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Abstract

Background. Altered amygdala activation to fear-related stimuli has been proposed to be a
potential neural correlate of heightened threat sensitivity in anxiety- and stress-related disor-
ders. However, the role of stimulus awareness and disorder specificity remains widely unclear.
Here we investigated amygdala responses to conscious and unconscious fearful faces in
patients suffering from panic disorder (PD), generalized anxiety disorder (GAD), or post-
traumatic stress disorder (PTSD) and in a large sample of healthy controls (HC).
Methods. During event-related functional magnetic resonance imaging participants (n = 120;
20 PD, 20 GAD, 20 PTSD, 60 HC) were confronted with briefly presented fearful faces, neu-
tral faces, and non-faces in a backward masking paradigm. The design allowed for the analysis
of trial-by-trial face detection performance and amygdala responses to fearful v. neutral faces.
Results. All participants exhibited increased amygdala activation to fearful v. neutral faces
during conscious trials. Specifically during unconscious face processing, the PTSD, compared
with all other groups, showed higher right basolateral (BLA) amygdala activity to fearful v.
neutral faces.
Conclusions. The present study shows that BLA amygdala hyperactivity during unconscious,
but not conscious, processing of fearful faces differentiates PTSD from the investigated disor-
ders. This finding suggests an automatic and specific neural hyper-responsivity to general fear
cues in PTSD and supports the idea of categorical differences between PTSD and other anx-
iety-related disorders.

Introduction

Anxiety disorders are among the most prevalent psychopathologies (Kessler et al. 2005) and
include panic disorder (PD), specific phobia (SP), social anxiety disorder (SAD), generalized
anxiety disorder (GAD) and post-traumatic stress disorder (PTSD) (Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, DSM-IV; American Psychiatric Association,
2000). Current changes in research transferred PTSD into a new group of trauma- and
stressor-related disorders, which distinguishes PTSD from the other anxiety disorders
(DSM-5; American Psychiatric Association, 2013). There are still controversies about this
new classification (Zoellner et al. 2011, 2013), mainly criticizing the insufficient evidence
for PTSD being distinct from anxiety disorders.

One key region in the development, maintenance, and expression of pathological fear and
anxiety is the amygdala (Janak & Tye, 2015; Marsh, 2016), which comprises the basolateral
(BLA), centromedial (CeA), and superficial (SF) nucleus (Amunts et al. 2005; Ball et al.
2007; Janak & Tye, 2015). Especially the BLA and CeA hold special importance in healthy
as well as pathological fear processing. The BLA is known as the main entrance center for
information about the external environment, and therefore plays an important role in detect-
ing relevant threat stimuli. Due to its strong connections to the CeA, which acts as an essential
part in behavioral output processes, the BLA is able to potentiate fear responses via these pro-
jections (Janak & Tye, 2015). Thus, given the amygdala’s critical role during threat processing
(Öhman, 2005), its function in detecting relevant stimuli in the environment and initiation of
subsequent behavioral reactions is pronounced concerning anxiety or anxiety-related disorders
(Etkin & Wager, 2007; Patel et al. 2012; Duval et al. 2015). There are several studies suggesting
abnormal amygdala hyperactivity in single patient groups, even during unconscious threat
processing (Bryant et al. 2008; Kemp et al. 2009; Lipka et al. 2011; Ottaviani et al. 2012;
Rabellino et al. 2016).

For investigation of conscious and unconscious amygdala responses to general fear-related
stimuli, fearful facial expressions have proved to be a reliable probe in healthy controls (HC)
and patients (Fusar-Poli et al. 2009; Mendez-Bertolo et al. 2016). Several single-disorder stud-
ies suggest abnormal amygdala responses to fearful faces in different disorders (Domschke
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et al. 2008; Fonzo et al. 2010). However, to gain a better under-
standing of common and distinct processing mechanisms in dif-
ferent anxiety-related disorders, it is necessary to use the same
experimental procedures and analytical methods for
between-group comparisons within one study. To our knowledge,
until now only two studies investigated fearful face processing
across different anxiety-related disorders. One study demon-
strated higher amygdala activity across all anxiety disorders
(GAD, SAD, PD) compared with controls during conscious pro-
cessing of fearful v. happy faces (Fonzo et al. 2015). Another
study investigated unconscious affective face processing across dif-
ferent anxiety-related disorders (PD, SP, PTSD) using a backward
masking design (Killgore et al. 2014). They showed differences
during unconscious affective face processing between a combined
patient group (PD, SP, PTSD) and HC and additionally between
PTSD and HC but not between anxiety disorders, which was
attributed to small samples sizes (PTSD and PD each n = 14, SP
n = 15).

