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Abstract: The biological model of extraversion and neuroticism identified by Eysenck has stimulated
increasing interest in uncovering neurobiological substrate of the two fundamental dimensions. Here we
aim to explore brain disturbances underlying extraversion and neuroticism in 87 healthy individuals
using fractional amplitude of low-frequency fluctuations (LFF) on resting-state functional magnetic reso-
nance imaging. Two different frequency bands, Slow-5 (0.01-0.027 Hz) exhibiting higher power and
involving larger brain regions, and Slow-4 (0.027-0.073 Hz) exhibiting less power and emerging locally,
were analyzed. Our results showed a positive correlation between LFF amplitude at Slow-5 and extraver-
sion in medial prefrontal cortex and precuneus, important portions of the default mode network, thus
suggesting a link between default network activity and personality traits. LFF amplitude at Slow-5 was
correlated positively with neuroticism in right posterior portion of the frontal lobe, further validating
neuroticism with frontal lateralization. In addition, LFF amplitude at Slow-4 was negatively associated
with extraversion and neuroticism in left hippocampus (HIP) and bilateral superior temporal cortex
(STC) respectively, supporting the hypothesized (inverse) relationship between extraversion and resting
arousal, also implying neural circuit underlying emotional process influencing on personality. Overall,
these findings suggest the important relationships, between personality and LFF amplitude dynamic,
depend on specific frequency bands. Hum Brain Mapp 35:331-339, 2014.  © 2012 Wiley Periodicalsiss, Inc.
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INTRODUCTION

Extraversion and neuroticism are regarded as fundamen-
tal dimensions, with each deriving from a specific biological

substrate [Eysenck, 1967, 1990]. Specifically, individual dif-
ferences in the activity of the reticulo-cortical loop are
responsible for individual’s position on extraversion. Intro-
verts are characterized by higher levels of activity and are

Contract grant sponsor: 973 Project; Contract grant number:
2012CB517901; Contract grant sponsor: Natural Science Foundation of
China; Contract grant numbers: 61125304, 61035006, 91132721.
*Correspondence to: Huafu Chen, Key Laboratory for Neurolnfor-
mation of Ministry of Education, School of Life Science and Tech-
nology, University of Electronic Science and Technology of China,
Chengdu 610054, People’s Republic of China.

© 2012 Wiley Periodicals, Inc.

E-mail: chenhf@uestc.edu.cn

Received for publication 25 April 2012; Revised 15 July 2012;
Accepted 17 July 2012

DOI: 10.1002/hbm.22176

Published online 15 September 2012 in Wiley Online Library
(wileyonlinelibrary.com).



¢ Wei et al. ¢

consequently cortically more aroused than extraverts
[Eysenck and Eysenck, 1985]. Neuroticism, on the other
hand, is explained in terms of activation thresholds in the
limbic system. Individuals with higher neuroticism scores
have greater activation levels and lower thresholds within
subcortical structures [Eysenck, 1967, 1990].

The above biological explanation of extraversion and
neuroticism has led increasing interest in uncovering neu-
robiological bases of the two basic traits. Studies using
electroencephalography (EEG) have demonstrated that
extraversion was positively related to the frontal alpha ac-
tivity, while neuroticism was associated with greater right
versus left frontal alpha activity [Gale, et al., 2001; Minnix
and Kline, 2004; Schmidtke and Heller, 2004; Tran, et al.,
2001]. With positron emission tomography (PET), photon
emission computed tomography (SPECT), and magnetic
resonance perfusion imaging technique, associations has
been found in extraversion and neuroticism with regional
cerebral blood flow (rCBF), glucose metabolism (rCMRglu)
as well as perfusion in many regions, including cortical
(e.g. prefrontal (PFC) and cingulate cortex) and subcortical
structures (e.g. striatum, basal ganglia, and thalamus)
[Deckersbach, et al. 2006; Ebmeier, et al. 1994; Fischer,
et al. 1997; Johnson, et al. 1999; Kim, et al. 2008; O’Gor-
man, et al., 2006]. Those findings have highlighted the
functional neural correlates of extraversion and neuroti-
cism, and provided neurobiological evidence for the
hypothesized biological model of Eysenck’s personality.

