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Different degrees of threat predictability are thought to induce either phasic fear or sustained anxiety. Maladap-
tive, sustained anxious apprehension is thought to result in overgeneralization of anxiety and thereby to contrib-
ute to the development of anxiety disorders. Therefore, differences in threat predictability have been associated
with pathological states of anxiety with specific phobia (SP) representing phasic fear as heightened response to
predictable threat, while panic disorder (PD) is characterized by sustained anxiety (unpredictable threat) and, as
a consequence, overgeneralization of fear. The present study aimed to delineate commonalities and differences in
the neural substrates of the impact of threat predictability on affective processing in these two anxiety disorders.
Twenty PD patients, 20 SP patients and 20 non-anxious control subjectswere investigatedwith an adapted NPU-
design (no, predictable, unpredictable threat) using whole-head magnetoencephalography (MEG).
Group independent neural activity in the right dlPFC increasedwith decreasing threat predictability. PD patients
showed a sustained hyperactivation of the vmPFC under threat and safety conditions. The magnitude of hyper-
activation was inversely correlated with PDs subjective arousal and anxiety sensitivity. Both PD and SP patients
revealed decreased parietal processing of affective stimuli. Findings indicate overgeneralization between threat
and safety conditions and increased need for emotion regulation via the vmPFC in PD, but not SP patients. Both
anxiety disorders showed decreased activation in parietal networks possibly indicating attentional avoidance
of affective stimuli. Present results complement findings from fear conditioning studies and underline overgen-
eralization of fear, particularly in PD.

© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The predictability of threat is thought to modulate the discrimina-
tion between potential threat, imminent threat and safety conditions
(Grillon et al., 2006). According to the concept of phasic fear and
sustained anxiety, phasic fear is the response to an explicit, predictable
threat, while sustained anxiety is defined as anxious apprehension an-
ticipating an unpredictable, distant threat (Grillon et al., 2004). The
NPU (no threat, predictable, and unpredictable threat) threat test has
been used as common experimental method to investigate the impact
of threat predictability (Grillon et al., 2004; Schmitz and Grillon,
2012). On a clinical level, phasic fear and sustained anxiety have been
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linked to different anxiety phenotypes, e.g. specific phobia (SP) as a
model disorder of phasic fear and panic disorder (PD) as a model for
sustained anxiety (McNaughton and Corr, 2004). The specific neural
signature of threat predictability in these anxiety disorders possibly
representing two extrema on the fear and anxiety continuum are, how-
ever, poorly understood.

There is growing evidence that phasic fear and sustained anxiety
evoke activity in overlapping but also different neurofunctional systems
(Alvarez et al., 2011; Davis et al., 1997; McNaughton and Corr, 2004).
While phasic fear has been linked to activity of the central amygdala,
sustained anxiety predominately activated the bed nucleus of the stria
terminalis (BNST), anterior cingulate cortex (ACC), and insula
(Herrmannet al., 2016;Muensterkoetter et al., 2015). Using a novel par-
adigm based on the NPU design (Klahn et al., 2016; Klinkenberg et al.,
2016) in an MEG study focusing on cortical activation patterns, we re-
cently showed that the dorsolateral prefrontal cortex (dlPFC) modulat-
ed threat predictability while parietal cortex activation dissociated
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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between threat and safety conditions. Individuals with specific phobia
were characterized by reduced overall parietal processing compared
to non-anxious controls (Klahn et al., 2016).

