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Abstract
Previous studies have shown that males and females differ in personality and gender differences have also been reported in
brain structure. However, effects of gender on this “personality–brain” relationship are yet unknown. We therefore
investigated if the neural correlates of personality differ between males and females. Whole brain voxel-based
morphometry was used to investigate the influence of gender on associations between NEO FFI personality traits and gray
matter volume (GMV) in a matched sample of 182 males and 182 females. In order to assess associations independent of
and dependent on gender, personality–GMV relationships were tested across the entire sample and separately for males and
females. There were no significant correlations between any personality scale and GMV in the analyses across the entire
sample. In contrast, significant associations with GMV were detected for neuroticism, extraversion, and conscientiousness
only in males. Interestingly, GMV in left precuneus/parieto-occipital sulcus correlated with all 3 traits. Thus, our results
indicate that brain structure–personality relationships are highly dependent on gender, which might be attributable to
hormonal interplays or differences in brain organization between males and females. Our results thus provide possible
neural substrates of personality–behavior relationships and underline the important role of gender in these associations.

Key words: NEO-FFI, voxel brain morphometry, left precuneus/parieto-occipital sulcus, hormonal influence, extreme person-
ality disorders

Introduction
Personality is what makes every human unique, as it denotes
individual differences in behaviors, cognition, and emotion,
which are stable over time and across situations (Mischel 2004).
It has been shown that personality affects various domains in
human life such as job performance (Rothmann and Coetzer
2003), social and political attitude (Riemann et al. 1993), quality
and stability of social relationships (Asendorpf and Wilpers
1998), as well as risk for mental disorders (Costa and McCrae
1992a; Miller et al. 2001). One of the most widely recognized
personality models is the NEO Five Factor Inventory (NEO FFI;
Costa and McCrae 1992b), consisting of the dimensions neuroticism,

extraversion, openness, agreeableness, and conscientiousness.
Previous studies have indicated that there are gender differences
in neuroticism and agreeableness, with women scoring higher
on these 2 traits than men (Costa et al. 2001; Chapman et al.
2007; Weisberg et al. 2011).

Addressing the biological basis of personality, several voxel-
based morphometry (VBM) studies have attempted to characterize
the neural architecture of personality. For example, DeYoung et al.
(2010) suggested different brain systems that might correlate with
the traits of the NEO-FFI (DeYoung et al. 2010), but this view has
been challenged by others (cf. Hu et al. 2011; Koelsch et al. 2013),
illustrating the currently inconsistent and heterogeneous
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(with respect to both the associated regions and the direction
of association) literature. Most importantly, the (generally
rather low) sample size varies considerably between studies,
and there is a substantial heterogeneity with regard to age and in
particular gender distribution. For example, Barrós-Loscertales
et al. (2006) only investigated males, Van Schuerbeck et al. (2011)
only females, while others investigated unbalanced samples of
males and females (i.e. Liu et al. 2013; Yamasue et al. 2008). It has,
however, been shown that beyond mere brain size, males and
females differ in brain structure. In particular, gender differences
have been reported in gray matter volume (GMV) (Luders et al.
2009), cortical thickness (Im et al. 2006), and structural connectivity
(Ingalhalikar et al. 2014). Given those gender differences in brain
structure as well as the fact that males and females differ also in
traits such as the NEO-FFI (Costa et al. 2001; Chapman et al. 2007;
Weisberg et al. 2011), it is likely that gender also has an influence
on the neural correlates of personality. However, effects of gender
on personality/brain relationships have rarely been investigated to
date. Rather, most studies investigating personality in association
with brain structure treated gender only as covariate of no interest
(Omura et al. 2005; Gardini et al. 2009; Cremers et al. 2011;
Kapogiannis et al. 2013; Lu et al. 2014).

The aim of the current study was thus to investigate brain
regions associated with personality across both genders as well as
to assess a potential sexual dimorphism of the relationship between
personality traits and local GMV. Importantly, since personality
traits in their extreme forms are considered as vulnerability factors
of personality and mood disorders (Costa and McCrae 1992a), which
show important differences in prevalence for males and females
(Afifi 2007), a better knowledge of the underlying neural correlates
of personality and of potential gender differences of these
should also contribute to a better understanding of those clinical
conditions.

Materials and Methods
Subjects

Participants were selected from the data provided through the
Human Connectome Project, WU-Minn Consortium, in the current
“S500” release (HCP, http://www.humanconnectome.org, Van Essen
et al. 2012, Principal Investigators: David Van Essen and Kamil
Ugurbil; 1U54MH091657) funded by the 16 NIH Institutes and
Centers that support the NIH Blueprint for Neuroscience Research;
and by the McDonnell Center for Systems Neuroscience at
Washington University. Analyses of the HCP data were approved by
the ethics committee of the Heinrich Heine University Düsseldorf.

The HCP sample is composed of monozygotic (MZ) and
dizygotic (DZ) twins (at the moment of the selection of the subjects:
34 MZ males, 92 MZ females, 51 DZ males, 93 DZ females) and
not-twins (132 males not-twins and 140 females not-twins). The
category of the not-twins includes siblings of twins, just siblings,
and only-children (including those that have a not yet scanned
sibling but not twin).

Given this structure, we paid particular attention to select a
well-matched sample from this data that is as large as possible
while at the same time controlling for possible effects of heritability,
age, and education. Evidently, we first selected all participants from
the HCP sample for whom MRI images and personality data
were available. Out of this sample, we then selected groups of
males and females, respectively, which were closely matched
with regard to their age and years of education. Importantly, we
included only participants who met the following constraints to
control for family structure and effects of premature birth

(which is the norm in twins): only 1 subject per monozygotic
twin pair was selected due to the high genetic similarity to the
co-twin and the same amount of monozygotics was chosen for
males and females, while for dizygotic pairs both twins were
included since they are genetically equal to siblings. Although it
would have been more straightforward to use only unrelated
individuals, this would have extremely reduced the sample size
and, consequently, the statistical power.