Recently, resting-state functional magnetic resonance
imaging (RS-fMRI), with better spatial resolution (com-
pared to EEG) and no radiation exposure (compared to
PET and SPECT), has been used as an effective noninva-
sive technique for exploring neural mechanisms underly-
ing extraversion and neuroticism [Adelstein, et al., 2011;
Hahn, et al., 2011; Kunisato, et al., 2011, Wei, et al., 2011].
Using resting-state functional connectivity (RSFC) analy-
ses, Adelstein et al. [2011] found that extraversion and
neuroticism was encoded within RSFC between the precu-
neus (PCu) and lateral paralimbic regions and dorsome-
dial PFC, respectively. Besides, there is also evidence for
local characteristics of resting brain function associated
with personality traits [Hahn, et al. 2011; Kunisato, et al.
2011; Wei, et al. 2011]. Of particular interest to this work is
the study by Kunisato et al. [2011], which investigated the
relationship between the Big Five personality traits and
the fractional amplitude of spontaneous low-frequency
fluctuations (fALFF). Kunisato et al. [2011] discovered that
extraversion was correlated positively with fALFF in the
striatum, PCu, and superior frontal gyrus (SFG), while
neuroticism was correlated negatively with fALFF in the
middle frontal gyrus (MFG) and PCu. Those results agree
with the biological model for the Big Five traits [DeYoung
and Gray, 2009, 2010]. Despite these advances, it remains
largely unknown whether Eysenck’s model of personality
is related to specific frequency bands of fALFF. The pri-
mary reason we emphasized Eysenck’s personality is that
this personality theory compared to Big Five model has a

strong biological component and explanation causal, more
predictive power for investigation of extraversion and
cortical arousal [Block, 2010; Kehoe, et al., 2011]. The aim
of this study was to test the influential arousal hypothesis
with fALFF serving as a measure of cortical arousal. Fur-
thermore, we questioned whether specific frequency bands
of fALFF associated with personality, on the basis of view
that independent frequency bands are generated by dis-
tinct oscillators with specific properties and physiological
functions [Buzsaki and Draguhn, 2004; Penttonen and Buz-
saki, 2003]. By decomposing RS-fMRI low-frequency fluc-
tuations (LFF) into four distinct frequency bands [Slow-5
(0.01-0.027 Hz), Slow-4 (0.027-0.073 Hz), Slow-3 (0.073—
0.198 Hz), and Slow-2 (0.198-0.25 Hz)], Zuo et al. [2010]
observed that gray matter-related oscillatory amplitudes
primarily occurred in the Slow-5 and Slow-4 ranges [Zuo,
et al., 2010]. Moreover, several studies have suggested that
the two frequency bands contribute differentially to the
LFF amplitude [Baria, et al., 2011; Han, et al., 2010; Zuo,
et al,, 2010]. The Slow-4 has greater test-retest reliability
for LFF amplitude measure and more reliable BOLD fluc-
tuation amplitude voxels than Slow-5 [Zuo, et al., 2010]. In
addition, the Slow-5 showing higher power localizes more
within default-mode regions, while Slow-4 exhibiting less
power is more robust in basal ganglia [Baria, et al., 2011;
Han, et al., 2010; Zuo, et al., 2010]. Those discoveries may
reflect the fact that individual frequency bands could be
associated with specific properties [Buzsaki and Draguhn,
2004]. Although the origins, relation, and specific physio-
logical functions of different frequency bands have yet to
be fully clarified, it has been found that the abnormalities
of LFF amplitude detected in the clinical populations are
associated with the choice of Slow-5 and Slow-4 bands,
respectively [Di Martino, et al., 2008; Han, et al.,, 2012;
Hoptman, et al., 2010], and the functional brain networks
derived in the Slow-4 are more reliable than those in
Slow-5 [Liang, et al., 2012]. These studies imply that the
pattern of intrinsic brain activity is sensitive to specific fre-
quency bands. Taken together, it would be necessary to
differentiate the frequency bands to examine LFF ampli-
tude in relation to personality therefore.