Anxiety disorders have been linked to heightened threat sensitivity
and dysfunctional prefrontal emotion regulation mechanisms resulting
in exaggerated fearful defensive responses and prolonged anxiety
(Grillon, 2008; Shankman et al., 2013). As one example for dysfunction-
al emotion regulation (Bouton et al., 2001; Lissek et al., 2010), PD
patients showed deficient safety signal processing during fear condi-
tioning resulting in overgeneralization of fear and, as a putative conse-
quence, sustained anxiety (Lissek et al., 2009, 2010). The inability to
differentiate between threatening and safe environments and to inhibit
aversive responding under safety conditions which in turn results in a
failure to relax under safety conditions is considered as a core dysfunc-
tion in PD (Gorka et al., 2014; Lieberman et al., 2015; Lissek, 2012). Re-
garding the regulation of defensive and negative affective responding,
neural circuitry models propose the ventromedial (vm) PFC to down-
regulate negative affect and fearful arousal by inhibiting the amygdala
and other brain regions involved in the processing of negative emotions
(Myers-Schulz and Koenigs, 2012; Schiller and Delgado, 2010). In fact,
pathological anxiety is thought to partly result from such deficient
vmPFC emotion regulation ability (Ball et al., 2013; Banks et al., 2007;
Motzkin et al., 2016). In PD patients, increased activity in an anterior
cingulate cortex (ACC)-medial prefrontal-limbic network during safety
signal processing has been associated with enhanced defensive
responding under safety conditions (Tuescher et al., 2011). Further-
more, activity in this network predicted the response to exposure-
based cognitive behavioral therapy, potentially by enhanced emotion
regulation capacities via fear extinction (Lueken et al., 2013).While pas-
sively viewing emotional faces, reduced vmPFC activity along with
greater amygdala responsiveness was reported in PD as well as in SP
compared to controls (Killgore et al., 2014). In SP, anticipating phobia-
relevant stimuli led to greater vmPFC activity under controllable com-
pared to uncontrollable conditions (Kerr et al., 2012). Although the
role of this vmPFC-limbic circuit has been investigated in other forms
of emotion regulation, only little is known in relation to threat predict-
ability in anxiety disorders.

The aim of this study was to compare the neural signature of threat
predictability and overgeneralization between two anxiety phenotypes
as model disorders for phasic fear (SP) and sustained anxiety (PD). As
PD has been associated with prefrontal emotion regulation deficits
and based on previous evidence on safety signal processing, we as-
sumed PD patients to show altered vmPFC activity during both threat
and safety conditions, but predominately during unpredictable threat.
We expected them to fail at discriminating these conditions due to the
phenomenon of overgeneralization. Considering SP as phasic fear relat-
ed disorder, altered vmPFC activity in SP should particularly occur under
conditions of predictable threat. On a subjective level, we expected PD
patients to report higher subjective distress and arousal than SP and
non-anxious controls. Symptom severity and subjective arousal as reac-
tion to a threat should be related to mid-latent to late neural activity in
emotion-regulating circuits e.g. the vmPFC. Based on previous findings
in SP (Klahn et al., 2016), we additionally hypothesized to find a disor-
der unspecific effect of decreased mid-latency parietal processing.

2. Methods and materials

2.1.1. Participants
We included 22 patients diagnosedwith PD (ofwhich 2 dropped out

due to anxiety before scanning), 20 patients diagnosed with SP (both
according to DSM-IV-TR-criteria), and 20 non-anxious controls (for de-
tailed characteristics of the sample, see Table 1). Parts of this sample
have been published addressing a different research question (Klahn
et al., 2016); the sample was enriched by the PD group for the present
analysis. All participants were right-handed and fulfilled general MEG-
related requirements. Exclusion criteria were any current or lifetime
psychosis, bipolar disorder, severe Major Depression, Posttraumatic
Stress Disorder (PTSD), Obsessive Compulsive Disorder (OCD), any
severe somatic or neurological illness, or any complex psycho-
pharmacological treatment. A stable treatment with SSRIs as well as
psychotherapeutic treatmentwithin the past 2 years was only tolerated
if current symptoms were still clinically significant. All participants
were diagnosed using the structured interview (SCID-I) for DSM-IV-
TR (American Psychiatric Association, 2000; Wittchen et al., 1997) and
completed the Beck Depression Inventory (BDI (Beck et al., 1996)),
Beck Anxiety Inventory (BAI (Beck and Steer, 1993)), Anxiety Sensitivi-
ty Index (ASI (Taylor et al., 2007)), trait version of the State-Trait Anxi-
ety Inventory (STAI-T (Spielberger, 1983)), Anxiety Cognitions
Questionnaire (ACQ (Chambless et al., 1984)), Panic and Agoraphobia
Scale (PAS (Bandelow, 1995)), Spider Phobia Questionnaire (SPQ
(Watts and Sharrock, 1984)), and Fear of Spider Questionnaire (FSQ
(Szymanski and O'Donohue, 1995)).

