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Abstract

Anxiety is a multidimensional construct that inahsdstable trait anxiety and momentary state
anxiety, which have a combined effect on our meatal physical well being. However, the
relationship between intrinsic brain activity ahe feeling of anxiety, particularly trait and state
anxiety, remain unclear. In this study, we usetirgsstate functional magnetic resonance imaging
(fMRI) (amplitude of low-frequency fluctuations (AE) and regional homogeneity (ReHo)) to
determine the effects of intrinsic brain activity stable inter-individual trait anxiety and
intra-individual state anxiety variability in a @®-sectional and test-retest study. We found that a
both time points, the trait anxiety score was sigantly associated with intrinsic brain activity
(both the ALFF and ReHo) in the right ventral mégifrontal cortex (vmPFC) and ALFF of the
dorsal anterior cingulate cortex/anterior midciragelcortex (dACC/aMCC). More importantly,
the change in intrinsic brain activity in the righsula was predictive of intra-individual state
anxiety variability over a 9-month interval. Theti@etest nature of this study’s design could
provide an opportunity to distinguish between titeinsic brain activity associated with state and
trait anxiety. These results could deepen our wgtdeding of anxiety from a neuroscientific
perspective.
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1. Introduction

Anxiety refers to feelings of fear, worry, and use@aused by external or internal potential
threats (Grupe and Nitschke, 2013; Calvo and Del@astillo, 2001). The responses to the
potential threats have been shown to exhibit staliwidual characteristics (Andrews and
Thomson Jr, 2009; Etkin et al., 2004). To somergxtagher sensitivity to anxiety places
individuals at greater risk of developing psychbp#igy and physical illness (Bower et al., 2010;
Hoge et al., 2011; McNally, 2002). Interestinglyxeety is a multifaceted construct that includes
stable trait anxiety and momentary state anxiepyelBerger, 1983, 2010). Trait and state anxiety
are related but separate psychological measurebakia fairly distinct influences on individual
cognitive processes, such as attention and cogratimtrol (Bishop et al., 2007a; Bishop et al.,
2007b;Bishop, 2009; Crocker et al., 2012; Hur et al.,2@acheco-Unguetti et al., 2010).
However, previous studies on this subject have aimployed task fMRI, and the relationship
of intrinsic brain activity with the feeling of arety, particularly with trait and state anxiety,
remain unclear. Previous studies have mainly erpldine brain mechanisms of state and trait
anxiety using cross-sectional designs. Few studige directly explored the differences in
intrinsic brain activity related to trait and statexiety. Therefore, in this study, we used
resting-state fMRI (the amplitude of low-frequerflictuations (ALFF) and regional
homogeneity (ReHo)) to explore the role of intrinilsiain activity in trait and state anxiety
variability.

A previous test-retest study has proposed thatanal state anxiety variability is based on
both stable intra-individual variability and intieddividual variability (MacDonald et al., 2006;
Wang et al., 2012; Zuo and Xing, 2014). Trait atyie relatively stable and may reflect
inter-individual variability among personalitiesnAndividual’s trait anxiety level may be
correlated with the differences in several bragiagrs (Barnes et al., 2002; Bieling et al., 1998).
On the other hand, state anxiety exhibits chartyggartially reflect intra-individual variability
(Bechara and Nagqvi, 2004; Birtchnell, 2002). Theref a test-retest study could provide an
opportunity to distinguish between the intrinsiaibractivity associated with state and trait
anxiety. In addition, resting-state fMRI has becammotentially useful tool for understanding the

functions of the human brain due to its low cost etk of a task-based performance requirement
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(Lee et al., 2013; Liu et al., 2012; Sheline anitRla, 2013). In particular, the relationships of
regional activity amplitude and local functionahoectivity with the feeling of anxiety remain
unclear. Therefore, this study focused on the ABR#& ReHo, which are two important indicators
of resting-state fMRI (Yuan et al., 2013; Zang let2007; Zou et al., 2009). Specifically, the
ALFF measures the magnitude of regional activitypktede, and it reflects the intensity of
regional spontaneous brain activity (Zang et #07). ReHo measures the similarity in the time
series of a given voxel to its nearest neighbotschvreflects the coherence of spontaneous
neuronal activity (Zang et al., 2004). It has bskown that both ALFF and ReHo have high
test-retest reliability (Kublbock et al., 2014; Zebal., 2010; Zuo et al., 2013), and they are
widely used in studies of both healthy and clinpapulations (Zhang et al., 2010; Han et al.,
2011; Kong et al., 2015; Liu et al., 2014).