These studies made important first steps in the understand-
ing of shared and distinct amygdala involvement during fearful
face processing in anxiety-related disorders. Nevertheless,
besides the issue of sample sizes, some methodological and
interpretative aspects may be critical in previous single-disorder
and disorder-comparison (backward masking) studies (for dis-
cussion see Pessoa et al. 2006; Pessoa & Adolphs, 2010;
Straube et al. 2010a, 2011). For example, both former disorder-
comparison studies used block designs, which do not allow for
the investigation of immediate trial-based responses, regardless
of expectation and regulation aspects, or to control for visibility
on a trial-by-trial basis. Furthermore, one study used a neutral
face as mask for backward masking (Killgore et al. 2014),
which clearly influences amygdala activity in backward masking
studies due to target-mask effects (Kim et al. 2010; Straube et al.
2010a).

In the present study, we aimed to investigate amygdala activa-
tion during conscious and unconscious processing of fearful faces
in different anxiety-related disorders (PD, GAD, PTSD, combined
sample: n = 60) and a large sample of HC (n = 60) using
event-related functional magnetic resonance imaging (fMRI).
We used trial-by-trial responses of face awareness for a signal
detection theory (SDT)-based analysis of face detection perform-
ance. To manipulate conscious visibility, we varied the
inter-stimulus-interval (ISI) between target and mask, but kept
all stimulus durations constant to avoid confounding conscious
visibility and presentation duration. By means of probabilistic
activation tracking, we also aimed to better characterize the ana-
tomical amygdala subregion showing significant differential acti-
vation to fearful v. neutral faces.

Methods and materials

Subjects

One hundred and twenty right-handed (assessed by the
Edinburgh Handedness Inventory; Oldfield, 1971) subjects parti-
cipated in the study (group characteristics in Table 1). They were
recruited via public announcements in newspapers and were paid
for their participation. Since the study started in 2012, all subjects
were screened with the German version of the Structured Clinical
Interview for DSM-IV (SCID; Wittchen et al. 1997). As primary
diagnosis, 20 subjects fulfilled the diagnostic criteria for PD with
or without agoraphobia [16 female (f)], 20 patients for GAD (16

f) and 20 patients for PTSD after interpersonal violence (all f).
The three single anxiety patient groups were matched according
to age, gender, years of education, antidepressant medication
(selective serotonin reuptake inhibitor, SSRI), and comorbid diag-
nosis. An exclusion criterion for patients was the comorbid diag-
nosis of at least one of the other two investigated disorders.
Afterwards, 60 HC (51 f, 9 m) were matched for gender, age,
and education (number of years in school) to the anxiety disorder
group. HC were free of any psychiatric diagnosis. Common exclu-
sion criteria for patients (PAT) and HC were presence or history
of neurological, psychotic, or bipolar disorders, drug dependence
or abuse within the last 10 years, suicidal ideations, psychotropic
medication (except SSRI), and fMRI contraindications. All parti-
cipants had normal or corrected-to-normal vision. Written
informed consent was obtained from each subject. The study con-
formed to the Declaration of Helsinki and was approved by and
conducted in accordance with guidelines of the Ethics
Committee of Muenster (Germany).