2.1.2. Ethics statement
All procedures were approved by the Ethics Committee of the Med-

ical Faculty of the University of Muenster. The ethical standards of the
Declaration of Helsinki were met. All participants provided written in-
formed consent after the study procedure was fully explained and re-
ceived financial compensation for their participation.

2.2. Material and procedure

The modified NPU paradigm (Klinkenberg et al., 2016) consisted of
three consecutive runs presented in randomized order across subjects.
In each run, a different set of 56 greyscaled male and female faces
with fearful or neutral expressions (i.e. 28 faces per face expression),
randomly chosen from a total compilation of 236 facial stimuli (see
Klinkenberg et al., 2016 for more details regarding stimulus choice),
was presented four times resulting in a total presentation of 112 facial
stimuli per run and experimental condition (stimulus duration:
500ms; jittered ITI: 825-1325ms). In thepredictable (P) and unpredict-
able (U) runs, a video (760ms duration) of a rapidly appearingmonster
paired with an aversive scream served as threat stimulus and was pre-
sented four times per run. The threat stimulus could appear at any
time in the unpredictable condition, but was cued by a warning signal
in the predictable condition. No threat (N) runs were regarded as safety
conditions with only facial stimuli being presented. Participants were
informed about the respective threat or safety conditions before run on-
sets. Four additional filler faces presented between the warning signal
and the aversive stimulus, aswell as one filler presented after the threat
stimuluswere excluded from themain analysis to correct formovement
artifacts. After each run, participants completed the scales agitation and
mood of the multidimensional mood state questionnaire (MDSQ, Ger-
man version (Steyer et al., 1997)) and were asked to rate the threat
stimulus regarding perceived valence (unpleasant to pleasant) and
arousal (calm to arousing) on a 9-point Likert SAM-rating scale
(Bradley and Lang, 1994). Prior to and after MEG-measurement, partic-
ipants completed a SAM-rating regarding valence and arousal for all
fearful and neutral faces, respectively. For more details on the experi-
mental paradigm see (Klinkenberg et al., 2016).

2.3. Apparatus and data analysis

MEG volume conductor modeling was based on head surface detec-
tion using polhemus 3Space® Fasttrack. For later spatial coregistration
of anatomy and function, landmark coils (MEG) were attached to the
two auditory canals and the nasion. Visually evoked magnetic fields
were acquired using a 275 MEG whole-head sensor system (VSM
Medtech Ltd.) with first-order axial SQUID gradiometers. Continuous
recorded MEG data were down-sampled offline to 300 Hz and filtered
between 0.01 Hz and 148 Hz. Data were aligned to stimulus onset,
with an averaging epoch ranging from 200 ms before to 600 ms after



Table 1
Mean differences for patients with panic disorder (PD), spider phobia (SP) and healthy controls (HC) concerning age, depression (BDI), anxiety levels (BAI), anxiety sensitivity (ASI), trait
anxiety (STAI-T), spider phobia (SPQ/FSQ), and panic and agoraphobic symptoms (ACQ, PAS).

Panic disorder
(PD) M ± SD

Specific phobia
(SP) M ± SD

Healthy controls
(HC) M ± SD

Sex (m/f) 5/15 3/17 3/17 χ2 = 4.45, p = 0.108
Age 32.05 ± 11.26 25.50 ± 5.26 25.20 ± 4.84 F(1,2) = 5.07, p = 0.009
Medication

SSRI 3 1 0 χ2 = 3.69, p = 0.158
SNRI 2 0 0 χ2 = 4.07, p = 0.131

BDI 15.75 ± 8.06 3.84 ± 3.11 2.55 ± 3.16 F(1,2) = 32.56, p b 0.001
(PD N SP, HC)

BAI 23.10 ± 11.03 7.35 ± 4.44 3.05 ± 4.02 F(1,2) = 40.14, p b 0.001
(PD N SP, HC)

ASI 32.65 ± 11.24 15.15 ± 9.32 10.50 ± 7.44 F(1,2) = 29.16, p b 0.001
(PD N SP, HC)

STAI-T 54.15 ± 9.40 38.20 ± 9.89 33.44 ± 9.36 F(1,2) = 24.91, p b 0.001
(PD N SP, HC)

ACQ 28.72 ± 6.80 19.75 ± 9.23 18.61 ± 3.44 F(1,2) = 12.19, p b 0.001
(PD N SP, HC)

