the Laboratory of Affective Neuroscience.
Participants then reported to the Brown University Magnetic
Resonance Facility for structural imaging, which was conducted
on a separate day.

Personality scores on the MPQ-BF SP scale (trait agentic
extraversion) and SC scale (trait affiliative extraversion) were
in the midrange for scores for each measure (SP mean= 6.62,
SD= 3.23; SC mean= 9.19, SD= 2.60). Scores ranged from the
34th to the 71st percentile (mean of 54.6th percentile) on SP, and
from the 37th to the 66th percentile (mean of 54.5th percentile)
on SC, on the basis of national norms available for each trait
(Patrick et al. 2002). SP and SC were positively correlated at
+.39, p= .0002. In males, SP and SC were positively correlated
at +.53, p= .0007, and in females, SP and SC were positively
correlated at +.29, p= .05. Age was not significantly correlated
with either trait. Males and females did not differ significantly
on their SP or SC scores (male SP mean= 6.8, SD= 3.3, female
SP mean= 6.5, SD= 3.2; male SC mean= 8.8, SD= 2.7, female
SCmean= 9.5, SD= 2.5). The sample thus provides information
about gray matter volume correlates of the mid to high range of
scores on each trait in both genders.

Image acquisition and analysis

A 3-T Siemens Tim Trio system (Siemens, New York, NY)
was used to acquire high-resolution structural images in each
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participant, with whole-brain T1-weighted MPRAGE images
acquired in the sagittal plane (resolution= 0.86× 0.86×
0.86 mm, TR= 2,250 ms, TE= 3.06 ms, TI= 900 ms, flip
angle= 9°, FOV= 220 mm). The structural T1 images were
processed using the VBM toolbox (VBM8; developed by
Christian Gaser, University of Jena, Department of Psychiatry)
within the SPM8 software package (Wellcome Department of
Cognitive Neurology, London, UK).

All images were spatially normalized to standardized
anatomical space and segmented into separate images of gray
matter, white matter, and cerebrospinal fluid on the basis of a
modified Gaussian mixture model (Ashburner & Friston,
2000). The segmentation procedure was optimized by
utilizing the hidden Markov random field (HMRF) based
algorithm. This procedure removes isolated voxels of one
tissue class that are unlikely to be true members of this tissue
type, judging from the tissue class of neighboring voxels. An
HMRF weighting of 0.3 was employed. Images were
smoothed with a Gaussian kernel of 12 mm full width at half
maximum before the statistical analysis.

A-priori ROI analysis A-priori anatomical ROIs were created
for the nucleus accumbens and orbitofrontal cortex bilaterally.
These ROIs were created using the WFU PickAtlas
(Maldjian, Laurienti, Kraft, & Burdette, 2003). Age, gender,
and the alternate trait were iteratively assessed as nuisance
covariates in the regression model, in order to evaluate the
association between neuroanatomy and the personality traits
of interest, independent of these factors. The full model thus
provides information about the unique association between
each neuroanatomical region and the personality trait of
interest in the sample as a whole (see Table 1), controlling
for the contributions of age, gender, and the alternate trait.
The interaction of gender and each extraversion trait was
analyzed using a full factorial model, which included a
gender-by-trait interaction term, correcting for age and the
alternate trait as nuisance covariates. The sequentially
rejective Holm–Bonferroni method (Holm, 1979) was used
to control the overall probability of one or more Type I errors
at a fixed family-wise error rate of .05, with two tests for each
trait. This approach is conservative, given the likelihood of

correlated gray matter volumes in the two a-priori ROIs (see
Depue&Collins, 1999; Depue&Morrone-Strupinsky, 2005).
ROI volumes were extracted from significant clusters using
the REX toolbox (http://web.mit.edu/swg/software.htm).
Using these extracted clusters, we created scatterplots
displaying the correlation between SP or SC scores against
the ROI scaled gray matter values. The correlation analysis
was conducted using GraphPad Prism 6 software.
Significance was evaluated using two-tailed t-tests.

