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Abstract: Medial orbitofrontal cortex (mMOFC) abnormalities have been observed in various anxiety disorders. How-
ever, the relationship between mOFC activity and anxiety among the healthy population has not been fully examined.
Here, we conducted a resting state functional magnetic resonance imaging (R-fMRI) study with 56 healthy male adults
from the Nathan Kline Institute/Rockland Sample (NKI-RS) to examine the relationship between the fractional ampli-
tude of low-frequency fluctuation (fALFF) signals and trait anxiety across the whole brain. A Louvain method for
module detection based on graph theory was further employed in the automated functional subdivision to explore
subregional correlates of trait anxiety. The results showed that trait anxiety was related to fALFF in the mOFC. Addi-
tionally, the resting-state functional connectivity (RSFC) between the right subregions of the mOFC and the precuneus
was correlated with trait anxiety. These findings provided evidence about the involvement of the mOFC in anxiety
processing among the healthy population.
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1 Introduction

Anxiety is a psychological and physiological
condition characterized by an unpleasant feeling of
inner turmoil—and if left unregulated or inappropri-
ately regulated, it reduces the quality of everyday life
and may facilitate the development of affective dis-
orders (Scheinost et al., 2013; Kim et al., 2016). This
anxiety condition is characterized by a combination
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of physiological, behavioral, and cognitive compo-
nents and manifests itself in two recognizable
ways—state or trait (Spampinato et al., 2009). State
anxiety can be defined as a temporary disturbing
emotional arousal as a result of the recognition of a
disturbing stimulus, while trait anxiety corresponds to
worrying about future events and reflects a stable
tendency to respond consistently with state anxiety
when faced with threatening demands or dangers
(Spielberger et al., 1983). Because trait anxiety is
generally considered a stable personality trait and
varies among individuals, it is an ideal tool for ex-
ploring the brain—anxiety relationship (Raymond
etal., 2017).

Many previous studies have demonstrated
that the neural correlates of anxiety implicate the
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orbitofrontal cortex (OFC). An early study using
in vivo proton magnetic resonance spectroscopy
(MRS) reported that the total concentration of two
OFC chemicals (N-acetylaspartate and glutamine) in
healthy humans was strongly correlated with the
anxiety total score (Grachev and Apkarian, 2000).
Evidence from structural magnetic resonance imaging
(MRI) studies has indicated that reduced volumes in
the medial OFC (mOFC) were associated with anxi-
ety disorders. For example, a previous study found
reductions of OFC volumes in survivors of cancer
with posttraumatic stress disorder (PTSD) when they
were compared to cancer survivors without PTSD and
to a healthy group (Hakamata et al., 2007). Another
study observed volume reductions of the right posterior-
mOFC among panic disorder individuals compared to
healthy controls (Scheinost et al., 2013). Previous
functional imaging studies have demonstrated that
abnormal mOFC activation was detected across some
clinical anxiety disorders (Shin and Liberzon, 2010).
Another functional MRI (fMRI) study revealed in-
creased activity during high-anxiety imagery com-
pared to neutral-anxiety imagery in the patients with
panic disorder in the OFC when compared to control
individuals (Bystritsky et al., 2001). Recently, a
resting-state functional near-infrared spectroscopy
(fNIRS) study demonstrated that associations in the
functional connectivity between the left inferior
frontal gyrus and the OFC were related to anxiety in
chronic heroin users (Ieong and Yuan, 2017). Alt-
hough there are many studies about the involvement
of the (medial) OFC in pathological anxiety, the
number of studies that have investigated the mOFC
correlates of anxiety remains sparse, particularly
studies considering healthy populations.

The mOFC, which occupies the cortex on the
orbital surface of the frontal lobe, is ideally positioned
to extensively connect to other brain areas. This area
projects to the ventral striatum, indicating that it plays
a role in the circuitry of reward-oriented behavior
(Heekeren et al., 2007). It projects to the amygdala,
the hypothalamus, and the hippocampus, and these
projections are thought to play a notable role in the
emotional decision-making process (Milad and Rauch,
2007). Previous studies have found that anxiety-
related behaviors may involve top-down regulatory
influences from the OFC to the amygdala (Banks
etal., 2007; Kim et al., 2011), or the OFC may play a

crucial role in the modulation of anxiety via the
amygdala (Milad et al., 2006; Liao et al., 2010). Be-
sides, the OFC has also been found to have the re-
duction effect on resting-state functional connectivity
(RSFC) with the amygdala in social anxiety disorder
(Hahn et al., 2011).

