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Abstract: A functional polymorphism (5-hydroxytryptamine transporter linked polymorphic region [5-
HTTLPR]) in the promoter region of human serotonin transporter gene has been found to be associated
with several dimensions of neuroticism and psychopathology, especially anxiety. However, the neural basis
underlying the association between 5-HTTLPR and anxiety is less clear. Here, we explored how 5-HTTLPR
influenced anxiety by modulating the spontaneous brain activities in Han Chinese. First, we found an asso-
ciation between 5-HTTLPR and anxiety only in the male and not in the female population, where male S/S
homozygotes had a significantly higher level of anxiety than male L allele carriers. Then, we examined how
5-HTTLPR influenced anxiety at both regional and network levels in the brain at rest. At the regional level,
we found a significantly higher fractional amplitude of low-frequency fluctuations in the amygdala in male
S/S homozygotes relative to male L allele carriers. At the network level, male S/S homozygotes showed a
weaker resting-state functional connectivity (RSFC) between the amygdala and various regions, including
the insula, Heschl’s gyrus, lateral occipital cortex, superior temporal gyrus, and hippocampus, and a stron-
ger RSFC between the amygdala and various regions, including the supramariginal gyrus and middle fron-
tal gyrus. However, at both levels, only was the amygdala–insula RSFC correlated with anxiety. Mediation
analyses further revealed that the amygdala–insula RSFC mediated the association between 5-HTTLPR and
anxiety. In short, our study provided the first empirical evidence that the amygdala–insula RSFC served as
the neural basis underlying the association between 5-HTTLPR and anxiety, suggesting a potential neuroge-
netic susceptibility mechanism for anxiety. Hum Brain Mapp 36:2732–2742, 2015. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Research concerning the genetic background of traits and
cognitive abilities has been rapidly expanding [Jonassen
and Landrø, 2014; Montag and Reuter, 2014; Papageorgiou
and Ronald, 2013]. In humans, two common alleles, short
(S) and long (L), in a variable repeat sequence of the
promoter region of the serotonin transporter gene (5-
hydroxytryptamine transporter linked polymorphic region,
5-HTTLPR) have been associated with anxiety-related
behaviors in healthy subjects. Specifically, the S allele
reduces transcriptional efficiency compared with the L
allele; therefore, S allele carriers demonstrate a higher level
of anxiety and neuroticism than L/L homozygotes [Katsur-
agi et al., 1999; Lesch et al., 1996; Osher et al., 2000; Schinka
et al., 2004; Sen et al., 2004; Xenia Gonda et al., 2009].

Because the amygdala is identified as a critical region
for emotion processing and neuroticism [Aghajani et al.,
2013; Costafreda et al., 2008; Koelsch et al., 2013], previous
studies have investigated the effect of the 5-HTTLPR poly-
morphism on the functionality of the amygdala. Stronger
amygdala activation in response to negative stimuli [Canli
et al., 2005, Costafreda et al., 2013; Hariri et al., 2002;
Heinz et al., 2004; Kobiella et al., 2011; Munaf�o et al., 2008]
and higher resting-state cerebral blood flow in the amyg-
dala [Canli et al., 2006; Rao et al., 2007] in S allele carriers
have been consistently observed in healthy individuals.
Significant differences have also been found in the func-
tional connectivity between the amygdala and other
regions during affective tasks in different 5-HTTLPR geno-
type groups. Specifically, the functional connectivity
between the amygdala and cingulate decreases in the S
allele carriers when processing emotional faces compared
with L/L homozygotes [Costafreda et al., 2013; Pezawas
et al., 2005], whereas greater functional connectivity
between the amygdala and ventromedial prefrontal cortex
during the processing of emotional stimuli is observed in
S allele carriers compared with L/L homozygotes [Heinz
et al., 2004]. Furthermore, the magnitude of the functional
connectivity between the amygdala and cingulate during
the processing of emotional faces predicts individual dif-
ferences in anxiety [Pezawas et al., 2005]. Here, we investi-
gated whether the effect of 5-HTTLPR polymorphism on
the amygdala is maintained at rest (i.e., when no affective
stimuli are processed) and whether such an effect can be
read out to account for individuals’ anxiety.