Whole-brain VBM analysis The smoothed gray matter
images were regressed, using a general linear model, on
the trait agentic extraversion and trait affiliative extraversion
scores from the MPQ-BF. Age, gender, and the alternate
extraversion trait were included as nuisance covariates. The
interaction of gender and each extraversion trait was analyzed
using a full factorial model, which included a gender-by-trait
interaction term, controlling for age and alternate trait as
nuisance covariates. For the whole-brain analysis, statistical
significance was determined using a voxel height threshold of
p< .05, corrected for multiple comparisons using the false
discovery rate (FDR).Whole-brain results were displayed using
the MRIcroGL imaging software (www.mccauslandcenter.sc.
edu/mricrogl/).

Results

Findings from the a-priori and whole-brain VBM analyses are
reported in Tables 1, 2, and 3. Both trait agentic extraversion
and trait affiliative extraversion were related to volumes in the
mOFC. Regional volumes in five additional brain regions
were positively associated with trait agentic extraversion.
These regions were not significantly associated with trait
affiliative extraversion (see Table 3). We found no significant
interactions between gender and agentic or affiliative
extraversion.

Trait agentic extraversion was significantly associated with
gray matter volumes in two a-priori regions in both males and
females: the right orbitofrontal cortex (t= 3.22, p< .05

Table 1 A-priori ROI results

Trait and Brain Region Coordinates (MNI) Number of Voxels t Score p Value Uncorrected p Value Corrected†

Agentic Extraversion

Right orbitofrontal cortex (6, 60, –24) 469 3.22 .001 <.05

Left orbitofrontal cortex (–15, 38, –23) 451 2.56 .006 <.05

Affiliative Extraversion

Right orbitofrontal cortex (48, 27, –20) 392 3.28 .001 <.05

Left orbitofrontal cortex (–9, 39, –27) 76 2.03 .021 <.05

N= 83. Each t score represents the peak intensity. †The p value is Holm–Bonferroni corrected.
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Table 2 A-priori ROI results by gender

Trait and Brain Region Coordinates (MNI) Number of Voxels t Score p Value Uncorrected p Value Corrected†

Agentic Extraversion

Male

Right orbitofrontal cortex (18, 48, –12) 381 2.92 .002 <.05

Left orbitofrontal cortex (–14, 38, –18) 585 2.65 .004 <.05

Right nucleus accumbens* (12, 8, –8) 80 2.92 .024 <.05

Female

Right orbitofrontal cortex (20, 34, –27) 259 3.19 .001 <.05

Left orbitofrontal cortex (–15, 54, –21) 97 2.24 .015 <.05

Affiliative Extraversion

Male

Right orbitofrontal cortex (45, 26, –18) 1,631 5.5 .0001 <.05

Left orbitofrontal cortex (–51, 24, –14) 516 3.07 .002 <.05

Female

Right orbitofrontal cortex (12, 50, –27) 20 1.99 .023 <.05

Left orbitofrontal cortex (–9, 42, –27) 22 2.06 .023 <.05

MaleN= 37, FemaleN= 46. Each t score represents the peak intensity. †The p value is Holm–Bonferroni corrected. * Regional volume specific to agentic
extraversion

Table 3 Whole-brain voxel-based morphometry results

Trait and Brain Region Coordinates (MNI) Number of Voxels t Score Correlation
Coefficient (r)

