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Objective: Extraversion, a trait associated with individual differ-
ences in approach motivation and the experience of positive
emotional states, is negatively correlated with certain psychiatric
disorders, including depression and social phobia. The authors
examined the correlation between extraversion and regional ce-
rebral blood flow (rCBF) while participants were exposed to olfac-
tory stimuli in order to further characterize individual differences
in hedonic processing associated with this trait.

Method: Twelve healthy participants were exposed to pleasant
and unpleasant odors while rCBF was measured using [15O] wa-
ter PET. The NEO Five-Factor Inventory was used to assess extra-
version. Associations between extraversion scores and rCBF in
each olfactory stimulus condition were assessed by correla-
tional analysis.

Results: During the pleasant smell condition, extraversion
was correlated with rCBF in the amygdala and occipital cortex.
During the unpleasant smell condition, extraversion was cor-
related with rCBF in the occipital cortex and inferior temporal
gyrus.

Conclusions: These results provide important evidence for the
biological basis of extraversion and indicate that there are sys-
tematic individual differences in patterns of brain activation in
response to affective stimuli.

(Am J Psychiatry 2007; 164:339–341)

It is becoming increasingly clear that many of the mal-
adaptive characteristics associated with certain psychiat-
ric disorders reflect extreme manifestations of basic
personality processes (1). While there may be multiple ex-
planations for the link between personality and psychiat-
ric disorders, one possibility is that certain personality
traits predispose people to psychiatric illness. Therefore, a
better understanding of the biological processes associ-
ated with personality traits can improve our knowledge of
the etiology and neurophysiology of psychiatric disorders.

Extraversion is an individual differences trait that is as-
sessed in virtually every major multidimensional personal-
ity inventory (2). It is negatively correlated with several
psychiatric disorders, including major depression and so-
cial phobia (3). Although commonly thought of as a trait
associated with seeking out and enjoying social interac-
tions, extraversion has been linked to a more fundamental
motivational system. Tellegen (4) noted that extraversion
shows strong and consistent associations with measures of
positive affectivity and proposed that the trait be renamed
“positive emotionality.” Tellegen (4) further theorized that
extraversion reflects individual differences in the behav-
ioral activation system, a motivational system thought to
control behaviors in response to signals of reward (5).

Individual differences in extraversion are thought to be
related to the dopaminergic system arising from the mid-
brain to the ventral striatum and limbic regions, including
the amygdala (6). However, few brain imaging studies have
examined the association between extraversion and re-
gional cerebral blood flow (rCBF) in response to hedonic

stimuli in order to investigate the neurophysiology of indi-
vidual differences in emotion processing. In this study, we
used positron emission tomography (PET) while study sub-
jects were exposed to pleasant and unpleasant olfactory
stimuli to examine the association between extraversion
and rCBF. Previous studies have focused largely on visual
stimuli (7, 8), some of which involve social scenes or human
faces. Responses to these stimuli may represent extraverts’
sensitivity to social stimuli, but not necessarily to rewarding
stimuli. Furthermore, because the olfactory cortex has
direct connections to limbic structures including the
amygdala, and because less cognitive processing is re-
quired for the emotional meaning of olfactory stimuli to be
determined (9), it is important to examine how extraversion
scores predict rCBF in response to this stimulus modality.

Method

Participants

Twelve subjects (five of them female) 19 to 48 years of age
(mean=29.8 years, SD=8.4) without psychiatric, neurological, or
general medical illness participated in the study. Participants
were healthy volunteers recruited as part of a larger project on
schizophrenia and emotion (10); most of the schizophrenia pa-
tients in the larger study were smokers, and a similar smoking
profile was sought in selection of the healthy comparison group.
Consequently, nine of the 12 subjects in the present study were
smokers. However, all participants scored at least 35 out of 40
(mean=37, SD=1.1) on the University of Pennsylvania Smell Iden-
tification Test (11). No differences were observed between smok-
ers and nonsmokers in intensity ratings for pleasant and unpleas-
ant smells.
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Olfactory Stimuli