Paradigm and stimuli

During the event-related functional run (13 min 8 s), participants
underwent a backward masking design. Each trial began with a
50 ms blank screen after which a target face (fearful or neutral)
was presented for 17 ms. As target faces, we used 40 female and
40 male different individuals, target faces’ age ranged approxi-
mately between 18 and 40 years. The stimuli were taken from dif-
ferent face sets: FACES database, which was provided by the
Max-Planck Institute for Biological Cybernetics in Tuebingen,
Germany (Ebner et al. 2010), the NimStim set (Tottenham
et al. 2002), and the Radbound Faces Database (Langner et al.
2010). Furthermore, artificially generated ‘NoFaces’ were pre-
sented as targets as well. These ‘NoFaces’ were originally neutral
or fearful faces, which were converted into a skin-colored oval
using a soft drawing filter of Adobe Photoshop CS6 (version
13.0.1, Adobe Systems Inc., San Jose, California, USA). After a
variable ISI, a scrambled face mask (see below) was presented
for 100 ms. In order to vary the degree of conscious visibility,
we manipulated the ISI between the target face and the mask:
in the ISI0 condition the masks onset coincided with target offset,
whereas in the ISI200 condition target offset and mask onset were
separated by a blank screen lasting for 200 ms. We expected the
majority of target faces to be unconscious in the ISI0 condition
and to be conscious in the ISI200 condition. As a mask, we
used the same face of the target, either the same or other emotion
distributed equally, in a scrambled shape (scramble filter) using
Adobe Photoshop CS6. Afterwards, a decision screen (‘Did you
see a face?’) was presented for 1600 ms. Participants were asked
to press the ‘yes’ button (when seeing a face stimuli) or ‘no’ but-
ton (when not seeing a face stimuli or when seeing a ‘NoFace’).
We varied the inter-trial-interval by using a jitter that ranged
between 139 ms and 2141 ms. Stimuli were presented using
Presentation® software (Version 17.2, Neurobehavioral Systems,
Inc., Berkeley, CA, www.neurobs.com) and rear-projected via
an LCoS (Liquid Crystal on Silicon) projector (DLA-RSxx,
JVCKenwood USA Corporation, Los Angeles, California, USA)
onto a screen that the participants viewed through a mirror on
the MRI head coil. Before fMRI scanning, participants were
trained to perform the task in a 5-min training session outside
the scanner. Figure 1 illustrates trial sequences for both ISI200
and ISI0 trials.

1210 P. Neumeister et al.

https://doi.org/10.1017/S0033291717002513 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291717002513


Table 1. Demographic and clinical characterization

PD
M ± S.D.
(Range)

GAD
M ± S.D.
(Range)

PTSD
M ± S.D.
(Range)

HC
M ± S.D.
(Range)

Statistics for group
difference

N (f/m) 20 (16/4) 20 (16/4) 20 (20) 60 (51/9) χ2(3) = 4.455 p = 0.216

Age (years) 24.45 ± 5.11 (18–35) 27.85 ± 8.76 (20–55) 26.5 ± 5.67 (19–38) 26.35 ± 5.04 (19–51) F(3) = 4.105 p = 0.250

Education (years) 12.65 ± 0.93 (11–15) 12.65 ± 1.53 (9–15) 12.78 ± 1.17 (10–14) 12.88 ± 1.02 (9–18) F(3) = 1.629 p = 0.653

Antidepressant medication 4/20 6/20 4/20 – χ2(2) = 0.745 p = 0.689

Questionnaire data

BDI-IIa score 11.1 ± 8.37 (0–36) HC < PD:
z = 4.899 p < 0.001

16.2 ± 11.25 (0–47) HC < GAD:
z = 6.111 p < 0.001

19.65 ± 10.99 (5–35) HC < PTSD:
z = 6.891 p < 0.001

1.7 ± 2.49 (0–9) HC = HC:
z = 0.000 p < 0.001

F(3) = 73.895 p < 0.001

PASb for PD PASPD: 20.65 ± 8.6 (1–32) PASHC: 0.25 ± 0.76 (0–4) U =−6.832 p < 0.001

PSWQc for GAD PSWQGAD: 51.8 ± 6.93 (32–61) PSWQHC: 31.92 ± 5.66 (21–48) U =−3.913 p < 0.001

PDSd for PTSD PDSPTSD: 23.55 ± 9.48 (7–43) PDSHC: 1.26 ± 2.14 (0–8) U =−6.248 p < 0.001

No. of comorbidities (DSM-IV)

Depressive disorders 5 1 1 χ2(2) = 5.175 p = 0.075

Specific phobia 1 2 χ2(2) = 2.105 p = 0.349

Social anxiety disorder 1 2 χ2(2) = 2.105 p = 0.349

Eating disorders 1 1 χ2(2) = 1.034 p = 0.596

Somatoform disorders 1 χ2(2) = 2.034 p = 0.362

aGerman version (Hautzinger et al. 2009) of the Beck Depression Inventory (Beck et al. 1996).
bGerman version of the Panic and Agoraphobia Scale (Bandelow, 1997).
cGerman version of the Penn State Worry Questionnaire (Meyer et al. 1990).
dGerman version by Anke Ehlers (unpublished) of the Posttraumatic Diagnostic Scale (Foa et al. 1997).
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Behavioral data analysis