To this end, we recruited a large sample of Han Chinese
participants and measured their levels of anxiety, geno-
types of 5-HTTLPR polymorphism, and spontaneous brain
activities at rest with resting-state functional magnetic res-
onance imaging (rs-fMRI). First, we attempted to replicate
findings that genetic variations of 5-HTTLPR are associ-
ated with individual differences in anxiety [Katsuragi
et al., 1999; Lesch et al., 1996; Osher et al., 2000; Schinka
et al., 2004; Sen et al., 2004; Xenia Gonda et al., 2009]. Sec-
ond, we explored the effect of 5-HTTLPR polymorphism
on the functionality of the amygdala at both regional and

network levels at rest. Specifically, at the regional level,
we used an increasingly popular measure of low-
frequency BOLD oscillations: fractional amplitude of low-
frequency fluctuations [fALFF, Zou et al., 2008], which is a
normalized index of the amplitude of low-frequency fluc-
tuations. Previous studies have shown that fALFF is asso-
ciated with individual differences in a variety of cognitive
abilities and personality traits in the healthy population
[Cox et al., 2012; Mennes et al., 2011; Wei et al., 2014]. At
the network level, we used resting-state functional connec-
tivity (RSFC) to evaluate how the amygdala is functionally
connected to the rest of the brain. After we identified the
effect of 5-HTTLPR polymorphism on the amygdala in
these two measures, we examined whether such an effect
was associated with behaviorally observed anxiety.

MATERIALS AND METHODS

Participants

Two hundred and sixty-two Han Chinese students (104
males, 158 females, mean age 5 22.14 years, SD 5 0.83
years) from Beijing Normal University (BNU) participated
in this study. Participants reported no past or current psy-
chiatric illness or history of neurological disorders (e.g.,
epilepsy, traumatic brain injury, neurodegenerative disor-
ders and cerebro-vascular disease), mental retardation or
significant systemic medical illness. All participants pro-
vided blood samples, and finished the behavioral tests and
fMRI scan (N 5 262). The study was approved by the insti-
tutional review board of BNU. Prior to testing, written
informed consent was obtained from the participants.

Behavioral Measurements and Data Analyses

Assessment of anxiety

The participants’ trait anxiety was assessed with the anxi-
ety facet in Neuroticism dimension of the NEO-PI-R (the
Revised NEO Personality Inventory, Costa and McCrae,
1995] questionnaire. The anxiety facet consists of four items:
“I am not a worrier,” “I rarely feel fearful or anxious,” “I
often feel tense and jittery,” and “I often worry about things
that might go wrong.” The items were translated into Chinese
for the ease of comprehension. Participants were instructed
to select one of the five statements ranging from 0 (strongly
disagree) to 4 (strongly agree) in a Likert scale. Coefficient
alpha for the present sample was 0.75, showing reasonably
high reliability to assess the participants’ anxiety. The partici-
pants’ anxiety was indexed based on the total score of four
items, with higher scores indicating a higher level of anxiety.

Assessment of general intelligence

The participants’ general intelligence was measured with
the Chinese version of the Raven’s advanced progressive
matrix [Raven et al., 1998] to control for the effect of general
intelligence on the association between 5-HTTLPR and

r Neural Basis How 5-HTTLPR Influences Anxiety r

r 2733 r



anxiety. The scale contains 36 nonverbal items. For each item,
the participants were required to select the missing piece of a
3 3 3 matrix from eight options [Takeuchi et al., 2010]. The
participants’ general intelligence was indexed based on the
number of correct answers in 30 min. The Cronbach’s Alpha
of intelligence assessment was 0.80 for the present sample.

rs-fMRI Data Acquisition and Analyses

Image acquisition

Images were acquired using a 3T scanner (Siemens Mag-
netom Trio, A Tim System) with a 12-channel, phase-
arrayed coil at BNU Imaging Center for Brain Research, Bei-
jing, China. During the rs-fMRI scan, participants were
instructed to relax without engaging in any specific task
while remaining still (and awake) with the eyes closed. The
resting state scanning consisted of 240 contiguous echo pla-
nar imaging (EPI) volumes (repetition time (TR) 5 2,000 ms;
echo time (TE) 5 30 ms; flip angle 5 90�; number of
slices 5 33; matrix 5 64 3 64; Field of View (FOV) 5 200 3

200 mm2; acquisition voxel size 5 3.1 3 3.1 3 3.6 mm3).
Moreover, high-resolution T1-weighted images were also
acquired with a magnetization prepared rapid acquisition
gradient echo sequence (MPRAGE: TR/TE/inversion time
(TI) 5 2,530/3.39/1,100 ms; flip angle 5 7�; matrix 5 256 3

256) for spatial registration. One hundred and twenty-eight
contiguous sagittal slices were obtained with a 1 3 1 mm2

in-plane resolution and 1.33-mm slice thickness.