In this study, we sought to determine (i) whether extra-
version and neuroticism are associated with LFF ampli-
tude at specific frequency bands and (ii) whether these
findings support for Eysenck’s predication of extraversion
and neuroticism. To address the aforementioned issues,
extraversion and neuroticism was quantified by the
Eysenck Personality Questionnare-Revised, Short Scale for
Chinese (EPQ-RSC) [Eysenck, 1991; Qian, et al., 2000], and
the fractional amplitude of low-frequency fluctuation
(fALFF) analysis, which may provide a more reasonable
measure of low-frequency oscillatory phenomena, was
applied to calculate the value of LFF amplitude [Zou,
et al., 2008; 2010], especially Slow-5 and Slow-4 frequency
bands both broadly distributed through gray matter and
thought to be mainly linked to neuronal fluctuations were
analyzed [Biswal et al., 1995; Fox and Raichle, 2007; Han
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et al., 2010; Zuo et al.,, 2010]. Finally, multiple regression
method was performed to assess the relationship between
LFF amplitude and personality dimensions of extraversion
and neuroticism.

MATERIALS AND METHODS
Participants

Resting-state scans were acquired for 87 (48 males, age
range: 17-36 years, mean age: 23.5 years) right-handed
healthy subjects in this study. All of these subjects partici-
pated in our previous study [Wei et al., 2011]. No subjects
had history of psychiatric disorder or neurological illness.
This study was approved by the local Medical Ethics Com-
mittee at Jinling Hospital, Nanjing University School of
Medicine, and informed written consent was obtained
from all subjects.

Personality Questionnaires

The participants completed the Eysenck Personality
Questionnare-Revised, Short Scale for Chinese (EPQ-RSC)
[Eysenck, 1991; Qian et al., 2000], a self-report question-
naire that assesses four personality dimensions of Extra-
version (E), Neuroticism (N), Psychoticism (P), and Lie (L)
prior to MRI scanning. Subjects responded on each item in
the questionnaire as “yes” or “no,” (coded as 1 and 0)
depending on how applicable the statement was to them.
Raw scores were converted to T scores using the formula
reported in the Manual [Qian, et al., 2000]. We focused
our analyses on E and N dimensions whose resultant T
scores were used for measuring correlations with LFF
amplitude. In the present sample, the mean score of E, N,
and P was 56.33 (SD = 9.48), 44.22 (SD = 13.00), and 47.01
(SD = 7.99), respectively. The intercorrelations of E, N,
and P dimensions, examined using Pearson’s correlation,
suggested nonsignificant relationship of E to N (r = -0.16;
P = 0.135) and P (r = 0.013; P = 0.90) but moderate
significant positive correlation between N and P (r = 0.21;
P = 0.044).

Data Acquisition and Analysis

Imaging data were acquired using a 3-T MRI scanner
(Siemens-Trio, Erlangen, German) located at the Jinling
Hospital, Nanjing, China. Foam padding and headphones
were used to limit head motion and reduce scanner noise.
The subjects were instructed simply to rest with their eyes
closed, not to think of anything in particular, and not to
fall asleep. Functional images were collected transversely
by using an echo-planar imaging (EPI) sequence with the
following settings: TR = 2,000 ms, TE = 30 ms, flip angle
= 90°, FOV = 24 x 24 c¢m?, slices = 30, in-plane matrix =
64 x 64, thickness = 4 mm, interslice gap = 0.2 mm, voxel
size = 3.75 x 3.75 x 4.0 mm?>. For each subject, a total of

255 volumes were acquired, resulting in a total scan time
of 510 s. Three-dimensional TIl-weighted anatomical
images were collected axially using a 3-D spoiled gradient
recalled (SPGR) sequence (TR = 2,300 ms, TE = 2.98 ms,
flip angle = 9°, slice thickness = 1 mm, FOV = 24 x 24
cm?, matrix size = 512 x 512 x 170, and voxel size = 0.5
x 0.5 x 1 mm?®) on each subject.

Functional data preprocessing was carried out using the
SPMS8 package (http://www filion.ucl.ac.uk/spm). The
first five volumes of the functional images were discarded
due to instability of the initial MRI signal and adaptation
of participants to the circumstance. The remaining 250
images were first corrected for acquisition delay between
slices and head motion. One dataset was excluded from
the further analysis according to the criteria that transla-
tional and rotational parameters exceeded +1.5 mm or
+1.5°. Then, the resulting images were normalized to the
standard SPMS8 echo-planar imaging (EPI) template,
resampled to 3-mm cubic voxels. The resultant normalized
functional data underwent spatial smoothing [8-mm full
width at half maximum (FWHM) Gaussian kernel] and re-
moval of linear trends. Finally, six head motion parame-
ters were regressed, since an important recent study
[Satterthwaite, et al., 2012] demonstrated that head motion
had a confounding effect on LFF amplitude analysis.