p Value
Uncorrected

p Value Corrected†

Agentic Extraversion

Left cingulate gyrus* (–4.5, –10.5, 30) 843 4.75 .28 .0001 <.05

Left caudate* (–21, 1.5, 18) 154 4.29 .24 .0001 <.05

Left precentral gyrus* (–21, –19.5, 64.5) 144 4.00 .18 .0001 <.05

Left parahippocampal gyrus* (–36, –22.5, –19.5) 82 4.08 .21 .0001 <.05

Right hippocampus (27, –30, 3) 65 3.77 .001

Right superior frontal gyrus (3, 60, –24) 23 3.39 .001

Right fusiform gyrus (37.5, –10.52, –27) 7 3.26 .001

Right cuneus (13.5, –91.5, 21) 6 3.26 .001

Agentic Extraversion by Gender Interaction

Left postcentral gyrus (–24, –40.5, 72) 33 4.62 .0001

Left medial frontal gyrus (–10.5, 34.5, –16.5) 5 4.05 .0001

Affiliative Extraversion

Right cingulate gyrus (15, –1.5, 42) 87 4.11 .0001

Left middle temporal gyrus (–52.5, –12, –4.5) 52 –3.81 .001

Right precentral gyrus (46.5, –4.5, 48) 42 3.47 .001

Left postcentral gyrus (–22.5, –40.5, 73.5) 36 –3.94 .001

Right temporal pole (46.5, 27, –22.5) 28 3.57 .001

Right inferior parietal lobule (51, –37.5, 33) 12 –3.62 .001

Right medial frontal gyrus (3, 19.5, 48) 11 3.40 .001

Right superior parietal lobule (33, –78, 48) 5 3.41 .001

Right middle frontal gyrus (28.5, 10.5, 64.5) 5 3.39 .001

N= 83. Each t score represents the peak intensity. †The p value is corrected for false discovery rate (FDR). * Regional volumes specific to agentic
extraversion
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corrected, adjusted alpha= .025) and left orbitofrontal cortex
(t= 2.56, p< .05 corrected, adjusted alpha= .025). Individual
participant scores on trait agentic extraversion were positively
correlated with the amount of gray matter measured in each
region (right orbitofrontal cortex: r= .34, p< .05; left
orbitofrontal cortex: r= .33, p< .05). Trait agentic extraversion
was also found to be significantly positively correlated (r=
.20, p< .05) with gray matter volume in the right nucleus
accumbens in males (t= 2.92, p< .05 corrected, adjusted
alpha= .05). The gender-by-agentic-extraversion interaction
term was not statistically significant for any a-priori region.
All of the findings with agentic extraversion were positive in
direction, which indicates that individuals with higher scores
on agentic extraversion had greater gray matter volumes in
each ROI. The significant gray matter volume clusters are
graphed against SP scores with scatterplots seen in Fig. 1.
The whole-brain VBM analysis identified four additional
regions that were correlated with trait agentic extraversion:
left cingulate gyrus (t= 4.75, r= .28, p< .05 corrected), left
parahippocampal gyrus (t= 4.08, r= .21, p< .05 corrected),
left caudate (t= 4.29, r= .24, p< .05 corrected), and left
precentral gyrus (t= 4.00, r= .18, p< .05 corrected; see Table 3
and Fig. 2). The associations were positive in direction
(Table 3) and were significant after correcting for age, gender,
and scores on the alternate trait. Four regions—right
hippocampus, right superior frontal gyrus, right cuneus,
and right fusiform gyrus—showed positive trends that were
not significant after correcting for the number of voxels
assessed in the whole-brain analysis and the nuisance
covariates (t’s≥ 3.26, p’s= .001 uncorrected; see Table 3).
Two regions—the left postcentral gyrus and the left medial
frontal gyrus—showed positive trends toward an interaction
between gender and trait agentic extraversion, which did not
survive FDR correction (t’s≥ 4.05, p’s= .0001, uncorrected;
see Table 3). No regions were negatively correlated with trait
agentic extraversion (Tables 1, 2, and 3).

Trait affiliative extraversion was positively correlated with
gray matter volumes in the right and left orbitofrontal cortex, a
finding similar in direction and magnitude to our findings with
agentic extraversion (right mOFC: t= 3.28, p< .05 corrected,
adjusted alpha= .025; left mOFC: t= 2.03, p< .05 corrected,
adjusted alpha= .025). The significant gray matter volume
clusters are graphed against SC scores. These scatterplots
can be seen in Fig. 3. Individual participant scores on trait
affiliative extraversion were positively correlated with the
amount of gray matter measured in each region (right
orbitofrontal cortex: r= .23, p< .05; left orbitofrontal cortex:
r= .23, p< .05). No significant interactions between gender
and trait affiliative extraversion appeared in any a-priori
region. The whole-brain VBM analysis identified several
positive and negative trends with trait affiliative extraversion,
which were not significant after correcting for the number of
voxels assessed and nuisance covariates (positive trends: right

cingulate gyrus, right precentral gyrus, right temporal pole,
right medial frontal gyrus, right superior parietal lobule,
and right middle frontal gyrus; negative trends: left
middle temporal gyrus, left postcentral gyrus, right inferior
parietal lobule; see Table 3). These are illustrated in Fig. 4.
We found no significant interactions between gender and trait
affiliative extraversion in the whole-brain analysis.