Behavioral data analysis was based on SDT methods (Green &
Swets, 1966). Each participants’ detection rate (d′) was calculated
based on the relative frequencies of hits and false alarms, separate
for the ISI0 and ISI200 condition and for fearful and neutral faces,
resulting in four d′ values for each participant. To compare emo-
tion processing between anxiety patients and HC in general, we
performed, per ISI condition, a 2 (within; fearful/neutral) × 2
(between; PAT/HC) repeated measures analysis of variance
(rANOVA), henceforth referred to as overall rANOVA. In order
to compare anxiety disorders within the group of patients regard-
ing emotion processing, we performed a 2 (within; fearful/neu-
tral) × 3 (between; PD/GAD/PTSD) rANOVA in parallel,
henceforth referred to as differential rANOVA. For reaction
times, the same procedure was conducted after applying a log
transformation to compensate for the skewed distribution of reac-
tion times.

Image acquisition and analysis

FMRI scanning was conducted on a 3-Tesla scanner (Magnetom
Prisma; Siemens, Erlangen, Germany). First a T1-weighted ana-
tomical scan was acquired. The functional run consisted of 375
volumes (36 axial slices per volume, thickness = 3 mm, gap =
0.3 mm, in-plane resolution = 2.26 mm × 2.26 mm, orientated at
a tilted angle to the anterior–posterior commissural plane)
using a T2*-weighted echo planar sequence (repetition time =
2080 ms, echo time = 30 ms, flip angle = 90°, field of view =
208 mm, matrix = 92 × 92 voxel). The first 10 volumes of the
run were discarded to ensure steady-state tissue magnetization.
Image preprocessing and analyses were performed using
BrainVoyager QX (Version 2.8, Brain Innovation, Maastricht,
The Netherlands). All volumes were realigned to the first volume,
were corrected for slice time errors, and spatially (6-mm full-
width half-maximum isotropic Gaussian kernel) and temporally
(high-pass filter, 10 cycles per run; low-pass filter, 2.8 s)
smoothed. Anatomical and functional images were coregistered
and normalized to Talairach space (Talairach & Tournoux,
1988). Statistical analysis was performed using multiple linear
regression of the signal time course at each voxel. The blood oxy-
gen level-dependent signal change was modeled with a two γ

hemodynamic response function for each event type. Based on
each participants’ behavioral data, predictors of interest for
unconscious face processing were obtained from trials in the
ISI0 condition where fearful or neutral faces were ‘unseen’ (button
press ‘no face’), and for conscious face processing by trials in the
ISI200 condition where fearful or neutral faces were ‘seen’ (button
press ‘face’). The other events were treated as predictors of no
interest. For second-level analysis, we conducted a small volume
correction analysis for the a priori defined amygdala region of
interest (ROI). The left and right amygdala ROIs were created
according to the Automated Anatomical Labeling (AAL) atlas
(and 1 mm dilating factor according to AAL; Tzourio-Mazoyer
et al. 2002; Maldjian et al. 2003; Etkin et al. 2004) and were trans-
formed into Talairach space (according to Lancaster et al. 2007)
using ICBM2TAL in Matlab (MATLAB 2012, The MathWorks,
Inc., Natick, Massachusetts, USA). The anatomical assignment
of the observed activation patterns to an amygdala subregion
was verified using anatomical probability maps of the Anatomy
toolbox (Eickhoff et al. 2004; Amunts et al. 2005). Second-level
analyses were performed for unconscious and conscious condi-
tions separately. Based on a regression model for each patient,
we calculated an overall 2 (within; fearful/neutral face) × 2
(between; PAT/HC) rANOVA for main effect of emotion and
interaction effects of emotion by group (overall PAT v. HC).
Furthermore, a differential 2 (within; fearful/neutral face) × 3
(between; PD/GAD/PTSD) rANOVA was calculated to further
investigate interaction effects of emotion by anxiety-related
group (PD, GAD v. PTSD). To further resolve interaction effects
resulting from the differential rANOVA, average percent signal
change across all voxels within each significant cluster was
extracted for each regressor per subject. Afterwards, a 2 (within;
fearful/neutral face) × 2 (within; conscious/unconscious) × 3
(between; PD, GAD v. PTSD) rANOVA was conducted in SPSS
(Version 24; IBM, Armonk, New York, USA).

