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Abstract

Trait anxiety, a stable personality trait associated with increased fear responses to threat, is
regarded as a risk factor for the development and maintenance of anxiety disorders. Although the
effect of trait anxiety has been examined with regard to explicit threat cues, little is known about
the effect of trait anxiety on contextual threat learning. To assess this issue, extreme groups of low
and high trait anxiety underwent a contextual fear conditioning protocol using virtual reality. Two
virtual office rooms served as the conditioned contexts. One virtual office room (CXT+) was
paired with unpredictable electrical stimuli. In the other virtual office room, no electrical stimuli
were delivered (CXT-). High-anxious participants tended to show faster acquisition of startle
potentiation in the CXT+ versus the CXT- than low-anxious participants. This enhanced
contextual fear learning might function as a risk factor for anxiety disorders that are characterized
by sustained anxiety.
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1. Introduction

Identifying signals that indicate threat is vitally important for the survival of an organism.
Fear and anxiety are important emotional reactions that help to mobilize appropriate
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behavioral responses in dangerous situations (Mineka and Ohman, 2002). Fear is a phasic
reaction toward an explicit threatening stimulus, whereas anxiety is defined as a diffuse and
longer-lasting state related to more unspecific and unpredictable threats (Davis et al., 2010;
Marks, 1987). Moreover, fear and anxiety also vary in their neurobiological bases. Phasic
responses to a threat cue have been related to the amygdala (Alvarez et al., 2008; Knight et
al., 2005; LeDoux, 2000; Phelps, 2006), whereas sustained responses to unpredictable
stressors have been found to be additionally mediated by the bed nucleus of the stria
terminalis (BNST; Alvarez et al., 2011; Luyten et al., 2011; Zimmerman and Maren, 2011)
and the hippocampus (Alvarez et al., 2008; Hasler et al., 2007; Lang et al., 2009; Marschner
et al., 2008).

Cue conditioning, where a discrete cue (conditioned stimulus, CS) is predictably paired with
an aversive event (unconditioned stimulus, US), is regarded as a model for phasic fear
learning (Grillon, 2002a). However, in the case of an unpredictable US, the individual
experiences a chronic state of anxiety because of an inability to identify periods of safety
(Seligman, 1968; Seligman and Binik, 1977). Studies on contextual fear conditioning
frequently combine the presentation of predictable and unpredictable aversive events in one
experiment. In these studies, the US is predictably paired with a discrete cue (CS/US are
paired) in one condition, whereas in another condition, the US is presented without being
associated with a cue (context conditioning; CS/US are unpaired) (Grillon et al., 2004, 2006;
Vansteenwegen et al., 2008). In the latter condition, the context becomes associated with the
unpredictable US because the context is the best predictor of it. Thus, contextual fear
conditioning induces a state of chronic anticipatory anxiety as the occurrence of the US is
not time-bound and experienced as unpredictable (Grillon, 2008). Therefore, contextual fear
conditioning may be relevant for anxiety disorders characterized by sustained and longer
lasting anxiety states (Grillon, 2002a; Lang et al., 2000; Marks, 1987). As a matter of fact,
there is evidence that in patients with anxiety disorders, the processing of unpredictable
threats is altered. Panic disorder patients, but not healthy controls, have been found to show
increased anxiety in a context in which unpredictable aversive events occurred, compared to
a safe context where no aversive event appeared (Grillon et al., 2008). Thus, we conclude
that increased contextual anxiety elicited by unpredictable aversive events may be an
important pathogenic marker for anxiety disorders characterized by diffuse and sustained
anxiety states.

Inter-individual differences in trait anxiety are thought to have an impact on the acquisition
and extinction of conditioned fear responses and are regarded as a risk factor for anxiety
disorders (Chambers et al., 2004; Mineka and Oehlberg, 2008). Trait anxiety refers to the
State-Trait-Anxiety Model and indicates relatively firm inter-individual differences in the
tendency to rate situations as threatening. Thus, the individual reacts with increased state
anxiety (Spielberger et al., 1970). Consequently, high-anxious individuals tend to feel
threatened and respond with fear more often than low-anxious subjects. Interestingly, an
animal study investigating the influence of a trait-like measure of anxiety on cued fear
conditioning (Duvarci et al., 2009) revealed that high-anxious rats were characterized by an
impaired discrimination of cues in a conditioning protocol, but displayed high freezing in
the context. By contrast, low-anxious rats exhibited enhanced discrimination during cue
conditioning, but showed lower contextual freezing. In the face of a predictable threat, high
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trait anxiety might lead to diminished discrimination between fear and safety cues and might
therefore result in increased contextual anxiety. Additionally, the combination of cued and
contextual fear conditioning in one paradigm was used in an fMRI study investigating the
influence of trait anxiety in humans (Indovina et al., 2011). On the one hand, high trait-
anxious participants showed an increased amygdala response to cues that predicted the US,
suggesting vulnerability for anxiety disorders characterized by phasic fear. On the other
hand, these individuals displayed decreased activity of the ventral prefrontal cortex (vPFC)
to cues and contexts, indicating reduced control mechanisms to downregulate both phasic
fear and sustained anxiety during acquisition, which may account for inhibitory deficits or
the maintenance of anxiety disorders. Supporting this idea and in analogy to clinical
samples, a cue (Sehlmeyer et al., 2011) and a contextual fear conditioning study (Barrett and
Armony, 2009) employing fMRI have identified resistance to extinction as indexed by an
elevated amygdala response in extinction in individuals with high trait anxiety. Other studies
have reported heightened amygdala responses to unattended or unconscious fearful faces in
high trait-anxious individuals (Dickie and Armony, 2008; Etkin et al., 2004). In sum, high
trait anxiety seems to be a vulnerability factor for the development and maintenance of
different anxiety disorders as it is associated with an increased amygdala response to fearful
stimuli, resistance to extinction, and altered control mechanisms. However, studies that have
investigated the influence of trait anxiety on the acquisition of contextual anxiety are
lacking.

