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FEATURE ARTICLE
Sex Differences in Resting-State Neural
Correlates of Openness to Experience
among Older Adults

Angelina R. Sutin, Lori L. Beason-Held, Susan M. Resnick and
Paul T. Costa

Laboratory of Personality and Cognition, National Institute on
Aging, National Institutes of Health, Department of Health and
Human Services, Baltimore, MD 21224, USA

We investigated sex differences in the resting-state neural

correlates of Openness to Experience, a universal personality trait

defined by cognitive flexibility, attention to feelings, creativity,

and preference for novelty. Using resting-state positron-emission

tomography from 100 older individuals (>55 years of age), we

identified associations between Openness and resting-state re-

gional cerebral blood flow that replicated across 2 assessments of

the same sample, approximately 2 years apart. Openness correlated

positively with prefrontal activity in women, anterior cingulate

activity in men, and orbitofrontal activity in both sexes, which

suggests that areas linked to cognitive flexibility (women),

monitoring processes (men), and reward and emotional processing

(both) underlie individual differences in Openness. The results

challenge the implicit assumption that the same trait will rely on the

same neural mechanisms across all who express it.

Keywords: Five-Factor Model, neuroimaging, Openness to Experience,

personality, sex differences

Introduction

In working to identify the neural underpinnings of behavioral
traits, researchers have traditionally relied on combined-sex

samples. This practice is understandable; the sheer cost and
time-demanding nature of neuroimaging research necessitates
such an approach. Yet, combining men and women into

a single sample implicitly assumes that the neural substrate of
psychological traits does not differ by sex. Evidence that
challenges such assumptions has critical implications for

pharmacological interventions, hypothesized neural circuits,
and, more generally, is crucial for understanding differences
between people.

Differences between men and women have been docu-

mented across a variety of contexts, from the physiological to
the psychological. Sex differences are apparent in brain
structure (Cosgrove et al. 2007), volume (Carne et al. 2006),

and metabolic activity at rest (Gur et al. 1995). In the early stages
of Alzheimer’s disease, men have greater reductions in glucose
metabolism than women, even in the presence of similar

symptomatology (Perneczky et al. 2007). Elevated glucocorti-
coid hormones enhance memory for men but not women
(Andreano and Cahill 2006). In the psychological realm,
although similarities may outnumber differences (Hyde 2005),

some differences are robust. It is well established, for example,
that women are more susceptible to anxiety and depression than
men. However, even when there are no sex differences at the

behavioral level, the neurological underpinnings of psychological
traits may still differ by sex (Cahill 2006).

Combining men and women to increase sample size and
statistical power may obscure differences between the sexes

and contribute to conflicting findings often observed in the

literature. Neuroimaging studies of individual differences

typically use small sample sizes and, with a median sample size

of 13 (Sergerie et al. 2008), it is difficult to identify and

replicate meaningful differences between people. Only large-

scale projects with sufficiently large sample sizes will have the

statistical power to detect potential sex differences in the

neural underpinning of psychological constructs, such as

personality traits.
Most previous research on the neurological basis of

personality has focused on traits related to Neuroticism (Zald

et al. 2002) and Extraversion (Johnson et al. 1999), to the

neglect of the other traits within the Five-Factor Model (FFM)

of personality. Equally important within the FFM, the trait

Openness to Experience captures individual differences in

cognitive flexibility, need for variety, and depth of emotional

experience (Costa and McCrae 1992). It is a universal person-

ality trait that ‘‘is seen in the breadth, depth, and permeability of

consciousness, and in the recurrent need to enlarge and

examine experience’’ (p. 826) (McCrae and Costa 1997). Open

individuals are distinguished by their creativity, intellectual

independence, and esthetic sensitivity. Openness is a broad

trait that shapes not only an individual’s experience of the

world but also social interactions from friendship and marriage

to cultural innovation (McCrae 1996).
Open individuals’ tolerance of ambiguity, ability to make

remote associations, and curiosity touch nearly every aspect of

functioning. They are verbally fluent, humorous, and expressive

in interpersonal interactions (Sneed et al. 1998). Openness has

been associated positively with crystallized intelligence (Bates

and Shieles 2003) and entrepreneurialism (Zhao and Seibert

2006) and even has a place in politics: Across the first 42 US

presidents, Openness correlates moderately with leader per-

formance (r = 0.34) (Simonton 2006). Although women tend to

score slightly higher on Openness than men, the correlates and

consequences of Openness typically do not differ by sex.
Similar to the other traits within the FFM, approximately 50%

of the variance in Openness is heritable (Bouchard 1994). This

genetic influence suggests a strong biological basis; yet, the

proximal biological underpinnings of this trait, including its

neural substrate, have yet to be identified. One neuropsycho-

logical model of Openness (DeYoung et al. 2005) implicates

the dopaminergic system, specifically projections to the pre-

frontal cortex (PFC) and the anterior cingulate cortex (ACC).