Data preprocessing

The images were preprocessed using the functional MRI
of the brain (FMRIB) Software Library (FSL, www.fmrib.ox.
ac.uk/fsl/). For the rs-fMRI data, the first four volumes
were discarded for signal equilibrium. The preprocessing
steps of rs-fMRI data consisted of spatial Gaussian smooth-
ing (full-width at half maximum (FWHM) 5 6 mm), realign-
ment, motion correction (by aligning each volume to the
middle volume of the image with motion correction FLIRT
(MCFLIRT)), intensity normalization, and removing linear
trends. The registration of each participant’s T1-weighted
anatomic image to a common stereotaxic space (the Mon-
treal Neurological Institute 152-brain template, Montreal
Neurological Institute (MNI)152, 2 3 2 3 2 mm3 resolution)
was accomplished using a two-step process [Andersson
et al., 2007]. First, a 12-degrees-of-freedom linear affine was
carried out with FMRIB’s Linear Image Registration Tool
(FLIRT) [Jenkinson and Smith, 2001; Jenkinson et al., 2002].
Second, the registration was further refined with FLIRT non-
linear registration [Andersson et al., 2007]. Each partici-
pant’s rs-fMRI image to the T1-weighted anatomic image
was registered with FLIRT to produce a six-degrees-of-
freedom affine transformation matrix.

Calculation of fALFF

For some participants, part of the frontal lobe, parietal
lobe, and cerebellum was missed in the rs-fMRI data

because their heads were too large. Thus, a mask was
defined by intersecting the images from all participants
and excluding the cerebellar regions. Moreover, because
low-frequency fluctuations are sensitive to the signal in
the gray matter, voxels in the mask with a mean gray mat-
ter volume lower than 0.2 across the same group of partic-
ipants were excluded based on the voxel-based
morphometry analysis. In total, 131,983 voxels were in the
mask.

For a time series in each voxel, the sum of amplitudes
within a low-frequency range (0.01–0.1 Hz) was extracted.
The fALFF was then computed as the fractional sum of
amplitudes within the low-frequency range that was
divided by the sum of amplitude across the entire fre-
quency range [0–0.25 Hz; Zuo et al., 2010]. As a normal-
ized index of ALFF, fALFF is less susceptible to artifacts in
regions located within the vicinity of vessels and/or signif-
icant pulsatile motion [Zou et al., 2008; Zuo et al., 2010].
The fALFF maps were then registered to the MNI152
space by applying the previously calculated transforma-
tion information.

Calculation of RSFC

To eliminate physiological noise, such as fluctuations
related to motion and cardiac and respiratory cycles, nui-
sance signals were regressed out using the methods
described in previous studies [Biswal et al., 2010; Fox
et al., 2005]. Nuisance regressors included the averaged
cerebrospinal fluid signal, averaged white matter signal,
global signal averaged across the whole brain, six head
realignment parameters obtained by rigid-body head
motion correction, and the derivatives of each of these sig-
nals. The 4-D residual time series obtained after removing
the nuisance covariates were registered to the MNI stand-
ard space by applying the previously computed linear
transformation matrix.

To obtain the RSFC, we calculated the mean time series
of the seed region of interest (ROI) for each participant.
For the same gray matter mask applied in the above
regional analysis, we calculated the correlation coefficients
(r) between the time series of the seed and other voxels to
obtain an r map for each participant. Fisher z score trans-
formations were conducted for correlation coefficients (r)
to generate a z-functional connectivity map for each
participant.

Genetic Data Acquisition and Analyses

Genotyping

Each participant provided a 4-ml venous blood sample,
and genomic DNA was isolated from blood samples using
standard techniques. Forward (50-GGC GTT GCC GCT
CTG AAT TGC-30) and reverse (50-GAG GGA CTG AGC
TGG ACA ACC AC-30) primers were used to generate 484
and 528 bp fragments of the 5-HTTLPR polymorphism.
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Polymerase chain reaction (PCR) was performed according
to a standard protocol [Collier et al., 1996] on a PE-9700 or
a PE-2400 thermal cycle (Perkin Elmer). After an initial
denaturation at 95 �C for 4 min, 35 cycles were carried out
at 96 �C for 45 s, 61 �C for 90 s, and 72 �C for 90 s, followed
by a final step of elongation at 72 �C for 10 min. The PCR
products were then separated on a 2% agarose gel supple-
mented with ethidium bromide for 3 h. Finally, the geno-
type of each sample was detected and recorded with the
Gel Doc 2000 imaging system. The L allele represented the
fragment of 528 bp, and the S allele represented the frag-
ment of 488 bp. The genotypes were determined by at least
two researchers, and ambiguous or unidentifiable results
were reamplified and rescored. Samples that continued to
be amplified poorly were eliminated from the study.

5-HTTLPR—behavior analyses. To examine whether the
variance of 5-HTTLPR polymorphism was associated with
individual differences in anxiety, we compared the anxiety
scores between different genotype groups. Most previous
studies using Caucasian samples compared S allele car-
riers with the L/L homozygotes [e.g., Lesch et al., 1996;
Osher et al., 2000; Xenia Gonda et al., 2009]. However, the
distribution of the 5-HTTLPR genotype differs between
the Caucasian and Chinese populations. The frequency of
S/S is approximately 12–24% in Caucasians but ranges
from 45 to 74% in Asians [Goldman et al., 2010]. There-
fore, we compared S/S homozygotes with L allele carriers
in this study. Furthermore, the effect of gender was taken
into account because previous studies have reported a
gender difference. For example, a significant genetic con-
tribution of 5-HTTLPR to emotion disorders in the Han
Chinese population was only found in males [Wang et al.,
2014]. Thus, a two-way ANOVA with 5-HTTLPR (L allele
carriers vs. S/S homozygotes) by gender (male vs. female)
was performed.