In humans, contextual fear conditioning can be conducted using virtual reality (VR). With
the help of VR, it is possible to change location in spatial contexts while being physically
stationary. This increases the controllability of the experiment considerably and makes it
possible to register behavioral characteristics of anxiety, like avoidance or approach
behavior (Glotzbach et al., 2012; Grillon et al., 2006) and physiological variables
simultaneously (Baas et al., 2004, 2008; Mihlberger et al., 2008; Troger et al., 2012).

To assess the influence of trait anxiety on contextual anxiety, participants scoring high
versus low on the trait version of the State-Trait-Anxiety-Inventory (STAI; Spielberger et
al., 1970) underwent contextual fear conditioning in a VR paradigm with two contexts and
no cues. One context (the anxiety context) was paired with unpredictable slightly painful
electric stimuli, whereas the other context (the safety context) was never paired with any
aversive stimulus. Based on fear conditioning studies on highly trait-anxious individuals and
clinical samples, we first hypothesized that high-anxious individuals would show greater
physiological arousal overall (higher baseline SCL and startle magnitudes) compared to low-
anxious individuals (Blechert et al., 2007; Glover et al., 2011; Orr et al., 2000). Second, we
hypothesized that the high-anxious group would exhibit enhanced context conditioning
(greater differences between the CXT+ and CXT- in startle, SCL, and ratings
measurements) compared to the low-anxious group (Grillon et al., 2008).

2.1. Participants

A large screening of N = 1031 students was conducted to identify high- and low-anxious
participants. Students were recruited in lectures or on a university campus to complete the
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Trait version of the STAI (Spielberger et al., 1970; German version: Laux et al., 1981). The
STAI Trait is a 20-item questionnaire measuring the tendency to rate situations as
threatening. Based on the distribution of the Trait sum score in this screening sample,
participants in the upper 20% percentile were chosen for the high-anxious group, whereas
participants in the lower 20% percentile built the low-anxious group. Only 445 of the
screened students (42.9%) agreed to participate in further experimental studies. Of these
subjects, there were 83 in the low- and 91 in the high-anxious group. We found no
significant difference in willingness to participate between these two groups, 72 = 0.96, P = .
327, phi = -.05. Students in these two groups were contacted by phone and invited to take
part in the experiment. Participants were excluded if they admitted by self-report to
consuming illegal drugs, taking a centrally active medication, having a current psychiatric,
neurological, or other severe illness, studying psychology, or participating in a similar study.
Finally, 59 subjects participated in the study and were tested via a double-blind procedure
for trait-anxiety group membership. Five further participants had to be excluded for several
reasons: startle nonresponding (n = 2, see Section 2.4), regular drug consumption (n = 1),
technical problems (n = 1), or noncompliance (n = 1). To assure group membership of high
versus low anxiety, participants had to complete the STAI-Trait questionnaire at the
beginning of the experiment once again. We calculated a median split of this score and
excluded participants who did not remain in the high or low anxiety group compared to the
screening (n = 5). The final sample consisted of 49 participants, with 24 participants in the
low- and 25 in the high-anxiety group.

Before the experiment, participants completed the German versions of the Anxiety-
Sensitivity-Index (ASI; Reiss et al., 1986; German version: Alpers and Pauli, 2001), the
Behavioral Inhibition System and Behavioral Approach System (BIS-BAS; Carver and
White, 1994; German version: Strobel et al., 2001), both scales of the Positive and Negative
Affect Schedule (PANAS; Watson et al., 1988; German version: Krohne et al., 1996), and
the STAI-State (a 20-item questionnaire conceptualizing fear as a state variable). The ASI
measures the tendency to respond fearfully to one’s own bodily sensations on a 16-item
scale, whereas the BIS-BAS measures sensitivity to punishment (BIS) on a 7-item scale and
sensitivity to reward (BAS) on a 13-item scale. BIS depicts an aversive motivational system,
which correlates with avoidance behavior and negative feelings such as fear and anxiety,
whereas BAS is regarded as an appetitive motivational system, which drives goal-directed
behavior and positive affect (Gray, 1990). The PANAS can be used to determine current
positive and negative mood on a 10-item scale each. After the experiment, participants were
required to fill out the Igroup Presence Questionnaire (IPQ; original version in German:
Schubert et al., 2001), which measures the experience of feeling presence in a virtual reality
environment retrospectively on a 14-item scale. As Table 1 shows, the two groups did not
differ in age, handedness, gender, and IPQ. But there were significant group differences on
the STAI Trait, STAI-State, BIS, BAS, both PANAS subscales (PA and NA) and the ASI.