Neuroimaging studies of anxiety have primarily feed on the limbic regions (e.g.,
amygdala, insula), prefrontal cortex, and antesingulate cortex (ACC) (Blackmon et al. 2011,
Baur et al. 2012; Shang et al., 2014; Sladky eall3; Spampinato et al. 2009). Meta-analysis of
voxel-based morphometry (VBM) studies of anxietyadlders has revealed evidence that the gray
matter volumes in the anterior cingulate gyrus jaredrontal cortex are abnormal in patients with
anxiety disorders (Shang et al., 2014). In addjtiba structures of distributed neural networks,
including those of the amygdala, posterior cingutadrtex, and medial and dorsolateral PFC, have
been found to be correlated with the anxiety l@vdlealthy volunteers (Blackmon et al., 2011;
Spampinato et al., 2009). Further, functional nenaging studies have examined the functions of
limbic regions, the prefrontal cortex and the cilageigyrus in social anxiety disorder (SAD)
(Zhang et al., 2015) and in association with hgahidividuals’ anxiety-related traits (Sehimeyer
et al., 2011; Zald et al., 2002). Notably, charigestate anxiety to some extent reflect emotional
changes caused by the awareness of feelings bothe(Bechara and Naqvi, 2004; Birtchnell,
2002). Studies of the awareness of internal baahgsthave consistently indicated that the insula
plays a central role in sensing information abbetliody state and then integrating it to generate a
subjective affective experience (Craig, 2003, 2(04,1; Ernst et al., 2013; Khalsa et al., 2009;

Terasawa et al., 2013a).



Therefore, in this study, we sought to identify hieinsic brain activity associated with state
and trait anxiety by determining the ALFF and Rehla cross-sectional and test-retest study
based on a large healthy sample (n=114). For tirjsgse, we first analyzed the cross-sectional
relationships of maps of the ALFF and ReHo witlit maxiety at the first time-point in the sample
of 114 subjects. Second, we compared the corralatiaps of the ALFF and ReHo and trait
anxiety at the second time-point to verify thealkillity of the results obtained from the first
time-point using the same group. Finally, the testst design allowed us to examine whether
changes in the ALFF and ReHo in specific brainaegiover time predict intra-individual state
anxiety variability. Based on the above mentionedysresults (Baur et al. 2012; Shang et al.,
2014; Blackmon et al., 2011; Sladky et al., 20J8afi et al., 2013; Zhang et al., 2015), we
hypothesized that individual differences in traikigty would be stably correlated with the ALFF
and ReHo variability in brain regions such as thwbic regions, prefrontal cortex, and ACC and
that the intrinsic brain activity in the insula rhigeffectively predict intra-individual state antyie
variability.

2. Methods
2.1 Participants

The participants were healthy college studentsidittg Southwest University (China) who
were involved in this study as part of a largegitudinal study assessing brain imaging,
creativity and mental health. Particularly, Ourtiregstate fMRI datasets are part of the
Consortium for Reliability and Reproducibility (CBR (Zuo et al., 2014). First, they provided
written informed consent prior to the study, whiehas approved by the Institutional Human
Participants Review Board of the Southwest Univgisnaging Center for Brain Research. Then,
all participants were screened using a Structutadc@l Interview for DSM-IV by two
well-trained and experienced graduate studentseaDepartment of Psychology. Thus,
participants who met the DSM-IV criteria for anyyphiatric disorder or neurological disease or
condition who were not suitable for scanning, wareanedication that can alter brain function, or
had a history of loss of consciousness, head trapragnancy, or breast-feeding, were excluded.
At the first time-point (Time 1), 561 participartsnsented to participate in this study and

underwent fMRI. At approximately 9 months after fiist examination, the participants were
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invited for follow-up examination (Time 2). Howeyenly 114 participants completed the scans
both at the Time 1 and Time 2, related questioesand screening. Therefore, we included 114
participants in this study.
2.2 Behavioral Assessments

Each participant was evaluated based on his deliel of anxiety using the State Trait
Anxiety Inventory (STAI) and the self-rating anxiedcale (SAS). The STAI is a self-report
guestionnaire that consists of 40 items for meaguxvo dimensions of anxiety: state anxiety
(A-State) and trait anxiety (A-Trait) (Spielberg&883; Spielberger, 2010). The A-Trait scale
consists of 20 statements that describe how peggplerally feel that are rated on a 4-point
intensity scale, and it captures the dimensiormmeasonality linked to anxiety. This A-State scale
assesses the feelings of people at a particularemprand it is affected by temporary conditions.
The STAI is valued for its high reliability based its internal consistency and test reliability
scores ranging from 0.73 to 0.86 across multipfepdas (Spielberger, 1983). For the STAI,
Cronbach’s alpha coefficient for internal consisteim our sample is acceptable (A-Statge 1 =
0.88,01ime 2= 0.89; A-Trait:orime 1 = 0.83,01ime 2 = 0.88). The Chinese version of the STAI could
be regarded as an objective tool for measuringetyii the Chinese population, and the factor
analytic data tended to support Spielberger's quimeof the multidimensional natures of the
A-State and A-Trait scales (Li and Lopez, 2004;K51€88). The self-rating anxiety scale (SAS)
is a 20-item scale used to measure the frequenagaéty symptoms. It addresses 15 somatic and
5 affective symptoms that are linked to anxietyr{@ul971). It is a 4-point scale, with each
response ranging from 'none of the time' to ‘mdgshe time’. Examples of SAS items are as
follows: ‘My arms and legs shake and tremble’ (sbosymptoms); and ‘I feel more nervous and
anxious than usual’ (affective symptoms). The Sé&\&onsidered to be a sensitive and
ecologically valid measure, and it has shown adiegugernal consistency in normal college
students (a = 0.81) (Olatuniji et al., 2006) anddymst-retest reliability in a clinical sample of
agoraphobics over a period ranging from 1 to 16ka€evalues = 0.81-0.84) (Michelson and
Mavissakalian, 1983). For the SAS, Cronbach’s alpedficient for internal consistency in our

sample is acceptablefne 1 = 0.76,01ime 2 = 0.79), and the Chinese version of this scalebbas



validated and has been shown to have acceptald¢reonvalidity for measuring anxiety in the
Chinese population (Tao & Gao, 1994;Wei et al., 401
2.3 Regting-state fM RI data acquisition