Regional level analyses on the relation between

5-HTTLPR and fALFF

To compare the fALFF of the amygdala between differ-
ent 5-HTTLPR genotypes, we first identified the amygdala
using a probabilistic map from the Harvard-Oxford Sub-
cortical Atlas in FSL with a threshold of 50%, that is, vox-
els that have a 50% or greater probability of being labeled
as the amygdala were included as the amygdala and used
in further analyses (left amygdala: 1,816 mm3, right amyg-
dala: 2,224 mm3). The fALFF of the right (or left) amygdala
was calculated by averaging the fALFF of all voxels in the
right (or left) amygdala. The mean fALFF was obtained by
averaging the fALFF of all voxels in the bilateral amyg-
dala. To examine the effect of 5-HTTLPR polymorphism
on the fALFF of the amygdala, an independent two-
sample t-test was conducted to compare the fALFF of the
amygdala between L allele carriers and S/S homozygotes.

To explore whether regions other than the amygdala
were also influenced by 5-HTTLPR polymorphism, a

whole-brain analysis was performed on the fALFF of each
voxel in the brain with a general linear model. The 5-
HTTLPR genotype (L allele carriers vs. S/S homozygotes)
was treated as the independent variable, and the mean
fALFF of the whole brain was treated as a confounding
covariate. Fisher z transformations were conducted from
correlation coefficients (b) to generate a z map. Based on
Monte Carlo simulations (3dClustSim, AFNI, http://afni.
nimh.nih.gov), the threshold was a combination of a voxel-
wise P value of <0.005 and a cluster size greater than 67
voxels, above which the probability of a type I error was
below 0.05.

Network level analyses on the relation between

5-HTTLPR and RSFC

To explore the effect of 5-HTTLPR polymorphism on the
RSFC between the amygdala and other cortical regions,
two 4-mm-radius spheres in the amygdala were defined as
seeds, centering at the voxels showing the strongest associ-
ation between fALFF and 5-HTTLPR in the left and right
amygdala. To get a more stable signal, the time series of
the voxels in the seeds were then averaged. To obtain the
RSFC map for each participant, the correlation coefficient
(r) between the mean time series of the seeds and that of
each voxel in the brain was calculated. Fisher z score
transformations were conducted for the correlation coeffi-
cients (r) to generate a z-RSFC map for each participant.

To identify the RSFC that reflected the variance of the 5-
HTTLPR genotypes, regression analyses were conducted
in each voxel across participants to examine whether the
z-RSFC value of the voxel significantly differed between L
allele carriers and S/S homozygotes. The 5-HTTLPR (L
allele carriers vs. the S/S homozygotes) and z-RSFC value
of each voxel were treated as the independent variable
and dependent variable, respectively. Fisher z score trans-
formations were conducted from the regression coefficient
(b) to generate a z map. The z map was thresholded using
a voxel-based threshold of P< 0.005. Significant effects
were reported when the volume of a cluster was greater
than the Monte Carlo simulation determined minimum
cluster size (67 voxels), above which the probability of a
type I error was below 0.05.

The behavioral relevance of 5-HTTLPR-related neural

substrates

Next, we explored whether the 5-HTTLPR-related neural
substrates at both the regional and network levels
accounted for individual differences in anxiety. At the
regional level, correlational analyses were performed to
examine the association between the fALFF in the amyg-
dala and anxiety. The fALFF of the right (or left) amygdala
was calculated by averaging the fALFF of all voxels in the
right (or left) amygdala, which was obtained in the 5-
HTTLPR—fALFF whole brain analyses (P< 0.005). Similar
analyses were performed at the network level. The mean
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time course of each region whose RSFC with the amygdala
was associated with the variance of 5-HTTLPR was calcu-
lated by averaging the time courses of all voxels in the
region. The RSFC between the amygdala and the region
was then recalculated by correlating the mean time course
of the seeds in the amygdala and that of the region. Fisher
z score transformations were conducted to normalize the
RSFC. Finally, correlational analyses were conducted
between the RSFC and anxiety.