All participants gave their written informed consent and were paid 16€ for their
participation. The study was approved by the Ethics committee of the Medical Faculty of the
Julius-Maximilians-University of Wiirzburg.
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2.2. Stimuli and apparatus

Contextual stimuli—The virtual reality environment was created with the Source Engine
from the Valve Corporation (Bellevue, USA), which is also used for the computer game
Half-Life 2. The VR environment consisted of two office rooms that were arranged opposite
each other and separated by a corridor. Participants were situated in the middle of the
corridor in such a way that they could see only one room. This was the starting point for all
passages through the rooms. The two office rooms served as the different contexts. They
differed in layout, window style, carpet color, view (big city vs. small village), and
arrangement of furniture (Fig. 1). The VR environment, instructions, and ratings were
presented with a Z800 3D Visor head-mounted display (HMD; eMagin, Hopewell Junction,
NY, USA) with a resolution of 600 x 800 pixels. The head position was monitored by an
electromagnetic tracking device (Patriot, Polhemus Corp., Colchester, VT, USA) in order to
adapt the field of view to head movements and to assess head orientation. The experimental
procedure was controlled by the software Cyber Session (version 5.3.38), developed in the
Department of Psychology I, University of Wirzburg.

Unconditioned stimulus—A constant current stimulator (Digitimer DS7A, Digitimer
Ltd., Welwyn Garden City, UK) was used to generate an electric stimulus which was
triggered by a frequency of 50 Hz and a duration of 200 ms by the software Cyber Session.
The electric stimulus was applied by a surface electrode placed on the dominant forearm.
The intensity of the current was individually adjusted to each participant’s pain threshold as
done previously (Andreatta et al., 2010) and increased by 30% to avoid habituation. The two
groups did not differ in current intensity (high anxiety: M = 1.71 mA, SD = 1.12 mA; low
anxiety: M = 1.65 mA, SD = 1.17 mA), t(47) = 0.16, p = .874, or in pain rating (high
anxiety: M =5.30, SD = 1.29; low anxiety: M =5.17, SD = 2.20; on a scale with anchors at 0
= no feeling at all, 4 = just noticeable pain, and 10 = very strong pain), t(47) = 0.26, p =.
797.

Recording of physiological data—Startle probes of 50 ms, 98 dB (A) white noise were
presented for physiological measures through Sennheiser HD 215 headphones. Startle reflex
was measured by electromyographic activity (EMG) from the M. orbicularis oculi with two
Ag-AgCl electrodes filled with electrolytes, which were placed centrally under and next to
the lateral canthus of the left eye. Ground and reference electrodes were adhered to the
mastoids. Impedances were kept below 10 k2. The EMG signal was filtered online with a 50
Hz notch filter and sampled at 1000 Hz. Skin conductance level (SCL) was measured on the
thenar of the nondominant hand by two Ag-AgCl electrodes. Physiological data were
recorded by Vision Recorder software (Brain Products Inc., Munich, Germany).

2.3. Procedure and design

The experiment consisted of five phases: startle habituation, pre-acquisition, Acquisition 1,
Acquisition 2, and extinction. During the startle habituation phase, three startle probes were
delivered every 18-20 s to habituate initial startle reactivity. Afterwards participants were
required to rate the valence of the startle probes on a scale from 0 (very negative) to 100
(very positive). The two anxiety groups did not differ in their rating, t(47) = 0.20, p = .839
(high anxiety: M =21.60, SD = 12.64; low anxiety: M =22.50, SD = 17.94). During the pre-
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acquisition phase, participants explored the corridor for 1 min and each of the two office
rooms for 2 min. In this phase, participants could actively move themselves in the VR
environment by using a joystick. Three startle tones were presented in each office and two in
the corridor but no US was administered.