PAS 23.20 ± 13.26 1.25 ± 2.86 0.50 ± 2.12 F(1,2) = 50.18, p b 0.001
(PD N SP, HC)

SPQ 11.40 ± 7.43 22.10 ± 6.22 9.77 ± 4.53 F(1,2) = 22.53, p b 0.001
(SP N PD, HC)

FSQ 13.05 ± 20.02 62.55 ± 18.65 9.50 ± 16.22 F(1,2) = 50.64, p b 0.001
(SP N PD, HC)

M=Mean; SD= standard deviation. BDI, BeckDepression Inventory; BAI, BeckAnxiety Inventory; ASI, Anxiety Sensitivity Index; STAI-T, State-Trait Anxiety Inventory, Trait version; ACQ,
Anxiety Cognitions Questionnaire; PAS, Panic and Agoraphobia Scale; SPQ, Spider Phobia Questionnaire; FSQ, Fear of Spider Questionnaire.
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stimulus, and baseline-adjusted using a 150 ms pre-stimulus interval.
The method for statistical control of artifacts in high density EEG/MEG
data was used for single trial data editing and artifact rejection
(Junghöfer et al., 2000). On average, 97.5 trials per experimental condi-
tion remained after artifact handling. The number of rejected trials did
not significantly differ across experimental conditions as tested by a
Group (PD, SP, HC) by Threat Condition (N, P, U) by Face Expression
(fearful, neutral) ANOVA. After averaging, cortical sources of the
event-related fields were estimated using the L2-Minimum-Norm-Esti-
matesmethod (Hämäläinen and Ilmoniemi, 1994), an inversemodeling
technique for reconstructing the topography of the primary current un-
derlying the magnetic field distribution allowing the estimation of dis-
tributed neural network activity without a-priori assumptions
regarding the location and number of current sources (Hauk, 2004). A
spherical shell with a radius of 87% of the individually fitted head radius
was used as source model. Topographies of source direction indepen-
dent neural activities were calculated for each individual participant,
condition and time point. Across all participants and conditions, a
Tikhonov regularization parameter k of 0.1 was used.

2.4. Statistical analysis

Exploring group differences in the clinical data, one-way analyses of
variance (ANOVA) and subsequent pairwise comparisonswere applied.
MDSQ scores and SAM-ratings (valence, arousal) of the facial stimuli
were analyzed using repeated-measures ANOVAs with the factors
Group (PD, SP, HC), Threat Condition (N,P,U) and Face Expression
(fearful, neutral), whereas repeated-measures ANOVAs with the
factors Group (PD, SP, HC) and Threat Condition (P,U) were applied
for SAM-ratings (valence, arousal) of the threat stimulus.

For the MEG data, repeated measures ANOVAs with the factors
Group (PD, SP, HC), Threat Condition (N,P,U) and Face Expression
(fearful, neutral) were performed for each estimated neural source
and time point.

To correct for multiple comparisons and consider potential devia-
tions from normal distribution, nonparametric cluster level statistics
as suggested by Maris and Oostenveld (Maris and Oostenveld, 2007)
have been applied. Analyseswere performed on 1000 randompermuta-
tions of the original participant data set. Cluster permutation analyses
based on the first level (sensor level) statistics p b 0.05were conducted.
Effects were considered meaningful only when emerging in a spatio-
temporal cluster with a minimal extent of five neighboring sources
and five successive time points and achieving a cluster level criterion
of p b 0.05. Based on the differentiation of early (b100 ms), early to
mid-latent (100–300ms) and late (N300ms) visual affective processing
stages (Schupp et al., 2006; Steinberg et al., 2013), cluster based permu-
tation tests were performedwithin the respective intervals. For interval
overlapping clusters, follow-up cluster permutation tests for the respec-
tive merged intervals were performed. When appropriate, significant
effects were followed up by post-hoc t-tests based on the neural activity
averaged within the respective spatio-temporal cluster as result of the
cluster permutation analyses. MEG data analysis was conducted with
the Matlab (The MathWorks Inc., MA, USA) based EMEGS software
(Peyk et al., 2011). Statistical analyses were carried out using SPSS 22
(IBM, Armonk, N.Y.).