Mediation analysis

Mediation analysis was used to test the mediation effect
of neural substrates in the association between 5-HTTLPR
polymorphism and anxiety. In other words, we aimed to
test whether the genetic variation of 5-HTTLPR influenced
individuals’ anxiety by modulating the neural substrates
found above. The mediation analysis was conducted with
the 5-HTTLPR genotype as the predictor, the neural sub-
strates as the mediator and self-reported anxiety as the
outcome. In this study, the unbiased estimate of the indi-
rect effects and 95% confidence interval (CI) was obtained
with a bootstrapping procedure (n 5 5,000). A 95% CI not
containing zero was considered a significant indirect effect
(i.e., P< 0.05).

RESULTS

The Association Between 5-HTTLPR Polymor-

phism and Anxiety

The distribution of genotypes in our sample satisfied the
Hardy-Weinberg equilibrium (v2 5 0.10, df 5 2, P 5 0.95).
The frequency of the L allele in our participants was
26.9%, similar to previous reports on Asian populations
[Kunugi et al., 1997]. Because only a minority of partici-
pants possessed the L/L genotype (6.87%), we compared
the L allele carriers and S/S homozygotes in the following
analyses, which is consistent with previous studies on
Asian participants [Ohira et al., 2009]. Table I shows the
study group characteristics.

To replicate previous findings that the 5-HTTLPR geno-
type is associated with individual differences in anxiety,
we compared the anxiety scores between L-allele carriers
and S/S homozygotes. The effect of gender was also taken
into account because previous studies have reported a
gender difference in the association between 5-HTTLPR
and anxiety [Cerasa et al., 2014; Du et al., 2000; Mizuno
et al., 2006] and association between 5-HTTLPR and emo-
tion disorders [Wang et al., 2014]. A two-way ANOVA
with the 5-HTTLPR genotype (L allele carriers vs. S/S
homozygotes) by gender (male vs. female) showed a sig-
nificant interaction (F(1, 258) 5 7.45, P 5 0.007, g2 5 2.78%,
Fig. 1), indicating that the 5-HTTLPR polymorphism
exerted different effects in males and females. A post-hoc
two sample t-test further revealed that male S/S homozy-
gotes demonstrated a higher level of anxiety than male L
allele carries (t(102) 5 2.79, P 5 0.006, cohen’d 5 0.55),
whereas no significant difference was found between the
two genotypes in females (t(156) 5 20.94, P 5 0.35,
cohen’d 5 20.15). Neither the main effect of the 5-HTTLPR
genotype (F(1,258) 5 2.33, P 5 0.13, g2 5 0.88%) nor that of
gender (F(1,258) 5 0.405, P 5 0.53, g2 5 0.15%) reached sig-
nificance. This finding suggests that 5-HTTLPR is only
associated with anxiety in the male Han Chinese popula-
tion. Therefore, further analyses on the neural basis
through which 5-HTTLPR influenced anxiety were per-
formed in male participants only (N 5 104).

TABLE I. Study group characteristics (mean 6 SD)

according to gender

Female
(N 5 158)

Male
(N 5 104)

Test statistic
(two-tailed)

Age 20.10 6 0.85 20.21 6 0.81 t 5 1.19, P 5 0.24
General

intelligence
25.54 6 4.05 25.76 6 5.17 t 5 0.39, P 5 0.70

Anxiety 8.04 6 3.27 8.34 6 3.28 t 5 0.72, P 5 0.47
5-HTTLPR

polymorphism
v2 5 1.95, P 5 0.38

L/L 13 5
L/S 59 46
S/S 86 53

Figure 1.

The association between the 5-HTTLPR polymorphism and anxi-

ety. The bars indicate the mean of anxiety scores in each group,

and the error bars indicate the standard error of mean (S.E.M.)

of anxiety scores across participants. The dots show the distribu-

tion of anxiety scores, with the size of the dots representing the

number of participants. * P< 0.01. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

r Zhang et al. r

r 2736 r

http://wileyonlinelibrary.com


Neural Substrates at the Regional Level

First, we focused on the amygdala, which is a central
region for emotional processing and neuroticism [Aghajani
et al., 2013; Costafreda et al., 2008; Koelsch et al., 2013]. To
this end, we compared the fALFF of the amygdala
between L allele carriers and S/S homozygotes in males.
The fALFF of the bilateral amygdala in S/S homozygotes
was significantly higher than that in L allele carriers
(t(102) 5 2.94, P 5 0.004, cohen’d 5 0.58, Fig. 2A), indicating
that the spontaneous brain activities of the amygdala in S/
S homozygotes was stronger than that in L allele carriers.
A similar pattern was observed in both the right
(t(102) 5 2.63, P 5 0.01, cohen’d 5 0.52) and left
(t(102) 5 3.03, P 5 0.003, cohen’d 5 0.59) amygdala. The
whole brain analysis further revealed that S/S homozy-
gotes showed a significantly higher fALFF in the left
amygdala and left parietal operculum and a significantly
lower fALFF in the anterior middle temporal gyrus than L
allele carriers (P< 0.005, corrected; Table II). Among all of
these regions, the left amygdala is the region showing the
largest difference in fALFF between the S/S homozygotes
and L allele carriers, suggesting that the amygdala is the
primary region affected by the 5-HTTLPR polymorphism.
A cluster in the right amygdala also showed a higher
fALFF in S/S homozygotes than in L-allele carriers,
although the significance did not pass the correction for
multiple comparisons. Figure 2b shows the association
between 5-HTTLPR and fALFF in the bilateral amygdala
from the whole brain analysis.