Based on these criteria, a sample of 182 males (age 22–36
years, mean 29.0 ± 3.4, education 14.7 ± 1.8) and 182 females
(age 22–35 years, mean 29.2 ± 3.5, mean of years of education
14.7 ± 1.9) was selected. The percentage of twins and non-
twins participants did not differ by gender (X2

1 = 2.2, n.s.).
Moreover, no significant gender differences were detected for
age (t362 = −0.47, ns.) and years of education (t362 = −0.25, ns.).

Figure 1 illustrates the distribution of siblings in the male and
female sample. Specifically, 17 female–female dizygotic pairs and
27 females without the dizygotic twins were included in the female
(for a total of 61 dizygotic females) and 15 pairs of male–male
dizygotic twins and 17 dizygotic males without the dizygotic twin
in the male sample (for a total of 47 dizygotic males). Furthermore,
the sample consists of 19 monozygotic female individuals and
19 monozygotic male individuals as well as 102 non-twin females
and 116 non-twin males. Therefore 80 individuals with a twin
status and 102 individuals with a non-twin status formed the
female group, while 66 individuals with a twin status and 116
individuals with a non-twin status formed the male group.

The 364 subjects belonged to a total of 200 different families,
distributed as follows: 85 families were composed by just 1 indi-
vidual, 75 families by 2 individuals, 31 families by 3 individuals,
8 families by 4 individuals, and 1 family by 5 individuals. Thus,
85 subjects were unrelated (38 males and 47 females) while 279
had at least one other subject in the sample that was related to
him/her (144 males and 135 females). Thirty eight of the males
and 47 of the females have no siblings; 67 of the males and 44 of
the females have at least 1 male sibling, 47 of the males and
57 of the females have at least 1 female sibling; 30 of the males
and 34 of the females have at least a male and a female sibling.

Questionnaire

Subjects completed the English version of the NEO Five Factor
Inventory (NEO FFI, McCrae and Costa 2004). The NEO FFI

Figure 1. Distribution of siblings in the male and female sample with their rela-

tive zygosity (Not Twin, Dizygotic, Monozygotic). Groups’ abbreviations: m

(males with no siblings); f (females with no siblings); m:m (males who have at

least another male sibling); f:f (females with at least another female sibling); m:

f (males with at least a female sibling); f:m (females with at least a male sib-

ling); m:f+m (males with at least a male and a female sibling); f:m+f (females

with at least a male and a female sibling).
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consists of 60 items in the form of statements, 12 for each of the
5 factors (Neuroticism, Extraversion, Openness, Agreeableness,
and Conscientiousness).

MR Imaging and Pre-processing

3D structural T1wMRI scans were acquired (Glasser et al. 2013) on
a Siemens Skyra 3 T scanner using a 32-channel head coil and a
3D MPRAGE sequence (T1w MPR1, voxel size = 0.7 × 0.7 × 0.7mm,
FoV = 224 × 224mm, matrix = 320, 256 sagittal slices in a single
slab, TR = 2400ms, echo time; TE = 2.14ms, TI = 1000ms, flip
angle 8◦).

Data preprocessing was performed with SPM8 (Statistical
Parametric Mapping, Wellcome Department of Imaging
Neuroscience, London, UK, http://www.fil.ion.ucl.ac.uk/spm/) and
the VBM8 toolbox (http://www.neuro.uni-jena.de/vbm8), running
under Matlab R2014a (Mathworks, Natick, MA). Structural images
were normalized using the DARTEL algorithm (Ashburner 2007) to
the ICBM-152 template using both affine and non-linear spatial
normalization, bias-field corrected and segmented into gray mat-
ter, white matter, and cerebrospinal fluid tissues. The normalized
gray matter segments were then linearly and non-linearly modu-
lated. Finally, images were smoothed with an isotropic Gaussian
kernel (full-width-half-maximum = 8mm).

VBMAnalyses: Relationships Between GMV and Personality

We performed multiple regression analysis in SPM8 using the
voxel-wise GMV as dependent variable and the scores of the 5 fac-
tors of the NEO FFI as covariates of interest. Given the collinearity of
the NEO FFI scores (Table 1), each factor was assessed by a separate
GLM. For the analyses on the entire sample (364 participants) we
included age, total brain volume (TBV), and gender as covariates of
no interest. For the within-gender analyses only age and TBV were
added. Inference was performed using threshold-free cluster
enhancement (TFCE; Smith and Nichols 2009). The critical threshold
to control the family-wise error at P < 0.05 was based on a non-
parametric permutation framework (extend threshold of 50 voxels).
In order to identify regions where GMV was correlated with more
than one personality trait, conjunctions were performed using the
minimum statistic (Nichols et al. 2005) and multiple linear regres-
sion analyses were conducted to examine how their predictive
power on the correlation to the GMV was shared among them. All
activations are reported in MNI space and were anatomically

localized by using the SPM anatomy toolbox 2.1 (Eickhoff et al. 2005,
2007).

We also calculated cortical thickness and cortical surface
area in order to test whether the regions found in the VBM
results were also detected in these other structural analyses.
The description of method and results can be found in the sup-
plement material.

Follow-up: Gender Differences in Volume–Personality
Association

For regions where a significant correlation in either males or
females was found, we further investigated if a significant dif-
ference in the correlation could be found between males and
females. Therefore, Pearson correlations (r) between GMV and
each personality score were calculated, separately for males
and females, transformed into Fishers Z scores and compared
between groups (Kenny 1987). For significant (P < 0.05) group
differences we estimated the effect sizes by using Cohen’s q
measure (Cohen 1988) (q < 0.1: no effect, 0.1 < q < 0.3: small
effect, 0.3 < q < 0.5: intermediate effect, q > 0.5: large effect).