Recently, advances in resting state fMRI
(R-fMRI) methodology have facilitated the identifi-
cation of brain states in various conditions (such as
eyes-opened and eyes-closed conditions) and ab-
normal intrinsic brain activity in various neurological
and neuropsychiatric diseases (Zhang and Raichle,
2010). The amplitude of low-frequency fluctuation
(ALFF) measures the magnitude of the spontaneous
brain blood oxygenation level-dependent (BOLD)
signal and has been suggested to be associated with
local neuronal activity (Zang et al., 2007). As a nor-
malized index of ALFF, fractional ALFF (fALFF)
can attenuate the biases of physiological noise and
provide more accurate measures (Zou et al., 2008).
Previous studies found alterations in fALFF in vari-
ous brain disorders such as anxiety disorder (Hahn
et al., 2011; Lai and Wu, 2015) and schizophrenia
(Hoptman et al., 2010).

The present research investigated how the OFC
represents brain—anxiety associations in healthy
adults. For the first time, we identified areas that
showed significant correlations between trait anxiety
scores of the State-Trait Anxiety Inventory (STAI)
(Spielberger et al., 1983) and the fALFF of R-fMRI
signals (Zou et al., 2008). A seed-based RSFC anal-
ysis was then performed, in which the placement of
seed regions of interest (ROIs) was determined on the
automated functional subdivision within a mOFC
mask and their RSFC associations with trait anxiety
scores were characterized. We hypothesized that there
would exist a significant correlation between trait
anxiety and spontaneous activity in the mOFC and
different correlations between trait anxiety scores and
various mOFC subregional RSFCs.

2 Materials and methods
2.1 Participants

A group of 56 healthy, right-handed male adults
(mean age, 42.75 years; standard deviation, 18.87 years;
age range, 19-82 years) were selected from the Nathan
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Kline Institute/Rockland Sample (NKI-RS) and were
publicly available at the International Neuroimaging
Data-Sharing Initiative (INDI) online database
(http://fcon_1000.projects.nitrc.org/indi/pro/nki.html).
The initial release of the NKI-RS included 207 par-
ticipants who finished brain MRI scans, diagnostic
psychiatric interviews, and psychiatric assessments.
A total of 126 subjects were not diagnosed with a
mental illness. Twenty-five participants under 18 years
of age were not selected. These data were collected
according to protocols approved by the Institutional
Review Board of the Nathan Kline Institute (New
York, USA) and written informed consent was ob-
tained from each participant (Nooner et al., 2012).

2.2 Anxiety assessment

Anxiety levels were assessed with the STAI for
adults, which is an introspective psychological in-
ventory consisting of 40 self-report items pertaining
to anxiety affect (Spielberger et al., 1983). The STAI
is divided into two sections, each with 20 questions.
The first subscale measures state anxiety, and the
second measures trait anxiety. Both use ratings on a
4-point scale: 1, almost never; 2, sometimes; 3, often;
4, almost always. Scores range from 20 (low trait
anxiety) to 80 (high trait anxiety), with higher scores
suggesting greater symptomatology of anxiety. Trait
anxiety is defined as a stable aspect of personality that
describes an individual’s tendency to respond to a
situation with anxiety, while state anxiety refers to a
transitory state of emotional arousal. The STAI can be
used in clinical settings to diagnose anxiety and to
distinguish it from depressive syndromes. In the cur-
rent study, one subject was excluded before further
analyses, due to missing STAI values. The mean
score on the STAI trait anxiety scale was 30.96
(standard deviation: 10.00), and higher scores on the
STAI indicated higher trait anxiety levels. The STAI
is a self-report measure and takes approximately 10 min.

2.3 Image acquisition and preprocessing

All MRI images, which covered the whole brain,
were acquired by a 3.0 Tesla Siemens MAGNETOM
TrioTim scanner (Siemens AG, Medical Solutions,
Erlangen, Germany). The R-fMRI scans were then
collected using an echo-planar imaging (EPI) se-
quence (repetition time (TR)=2500 ms, echo time
(TE)=30 ms, flip angle (FA)=80°, field of view

(FOV)=216 mmx216 mm, voxel size=3.0 mmx
3.0 mmx3.0 mm, number of slices=38). A total of 260
whole-brain EPI images were collected for approxi-
mately 650 s. A high-resolution T1-weighted ana-
tomical image in the sagittal orientation was acquired
using a magnetization-prepared rapid gradient echo
(MP-RAGE) sequence (TR=2500 ms, TE=3.5 ms,
FA=8°, FOV=256 mmx256 mm, voxel size=1.0 mmx
1.0 mmx1.0 mm, number of slices=192) and was used
to facilitate the anatomical description and to register
R-fMRI data. The participants were instructed to
relax with their eyes closed but not fall asleep and
remain as motionless as possible during the scanning.
The detailed scanning protocol can be found at the
following webpage: http://fcon_1000.projects.nitrc.org/
indi/pro/nki.html.