During PET data acquisition, participants were first exposed to
a pleasant odor solution (100 µl of vanillin) and then an unpleas-
ant one (100 µl of 4-methylvaleric acid), each presented on a cot-
ton ball placed 2 mm from the nostrils. Odors were presented 10
seconds prior to arrival of the [15O] water bolus to the brain. After
completion of the PET scan, participants rated the odors on va-
lence (–7=extremely unpleasant to +7=extremely pleasant) and
intensity (0=odorless to 7=most intense).

Personality Assessment

The NEO Five-Factor Inventory (12) was used to obtain self-re-
port ratings of extraversion. This instrument consists of 60 items
to which participants respond on a 5-point Likert scale (1=
strongly disagree to 5=strongly agree).

Image Acquisition and Analysis

rCBF was measured by PET with a GE 4096 Plus whole-body
scanner (GE Medical Systems, Milwaukee, Wisc.) after intrave-
nous injection of a 50-mCi [15O] water bolus. Fifteen axial slices
with an intrinsic in-plane resolution of 6.5 mm full width at half
maximum and a 26-cm field of view were acquired. Time from in-
jection to bolus arrival in the brain was measured individually
during a sham condition (13). For each injection, arterial blood
was sampled from time of injection for 100 sec in 5-second
frames (13). Frames from the 40 seconds immediately after bolus
arrival were summed and reconstructed into 2-mm pixels
(128×128 matrix) using a Butterworth filter (order=6, cutoff fre-
quency=0.35 Nyquist units). Using this summed image and the
measured arterial input function, rCBF was calculated on a pixel-
by-pixel basis by the autoradiographic method and normalized
by dividing by global CBF. To reduce anatomical variability, a two-
dimensional 18-mm Hanning filter was applied (see reference 10
for details).

Anatomical images were obtained for each subject with a
standard T1-weighted three-dimensional spoiled gradient-re-
called echo pulse sequence on a 1.5-T GE Signa scanner (GE
Medical Systems, Milwaukee, Wisc.) (TE=5 msec, TR=24 msec,
flip angle=40°, number of excitations=2, field of view=26 cm,
matrix=256×192, slice thickness=1.5 mm). The anterior com-
missure-posterior commissure line was used to realign brain
images of all subjects to standardized Talairach coordinate
space. Automated image registration (14) with visual verification
was used to coregister PET image data to their individual mag-
netic resonance scans.

Statistical Analysis

The rCBF value for each voxel in the pleasant and unpleasant
smell conditions was subtracted from the value in the corre-
sponding voxel during the resting, baseline condition. Locally de-
veloped software was used to calculate Spearman rank-order cor-
relations between extraversion and rCBF for each voxel in each
olfactory condition (subtracted from the resting condition) (15).
We used a two-tiered approach to the analysis. We first deter-
mined which areas showed significant correlations that were un-
likely to be due to chance by performing a Bonferroni correction
based on the number of resolution elements (resels). We found
evidence for approximately 282 resels. This resulted in a p value of
0.0002, corresponding to a Spearman rank-order correlation [rs]
of 0.87, which produced 11 and eight significant correlations in
the pleasant and unpleasant conditions, respectively. We then re-
analyzed the data after adjusting the significance level to p<0.005
(corresponding to rs>0.75), focusing only on the regions that met
the corrected significance threshold.

Results

Higher extraversion scores were associated with greater
activation in the amygdala and occipital cortex (Table 1).
This finding is consistent with the observation that extra-
verts showed a modest, nonsignificant tendency to experi-
ence the pleasant smell as more pleasant (rs=0.42, p=0.18).
During the unpleasant condition, extraversion was posi-
tively correlated with rCBF in the occipital and temporal
cortices. There was also a negative correlation (indicating
greater activity for introverts) with a region in the cerebel-
lum. The self-report ratings confirm that extraverts inter-
preted the unpleasant smell differently. There was a mod-
est, nonsignificant tendency for extraverts to report the
unpleasant smell as less intense (rs=–0.46, p=0.14) and less
unpleasant (rs=0.44, p=0.15).