Neural Substrates at the Network Level

At the network level, we explored the effect of the 5-
HTTLPR polymorphism on the RSFC between the amyg-
dala and the remaining brain. In the S/S homozygotes, we
found that the RSFC was significantly weaker between the
amygdala and several regions, including the insula,
Heschl’s gyrus, lateral occipital cortex, superior temporal
gyrus, and hippocampus (P< 0.005, corrected). In addition,
S/S homozygotes showed a significantly stronger RSFC
between the amygdala and several regions, including the
supramarginal gyrus and middle frontal gyrus (P< 0.005,
corrected). The details of these regions are reported in
Table III.

Figure 2.

The fALFF of the amygdala was modulated by the 5-HTTLPR

polymorphism. (A) The fALFF value in the amygdala was higher

in male S/S homozygotes than in male L allele carriers. The

error bars indicate the SEM of fALFF value in the amygdala

across participants. * P< 0.01. (B) The whole-brain analysis on

the association between 5-HTTLPR and fALFF revealed two

clusters in the bilateral amygdala, where S/S homozygotes

showed significantly greater fALFF value than L allele carriers.

Color bar indicates Z scores. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

TABLE II. Regions where the regional fALFF was

modulated by the 5-HTTLPR genotype

Region Hemisphere
Volume
(mm3) Z-max

MNI coordinate

X Y Z

Amygdala L 1,992 24.74 226 22 210
Parietal

operculum
L 880 24.32 250 210 18

Anterior middle
temporal
gyrus

R 1,128 4.62 60 22 228

Abbreviations: MNI, Montreal Neurological Institute; L, left; R,
right.
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The Behavioral Correlates of the Neural

Signature

After revealing the effect of 5-HTTLPR on the amygdala
in the resting state at both the regional and network levels,
we investigated whether this effect accounted for individ-
ual differences in anxiety. At the regional level, individual
differences in the fALFF of the amygdala were not corre-
lated with anxiety (r 5 0.06, P 5 0.55). Therefore, although

5-HTTLPR polymorphism modulated the fALFF of the
amygdala, it likely did not contribute to anxiety because
the fALFF was unrelated to anxiety. In contrast, at the net-
work level, the RSFC between the amygdala and insula
was negatively correlated with participants’ anxiety, indi-
cating that a weaker amygdala–insula RSFC corresponded
to a higher level of anxiety (r 5 20.26, P 5 0.008; Bonfer-
roni corrected, P< 0.05; Fig. 3). To further illustrate that
the amygdala–insula RSFC is the neural basis underlying
the association between 5-HTTLPR polymorphism and
anxiety, a mediation analysis was performed with the 5-
HTTLPR genotype, the amygdala–insula RSFC, and anxi-
ety, as the predictor, mediator, and outcome, respectively.
The effect of 5-HTTLPR polymorphism on anxiety
dropped from b 5 20.27 (P 5 0.006) to b 5 20.21 (P 5 0.03)
after the amygdala–insula RSFC was added as a mediator.
The indirect effect of 5-HTTLPR polymorphism on anxiety
as mediated by amygdala–insula RSFC was significant
(bootstrapping test, P 5 0.048; Fig. 4). Therefore, the 5-
HTTLPR polymorphism may influence individuals’ anxi-
ety by modulating the strength of RSFC between the
amygdala and insula. Moreover, the results were similar
after controlling the variance of intelligence and age (boot-
strapping test, P 5 0.053), suggesting that the significant
indirect effect was not due to the effect of intelligence and
age. Besides, recent studies have shown that ignoring head
motion may drastically underestimate or overestimate
short range and long range connections [e.g., Murphy
et al., 2013; Power et al., 2012, 2014; Satterthwaite et al.,
2012; Van Dijk et al., 2012]. To examine whether head

TABLE III. Regions whose RSFC with the amygdala was

modulated by the 5-HTTLPR polymorphism

Region Hemisphere
Volume
(mm3) Z-max

MNI
coordinate

X Y Z

Heschl’s gyrus R 3,080 23.78 50 214 8
Lateral occipital

cortex
R 3,056 24.38 22 270 34

Superior temporal
gyrus

L 1,152 24.03 250 216 24

Hippocampus R 624 23.63 30 230 212
Insula L 544 23.96 240 212 4
Supramarginal

gyrus
L 28,80 4.35 256 242 34

Middle frontal
gyrus

R 1,040 3.81 38 32 28

Abbreviations: MNI, Montreal Neurological Institute; L, left; R,
right.