Resting-state fMRI images were acquired using a&l3%emens Trio MRI scanner (Siemens
Medical, Erlangen, Germany) at the Brain Imagingé2ech Center of Southwest University,
Chongging, China. Whole-brain resting-state funidmages were acquired using a
gradient-echo echo-planar imaging (EPI) sequenith,tie following parameters: slices = 32;
TR/TE = 2000/30 ms; flip angle = 90°; field of view220 mm x 220 mm; thickness/slice gap =
3/1 mm; and matrix = 64 x 64, resulting in a vowith 3.4 x 3.4 x 3 mfh As a result, 242
functional volumes were acquired for each partieipBuring resting-state fMRI scanning, the
participants laid in the supine position with the@ads comfortably positioned within a 1-channel
birdcage head coil, which was padded with foam it@mize head movement. Earplugs were used
to reduce the influence of scanner noise. All stibjevere instructed to relax, keep their eyes
closed and stay awake.
2.4 Data preprocessing

The resting-state image data were analyzed usitagpdacessing assistant for resting state
(DPARSF) software (http://www.restfmri.net) (Sortgak, 2011; Yan and Zang, 2010). This
toolboxe is based on the SPM8 software packagefifidid 0 volumes of the functional images
were discarded to account for signal equilibriurd #tre participants’ adaptation to their
immediate environment. The remaining 232 scans wamected for slice timing, and then
realigned to the middle volume to correct for heaation. Participant with head motion
exceeding 3.0 mm in any dimension throughout thesmof scans was discarded from further
analysis. Subsequently, registered images wer@aBpatormalized to Montreal Neurological
Institute (MNI) template (resampling voxel size x33x 3 mma3). After the spatial smoothing (full
width at half maximum = 6 mm Gaussian kernel) fbFF except for ReHo), linear trend of the
time series was removed. Next, nuisance signatesepting motion parameters, white matter,
and cerebrospinal fluid signals were regressedoartder to control the potential impact of
physiological artifacts. Here, we used the Fridrparameter model (6 motion parameters, 6

temporal derivatives, and their squares) (Fristoal.e1996; Satterthwaite et al., 2013) to regress
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out head motion effects. This approach is base@oent research demonstrating that higher-order
models are more effective at reducing the effetteead movements (Power et al., 2012; Yan et
al., 2013).
25ALFF analysis

ALFF measures the magnitude of regional activitypktede, and it reflects the intensity of
regional spontaneous brain activity (Zang et &I07). The procedure for calculating the ALFF
was based on the previous studies (Dai et al.,;Z8di2g et al., 2011; Yan and Zang, 2010; Wang
et al., 2011). The time courses were convertetlédrequency domain using a Fast Fourier
Transform. Then the square root of the power spettwvas computed and averaged across
0.01-0.08 Hz at each voxel. This averaged squatenas taken as the ALFF (Zang et al., 2007).
To reduce the global effects of variability acrpasticipants, the ALFF of each voxel was divided
by the global mean ALFF value for each subject.
2.6 ReHo analysis

First, a 0.01- 0.08 Hz band-pass filter was appbeeduce the effects of low-frequency
drift and high-frequency noise. Then we used Kdisdedefficient of concordance (KCC) to
measure the similarity of the time series withiiuactional cluster based on regional homogeneity.
In this analysis, we defined 27 nearest neighbormls as a cluster. Then, the individual ReHo
map was divided by each participant's global meaiddrvalue within the brain mask for
standardization purposes. Finally, the ReHo maps watially smoothed (FWHM = 6 mm).
2.7 Statistical analysis
2.7.1 Intrinsic brain activity associated with tranxiety

To assess cross-sectional associations betwedrathenxiety scores and intrinsic brain
activity, we performed two multiple linear regressianalyses to identify regions in which the
ALFF and ReHo were associated with individual défeces in the level of trait anxiety at the first
time point. We used the trait anxiety score as/tir@able of interest, age and gender were
included as regressors of no interest. Seconderifyvthe reliability of the results obtained aéth
first time point, we performed two additional mplé linear regression analyses using the data
from the second time point. The significance thodgshvas set at a corrected p<0.05 at the cluster

level (Alphasim correction: uncorrected p<0.005 ahbter size threshold of 27 voxels (729
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mm3). In addition, we used the Dice coefficienatmlyze the spatial overlap between the maps
that were correlated with trait anxiety at both &ithand Time 2 (Barbey et al., 2014; Bennett and
Miller, 2010). The Dice coefficient was typicallglculated using the following equation:
Roverlap = 2*(Voverlap)/(V1 + V2), where Voverlama/the number of voxels within the ROI
that were correlated with trait anxiety at both &ithand Time 2; and V1 and V2 were the number
of voxels within the ROI that were correlated withit anxiety at Time 1 and Time 2, respectively.
The results obtained using the Dice equation cbalihterpreted as the number of overlapping
voxels divided by the average number of significankels over time.
2.7.2 Intrinsic brain activity associated with charof state anxiety

