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Neural basis of uncertain cue 
processing in trait anxiety
Meng Zhang1,2,3,*, Chao Ma1,2,*, Yanyan Luo4, Ji Li1, Qingwei Li5, Yijun Liu1,2,6, Cody Ding1,2 & 
Jiang Qiu1,2

Individuals with high trait anxiety form a non-clinical group with a predisposition for an anxiety-related 
bias in emotional and cognitive processing that is considered by some to be a prerequisite for psychiatric 
disorders. Anxious individuals tend to experience more worry under uncertainty, and processing 
uncertain information is an important, but often overlooked factor in anxiety. So, we decided to explore 
the brain correlates of processing uncertain information in individuals with high trait anxiety using 
the learn-test paradigm. Behaviorally, the percentages on memory test and the likelihood ratios of 
identifying novel stimuli under uncertainty were similar to the certain fear condition, but different from 
the certain neutral condition. The brain results showed that the visual cortex, bilateral fusiform gyrus, 
and right parahippocampal gyrus were active during the processing of uncertain cues. Moreover, we 
found that trait anxiety was positively correlated with the BOLD signal of the right parahippocampal 
gyrus during the processing of uncertain cues. No significant results were found in the amygdala during 
uncertain cue processing. These results suggest that memory retrieval is associated with uncertain cue 
processing, which is underpinned by over-activation of the right parahippocampal gyrus, in individuals 
with high trait anxiety.

Anxiety may be triggered by stressors, which may produce persistent fears and create a stream of negative 
thoughts that can gradually make people more anxious. Anxiety disorders are characterized by a state of appre-
hensive expectation, hyperarousal, vigilance to threat cues, fear, and avoidance behaviors1. Anxiety includes fear 
of uncertainty, and some studies have reported that the uncertainty, especially in relation to potentially negative 
stimuli, often provokes anxiety. Furthermore, it has been hypothesized that anxious individuals have particular 
difficulty tolerating uncertainty2–4. A study by Williams et al. makes the neural connection between anxiety and 
uncertainty by showing that increased amygdala activity may play a crucial role in processing uncertain informa-
tion in preadolescent children with anxiety disorders5. To date, it is unclear which neural circuits process uncer-
tain cues in individuals with non-clinical anxiety. Understanding the neural basis of uncertainty in non-clinically 
anxious individuals will provide a broad picture of the neuroscientific basis of anxiety disorders.

Trait anxiety is a personality trait that reflects an individual’s disposition for an anxiety-related cognitive and 
affective processing bias6. Trait anxiety, as a stable predisposition in normal individuals, is often considered to be 
a risk factor for anxiety disorders and other psychiatric illnesses7–10. Moreover, we recently investigated the cor-
relations between trait anxiety scores and regional gray matter volumes (rGMV) and regional BOLD baseline –  
with the amplitude of low frequency fluctuations (ALFF) as the index – in 383 university students. We found 
that anxiety (a) was negatively correlated with rGMV in the right middle occipital gyrus, (b) was positively cor-
related with the ALFF in the right supplementary motor area and the bilateral superior frontal gyrus, and (c) was 
negatively correlated with the ALFF in the thalamus and left cerebellum. This experiment, which was conducted 
with a normal sample, found that individuals with high trait anxiety showed attenuated image processing on a 
consciousness level (cognitive processing bias) and exhibited stronger induced sensibility and over-processing 
ability of the relationships (emotional processing bias) (submitted). Given that the results of uncertain stimuli (or 
signals) can be interpreted as maintaining avoidance of a potential threat, vulnerability to anxiety during uncer-
tainty may reflect greater memory retrieval in anxious individuals. Such findings suggest that the processing of 
uncertain cues in individuals with high trait anxiety is disordered.
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Therefore, in order to explore the neural basis of uncertain cue processing in individuals with high trait anxi-
ety, we conducted an fMRI experiment to characterize the uncertainty of fear stimuli. The neutral and fear stimuli 
were all pictures of objects. In daily life, an individual’s memory and expectations will influence their experience. 
So, to test the neural circuits of uncertainty, we employed a learn-test paradigm (see Figs 1 and 2). This experi-
mental paradigm can help us explore the brain activity pattern during uncertain cue processing and the subse-
quent experience of future events.