Follow-up: Functional Decoding

All significant clusters were in a last step functionally character-
ized using the Behavioral Domain meta-data from the BrainMap
database (http://www.brainmap.org; Fox and Lancaster 2002;
Laird et al. 2009, 2011). In particular, we identified those meta-
data labels (describing the task that was performed [paradigm
class] as well as the computed contrast [behavioral domain])
that were significantly more likely than chance to result in acti-
vation of a given cluster (Henson 2005; Poldrack 2006). That is,
functions were attributed to the identified morphological effects
by quantitatively determining which types of experiments are
associated with activation in the respective region.

Results
Gender Differences and Factors’ Correlations in NEO-FFI
Scores

Comparison of the 5 personality scores between men and
women (see Fig. 2) revealed a significant difference for neuroti-
cism (t362 = −3.02; P < 0.05, d = 0.31) and conscientiousness
(t362 = −2.7, P < 0.05, d = 0.29). For openness (t362 = 1.63, ns.),

Table 1 Intercorrelations (Pearson’s r) among the 5 personality factors in males (n = 182), females (n = 182) and across the overall sample
(n = 364)

Neuroticism Extraversion Openness Conscientiousness Agreeableness

Neuroticism Males — −0.5140a/ 0.1001/ 0.3996a/ −0.3260a/
Females −0.3190a/ −0.0204/ −0.4287a/ −0.3565a/
Overall −0.416a 0.028 −0.383a −0.320a

Extraversion Males — — 0.0319/ 0.4490a/ 0.3398a/
Females 0.0741/ 0.2624a/ 0.2378a/
Overall 0.055 0.351a 0.285a

Openness Males — — — −0.1888a/ 0.2009a/
Females −0.0557/ 0.1299/
Overall −0.136a 0.157a

Conscientiousness Males — — — — 0.2802a/
Females 0.1414/
Overall 0.225a

Agreeableness — — — — —

aMarks significance at P < 0.05.

Correlations Between Personality and Brain Structure Nostro et al. | 3

 at U
niversity of T

exas H
ealth Science C

enter at San A
ntonio on A

ugust 4, 2016
http://cercor.oxfordjournals.org/

D
ow

nloaded from
 

http://www.fil.ion.ucl.ac.uk/spm/
http://www.neuro.uni-jena.de/vbm8
http://www.brainmap.org
http://cercor.oxfordjournals.org/


agreeableness (t362 = −1.79, ns) and extraversion (t362 = 0.43, ns)
no significant gender differences were detected.

Correlations between factors were calculated separately for
males and females and across the whole sample using SPSS 20
(IBM Corp. Released, 2011). Most of them were significant at
P < 0.05 (Bonferroni-corrected) for both males and females and
across the entire sample; however, openness was found to be
independent of most of the other factors, especially in the
female sample (see Table 1). Furthermore, neuroticism was the
only factor correlating negatively with most of the others: with
agreeableness, conscientiousness, and extraversion in men and
in the mixed sample, in women also with openness.

Association to GMV

Across the entire sample, no significant correlation was found
between any personality factor and GMV (controlling for age, TBV,
and gender). Likewise, our analyses revealed no significant rela-
tionships between any of the 5 personality factors and GMV in
females (controlling for age and TBV). However, we found signifi-
cant (P < 0.05, FWE corrected) correlations in males. Negative corre-
lations were found between neuroticism and GMV of bilateral

parieto-occipital sulcus/cuneus (POS/Cun) extending into precu-
neus, left mid fusiform gyrus extending into cerebellum (lFFG/Cb),
and right mid fusiform gyrus (rFFG). Positive correlations were
found between extraversion and GMV of bilateral precuneus and
parieto-occipital sulcus (Prc/POS), bilateral thalamus (Th), left mid
FFG extending into the cerebellum (lFFG/Cb) and right cerebellum
(rCb). Conscientiousness was positively correlated with GMV of left
precuneus and parieto-occipital sulcus (Prc/POS) (Table 2 and
Fig. 3–5).

Given that in the male sample, we found a significant relation-
ship of GMV in the region of the left Prc/POS with conscientious-
ness, neuroticism, and extraversion, we assessed a potential
convergence between these effects by aminimum conjunction, con-
firming an association of a left Prc/POS with all 3 NEO FFI scores
(Table 3, Fig. 6). The multiple regression model with all 3 predictors
produced R² = 0.132, F(3, 178) = 9.0, P < 0 .001; specifically, conscien-
tiousness was the only significant predictor of the model (t178 = 2.3,
P < 0.05), while extraversion (t178 = 1.8, n.s.) and neuroticism
(t178 = −1.4, n.s.) did not explain any additional variance.

Another minimum conjunction was computed between the
whole brain VBM results of neuroticism and extraversion revealing
a further overlap in left FFG and right cerebellum (Table 4, Fig. 7).

Follow-up: Gender Differences in GMV–Personality
Association

All clusters that showed a significant association with one of
the NEO FFI scores in males (cf. Fig. 3B, 4B, 5B ) also showed a
significant gender-difference in the correlation between GMV
and personality scores (Table 5).

When comparing the GMV and NEO-FFI associations for the
lPrc/POS, that is, the core region identified in the three-way
conjunction (relationship to conscientiousness, neuroticism,
and extraversion) between males and females, we also found a
significant gender difference for all 3 scales (Table 6, Fig. 6B).
Likewise, assessing the clusters found in two-way conjunctions
across NEO FFI scores (POS/Cun, left FFG, and right cerebellum)
also confirmed that the association between the GMV of these
regions and the respective personality trait was significantly
stronger in males (Table 6, Fig. 7B).

