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Abstract

Background: Fear-based disorders, like social anxiety disorder (SAD) and posttraumatic stress
disorder (PTSD), are characterized by an exaggerated fear response and avoidance to trigger cues,
suggesting a transdiagnostic mechanism of psychopathology. Current theories suggest that
abnormalities in conditioned fear is a primary contributor to the pathophysiology of these
disorders. The primary goal of this study was to compare acquisition of conditioned stimulus (CS)
and aversive unconditioned stimulus (US) contingencies during fear learning and extinction in
individuals with SAD and PTSD.
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Methods: In a standard Pavlovian fear conditioning-extinction paradigm we measured subjective
US expectancy ratings to different CSs in patients with SAD (n=16) compared to patients with
PTSD (n=13) and healthy controls (n=15)

Results: Both patient groups (SAD, PTSD) acquired differential conditioning between a CS that
predicted US (CS+) and a CS that never predicted the US (CS-), however, both groups reported an
increased expectancy that the US would occur following the CS-. Additionally, the PTSD group
overestimated that the US would occur in general. Neither patient group showed evidence of
successful extinction of the CS+-US contingency nor differentiated their expectation of US
occurrence between the CS+ and CS- during extinction learning.

Limitations: Group sample sizes were small and we did not include a trauma-exposed group
without PTSD

Conclusions: Both SAD and PTSD generalize expectations of an aversive outcome across CSs,
even when a CS never signals an aversive outcome and PTSD may tend to over-expect threat. Fear
learning and extinction abnormalities may be a core feature underlying shared symptoms across
fear-based disorders.
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Introduction

Experiences involving threat result in strong fear learning, allowing rapid detection of
associations between cues in the environment and prediction of imminent threat.
Importantly, ever-changing environments require that an individual flexibly re-adjust learned
fear such that it would appropriately track the ongoing change in circumstances (e.g.,
stimulus might cease to signal danger; Schiller and Delgado, 2010). Current theories of
anxiety and posttraumatic stress disorder (PTSD) suggest that abnormalities in conditioned
fear are a primary contributor to the pathophysiology of these disorders (Briscione et al.,
2014; Duits et al., 2015; Lissek et al., 2005). Maladaptive cognitions play a crucial role in
the development and maintenance of anxiety and fear responses and while some cognitions
may be disorder-specific there are commonalities in cognition across disorders, such as
future-oriented perceptions of danger or threat (Hofmann, 2008; Newby et al., 2015; Norton
and Paulus, 2015).

In the laboratory, these associative learning processes can be modeled using Pavlovian fear
conditioning and extinction models in which fear is first linked to a previously innocuous
cue (conditioned stimulus; CS) and is then decreased by presenting the CS alone (producing
extinction). To date, findings from patient studies suggest that fear acquisition and/or
extinction abnormalities may be a core feature underlying shared symptoms across fear-
based disorders (Milad et al., 2005). For instance, patients with PTSD show deficits in the
ability to discriminate between a CS that was paired with an aversive outcome (CS+; danger
cue) and a CS that was never paired with an aversive outcome (CS-; safety cue), as well as, a
general inability to acquire safety signals, and/or increased fear conditioning (Blechert et al.,
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2007; Grillon and Morgan, 1999; Jovanovic et al., 2010, 2009; Norrholm and Jovanovic,
2011; Norrholm et al., 2011; Orr et al., 2000; Peri et al., 2000).

While the vast majority of research efforts have focused on fear extinction in patients with
PTSD there are emerging studies that have examined fear conditioning and extinction in
other fear-based disorders and consistently demonstrate evidence of impaired fear extinction
(Duits et al., 2015). For example, patients with panic disorder exhibit larger physiological
responses during extinction training and rate the extinguished CS as more unpleasant than
healthy controls (Michael et al., 2007). Enhanced fear learning has been reported in patients
with spider phobia (Schweckendiek et al., 2011) and extinction retention deficits have been
reported in patients with obsessive-compulsive disorder (Milad et al., 2013). Two behavioral
studies in patients with social anxiety disorder (SAD) have shown increased conditioned fear
responses, suggesting increased fear conditionability (Lissek et al., 2008) and increased
tendency to not only associate threat to safety cues, but an inability to extinguish conditioned
fear responses (Hermann et al., 2002). Together, these studies suggest that fear acquisition
and/or extinction abnormalities may be a core feature underlying shared symptoms across
fear-based disorders as well as their high degree of comorbidity (Goldstein et al., 2016).
However, in the aforementioned fear extinction studies, the experiments conducted in
patients with SAD, both used neutral facial expressions as the CS, which may have
confounded the overall results.