Figure 3.

The amygdala–insula RSFC that was modulated by 5-HTTLPR

polymorphism predicted the level of anxiety. (A) The cluster in

the insula whose RSFC with the amygdala was modulated by 5-

HTTLPR polymorphism. The color bar indicates Z scores. (B)

The scatter plot shows the correlation between the amygdala–

insula RSFC and anxiety. X axis denotes the normalized strength

of the amygdala–insula RSFC, and Y axis indicates the level of

self-reported trait anxiety. Each dot represents data from one

participant. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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motion affected our finding, we excluded participants
whose head motion was greater than 1.0� or 1.0 mm
throughout the rs-fMRI scan, which resulted in the exclu-
sion of 14 male participants. We found a similar result.
That is, the amygdala–insula RSFC was significantly
weaker in S/S homozygotes than that in the L allele car-
riers (t(100) 5 2.48, P 5 0.015) in the remaining sample
(N 5 90). The amygdala–insula RSFC was also negatively
correlated with participants’ anxiety (r 5 20.29, P 5 0.006).
The indirect effect of 5-HTTLPR polymorphism on anxiety
as mediated by amygdala–insula RSFC was marginally
significant (indirect effect 5 20.54, bootstrapping test,
P 5 0.06). Therefore, head motion apparently did not dras-
tically affect the neural phenotype of anxiety identified.

Although the female participants did not have genotype
differences in the anxiety examined, it is possible that vari-
ability on anxiety within the females might relate to neural
phenotypes (i.e., the amygdala–insula RSFC). To test this
possibility, we calculated females’ amygdala–insula RSFC
by selecting the amygdala and insula seed regions identi-
fied in the analysis on the male participants. We found
that the amygdala–insula RSFC was not significantly corre-
lated with the anxiety score of the female participants
(r 5 0.002, p 5 0.98), suggesting that the neural basis under-
lying the association between 5-HTTLPR and anxiety was
specific to males.

DISCUSSION

In this study, we investigated the neural basis by which
5-HTTLPR polymorphism influenced individuals’ anxiety
in Han Chinese participants. First, we only found an asso-
ciation of 5-HTTLPR and anxiety in males and not
females; male S/S homozygotes had a significantly higher
level of anxiety than L allele carriers. Neurally, 5-HTTLPR
polymorphism modulated the spontaneous brain activities

at both the regional and network levels. At the regional
level, the fALFF of the amygdala was significantly higher
in male S/S homozygotes than male L allele carriers. At
the network level, male S/S homozygotes showed a
weaker RSFC between the amygdala and various regions,
including the insula, Heschl’s gyrus, lateral occipital cor-
tex, superior temporal gyrus, and hippocampus, and
showed a stronger RSFC between the amygdala and sev-
eral regions, including the supramariginal gyrus and mid-
dle frontal gyrus. At both the regional and network levels,
only did the amygdala–insula RSFC account for individual
differences in anxiety. Our study provides the first empiri-
cal evidence that the amygdala–insula RSFC serves as the
neural basis underlying the association between 5-
HTTLPR polymorphism and anxiety.

Our finding fits nice with previous studies based on
functional [Canli et al., 2006; Costafreda et al., 2013; Hariri
et al., 2002; Heinz et al., 2004; Munaf�o et al., 2008; Rao
et al., 2007] and structural magnetic resonance imaging
(MRI) [Pezawas et al., 2005]. Our finding supplements
these findings by showing that the spontaneous activities
of the amygdala were also modulated by 5-HTTLPR poly-
morphism [Canli and Lesch, 2007], suggesting that 5-
HTTLPR polymorphism affects a broad range of neural
properties in the amygdala. However, we found that the
fALFF was not associated with anxiety, which suggested
that the effect of 5-HTTLPR polymorphism on the amyg-
dala affects psychological traits other than anxiety. This
idea is supported by both functional and structural stud-
ies, which showed that neither 5-HTTLPR-related func-
tional activation [Hariri et al., 2002] nor 5-HTTLPR-related
gray matter volume [Pezawas et al., 2005] is correlated
with anxiety. Future studies are needed to elucidate the
effect of 5-HTTLPR polymorphism on the amygdala.