Follow-up: Functional Characterization

Functional decoding of the regions which correlated separately
with neuroticism, extraversion, and conscientiousness is shown

Figure 2. Mean scores of the 5 NEO FFI personality scales (neuroticism, extra-

version, openness, conscientiousness, and agreeableness) separately for males

(orange) and females (violet); error bars represent standard errors. Significant

differences between males and females, marked by a star, were found for neur-

oticism and conscientiousness.

Table 2 Regions where GMV was found to be correlated with neuroticism, extraversion, and conscientiousness in the male sample

Regions (size in voxels) X Y Z Cytoarchitectonic assignments

Neuroticism
Parieto-occipital sulcus/ Cuneus (6053 voxels) 0 −78 13 left hOc1 (left hOc3d; right hOc1; left hOc1)
Left fusiform gyrus/ cerebellum (1027 voxels) −46 −49 −28 left lobule VIIa Crus I (left FG2; left lobule VIIa crus II; left lobule VI)
Right fusiform gyrus (297 voxels) 42 −48 −25 right FG2 (right lobule VI; right lobule VIIa crus I)
Extraversion
Precuneus/parieto-occipital sulcus (11.001 voxels) −1 −69 33 left hOc1 (right hOc1; right Area 5 L; left hOc3d)
Thalamus (621 voxels) 9 −31 0 right Th-temporal (right Th-Parietal; left Th-Prefrontal; right Subiculum)
Left fusiform gyrus/Cerebellum (213 voxels) −46 −48 −28 left lobule VIIa crus I (left FG2; left lobule VI)
Right cerebellum (444 voxels) 13 −81 −21 right lobule VIIa crus I (right lobule VI; right hOc4v; right hOc3v)
Conscientiousness
Left precuneus/parieto-occipital sulcus (491 voxels) −9 −73 30 left hOc4d (left hOc3d; left Area 7 P; left Area 7M)

x, y and z coordinates denote the center of gravity in MNI space.

Reference for probabilistic cytoarchitectonic mapping of: hOc1 (Amunts et al. 2000); hOc3d, hOc4d (Kujovic et al. 2013); lobule VIIa crusI and lobule VI (Diedrichsen

et al. 2009); FG2 (Caspers et al. 2013); Area 5 L, 7 P, 7M (Scheperjans et al. 2008); hOc3v and hOc4v (Rottschy et al. 2007); Th-temporal, Th-parietal, Th-prefrontal, and

Subiculum (Behrens et al. 2003) .

4 | Cerebral Cortex

 at U
niversity of T

exas H
ealth Science C

enter at San A
ntonio on A

ugust 4, 2016
http://cercor.oxfordjournals.org/

D
ow

nloaded from
 

http://cercor.oxfordjournals.org/


in Figures 3C, 4C and 5C, respectively. The functional decoding
of the lPrc/POS found in the three-way conjunction (Fig. 6C)
revealed that this region was significantly associated with expli-
cit memory and perception of visual motion as well as action
inhibition (P < 0.05). The functional characterization of the clus-
ters from the conjunction between neuroticism and extraversion
(Fig. 7C), that is, the only two-way conjunction yielding signifi-
cant results outside the cluster already identified by the three-
way conjunction, showed that the POS/Cun was associated with
action observation, anxiety, olfactory, and visual perception, as
well as multiple cognitive processes (P < 0.05). Finally, left FFG/Cb
as well as right Cb were both associated with language process-
ing, while the former was additionally related to emotion pro-
cessing (P < 0.05).

Discussion
The current morphometric study investigated the neural
correlates of personality traits assessed by the NEO-FFI and

potential gender differences thereof. We found no signifi-
cant correlations between any personality scales and GMV
when investigating relationships across the entire sample.
In contrast, when the sample was split by gender, significant
associations were observed in males but not females. This
sexual dimorphism was corroborated by the significant dif-
ferences in GMV/personality correlations between males
and females for the respective clusters. Together, these find-
ings thus demonstrate that gender is a fundamental factor
to consider when trying to understand the morphological
underpinnings of inter-individual differences in personality
traits.

Correlations Among Personality Traits

Correlations among the 5 personality traits (Table 1) revealed
similar patterns as reported in the literature (Egan et al. 2000;
McCrae and Costa 2004; van der Linden et al. 2010), with mostly
negative correlations between neuroticism and the other

Figure 3. Neural correlates of neuroticism in males. (A) Whole brain VBM results revealing negative relationships between neuroticism and GMV of POS/Cun, lFFG/Cb,

and rFFG in males. (B) Correlations between neuroticism and GMV in POS/Cun, lFFG/Cb, and rFFG separately for males and females, with negative correlations in

males but no correlation in females. (C) Functional decoding of the regions POS/Cun, lFFG/Cb, and rFFG; behavioral domains at P < 0.05 uncorrected for multiple

comparison.
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factors, and positive ones among extraversion, agreeableness,
and conscientiousness. Furthermore, also in line with previ-
ous reports (Egan et al. 2000; McCrae and Costa 2004; van der
Linden et al. 2010) the lowest correlations were found between
openness and the other factors, while the highest associations
were observed for neuroticism with extraversion and neuroti-
cism with consciousness (Egan et al. 2000; McCrae and Costa
2004; van der Linden et al. 2010). However, several correlation
coefficients that were observed when performing separate
analyses for males and females were somewhat higher
than those observed in previous studies (e.g. extraversion
and neuroticism in males: −0.514; conscientiousness and

extraversion in males: 0.449; conscientiousness and neuroti-
cism in females: −0.428). It may be speculated that this may
relate to the fact that some of our subjects were related to
each other. However, when testing correlations only in a sub-
sample of unrelated subjects, higher than previously reported
correlations persisted (Supplement Table 1). It is important to
note that the meta-analytic intercorrelations reported in Van
Der Linden et al. (2010) were based on different personality
questionnaires and that previous studies investigating the
NEO-FFI computed correlations in gender-mixed samples
(Egan et al. 2000; McCrae and Costa 2004; van der Linden et al.
2010). Therefore, the higher values might be due to the fact