Functional image preprocessing was performed
using the Data Processing Assistant for Resting-State
fMRI (DPARSF; http://www.restfmri.net) and Sta-
tistical Parametric Mapping (SPM8, Wellcome De-
partment, London, UK; http://www.fil.ion.ucl.ac.uk/
spm). For each dataset, the first ten functional vol-
umes were discarded to allow for magnetization
equilibration effects and the adaptation of the partic-
ipants to the circumstances. The remaining images for
the further process were first corrected for time delay
between slices and were then realigned to the first
volume for head-motion correction. The realigning
step provided a record of head motions by estimating
the translations in each direction and the rotations in
angular motion about each axis for each of the con-
secutive volumes. The images were normalized into a
standard stereotactic space as defined by the Montreal
Neurological Institute (resampling voxel size=3 mmx
3 mmx3 mm) and smoothed with a 4-mm full-width
at half-maximum Gaussian kernel. Finally, all fMRI
time series underwent temporal bandpass filtering
(between 0.01 and 0.1 Hz) and nuisance signal re-
moval from the ventricles and deep white matter, and
any effects of head motion were regressed out. Global
signals were not regressed out. For functional images,
all participants included in the study showed a mean
frame-wise displacement of less than 0.5 mm (Power
et al., 2012).

2.4 fALFF analysis

The fALFF was computed using DPARSF
software (Yan and Zang, 2010). Briefly, the time
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series of each voxel was transformed to obtain the
power spectrum using a fast Fourier transform (FFT).
The square root of the power spectrum was calculated
at each frequency and averaged across 0.01-0.1 Hz
for each voxel (Biswal et al., 1995; Fox and Raichle,
2007). fALFF was calculated using the ratio of the
power spectrum of low-frequency (0.01 to 0.1 Hz) to
that of the entire frequency range (Zuo et al., 2010).
The value of each voxel was standardized by dividing
the full-brain mean fALFF values to reduce the global
effects of variability across participants (Zou et al.,
2008). The global mean fALFF was calculated only
within the brain, with the background and other tis-
sues outside the brain removed.

2.5 Automated functional subdivision in the mOFC

To automatically partition the mOFC into sub-
regions, we applied a Louvain method for module
detection based on graph theory (Xia et al., 2014).
BOLD signal time courses of all voxels were ex-
tracted within a bilateral mOFC mask defined by the
automated anatomical labelling (AAL) atlas (Tzourio-
Mazoyer et al., 2002), which was included in the
MRIcro software package (http://www.sph.sc.edu/
comd/rorden/mricro.html). Their pairwise Pearson’s
correlation coefficients were computed to develop a
correlation matrix. The backbone of the mean matrix
across all participants was then constructed by ap-
plying a nonparametric method of locally adaptive
network sparsification (Foti et al., 2011). The module
detection algorithm (Newman, 2006) was applied to
the backbone to parcellate the mOFC into composite
modules for a functional connectivity analysis. RSFC
for each participant was calculated as the Pearson
correlation coefficient between the mean resting-state
BOLD time series of each seed ROI and other voxels
in the whole brain (Biswal et al., 1997).

2.6 Statistical analysis

To locate anxiety-related areas, we conducted
Pearson’s correlation analysis between fALFF
measures and the STAI anxiety scores in whole brain
on a voxel by voxel basis. Multiple comparison cor-
rection was performed using Gaussian Random Field
(GRF) theory by Z>2.6, voxel P<0.005, and a GRF
cluster-corrected threshold of P<0.05 with a cluster
size of 10 voxels (Worsley, 2001). Subsequently, the
mean fALFF of each mOFC subregion was extracted

by averaging the fALFF of all the voxels belonging to
that subregion. The subregional mean fALFF was
used to compute correlation coefficients with the
anxiety scores. The RSFC of each mOFC subregion
was generated by calculating Pearson’s correlation
between the mean BOLD time series of each subre-
gion and each voxel in the whole brain. To assess
the mOFC subregion-anxiety relationship, we further
performed voxel-based Pearson’s correlation analysis
between the RSFC of each mOFC subregion and
anxiety scores. The significance threshold was set to
voxel P<0.005, and a GRF cluster-corrected threshold
of P<0.05 with a cluster size of 10 voxels.