Anatomical data were processed to separate the gray
matter from the 3D T1-wighted structural scans using the
VBMS toolbox (http://dbm.neuro.uni-jena.de/vbm.html).
Anatomical images were bias-corrected, tissue classified,
and registered using linear (12-parameter affine) and non-
linear transformations, within a unified model [Ashburner
and Friston, 2005]. Then, the gray matter (GM) partitions
were modulated to preserve actual GM values locally.
The segmented gray matter volume was treated as an
external regressor in the subsequent multiple regression
analysis.

fALFF Calculation

fALFF analysis was performed by REST software
(www.restfmri.net). The time series for each voxel was
first transformed to the frequency domain and then the
power spectrum was obtained. The square root of the
power spectrum was computed, after that averaged across
a predefined frequency interval. This averaged square root
was taken as the amplitude of LFF (ALFF) [Zang et al,
2007]. Fractional ALFF (fALFF) is the fraction of ALFF in a
given frequency band to the ALFF over the entire fre-
quency range detectable in the given signal [Zou et al.,
2008]. In this study, we divided the full frequency range
(0-0.25 Hz) into five distinct bands: [Slow-6 (0-0.01 Hz),
Slow-5 (0.01-0.027 Hz), Slow-4 (0.027-0.073 Hz), Slow-
3(0.073-0.198 Hz), and Slow-2 (0.198-0.25 Hz)] [Buzsaki
and Draguhn, 2004; Han et al., 2010; Hoptman et al., 2010;
Zuo et al., 2010]. The fALFF and then was computed at
the Slow-5 and Slow-4 bands which mainly related to
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Figure 1.

(A) Correlation of E score and LFF amplitude (P < 0.05, corrected
by Alphasim, a combined threshold of P < 0.0l, and a minimum
cluster size of 74 voxels) in the MPFC (0, 60, I8) (r = 044, P <
0.001), and the PCu (—9, —48, 36) (r = 0.34, P < 0.001). (B) Cor-
relation of N score and LFF amplitude (P < 0.05, corrected by
Alphasim, a combined threshold of P < 0.01, and a minimum cluster

physiological meanings [Biswal et al, 1995; Han et al,
2010, 2012; Zuo et al., 2010]. Under the studied frequency
ranges, fALFF of each voxel was computed for each sub-
ject, and it was further divided by the global mean value
to reduce the global effects of variability across partici-
pants [Han et al., 2010; Zang et al., 2007].

Second-level Analysis

Voxel-based multiple regression analysis was carried
out by SPM8 with voxel-wise fALFF value as dependent
variable, each E or N score as a covariate of interest, and
with gender, age, averaged gray-matter volumes and
mean relative displacement [Satterthwaite, et al., 2012] as
external regressors to control for their effects, for previous
evidences indicated that gender, age, and gray-matter vol-
ume were influencing factors of the association between
personality traits and brain function [Blankstein, et al.,
2009; DeYoung, et al., 2010; Gardini, et al., 2009; Sutin,

size of 74 voxels) in the R PreCG (54, —3, 48) (r = 046, P <
0.001). The LFF amplitude values in the figure are extracted from
the significant clusters after a linear regression of age, gender, and
grey matter volumes of each subject. More details of these regions
are described in Table I. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

et al., 2009; Wright, et al., 2007, Yamasue, et al., 2007], as
well as head motion was a confounding factor in LFF am-
plitude analysis [Power, et al., 2011; Satterthwaite, et al.,
2012; Van Dijk, et al., 2011]. We set at P < 0.05 (combined
height threshold of P < 0.01 and a minimum cluster size
of 74 voxels), using the AlphaSim program in the REST
Software.