Figure 4. Neural correlates of extraversion in males. (A) Whole brain VBM results revealing positive relationships between extraversion and GMV of Prc/POS, Th, lFFG/

Cb, and rCb in males. (B) Correlations between extraversion and GMV in Prc/POS, Th, lFFG/Cb, and rCb separately for males and females, with positive correlations in

males but no correlation in females. (C) Functional decoding of the regions Prc/POS, Th, lFFG/Cb, and rCb; behavioral domains at P < 0.05 uncorrected for multiple

comparison.
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that we did separate analyses for males and females, while
correlations across the entire sample are comparable to previous
reports. We would therefore argue that the discrepancy between
our (gender-separated) correlations and those previously observed

for gender-mixed samples (which we confirmed when analyzing
males and females from our sample together) indicate that not
only the mean NEO-scores but also their correlation structure
shows a sexual dimorphism.

Figure 5. Neural correlates of conscientiousness in males. (A) Whole brain VBM results revealing positive relationships between conscientiousness and GMV of Prc/

POS in males. (B) Correlations between extraversion and GMV in Prc/POS separately for males and females, with positive correlations in males but no correlation in

females. (C) Functional decoding of the regions Prc/POS; behavioral domains at P < 0.05 uncorrected for multiple comparison.

Table 3 Results of the three-way conjunction across the analyses of neuroticism, extraversion, and conscientiousness in the male sample

Regions (size in voxels) X Y Z Cytoarchitectonic assignments

Neuroticism, Extraversion and Conscientiousness
Left precuneus/parieto-occipital sulcus (477 voxels) −9 −73 30 left hOc4d (left hOc3d)

x, y and z coordinates denote the center of gravity in MNI space.

Reference for probabilistic cytoarchitectonic mapping of: hOc4d (Kujovic et al. 2013).

Figure 6. Three-way conjunction across the results of neuroticism, extraversion, and conscientiousness. (A) Results of the minimum conjunction analysis across the

3 traits revealing a cluster in lPrc/POS where GMV significantly correlated with all 3 personality scores in the male but not female sample. (B) Individual correlations

between neuroticism, extraversion, and conscientiousness and GMV in lPrc/POS separately for males and females, with negative correlations in males but no correl-

ation in females. (C) Behavioral characterization of lPrc/POS at P < 0.05, uncorrected for multiple comparison.
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Table 4 Results of the two-way conjunction across the GMV results of Neuroticism and Extraversion

Regions (size in voxels) X Y Z Cytoarchitectonic assignments

Neuroticism and extraversion
Parieto-occipital sulcus/ Cuneus (4082 voxels) −2 −76 19 left hOc1 (right hOc1, left hOc3d left hOc2)
Left fusiform gyrus/cerebellum (189 voxels) −46 −49 −27 left lobule VIIa crus I (left FG2, left lobule VI)
Right cerebellum (166 voxels) 16 −78 −19 right lobule VI (right hOc4v, right lobule VIIa crus I, in right hOc3v)

x, y and z coordinates denote the center of gravity in MNI space.

Reference for probabilistic cytoarchitectonic mapping of: hOc1 and hOc2 (Amunts et al. 2000); hOc3d (Kujovic et al. 2013); lobule VIIa crusI and lobule VI (Diedrichsen

et al. 2009); FG2 (Caspers et al. 2013); hOc3v and hOc4v (Rottschy et al. 2007).

Figure 7. Two-way conjunction across the results of neuroticism and extraversion. (A) Results of the minimum conjunction analysis between these 2 traits revealing

bilateral POS/Cun, lFFG, and rCb. (B) Individual correlations between neuroticism and extraversion and GMV in POS/Cun, lFFG/Cb, and rCb separately for males and

females, with negative correlations in males but no correlation in females. (C) Behavioral domains significantly associated with POS/Cun, lFFG/Cb, and rCb at P < 0.05

uncorrected for multiple comparison.
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Gender Differences in Personality Traits

Previous studies investigating gender differences in NEO-FFI
have shown that women score higher in neuroticism and agree-
ableness, while conscientiousness, extraversion, and openness
did not show significant differences (Costa et al. 2001; Chapman
et al. 2007; Weisberg et al. 2011). In line with these studies, we
observed higher neuroticism-scores for women but no signifi-
cant gender differences in openness and extraversion. However,
in contrast to previous studies, we failed to find a significant
gender difference in agreeableness, and found that women
scored higher for conscientiousness than men. We would pro-
pose that these discrepancies may be attributable to the consti-
tution of the cohort, most importantly the parenting experience.
Indeed agreeableness has been associated with motherhood and
nurturance in females but not in males (Jokela et al. 2011) and
this trait shows a significant increase around the age of 30 (Soto
et al. 2011), when more often decisions about starting a family
are taken. Since the HCP data consists of a young sample, we
hypothesize that some women in our sample might not have had
kids yet, resulting in a similar men’s mean score. When looking at
mean agreeableness scores in older (32–35 years old) and younger
females (22–27 years old) there is, indeed, an indication of an

increasing score with age (younger: mean 30.8; older: mean 32.6)
while in males the means are similar (younger: 30.5; older: 30.7). On
the other hand, our female sample scored significantly higher than
males in conscientiousness. This might reflect a potential societal
shift favoring (work-related) conscientiousness in young female
cohorts and confirm the study from Jokela and colleagues (Jokela
2012), already demonstrating a birth-cohort effect on conscientious-
ness and agreeableness scores.