Methods
Participants. Thirty-five individuals (23 females; mean age =  21.46 years old) participated in the study. The 
participants were undergraduate or postgraduate university students in Southwest University, China. They were 
recruited either through advertisements on a bulletin board in Southwest University or introduced by persons 
who participated in previous experiments in our laboratory. All participants were screened using the Structured 
Clinical Interview of the DSM-IV, which was performed by two well-trained and experienced Ph.D. candidates in 
the Faculty of Psychology of Southwest University. Thus, participants who met one of the following lists would be 
out of this experiment: substance abuse disorders, neurologic disease, psychiatric disorder, histories of neurolog-
ical or psychiatric illnesses, visual difficulties, had conditions which made them unsuitable for scanning, such as 
head trauma, taking medications that may change brain function, a history of loss of consciousness, pregnancy, 
or breast-feeding. All participants gave their written informed consent in accordance with the Declaration of 
Helsinki11. The institutional ethics committee of the Southwest University Brain Imaging Center Institutional 
Review Board approved the study protocol. The experimental methods were carried out in “accordance” with the 
approved guidelines.

Behavioral assessments. Before the formal experiment, another twenty participants rated all the neutral 
and fear stimuli for intensity on a scale from 1 to 9 (1 being the least intense emotion, and 9 being the most 
intense emotion) for each of the basic emotions (happiness, surprise, sadness, fear, anger, disgust)12, and for emo-
tional valence, arousal, and dominance on scales from 1 to 9.

Each person who participated in the formal experiment was evaluated for trait anxiety using the Trait Anxiety 
Inventory (T-AI). The T-AI is a self-report questionnaire that consists of 20 items that measure anxiety-related 

Figure 1. The learn stage of the experiment paradigm. 

Figure 2. The test stage of the experimental paradigm. 
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trait personality6,13. The T-AI is valued for its high internal consistency and its test-reliability, which ranges from 
0.73 to 0.86 across multiple samples6.

Learning task and test. As shown in Figs 1 and 2, the task consisted of two phases. The first phase was a 
learning stage that was conducted before scanning. In this phase, the participants were asked to learn the rela-
tionship between the neutral shape cues and pictures of objects presented on a computer screen. This phase con-
sisted of 60 trials, with 20 trials in each of three conditions (a certain neutral condition, a certain fear condition, 
and an uncertain condition), with each trial consisting of an abstract stimulus (2000 ms) and a picture of objects 
(2000 ms). After learning stage, the participants were asked to perform a test which a neutral cue appeared on the 
screen, the participants needed to predict the subsequent stimuli’ emotional valence. The participants could not 
perform the second phase, until they correctly learned the relationships between the neutral shape cues and the 
objects.

In the second phase, which was conducted in the MRI scanner, the participants were asked to decide whether 
the object that was presented after the neutral shape cues was an object they observed during the first phase. This 
phase was consisted of 72 trials, with 24 trails in each condition: the certain neutral condition (CNC), the certain 
fear condition (CFC), and the uncertain condition (UNC). Twelve objects were chosen from each condition in the 
first phase for use in the second phase. The time course of a single trial is illustrated in Fig. 2.

MRI data acquisition. A 3.0-T Siemens Trio MRI scanner (Siemens Medical, Erlangen, Germany) and 
an eight-channel phased array coil were used to acquire high-resolution T1-weighted structural images (rep-
etition time =  1900 ms; echo time =  2.52 ms; inversion time =  900 ms; flip angle =  9 degrees; resolution 
matrix =  256 ×  256; slices =  176; thickness =  1.0 mm; voxel size =  1 ×  1 ×  1 mm3). T2*-weighted echo planar 
images also were obtained (25 slices, 3 mm ×  3 mm ×  4 mm voxels, TR =  1500 ms, TE =  30 ms, flip angel =  75°, 
FOV =  192 mm ×  192 mm).

Data analysis
Behavioral data analysis. First, the percentages of correct answers on the memory test were subjected to 
one-way analysis of variance (ANOVA). We applied the theory of signal detection to the memory test.