Although neuropsychological tests that assess function of the

dorsolateral prefrontal cortex (DL-PFC) (DeYoung et al. 2005;

Higgins et al. 2007) lend support to this model, there is no
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direct evidence for the association between Openness and
activity in specific brain regions.

Despite this paucity of direct evidence, associations with
core features of Openness offer provocative hints into the

possible role of these structures. The cognitive flexibility so
characteristic of open individuals stems from their ability to
store and manipulate information with ease (DeYoung et al.

2005). Working memory, attention, and the ability to shift sets,
mechanisms necessary for such manipulation, are highly
associated with activity in the DL-PFC and the ACC (MacDonald

et al. 2000). Thus, a disposition toward cognitive flexibility may
be dependent on engagement of brain regions typically
activated during tasks designed to measure cognitive control.

In addition, esthetic chills—transient emotional responses to
the experience of beauty—a nearly universal indicator of
Openness (McCrae 2007), correlate positively with activity in
the ACC (Blood and Zatorre 2001).

Although Neuroticism and Extraversion may be the most
commonly studied traits due to their relevance to mood,
anxiety, and substance abuse disorders, Openness is strongly

related to emotional processing, such as affect differentiation
(Terracciano, McCrae, et al. 2003) and emotion recognition
(Terracciano, Merritt, et al. 2003). Openness also has a strong

negative association with alexithymia (Luminet et al. 1999), and
this inability to differentiate emotions has been implicated in
somatization (Mattila et al. 2008) and difficulties in social
functioning (Vanheule et al. 2007). As such, identifying the

neural correlates of Openness will help facilitate research on
the neural mechanisms involved in emotional processing.

In the current study, we used a robust design to test whether

individual differences in Openness were reliably associated
with regions of stable brain activity over time and whether
these associations differed by sex in a sample of older

individuals. Participants (N = 100; 46 female; mean age at Year
1 baseline = 71.4) underwent resting-state positron-emission
tomography (PET) scans twice, approximately 2 years apart. As

members of the neuroimaging substudy of the Baltimore
Longitudinal Study of Aging (Shock et al. 1984), participants
were assessed annually for 9 years. In the current analyses, we
use resting-state PET scans of regional cerebral blood flow

(rCBF) from Years 1 and 3 to maximize the number of
participants who also had multiple assessments of Openness.
Each PET scan was paired with a separate administration of the

NEO Personality Inventory (NEO-PI-R), a standard, comprehen-
sive, and well-validated measure of Openness (Costa and
McCrae 1992). Thus, each participant had 2 independent

assessments of both rCBF and Openness to Experience. These
measures were correlated to identify stable neural correlates of
Openness that replicated across the 2 assessments.

Materials and Methods

Subjects and Procedures

PET data were analyzed from Years 1 and 3 of the neuroimaging substudy
of the Baltimore Longitudinal Study of Aging (BLSA; Shock et al. 1984). In
the current study, we included participants in the sample if they had
valid resting-state PET scans from both Years 1 and 3 and had 2 valid
personality assessments within 2 years of each scan. A total of 100
subjects (46 female; 91% white) met these criteria. Subjects in the BLSA
neuroimaging study were limited to those 55 years of age or older; in the
present sample, the average age was 71.4 (standard deviation [SD] = 7.7)
overall, 72.3 (SD = 7.4) for men, and 70.4 (SD = 7.9) for women at the
Year 1 scan; this difference in age was not statistically significant,

F1,98 = 1.5, not significant (NS). On average, both men and women in this
sample were similarly educated (men, M = 16.65 [SD = 3.05]; women,
M = 15.75 [SD = 2.46]); no significant group difference, F1,98 = 2.51, NS.
Men and women also did not differ on depressive symptomatology, as
measured by the Center for Epidemiologic Studies Depression Scale,
F1,98 = 3.21, NS. Approximately half of the women were on hormone
therapy at either Year 1 (n = 23) or Year 3 (n = 25); hormone status was
missing for 3 participants.