To explore the relationships between the changdsiALFF and ReHo and intra-individual
state anxiety variability, we analyzed the assamedf the maps representing intrinsic brain
activity changes in the ALFF and ReHo with intraiindual state anxiety variability, after
regressing out age, gender and the changes irutéty. The change in intrinsic brain activity
was calculated for each participant by subtradtiegr ALFF or ReHo map at Time 1 from that at
Time 2 (ALFRime 2— ALFFrime 1; ReHGrme 2— ReHaime ). We determined the intra-individual
state and trait anxiety variability in Chagggand Changg;; for each subject. Changgwas
calculated as Changg.= Statel — State2, where Statel was the statetgrsdore at Time 1, and
State2 was the state anxiety score at Time 2. Ghgngas calculated as Change= Traitl -
Trait2, where Traitl was the trait anxiety scor@iate 1, and Trait 2 was the trait anxiety score at
Time 2. The brain regions that were correlated #ithchange in state anxiety were defined as the
ROIls, and the mean values of the ALFF and ReHo exracted. A change in state anxiety could
be caused by changes in somatic and affective §m#ptWe used the extracted ROI signals to
test whether the intrinsic brain activity in thght insula was correlated with the intra-individual
somatic symptom variability or affective symptonrighility (the somatic symptom and the
affective symptom were measured by the SAS).
2.7.3Addressing Potential Confounds

When we did the intrinsic brain activity associatégth trait anxiety, the participants’ state
anxiety scores were found to be significantly clatesl with the trait anxiety scores at each time

point (Time 1: r = 0.57, p < 0.001; Time 2: r =®,p < 0.001). Therefore, to determine whether
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these results of intrinsic brain activity assodatéth trait anxiety were influenced by state
anxiety, we conducted analyses with inclusion thgesanxiety score as a covariate. When we did
the intrinsic brain activity associated with chandstate anxiety, we also conducted analyses
without the change of trait anxiety score as a tat@ Meanwhile, to explore the potential
influence of head motion on the correlation resaltmlyses were conducted both including and
not including the mean level of motion for eachtiogyant as a covariate. Finally, to explore the
potential influence of global signal regressiontlom correlation results, the data preprocessing
were conducted both including regressed out thigaglsignal and not regressed out the global
signal.

3. Results

3.1 Behavioral data

Tablel lists the demographics of the total samplérae 1 and Time 2. Assessment of the
trait anxiety scores at each time point revealederately high Time 1-Time 2 correlations (r =
0.70), indicating that trait anxiety was a relajv&able individual personality. The correlation
coefficient of state anxiety at each time point @e&3, which was lower than that of trait anxiety.
We used the one sample t test to compare whetbahtinge of trait anxiety was greater than zero,
we found there was no significant differences betw#he change of trait anxiety and zero
(p=0.423). That means the variance of trait anxieg not significant. Changes in the scores for
trait and state anxiety were positively correlateith r= 0.47 (see Tablel). There were no
significant differences between the males and fesal trait anxiety (Time 1 (112) = 0.58, p =
0.56; Time 2 (112) = 1.38, p = 0.17) or state atyxj€ime 1 (112) = 0.81, p = 0.42; Time 2 (112)
=1.20, p = 0.23) at each time point, and theresva¢so no differences in the changes in trait

anxiety (t (112) = 1.17, p = 0.24).

Tablel Demographic and psychometric characteristics othgects. (n = 114)

Timel Time2Means Change(Time Timel& Time2

Variable ) .. a
M eans (SD) (SD) 2-Time1l) Association
Age 19.96(1.10) 20.71(1.09) - -
Gender M/F(59/55) M/F(59/55) - -
State Anxiety 35.45(8.44) 36.40(8.61) 0.96(9.87) 338"
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Trait Anxiety ~ 40.73(7.34)  41.19(8.43) 0.46(6.17) 7@

Timel& Time2 Association: the correlation between the score of state ayxigait anxiety at Time 1 and Time 2.

apearson bivariate correlations, shown are r-valtfe®<0.001.

3.2 Intrinsic brain activity associated with trait anxiety

To assess cross-sectional associations betweéraithenxiety scores and intrinsic brain
activity, we performed two multiple linear regressianalyses to identify regions for which the
ALFF and ReHo were associated with individual défeces in the level of trait anxiety. The
results indicated that the ALFF and ReHo were ficanitly positively correlated with trait
anxiety in the vmPFC at the first time point, angl also found a negative correlation between the
ALFF in the dACC/aMCC and the trait anxiety scofteraincluding age and gender as regressors
of no interest. Importantly, these results werédfiegk at the second time-point (Figurel,Table2;
Figure2,Table3). The overlapping clusters for the time points in the vmPFC and dACC/aMCC
also showed significant correlations with trait ity at Time 1 and Time 2. These results
indicated that the differences in intrinsic bragtivty in the vmPFC and dACC/aMCC were

predictive of the individual differences in traibaety.

Time2 t-value
4

Overlap

Mean ALFF Value (A.U.)

40 50 60
Trait Anxiety

= Time1,

Mean ALFF Value (A.U.)