3 Results

3.1 Correlations between STAI anxiety scores and
voxel-wise fALFF

As shown in Fig. 1, we found that significant
(P<0.05, corrected) positive correlations between
fALFF values and STAI trait anxiety scores were
primarily located in the right medial part of the or-
bitofrontal cortex (peak MNI (Montreal Neurological
Institute) coordinates: x=6, y=57, z=—12, correlation
coefficient (7)=0.6, cluster size=33 voxels), which
extended to the right anterior cingulate gyrus and the
medial part of the superior frontal gyrus. Besides,
several brain regions showing negative correlations
included the right superior temporal pole, right hip-
pocampus, and calcarine sulcus (P<0.05, corrected).

3.2 Functional parcellation within the mOFC

To examine the subregional specificity of the
relationship between fALFF and STAI trait anxiety,
the module detection method was used based on the
BOLD time courses of all voxels within the whole
mOFC. The modularity structure was observed
(modularity value (Q)=0.6), and seven subregions
were detected in both hemispheres (Fig. 2a; ROI 1,
black; ROI 2, magenta; ROI 3, red; ROI 4, yellow;
ROI 5, cyan; ROI 6, green; ROI 7, blue). The mean
time series of each mOFC subregion was extracted for
further pairwise correlation analysis. Based on a mean
correlation matrix (7x7; Fig. 2b) across all partici-
pants, an additional hierarchical clustering analysis
(Xia et al., 2014; Wang et al., 2015) was used to clas-
sify the seven mOFC subregions into two zones along
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Fig. 1 Cluster showing significant correlations between the fractional amplitude of low-frequency fluctuation (fALFF)
and State-Trait Anxiety Inventory (STAI) trait anxiety scores in healthy adults

The colors represent correlation coefficients () (P<0.05, corrected). mOFC: medial orbitofrontal cortex; L: left side; R: right side
(Note: for interpretation of the references to color in this figure legend, the reader is referred to the web version of this article)

an anterior-to-posterior/ventral gradient (Fig. 2¢; the
anterior zone: ROIs 1, 2, 3; the posterior zone: ROIs 4,
5,6, 7). As presented in Fig. 2d, the mean subregional
fALFF values were positively correlated with STAI
trait anxiety values (ROI 1, »=0.14, P=0.3; ROI 2,
r=0.2, P=0.13; ROI 3, »=0.25, P=0.07; ROI 4, r=0.25,
P=0.07; ROI 5, =0.31, P=0.019; ROI 6, r=0.23,
P=0.087; ROI 7, r=0.24, P=0.07).

3.3 Voxel-wise correlation maps between the
RSFC of each mOFC subregion and STAI trait
anxiety scores

Voxel-wise correlation maps between the RSFC
of seven mOFC subregions and STAI trait anxiety
scores are illustrated in Fig. 3 and Table 1. In addition
to adjacent prefrontal regions of the mOFC (such as
the inferior and superior frontal gyrus), we found that
significant (P<0.05, corrected) positive correlations
between trait anxiety scores and subregional RSFC
values of ROIs 2, 5, 6 and 3 were mainly involved in
the precuneus. ROIs 2, 4, 5, 6 and 7 showed negative
correlations in the inferior frontal gyrus and positive
correlations in the left insula. ROIs 1, 3, 5, 6 and 7
showed positive correlations in the superior frontal

gyrus.

4 Discussion

In the current study, the correlation between
spontaneous activity of the mOFC and trait anxiety
was found in the healthy male population. The mod-
ule detection method was further employed in auto-
mated functional subdivisions to explore the subre-
gional correlates of anxiety. We found that the RSFC
between the right mOFC and the precuneus was cor-
related with trait anxiety. These findings extend the
findings of previous studies on the association be-
tween the mOFC and anxiety in two ways.