Linear correlations of estimated cortical activity with symptom se-
verity (ASI) as well as with arousal threat ratings (within the two pa-
tient groups) were performed for each spatio-temporal cluster (mean
cortical activity) with significantmain effects of Group or significant in-
teraction effects of Group and Threat Condition.

3. Results

3.1. Behavioral data: self-reported measures

Face ratings revealed main effects of Face Expression on both scales
(valence: F(1,1) = 78.26, p b 0.001; arousal: F(1,1) = 126.41, p b 0.001;
fearful N neutral). No group difference was found in valence and arousal
ratings of the facial stimuli (main effect Group: valence: F(1,2) = 0.54,
p = 0.587; arousal: F(1,2) = 1.91, p = 0.157).

MDSQ scores revealed amain effect for Threat Conditionwith higher
threat perception within both predictable and unpredictable threat
compared to the no threat condition (F(1,2) = 19.35, p b 0.001). While
nomain effect of Group was observed (F(1,2) = 2.20, p=0.120) and al-
though the Group by Threat Condition interaction did not reach signifi-
cance (F(1,4)= 1.76, p=0.178), PD patients reported higher discomfort
under predictable (t(38) = 2.47, p= 0.018) and no threat (t(38) = 2.49,
p = 0.017) conditions compared to controls (see Fig. 1A).

Valence and arousal ratings of the threat stimuli confirmed effects of
threat predictability with unpredictable threat being rated as more



Fig. 1.A)MDSQmean score of the scalesmood and agitation for panic patients, phobic individuals and controls subjects. Bar plots show the participants' subjectivemood state in response
to the three threat conditions unpredictable, predictable and no threat. B) Subjective arousal in response to the predictable or unpredictable threat. Higher values (SAM rating scale 0–9)
indicate stronger agitation (arousal). Error bars depict standard error of the mean. C) Correlation of panic and phobic patients' vmPFC neural activity within 270–470 ms under
unpredictable threat conditions with the subjective arousal rating of the unpredictable threat stimulus.
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aversive andmore arousing compared to predictable threat (main effect
Threat Condition: valence: F(1,2) = 5.98, p = 0.018; arousal: F(1,2) =
4.30, p = 0.043). While groups did not differ with regard to valence
ratings (F(1,2) = 1.87, p = 0.163), perceived arousal was disparate
(F(1,2)=4.08, p=0.022): SP patients reportedhigher arousal compared
to both PD patients and controls under both predictable and unpredict-
able conditions (see Fig. 1B). No Group by Threat Condition interaction
was observed (valence: F(1,1) = 1.02, p = 0.367; arousal: F(1,1) = 1.14,
p = 0.326).

3.2. MEG data

The three-way Group by Face Expression by Threat Condition re-
peated-measures ANOVA revealed a main effect for Threat Condition
Fig. 2. A) Significant spatio-temporal cluster of neural activity for the main effect of Threat Co
activity within this cluster for both groups and each threat condition with error bars represent
within an extended mid-latency (100-400 ms) time interval at right
dlPFC areas (F(2114) = 5.86, p=0.004; see Fig. 2) driven by an increase
of neural activity with increasing threat unpredictability (U N P: t(59) =
1.91, p= 0.061; U N N: t(59) = 2.85, p= 0.006; P N N: t(59) = 2.90, p=
0.005). No significant interaction effect of Group by Threat Condition
was revealed in this cluster.

A main effect of Group was observed in a vmPFC cluster within
a time interval of 270–470 ms (F(2,57) = 3.90, p = 0.026). PD
patients showed overall higher activation compared to SP subjects
across all threat conditions (U: t(38) = 2.92, p = 0.028; P: t(38) = 2.70,
p = 0.010; N: t(38) = 2.89, p = 0.006; see Fig. 3A–C).

In a preceding 123-183 ms time interval, a spatially overlapping
vmPFC cluster revealed an interaction of Group by Threat Condition
(F(4114) = 3.07, p = 0.019; see Fig. 3D–E). While SP patients and
ndition between 100 and 400 ms in the right DLPFC. B) Bar plots depict the mean neural
ing standard errors of the mean.