Previous studies have reported that patients with SAD are likely to interpret neutral and
other emotionally ambiguous facial expressions negatively (Cooney et al., 2006; Winton et
al., 1995; Yoon and Zinbarg, 2007, 2008), making it possible that neutral faces may not be
regarded as neutral stimuli that become a threat cue as a result of associative learning. The
baseline difference in CS and/or the unconditioned stimulus (US) meaning in patients with
SAD compared to healthy controls may obscure differences in the acquisition and extinction
of conditioned fear responding to socially relevant cues. To control for this potential
confound and to determine whether patients with SAD, like patients with PTSD, have
deficits in general acquisition of fear-related CS-US contingencies and subsequent extinction
of these contingencies we used a standard Pavlovian fear conditioning and extinction
paradigm with non-social cues as the CSs (colored lights) in patients with SAD, PTSD, and
healthy controls (Milad et al., 2005, 2007a). We hypothesized that patients with SAD and
patients with PTSD would show deficits in extinction learning as evidence by greater US
expectancy ratings during extinction learning and recall compared to healthy volunteers.

2. Materials and methods

2.1. Participants

Forty-four volunteers participated in this study (SAD=16; PTSD=13; Healthy Controls
[HC]=15; see Supplemental Table 1 for sample demographics and clinical characteristics)
and were recruited from the University of Michigan Anxiety Disorders Clinic, the University
of Michigan campus, and surrounding Metro Detroit communities via online advertisements
and flyers.
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Participants with SAD or PTSD were required to have a primary diagnosis of SAD or PTSD,
respectively, while participants in the HC group could not meet criteria for any current or
past Axis | disorder. Psychiatric diagnoses based on the DSM-1V criteria (Association,
2000), were established via the Mini-International Neuropsychiatric Interview (MINI;
Sheehan et al., 1998). Of note, all clinical assessments were conducted by Dr. Rabinak, who
was trained to administer and score these assessments for research-related purposes (See
Supplemental Materials and methods for additional inclusion and exlusion critiera and
comorbities).

There was no significant difference in age between the HC and SAD groups [£29)=-1.53,
p=.14] nor the SAD and PTSD groups [27) =-1.21, p=.24], however the HC group was
significantly younger than the PTSD group [{26)=-2.46, p=.03; Supplemental Table 1],
therefore age was included as a covariate in the analyses. Between-group comparisons on
sex of the participants, ethnicity, and racial composition are included in the Supplemental
Results.

2.2. Additional assessment measures

2.2.1. Liebowitz Social Anxiety Scale (LSAS)—The LSAS is a 24-item, clinician-
administered questionnaire used to assess the range of social interactions and performance
situations that patients with SAD may fear and/or avoid (Heimberg et al., 1999).

2.2.2. Social Interaction Anxiety Scale (SIAS)—The SIAS is a 20-item, self-report
scale that assesses fears of more general social interaction (Mattick and Clarke, 1998).

2.2.3. Clinician-Administered PTSD Scale for DSM-IV (CAPS)—The CAPS the
“gold standard” for PTSD assessment and diagnosis and is clinician-administered. Severity
ratings are based on symptom frequency and intensity (Blake et al., 1995).

2.2.4. Life Stressor Checklist-Revised (LSC-R)—The LSC-R is a self-report
measure designed to screen for potentially traumatic events in a person’s lifetime (Wolfe and
Kimerling, 1997).

2.2.5. PTSD Checklist-Civilian (PCL-C)—The PCL-C is a 17-item, self-report
measure reflecting DSM-IV symptoms of PTSD. The PCL-C asks about symptoms in
relation to generic “stressful experiences” and can be used in aiding diagnostic assessment
of PTSD (Blanchard et al., 1996; Weathers et al., 1993).

2.2.6. Hamilton Anxiety Scale (HAM-A)—The HAM-A is a 14-item, clinician-
administered questionnaire that measures severity of a patient’s anxiety (Hamilton, 1959).

2.2.7. Hamilton Depression Scale (HAM-D)—The HAM-D is a 21-item, clinician-
administered questionnaire used to determine a patient’s level of depression (Hamilton,
1960).
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2.2.8. Beck Depression Inventory (BDI-II)—The BDI-II is a 21-item, self-report
questionnaire used to measure severity of depression (Beck et al., 1974; Beck and Steer,
1984; Beck et al., 1996; Beck et al., 1961).

2.2.9. State-Trait Anxiety Inventory (STAI)—The STAI is a 40-item, self-report
measure of trait and state anxiety (Spielberger et al., 1983).

Between-group differences on the additional assessment measures are presented in the
Supplemental Results and Supplemental Table 1. All participants gave written informed
consent after explanation of the experimental protocol with research staff and were
monetarily compensated for their time, as approved by the University of Michigan
Institutional Review Board.