According to the signal detection theory, a picture of object which was chosen from the first phase appears, 
and if the participants make a correct judgment, then marked as HIT, if the participants make a wrong judg-
ment, then marked as MISS; a picture of object which was not chosen from the first phase appears, and if the 
participants make a correct judgment, then marked as CORRET REJECTION, if the participants make a wrong 
judgment, then marked as FALSE ALARM; then The P(H) and the P(FA) in the CNC, CFC, and the UNC were 
analyzed by the following formula:

( ) = ( )/( ( ) + ( )),P H n HIT n HIT n MISS

( ) = ( )/( ( ) + ( )).P FA n FALSE ALARM n FALSE ALARM n CORRET REJECTION

The P(H) and the P(FA) in the CNC, CFC, and the UNC were translated to O(H) and O(FA) using PZO 
translation. Then, the likelihood ratio (β ) in the CNC, CFC. and the UNC were analyzed by the following formula:

β = ( )/ ( )O H O FA

higher β  values (the likelihood ratio or decision criteria, the more the β  is, the more strict the criteria is) indi-
cates worse memory performance in this study. The β values in the three conditions were subjected to one-way 
ANOVA. All p-values were corrected using the Bonferroni adjustment. Finally, correlations were performed on 
the trait anxiety scores and the percentages of the β  values in the three conditions.

fMRI data analysis. The focus of the analysis was the BOLD level of the different neutral shape cues. The 
data analysis was performed using SPM8 software from the Wellcome Department of Cognitive Neurology, 
London (SPM8, www.fil.ion.ucl.ac.uk/spm/), which was implemented on MatLab 7.10.0 R2010a (MathWorks, 
Natick, MA). All the analyses were started from the appearance of the abstract signal. Scans were slice-time cor-
rected to the thirteenth slice, then realigned and normalized into standard Montreal Neurological Institute (MNI) 
space via 12-parameter affine transformation. Finally, all data were smoothed with a 6 mm full width at half 
maximum (FWHM) Gaussian kernel, and filtered (high-pass filter set at 128 s, low-pass filter achieved by convo-
lution with the hemodynamic response function). After preprocessing, the statistical analyses for each individual 
participant were based on a fixed-effects general linear model (GLM) and analyses on the group level were based 
on a random-effects model. The resulting images had cubic voxels of 3 ×  3 ×  3 mm. The BOLD responses were 
modeled as events convolved with the canonical hemodynamic response function in SPM8. For each condition 
(CNC, CFC, and UNC), all trials were averaged to estimate BOLD responses.

In the group random-effects (second-level) analyses, participant-specific linear contrasts of the parameter 
estimates were entered in a series of one-sample t-tests, each constituting a group-level statistical map. Our main 
contrasts of interest were BOLD signals in response to different neutral shape cues to assess the main effect of 
conditions between UNC and CNC, and between UNC and CFC (FDR corrected, p <  0.05, voxel size ⩾ 50). This 
contrast was used to identify the uncertain cue processing regions of the brain.

Moreover, we used REST software (http://www.restfmri.net/forum/REST V1.7) to extract the brain region 
signal of uncertainty (the neutral shape cues in the uncertain condition). Then a correlation between the trait 
anxiety scores and the brain region signals was conducted.

http://www.fil.ion.ucl.ac.uk/spm/
http://www.restfmri.net/forum/REST
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Results
Behavioral results. The fear stimuli were rated as evoking significantly more negativity, more arousal, more 
dominance, and more fear than the neutral stimuli (see Table 1).

One-way ANOVAs of the percentages of correct answers showed a significant main effect of conditions, F(2, 
102) =  12.102, p <  0.001. Multiple comparisons showed that the percentage of correct answers was lowest in the 
CNC (p <  0.001), and that there was no significant difference between the percentage in the CFC and the UNC. 
Furthermore, ANOVAs of the β  values showed a significant main effect of the three conditions, F(2, 102) =  9.775, 
p <  0.001. Multiple comparisons showed that the β  values in the CNC was the largest of the three conditions 
(p <  0.01), and there was no significant difference between the β  in the CFC and the UNC (see Table 2). There 
was no significant correlation between the trait anxiety scores and the percentages or the β  values in CNC, CFC, 
and the UNC.

Functional brain activity of UNC contrast CNC. Contrasts were made between the UNC and CNC 
using random-effects models. First, the contrast of the UNC versus the CNC showed activity in the following 
areas (FDR corrected, p <  0.05, voxel size ⩾ 50): the left lingual gyrus, bilateral fusiform gyrus, and right para-
hippocampal gyrus. Second, the contrast of the CNC versus the UNC showed activity in the bilateral inferior 
occipital cortex (FDR corrected, p <  0.05, voxel size ⩾ 50)(See Table 1 and Fig. 3).