Participants completed a battery of 12 neuropsychological tests
evaluating 6 cognitive domains. Memory was assessed using the
California Verbal Learning Test and Benton Visual Retention Test.
Word knowledge and verbal ability were measured using Primary
Mental Abilities Vocabulary. Verbal fluency was assessed by Letter and
Category fluency tests. Attention and working memory were
measured by the Digit Span Test of the Wechsler Adult Intelligence
Scale-Revised and the Trail Making Test. Digits Backward, Trails B, and
Verbal Fluency (categories and letters) assessed executive function.
The Card Rotations Test assessed visuospatial function. At each
assessment, subjects were deemed to be cognitively normal by
consensus diagnosis. The local Institutional Review Board approved
the study, and all subjects provided written informed consent before
each assessment.

Measure of Openness to Experience

Participants completed the Openness scale of the Revised NEO-PI-R,
a widely used, objective measure of personality (Costa and McCrae
1992). The NEO-PI-R measures personality traits at both the broad
factor level and at the more circumscribed facet level. Subjects
responded on a Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). Raw scores were converted to T-scores (M = 50,
SD = 10) using the combined-sex norms for adults reported in the
Manual. In the current sample, the Openness scale had an alpha
reliability of 0.90 at Time 1 and 0.91 at Time 2; the retest correlation
across the 2 assessments was 0.90. Mean Openness scores were
significantly higher for women than men at Year 1 (M = 53.5 [SD = 9.5]
vs. M = 48.9 [SD = 11.0]; F1,98 = 4.96, P < 0.05) but not at Year 3
(M = 52.8 [SD = 10.5] vs. M = 48.9 [SD = 11.2]; F1,98 = 3.14, NS). Across
the 2 assessments, Openness scores did not change significantly for
either women or men (t values = 1.11 and –0.04, respectively, both NS).

PET Scanning

Subjects underwent the same PET scanning procedure at both scanning
occasions (i.e., Years 1 and 3). During the resting-state scan, subjects
were instructed to keep their eyes open and focused on a computer
screen covered by a black cloth. In addition to this scan, subjects
underwent 2 additional CBF scans, during verbal and figural memory
recognition tasks. Scan order was counterbalanced across subjects.

PET measures of rCBF were obtained using [15O]water. For each
scan, 75 mCi of [15O] water were injected as a bolus. Images were
acquired for 60 s on a GE 4096 + PET scanner, starting from when
radioactivity in the brain was detected to surpass threshold level. The
scans provided 15 slices of 6.5 mm thickness. Each PET scan was
realigned and spatially normalized into standard stereotactic space and
smoothed to a full width at half maximum of 12, 12, and 12 mm in the x,
y, and z planes. To control for variability in global flow, rCBF values at
each voxel were ratio adjusted to the mean global flow and scaled to
50 mL/100 g per min for each image.

The image data were analyzed using Statistical Parametric Mapping
(SPM2; Wellcome Department of Cognitive Neurology, London, UK),
where voxel by voxel comparisons determined significant associations
between rCBF and Openness. We correlated Openness scores with
patterns of CBF for men and women separately at Years 1 and 3.
Second-level conjunction analyses were then used to detect significant
associations between Openness and rCBF that replicated across the 2
scans. Significant effects were based on the magnitude (P < 0.005) and
spatial extent (>40 voxels) of brain activity. The rCBF values were also
extracted from regions of significant correlation in each group to
directly compare differences in activity levels between men and
women. All analyses were adjusted for baseline age.
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Results

In the current sample, sex differences were apparent at the
behavioral level: A repeated measures analysis indicated that
women scored slightly higher on Openness than men (F1,98 =

4.18, P < 0.05), but neither men nor women changed across
the 2 assessments (F1,98 = 0.53, NS), and there was no sex 3

time interaction (F1,98 = 0.62, NS).
Using the PET data, we correlated Openness scores with

rCBF separately in men and women at Years 1 and 3. Second-
level conjunction analyses across the 2 scans revealed that
Openness correlated with blood flow in specific regions of the

brain at both assessments (Table 1). Controlling for hormone
replacement status among the women did not alter the pattern
of correlations in this group.