2.3. Fear conditioning, extinction, and testing procedures

Participants were studied over 2 consecutive days (see Fig. 1) using a similar design
developed and validated by Milad and colleagues (Milad et al., 2005, 2007a), which
manipulates context using an ABB design (i.e., in which the context is the same during
extinction learning and testing, but different from the context in which fear is first acquired).
Digital photographs of two different outdoor scenes (school building and forest) constituted
the visual contexts. Each scene contained a street light and different colors (blue, pink,
yellow) of the lit street light constituted the conditioned stimuli (CSs).

On Day 1, all participants underwent partial discrimination fear conditioning, in which they
were presented with two CSs on a computer screen (CS+s; e.g., blue and yellow lights) that
co-terminated with an aversive white noise burst US through a pair of headphones (500 ms,
100 dB) at a partial reinforcement rate of 60% (i.e., partial reinforcement extinction effects;
cf. (i.e., partial reinforcement extinction effects; cf. Milad et al., 2009; Milad et al., 2007b)).
A third CS (e.g. pink light) was presented during fear conditioning but never paired with the
US (CS-). Fear acquisition consisted of 8 non-reinforced presentations of each of the CS+s,
intermixed with an additional 12 presentations of each CS+ that co-terminated with the US,
and 20 presentations of the CS-, all presented within the conditioning context (Context A).
After approximately a 15 min break all participants underwent an extinction session in
which one of the CS+s (e.g., blue light) was extinguished (CS+E) whereas the other CS+
(e.g., yellow light) was not (CS+U; i.e., this CS+ was not presented during extinction
learning). During extinction learning the CS+E was presented in the absence of the US.
There were 20 CS+E and 20 CS- trials presented in the extinction context (Context B).

To assess extinction retention, we conducted an extinction memory recall test approximately
24 h after the extinction learning session (Day 2). Of note, all participants returned and
completed the sessions on Day 2. Extinction recall consisted of 20 non-reinforced
presentations of each of the CSs (CS+E, CS+U, and CS-) in Context B. In each experimental
session (fear acquisition, extinction learning, extinction recall) the context picture was
presented for 7-12 s: 3-8 s alone followed by 4 s in combination with the CS+ or CS-. The
mean intertrial interval was 6 s (range: 4-9 s) determined from the offset of the CS to the
onset of the context. The designation of colored lights (blue, yellow, or pink) as CS+E, CS
+U, or CS-, and the context (building or forest) as Context A or Context B was
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counterbalanced across the participants. In addition, the order of trials was pseudo-
randomized, such that no more than 2 presentations of the same colored light (pink, yellow,
or blue) occurred in a row.

At the beginning of each session participants were told that they may or may not hear a loud
noise burst and were instructed to pay attention to the computer screen and try to figure out
the relationship between the color of the light and the noise burst. During each presentation
of the colored light stimuli, participants were asked to rate their expectancy that the US
would occur on a three-button response pad (“Will you hear a loud noise burst?”:
0=Definitely not; 50=Unsure; 100=Definitely)(Dunsmoor et al., 2008; Knight et al., 2004;
Norrholm et al., 2006). US expectancy was scored as the first response within 3 s of CS
onset and was used to assess learning of the stimulus contingencies during each session (e.g.
CS-US, CS-noUS). Of note, we used US expectancy ratings as our primary measure of
conditioned fear, rather than psychophysiological responding (e.g. skin conductance;
Jovanovic et al., 2006; Soeter and Kindt, 2010; Warren et al., 2014). The main drawback of
using psychophysiological measures as indicators of fear is the large inter-individual
variability of autonomic responses, which limits the direct comparability between subjects
(Picard et al., 2016). Additionally, some participants do not show measurable levels of SCR
during fear conditioning, which precludes assessment of fear conditioning (Bjorkstrand,
1990; Schell et al., 1991). The US expectancy measure gives an indication about the extent
to which participants expect the aversive outcome and there is sufficient evidence for the
face validity, diagnostic validity, predictive validity, and construct validity of the US-
expectancy measure (Boddez et al., 2013). As such, US expectancy mimics threat
expectancies, which are a clear-cut symptom of pathological fear.

In addition, participants were asked to provide a rating of subjective anxiety using the
Subjective Units of Discomfort Scale (SUDS; 0=no anxiety; 25=mild anxiety, alert, able to
cope; 50=moderate anxiety, some trouble concentrating; 75=severe anxiety, thoughts of
leaving; 100=very severe anxiety, worst ever experienced; Hope et al., 2000; Wolpe and
Lazarus, 1966) at three time points during the extinction learning session: before the start of
the session, in the middle of the session, and at the end of the session; and before the
beginning of the extinction recall session. The SUDS ratings were collected as a secondary
measure of fear reactivity. Headphones remained in place during all sessions (removed only
during breaks).