The above findings indicate that trait agentic extraversion
and trait affiliative extraversion have overlapping yet distinctive
neuroanatomical profiles of gray matter volume in the healthy
human brain. Neuroanatomical overlap between agentic and
affiliative extraversion was identified in the orbitofrontal cortex,
where gray matter volume was strongly positively related to
both traits. Trait agentic extraversion had several additional
neuroanatomical correlates beyond the orbitofrontal region,
with significant findings predominantly localized to the left
hemisphere. In contrast, trait affiliative extraversion did not
have any neuroanatomical correlates beyond the orbitofrontal
region in the same participants. Implications of these findings
are discussed below.

Discussion

To test the neuroanatomical basis of agentic and affiliative
extraversion, we evaluated the relationship between trait
agentic extraversion, trait affiliative extraversion, and regional
gray matter volumes using a-priori ROI and whole-brain
VBM methods in a sample of healthy adults. We expected
each trait to display a distinctive pattern of regional brain
volumes, given the psychometric and phenomenological
differences between the two traits. Our findings provide
evidence of a clear neuroanatomical dissociation between
agentic and affiliative extraversion. Agentic and affiliative
extraversion were both positively correlated with gray matter
volumes in the mOFC in males and females. Trait agentic
extraversion was positively associated with the volume of
gray matter in four additional brain areas: left parahippocampal
gyrus, left cingulate gyrus, left caudate, and left precentral
gyrus (Tables 1 and 3, Figs. 1 and 2) in both males and females.
We observed a positive association between gray matter
volume in nucleus accumbens and trait agentic extraversion
inmales (Table 2, Fig. 1). In contrast, trait affiliative extraversion
was not significantly related to gray matter volume in regions
outside the orbitofrontal cortex. These findings provide the
first structural MRI evidence of a neuroanatomical
dissociation between the personality traits of agentic and
affiliative extraversion in healthy adults. These findings are
discussed in turn.

Trait agentic and affiliative extraversion were each
associated with the volume of the mOFC. These relationships
were positive in direction and significant bilaterally, indicating
greater gray matter volumes in individuals with high trait
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scores. This finding indicates a key role of the mOFC in both
affiliative and agentic extraversion in healthy adults. This
region has been hypothesized to serve as the primary neural
substrate for the overall domain of extraversion (Depue &
Collins, 1999; Goldman-Rakic, Selemon, & Schwartz, 1984;
Miller &Cohen, 2001), given its role in integrating, maintaining,
and updating information relevant to the encoding of reward
value, its ability to regulate activity in regions that support

reward valuation, and its modulation by dopamine projections
from the ventral tegmental area (VTA) that facilitate neural
integration in these regions (Depue & Collins, 1999).
Structurally, the mOFC is connected with the hippocampus
and limbic and paralimbic regions (Depue & Collins, 1999;
Goldman-Rakic et al. 1984; Miller & Cohen, 2001). These form
an interconnected Bmedial orbitofrontal cortex network,^ which
has been hypothesized to be a neural substrate for extraversion

a. Left Orbitofrontal Cortex

b. Right Orbitofrontal Cortex

c. Right Nucleus Accumbens - Males

Fig. 1 Social potency (SP) region-of-interest (ROI) results: ROI regions
showing significant increases in gray matter in participants with higher
SP scores. The left side shows significant gray matter clusters in ROI
regions related to social potency. The right side shows scatterplots