RESULTS

LFF Amplitude at Slow-5 Frequency Band
Correlated With E and N

Positive correlation was observed in the MPFC and PCu
between LFF amplitude at Slow-5 and E score (P < 0.05,
AlphaSim corrected; Fig. 1, Table I). Regarding LFF ampli-
tude at Slow-5 related to N score, positive correlation
emerged in the right precentral gyrus (PreCG) (P < 0.05,
AlphaSim corrected; Fig. 1, Table I).
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TABLE I. Brain regions in which LFF amplitude at
slow-5 was associated with E and N

Brain regions in which LFF amplitude at Slow-5 was
associated with E and N

Anatomical region ~ MNI (x, y, z) BA Voxels T
E  MPFC 0, 60, 18 9/10 283 4.39

PCu -9, 48,36  7/31 81 3.09
N R PreCG 54, -3, 48 4/6 104 4.43

MNI, Montreal Neurologic Institute; BA, Brodmann’s area; E,
extraversion; N, neuroticism; MPFC, medial prefrontal cortex;
PCu, precuneus; R, right; PreCG, precentral gyrus. All the coordi-
nates are donated by Montreal Neurological Institute (MNI) space
coordinates. T score represents the statistical value of peak voxel
showing LFF amplitude correlated with E and N. Positive and
negative T values indicate positive and negative correlations,
respectively, between LFF amplitude value and E/N score.

LFF Amplitude at Slow-4 Frequency Band
Correlated With E and N

LFF amplitude at Slow-4 band was correlated negatively
with E score in the left hippocampus (HIP), while nega-
tively with N score in the bilateral superior temporal cor-
tex (STC) (P < 0.05, AlphaSim corrected; Fig. 2, Table II).

DISCUSSION

In this study, two of Eysenck’s personality dimensions,
extraversion and neuroticism, are of particular interest
because their biological bases have been fully clarified and
achieved near universal acceptance [Matthews and Gilli-
land, 1999]. The neuropsychology of the third dimension
of psychoticism, in contrast, has not been worked out in
detail. Eysenck has suggested that psychoticism is

:

Figure 2.

(A) Correlation of E score and LFF amplitude (P < 0.05, corrected
by Alphasim, a combined threshold of P < 0.01, and a minimum
cluster size of 74 voxels) in the L HIP (—22, —9, —24) (r = —0.56, P
< 0.001). (B) Correlation of N score and LFF amplitude (P < 0.05,
corrected by Alphasim, a combined threshold of P < 0.0l, and a
minimum cluster size of 74 voxels) in L STC (—48, —33, 18) (r =

—0.53, P < 0.001), R STC (63, —33, 21) (r = —0.49, P < 0.001).
The LFF amplitude values in the figure are extracted from the signif-
icant clusters after a linear regression of age, gender, and grey mat-
ter volumes of each subject. More details of these regions are
described in Table Il. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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TABLE Il. Brain regions in which LFF amplitude at
Slow-4 was associated with E and N

Brain regions in which LFF amplitude at Slow-4 was
associated with E/N score

Anatomical region ~ MNI (x, y, z) BA Voxels T
E L HIP -22, -9, -24 20/35 154 —3.84
N L STC —48, -33,18 13 139 —4.70

R STC 63, —33,21 40 80 -3.97

MNI, Montreal Neurologic Institute; BA, Brodmann’s area; E,
extraversion; N, neuroticism; L, left; R, right; HIP, hippocampus;
STC, superior temporal cortex. All the coordinates are donated by
Montreal Neurological Institute (MNI) space coordinates. T score
represents the statistical value of peak voxel showing LFF ampli-
tude correlated with E and N. Negative T values indicate negative
correlation between LFF amplitude value and E/N score.

inversely related to serotonergic function [Eysenck, 1992],
but, subsequently, psychoticism is linked to dopamine
[Eysenck, 1997]. The above may imply that considerable
debate persists regarding the importance, nature, and
definition of the psychoticism. Here we aimed to test
Eysenck’s predication for extraversion and neuroticism by
examining the association between the two basic traits and
LFF amplitude at two different frequency bands (Slow-4
and Slow-5 bands). We found that extraversion and neu-
roticism were correlated with LFF amplitude at Slow-4 and
Slow-5 bands in specific regions, respectively. These find-
ings shed light on the important relationships between LFF
amplitude and Eysenck’s personality, and further suggest
the relationships are relied on specific frequency bands.