The issue of detectable amygdala effects to unconscious threat
was further taken into account by statistical analyses based on
estimated effect sizes. With regard to effect size estimates in a
backward masking study (d = 0.58) (Hoffmann et al. 2015), we
performed a statistical power analysis of our design. This calcula-
tion yielded an unsatisfactorily voxel-level Power of 1–β = 0.74 at
an initial voxel threshold of p < 0.001, but not with voxel thresh-
old of p < 0.005 (Power of 1–β = 0.88) (see also Lieberman &

Fig. 1. Experimental trial procedure. In (a), exemplary target faces are displayed: fearful face, neutral face, and ‘NoFace’. In (b), an exemplary trial procedure for the
ISI200 and ISI0 condition is shown. Each trial began with a 50 ms blank, followed by a target face lasting for 17 ms. The ISI200 condition (upper path) differed from
the ISI0 condition (lower path) due to a 200 ms gap that was either presented between target offset and mask onset (ISI200 condition) or after mask offset (ISI0
condition). In both trial variants, a decision screen followed lasting for 1600 ms.
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Cunningham, 2009). Using the amygdala ROI, thresholded maps
were submitted to an ROI-based correction criterion for multiple
comparisons based on the estimate of the map’s spatial smooth-
ness and on an iterative procedure (Monte Carlo simulation as
implemented in BrainVoyager), which do not use the Gaussian
random-field approach for cluster-size thresholding. After 1000
iterations, the minimum cluster size threshold that yielded a
cluster-level false-positive rate of 5% was applied to the statistical
maps. Post hoc group comparisons of the differential rANOVA
were calculated by (1) extraction of the β values of the significant
effect and (2) statistical analysis using SPSS (Version 22.0, IBM
Corp, 2013). Post hoc group comparisons for the differential
rANOVA were calculated by Duncan (homogeneity of variance)
or Games-Howell (inhomogeneity of variance) tests. To further
check whether group differences differ from a healthy population,
we calculated a Dunnett-t test to compare each anxiety group
against the HC group. To further explore significant differential
effects across patients, we calculated additional analyses of covari-
ance (ANCOVAs), to test whether results were maintained after
inclusion of Beck Depression Inventor (BDI)-II score and anti-
depressant medication intake as covariates.

In this report, we only investigated activation of the amygdala.
However, for the sake of completeness, whole brain analyses
are included as online Supplementary material (method descrip-
tion Section S1 and S2; results online Supplementary Tables S2
and S3).

Results

Behavioral data – detection rate (d′)

ISI200
In the ISI200 condition, the overall rANOVA revealed a signifi-
cant main effect of emotion [F(1,118) = 25.558, p < 0.001], resulting
from a higher detection rate within trials with ISI200 for fearful
compared with neutral faces (d′fearful = 3.82, d′neutral = 3.67).
Furthermore, we found a main effect of group [F(1,118) = 12.908,
p < 0.001], showing that HC were more likely to detect faces
than PAT, independent of emotional expression (d′HC = 3.98,
d′PAT = 3.51). We did not find any interaction effect ( p > 0.290).

In the ISI200 condition, the differential rANOVA revealed a
main effect of emotion [F(1,57) = 16.172, p < 0.001], resulting
from a higher detection rate within trials with ISI200 for fearful
compared with neutral faces (d′fearful = 3.60, d′neutral = 3.42). We
did not find any main effect of group or an interaction effect
between emotion and group (all p > 0.436).

ISI0
Overall rANOVA for ISI0 during face processing revealed a sig-
nificant main effect of emotion [F(1,118) = 4.976, p = 0.028].
Although d′neutral = 0.082 (0.51 of 40 trials 1.28%) compared
with d′fearful = 0.034 (0.33 of 40 trials = 0.83%) revealed to be sig-
nificant, absolute numbers of trials for ISI0 but ‘seen’ neutral faces
within participants ranged between 0 and 7 of 40 trials. For face
detection during the ISI0 condition, d′ of just three participants
were slightly above chance level (0.85, 0.54, 0.54), while the d′

confidence interval of chance performance is (−0.4774; 0.4795)
as calculated by bootstrapping (Micheyl et al. 2008). We did
not find any main effect of group (PAT/HC) or interaction effect
emotion × group (all p > 0.121).