Of note, all female subjects completed study sessions about 1 week prior to menses onset
(based on self-reports of last period and cycle length), to ensure that they were studied while
estrogen levels were low. This restriction was based on evidence that high estradiol levels
can facilitate fear extinction (Milad et al., 2010; Zeidan et al., 2011).

2.4. Data analysis

US expectancy and SUDS ratings were analyzed using analysis of variance (ANOVA)
controlling for age. Post-hoc comparisons between and within groups, using independent
and paired £tests, respectively, were performed after a significant main effect or interaction.
We used a significance threshold of p < .05 (two-tailed), corrected for multiple comparisons
using Bonferroni correction. We also calculated and report Cohen’s @, an index of effect
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size, for between-group effects (Cohen, 1988) and d for within-group/repeated measures
effects (dRM; Equation 8 from Morris and DeShon, 2002), as well as confidence intervals.

3. Results

3.1. Fear acquisition

An ANOVA of US expectancy ratings with one, three-level factor — group (HC, SAD,
PTSD), and two, two-level factors—stimulus (CS +[collapsed across CS+E and CS+U],
CS-) and time (early acquisition, late acquisition), controlling for age-revealed a significant
main effect of group (A2,39)=5.80, p=.006), main effect of stimulus (A1,39) =13.03, p=.
001), and group by stimulus interaction (F(2,39)=7.54, p=.002).

All groups acquired differential US expectancies between the CS+ and CS-, however at
different rates. Specifically, participants in the HC and SAD groups expected the US to
occur during the CS+ more than during the CS- during early and late acquisition, whereas
the PTSD group didn’t differentiate US expectancy to the CS+ relative to the CS-until late
acquisition (Table 1; Fig. 2A). Of note, both patient groups had a significantly greater
expectations that the US would occur to the CS- during early acquisition compared to the
HC group and this difference between the PTSD and HC group was significant during late
acquisition as well (Table 2; Fig. 2A). The PTSD group also expected the US to occur more
during the CS- compared to the SAD group.

3.2. Extinction learning

An ANOVA of US expectancy ratings with one, three-level factor— group (HC, SAD,
PTSD), and two, two-level factors—stimulus (CS+E, CS-) and time (early extinction, late
extinction), controlling for age— revealed a significant main effect of time (A1,38)=18.86, p
<.001), group by time interaction (A?2,38)=3.68, p=.03), and stimulus by time interaction
(H1,38)=6.06, p=.02).

Not surprisingly, during early extinction the HC group expected the US to occur when
presented with the CS+E, but by the end of the extinction session the HC group no longer
expected the US during the CS+E, suggesting they were able to learn the extinction
contingency (CS-noUS; Table 1; Fig. 2B). US expectancy ratings were similarly low during
the CS- across the extinction learning session in the HC group. Additionally, during early
extinction the HC group expected the US to occur during the CS+E and did not expect the
US to occur during the CS-. This is further evidence that the HC group successfully acquired
differential stimulus contingencies between the CSs and US during the previous fear
acquisition phase. During late extinction there was no difference between US expectancy
ratings to the CS+E and CS-. Interestingly, US expectancy rating during the CS+E did not
change over the course of extinction (early vs. late) in either the SAD or PTSD groups
(Table 1; Fig. 2B). Additionally, during early extinction US expectancy ratings during the
CS+E did not differ from CS- ratings in either patient group. US expectancy ratings to the
CS- were significantly higher during early compared to late extinction in the PTSD group;
there was no difference in the SAD group (Table 1; Fig. 2B).
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Between group analyses revealed no significant differences in US expectancy ratings to the
CS+E or CS- during early or late extinction between the HC and SAD groups (os > .10), but
compared to the HC group, the PTSD group expected that the US would occur during the
CS +E during late extinction and during the CS- during both early and late extinction. The
PTSD group also indicated that they expected the US to occur during the CS- during early
extinction to a greater extent than the SAD group (Table 2; Fig. 2B).

An ANOVA of SUDS ratings with two, three-level factor-group (HC, SAD, PTSD), and
time (pre-extinction, mid-extinction, post-extinction), controlling for age-revealed a
significant main effect of group [A2,40)=8.45, p=.001]. There was no significant difference
in SUDS ratings during pre- and mid-extinction in the HC group, however the HC group did
report significantly lower SUDS ratings post-compared to pre-extinction (Table 3; Fig. 3).
Both the SAD and PTSD groups reported significantly higher SUDS ratings than the HC
group pre-, mid-, and post-extinction (Table 3; Fig. 3). Of note, SUDS ratings were not
significantly different between the SAD and PTSD group and did not significantly change
over the course of extinction in either group (ps > .50).