LFF Amplitude at Slow-5 Frequency Band
Correlated With E and N

The Slow-5, relative to Slow-4, has the higher power
and is more dominant within prefrontal, parietal, and occi-
pital cortex, especially within several default-mode regions
(the posterior cingulate cortex (PCC)/ PCu, MPFC and in-
ferior parietal lobule (IPL)) [Baria et al., 2011; Han et al.,
2010; Zuo et al., 2010]. In this study, we found LFF ampli-
tude at Slow-5 was positively correlated with extraversion
in the MPFC and PCu. A large body of neuroimaging evi-
dence has confirmed that the MPFC involved in affective,
social and self-referential processes is associated with
extraversion [Blankstein et al., 2009; Johnson et al., 1999;
Kumari et al., 2004; Sheng et al., 2010; Sutin et al., 2009;
Wei et al., 2011; Wright et al., 2006, 2006]. For example,
Johnson et al. [1999] indicated that extraverts, relative to
introverts, showed decreased rCBF in the MPFC Kumari
et al. [2004] discovered that measures of extraversion were
negatively related to resting fMRI signals in prefrontal cor-
tex. Besides, EEG studies have validated extraversion was
positivity correlated with frontal alpha activity [Hagemann
et al., 2009; Tran et al., 2001, 2006]. Together, those find-

ings support Eysenck’s predication for extraverts with
lower arousal level in the frontal lobe [Eysenck, 1967,
1990; Tran et al.,, 2001, 2006]. The current finding shows
that individuals with high extraversion scores have
increased LFF amplitude in the MPFC, which disagree
with the aforementioned argument. This conflicting result
could partly be due to experimental situations and the fre-
quency bands chosen for correlation analysis. According to
EEG studies, the inverse relation between extraversion and
cortical arousal is observed when subjects are instructed to
open and close their eyes [Gale, 1973, 1981; Tran et al.,
2001]. Nevertheless, participants in this study are
instructed simply to rest with their eyes closed. The differ-
ence in experimental conditions might contribute to the
conflicting result, since LFF amplitude has been demon-
strated to be significantly different in specific regions
between eyes open and eyes closed [Yan et al., 2009; Yang
et al, 2007]. Therefore, experimental condition with
repeated opening and closing of the eyes may be more
reasonable for investigating relationship between LFF am-
plitude and extraversion. The second possible source of
confounding could be the frequency bands applied for cor-
relation analysis. The oscillations of the brain cover a wide
range of frequencies and each of these oscillatory bands is
generated by different mechanisms and has different phys-
iological functions [Buzsaki and Draguhn, 2004; Penttonen
and Buzsaki, 2003]. Thus, extraversion might be negatively
related to LFF amplitude in frontal lobe at other frequency
bands. To further test Eysenck’s assumption of extraver-
sion in future works, subjects would be instructed to rest
with their eyes open and closed and multiple frequency
bands would be chosen for correlation analysis. In addi-
tion, LFF amplitude at Slow-5 was correlated positively
with extraversion in the PCu, consistent with early find-
ings [Kunisato et al., 2011; Ryman et al., 2011]. The PCu
has effect on one’s personality characteristics probably due
to its functional role in self-related mental representations
during rest [Cavanna and Trimble, 2006]. In combination,
the relationships between LFF amplitude at Slow-5 and
extraversion were found within brain regions (MPFC and
PCu) overlapping the so-called default node network,
which suggest that individual differences in default net-
work activity might be able to explain differences in
personality.

Our results also showed that LFF amplitude at Slow-5
was correlated positively with neuroticism in the right
PreCG. The emerging neuroanatomy study has demon-
strated brain morphometry varies with neuroticism scores
in the PreCG [DeYoung et al., 2010]. It is noteworthy that
the PreCG is located in posterior portion of the frontal
lobe [Kido et al, 1980], and the frontal asymmetry
involved in emotion dimensions of valence (pleasant-
unpleasant) has been elucidated in previous studies [Hel-
ler, 1990, 1993]. Greater left frontal lateralization is associ-
ated with an increase in tendency towards pleasant affect,
while greater right frontal lateralization with an increase
in tendency towards unpleasant affect [Canli et al., 1998;
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Heller, 1990, 1993; Mathersul et al., 2008; Tomarken, et al.,
1992]. These arguments provide a framework for exploring
relationship between neuroticism and patterns of brain ac-
tivity in the frontal cortex, based on the literature linking
neuroticism with unpleasant affect [Larsen and Diener,
1992; McCrae and Costa, 1999]. To date, several studies
have demonstrated that neuroticism is correlated with
greater right frontal activity, whereas emotional stability
with greater left frontal activity [Kim et al., 2008; Minnix
and Kline, 2004; Schmidtke and Heller, 2004; Tran et al.,
2006; Wei et al., 2011]. In this study, the association of LFF
amplitude and neuroticism detected in frontal regions pro-
vides further evidence for neuroticism with lateralized
frontal activation.