Concerning the ISI0 condition, in the differential rANOVA, we
did not find any main or interaction effect (all p > 0.131). For a
presentation of the results, see also Table 2 and Fig. 2.

Behavioral data – reaction time (RT)

ISI200
In the ISI200 condition, the overall rANOVA revealed a main
effect of emotion [F(1,118) = 15.790, p < 0.001], indicating faster
reactions within trials with ISI200 for fearful than neutral faces
across all participants (RTfearful = 453.75, RTneutral = 463.57).
There was no main effect of group or an interaction effect (all
p > 0.380).

In the ISI200 condition, the differential rANOVA revealed a
main effect of emotion [F(1,57) = 9.708, p = 0.003], indicating faster
reactions to fearful than neutral faces (RTfearful = 458.77, RTneutral

= 469.95) in the ISI200 condition. There was no main effect of
group or an interaction effect (all p > 0.450).

ISI0
For the ISI0 condition, the overall rANOVA revealed neither main
effects nor an interaction effect (all p > 0.279). Concerning the
ISI0 condition, in the differential rANOVA, no main effect or
interaction effect was found (all p > 0.136).

FMRI data

ISI200: For the overall rANOVA, we found a main effect of emo-
tion in bilateral amygdala [right amygdala: average F(1,118) = 15.60,
k = 73, p < 0.05 corrected, peak voxel: x = 23, y = 2, z =−14; left
amygdala: average F(1,118) = 17.07, p < 0.05 corrected, k = 111,
peak voxel: x = −30, y =−2, z = −12), indicating more activation
during fearful v. neutral face processing across all participants
(see Fig. 3a). Both activation clusters comprise the BLA and SF
subregion of the amygdala. The probability of the anatomical
assignment of the respective maximal voxel suggests an activation
of the SF amygdala subregion with p > 0.3 (0.3–0.6) for the right
activation cluster and of the SF amygdala subregion with p > 0.2
(0–0.5) for the left activation cluster. There was no effect of or
interaction with group during conscious face processing in the
overall or differential rANOVA.

ISI0: There was neither a main effect of emotion nor a group
or interaction effect in the overall rANOVA. For the differential
rANOVA, a significant effect indicating differences between the
disorders was found in the right amygdala [average F(2,57) =
6.69, p < 0.05 corrected, k = 5, peak voxel: x = 26, y = −3, z =
−19; see Fig. 3b and Table 3). Post hoc test Games–Howell
revealed significant stronger activation in PTSD compared with
PD (average difference MPTSD–MPD = 0.94, p = 0.026) and GAD
patients (MPTSD–MGAD = 0.73, p = 0.018). Additional comparison
with the HC group with post hoc test Dunnett-t showed that HC
significantly differ from PTSD patients (MHC–MPTSD = 0.81, p =
0.035), but not from PD (MHC–MPD =−0.13, p = 0.962) and
GAD patients (MHC–MGAD = 0.08, p = 0.992). Finally, the prob-
ability of the anatomical assignment of the observed cluster sug-
gests an activation of the BLA amygdala subregion with p > 0.7
(0.6–0.8).

Furthermore, to investigate whether the effect in the amygdala
represents differences between conscious and unconscious condi-
tions, we conducted an additional 2 (within; fearful/neutral
face) × 2 (within; conscious/unconscious) × 3 (between; PD,
GAD v. PTSD) rANOVA for the average percent signal change
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across all voxels within the significant amygdala cluster. Results
revealed a significant emotion by group by condition interaction
[F(1,57) = 5.999, p = 0.004] for this amygdala cluster.

Although only ‘unseen’ faces in the ISI0 condition were classi-
fied as unconscious, residual visibility of incompletely masked
faces may still have contributed to the BLA effect (e.g. in trials
where faces were actually seen but the subjects confused the
response keys). Therefore, we checked whether the BLA inter-
action effect was modulated by the degree of visibility during
unconscious processing by correlating individual BLA effects
and d′ values. There was no significant correlation (r =−0.147,
p = 0.264), and thus no evidence for a contribution of residual
visibility to the BLA effect in the unconscious condition. The
influences of depressive symptoms (using BDI-II scores) and

antidepressant medication intake were tested by means of
ANCOVAs and revealed no significant effects of the covariates
(all p > 0.473) and maintained group effects (all F-values ⩾7.58,
all p < 0.001) for the significant amygdala cluster. An overview
of antidepressant medication intake is found in the online
Supplementary Table S1.