Functional brain activity of UNC contrast CFC. Contrasts were made between the UNC and CFC using 
random-effects models. First, the contrast of the UNC versus the CFC showed activity in the following areas 
(voxel-wise threshold of p <  0.05, FDR corrected, cluster size ⩾ 50): the bilateral middle occipital cortex, left supe-
rior occipital cortex, right lingual gyrus, left fusiform gyrus, and the right parahippocampal gyrus. Second, the 
contrast of the CFC versus the UNC showed activity in the following areas (voxel-wise threshold of p <  0.05, 
FDR corrected, cluster size ⩾ 50): the right lingual gyrus, left calcarine gyrus, and the left cuneus (See Table 3 and 
Fig. 4).

Correlations between brain regions of uncertainty and trait anxiety. After correcting for sex and 
age, trait anxiety scores had a significant positive correlation with the brain region signal of uncertainty in the 
right parahippocampal gyrus (r =  0. 62, p <  0.001) (See Fig. 5). The p-values were corrected using the Bonferroni 
adjustment (p <  0.05*1/n).

Discussion
In the present study, we explored brain activity patterns during uncertain encoding and their relation to indi-
vidual differences in trait anxiety. The behavioral results showed that the UNC was similar to the CFC, which 
suggests that there was a cognitive bias under uncertainty. The fMRI results showed that the visual cortex, bilat-
eral fusiform gyrus, and the right parahippocampal gyrus were active during the processing of uncertain cues. 
Moreover, we found that trait anxiety was positively correlated with the BOLD signal of the right parahippocam-
pal gyrus while the uncertain cue was being encoded. We discuss the implications of these results in the following 
section.

First, the visual cortex, including the bilateral lingual gyrus, bilateral middle occipital gyrus and the left supe-
rior occipital gyrus, were active in the contrast of the UNC versus the CNC and the contrast of the UNC versus 
the CFC. Furthermore, activity was found in the left calcarine, the left cuneus, and the right lingual gyrus in the 
contrast of the CFC versus the UNC. Previous studies indicated that the visual cortex predicts conscious process-
ing14. Carlson et al. reported that the lingual gyrus, which modulates spatial attention and fear processing, is con-
nected with the fear network, and Lai et al. suggested that the lingual gyrus might be a part of the fear network15,16. 
Moreover, increased activity of portions of the visual cortex has been found to be involved in the neural process-
ing of fear of rejection, social sensitivity, the social cognition17. Killgore and Yurgelun-Todd reported that activity 
in portions of the visual cortex is related to stress from social interactions, and some areas may regulate anxiety, 
vigilance, and cardiovascular system functions18,19. So, based on previous studies, the visual cortex, including the 
bilateral lingual gyrus, bilateral middle occipital gyrus, and the left superior occipital gyrus may play an important 
role in the sending sensory information through the sensory afferents to the parahippocampal gyrus.

VAL Aro Dom Happy Surprise Sad Fear Anger Disgust

Neutral 5.4 ±  0.7 3.2 ±  1.0 5.8 ±  0.8 2.6 ±  0.8 2.1 ±  0.9 1.8 ±  0.6 1.9 ±  0.4 1.7 ±  0.6 1.2 ±  0.2

Fear 3.1 ±  0.8 6.4 ±  1.0 6.1 ±  0.6 1.8 ±  0.5 3.2 ±  1.2 2.5 ±  0.9 4.8 ±  0.9 2.8 ±  1.1 1.9 ±  0.9

Table 1.  The neutral and fear stimuli rating. Note, VAL: emotional valence; Aro: Arousal; Dom: Dominance.

Percentage (mean ±  s.d.) β value (mean ±  s.d.)