To explore whether SUDS ratings during mid- and post-extinction learning were associated
with US expectancy ratings to the CS+E during late extinction we conducted a Pearson’s
correlation analysis across all groups. We found that SUDS ratings at mid-extinction and
post-extinction were positively correlated with US expectancy ratings to the CS+E during
late extinction (SUDS mid-extinction: 7(42)=.41, p=.007; SUDS post-extinction: /(42)=.54,
p<.001).

Next, we conducted a mediation analysis using PROCESS software (2.16.2; Hayes, 2013)
implemented in SPSS to test for the mediating effects of SUDS ratings mid- and post-
extinction on the association between group and US expectancy ratings to the CS+E during
late extinction. We tested mediation with 2 dummy coded variables to represent the 3
groups, using the HC group as the reference group. Using ordinary least squares regression,
2 separate analyses were conducted to estimate the linear model. As recommended for small
samples, we used nonparametric bootstrapping analyses (based on 50,000 bootstrapped
samples; see Preacher and Hayes, 2004; Preacher et al., 2007) to test the relative indirect
effect. In these 2 analyses, mediation is significant at p < .05 if the 95% bias-corrected and
accelerated confidence intervals for the indirect effect do not include “0” (Hayes, 2013;
Preacher and Hayes, 2004; Preacher et al., 2007). Thus, the indirect effect (ab) through
SUDS ratings during mid- and post-extinction and the direct effect (¢) of the group on US
expectancy ratings to the CSs during late extinction had to be interpreted in light of the
coding of the dummy variables (which compared SAD vs. PTSD).

Mediation analyses indicated that SUDS ratings during post-extinction, but not mid-
extinction, significantly mediated the relationship between the patient (SAD, PTSD) groups
(compared to the HC group) and US expectancy ratings to the CS+E during late extinction
(absap=16.32, 95% CI [3.46, 43.21]; abprsp=20.08, 95% CI [4.90, 50.00]). Relative direct
effects of group on US expectancy ratings to the CS+E during late extinction were not
significant, suggesting that SUDS ratings post-extinction fully mediated the pathway
between group and US expectancy to the CS+E during late extinction.
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3.3. Extinction recall test

An ANOVA of US expectancy ratings averaged during the first four trials of the extinction
recall test with two, three-level factors—group (HC, SAD, PTSD) and stimulus (CS+E, CS
+U, CS-), controlling for age—revealed a significant main effect of group (AH2,39)=7.00, p=.
003) and main effect of stimulus (~(2,78)=9.94, p < .001).

Surprisingly, there was no significant differences in US expectancy ratings during the CS+E
and CS+U within any of the groups (ps > .08; Table 1; Fig. 2C). However, all groups
expected the US to occur during the CS+E to a greater extent than during the CS- (Table 1;
Fig. 2C). The HC group also expected the US to occur during the CS+U to a greater extent
than during the CS-; there were no significant differences in either of the patient groups.
Contrary to our hypothesis, the HC group expected the US to occur to a greater extent
during the CS+E during extinction recall compared to their expectations reported during late
extinction learning (#13)=5.06, p < .001, aqp=1.40, 95% CI [5.07, 12.63]), suggesting some
spontaneous recovery of the initial CS-US contingency even after successful learning of the
CS-noUS contingency during extinction learning (see inset of Fig. 2C).

Between group analyses revealed no significant differences in US expectancy ratings to the
CS+E, CS+U, or CS- during extinction recall between the HC and SAD groups (s > .10).
However, compared to the HC and SAD groups, the PTSD group expected the US to occur
to a greater extent during both the CS+E and the CS- (Table 3; Fig. 2C). The PTSD group
also expected the US to occur during the CS+U to a greater extent compared to the SAD

group.

Both the SAD and PTSD groups reported significantly higher SUDS ratings than the HC
group right before the extinction recall test (Table 3; Fig. 3). Pre-extinction recall SUDS
ratings were not significantly different between the SAD and PTSD groups. To explore
whether SUDS ratings right before the extinction recall test were associated with US
expectancy ratings to the CSs during extinction recall we conducted a Pearson’s correlation
analysis across all groups. We found that pre-extinction recall SUDS ratings were positively
correlated with US expectancy ratings to the CS+E (/(39)=.37, p=.02) and CS- (/(39)=.32,
p~.05) during extinction recall., however follow-up analyses to test the mediating effects of
SUDS prior to extinction recall on the association between group and CSs were not
significant.

Of note, none of the US expectancy ratings during any of the session (fear acquisition,
extinction learning, and extinction memory recall) were significantly correlated with SAD or
PTSD symptom severity (LSAS; CAPS and PCL) in the SAD or PTSD groups, respectively
(ps>50).