Discussion

The present study is the first that allows for direct comparisons
between three anxiety-related disorders during conscious and
unconscious general threat processing. By meeting strong meth-
odological requirements, we found increased BLA activation to

Table 2. Results for behavioral data (detection rate and reaction time)

F-value p value Effect F-value p value Effect

Overall analysis: ISI200 condition face processing
detection rate

Overall analysis: ISI0 condition face processing
detection rate

d′ main effect emotion 25.558 <0.001 Fearful > neutral 4.976 0.028 Neutral > fearful

d′ main effect group 12.908 <0.001 HC > PAT 2.439 0.121 –

d′ interaction effect 1.130 0.290 – 0.559 0.456 –

RT main effect emotion 15.790 <0.001 Fearful < neutrala 0.017 0.895 –

RT main effect group 0.776 0.380 – 0.018 0.894 –

RT interaction effect 0.308 0.580 – 1.181 0.279 –

Differential analysis: ISI200 condition face processing
detection rate

Differential analysis: ISI0 condition face processing
detection rate

d′ main effect emotion 16.172 <0.001 Fearful > neutral 0.982 0.326 –

d′ main effect group 0.843 0.436 – 0.234 0.792 –

d′ interaction effect 0.408 0.667 – 2.107 0.131 –

RT main effect emotion 9.708 0.003 Fearful < neutrala 0.409 0.525 –

RT main effect group 0.809 0.450 – 2.065 0.136 –

RT interaction effect 0.817 0.447 – 0.687 0.507 –

d′ , d prime detection rate; RT, reaction time; HC, healthy controls; PAT, patients.
aFaster reaction time for fearful compared with neutral faces.

Fig. 2. Detection rate (left side) and reaction time (right side), respectively, for the ISI200 and ISI0 condition. Concerning detection rate in the ISI200 condition, the
overall and differential ANOVA revealed main effects of emotion (fearful > neutral faces). Additionally, the overall ANOVA revealed a main effect of group (healthy
controls > anxiety-related disorders). Concerning detection rate in the ISI0 condition, the overall ANOVA revealed a main effect of emotion (neutral > fearful faces).
Analysis of reaction time in the ISI200 condition revealed main effects of emotion for the overall and differential ANOVA (faster reaction time for fearful than neutral
faces). Concerning the ISI0 condition, there were no significant results.
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unconscious, but not conscious, fearful faces in PTSD compared
with PD and GAD patients as well as with HC.

In the present study, all participants showed increased
responses in several amygdala subregions, to fearful relative to
neutral faces during conscious processing. This finding underlines

the amygdala’s key role in processing fear-related facial stimuli in
both normal as well as pathological fear (Domschke et al. 2008;
Fusar-Poli et al. 2009; Gamer & Büchel, 2009; Straube et al.
2010b; van den Bulk et al. 2014; Marsh, 2016; Mendez-Bertolo
et al. 2016). The BLA is an important interface by sending

Fig. 3. In (a), differential brain activation for fearful v. neutral faces in anxiety-related disorder patients and healthy controls in the bilateral amygdala ( p < 0.05
corrected). All participants show increased bilateral amygdala activation for fearful > neutral faces (main effect of emotion). In (b), differential brain activation for
fearful v. neutral faces in anxiety-related disorder patients in the right amygdala ( p < 0.05 corrected). Post-traumatic stress disorder (PTSD) patients relative to
panic disorder (PD) and generalized anxiety disorder (GAD) patients show increased right amygdala activation for fearful > neutral faces (interaction effect).
Compared with healthy controls (HC), PTSD patients show increased right amygdala activation, whereas right amygdala activation of PD and GAD did not differ
from HC. Note that in (a) and (b) scales for parameter estimates are different.