40 50 60 70
Trait Anxiety

Figure 1. Regions showing significant partial correlationveetn the ALFF and trait anxiety for the Time 1 and
Time 2 data. The maps show that the intrinsic baativities of significant regions of the ventragdial prefrontal
cortex (vmPFC) and the dorsal anterior cingulattesdanterior midcingulate cortex (dAACC/aMCC) aogrelated
with individual differences in trait anxiety at éaime point. For the maps of Overlap, the red lpegandicate
significant regions identified from the Time 1 dedad the green patches indicate those determinedthe Time
2 data. Overlapping regions, which indicate coesisy over time, are colored in yellow. The scatt#gof the
relationship between the mean ALFF within the digant cluster and the trait anxiety scores, aégisor age,
and gender, are shown for illustrative purposey. dtile color bar represents the range of t-vallee threshold
was set at p < 0.05 (corrected).

11



t-value
4

Overlap

Mean ReHo Value [AU.)

L1 50 B

Trait Anwiety -___

Mean ReMHo Value (8.1,

= Time2 v E

Trait Anxiety b

Figure 2. Regions showing remarkable partial correlationsvbeh the ReHo and trait anxiety for Time 1 data and
Time 2 data. The maps show that the intrinsic baativities of the significant regions of the veatitmedial

prefrontal cortex (vmPFC) are correlated with thaividual differences in trait anxiety at each tipmwnt. For the
maps of Overlap, the red patches indicate thefsignt regions identified from the Time 1 data, dnel green
patches indicate those determined from the Timat&.®verlapping regions, indicating consistenagrdime, are
colored in yellow. The scatter plots of the relasbip between the mean ReHo within the significiuster and

the trait anxiety scores, adjusted for age and gerae shown for illustrative purposes only. Thcbar

represents the range of t-vallde threshold was set at p < 0.05 (corrected).

In addition, a significant insula cluster showedatése correlations between the ALFF and
ReHo and trait anxiety at Time 1 but not at Tim@®Rure3).Finally, we used the Dice coefficient
to compute the overlap rate between the maps this vorrelated with trait anxiety at both Time
1 and Time 2 after correction (Table4). We also ttaecked the Dice coefficient for ROI's
separately. The Dice coefficient represents thpgntamn of voxels that remain significant across
repetitions relative to the proportion that arenfigant in only a subset of the results. The caerl
rate of the ALFF was 0.22, and the overlap ratReiflo was 0.20.

Table 4 Spatial overlap between the maps correlated waihadnxiety at both Time 1 and Time 2.

This analysis includes age, gender and the meahdéwotion as regressors of no interest.

Dice coefficient

Trait anxiety ALFF 0.22
ALFF of vmPFC 0.16

ALFF of dACC/aMCC 0.49

ReHo 0.26

ReHo of vmPFC 0.29

12



Note: ALFF = amplitude of Low Frequency FluctuaspReHo, regional homogeneity; vVACC/vmPFC = ventral
anterior cingulate/medial prefrontal cortex; dACKI@C = dorsal anterior cingulate cortex/anterior cmgyulate
cortex. The maximum value of 1 indicated perfestisirity whereas the minimum value of 0 indicated n

similarity.

z=-value
L 4

Mean ALFF Waluea [ALL)

l.l;- ._-:Ir|- all_r
Trait Anxiety

RaHa =0.35

Mean ReHo Value (A.U.)

.1.I|:|- !':IE.

Trait Anxiety
Figure 3. The maps show that the intrinsic brain activitgtie insula is correlated with individual differescin
trait anxiety at Time 1. The scatter plots showowbdepict the negative partial correlations betwée
participants' trait anxiety and the average ALFRieaf the right insula region determined from Tie 1 data.
The lower panel shows a scatter plot of the rafatiip between the trait anxiety scores and theageeReHo
value of the right insula region determined frora Time 1 data. The contributions of participang® and gender
were removed, and the scatter plots are showildstrative purposes onlithe color bar represents the range of
t-value The threshold was set at p < 0.05 (corrected).

3.3 Intrinsic brain activity associated with change of state anxiety

To explore the relationships between changes iAlhd and ReHo and intra-individual
state anxiety variability, we analyzed the assamiatof the maps representing intrinsic brain
activity changes in the ALFF and ReHo with intraiindual state anxiety variability, after
regressing out age, gender and the changes imitedity. The resting-state data demonstrated a
significant positive correlation between changetheALFF and ReHo in the insula and
intra-individual state anxiety variability over amafter including age, gender and change of trait
anxiety as regressors of no interest. Specifictily,change in the ALFF in this region predicted
18.5% of the variance in intra-individual state i@ty (r = 0.43, p < 0.001). Further, the change in

ReHo in the insula predicted 20.3% of the variandatra-individual state anxiety (r = 0.45, p <

0.001) (Figure4 Table5). In addition, we found that the changeth@ALFF and ReHo in the
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insula were positively correlated with the chanigethe somatic symptom scores (measured by
the SAS) (ALFF: r = 0.20, p = 0.041; ReHo: r = Q.@G= 0.032), but not with the affective

symptom scores (measured by the SAS).

z-value

Mean Insula Change (A.L.)