Association of NEO-FFI Scores to GMV Across the Entire
Sample

The absence of any significant relationships between personal-
ity traits and regional GMV across the entire sample contradicts
the biological model of the NEO-FFI suggested by De Young
(2010) and other previous studies that supported such associ-
ation (Omura et al. 2005; Gardini et al. 2009; Cremers et al. 2011;
Kapogiannis et al. 2013; Lu et al. 2014). However, it may be
noted that GMV–personality relationships are highly inconsistent
over these previous studies in terms of location and direction.
Part of this heterogeneity may be attributable to methodological
differences and analytic variability between studies, including

Table 5 Gender differences in GMV–Personality associations in regions individually correlating with neuroticism (POS/Cun, lFFG/Cb, rFFG), wi-
th extraversion (Prc/POS, Th, lFFG/Cb, rCb), and with conscientiousness (lPrc/POS)

rmales rfemales Z value of gender comparison of
r: (Zmales–Zfemales)/σ(Zmales–Zfemales)

Cohen’s q of
gender difference

Neuroticism
POS/Cun −0.27a 0.01 −2.7a 0.31
lFFG/Cb −0.36a 0.15 −4.8a 0.53
rFFG −0.38a 0.07 −4.4a 0.38
Extraversion
Prc/POS 0.29a −0.05 3.3a 0.35
Th 0.32a −0.07 3.8a 0.4
lFFG/Cb 0.46a −0.11 5.7a 0.6
rCb 0.31a −0.01 3.1a 0.3
Conscientiousness
lPrc/POS 0.3a 0.05 2.9a 0.3

aMarks a significant correlation coefficient or gender difference.

Table 6 Gender differences in GMV–Personality associations of the regions found in the three-way conjunction region (lPrc/POS) and in the
two-way conjunction (POS/Cun, lFFG/Cb, rCb)

rmales rfemales Z value of gender comparison of
r: (Zmales–Zfemales)/σ(Zmales–Zfemales)

Cohen’s q of
gender difference

lPrc/POS
Neuroticism −0.27a 0.04 −2.24a 0.31
Extraversion 0.29a 0.07 2.16a 0.20
Conscientiousness 0.30a 0.04 2.54a 0.27
POS/Cun
Neuroticism −0.3a 0.0 −2.9a 0.31
Extraversion 0.29a −0.07 3.5a 0.37
lFFG/Cb
Neuroticism −0.33a 0.11 −4.7a 0.45
Extraversion 0.33a −0.1 4.2a 0.35
rCb
Neuroticism −0.28a 0.0 −2.7a 0.28
Extraversion 0.31a 0.02 3.2a 0.3

aMarks a significant correlation coefficient or gender difference.
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differences in personality questionnaires, whole-brain vs. regional
analysis, differences in data preprocessing, variable types of stat-
istical thresholds and (no) correction for multiple comparisons,
different combinations of nuisance covariates (NCs, specifically
age, gender, and total brain size; cf. Hu et al. 2011). However, we
would argue that probably the usually rather small sample size,
leading to spurious associations, is the major culprit. In that con-
text, it is interesting to note that our findings are in line with
those by Liu and colleagues (Liu et al. 2013) who assessed a large
sample (227 subjects) in a similar age range using a comparable
approach and likewise found no significant associations between
NEO-FFI personality items and GMV. However, it has to be noted
that Liu and colleagues neither found any correlations when
investigating relationships separately for males and females.
However, considering that the male sample only consisted of 59
subjects, small and moderate effects, like those in our study,
might thus have been missed.

Given that our study assessed a large and well-balanced
sample, is by far the best powered to date, and capitalizes on
the unprecedented data quality of the HCP project, the current
negative result across both genders is particularly noteworthy
given the backdrop of an inconsistent literature based on smal-
ler samples. We would thus argue that the latter may have aris-
en from a combination of spurious associations in smaller
samples (and/or liberal thresholding) and a publication bias
towards positive findings (Wallentin 2009), a situation that may
be a common problem in morphology/phenotype associations
in basic and even more clinical neuroscience.

Association of NEO-FFI Scores to GMV in the Male
Sample

Convergence of Neuroticism, Extraversion, and Conscientiousness
It has already been reported that extraversion and conscien-
tiousness scores correlate positively with each other and nega-
tively with neuroticism (McCrae and Costa 2004). In our male
subsample, the neural correlates of all 3 traits overlap in the POS
as well as in Prc (overlapping with cluster 1 of the connectivity-
based parcellation of Bzdok et al. 2014), where their correlations
with GMV resembled their correlation structure as higher extraver-
sion and conscientious scores go along with higher GMV, whereas
a lower amount of GMV is associated with higher neuroticism.

We furthermore showed that this region is activated by
task-fMRI studies probing visual (motion) perception, memory,
and action inhibition. It may thus be speculated that neuroti-
cism, extraversion, and conscientiousness should, via the mor-
phological substrate of the lPrc/POS, relate to inter-individual
performance in these functions. It has, for example, been
shown that higher conscientiousness is associated with better
performance in tasks requiring cognitive control and action
inhibition such as the Stroop (Bannon et al. 2002) and anti-
saccade (Kelly et al. 2015) tasks. Similarly, higher extraversion
goes along with an enhanced ability to ignore task-irrelevant
information in a verbal Stroop task (Prabhakaran et al. 2011).
Conversely, neuroticism is associated with a decreased ability
to ignore irrelevant information (Prabhakaran et al. 2011). The
latter has been related to a “hypervigilance of threats” (Mogg and
Bradley 1998; Richards et al. 2014), that is, an adaptive behavior
to perceive a potential risk faster, which comes at the cost of
specificity and, consequently, less successful inhibition of
irrelevant stimuli and response sets. While the association of
personality traits to visual processing has received less atten-
tion, the positive relation between conscientiousness and
(anti) saccade task performance corroborates the above picture,

as does the role of extraversion as a positive predictor of atten-
tional control in visual classification or change detection tasks
(Stenberc 1994). There have also been several reports linking
higher extraversion, as well as lower neuroticism, to better
(long-term) memory performance (Nakamura et al. 1979; Ashby
et al. 1999; Allen et al. 2011). Finally, conscientiousness was
shown to correlate positively with subjective memory
(Pearman 2009), which in turn might reflect performance in
objective mnemonic tasks (Zimprich and Kurtz 2015).