As expected, open individuals had greater blood flow in both
the DL-PFC and the ACC; these relations, however, were sex
specific. For women, higher Openness scores were associated

with greater rCBF in the PFC, specifically the right DL-PFC
(Brodmann Area [BA] 9/10; Fig. 1A), whereas for men, higher
Openness scores were associated with greater activity in the
left ACC (BA 32; Fig. 1B). Using the Fisher’s r-to-z trans-

formation, direct comparisons of the correlations between
Openness scores and blood flow levels confirmed that brain
activity differed significantly between men and women within

these regions (all z values > 1.98, P values < 0.05). Sample
scatter plots of these correlations are shown in Figures 2 and 3.

In addition to the positive correlation with the DL-PFC,

women higher in Openness also had less blood flow in both
their left and especially their right inferior temporal gyri (BA
20) relative to women lower in Openness (Fig. 1A). These
correlations were not significant for men, and direct compar-

ison of rCBF in these regions indicated that these correlations
differed significantly between men and women (all z values >

3.28, P values < 0.05). In contrast, men higher in Openness had

more blood flow in their right insula and less blood flow in their
cuneus relative to men lower in Openness (Fig. 1B). Although
these correlations were not significant for women, the
correlations between rCBF in these regions and Openness did

Table 1

Replicated rCBF correlates of Openness to Experience by sex

Side Coordinate t kE P rOpenness

x y z

Women
Positive correlations
Mid frontal gyrus (9) R 24 40 36 3.95 200 \0.001 0.53
Mid frontal gyrus (10) R 36 48 10 3.48 62 \0.005 0.51
Orbitofrontal gyrus (11) L �18 48 �18 3.32 60 \0.001 0.35

Negative correlations
Inferior temporal gyrus (20) L �30 �18 �30 4.47 543 \0.001 �0.53
Inferior temporal gyrus (20) R 26 �18 �26 3.83 172 \0.001 �0.44
Inferior temporal gyrus (20) R 52 �22 �38 3.62 159 \0.001 �0.45
Inferior temporal gyrus (20) R 52 �22 �16 3.45 68 \0.001 �0.39

Men
Positive correlations
Anterior cingulate gyrus (32) L �2 40 16 4.31 198 \0.001 0.39
Orbitofrontal gyrus (11) L �12 12 �20 3.56 126 \0.001 0.42
Insula R 38 12 8 3.56 44 \0.001 0.31

Negative correlations
Cuneus L �8 �98 16 3.01 46 \0.005 �0.32

Combined sample
Positive correlations
Mid frontal gyrus (10) R 34 50 8 3.53 108 \0.001 0.21
Mid frontal gyrus (8) R 36 3 40 3.53 418 \0.001 0.33
Insula R 38 14 6 4.09 101 \0.001 0.15

Negative correlations
Inferior temporal gyrus (20) L �44 �24 �34 4.18 339 \0.001 �0.44
Cuneus L �8 �100 18 3.01 47 \0.005 �0.23

Note: Regions correlated with Openness to Experience across the 2 assessments. Stereotaxic

coordinates are listed; BAs are indicated in parentheses. kE represents the number of voxels.

Figure 1. (A, B) Sex-specific positive (red) and negative (blue) correlations between
rCBF and higher scores on Openness to Experience for women (A) andmen (B). The green
line represents the location or slice of the brain shown in the lower right-hand corner.

Figure 2. Scatter plot of Openness and activity in the DL-PFC.

Figure 3. Scatter plot of Openness and activity in the ACC.

Cerebral Cortex December 2009, V 19 N 12 2799



not differ significantly between men and women (z values =
1.46 and –0.82, respectively, both NS).

Not all associations, however, were sex specific: Both men and
women higher on Openness had greater rCBF in the left

orbitofrontal cortex (OFC; BA 11; Fig. 4). A scatter plot of the
correlation is shown in Figure 5. The peak activationwas in slightly
differentplaces in theOFCformenandwomen,but thecorrelation

between Openness and these 2 peaks did not differ significantly
between the sexes (z values = –0.05 and –1.63, both NS).