There were two successive acquisition phases with each phase consisting of three runs each
lasting about 210 s. In each run, participants entered each context once. For example,
participants started in the corridor and went first through one office room (ca. 85 s), then
through the corridor (intertrial interval: ITI, ca. 35 s) into the other office room (ca. 85 s)
and back into the corridor (one run). After each run, the display turned black before a new
run was started. SCL was recorded in each context (CXT+, CXT—, ITI), that is between
entrance and exit. In each run, there were two to three startle tones in each office room and
one to two startle tones in the corridor at intervals of 10-34s. Participants were passively
moved through the VR environment (i.e., they could not influence the route they took
through the office rooms and corridor). The paths leading through the corridor and office
rooms were prerecorded and played back. However, participants were always able to adapt
their line of sight in the VR environment by head movements. Participants received one to
three mildly painful electric stimuli in one office room (anxiety context, CXT+) but never in
the second office room (safety context, CXT-). A total of 12 electric stimuli were presented
across both acquisition phases at different locations in the anxiety context, preventing the
participants from associating specific cues within this context with shock administration.
The corridor served as a control context and as an ITI between the CXT+ and CXT- in one
run. There was only one extinction phase. During extinction, no US was delivered. The
office rooms were randomly assigned to the two conditions (CXT+ vs. CXT-) and
counterbalanced across participants and groups. The sequence of offices was pseudo-
randomized and also counterbalanced across participants and groups. Ratings for valence,
arousal, and anxiety regarding the three contexts (CXT+, CXT-, ITI) were obtained after the
different phases of the experiment (pre-acquisition, Acquisition 1, Acquisition 2, extinction).
The anchors of the rating scales were 0 (very negative/no arousal at all/no anxiety at all)
and 100 (very positive/very high arousal/very high anxiety). In addition, participants were
asked about the contingency between contexts and US after Acquisition 2 and after
extinction on a scale from 0 (no expectancy of any US at all) to 100 (US definitely
expected). Awareness of the CXT+-US contingency was assessed with an open question
(“In which room did you receive electrical stimuli?”) after Acquisition 2, and participants
had to describe the room. If participants described only the anxiety context, they were
labeled as “aware”; if they described the correct room but also an additional one (CXT-
and/or ITI) they were labeled as “uncertain”, and if they described only the wrong room
(CXT-or ITI) they were labeled as “unaware”. In total, there were n = 34 aware, n = 14
uncertain and n = 1 unaware (high-anxiety group) participants. Uncertain participants were
not significantly over-represented in one trait anxiety group compared to the other trait
anxiety group (high anxiety: n = 6, 25%; low anxiety: n = 8, 33%), 72 (1, N = 48) = 0.40, p
=.525, phi =.09. Unaware or uncertain participants were not excluded from any analysis.
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2.4. Data analysis

Startle response—Eyeblink EMG data were processed with Vision Analyzer software
(Brain Products Inc., Munich, Germany). The signal of orbital electrodes was filtered offline
with a 500 Hz High Cut-Off and a 30 Hz Low Cut-Off Filter. The signal was rectified,
smoothed (50 ms moving window average), and baseline corrected (50 ms). The peak
magnitude was identified within a time window from 20 to 200 ms after the probe onset.
Artifact rejection was made by hand excluding responses with baseline shifts above or
below 5 uV and pre-blinks 50 ms before probe onsets higher than 5 pV. Magnitudes smaller
than 5 pV were coded as zero. Responders versus nonresponders were defined on the basis
of sufficient valid responses, meaning artifact free and higher than 5 pV. If there were fewer
than two valid responses per stimulus category (CXT+, CXT, ITI) in a given phase
(Acquisition 1, Acquisition 2, extinction), the participant was excluded from further analysis
(n = 2). Magnitudes in the acquisition and extinction phases were standardized into T-scores
for each participant. First, raw magnitudes were z-standardized using the individual mean
and standard deviation across all acquisition and extinction trials, z(x) = (x — M)/SD.
Second, the T-score calculation was applied, T(x) = 50 + (zx 10). For pre-acquisition data,
we did not apply any normalization (log) or standardization (T-scores), but analyzed raw
startle magnitude and raw SCL to assess between-subject differences before conditioning.

Skin conductance level—SCL data were filtered with a 1 Hz High Cut-Off Filter. The
mean tonic SCL was determined for each context presentation (excluding epochs from US
presentation to 10s after US presentation to avoid an increased SCL due to US presentation).
SCLs during acquisition and extinction were log-transformed (log 10[SCL+1]) to normalize
the distribution.

Statistical analysis—Prior to statistical analysis, physiological data were averaged across
the three runs in each phase (Acquisition 1, Acquisition 2, extinction). Pre-acquisition,
acquisition, and extinction data were analyzed separately, as we were specifically interested
in the time course of fear acquisition and extinction. Statistical analyses of pre-acquisition
and extinction data were conducted with a 3 x 2 multivariate analysis of variance
(MANOVA,) for repeated measures with context (CXT+, CXT-, ITI) as a within-subjects
factor and group (high-anxious vs. low-anxious) as a between-subjects factor. To analyze
the acquisition data, we added a within-factor phase (Acquisition1, Acquisition 2) resulting
ina 3 x 2 x 2 MANOVA. To clarify significant main effects or interactions, t tests were
calculated. In all analyses, the alpha level was set at p < .05. Because of a violation of
sphericity, multivariate procedures were used. Effect sizes were calculated using partial eta

squared (1.,

3. Results

3.1. Pre-acquisition

The MANOVA on the pre-acquisition raw startle magnitudes revealed no significant
differences between contexts at the beginning of the experiment (all ps > .5), but returned a

significant main effect of group, F(1, 47) =5.31, p = .026, 7712):.10, due to a larger mean raw
startle magnitude in high-anxious (M = 67.25, SD = 31.80) compared to low-anxious (M =
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47.07, SD = 25.44) participants across all contexts. Further exploratory analyses of pre-
conditioning differences between contexts or groups also were negative: high-anxious (all ps
> .20) as well as low-anxious participants (all ps > .90) did not show higher startle
magnitudes in the CXT+ compared to the CXT-, and groups did not differ in ITI startle
magnitudes prior to conditioning. Regarding the pre-acquisition raw SCL, we also found no
significant differences between groups or contexts (all ps > .10). Analyses of valence ratings