In summary, we would thus argue that the observed conver-
gence of morphometric substrates for neuroticism, extraver-
sion, and conscientiousness in the lPrc/POS may provide the
structural correlate of the association between these personal-
ity traits and inter-individual performance differences in the
domains of action inhibition, visual perception, and memory.

Convergence of Neuroticism and Extraversion
For the male subsample, additional convergence in the mor-
phometric substrate for extraversion and neuroticism was
found in lFFG/Cb and rCb regions associated with language and
in the case of lFFG/Cb, emotion, face, and reward processing.
This suggests a link between these personality traits and inter-
individual performance difference in language tasks, which is
supported, for example, by previous work showing a positive
association with extraversion and a negative one with neuroti-
cism for verbal fluency tasks (Sutin et al. 2011). Regarding the
specific effects in the fusiform face region and the relation to
emotion, we would speculate that individuals with higher
extraversion spend more time with others resulting in use-
dependent plasticity in face-selective regions. Alternatively,
however, already higher GMV in face selective regions might
lead to a stronger tendency to spend more time with others
and hence even predispose towards an extraverted personality.

In contrast, hypervigilance in high neuroticism might favor
the detection of threats (Richards et al. 2014), and concurrently
impair the processing of the neutral faces and other emotions
(Andric et al. 2015). With regard to reward sensitivity, there is
evidence of an opposite role of approach (associated with extra-
version) and avoidance (associated with neuroticism) on the
anticipatory role of reward: approach relies on a higher sensi-
tivity to social (Wilkowski and Ferguson 2014) and monetary
(Ostaszewski 1996) rewards, while avoidance is associated with
reduced responsiveness to incentives (Bress et al. 2013).

Gender Differences in Brain Structure–Personality
Relationships

Our analyses revealed not only several personality “hotspots”
in males, but strikingly also failed to find any relationship in
the female subgroup. This absence of localized morphology/
personality relationships may well relate to observations that
female brains are more decentralized (Zaidi 2010) and feature
stronger interhemispheric structural connectivity (Ingalhalikar
et al. 2014);that is, are potentially “hard-wired” towards multi-
tasking (Zaidi 2010). In particular, such more distributed and
integrated architecture may reduce the explanatory power of
any local morphological effect.

Another factor that likely plays a major role in the observed
dimorphism is the effect of sex hormones, given their influence
on personality (Daendee et al. 2013) and brain structure (De
Vries 2004). Both estrogens and progesterone, for example,
influence neuroticism via antagonistic modulation of GABA
receptors (Maggi and Perez 1986; Daendee et al. 2013), and have
been hypothesized to play a crucial role in generating the
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higher neuroticism scores (Seeman 1997) that have been
observed for females in several studies, including ours. These
hormones also influence neuropsychological features related to
personality obtained through the functional profile; for
instance, estrogens positively modulate saccadic eye velocity
(Wihlbäck et al. 2005), long-term memory (Barros et al. 2015),
and self-regulation/inhibitory control (Hosseini-Kamkar and
Morton 2014), while progesterone negatively modulates sac-
cadic eye velocity (van Broekhoven et al. 2006), memory (Barros
et al. 2015), and self-regulation (Hosseini-Kamkar and Morton
2014). Furthermore, their fluctuation over the menstrual cycle
has been connected to neural changes, on both structural and
functional level in different brain regions (Witte et al. 2010;
Rasgon et al. 2014; Lisofsky et al. 2015).

The influence of sex hormones on personality features and
neurobiology, combined with their massive changes over the
menstrual cycle in women and relative stability in men, may
well explain the lack of significant results in the female sample.
In particular, since we could not control for menstrual cycle in
our sample, we must assume that female participants were
scanned randomly in all phases of a natural menstrual cycle or
under contraceptive medication, that is, synthetic hormones.
Given the ensuing variations in estrogens and progesterone
levels, the female group should be substantially more heteroge-
neous than the male sample, which in turn should make it
more difficult to detect associations between morphometric
features and personality scores, if the increase in variance is
not isomorphic between the phenotypical scores and (local)
brain volume changes. In addition to the effects of female sex
hormones, the higher levels of testosterone in males (Torjesen
and Sandnes 2004) and its stable concentration across the life
span (Liu et al. 2015) may also contribute to the differential
findings. For example, testosterone is involved in regulating
approach behavior and social status-seeking (Eisenegger et al.
2011) and therefore associated with extraversion (Smeets-
janssen et al. 2015), but has also been shown to influence cor-
tical thickness in cuneus and other visual areas (Bramen et al.
2012). Consequently, the above-discussed associations in males
may reflect a common causal factor (i.e., testosterone) driving
both morphometric features, personality and neuropsycho-
logical performance in various tasks.

Clinical Implications

Personality traits may become themselves clinically relevant in
their extreme forms as personality disorders (Miller et al. 2001).
Rather and more importantly, they also seem to predispose
towards multiple Axis-I disorders. For example, high neuroti-
cism and low extraversion are associated with social, agora-
and specific phobias (Bienvenu et al. 2007), high neuroticism,
low extraversion and conscientiousness with depression
(Weiss et al. 2009), low extraversion and high agreeableness
with eating disorders (Tasca et al. 2009), and high neuroticism
and extraversion with substance abuse (Dubey et al. 2010). This
strong link between personality traits and Axis-I disorders is
corroborated by gender differences in prevalence. For example,
mood, anxiety, social, and eating disorders are more frequently
found in females (Mclean and Hofmann 2011; Viana and
Andrade 2012; Seney and Sibille 2014) cf. Afifi (2007), while sub-
stance abuse is more common in males (Compton et al. 2007;
Viana and Andrade 2012).