displaying the correlations between the social potency score (x-axis)
against the ROI-scaled gray matter values (y-axis). Medial orbitofrontal
cortex correlations were significant at p< .01, and the right nucleus
accumbens correlation was significant at p< .05
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(Depue & Collins, 1999). The present findings support this
model and provide evidence that the two major subcomponents
of extraversion—agentic and affiliative extraversion—are
specifically and independently associated with gray matter
volume in themOFC bilaterally. This may reflect the importance
of this area in the evaluation of reward, value-driven choices, and
the maintenance of successful choices over time (Noonan,
Kolling, Walton, & Rushworth, 2012), which is relevant to both
successful goal-directed behavior (for trait agentic extraversion)
and meaningful long-term social bonds (for trait affiliative
extraversion). Our findings in mOFC extend prior findings using
more global measures of extraversion in healthy adults
(DeYoung et al. 2010; Omura et al. 2005). The above pattern
in healthy adults differs from findings in elderly patient
populations, which have shown that cortical atrophy in left
frontal regions is associated with reductions in agentic
interpersonal traits, whereas cortical atrophy in right frontal
regions is associated with reductions in affiliative interpersonal
traits (Sollberger et al. 2009). The present data indicate that both
agentic and affiliative extraversion relate to the volume of gray
matter in mOFC bilaterally during healthy young adulthood,
when functioning should be optimized.

Agentic extraversion was also specifically associated with
gray matter volume in five additional regions: the left

parahippocampal gyrus, left cingulate gyrus, left caudate,
and left precentral gyrus in both genders (Table 3, Fig. 2),
and the right nucleus accumbens in males (Table 2, Fig. 1).
These associations were all positive in direction, indicating
greater gray matter volumes in individuals predisposed to
agentic extraversion. These findings align with existing
theories of extraversion. The nucleus accumbens is involved
in incentive motivation and is a primary target of ascending
dopamine terminals of the A10 dopamine cell group of
the ventral tegmentum, which is hypothesized to underlie
agentic traits (Depue & Collins, 1999). The parahippocampus
containsD2-receptor-dense regions that innervate dopamine-rich
regions of hippocampus (Goldsmith & Joyce, 1994), creating a
coordinated circuit for learning and memory for reward.
The positive association between agentic extraversion and
gray matter volume in left parahippocampal gyrus could
reflect the role of this region in memory encoding and
retrieval, responses to reward-related cues (Jasinska, Stein,
Kaiser, Naumer, & Yalachkov, 2014), and navigation of
recently learned environments (Boccia, Nemmi, &
Guariglia, 2014), which are relevant to reward-directed
behavioral choices. This finding clarifies and extends prior
work by Omura and colleagues (2005), who have reported
a positive association between the parahippocampal gyrus
and a more global measure of extraversion. Three of the
regions specifically related to agentic extraversion—the
left precentral gyrus, left cingulate gyrus, and left
caudate—have not been previously identified as potential
neural substrates for extraversion using VBM in healthy
volunteers. These regions have, however, been identified
in studies using other neuroimaging techniques, such as
electroencephalography (EEG) and functional MRI
(fMRI), and are consistent with the overall behavioral
features of agentic extraversion. Using EEG, Chavanon
and colleagues reported a positive association between
extraversion and anterior portions of the cingulate
(Chavanon, Wacker, & Stemmler, 2011; Johnson et al.
1999). Using fMRI, Canli and colleagues (2001) reported a
positive association between extraversion and BOLD
responses in the caudate during the presentation of positive
stimuli. The present VBM results thus complement and extend
prior findings using EEG and fMRI methods and indicate
that gray matter volumes in the left cingulate gyrus, left
caudate, and left precentral gyrus are positively associated with
trait agentic extraversion in healthy adults. These findings
indicate that individuals predisposed to agentic extraversion
have larger brain volumes in regions that are involved in the
cognitive control of behavior, goal-directed action, the planning
and execution of such action, and its positive consequences
(Balleine & O’Doherty, 2010; Chouinard & Paus, 2006;
Deconinck et al. 2014; Grahn, Parkinson, & Owen, 2008;
Hagmann et al. 2008; Hayden & Platt, 2010; Hollerman,
Tremblay, & Schultz, 1998; Leech, Braga, & Sharp, 2012),

Fig. 2 Social potency (SP) whole brain voxel-based morphometry
(VBM) results: Whole brain VBM analysis of gray matter regions
associated with social potency. The left parahippocampal gyrus, left
cingulate gyrus, left caudate, and left precentral gyrus were significantly
correlated with social potency when correcting for multiple comparisons.
The colored bar represents t-scores from 0 to 5. See Table 3 for
coordinates
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which are all consistent with a proclivity toward active
approach and goal-directed effort related to this trait. These
regions were specifically associated with agentic extraversion,
and were unrelated to affiliative extraversion in the same
persons (see Table 3).