4. Discussion

In the present study we found that both patient groups (SAD, PTSD) could acquire
differential conditioning between a danger cue (CS+) and safe cue (CS-). However, both
groups associated the US to safe cues and the PTSD group also tended to overestimate US
occurrence across all cues. Neither patient group showed evidence of successful extinction
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learning nor did they differentiate US expectancy between the CS+E and the CS- during
extinction learning. Moreover, neither patient group differentiated CS+E from CS+U in
terms of US expectancy during extinction recall and the PTSD group continued to
overestimate US expectancy. Together, these preliminary findings suggest that, in SAD and
PTSD, expectancy of an aversive event (US) is generalized across neutral stimuli even if the
stimuli never signaled aversive outcomes. Moreover, individuals with PTSD, specifically,
may tend to inflate the aversive associations of stimuli.

During fear acquisition the SAD group displayed normal fear acquisition (no different than
HC group), such that they rated the US as more likely to occur during the CS+ than during
the CS-. However, during early acquisition the SAD group reported that they expected the
US to occur during the CS- compared to the HC group, suggesting difficulty acquiring
contingencies that are safe (CS-). This finding is consistent with a prior fear conditioning
study, in which patients with SAD also reported an increased US expectancy, specifically to
the CS-, compared to HCs (Hermann et al., 2002). Our preliminary results suggest that
individuals with SAD may initially default towards associating the US across stimuli, but are
able to quickly acquire the appropriate CS-US contingencies with repeated experience with
the safe cue in the absence of an aversive outcome.

The opposite appears to be true for PTSD. Patients with PTSD did not discriminate US
occurrence between the CSs until late acquisition and even then still maintained the
expectation that the US would occur during the CS-. This finding is consistent with previous
reports of failure to discriminate between the CS+ and CS-, a general inability to acquire
safety signals, and increased fear conditioning in patients with PTSD (Blechert et al., 2007;
Duits et al., 2015; Grillon and Morgan, 1999; Jovanovic et al., 2010, 2009; Lissek et al.,
2005; Norrholm and Jovanovic, 2011; Norrholm et al., 2011; Orr et al., 2000; Peri et al.,
2000). Several prior studies have shown that individuals with PTSD have difficultly
discriminating between safety and danger cues as evidenced by no difference in fear
potentiated startle magnitude to both cues, which may suggest an impaired ability to
translate and inhibit fear responses in the presence of a safety cue and/or tend to generalize
fear to stimuli that resemble the CS+(Duits et al., 2015; Jovanovic et al., 2012, 2010; Lissek
et al., 2005). Increased expectancy of aversive events (US) to safety cues may also be a
reflection of hyperarousal symptoms in PTSD. For instance, increased fear potentiated
startle responses to a safety cue (CS-) have been reported to predict hyperarousal symptoms
in PTSD (Glover et al., 2011) and suppression of cortisol in patients with PTSD has been
shown to reduce exaggerated fear responses to a CS+(Jovanovic et al., 2011). Of note, unlike
previous studies, individuals with PTSD in our study were eventually able to acquire
differential CS-US contingencies between the CS+ and CS-.

During extinction learning there were no significant differences in US expectancy ratings to
the CS+E or CS- during early or late extinction between the HC and SAD groups. However,
whereas the HC group’s expectations of the US occurring during the CS+E decreased over
time, the SAD group’s expectations that the US would occur during the CS+E remained
high and did not change. Likewise, the PTSD group’s expectations that the US would occur
during the CS+E did not change over the course of the extinction session. Additionally, at
the beginning of extinction, US expectancy ratings to the CS+E did not differ from the CS-
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in either patient group, suggesting that both SAD and PTSD groups did not differentiate CS-
US contingencies between the two stimuli. Moreover, while US expectancy ratings to the CS
+E and the CS- did not differ between the HC and SAD groups, the PTSD group had
increased expectations that the US would occur to the CS+E during late extinction and to the
CS- during early and late extinction compared to the HC group. The PTSD group also
reported greater expectations that the US would occur to the CS- during early extinction
compared to the SAD group. Similar to what we observed during fear acquisition, these
preliminary findings suggest that the PTSD group had difficulty acquiring the appropriate
CS-US contingencies to the CSs during extinction learning. Importantly, the failure to
extinguish US expectancy to the CSs in the SAD and PTSD groups may be secondary to the
lack of discrimination and over-expectation of the US occurring during fear acquisition. In
addition, a general heightened anxiety level (SUDS ratings) in the SAD and PTSD groups
may have interfered with their ability to change (decrease) US expectancy to the CSs during
extinction learning. The results of the mediation analysis support this interpretation. We
found that SUDS ratings collected at the end of extinction learning mediated the association
between group and US expectancy ratings to the CS+E during late extinction.