yielded a significant main effect of context, F(2, 46) = 32.66, p < .001, 77;3:597 which
however was due to more negative ratings for the ITI period (M = 43.78, SD = 15.26)
compared to the CXT+ (M =62.45, SD = 13.19), t(48) = 8.09, p <.001, or the CXT- (M =
59.59, SD = 17.41), t(48) = 4.61, p < .001, with no difference between the CXT+ and CXT-,
t(48) = 0.93, p = .356. There were no significant main effects of context or group or a
significant Context x Group interaction for pre-acquisition arousal and anxiety ratings (all ps
>.10).

3.2. Acquisition

Fig. 2 and Table 2 display the means (SDs) for all dependent measures separately for each
anxiety group.

Startle response—The MANOVA revealed significant main effects of phase, F(1, 47) =
86.58, p < .001, n2=.65, and context, F(2, 46) = 36.61, p < .001, 7,=.61. There were
significant Context x Group, F(2, 46) = 3.43, p =.041, 775:.13, and Phase x Context, F(2,

46) = 3.87, p =.028, 7712,:.14, interactions. The Context x Phase x Group interaction did not
reach significance, F(2, 46) < 1. The Group x Context interaction was due to the fact that
high-anxious participants demonstrated a clear discrimination between anxiety and safety
contexts, whereas low-anxious participants did not (Fig. 2). Indeed, follow-up t tests
revealed that startle was not larger during the CXT+ compared to the CXT- in low-anxious
participants, t(23) = 1.20, p = .243. In addition, their startle was larger during the CXT+ and
CXT- compared to the ITI, t(23) = 6.45, p <.001, and t(23) = 5.27, p <.001, respectively.
By contrast, high-anxious participants showed significantly higher startle response in the
CXT+ compared to both the CXT-, t(24) = 4.47, p < .001, and the ITI, t(24) =5.76, p <.
001, but there was only a trend for a significant difference between the CXT- and the ITI,
t(24) = 1.79, p = .086. For the Phase x Context interaction, follow-up t tests indicated that in
Acquisition 1, startle responses were higher in the CXT+ compared to the ITI, t(48) = 8.05,
p <.001, and the CXT- compared to the ITI, t(48) = 5.24, p < .001. The difference between
the CXT+ and CXT- reached only the trend level, t(48) = 1.75, p = .087. In Acquisition 2,
startle responses in the CXT+ were significantly higher both compared to the CXT—-, t(48) =
3.99, p <.001, and the ITI, t(48) = 5.02, p < .001. The difference between the CXT- and the
ITI was not significant, t(48) = 1.34, p = .186.

SCL—The MANOVA revealed a significant main effect of context, F(2, 46) = 6.07, p =.

005, n§:.21, due to (a) higher SCL in the CXT+ (M =0.591, SD = 0.169) compared to the
CXT- (M =0.583, SD = 0.169), t(48) = 3.50, p = .001, and the ITI (M = 0.587, SD = 0.169),
t(48) = 2.17, p = .035, and (b) higher SCL in the ITI compared to the CXT—, t(48) = 2.68, p
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=.010. The main effect of phase was also significant, F(1, 47) = 25.30, p < .001, 772:.35,
reflecting the habitation of SCL from Acquisition 1 (M = 0.605, SD = 0.164) to Acquisition
2 (M =0.570, SD = 0.177). None of the interactions with group reached significance (all ps
> 1).

Valence—There was only a significant main effect of context, F(2, 46) = 7.97, p = .001,

775:.26; the CXT+ (M = 46.38, SD = 16.57) and the ITI (M = 47.19, SD = 13.77) were both
rated as more negative than the CXT- (M =57.00, SD = 16.01), t(48) = 3.50, p = .001, and
t(48) = 3.38, p =.001.

Arousal—There was only a significant main effect of context, F(2, 46) = 29.07, p <.001,

77[2,:.56, with significantly higher arousal in the CXT+ (M = 33.16, SD = 25.47) compared to
both the CXT- (M = 22.81, SD = 21.76), t(48) = 4.61, p < .001, and the ITI (M = 17.86, SD
=19.30), t(48) = 7.73, p < .001, and higher arousal in the CXT- compared to the ITI, t(48) =
2.44,p=.019.

Anxiety—The main effect of context was significant, F(2, 46) = 9.78, p < .001, 775:.30; the
CXT+ (M =22.50, SD = 24.53) elicited higher anxiety levels than the CXT- (M = 13.04, SD
=16.53), t(48) = 3.82, p <.001, and the ITI (M = 11.38, SD = 13.36), 1(48) = 4.48, p < .001.
There was also a marginally significant Context x Group interaction, F(2, 46) = 2.77,p =.