Our finding that 5-HTTLPR polymorphism affected the
amygdala-centered network extends previous studies
[Heinz et al., 2004; Pezawas et al., 2005]. Importantly, we
found that the amygdala–insula RSFC mediated the associ-
ation between 5-HTTLPR polymorphism and anxiety, sug-
gesting that the network formed by the amygdala and
insula is the neural basis underlying the association
between 5-HTTLPR polymorphism and anxiety. In fact,
both the amygdala and insula are key nodes in network
processing saliency and emotion; the reciprocal anatomical
connections of the amygdala and insula are extensive
[Mesulam and Mufson, 1982; Mufson et al., 1981], and
these structures are frequently coactivated [Etkin and
Wager, 2010; Kober et al., 2008; Stein et al., 2007]. Amyg-
dala–insula RSFC is negatively associated with neuroticism
in healthy individuals [Aghajani et al., 2013] and signifi-
cantly decreases in individuals suffering from anxiety or
depression disorders [Etkin et al., 2009; Perlman et al.,
2012; Ramasubbu et al., 2014; Veer et al., 2011]. Impor-
tantly, the functional connectivity between the amygdala
and insula positively correlated with habituation during
repeated exposure to aversive stimuli [Denny et al., 2014].
Moreover, S allele carriers show weaker amygdala

Figure 4.

The mediation model of 5-HTTLPR genotype, the amygdala–insula

RSFC and anxiety. The amygdala–insula RSFC serves as a mediator

in the association between 5-HTTLPR polymorphism and anxiety in

the mediation analysis. Path coefficients are shown next to the

arrows that indicate links in the analysis. All values represent stand-

ardized betas. *P< 0.05; **P< 0.01. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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habituation to angry faces than L/L homozygotes [Lons-
dorf et al., 2011], and habituation to fearful faces in the
amygdala is negatively correlated with self-rating anxiety
[Hare et al., 2008]. Therefore, the decreased amygdala–
insula RSFC in S/S homozygotes observed in our study
may impair behavioral habituation and enhance the sensi-
tivity to negative emotional cues, which leads to a higher
level of anxiety. Alternatively, because both the amygdala
and insula play a crucial role in socio-emotional behavior,
such as understanding others’ emotions [Decety, 2010;
Singer, 2006; Singer et al., 2009], weaker functional connec-
tivity between the amygdala and insula may hinder the
process of understanding and interpreting social cues, a
process crucial to social emotional functioning [Hughes
and Dunn, 1998; Singer, 2006], which increases the level of
anxiety.

In our study, the association between 5-HTTLPR poly-
morphism and anxiety was only found in the male popu-
lation. Similar male-specific associations between the S
allele and anxiety [Du et al., 2000] or emotion disorders
[Wang et al., 2014] have been reported in previous studies.
The gender difference may account for the inconsistent
results [Flory et al., 1999; Lang et al., 2004; Ohira et al.,
2009; Shi et al., 2008;] for the association between 5-
HTTLPR polymorphism and neuroticism-related traits and
disorders reported by others. Note that some studies of
female Caucasians found an association between 5-
HTTLPR polymorphism and neuroticism-related traits
[Melke et al., 2001; Xenia Gonda et al., 2009]. The inconsis-
tency may reflect that the effect of 5-HTTLPR polymor-
phism on anxiety may differ by ethnic groups or that
different measures of anxiety were used in different stud-
ies. Future studies are needed to examine the gender-
specific effect of 5-HTTLPR polymorphism on anxiety.

In short, our study demonstrates that the amygdala–
insula RSFC serves as a neural basis by which 5-HTTLPR
polymorphism modulates individual differences in anxi-
ety. Thus, this study provides an example of how genetic
variations modulate human personality traits via the
human brain. However, several limitations need to be
addressed in future studies. First, our study was based on
a healthy population; therefore, the relevance of our find-
ing to people with affective disorders remains unclear.
According to previous studies, the amygdala–insula RSFC
significantly decreases in individuals suffering from anxi-
ety or depression disorders [Etkin et al., 2009; Perlman
et al., 2012; Ramasubbu et al., 2014; Veer et al., 2011], and
these affective disorders are associated with the S allele of
the 5-HTTLPR [Bellivier et al., 1998, 2002; Caspi et al.,
2003]. Future studies are needed to investigate whether 5-
HTTLPR polymorphism is associated with affective disor-
ders by modulating the amygdala–insula RSFC. Second,
based on previous studies [Denny et al., 2014; Hare et al.,
2008; Lonsdorf et al., 2011], the 5-HTTLPR was proposed
to influence individuals’ habituation to aversive stimuli
via the functional connectivity between the amygdala and
insula. Future studies are needed to examine this hypothe-

sis by directly examining the relationship between 5-
HTTLPR polymorphism, individual differences in habitua-
tion to aversive stimuli, amygdala–insula RSFC, and anxi-
ety. Finally, we only explored the effect of 5-HTTLPR on
the brain and behavioral anxiety in this study. Previous
studies also found a significant interaction between 5-
HTTLPR and stressful life events in the development of
affective disorders [Caspi et al., 2003; Karg et al., 2011].
Future studies are needed to explore the neural basis
underlying the interaction between 5-HTTLPR polymor-
phism and stress life events.
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