First, we found that spontaneous activity of the
mOFC measured with the fALFF was correlated with
trait anxiety scores. Trait anxiety represents an
individual’s generalized and long-lasting predisposi-
tion marked by a tendency to view a situation as more
dangerous than it is. People who suffer high trait
anxiety might react to the stimulus or condition with
excessive fear, despite the unrealistic likelihood of a
catastrophic outcome (Spielberger et al., 1983). Ele-
vated levels of trait anxiety are a risk factor for the
development of clinical anxiety disorders (Chambers
et al., 2004). Furthermore, this personality trait of
anxiety may be linked to brain mechanisms that un-
derlie stress and anxiety processing (Gawda and
Szepietowska, 2016). Previous studies have indicated
that the OFC is involved in the regulation of the
neural architecture that mediates the basic response to
threat, i.e. the amygdala and the hypothalamus (Blair
et al., 2005). Lesions of the OFC presumably disrupt
the downregulation of this neural architecture such
that the individual is more likely to express the ex-
treme reaction to a threat (reactive aggression) rather
than a more appropriate action, such as freezing (Blair,
2007). In the current study, our research interests
focused on how interindividual differences in trait
anxiety were related to interindividual variability of
local activity of the mOFC in healthy male adults and
the RSFC of its different subdivisions. These results
indicated that healthy male adults with higher anxiety
scores showed stronger mOFC activity. One possi-
bility is that these subjects with high anxiety require
high intensity brain activities to deal with anxiety and
further avoid it becoming pathological anxiety and
individuals with low anxiety showed little mOFC
activity because it was not being recruited (Spampi-
nato et al., 2009; Qiu et al., 2015; Tian et al., 2016;
Wang et al., 2017). Unregulated or inappropriate anxi-
ety control and inhibition due to deficient mOFC func-
tion might lead to psychopathology (Shiba et al., 2016).
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Fig. 2 mOFC subregions and their relationships between fALFF and trait anxiety scores
(a) Automated detection of seven mOFC subregions. (b) Mean pairwise correlation () matrix of subregional BOLD time
courses. (c) Hierarchical clustering based on the correlation matrix-revealed two zones. (d) Scatterplots for the relationship
between fALFF and STAI values in seven mOFC subregions. ROI, region of interest; fALFF, fractional amplitude of
low-frequency fluctuation; STAI, State-Trait Anxiety Inventory

Second, the mOFC was further automatically  suggest that different mOFC subregions may relate to
divided into anterior and posterior zones based on its  distinct functions; in particular, there is likely heter-
BOLD time courses rather than its anatomical profile.  ogeneity in the mOFC functional integration of anxi-
However, the differential relationships between the ety processing across left and right anatomical sub-
RSFC of the mOFC subregions and trait anxiety  divisions rather than functional ones. Previous evidence
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Table 1 Correlations between RSFC of seven mOFC subregions and STAI trait anxiety scores in healthy man adults

Seed . . Cluster size Peak Peak MNI coordinate (mm)

region Anatomical region (voxel) r-value X ¥ z

ROI' 1 R: superior frontal gyrus (medial) 17 0.51 15 57 0
L: superior frontal gyrus (medial) 10 0.47 -9 69