-2 P

State Anxiety Change

Mean Insula Change (AU}

ReHo, Z =-12

Figure 4. The effects of changes in intrinsic brain activitythe insula on changes in state anxiety and Soma
symptoms. The maps shown above indicate that thege change in the ALFF value in the right insuée
significantly correlated with the changes in statgiety and somatic symptoms (measurethieyself-rating
anxiety scale (SAS). The lower map shows that Haege in the average ReHo value of the right insals.
significantly correlated with the changes in stt@iety and somatic symptoms. The scatterplots slmwthe

right illustrate the relationships between the gesnin the average ALFF and ReHo values in the nigula with
the changes in state anxiety and somatic symptanadysis was adjusted for age and gender, andctigesplots
are shown for illustrative purposes only. The cdiar represents the range of t-valibe threshold was set at p <
0.05 (corrected).

Somatic Changs

3.4 Addressing Potential Confounds

When did the intrinsic brain activity associatedhirait anxiety, these results of correlation
analyses with the state anxiety score as a cogasiate largely similar when the state anxiety
score was not included as a covariate (see Supptamgelable4, Supplementary Table5).
However, including state anxiety as a covariatalteg in the loss of significance of the negative
correlation between the ALFF in the dACC/aMCC dmeltrait anxiety score (the dACC/aMCC
cluster failed to reach the minimum cluster thrégho

When did the intrinsic brain activity associatedhaihange of state anxiety, the changes in
trait anxiety scores were not included as covasjatese results of correlation analyses were
predominantly similar, except that the correlati@iween the change in the ALFF of the insula
and the change of state anxiety score was no Iaigeificant (the insula cluster failed to reach

the minimum cluster threshold) (see Supplementabl€B).
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Finally, the global signal regressed out or nasthresults of correlation analyses were
predominantly similar, except that the correlati@tween the ALFF of the dACC/aMCC and the
trait anxiety score was no longer significant (§akel 2 and Supplementary Table 7). Meanwhile,
the relationship between the ReHo in the preceatrdltrait anxiety score (see Tabel 3 and
Supplementary Table 8), the change of ReHo inimférontal gyrus and the change of state
anxiety (see Tabel 5 and Supplementary Table 9 wignigicant when the global signal was not
removed. When mean level of motion were conductgd imcluding and not including as a
covariate, the results of the correlation analyidsiot change (see Supplementary Table10 and

Supplementary Table11).

4. Discussion

The aim of the current study was to investigateatbsociation of intrinsic brain activity with
the feeling of anxiety, particularly trait and statnxiety. We performed resting-state fMRI to
investigate the roles of intrinsic brain activitytrait and state anxiety using a cross-sectiomel a
test-retest design. We found that the intrinsidrbaativities of the right vmPFC and dACC/aMCC
were significantly associated with inter-individuiadit anxiety differences. Furthermore, changes
in the ALFF and ReHo in the right insula were siigaintly correlated with intra-individual state
anxiety variability over a 9-month interval.

We used the test-retest method to identify thelstayions in which intrinsic brain activity
associated with trait anxiety. To our knowledgey fudies have evaluated the test-retest
reliability of intrinsic brain activity in associan with the emotional state over the long-term.
Using this method, it is possible to search fordtable regions for which intrinsic brain activity
associated with trait anxiety. In addition, thettetest nature could permit the discernment
between intrinsic brain activity associated withtstand trait anxiety.

First, we found overlapping regions associated wih anxiety in the vmPFC and
dACC/aMCC between the scans performed at the twe fioints, indicating that the intrinsic
brain activity associated with trait anxiety wastestable in some regions. The associations
between trait anxiety and the ALFF and ReHo inrihlet vmPFC were consistent with previous

studies describing a role of the right vmPFC inriegative affect of individuals (Kross et al.,
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2009; Lemogne et al., 2012; Zald et al., 2002) thiglassociations were also observed in anxiety
disorder (Shang et al., 2014). For example, Evansd the therapeutic effects in generalized
social anxiety disorder (gSAD) may be effectedleumPFC (Evans et al., 2009) and Wager
identified blunted vmPFC activity as a common firglin studies of posttraumatic stress disorder
(PTSD)(Etkin and Wager, 2007). Generally, the vmPFC aated hub that integrated external
and internal stimuli to determine the affectiveuebf the stimuli and to influence behavioral
reactions (Bickart et al., 2012; Dunn et al., 2Q06dquist et al., 2012; Rudebeck et al., 2008),
and it was largely associated with affective retiofa(e.g., cognitive reappraisal) (Motzkin et al.,
2015; Ochsner and Gross, 2005; Ochsner et al.,)2Bt&her, meta-analysis had shown that
regulation of negative affect engages the vmPFEKIf et al., 2011).