Agentic extraversion was also positively associated with
gray matter volume in the right nucleus accumbens in males
(Table 2, Fig. 1). This finding was not due to a gender
difference in scores on the trait, as scores on agentic
extraversion did not differ between male and female
participants. The interaction term between gender and trait
agentic extraversion was also not significant, indicating
that although effects were observed in males, the findings
do not indicate a gender difference in this region. Two prior
studies have identified similar relationships between gray
matter volumes and extraversion in males. In a sample of
adolescents, males exhibited a positive association between
trait extraversion and gray matter volume in the left medial
frontal gyrus (Blankstein, Chen, Mincic, McGrath, & Davis,
2009). In a recent sample of adults, males exhibited a positive
association between trait extraversion and gray matter volume
in the anterior cingulate (Cremers et al. 2011). The present

finding is consistent with these prior VBM findings, as well
as with laboratory studies of behavioral responses to
psychostimulants. Pharmacologically, administration of standard
doses of d-amphetamine, a psychostimulant that alters dopamine
levels in the human ventral striatum, has been found to increase
the behavioral approach of risky reward inmaleswith high levels
of trait agentic extraversion (White et al. 2007). The present
finding complements these VBM and laboratory findings and
indicates a positive relationship between gray matter volume in
nucleus accumbens and agentic extraversion in healthy males.

The above findings are consistent with several neuro-
developmental mechanisms. Agentic extraversion has been
hypothesized to relate to dopamine originating from the VTA
(Depue & Collins, 1999). Our findings of greater gray matter
volume in mOFC, parahippocampus, cingulate, caudate, and
precentral gyrus in individuals with high scores on trait agentic
extraversion are consistent with dopamine-facilitated synaptic
plasticity in these regions. These regions also support psycho-
logical processes that are relevant to the phenomenology of the
trait. In adults, the personality trait of agentic extraversion is
associated with a sensitivity to rewarding stimuli (Depue &
Collins, 1999; Lucas, Diener, Grob, Suh, & Shao, 2000), the

a. Left Orbitofrontal Cortex

b. Right Orbitofrontal Cortex 

Fig. 3 Social closeness (SC) region of interest (ROI) results: ROI regions
showing significant increases in gray matter in participants with higher
social closeness scores. The left side shows significant gray matter
clusters in ROI regions related to social closeness. The right side shows

scatterplots displaying the correlation between the social closeness score
(x-axis) against the ROI-scaled gray matter values (y-axis). All
correlations were significant at p< 0.05
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selection of action in response to reward (White et al. 2007),
vigorous positive emotion in response to positive cues (Morrone
et al. 2000), and the binding of rewards, action, and agentic
extraversion (Aarts et al. 2012; Andringa, van den Bosch, &
Vlaskamp, 2013). These behavioral, emotional, and cognitive
features are consistent with elevated neuronal capacity in the
above brain regions.

Affiliative extraversion, in contrast, has been hypothesized to
relate to mu opioid mechanisms, in addition to dopaminergic
processes (Depue & Morrone-Strupinsky, 2005). The above
differences between agentic extraversion, affiliative extraversion,
and gray matter volumes are consistent with a separation in the
neural mechanisms for affiliative and agentic extraversion. Of
endogenous opiate peptides, β-endorphin is the most potent and
has affinity for themu opiate receptor (Machin&Dunbar, 2011).
Of the three main classes of opioid receptors (mu, kappa, and
delta; Pfeiffer, Pasi, Mehraein, & Herz, 1982), the mu opioid
receptor is believed to be the most likely to mediate opioid
effects during social behavior (Depue & Morrone-Strupinsky,
2005; Stein et al. 2007; Troisi et al. 2011). Regions that receive
significant β-endorphin innervation and/or involve mu-opiate
receptor signaling thus represent primary neural targets for trait
affiliative extraversion. Relevant to our present findings of
elevated gray matter volume in the mOFC with affiliative
extraversion, post-mortem studies of the human brain have
shown high concentrations of mu opioid receptors in the human
orbitofrontal cortex (Machin & Dunbar, 2011), consistent with

opiate contributions to affiliative extraversion. Both sets of
findings provide a developmental benchmark from which to
better understand the etiology of problems in agentic and
affiliative extraversion, such as can occur in normal aging and
neurodegenerative disease (see Sollberger et al. 2009).