In order to establish the specificity of the extraversion-
amygdala association, we conducted further analyses with
the neuroticism scale of the NEO Five-Factor Inventory.
Neuroticism has strong correlations with measures of nega-
tive affectivity and is thought to reflect a biobehavioral sys-
tem that responds to cues of conditioned punishment (5).
There was no evidence of a significant association between

TABLE 1. Regions of the Brain in Which Regional Cerebral Blood Flow in Response to Pleasant or Unpleasant Olfactory
Stimuli Correlated With Extraversion Scores (N=12)

Pleasant Olfactory Stimulus Unpleasant Olfactory Stimulus

Talairach Coordinates Talairach Coordinates

Regiona rs
b

Volume 
(cm3) L/R X Y Z rs

b
Volume 

(cm3) L/R X Y Z
Positive correlations with 

extraversion scores
Amygdala 0.93 0.4 R 27 –13 –10
Occipital cortex (Brodmann’s area 17) 0.99 1.6 L –23 –83 –13
Inferior temporal gyrus 

(Brodmann’s area 37) 0.91 0.5 L –49 –59 –5
Occipital cortex (Brodmann’s area 18) 0.90 0.2 R 38 –86 4

Negative correlation with 
extraversion scores
Cerebellum –0.87 0.2 R 22 –15 –16

a All regions listed met the statistical criteria described in the Method section and had at least 0.1 cm3 of contiguous voxels with correlation
values that reached the p<0.005 level of significance.

b Spearman rank-order correlation. All correlations reflect the highest value within the area of activation.
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neuroticism and rCBF in the left or right amygdala to the
pleasant or unpleasant smell (rs=0.10 at the same Talairach
coordinates as the peak extraversion-amygdala correlation).

Discussion

Although extraversion has previously been reported (8)
to be associated with increased amygdala activation in re-
sponse to happy faces, it was unclear whether this result
represented a greater sensitivity to pleasant stimuli in gen-
eral or a specific affinity for happy faces. The present
study, combined with earlier work (8), suggests that extra-
verts show greater activation in the amygdala in response
to a range of pleasant stimuli. Although extraversion is
commonly thought of as a trait associated with seeking
out and enjoying social interactions, the correlation be-
tween extraversion and rCBF in the amygdala provides
important evidence that it more fundamentally represents
a trait related to a biobehavioral approach system that
controls appetitive motivation (2). The self-report ratings
confirmed important differences in how extraverts and in-
troverts respond to hedonic stimuli. Furthermore, be-
cause extraversion is negatively correlated with depressive
disorders (3), depression may be associated with de-
creased activation in regions subserving positive evalua-
tion of stimuli, including the amygdala. Relatively few
studies have used brain imaging to investigate the associ-
ation between depression and responses to positive, as
compared to negative, stimuli. Therefore, researchers
should investigate brain activation in response to positive,
as well as negative, stimuli in subjects with depression.

Interestingly, extraversion was associated with greater
activity in the inferior temporal gyrus during the unpleas-
ant olfactory stimulus as well as with increased activity in
the occipital cortex during both the pleasant and unpleas-
ant olfactory stimuli. Considering the fact that the inferior
temporal gyrus is part of the ventral visual processing
stream (16), this finding raises the interesting possibility
that higher extraversion scores may be associated with en-
hanced visual representations of hedonic smells, provid-
ing evidence of individual differences in cross-modal sen-
sory processing. Future studies should examine brain
activation while participants are passively experiencing
affective stimuli and when they are making overt re-
sponses to the stimuli. Such a design would improve our
understanding of individual differences in passively expe-
riencing versus rating affective stimuli.
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