073, 771%:.11. Descriptive data (see Fig. 3) showed a pattern similar to the startle magnitudes,
with higher reported anxiety in the CXT+ compared to the CXT- in the high-anxious group
and no difference between the CXT+ and CXT- in the low-anxious group. To confirm this
observation, we conducted exploratory t tests comparing the CXT+ and CXT- separately for
each anxiety group and indeed found higher anxiety in the CXT+ compared to the CXT- in
the high-anxious group, t(24) = 3.73, p = .001, but not in the low-anxious group, t(23) =
1.57, p=.129.

Contingency ratings—There was only a significant main effect of context, F(2, 46) =

51.98, p< .001, 772:.69; contingency rating for the CXT+ (M = 81.31, SD = 21.99) was
higher compared to both the CXT- (M =28.69, SD = 31.39), t(48) = 8.42, p < .001, and the
ITI (M =23.78, SD = 29.52), t(48) = 10.39, p < .001, but there was no difference between
the CXT-and the ITI, t(48) = 1.25, p = .216.

3.3. Extinction?!

Fig. 2 and Table 2 display the results for all dependent measures separately for both anxiety
groups.

1As awareness could have had an effect on extinction of contextual fear conditioning, we firstly excluded the only unaware participant
from the analysis, but results remained the same. Secondly, we added awareness (unaware/uncertain vs. aware) as a between factor to
the overall ANOVA. There were neither significant main effects of awareness nor any significant interactions of Context x Awareness

2
for all dependent variables, all ps > .1, except for contingency ratings (Context x Awareness: F(2, 44) = 8.20, p = .001, np:'28. As
expected, only aware participants reported higher contingency ratings for CXT+ compared to CXT-, t(33) = 5.27, p <.001, but
unaware participants did not, t(14)=1.26, p = .229.
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Startle response—The MANOVA revealed a significant main effect of context, F(2, 46)

=8.73, p=.001, n§:.28, with higher startle responses in the CXT+ (M = 48.54, SD = 4.00)
compared to the CXT- (M = 46.37, SD = 2.77), t(48) = 3.37, p = .001, and to the ITI (M =
45.46, SD = 3.76), t(48) = 4.11, p < .001. The Context x Group interaction was not
significant, F(2, 46) < 1. This suggests that both groups showed an increased startle response
in the CXT+ compared to the CXT-.

SCL—There were no significant main effects or interactions in the extinction phase (all Fs
< 1), suggesting no differences between contexts or groups during extinction.

Valence—The MANOVA revealed only a significant main effect of context, F(2, 46) =

9.21, p <.001, n§:.29, indicating that the CXT+ (M = 50.82, SD = 14.66) was rated as more
negative than the CXT- (M =56.90, SD = 17.80), t(48) = 2.66, p = .012; and the ITI (M =
44.69, SD = 15.01) was rated as more negative than both the CXT+, t(48) = 2.77, p = .008,
and the CXT-, t(48) = 4.36, p < .001.

Arousal—There was only a significant main effect of context, F(2, 46) = 9.16, p < .001,

7712):.29, indicating higher arousal for the CXT+ (M = 24.08, SD = 23.64) compared to both
the CXT- (M = 16.94, SD = 19.52), t(48) = 3.31, p =.002, and the ITI (M = 12.96, SD =
18.98), t(48) = 4.32, p < .001, and higher arousal for the CXT- compared to the ITI, t(48) =
2.86, p = .006.

Anxiety—There was only a significant main effect of context, F(2, 46) = 4.06, p = .024,

7712,:.15, indicating higher anxiety for the CXT+(M = 17.04, SD = 20.49) compared to both
the CXT- (M =12.08, SD = 16.80), t(48) = 2.34, p = .023, and the ITI (M = 11.37,SD =
17.38), t(48) = 2.84, p = .007.

Contingency ratings—There was only a significant main effect of context, F(2, 46) =

27.40, p < .001, 775:.54, indicating higher contingency ratings for the CXT+ (M =54.29, SD
= 31.09) compared to both the CXT- (M = 28.98, SD = 28.90), t(48) = 5.05, p < .001, and
the ITI (M = 17.24, SD = 23.34), t(48) = 7.50, p < .001, and a higher contingency ratings for
the CXT- compared to the ITI, t(48) = 2.69, p = .010.

4. Discussion

In this study, we investigated the influence of trait anxiety on contextual fear conditioning
using a virtual reality paradigm. We were able to show, as in previous studies (Baas et al.,
2004; Grillon et al., 2006; Troger et al., 2012), that physiological and explicit anxiety
responses increased in an anxiety context (CXT+) where unpredictable USs were
administered, compared to a safety context (CXT-) where no US occurred.