This convergence extends to the neurobiological level. For
instance, depressed patients feature reduced GMV in the Prc/
Cun (Grieve et al. 2013), which resonates well with its reduced

volume in high neuroticism. Finally, in line with our result of
decreased GMV in lPrc/POS going along with low extraversion,
persistent GMV reduction of the precuneus has been demon-
strated in anorexia (Joos et al. 2011). While more indirect evi-
dence, it is also interesting to note that various Axis-I disorders
also feature cognitive impairments in those domains that we
found to be associated with the Prc/POS, that is, the convergent
structural substrate for multiple personality dimensions. In
particular, it has been shown that patients with social anxiety
demonstrate a lack of attentional control and difficulties in
focusing on task-relevant stimuli (Derakshan et al. 2009; Wieser
et al. 2009) and that patients with depression show impair-
ments involving visual attention, cognitive flexibility
(Hoffstaedter et al. 2012; Doose-Grünefeld et al. 2015), and con-
trol (De Lissnyder et al. 2012) as well as memory (Roca et al.
2015).

In summary, our results in combination with previous find-
ings suggest the Prc/POS as a key structure in the close relation-
ship between personality traits, gender, major psychiatric
disorders, and changes in brain structure as well as neuro-
psychological profiles. Moreover, they also highlight the
importance of assessing potential sexual dimorphisms of these
relationships.

Limitations

It has to be acknowledged that our sample partially consists of
related subjects, which might have influenced the present find-
ings. Therefore, in order to test if the association of personality
with GMV in POS, lFFG, and rCB could be replicated in an unre-
lated (though substantially lower powered) sample, we reran
our analysis again in a more restricted sample, consisting of
150 unrelated subjects, with men and women matched for their
zygosity, age, and years of education. Also in this smaller
group, we found a cluster located in the lPrc/POS, which GMV
in males was positively associated with extraversion and nega-
tively associated with neuroticism scores. However, correla-
tions between lFFG and rCb with extraversion and neuroticism
as well as between lPrc/POS with conscientiousness could not
be reproduced. These effects may thus have arisen from the
family structure, although we would strongly argue that their
absence could very likely be related to the much lower power
in the now substantially smaller sample. In conclusion, the cor-
relation between lPrc/POS and extraversion and neuroticism
can be considered as stable and independent from genetic
influences, while the associations with lFFG/Cb and rCb should
be interpreted with caution, and should be replicated in a larger
unrelated sample.

Furthermore, the presented neuroanatomical changes asso-
ciated with personality were found in males, who have gener-
ally larger brains than females (Ruigrok et al. 2014). It has
previously been shown that volume of specific brain regions as
well as inter- and intra-hemispheric connectivity differences
between males and females may be related to brain size
(Hänggi et al. 2014; Pintzka et al. 2015 but compare Im et al.
2006; Luders et al. 2009). Therefore the question arises whether
the effects of the current study, which are only observed in
men, can be fully attributed to gender, or are (partially) also dri-
ven by brain size. While we controlled for TBV by using it as a
covariate of no interest in our statistical models, we would still
refrain from claiming that our results are purely attributable to
gender.

Lastly, we performed a surface-based analysis of cortical
thickness and area in order to explore whether the correlations
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we found in VBM analysis could also be found in these more
specialized measures of cortical morphometry. Results revealed
a positive association in males between conscientiousness and
cortical thickness of the lPOS at an uncorrected level (P < .001,
uncorrected), while no correlations were observed with the
traits of extraversion and neuroticism neither for the lPOS nor
for the lFFG. Thus, based on our results, we would argue that,
though on an uncorrected level (P < 0.001), the association
between volume of lPOS and conscientiousness may be more
related to changes in cortical thickness than surface area.
However, given that the surface-based analyses yielded largely
null-results it seems that GMV is more sensitive in detection
brain structure–personality relationships than either of its 2 con-
stituents, that is, cortical thickness or surface area. These results
support the notion of GMV as a gross but robust anatomical
index for morphometric changes, providing a mixed measure of
regional gray matter properties including cortical surface area,
thickness, and potentially folding. Consequently, the more spe-
cialized SBM measures might fail to detect changes driven by
interactions of multiple surface-based features and, conse-
quently, when used in isolation, significant associations with
performances might not be revealed (Smolker et al. 2015).

Summary and Conclusion

Our study challenges existing notions on morphological sub-
strates for personality traits, by yielding a negative result in a
well-powered analysis of high-quality data in a balanced sam-
ple. Additionally, it demonstrates that relationships between
personality traits and brain structure are highly dependent on
gender. This observation is corroborated by converging neuro-
psychological and clinical evidence supporting a similar sexual
dimorphism. We also identified the left precuneus as a conver-
gent substrate for neuroticism, extraversion, and conscien-
tiousness in males. This region was functionally implicated by
our analysis in cognitive control, visual perception, and mem-
ory, that is, mental functions that show robust relationships to
the aforementioned personality traits. Extraversion and neur-
oticism converged also in the left fusiform gyrus and right cere-
bellum, regions related to emotion processing and language
skills that are likewise related to personality.

Taken together, our study provides a critical view on previ-
ous links between brain structure and personality traits, reveal-
ing the precuneus as a key region linking personality, gender,
mental functions, and psychiatric disorders, and highlighting
the need to account for sexual dimorphisms when trying to
unravel the complex relationships between these aspects.
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