CNC 0.61 ±  0.077 0.89 ±  0.046

CFC 0.70 ±  0.078 0.84 ±  0.045

UNC 0.69 ±  0.089 0.85 ±  0.063

Table 2.  The percentages and the β value in CNC, CFC, and UNC.
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Second, we found more activity in the bilateral fusiform gyrus in the contrast of the UNC with the CNC 
and CFC. The fusiform gyrus is a brain region that is not only related to perceptual processing (face and other 
objects)20, but also related to emotional processing. Fairhall and Ishai conducted an fMRI study that found greater 
coupling between the fusiform gyrus and the amygdala when pictures of faces expressed emotions21. Moreover, 
Campbell et al. suggested that amygdala activity might occur together with an non-enhanced fusiform gyrus in 
both individuals with anxiety disorders and anxiety-prone individuals22,23. Straube et al. found the activity of the 
fusiform gyrus of patients with anxiety disorders was greater, relative to control subjects, during the processing of 
angry faces24. In the present study, the greater activity of the bilateral fusiform gyrus in the contrast of the UNC 
with the CNC and CFC might reflect the process of connecting the perception to the memory.

Third, greater activity of the right parahippocampal gyrus was found in the contrast of the UNC with the CNC 
and CFC, and a significant positive correlation was found between trait anxiety and the right parahippocampal 
gyrus signal in the UNC. Previous studies reported that activation of the parahippocampal gyrus might be related 
to the recovery of sensory experiences, as true memories have more details than false memories25–27. Moreover, 
false memories have never been found to produce activity in the parahippocampal gyrus when contrasted with 
true memories28,29. Some researchers also have suggested that true memories contain more sensory details, which 
is consistent with the fact that the parahippocampal gyrus mediates sensory processing30–32. In sum, Slotnick 
& Schacter suggested that parahippocampal gyrus activity is related to recollection to a greater degree than to 
familiarity33. Furthermore, the parahippocampal gyrus has a connection with the amygdala, which is a key brain 
region of emotion. Previous studies suggested that arousing stimuli increase the functional brain connection 
between the parahippocampal gyrus and the amygdala, and the amygdala plays a role in modulating emotional 
memory processing34,35. In the present study, the greater activity of the right parahippocampal gyrus in the con-
trast of the UNC with the CNC or CFC might involve the retrieval of more memories under unknown fear. In 
addition, the positive correlation between trait anxiety and the right parahippocampal gyrus signal suggests that 
highly anxious individuals may retrieve more memories automatically when they are in an uncertain situation.

Previous studies reported that individuals with high trait anxiety may present anxiety – related bias in emo-
tional and cognitive processing that are considered risk factors for anxiety disorders and psychiatric disorders7–10. 
Our results in this study, consistent with the previous, indicated that individuals with high trait anxiety showed 

Figure 3. Brain areas of significant brain activation differences between UNC and CNC (p < 0.05, 
corrected with FDR). 
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stronger sensibility, over-processing of relationships, and attenuated image processing on a consciousness level, 
and exhibited more automatic memory retrieve when they faced uncertain cues36. These features, which were 
different from those of normal subjects, may lead to excessive negative associations (anxiety disorders) and 
indulging in the past (depression and bipolar disorders). Furthermore, the results also indicated that it is impor-
tant to develop a memory retrieval-extinction procedure for the individuals with high trait anxiety, or anxiety 
disorders, or other mood disorders, after they had experienced trauma. Moreover, as is generally known, unlike 
in depression and bipolar disorders, the principle feature of anxiety bias is fear of the future, especially of uncer-
tainty. Excessive emotional memory retrieval caused by cues could lead to over worry in anxiety disorders, with 
indulging in excessive emotional memory retrieval caused by cues. Therefore, this paradigm may also be used to 
distinguish and predict individuals with high trait anxiety in the future.

Last but not least, in this study, we did not find activation of the amygdala in any contrast. The amygdale is 
an important brain region not only in anxiety disorders, but also in trait anxiety. There are two possible reasons 
which may explain the absence of amygdala activation. One reason for this may be the stimuli. Faces, especially 
fearful faces, are ideal stimuli because fearful faces reliably elicit an amygdala response37,38. Another reason is 
that the cue (neutral shape cues) involves recognition memory, and some memory experiments have shown 
that recognition of emotional memory often leads to activity in the parahippocampal gyrus, but notably, not the 
amygdala39,40. Furthermore, according to previous studies, we predict that the amygdale, or the insula, or the ante-
rior cingulum cortex, which are involved in the negative stimuli, may over-activate during the image viewing in 
the non-clinical individuals with high trait anxiety when they face the uncertain negative pictures of objects41–44. 
There may be activation of these brain regions in uncertain shape cue processing. However, this idea will need to 
be tested.