Importantly, we found some evidence that high trait anxiety results in enhanced acquisition
of context-specific anxiety reactions. During acquisition, high-anxious participants showed
differential conditioning effects in startle magnitude and a similar trend for anxiety ratings.
By contrast, low-anxious participants showed no differential conditioning effect during
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acquisition. Additionally, exhibited higher startle magnitudes in the CXT+ versus the CXT-
only during the extinction phase as the main effect of context in absence of any group effect
revealed. These data suggest that high-anxious participants show faster contextual fear
learning, whereas in low-anxious participants, the acquisition of contextual anxiety seems to
be slower as they exhibit fear-potentiated startle only during extinction. To demonstrate
whether the low-anxiety group indeed showed slower acquisition of contextual fear during
the conditioning phases, we analyzed startle data for Acquisitions 1 and 2 separately for the
low-anxiety group.2 This detailed analysis on the time course of acquisition revealed that
low-anxious participants displayed a slower fear acquisition as they tended to discriminate
between the CXT+ and CXT- only during Acquisition 2. We did not find any differences
between the anxiety groups in SCL data, consistent with a study that also failed to show
differences in SCR between PTSD patients and controls, suggesting that SCL or SCR may
not be sensitive enough to differentiate between anxiety groups (Glover et al., 2011) or that
they are too sensitive to conditioning to capture a between group difference in speed of
learning.

Our results are in line with a study that has shown that panic disorder patients exhibited
increased startle magnitudes in a context in which unpredictable shocks were administered,
compared to a safe context, whereas healthy controls failed to show this differentiation
(Grillon et al., 2008). Increased sensitivity to unpredictable threats seems to play an
important role in some anxiety disorders, especially those that are characterized by sustained
anxiety but not phasic fear (Davis et al., 2010). Our results suggest that high trait anxiety
enhances conditionability to contexts that signal unpredictable threats, which might be
regarded as a risk factor or endophenotype for anxiety disorders characterized by sustained
anxiety states.

Differential contextual fear learning might be mediated by an increased arousal level or
overall heightened sensitivity to threatening contexts in high-anxious individuals or anxiety
disorder patients (Blechert et al., 2007; Glover et al., 2011; Orr et al., 2000). Supportively,
we found that high-anxious participants displayed higher raw value startle magnitudes in
pre-acquisition compared to low-anxious participants, suggesting higher physiological
responding in high-trait individuals before conditioning, which might contribute to increased
contextual conditioning as measured in CXT+ versus CXT- differences in startle magnitude
(Grillon and Baas, 2002). Additionally, enhanced attentional processes might facilitate fear
conditioning to a cue or context (Baas et al., 2008; Grillon, 2002a) in a way that the threat
signals might be identified more quickly in participants with higher trait anxiety (Massar et
al., 2011). As a first hint, a recent study with PTSD patients showed that an attentional bias
toward a threat in a dot probe task was positively correlated with fear-potentiated startle in a
cued fear conditioning paradigm (Fani et al., 2012). However, further research is needed to
disentangle the associations between attentional processes, contextual fear conditioning, and
trait anxiety.

2In Acquisition 1, low-anxious participants showed higher startle responses in the CXT+, t(23) = 6.41, p <.001, and in the CXT-,
t(23) = 5.58, p <.001, both compared to the ITI, but no differentiation between the CXT+ and CXT—, t(23) = 0.04, p = .971. In
Acquisition 2, low-anxious participants showed only a discrimination between the CXT+ and CXT-, t(23) = 1.99, p = .059, and
between the CXT- and the ITI, t(23) = 1.96, p = .063, at trend level, but they showed a significant difference between the CXT+ and
the ITI, t(23)=3.82, p = .001.
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At first glance, our results seem to contradict the findings by Lissek et al. (2009), who
reported a failure to discriminate between danger and safety cues or rather slower fear
acquisition among panic disorder patients; this failure was due to an elevated fear response
to the safety cue. The authors interpreted their findings within the framework of stimulus
generalization. Panic patients would tend to generalize their fear responses to similar cues or
situations. It is important to emphasize that their study employed a cued fear conditioning
paradigm, where the US was predictably paired with a discrete cue, in contrast to our study,
which used a contextual fear conditioning protocol. Conclusively, cue and contextual fear
conditioning as indices for phasic fear or sustained anxiety may vary not only in their
neurological bases (Davis et al., 2010; LeDoux, 2000; Phelps, 2006) and characteristics of
fear or anxiety responses (Grillon, 2002a; Marks, 1987), but also in differential learning
rates. As a suggestion, in the case of a predictable threat, pathologic or high trait anxiety
may result in impaired discrimination between cues that signal predictable threat or safety
due to inhibitory deficits (Lissek et al., 2005). By contrast, in the face of an unpredictable
threat, pathologic anxiety or, as in this study, high trait anxiety, allows for faster
discrimination between contexts that signal unpredictable threats compared to safe contexts.