Our analyses also revealed an association betwaieanxiety and ReHo in the
dACC/aMCC. A meta-analysis of studies examiningptaressing of negative affect had
implicated the dACC/aMCC in negative affect (Mechéd al., 2010), and two studies had found
that dACC responses were predictive of the resptmseatment in generalized anxiety disorder
(Nitschke et al., 2009; Whalen et al., 2008). Cogest evidence obtained using functional
neuroimaging indicates that the dACC/aMCC was imedlin the brain circuitry underlying the
detection and allocation of attentional resouroehiteat stimuli (Blair et al., 2012; Cavanagh and
Shackman, 2014; Etkin et al., 2011; Kohn et alLl&ZEhackman et al., 2011). In addition, studies
of anxiety disorder had reported reduced dACC/aM€tivity during top-down attentional
control (Blair et al., 2012; Klumpp et al., 201R).contrast, functional neuroimaging about the
individuals with higher levels of anxiety shown anbed dACC/aMCC signals when performing
emotional cognitive control tasks (Cavanagh anccEman, 2014Moser et al., 2013hackman
et al., 2011). Individuals with higher levels of&ty may have lower intrinsic brain activity of
dACC/aMCC at rest, when conducted the emotionahitivg control tasks, healthy subjects
managered their emotions through enhanced dACC/aB@tls, while the anxiety disorder
could not effectively activate the dACC/aMCC. Thile stable intrinsic brain activity observed
in association with trait anxiety in the vmPFC a#fCC/aMCC was agreement with the findings

of previous studies.
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Importantly, the finding of the association of ttteanges in the ALFF and ReHo in the right
insula with intra-individual state anxiety variatyiland, in particular, variability in the somatic
symptoms of anxiety, was of interest considerirag the insula had important roles in emotional
and homeostatic processes, including the processisigpbjective emotional experiences
(Critchley et al., 2004; Ernst et al., 2013; Pawdnd Stein, 2006; Singer et al., 2009), anticipatio
of emotionally negative stimuli (Lutz et al., 20mmons et al., 2011) and attention to and
awareness of internal body states (Craig, 20031 ;20halsa et al., 2009). To some extent, a
change in state anxiety reflected an emotional ghaaused by the awareness of feelings in the
body. An earlier study performed by Craig (2002) peoposed that the insula may be an essential
neural region responsible for the awareness oiffifigein the body, as well as the engendering of
subjective emotions from body signals (Craig, 2@1I09, 2011). Paulus and Stein (Paulus and
Stein, 2006) proposed a general hypothesis thabasindividuals were prone to augmented the
difference between the observed and expected Haty & addition, Critchley and colleagues
had performed a heartbeat detection task and fthatdnteroceptive awareness was accompanied
by increased neural activity in the insula and thit increase was correlated with the anxiety
score (Critchley et al., 2004). A similar resultihzeen described by Terasawa et al., who had
reported that the insula was activated when pem@iated their own emotional and body states
and that this activation was positively correlatéth individual levels of anxiety (Terasawa et al.,
2013a; Terasawa et al., 2013b). All of these stuba demonstrated strong links between the
insula, awareness of the body state, and the experiof anxiety.

Notably, although our results indicated the presesfcstrong links between the ALFF and
ReHo in the vmPFC and dACC/aMCC and trait anxiasywell as those in the insula and change
of state anxiety, we could not prove their causkitionships in this study. There are many
unknown related or confounding factors that conftuenced these findings. However, we have
demonstrated the link between intrinsic brain dtstiand trait anxiety in cross-sectional and
test-retest analyses, and our results are largalgistent with the studies findings about the
individuals with high anxiety and anxiety disordBaur et al. 2012; Shang et al., 2014; Blackmon
et al., 2011; Sladky et al., 2013; Talati et &12; Zhang et al., 2015). Therefore, despite tloetsh

time interval between the two imaging assessm#érgsjnclear relationship between the ALFF
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and ReHo and the existence of other approachedarsewasuring the association of intrinsic
brain activity with anxiety, we have provided aable and valid model of the effects of anxiety
on the brain.

In conclusion, we used a test-retest study desiglistinguish between the intrinsic brain
activity associated with state and trait anxietye present results explicitly indicate that the
intrinsic brain activities of the vmPFC and dACC/aR might be of strong importance for trait
anxiety-related processes, whereas a change iimsigtbrain activity in the insula might be
predictive of mental state anxiety changes in #athy population. Finally, our results support
the view that state and trait anxiety are spedificubserved by the intrinsic brain activities of
different regions. Further studies must be perfarmoeestablish the causal relationships between
intrinsic brain activity and state/trait anxietg, &ell as the different influences of trait andesta
anxiety on individuals’ mental and physical welirge
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Table L egends

Table 1. Demographic and psychometric characteristics @stibjects.

Table 2. Brain regions exhibiting significant correlatiomstween the ALFF and trait anxiety at
each time point, including age and gender as regre®f no interest.

Table 3. Brain regions exhibiting significant correlationstiveen the ReHo and trait anxiety at
each time point, including age and gender as regre®f no interest.

Table 4. Spatial overlap between the maps correlated waihanxiety at both Time 1 and Time 2.
Table 5. Brain regions for which the change in spontanemisonal activity was significantly
correlated with a change in state anxiety, inclgdige and gender as regressors of no interest.