Fig. 3.A) Significant spatio-temporal cluster of neural activity for themain effect Groupwithin 270–470ms in the vmPFC. B) Bar plots depict themean neural activitywithin this cluster for
both groups and each threat condition with error bars representing standard errors of the mean. C) Time course of spatio-temporal cluster with significant effect of Group. D) Significant
spatio-temporal cluster of neural activity for Threat Condition×Group interaction effect during 123–183ms. E) Bar plots depict themean neural activitywithin this cluster for both groups
and each threat condition with error bars representing standard errors of the mean.
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controls revealed decreasing neural activation with increasing threat
predictability, PD patients maintained a heightened neural activity
across all three threat conditions with significantly higher neural
activation also in the no threat condition compared to SP patients
(t(38) = 2.19, p = 0.034) and controls (t(38) = 2.05, p = 0.047).

A further main effect of Group was observed between 100 and
500 ms in a right parietal cluster (F(2,57) = 9.48, p b 0.001) depicting
that PD patients (U: t(38) = −2.76, p = 0.009; P: t(38) = −4.02,
p b 0.001; N: t(38) = −3.48, p = 0.001) and SP patients
(U: t(38) = −2.46, p = 0.019; P: t(38) = −2.76, p = 0.009;
N: t(38)=−2.26, p=0.030) both revealed relatively decreased parietal
neural activity compared to controls (see Supplementary Fig. A1). No
clusters for interaction effects with the factor Face Expression were
revealed.

Visual inspection of the statistical parametric maps of the dlPFC
effect of Threat Condition and the parietal Group effect indicated a later-
alization toward the right hemisphere. To test for a potential lateraliza-
tion effect, these spatio-temporal clusters were mirrored to the left
hemisphere and a factor Hemisphere was included in the ANOVAs de-
scribed above. However, for the reported effects, no interactions with
Hemisphere were revealed.

3.3. Correlation analysis

Linear correlations of mean estimated cortical activitywithin spatio-
temporal clusters with main or interaction effects of the factor Group
(early and mid-latency vmPFC) with subjective arousal and symptom
severity (ASI) showed that PD patients' subjective arousal toward the
unpredictable threat stimulus was inversely correlated with neural
activity of the vmPFC in the unpredictable condition within the later
270–470 ms interval (r=−0.68, p= 0.001, see Fig. 1C). Furthermore,
the mean neural activity in the same later vmPFC cluster in PD patients
correlated inversely with their ASI score (r=−0.61, p=0.004). As PD
patients had significantly higher depression scores, we corrected this
correlation for BDI scores using partial correlations revealing, still, a sig-
nificant effect (r = −0.53, p = 0.020). In SP patients and controls, no
correlations of the vmPFC activity with arousal or ASI scores were
found (see Supplementary Fig. A2).

4. Discussion

The present study aimed at exploring the neural correlates and tem-
poral dynamics of affective processing under different conditions of
threat predictability in anxiety disorders. Using a comparative study de-
sign, threat predictability was investigated in two anxiety phenotypes:
specific phobia (SP) as a model disorder of phasic fear and panic disor-
der (PD) as a model for sustained anxiety. The following main findings
were observed: a) increasing threat unpredictability led to increasing
dlPFC activation across all groups which could reflect greater need for
attentional monitoring in general; b) both patient groups showed de-
creased parietal processing of all stimuli regardless of threat predictabil-
ity, and c) PD patients showed stronger recruitment of vmPFC activation
both under threat and safety conditions with the magnitude of activa-
tion being inversely correlated with subjective arousal and anxiety
sensitivity. Findings support the hypothesis that PD is specifically char-
acterized by deficits in differentiating between threat and safety condi-
tions both on a behavioral and neural level. This overgeneralizationmay
increase the need for emotion regulation activities conferred by the
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vmPFC and may contribute to new perspectives for novel treatment
approaches directly targeting dysfunctional emotion regulation circuits
in PD.