Contextual fear conditioning can be established, if predictive cues signaling threat
occurrence are lacking or are not explicitly detected (Baas, 2013; Grillon, 2002b).
Furthermore, introducing a predictive cue after conditioning to the context results in reduced
contextual anxiety (Fonteyne et al., 2009, 2010) and this has been found to correlate with
trait anxiety, showing that low-anxious individuals are better at adaptively reducing their
contextual anxiety (Baas, 2013). Therefore, one possible mechanism to explain the faster
context conditioning in high trait-anxious participants might be that high-anxious compared
to low-anxious individuals give up more quickly when searching for specific predictors of
threat. As a consequence, high-anxious individuals might associate the context with the
threat more quickly than low-anxious individuals. Nevertheless, in our study, one might
argue that displaying increased contextual anxiety was the only adaptive response, as we
presented only a context without any predictive cue in contrast to other contextual fear
conditioning studies that presented predictive cues and measured anxiety responses to the
context in which the predictive cue was presented (Baas, 2013; Duvarci et al., 2009). High
contextual anxiety in the latter paradigm is of course maladaptive because the threat was
predictable. If high-anxious individuals have deficits in searching for and/or identifying
specific predictors of threat, this would be an advantage in our context-only paradigm
because there are no specific predictors to identify. Another explanation for why low-
anxious participants showed less contextual anxiety might be that they are better in
identifying safe periods within the anxiety context. Fonteyne et al. (2009, 2010) showed that
participants were even able to predict shocks that were presented between cues as indexed
by online US-expectancy ratings. However, their finding might be due to the fact that shocks
in their experiment appeared at fixed time points throughout a trial. By contrast, shocks in
our experiment appeared at different time points in every trial; thus, it is very unlikely that
participants were able to identify safe periods, and they therefore very likely perceived
shocks to be unpredictable. Nevertheless, we only can speculate on this topic because
unfortunately we did not measure online-expectancy ratings during the conditioning trials.
Further studies should include online-expectancy ratings to prove unpredictability of the
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shocks on a trial-by-trial basis and throughout the context presentation. Alternatively, the
low-anxious individuals might have been characterized by increased risk taking, sensation
seeking, or reduced sensitivity to punishment (lower BIS) and therefore exhibited deficits in
identifying threats and safety. This seems plausible because the low-anxious participants
were selected based on their trait anxiety levels from the lowest 20% of the screening
sample. Additionally, the trait anxiety groups also differed according to other anxiety-related
questionnaires such as the ASI, BIS-BAS, STAI State, and PANAS, which are correlated
and are all measures of traits or states of anxiety. Therefore, group differences may have
been driven by not only trait anxiety in contextual fear conditioning but also related
constructs. To further examine possible confounding personality variables (e.g., sensation
seeking), future studies might examine alternative control samples (e.g., with “normal” trait
anxiety scores lying between 40% and 60% of the screening sample).

Several studies comparing anxiety patients with healthy controls (e.g., Blechert et al., 2007;
Wessa and Flor, 2007) as well as correlative studies assessing trait anxiety and conditioning
(Barrett and Armony, 2009; Sehlmeyer et al., 2011) have observed a resistance to extinction
in cue conditioning paradigms in the high-anxious group, meaning that extinction was
slowed or enhanced amygdala activation was found during extinction in these subjects. By
contrast, the present study found no effect of anxiety level on extinction in context
conditioning, and as a matter of fact, no extinction effects for most dependent variables were
found, except for SCL Importantly, the present study examined context conditioning,
whereas all previous studies examined cue conditioning; thus, it might be premature to
expect comparable results for the two learning paradigms. Additionally, the present study
included three extinction trials only (half of the acquisition trials); perhaps additional trials
would have been necessary to detect a resistance to extinction in context conditioning.
Therefore, future studies using longer extinction phases are needed to come to more
definitive conclusions about the effects of trait anxiety on contextual extinction.

In sum, we demonstrated that high trait anxiety results in faster discrimination of situations
of anxiety and safety in the face of an unpredictable threat. Our results provide further
support for a clear distinction between phasic fear and contextual anxiety, which are
differentially influenced by personality traits. Nevertheless, we may only speculate about the
differences in cue versus context conditioning depending on trait anxiety because we
investigated only context conditioning in our paradigm. Future studies might implement
predictable and unpredictable threat conditions to further disentangle the differential role of
trait anxiety in these conditions. Furthermore, VR used in our study proved to be a valid
examination tool for contextual fear conditioning and for research on anxiety disorders. As
contextual fear conditioning may be a more appropriate paradigm for investigating anxiety
disorders (Davis et al., 2010), it would be meaningful to deepen the neural underpinnings
involved in this paradigm as well as to apply it in a clinical sample. In particular, further
studies using the context conditioning paradigm are important because of its relevance for
the development of anxiety disorders and the lack of comparability of results from studies
using cue conditioning paradigms.
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Fig. 1.
Screenshots of the two office rooms and the connecting corridor (intertrial interval, ITI).

During acquisition one office room was paired with mildly painful electrical stimuli (anxiety
context, CXT+), whereas the other office room was never paired with electrical stimuli
(safety context, CXT-).
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Fear potentiated startle magnitude (T-scores) during Acquisition 1, Acquisition 2 and
Extinction in low- (left) and high-anxious participants (right). Error bars represent standard
errors of the mean (SEM). CXT+, anxiety context (paired with US); CXT-, safety context

(no US); ITI, intertrial interval.
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Fig. 3.

Agxiety ratings from 0 (no anxiety) to 100 (very strong anxiety) across Acquisitions 1 and 2
in low- (left) and high-anxious participants (right). Error bars represent standard errors of
the mean (SEM). CXT+, anxiety context (paired with US); CXT-, safety context (no US);
ITI, intertrial interval.
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