Another possible interpretation for the lack of extinction learning in the patient groups may
be related to low estrogen levels in female participants during extinction. In the present
study all female subjects completed study sessions about 1 week prior to menses onset when
estrogen levels were low, based on evidence that high estradiol levels can facilitate fear
extinction (Milad et al., 2010; Zeidan et al., 2011). However, other studies support the
opposite effect—among women with PTSD and low estrogen levels, fear responding is
higher during extinction learning (Glover et al., 2012, 2015). Unfortunately, the majority of
our participant sample was female, thus limiting our ability to compare the effects of gender
within our patient groups.

Since we did not observe extinction of the CS-US contingency in either patient group during
the extinction learning session it is difficult to interpret their results during extinction recall.
Neither patient group rated the CS+E and the CS+U differently, which could be that they
never learned the extinction association, as may be suggested by the extinction learning
session. Consistent with the previous sessions, the PTSD group continued to overestimate
threat to all CSs (CS+E, CS+U, CS-). In addition, patients with SAD and patients with
PTSD reported higher levels of anxiety at the beginning of the extinction recall test
compared to the HC group. However, what is most interesting is that while neither patient
group displayed within-session habituation of subjective anxiety during extinction learning,
their self-reported anxiety levels were significantly lower on the following day prior to the
extinction recall session, suggesting some between-session habituation of anxiety. Contrary
to what we would expect, US expectancy ratings to the CS+E during extinction recall were
significantly higher than those reported during late extinction learning in the HC group,
suggesting some spontaneous recovery of fear following successful within-session extinction
learning.

As mentioned in the introduction, there have only been two prior behavioral studies that
have looked at fear learning and extinction in SAD and they produced conflicting findings
(Hermann et al., 2002; Lissek et al., 2008). These conflicting results may be a function of
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the stimuli that were used. One study used socially relevant audiovisual stimuli as the US
(e.g., critical facial expression with negative feedback), whereas the other study used an
aversive odor as the US. Both studies also used neutral facial expressions as the CS.
Previous studies have reported that patients with SAD are likely to interpret neutral and
other emotionally ambiguous facial expressions negatively (Cooney et al., 2006; Winton et
al., 1995; Yoon and Zinbarg, 2007, 2008), making it possible that neutral faces may not be
regarded as neutral stimuli that become a threat cue as a result of associative learning. The
baseline difference in CS and/or US meaning in patients with SAD compared to HCs may
obscure differences in the acquisition and extinction of conditioned fear responding to
socially relevant cues. In our study we controlled for this potential confound and used non-
social cues as the CSs (colored lights) and found that patients with SAD associated threat
across the danger and safe cues, similar to findings from the aforementioned studies by
Hermann and colleagues (Hermann et al., 2002).