Conclusion
Individuals with high trait anxiety form a non-clinical group with a predisposition for an emotional and cognitive 
processing bias that is considered to be a pre-existing condition for psychiatric disorders. Anxious individuals 
tend to experience more worry under uncertainty. However, it is unclear what the neural circuits are that process 
uncertain cue in non-clinically anxious individuals. So, we explored brain activity patterns under uncertainty 
in trait anxiety. The results showed that the visual cortex, the bilateral fusiform gyrus, and the right parahip-
pocampal gyrus were active during the processing of uncertain cues. Moreover, we found that trait anxiety was 

Brain regions t-score

Talairach coordinates

x y z

UNC >  CNC

L

lingual gyrus 6.87 − 18 − 81 − 9

fusiform gyrus 6.90 − 27 − 66 − 9

R

fusiform gyrus 6.15 30 − 57 − 6

Rparahippocampal gyrus 4.47 33 − 39 − 9

CNC >  UNC

L

inferior occipital cortex 9.17 − 27 − 93 − 9

R

inferior occipital cortex 8.12 27 − 96 − 6

UNC >  CFC

L

middle occipital cortex 5.94 − 27 − 87 15

fusiform gyrus 6.47 − 24 − 72 − 9

superior occipital cortex 4.99 − 12 − 99 12

R

lingual gyrus 8.47 21 − 75 − 9

middle occipital cortex 6.92 30 − 90 15

parahippocampal gyrus 7.77 33 − 39 − 12

CFC >  UNC

L

calcarine 5.54 − 6 − 78 9

cuneus 5.47 − 12 − 84 30

R

lingual gyrus 7.44 9 − 60 0

Table 3.  Brain areas of significant differences between random two of the three experiment conditions 
(UNC, CNC and CFC). Note: the threshold was set at p <  0.05 (corrected with FDR); L, Left; R, Right. UNC, 
uncertain condition; CNC, certain neutral condition; CFC, certain fear condition.



www.nature.com/scientificreports/

7Scientific RepoRts | 6:21298 | DOI: 10.1038/srep21298

positively correlated with the BOLD signal of the right parahippocampal gyrus during uncertain cue processing. 
These results reveal the importance of memory retrieval for individuals with high trait anxiety in an unknown 
fear situation.

Figure 4. Brain areas of significant brain activation differences between UNC and CFC (p < 0.05, 
corrected with FDR). 

Figure 5. Correlation between the right parahippocampal gyrus signal of uncertainty condition and the 
trait anxiety scores. 



www.nature.com/scientificreports/

8Scientific RepoRts | 6:21298 | DOI: 10.1038/srep21298

References
1. Association, A. P. Diagnostic and Statistical Manual of Mental Disorders (DSM-5® ). (American Psychiatric Pub, 2013).
2. Grupe, D. W. & Nitschke, J. B. Uncertainty and anticipation in anxiety: an integrated neurobiological and psychological perspective. 

Nat Rev Neurosci 14, 488–501 (2013).
3. Krain, A. L. et al. A functional magnetic resonance imaging investigation of uncertainty in adolescents with anxiety disorders. Biol 

Psychiat 63, 563–568 (2008).
4. Krain, A. L. et al. An fMRI examination of developmental differences in the neural correlates of uncertainty and decision-making.  

J Child Psychol Psyc 47, 1023–1030 (2006).
5. Williams, L. E. et al. Fear of the Unknown: Uncertain Anticipation Reveals Amygdala Alterations in Childhood Anxiety Disorders. 

Neuropsychopharmacol (2014).
6. Spielberger, C. D. Manual for the State-Trait Anxiety Inventory STAI (form Y)(“self-evaluation questionnaire”). (1983).
7. Bienvenu, O. J. et al. Normal personality traits and comorbidity among phobic, panic and major depressive disorders. Psychiat Res 

102, 73–85 (2001).
8. Chambers, J. A., Power, K. G. & Durham, R. C. The relationship between trait vulnerability and anxiety and depressive diagnoses at 

long-term follow-up of Generalized Anxiety Disorder. J Anxiety Disord 18, 587–607 (2004).
9. Rauch, S. L. et al. Orbitofrontal thickness, retention of fear extinction, and extraversion. Neuroreport 16, 1909–1912 (2005).

10. Quidé, Y., Witteveen, A. B., El-Hage, W., Veltman, D. J. & Olff, M. Differences between effects of psychological versus 
pharmacological treatments on functional and morphological brain alterations in anxiety disorders and major depressive disorder: 
a systematic review. Neurosci Biobehav R 36, 626–644 (2012).