ROI 2 L: precuneus 65 0.52 0 =75 39

R: rectus 26 0.56 63 -15

R: olfactory 10 0.46 15 9 -15

L: inferior frontal gyrus (orbital) 19 —-0.50 =33 36 -12

R: putamen 14 —0.45 30 18 0

L: hippocampus 14 —-0.51 -18 -39 6

L: insula 32 —0.44 =27 15 12

ROI 3 L: precuneus 14 0.48 -15 —60 30

L: superior frontal gyrus (medial) 72 0.53 -9 51 6

L: superior frontal gyrus (dorsal) 10 0.43 =30 39 39

R: precentral gyrus 11 —0.47 60 6 15

ROI 4 L: insula 52 —0.47 =36 18 0

L: middle frontal gyrus (orbital) 20 —-0.53 24 36 -18

R: rolandic operculum 16 —0.44 63 6 6

L: inferior frontal gyrus (triangular) 14 -0.41 =57 3 12

R: superior temporal gyrus 16 -0.43 69 -33 18

R: postcentral gyrus 15 —0.45 66 -12 30

ROI'S L: precuneus 52 0.55 -3 —78 51

R: precuneus 29 0.51 3 =57 63

L: superior frontal gyrus (dorsal) 13 0.51 -18 60 0

R: inferior frontal gyrus (orbital) 15 —-0.44 39 33 -15

L: inferior frontal gyrus (orbital) 17 —0.48 -36 39 -12

L: inferior frontal gyrus (triangular) 11 —0.45 57 24 27

L: insula 21 —0.44 -33 18 0

R: postcentral gyrus 20 —0.47 66 -9 30

ROI 6 L: precuneus 27 0.47 0 —78 45

L: superior frontal gyrus (dorsal) 51 0.52 -12 69 9

L: olfactory 33 0.48 -3 -99 -9

L: insula 49 —0.48 —36 18 0

L: inferior frontal gyrus (orbital) 10 —0.48 =33 36 -12

ROI 7 L: superior frontal gyrus (medial) 25 0.54 -15 60 0

L: superior frontal gyrus (medial) 17 0.48 -9 54 6

R: inferior frontal gyrus (triangular) 15 —0.45 48 45 -9

L: inferior frontal gyrus (triangular) 11 —-0.50 -39 33 9

L: inferior frontal gyrus (operculum) 12 -0.41 =57 12

R: precentral gyrus 12 —0.44 63 6 18

L: insula 43 —-0.47 —36 15 0

RSFC, resting-state functional connectivity; L, left side; R, right side; »: correlation coefficient. MNI, Montreal Neurological Institute.

Significance level was defined at voxel P<0.005, and a GRF cluster-corrected threshold of P<0.05 with a cluster size of 10 voxels
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Fig. 3 Voxel-wise correlation maps between the RSFC of each mOFC subregion and STAI trait anxiety scores
The first column shows the mOFC subregions. The other columns show voxel-wise correlation maps of each mOFC subregion.
Hot colours represent positive correlations, whereas cold colours represent negative correlations (voxel P<0.005, and a GRF
cluster-corrected threshold of P<0.05 with a cluster size of 10 voxels). ROI: region of interest; PCUN: precuneus; L: left side;
R: right side; colour bar represents 7-values (Note: for interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article)
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has shown that the OFC is a heterogeneous structure
consisting of several subregions, with each subregion
exhibiting distinct structural and functional connec-
tivity patterns (Kahnt et al., 2012; Liu et al., 2015),
but the contribution of the left/right subregions of the
mOFC to anxiety processing and the nature of these
functional distinctions remain unclear. Here, we
found that coupling between the right mOFC and the
precuneus was correlated with trait anxiety, whereas
there were few voxels showing significant correlation
in the RSFC between the left mOFC and the precu-
neus and trait anxiety. These results indicated that the
left mOFC might differ from the right mOFC in
anxiety processing.

The mOFC and precuneus are two central
components of the default mode network (Raichle
et al., 2001; Buckner et al., 2008) and have also been
identified as critical hubs in human whole-brain
structural and functional networks (Greicius et al.,
2003). The precuneus plays an important role in
processing emotional evaluation and regulation
(Maddock et al., 2003). Furthermore, the precuneus
and the adjacent posterior cingulate cortex (PCC)
have been implicated in social and general anxiety
(Hahn et al., 2011). For example, a previous study
found increased activity in the precuneus in response
to threat-related stimuli in patients with panic disor-
der (Zhao et al., 2007). Another study found that
reduced connectivity between the amygdala and the
precuneus/PCC was associated with higher state
anxiety in adults with anxiety disorders (Hamm et al.,
2014). We found associations between the connec-
tions between the anterior/posterior default mode
network (DMN) and anxiety and provided evidence
from different perspectives that the DMN might relate
to anxiety.

Several limitations warrant further consideration.

First, we have only examined a healthy male popula-
tion. Recent studies have paid greater attention to
individuals with anxiety disorder (Kent et al., 2005;
Scheinost et al., 2013). Further investigation of the
clinical population would provide new insights into
the pathophysiology of anxiety disorder. Second, the
module detection method successfully parcellated the
whole mOFC into spatially coherent functionally
homogeneous clusters based on R-fMRI data. Future
work will compare this functionally derived parcel-
lation against those derived from anatomy and diffu-

sion tensor imaging. Third, another methodological
consideration relates to mOFC definitions. The mOFC
mask in this study was defined by the AAL atlas.
Arguably, a more fine-grained mask of the medial
part of the orbitofrontal cortex could be constructed
based on cytoarchitectural features or other atlases.

In summary, our study showed that spontaneous
activity of the mOFC was associated with trait anxiety
in a healthy population, and the RSFC between the
right mOFC and the precuneus related to trait anxiety.
Our findings suggest that the mOFC is an anxiety-
related region in healthy participants and could serve
as a link to the neurobiology of anxiety disorders.
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