LFF amplitude at Slow-4 Frequency Band
Correlated With E and N

Compared to Slow-5, Slow-4 exhibiting less power is
localized more within temporal cortex and subcortical
structures [Baria et al.,, 2011; Han et al., 2010; Zuo et al.,
2010]. The negative relationship between extraversion and
LFF amplitude at Slow-4 in the HIP found here confirms
earlier findings with PET [Johnson et al., 1999] and sup-
ports the influential arousal hypothesis [Eysenck, 1967,
1983; Gray, 1970, 1972]. The HIP, along with the septum,
forms the neural substrate of the “behavioral inhibition
system,” which is initiated during anxiety-provoking or
conflict situations [Gray, 1982]. Previous investigation has
provided considerable evidence for linking the HIP with
anxiety-related personality traits [DeYoung et al., 2010;
Kalisch et al., 2005; Naghavi et al., 2009; Whittle et al.,
2008; Yamasue et al., 2007]. Harm avoidance (HA), as a
frequently measured anxiety-related trait, was related to
reduced regional gray matter volume in the HIP [Yama-
sue, et al., 2007]. Individuals with high neuroticism score,
enhancing susceptibility to anxiety states, also represented
smaller hippocampal volume [DeYoung et al., 2010].
Besides, the role of HIP in depression and stress has been
elaborated in former studies [Bremner et al., 2000; Hasler
et al., 2004; Pitman et al., 2001].The above has reaffirmed
the involvement of HIP in negative affect processing. In
this study, increased LFF amplitude in the HIP may be
related to an enhanced processing of negative cues, and
thereby with an increased negative affect that introverts
are known for.

Significant negative relation between LFF amplitude at
Slow-4 and neuroticism was detected in the bilateral STC.
There has been PET research demonstrating negative cor-
relation between neuroticism and rCMRglu in the left STC
[Deckersbach et al., 2006], and a fMRI study showing
strong inverse relation between neuroticism and activity in
bilateral superior/middle temporal cortex in response to
threat of electric shocks [Kumari et al., 2007]. The temporal
cortex, according to former research, plays an important
part in emotional process [Canli et al., 2001; Fredrikson

et al., 1995; Hagemann et al., 1999; Lane et al., 1997; Wik
et al., 1993]. The STC implicated in affective process may
thereby have the relationship with neuroticism. The func-
tion of the STC is very complex and may vary depending
on the nature of network co-activations with different
regions in the frontal cortex and medial-temporal lobe
[Hein and Knight, 2008]. Further studies, thus, should aim
to clarify the underlying mechanism of STC associated
with neuroticism in depth.

CONCLUSION

In summary, we investigated the associations between
Eysenck’s personality and LFF amplitude at two different
frequency bands (Slow-4 and Slow-5 bands). Positive cor-
relation for LFF amplitude at Slow-5 and extraversion was
found in the MPFC and PCu, implying a possible link
between default network activity and personality traits.
Regarding LFF amplitude at Slow-5 associated with neu-
roticism, positive correlation detected in the right frontal
region, providing further evidence for the hypothesis of
neuroticism and frontal asymmetry. In addition, LFF am-
plitude at Slow-4 was correlated negatively with extraver-
sion and neuroticism in the HIP and STC respectively,
supporting Eysenck’s assumption that extraversion with
lower cortical arousal, also suggesting brain structures
involved in affective process accounting for modulation
and shaping of personality. Together, our findings strongly
suggest that personality dimensions of extraversion and
neuroticism are associated with LFF amplitude dynamic at
specific frequency bands, and contribute to a growing lit-
erature which suggests that human personality traits are
based on individual difference in brain function.
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