11. Association, W. M. Declaration of Helsinki. Law, medicine & health care: a publication of the American Society of Law & Medicine 19, 
264 (1991).

12. Ekman, P., Friesen, W. V. & Press, C. P. Pictures of facial affect. (consulting psychologists press, 1975).
13. Spielberger, C. D. State-Trait anxiety inventory. (Wiley Online Library, 2010).
14. Schwarzkopf, D. S., Song, C. & Rees, G. The surface area of human V1 predicts the subjective experience of object size. Nat Neurosci 

14, 28–30 (2011).
15. Carlson, J. M., Reinke, K. S. & Habib, R. A left amygdala mediated network for rapid orienting to masked fearful faces. 

Neuropsychologia 47, 1386–1389 (2009).
16. Lai, C.-H., Hsu, Y.-Y. & Wu, Y.-T. First episode drug-naive major depressive disorder with panic disorder: gray matter deficits in 

limbic and default network structures. Eur Neuropsychopharm 20, 676–682 (2010).
17. Premkumar, P. et al. Neural processing of social rejection: the role of schizotypal personality traits. Hum Brain Mapp 33, 695–706 

(2012).
18. Nehlig, A., Armspach, J.-P. & Namer, I. J. SPECT assessment of brain activation induced by caffeine: no effect on areas involved in 

dependence. Dialogues Clin Neurosci 12, 255 (2010).
19. Killgore, W. D. & Yurgelun-Todd, D. A. Social anxiety predicts amygdala activation in adolescents viewing fearful faces. Neuroreport 

16, 1671–1675 (2005).
20. Joseph, J. E. & Gathers, A. D. Natural and manufactured objects activate the fusiform face area. Neuroreport 13, 935–938 (2002).
21. Fairhall, S. L. & Ishai, A. Effective connectivity within the distributed cortical network for face perception. Cereb Cortex 17, 

2400–2406 (2007).
22. Campbell, D. W. et al. Time-varying amygdala response to emotional faces in generalized social phobia. Biol Psychiat 62, 455–463 

(2007).
23. Stein, J. L. et al. A validated network of effective amygdala connectivity. Neuroimage 36, 736–745 (2007).
24. Straube, T., Kolassa, I.-T., Glauer, M., Mentzel, H.-J. & Miltner, W. H. Effect of task conditions on brain responses to threatening 

faces in social phobics: an event-related functional magnetic resonance imaging study. Biol Psychiat 56, 921–930 (2004).
25. Cabeza, R., Rao, S. M., Wagner, A. D., Mayer, A. R. & Schacter, D. L. Can medial temporal lobe regions distinguish true from false? 

An event-related functional MRI study of veridical and illusory recognition memory. P Natl Acad Sci 98, 4805–4810 (2001).
26. Mather, M., Henkel, L. A. & Johnson, M. K. Evaluating characteristics of false memories: Remember/know judgments and memory 

characteristics questionnaire compared. Mem Cognit 25, 826–837 (1997).
27. Norman, K. A. & Schacter, D. L. False recognition in younger and older adults: Exploring the characteristics of illusory memories. 

Mem Cognit 25, 838–848 (1997).
28. Dennis, N. A., Bowman, C. R. & Vandekar, S. N. True and phantom recollection: an fMRI investigation of similar and distinct neural 

correlates and connectivity. Neuroimage 59, 2982–2993 (2012).
29. Stark, C. E., Okado, Y. & Loftus, E. F. Imaging the reconstruction of true and false memories using sensory reactivation and the 

misinformation paradigms. Learn Memory 17, 485–488 (2010).
30. Epstein, R. & Kanwisher, N. A cortical representation of the local visual environment. Nature 392, 598–601 (1998).
31. Epstein, R. A. & Ward, E. J. How reliable are visual context effects in the parahippocampal place area? Cereb Cortex, bhp099 (2009).
32. Troiani, V., Stigliani, A., Smith, M. E. & Epstein, R. A. Multiple object properties drive scene-selective regions. Cereb Cortex, bhs364 