Figure Legends

Figure 1. Regions showing significant partial correlationvoetn the ALFF and trait anxiety for
the Time 1 and Time 2 data. The maps show thdhthasic brain activities of significant regions
of the ventral medial prefrontal cortex (vmPFC) dmel dorsal anterior cingulate cortex/anterior
midcingulate cortex (dAACC/aMCC) are correlated viitthividual differences in trait anxiety at
each time point. For the maps of Overlap, the @dhes indicate significant regions identified
from the Time 1 data, and the green patches irelibatse determined from the Time 2 data.
Overlapping regions, which indicate consistencyrdiwee, are colored in yellow. The scatterplots
of the relationship between the mean ALFF withia significant cluster and the trait anxiety
scores, adjusted for age and gender, are shovilfuidrative purposes only. The color bar
represents the range of t-value. The thresholdsehat p < 0.05 (corrected).

Figure 2. Regions showing remarkable partial correlationsvbeh the ReHo and trait anxiety for
Time 1 data and Time 2 data. The maps show thanthiesic brain activities of the significant
regions of the ventral medial prefrontal cortex RRC) are correlated with the individual
differences in trait anxiety at each time pointr @ maps of Overlap, the red patches indicate the
significant regions identified from the Time 1 dadad the green patches indicate those
determined from the Time 2 data. Overlapping regjigmdicating consistency over time, are
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colored in yellow. The scatter plots of the relaibip between the mean ReHo within the
significant cluster and the trait anxiety scorefusted for age and gender, are shown for
illustrative purposes only. The color bar represéiné range of t-value. The threshold was set at p
< 0.05 (corrected).

Figure 3. The maps show that the intrinsic brain activityhia insula is correlated with individual
differences in trait anxiety at Time 1. The scaftiets shown above depict the negative partial
correlations between the participants' trait alyxétd the average ALFF value of the right insula
region determined from the Time 1 data. The lovwaTtgb shows a scatter plot of the relationship
between the trait anxiety scores and the averagi Ralue of the right insula region determined
from the Time 1 data. The contributions of partifs' age and gender were removed, and the
scatter plots are shown for illustrative purposalg.arhe color bar represents the range of t-value.
The threshold was set at p < 0.05 (corrected).

Figure 4. The effects of changes in intrinsic brain activitythe insula on changes in state anxiety
and somatic symptoms. The maps shown above inditatti¢he average change in the ALFF
value in the right insula was significantly corteldwith the changes in state anxiety and somatic
symptoms (measured by the self-rating anxiety S&4&S). The lower map shows that the change
in the average ReHo value of the right insula vigisificantly correlated with the changes in state
anxiety and somatic symptoms. The scatterplots stamwthe right illustrate the relationships
between the changes in the average ALFF and Reldes/m the right insula with the changes in
state anxiety and somatic symptoms. Analysis wasstatl for age and gender, and the
scatterplots are shown for illustrative purposdsg.drhe color bar represents the range of t-value.
The threshold was set at p < 0.05 (corrected).
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Table 2 Brain regions exhibiting significant correlationstiyeen the ALFF and trait anxiety at

each time point, including age and gender as regre®f no interest.

MNI coordinate Volume
Time-point Brain Region Peak t-value
(xy2) (mn’)
Timel Positive correlation
VACC/VmPFC_R 12,42,-15 3.90 1188
Negative correlation
dACC/aMCC 0,-9,30 -3.66 1026
Insula_R 45,-21,21 -3.50 1242
Time2 Positive correlation
VACC/VMPFC_R 18,48,3 4.99 3672
Negative correlation
dACC/aMCC 0,-15,30 -3.62 1080

Note: ALFF = amplitude of Low Frequency FluctuaspmACC/vmPFC = ventral anterior
cingulate/medial prefrontal cortex; dACC/aMCC =shdranterior cingulate cortex/anterior

midcingulate cortex; R = right.
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Table 3 Brain regions exhibiting significant correlationstiveen the ReHo and trait anxiety at

each time point, including age and gender as regre®f no interest.

MNI
Volume
Time-point Brain Region coordinate (xy  Peak t-value 5
2 (mn)
Timel Positive correlation
VACC/VmPFC_R 18,42,-15 4.20 4536
Negative correlation
Insula_R 42,-18,21 -4.37 945
Time2 Positive correlation
VACC/VMPFC_R 9,42,-9 3.76 2025

Note: ReHo, regional homogeneity; VACC/vmPFC = xardnterior cingulate/medial prefrontal

cortex; R =right.

Table 5 Brain regions for which the change in spontane@usanal activity was significantly

correlated with a change in state anxiety, inclgdige and gender as regressors of no interest.

MNI coordinate

Brain Region (xy2) Peak t-value Volume (mn
ALFF Insula_R 39,12,9 3.49 891
Reho Insula_R 30,12,-15 4.59 1836
Insula_R 51,6,12 3.56 1836

Note: ALFF = amplitude of Low Frequency FluctuagpReHo, regional homogeneity; R = right
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Resear ch Highlights

(1) We usedthe cross-sectional and test-retesytstddtermine the effects of intrinsic brain
activity on stable inter-individual trait anxietpdintra-individual state anxiety variability.

(2) The test-reteststudy designcoulddistinguishstable inter-individual trait anxietyvariability dn
the intra-individual state anxiety variability.

(3) Inter-individualtrait anxiety wascorrelated with the intrinsic Im@gtivityin the right
ventralmedial prefrontal cortexand dorsal anteciogulate cortex/anterior midcingulate cortexat
bothtime-points.

(4) Change of intrinsic brainactivity of the righsula was correlated with th&ra-individuaktate
anxietyariability.
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