The present investigation has both strengths and weaknesses.
The study’s strengths include the use of separatemeasures of trait
agentic extraversion and trait affiliative extraversion in the same
individuals, permitting direct comparison of the neuroanatomical
correlates for each trait in individuals who serve as their own
control; a relatively large sample size for MRI studies, which
provides adequate statistical power (80% power) to detect effects
that are medium in size (i.e., r’s on the order of .3, per Cohen,
1988, and Faul et al. 2009) and very high power (99.8% power)
to detect relationships that are large in size (i.e., r’s on the order
of .5, per Cohen, 1988, and Faul et al. 2009); and empirical
evaluation of the structural correlates of agentic and affiliative
extraversion using both a-priori ROI and whole-brain VBM
methods, which minimize the likelihood of Type I and II errors,
respectively. Weaknesses of the study include the use of a
cross-sectional design and a correlational data-analytic
approach, which prevent conclusions about causality. Our
findings may involve three causal pathways, which are not
mutually exclusive: (1) Larger gray matter volume in specific
regions may support the development of the traits, such that
differences in structure contribute to differences in personality;
(2) behavioral and emotional components of the traits may
facilitate the maintenance of larger gray matter volume in
specific brain regions, such that specific behavioral
and emotional tendencies may developmentally support the
maintenance of gray matter in specific regions; and
(3) independent neural processes, such as developmental periods
of neuronal blooming and pruning, could contribute to each
outcome independently and account for the positive correlations
observed here between personality and brain structure in
adulthood. The specific neural mechanisms that contribute to
our findings are unknown and remain an open question for future
work. In addition, our sample size of 83 participants, which
is large by the standards of MRI research, is relatively
underpowered to detect relationships that may exist but are small
in effect size. Evaluation of smaller effects with each trait should
be done using larger sample sizes. Toward this end, much larger
sample sizes (on the order of 400–800 participants) will be
required to achieve 80% power to detect effects that are small
in effect size (e.g., r’s on the order of .10 to .14; Cohen, 1988;
Faul et al. 2009). Given the complexity and expense of
neuroimaging studies, such sample sizes are generally out of
reach for initial proof-of-concept studies such as the present
effort. Despite these weaknesses, the present data provide
the first neuroanatomical evidence that the personality
traits of agentic and affiliative extraversion have distinct
yet overlapping patterns of gray matter volume in the
healthy human adult brain.

Fig. 4 Social closeness (SC) whole-brain voxel-based morphometry (VBM)
results: Whole-brain VBM analysis of gray matter regions correlated with
social closeness. No regions survived correction for multiple comparisons.
The colored bar represents t scores from 0 to 5. See Table 3 for more
information
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In summary, the present findings provide evidence of a
neuroanatomical distinction between the predispositions
toward agentic and affiliative extraversion in healthy adults.
Brain volumes that were specifically associated with agentic
extraversion include the parahippocampal gyrus, which is
involved in learning and memory for reward; the precentral
gyrus, cingulate gyrus, and caudate, which are involved in the
cognitive control of behavior and the initiation, planning, and
execution of voluntary movement toward goals; and (in
males) the nucleus accumbens, which is involved in incentive
reward (see Tables 1, 2 and 3, Figs. 1 and 2). Agentic
extraversion and affiliative extraversion were both associated
with the volume of bilateral medial orbitofrontal cortex, which
is involved in reward-guided choices and their maintenance
(Noonan et al. 2012) and is relevant to goal-directed behavior
and long-term social bonding (Table 1). Our findings provide
a temporal snapshot of the brain correlates of agentic
extraversion and affiliative extraversion in healthy adulthood,
which may help us to understand the specific factors involved
in the development and maintenance of these important
positive emotional traits across the life course.
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