As a comparison, we combined men and women together

and correlated Openness with rCBF in the whole sample. Some
of the strongest correlations observed in the sex-specific
analyses were apparent in the full-sample analyses (see Table 1,

bottom panel). In the full sample, higher Openness scores were
correlated positively with activity in the right middle frontal
gyrus and insula and negatively with the left inferior temporal
gyrus and cuneus. Lowering the threshold slightly (P < 0.01)

also revealed the association between Openness and the OFC.
Although the local maxima of these full sample regional
correlations were in slightly different areas than previously
observed in the sex-specific correlations, the middle frontal and

inferior temporal correlations were primarily driven by women,
and the correlations between Openness and rCBF in the insula
and cuneus were driven by men. For example, the correlation

between Openness and activity in the middle frontal gyrus (10)
was 0.46 for women, but 0.15 for men. Likewise, the correla-
tion between Openness and activity in the cuneus was –0.37 for

men but –0.15 for women. These findings suggest that sex-
specific contributions can play a role in mixed group results,
but that collapsing men and women together also potentially

obscures sex-specific correlations.
Finally, to ensure that all the associations found in the

current study were specific to Openness, we correlated the
other 4 FFM traits with rCBF in the Openness associated

regions; none of the other 4 traits correlated significantly with
rCBF in these areas. In addition, we tested whether the rCBF
correlates of Openness replicated during both the verbal and

figural memory task performance. During the verbal task,
Openness correlated positively with activity in the ACC in men
and positively with OFC activity in women. Women also

showed a negative correlation between Openness and rCBF in
the inferior temporal gyrus during both the verbal and figural
tasks. Although these correlations were observed during both
rest and cognitive performance, associations between Open-

ness and rCBF in other resting-state regions were not observed.
This may be due, in part, to patterns of task-specific activity
masking the underlying associations observed during the

resting condition.

Discussion

The aim of the present research was to test whether stable
individual differences in the universal personality trait Open-
ness to Experience were associated with stable rCBF in

a sample of older adults. Higher Openness scores correlated
positively with resting-state rCBF in the DL-PFC, the ACC, and
in the OFC. These relations were both specific and common

across the sexes: Openness correlated with regions of the brain
related to working memory for women, attention and reward
for men, and emotional and reward processing for both the

sexes. It is striking that Openness correlated positively with
brain regions linked to working memory and attention as these
are the 2 executive functions crucial for the core characteristic
of Openness to Experience—cognitive flexibility.

The DL-PFC and ACC are associated with the executive
functions that allow for flexible interactions with the environ-
ment. Open individuals are known for their cognitive flexibility

and are skilled at finding novelty in the midst of familiarity, such
as discovering new uses for everyday objects. Open women may
derive this ability through chronic activation of the DL-PFC, an

area associated with both response inhibition (i.e., the ability to
override a preprogrammed response; Garavan et al. 2002) and
the active manipulation of information held in storage (i.e.,
working memory; Smith and Jonides 1999). Open men, in

contrast, may derive this ability through chronic activation of
the ACC, an area associated with attentional control, conflict
detection, and the monitoring of internal states that require

adjustments in control (Kerns et al. 2004). This latter finding is
consistent with the negative correlation observed between the

Figure 4. Common correlates between rCBF and higher scores on Openness to
Experience for women (purple) and men (green). All correlations are positive.
Correlations did not differ significantly between men and women.

Figure 5. Scatter plot of Openness and activity in the OFC.
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ACC and alexithymia (Larsen et al. 2003), where lower ACC
activity is associated with an inability to differentiate emotions,
which is a strong negative correlate of Openness.

Our findings converge with neuropsychological models of

Openness that implicate the PFC and ACC in the neural
underpinnings of this trait (DeYoung et al. 2005). Specifically,
DeYoung et al. (2005) suggest that dopaminergic projections

to both of these areas may be partially responsible for the
cognitive exploratory tendencies that characterize open
individuals. This reasoning is consistent with others who have

argued that such projections to the PFC are what allow new
information to enter working memory (Braver and Barch 2002)
and such projections to the ACC enhance both working

memory and creative thinking (Ashby et al. 1999). Notably, we
found dispositional cognitive flexibility to be associated with
greater blood flow in these 2 areas—but these relations were
sex specific. This divergence suggests that the 2 sexes rely on

different neural pathways for the operations that define the
trait Openness to Experience.

In some cases, sex differences in brain structure and function

may generate overt sex differences in behavior. However, it has
also been argued that sexual dimorphisms in the brain may
compensate for differences in the effects of hormones on the

brain (de Vries 2004). In the current study, because adjusting for
hormone therapy status in our postmenopausal female sample
did not affect our findings, circulating estrogen levels alone
cannot account for the observed sex differences in associations.