In line with our hypotheses, we were able to replicate effects of
threat predictability in the right dlPFC. Increasing threat unpredictabili-
ty led to increasing dlPFC activity during visual processing. Although
parts of the present sample have already been reported previously,
the effect of threat predictability on the right dlPFC appears to be consis-
tent over different samples including two clinical groups (Klahn et al.,
2016; Klinkenberg et al., 2016). The more unpredictable a threat, the
more frontal capacities are engaged into cognitive, e.g. attentional func-
tions conferred by a dlPFC network aiming to support homeostasis by
enhanced vigilance and selective attention toward potential threats
(Peers et al., 2013; Ray and Zald, 2013). However, the absence of a con-
sequential increasing attention driven sensory processing in occipito-
temporal areas suggests a simultaneous down-regulation recruiting
overlapping dlPFC regions. The rather early onset around 100 ms sup-
ports some stimulus driven automatic attentional tuning processes
within this area.

Group-specific alterations in threat processing were observed in PD
patients. In a later time interval (N270 ms), PD patients revealed in-
creased vmPFC activity compared to SP patients and controls, irrespec-
tive of the presence or absence of a threat or its predictability. In a
preceding interval (120–180 ms), PD patients not only showed consis-
tently higher vmPFC activation, but additionally failed to discriminate
between threat and safety conditions. In fact, while SP patients and con-
trol subjects revealed increased stimulus processing in the most stress-
ful (U) condition compared to safety, PD patients showed a vmPFC
hyperactivation across all threat and safety conditions. Even during
the absence of threat, PD patients still showed a similar level of neural
activation that went along with throughout higher subjective distress
levels in PD patients. We may thus conclude that PD patients lack the
ability to discriminate between threat and safety conditions, thereby
possibly increasing the need for emotion regulation activities that are
conferred by a fronto-limbic network centered at the vmPFC (Killgore
et al., 2014; Reinecke et al., 2015). The vmPFC is thought to modulate
emotional anticipation as well as emotional and motivational aspects
of decision making (Ray and Zald, 2013; Schiller and Delgado, 2010).
It has strong direct connections to the amygdala and functionally in-
hibits responding to aversive stimuli, e.g. during extinction processes
(Milad et al., 2007). Present findings are in linewith deficient safety sig-
nal processing in PD (Lueken et al., 2013; Tuescher et al., 2011), altered
ACC/vmPFC-amygdala connectivity (Lueken et al., 2016) and conse-
quently disinhibition of the amygdala (Lissek et al., 2010; Lueken et
al., 2014; Pillay et al., 2006).

While results do not favor the notion of exaggerated neural process-
ing in SP patients under predictable threat, they show that SP also is
not characterized by aberrant neural processing under sustained anxi-
ety.We conclude that in terms of threat predictability, SP is rather com-
parable to neural functioning of healthy controls. Future studies are
needed to explore whether SP show specific alterations solely toward
phobia-relevant stimuli or if these generalize to other stimulus
domains.

Present findings of increased vmPFC processes, potentially reflecting
increased need for emotion regulatory, in PD patients are supported by
behavioral data: the subjective arousal in response to the threat stimuli
was inversely associated with the vmPFC neural activity in PD patients
only. Themore vmPFC activitywas shown, the less threat driven arousal
was reported, an effect which has previously been shown in healthy
subjects (Simpson et al., 2001). PD patients reported higher discomfort
under all, threat and safety, conditions. Beyond these observed effects,
we may speculate whether, in PD, emotion regulation capacities con-
ferred via the vmPFC are limited and therefore only capable to inhibit
disorder related anxiety symptoms (i.e. chronically hyperreactive
amygdalae), but not the overall level of subjective discomfort
during the experiment. Furthermore, PD patients' vmPFC activity also
correlated inversely with anxiety sensitivity. Heightened anxiety sensi-
tivity in PD has been associated with decreased dmPFC activity as well
as with increased activation of a cortico-limbic network including ACC,
mPFC and insula (Ball et al., 2013; Poletti et al., 2015).