Table 3. Results for amygdala activation in the overall and differential analysis

Region of
interest L

Talairach coord. of
peak voxel

Cluster size
(mm3)

F-value
average p value Effectx y z

Overall analysis: ISI200 condition face processing

Main effect: emotion Amygdala L −30 −2 −12 888 F(1,118) = 17.07 p < 0.05 Fearful > neutral

Amygdala R 23 2 −14 584 F(1,118) = 15.60 p < 0.05 Fearful > neutral

Interaction effect:
emotion × group

Amygdala L – – – – – – –

Amygdala R – – – – – – –

Differential analysis: ISI200 condition face processing

Interaction effect:
emotion × group

Amygdala L – – – – – – –

Amygdala R – – – – – – –

Overall analysis: ISI0 condition face processing

Main effect: emotion Amygdala L – – – – – – –

Amygdala R – – – – – – –

Interaction effect:
emotion × group

Amygdala L – – – – – – –

Amygdala R – – – – – – –

Differential analysis: ISI0 condition face processing

Interaction effect:
emotion × group

Amygdala L – – – – – – –

Amygdala R 26 −3 −19 40 F(2,57) = 6.69 p < 0.05 PTSD > PD = GAD
= HC
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information about potential threat to the CeA, which, e.g. modu-
lates behavior reactions like startle response, freezing (Phelps &
LeDoux, 2005; Janak & Tye, 2015; Perusini et al. 2016), or orient-
ing responses (Gamer & Büchel, 2009; Straube et al. 2010b).

However, we found no evidence that patients are characterized
by a hyper-responsivity to clearly seen stimuli relative to HC. This
finding is in contrast to other studies (Domschke et al. 2008;
Fonzo et al. 2010). It should be noted that in previous studies, tar-
get presentation time ranged between 500 and 5000 ms, while in
the present work target faces were presented for 17 ms.
Furthermore, previous studies used block designs, which on the
one hand might have more power to detect potential effects. On
the other hand, block designs are associated with expectation
and regulation effects. Finally, our study did not require patients
to attend to emotional information of faces at all. Thus, our study
investigated very rapid and automatic responses to fearful faces.
Under such conditions, we show comparable immediate amyg-
dala responsivity to fearful faces in anxiety patients and controls.

Interestingly, when comparing different anxiety-related dis-
orders during the unconscious condition, only patients suffering
from PTSD exhibited exaggerated amygdala responsivity com-
pared with other anxiety disorders and with HC. This finding
is in line with previous PTSD studies, reporting heightened
amygdala responsivity to general emotional stimuli during
unconscious processing of threat stimuli (Bryant et al. 2008).
In addition to these findings, the current study suggests a speci-
ficity of this response in PTSD compared with other anxiety dis-
orders. In the current study, the specificity of this response in
PTSD points to different neurobiological mechanisms in the
processing of fear-related stimuli between anxiety-related disor-
ders. Given the BLA’s important role in detecting threat stimuli,
this activation might be associated with increased hypervigilance
to very subtle threat cues in PTSD relative to other anxiety dis-
orders. Interestingly, behavioral data did not show any differen-
tial effects between the investigated anxiety-related disorders.
Thus, PTSD patients might show an automatic reaction to emo-
tionally relevant stimuli on the neural level, without altered
behavioral reactions during the task. This dissociation could
be interpreted by the irrelevance of facial expression (whether
it is fearful or neutral) for solving the task (whether there was
a face or not). It might also indicate that the automatic amygdala
response represents a reduced neural threshold for the elicitation
of a variety of threat-related responses, which might contribute
to uncontrollable and automatic hyper-responsivity to threat
cues in PTSD (Bryant et al. 2008; Kemp et al. 2009). Our findings
suggest a difference between PTSD and other disorders at least for
this kind of general fear-related stimulus. However, the implemen-
tation of an unconscious condition is necessary to differentiate
between anxiety-related disorders (here in terms of amygdala
responsivity).

Some limitations of this study need to be mentioned. First,
with the present sample size of n = 20 per anxiety-related group,
we were able to discover effects of d > 0.53 with a statistical
power of 1–β = 0.8. More subtle differences (e.g. d = 0.3) would
require sample sizes of n = 60 per anxiety-related group. Thus,
future studies should implement larger samples within each
patient group. Additionally, these studies should include more
male patients than the current study. At present, we cannot
draw any conclusions regarding gender influences on general
threat processing due to the absence of male participants in the
PTSD group and low number of male participants in the PD
and GAD patient groups (0⩽nmale < 5).

To conclude, we found evidence for a PTSD-specific hyper-
responsivity in the BLA during unconscious, but not conscious,
fearful face processing. This finding provides evidence for PTSD
being distinct from anxiety-related disorders based on a specific
automatic BLA response to general fear-related cues, which
might be associated with pronounced hypervigilance in these
patients. Furthermore, the current study illustrates the importance
of including automatic processing designs to investigate differ-
ences in neural responses between anxiety-related disorders.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291717002513.
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