Rather, organizational effects of sex hormones during develop-
ment or chromosomal differences may have contributed to
differences in function/structure regardless of the postmeno-

pausal level of circulating estrogen.
In contrast to the sex-specific correlates, correlations with

the OFC point to commonalities between men and women in

the neural underpinnings of Openness. The OFC is implicated
in a variety of processes integral to this personality trait,
including sensory integration, the processing of emotional

information, and emotion recognition and differentiation. The
OFC underlies reward and the anticipation of reward and some
have argued that this area is responsible for binding situations
with consequences. As such, the OFC may be involved in how

individuals learn the emotional consequences of stimuli
(Viskontas et al. 2007). This region of the OFC, in particular,
is also thought to act as a mediator between working memory

and attentional processes in the lateral prefrontal areas and the
emotional and motivational processes in the more caudal
regions of the OFC (Petrides 2007). These areas may be

responsible for attention to novel stimuli, deeper processing,
and ultimately better encoding of the environment (Petrides
2007). Working together, activation of the DL-PFC and ACC
may orient open individuals to exploration and novelty,

whereas activity in the OFC serves to reward such tendencies.
Individuals high in Openness may be particularly sensitive to
reward due to chronic OFC (men and women) and ACC (men)

activity. That is, these individuals may seek out new and novel
experiences because they are consistently rewarded by them.

The brain undergoes both structural and functional changes as

it ages. For example, additional regions may be recruited during
cognitive tasks to maintain performance, presumably to compen-
sate for deficits in regions responsible for cognitive functioning

(Cabeza et al. 2002; Beason-Held et al. 2008). Few studies have
examined whether the neural correlates of personality change as
the brain ages, but some differences in the structural correlates of

Neuroticism and Extraversion between younger and older adults
have been reported (Wright et al. 2006, 2007). It is of note,
however, that the neural regionswhichwe found to be associated
with Openness, particularly the DL-PFC, ACC, and OFC, are

implicated in executive functions and emotional processing in
both younger and older adults; these processes are the core
characteristics of trait Openness. Thus, these regionswould likely

also be associatedwithOpenness in other age groups. It will be of
interest in future research as to whether these correlates hold
true across the life span.

The present research has several strengths and improves
upon previous neuroimaging studies of personality traits in
several ways. Perhaps, the most notable aspect of our design is

the multiple assessments of both resting-state rCBF and
Openness. Multiple assessments of a trait through repeated
administration of the same measure, multiple informants, or
different measures of the same trait tend to increase reliability

of the measurement of the trait. Thus, multiple assessments of
both resting-state rCBF and Openness should produce more
robust, replicable associations that are less dependent on state-

specific variation and provide greater sensitivity to more
enduring, trait-like resting-state correlates of Openness.

In addition to our multiple assessments, we use a compre-

hensive, well-validated measure of Openness to Experience and
have an unusually large sample size for a neuroimaging study of
personality traits. Our large sample size gave us the statistical
power to test men and women separately and therefore

identify potential sex differences in the neural underpinnings
of personality. Despite these strengths, some limitations need
to be addressed in future research. For example, our sample is

not representative. Members of the Baltimore Longitudinal
Study of Aging, particularly the neuroimaging substudy, tend to
be relatively homogeneous with regard to race, education, and

health status. In addition, as discussed above, our sample was
drawn from an older population. Although there is not
necessarily any reason to suspect that correlations between

Openness and blood flow should change as individuals age, the
results may be specific to this age group. Future research needs
to confirm these relations in younger populations.

How individuals structure their experiential worlds has

profound consequences for social behavior (McCrae 1996); the
present research suggests that the brain regions responsible for
such structuring are different for men and women. That is,

when the brain is not actively involved in a task, the proclivity
to understand and appreciate a wide range of experiences is
associated with areas related to working memory for women

and areas related to attention for men. Given that the correlates
and consequences of Openness typically do not differ by sex,
men and women may recruit different brain regions to achieve
the same observable ends.

More generally, our findings challenge the practice of using
combined-sex samples, which implicitly assume that the
expression of a trait should rely on the same neural structures

across both men and women. Sex differences in brain structure
and function are well known and include differences in brain
volume (Carne et al. 2006), regional cerebral glucose metabo-

lism (Gur et al. 1995), and neurotransmitter receptor systems
(Andreano and Cahill 2006; Cosgrove et al. 2007; Jovanovic et al.
2008). Here, we demonstrate sex differences and commonali-

ties in the neural correlates of Openness to Experience, a crucial
first step in deciphering the different neural regions associated
with personality for men and women. Ultimately, the similarities

Cerebral Cortex December 2009, V 19 N 12 2801



between men and women may far outnumber the differences,
but assuming that men and women are interchangeable
obscures meaningful differences between the sexes.
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