Finally, we were able to replicate previous findings of reduced pari-
etal cortical processing of emotional information in SP (Klahn et al.,
2016) for a second group of anxiety disorders. Both PD and SP patients
showed reduced neural activity in bilateral but right hemispheric dom-
inant parietal areas compared to non-anxious controls. This differential
effect started around 100ms and lasted for almost the complete time of
stimulus presentation, being independent from the affective valence of
the faces aswell as from the threat condition. Parietal neural activity has
been linked to emotional attention and attention allocation, as well as
with sensory encoding of motivationally relevant information, especial-
ly as being part of the dorsal visual processing stream and strongly con-
nected to limbic and frontal systems (Bayle and Taylor, 2010; Bradley,
2009; Morecraft et al., 1993). A general parietal hypoactivation toward
affective stimuli as shown in the present anxiety samples has already
been shown for major depression (Domschke et al., 2015; Kayser et
al., 2000). Although PD patients were significantly more depressed
than SP patients, no differential effect between the two anxiety groups
was found nor was this parietal effect associated with depression
sores. Therefore, we assume that this specific pattern of parietal
hypoactivation might hint at a general level of dysfunctional emotional
information processing and limited integration of motivationally rele-
vant information at higher cortical processing stages in both anxiety dis-
orders. Future studies should address the important question whether
this neural substrate is associated with attentional avoidance as a clini-
cal feature of the anxiety disorders.
4.1. Limitations

Considering the higher depression and anxiety scores in PD, we can-
not exclude that PD specific effects in the vmPFC might, at least in part,
reflect effects of covarying symptom severity. To control for this factor,
clinical samples with equally severe anxiety and comorbid depression
(such as GAD patients) could be included in a future study. We did
not control for gender effects in our analysis. Anxiety disorders predom-
inate in female participants (Frederikson et al., 1996; McLean and
Anderson, 2009) leading to an unequal distribution of gender in the
present sample.

While pictures of emotional scenes such as attacking animals repre-
sent imminent danger, a fearful face in another person is only cueing a
potential environmental threat (e.g. Whalen et al., 2009; Wieser and
Keil, 2014). Although other affective picture categories - such asmutila-
tions - are also indirectly representing potential threat, we cannot
provide inferences about a potential differential impact of threat pre-
dictability on direct threat. Here we opted for emotional expressions
as these are plausibly connected to the threat stimulus, because they
evoke quite reliable magnetoencephalographic correlates of affective
processing even in very early time intervals (b100 ms; e.g. Klahn et
al., 2016) and because - due to its weaker electrophysiological reactions
compared to direct threat stimuli (e.g. Sabatinelli et al., 2011) - might
better allow detection of enhancing threat effects on affective process-
ing (i.e. avoid ceiling effects).

With regard to the limited depth resolution of anMEG gradiometer-
system andwith particular interest toward cortical responses, we chose
an inversemethod that excluded subcortical structures from themodel-
ing. Our analysis can thus not provide any inferences about subcortical
structures - such as the amygdala or BNST - that should also be
susceptible to disordered emotional regulation. A combination of high
temporally and high spatially resolving neuroimaging techniques ap-
pear suited to explore cortico-subcortical interactions between the
vmPFC and the amygdala/BNST under threat processing in anxiety
disorders.
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4.2. Conclusion

The present study showed that PD can serve as a clinical model of
sustained anxiety revealing behavioral and neural indices of overgener-
alization toward threat under different conditions of threat predictabil-
ity. In contrast, no phobia-specific alterations were detected under
phasic fear which might be partly explained by the absence of phobic
stimuli in the present paradigm. Increased dlPFC activation appeared
to be related to the unpredictability of threat irrespective of the pres-
ence of pathological anxiety. These findings may indicate adaptive
coping strategies of an organism by tuning selective attention
toward potential threat. In contrast, previously demonstrated parietal
hypoactivation, which is in line with findings of reduced parietal visual
attention under threat conditions in SP, could be generalized also to PD
andmay constitute a cross-cutting pathological feature of anxiety disor-
ders. Finally, exaggerated vmPFC activation was exclusively observed in
PD. It may reflect compensation of inefficient emotion regulation capac-
ities in this disorder that may contribute to symptoms of sustained anx-
iety and hyperarousal observed on a clinical level. Based on the inability
to discriminate between threat and safety and given the well-known
decelerated acquisition of discriminative conditioning in PD, novel be-
havioral techniques such as discriminatory trainings or extended
amounts of treatment sessions could counteract pathological overgen-
eralization of fear (Lissek et al., 2010). Presentfindings on the specificity
of the neural substrate located within the vmPFC may contribute to
novel treatment approaches that more directly target this neural circuit
via neurostimulatory or -feedback techniques (Lueken et al., 2013;
Nakamura-Palacios et al., 2016; Peña et al., 2014), thus supporting
more tailored and thus more effective treatment approaches.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.nicl.2017.02.013.
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