(2012).
33. Slotnick, S. D. & Schacter, D. L. A sensory signature that distinguishes true from false memories. Nat Neurosci 7, 664–672 (2004).
34. Kilpatrick, L. & Cahill, L. Amygdala modulation of parahippocampal and frontal regions during emotionally influenced memory 

storage. Neuroimage 20, 2091–2099 (2003).
35. McGaugh, J. L. The amygdala modulates the consolidation of memories of emotionally arousing experiences. Annu Rev Neurosci 27, 

1–28 (2004).
36. Zhang, M. H. X., Tan, Y. F., Ma, C., Qiu, J. & Liu, Y. J. Perspectives on the nature of trait anxiety:Evidence from brain structure and 

instinct activity. Submitted.
37. Phillips, M. L. et al. Neural responses to facial and vocal expressions of fear and disgust. P Roy Soc Lond B Bio Sci 265, 1809–1817 

(1998).
38. Whalen, P. J. et al. A functional MRI study of human amygdala responses to facial expressions of fear versus anger. Emotion 1, 70 

(2001).
39. Richardson, M. P., Strange, B. A. & Dolan, R. J. Encoding of emotional memories depends on amygdala and hippocampus and their 

interactions. Nat Neurosci 7, 278–285 (2004).
40. Zola-Morgan, S., Squire, L., Amaral, D. G. & Suzuki, W. Lesions of perirhinal and parahippocampal cortex that spare the amygdala 

and hippocampal formation produce severe memory impairment. J Neurosci 9, 4355–4370 (1989).
41. Qin, J. & Han, S. Neurocognitive mechanisms underlying identification of environmental risks. Neuropsychologia 47, 397–405 

(2009).
42. Qin, J., Lee, T. M., Wang, F., Mao, L. & Han, S. Neural activities underlying environmental and personal risk identification tasks. 

Neurosci Lett 455, 110–115 (2009).
43. Simmons, A. N. et al. Anxiety positive subjects show altered processing in the anterior insula during anticipation of negative stimuli. 

Hum Brain Mapp 32, 1836–1846 (2011).
44. Lutz, A., McFarlin, D. R., Perlman, D. M., Salomons, T. V. & Davidson, R. J. Altered anterior insula activation during anticipation 

and experience of painful stimuli in expert meditators. Neuroimage 64, 538–546 (2013).



www.nature.com/scientificreports/

9Scientific RepoRts | 6:21298 | DOI: 10.1038/srep21298

Acknowledgements
This research was supported by the National Natural Science Foundation of China (31271087; 31571137), 
National Outstanding Young People Plan, the Program for the Top Young Talents by Chongqing, the Fundamental 
Research Funds for the Central Universities (SWU1509383), Natural Science Foundation of Chongqing 
(cstc2015jcyjA10106), Key Technology Research Project of Henan Province (142102310048), The Humanities 
and Social Science Research Project of Henan Colleges and Universities (2015-QN-367). The authors thank the 
anonymous reviewers for their helpful comments.

Author Contributions
M.Z. and Y.L. designed the experiment, M.Z., C.M. and J.L. performed the experiment, M.Z., Q.L. and Y.L. 
analyzed the data, M.Z., C.D. and J.Q. wrote the paper, and all authors reviewed the paper. 

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Zhang, M. et al. Neural basis of uncertain cue processing in trait anxiety. Sci. Rep. 6, 
21298; doi: 10.1038/srep21298 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	Neural basis of uncertain cue processing in trait anxiety
	Introduction
	Methods
	Participants
	Behavioral assessments
	Learning task and test
	MRI data acquisition

	Data analysis
	Behavioral data analysis
	fMRI data analysis

	Results
	Behavioral results
	Functional brain activity of UNC contrast CNC
	Functional brain activity of UNC contrast CFC
	Correlations between brain regions of uncertainty and trait anxiety

	Discussion
	Conclusion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Neural basis of uncertain cue processing in trait anxiety
            
         
          
             
                srep ,  (2016). doi:10.1038/srep21298
            
         
          
             
                Meng Zhang
                Chao Ma
                Yanyan Luo
                Ji Li
                Qingwei Li
                Yijun Liu
                Cody Ding
                Jiang Qiu
            
         
          doi:10.1038/srep21298
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep21298
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep21298
            
         
      
       
          
          
          
             
                doi:10.1038/srep21298
            
         
          
             
                srep ,  (2016). doi:10.1038/srep21298
            
         
          
          
      
       
       
          True
      
   