4.1. Limitations

There are some important limitations that should be considered when interpreting the
present results. For instance, the sample size is relatively small, especially in patients with
PTSD, therefore these findings should be considered preliminary and require replication
with larger sample sizes. In addition, we did not include a trauma-exposed group without
PTSD, therefore we cannot differentiate whether our findings in the PTSD group are related
to trauma exposure broadly or specifically to the development of PTSD following trauma
exposure. Although we used validated assessment measures to classify participants into the
SAD, PTSD, or HC group and participants with SAD or PTSD endorsed high SAD or PTSD
symptoms, respectively, compared to each other and the HC group, we could not confirm
accuracy of diagnosis because we only had one rater and thus lacked measures of inter-rater
reliability. We also did not measure psychophysiological responding (e.g. skin conductance,
heart rate, and startle) as an index of conditioned fear; instead we used subjective US
expectancy ratings. The US expectancy measure does not grasp the arousal and behavioral
outcomes of fear and anxiety, however a limitation of every outcome measure is that it
highlights certain aspects of the phenomenon under study, but ignores other aspects.
Although, it is possible there is a dissociation between subjective and physiological
responses (Hermann et al., 2002; Norrholm et al., 2006, 2008), several other studies have
demonstrated coherence between physiological measures and US expectancy ratings
(Blechert et al., 2007; Norrholm et al., 2011; Unger et al., 2003). Various experimental-
and/or participant-related factors may contribute to whether this dissociation between
physiological measures and subjective ratings is present or absent, including, but not limited
to: 1) the arousing quality of the US (e.g., odor, shock, white noise in relation to the
physiological response measured Hermann et al., 2002); 2) the timing of the extinction
session following acquisition (immediate vs. delayed; Norrholm et al., 2008); and 3)
nonspecific effects of symptomology on physiological responsiveness. For instance, patients
with SAD who are comorbid for avoidant personality disorder are less physiologically
responsive (Hofmann et al., 1995) and patients with depression have lower skin conductance
responses (Dawson et al., 1985).
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Maladaptive cognitions play a crucial role in the development and maintenance of anxiety
and fear responses. While some cognitions may be disorder-specific there are commonalities
in cognition across disorders, such as future-oriented perceptions of danger or threat
(Hofmann, 2008; Newby et al., 2015; Norton and Paulus, 2015; Watson, 2005). During
extinction learning, changes in the CS-US expectancy is a key component of fear reduction
and it has been shown, in patients with SAD, that treatment changes during exposure therapy
are mediated via changes in cognitions (Hofmann, 2004; Newby et al., 2015; Norton and
Paulus, 2015). In the present study both SAD and PTSD groups associated threat to the CS-
despite it never being presented with the US, which may be related to their shared
symptomology—an exaggerated fear response. A recent neuroimaging meta-analysis
suggested that shared symptoms across SAD and PTSD may be associated with a common
underlying neurobiology—specifically, amygdala and insula hyperactivity (Etkin and Wager,
2007). In the present study, the PTSD group, specifically, tended to inflate the threat value
across the CSs, which may be a related to symptomology that is unique to PTSD, such as
symptoms of emotional dysregulation (e.g., hypervigilance, hyperarousal, dissociation,
emotional numbing, and re-experiencing; Association, 2013a; Association, 2013b). In fact,
only PTSD, not SAD, demonstrate hypoactivation in prefrontal regions associated with the
experience or regulation of affect (Etkin and Wager, 2007), which may be related to PTSD-
unique symptoms. Indeed, while PTSD shares avoidance and hyperarousal symptomology
with other fear-based disorders (SAD, specific phobia, panic), it is also characterized by
symptoms that are more consistent with distress-related disorders (major depression), such
as significantly diminished interest in activities (Watson, 2005). Therefore, unlike SAD, it is
not clear whether PTSD is truly a fear-based disorders, distress disorder, or a combination of
both, and its link to both fear and distress may be related to the divergent findings between
PTSD and SAD. Thus, while additional research is needed to clarify differences and
similarities in fear abnormalities across anxiety and trauma-related conditions and their
specific symptom profiles, initial evidence suggests that maladaptive CS-US expectancy
may be a core feature underlying their related psychopathology.
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Fig. 1.
Schematic of the experimental protocol.
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Fig. 2. Mean US expectancy ratings during fear acquisition, extinction learning, and extinction
recall.

A, Mean US expectancy ratings to the CS+ and CS- during early and late fear acquisition. B,
Mean US expectancy ratings to the CS+E and CS- during early and late extinction learning.
C, Mean US expectancy ratings to the CS+E (left), CS+U (middle) and CS- (right) during
the extinction recall test. HC (black bars), SAD (gray bars), and PTSD (white bars). Inset
shows a bar graph representing the mean US expectancy ratings to the CS+E during late
extinction learning and extinction recall in the HC group. Error bars are standard error of the
mean (SEM). Brackets indicate significant differences within groups (HC, black; SAD, gray;
PTSD, dashed) and between groups (red). *p<.05** p<.01*** p<.001. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this
article.).
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Fig. 3. Mean SUDS ratings before, during, and after the extinction learning session and before
the extinction recall test.

HC (black circles), SAD (gray circles), and PTSD (white triangles). Error bars are standard
error of the mean (SEM).
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Significant within-group comparisons of US expectancy ratings during fear acquisition, extinction learning,

and extinction recall.

t-score df drm Lower Upper
Fear acquisition
CS+ vs. CS- Early 8.92 14 395 48.35 78.98 HC ¥
2.75 15 .69 7.33 57.64 SAD ™
CS+ vs. CS- Late 10.40 14 417 -34 10.34 HC ¥
1143 14 88 426 3693 gpp***
230 12 68 .87 19.90  prsp*
Extinction learning
CS+E vs. CS-Early  3.77 13 129 1151 42.47 HC ™™
CS+E Early vs. Late  3.98 13 179 11.98 4041 HC ™™
CS-Earlyvs.Late 253 12 .71 206  27.94 prgp*
Extinction recall test
CS+ E vs. CS- 6.61 14 171 738 14.47 HC
225 14 59 32 1368  gap™
240 12 68 121 2473  prgp*
CS+U vs. CS— 2.60 14 .76 243 25.42 HC™

HC, healthy controls; SAD, social anxiety disorder; PTSD, posttraumatic stress disorder; Within-group comparisons were performed using paired #
tests, corrected for multiple comparisons using Bonferroni correction;

*
p<.05.

*Kk
p<.0L.

Aok

p=.001.
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