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The COVID-19 pandemic greatly disrupted our daily lives. Worldwide, people were confronted with health,
financial, and existential fears or trauma-like experiences. Recent studies have identified an increase in stress,
anxiety, and fear symptoms in connection with the pandemic. Furthermore, fear learning processes are central
mechanisms in the development and maintenance of anxiety disorders. Patients commonly show impairments
not only in fear learning but also in its generalization. Thus, pandemic-related anxiety may constitute a risk
factor for both enhanced fear acquisition and generalization. In a pre-registered online study with a final sample
of 220 healthy university students, we investigated whether participants with higher COVID-19-related anxiety
(COVID-Anxiety) show impaired fear learning and generalization. For this purpose, we used a differential fear
conditioning paradigm with a traumatic film clip as the unconditioned stimulus (US) and collected US-
expectancy as the main measure of interest. Participants with high COVID-Anxiety show a tendency toward
poorer discrimination between the reinforced conditioned stimulus (CS+) and the unreinforced conditioned
stimulus (CS—) during acquisition and significantly poorer discrimination patterns during generalization.
Furthermore, participants with high COVID-Anxiety show greater general fear throughout the whole experiment.
Our results show that the subjective effects of the COVID-19 pandemic on psychological well-being are associated
with impairments in both fear learning and fear generalization. As expected, high COVID-Anxiety leads to poorer
performance in stimulus discrimination and greater levels of fear, which might contribute to a higher risk of
anxiety disorders.

German clinical trial register: DRKS00022761.

1. Introduction (Brooks et al., 2020; Lades et al., 2020; Wegmann et al., 2021). In

addition to the physical health risks associated with COVID-19, the

With more than 460 million confirmed cases worldwide and over 6
million deaths (World Health Organization, n.d.), the COVID-19
epidemic has changed the world like no other event in recent decades
has. To prevent the further spread of COVID-19, many countries have
implemented severe restrictions, which not only affect countries’
economies but also many areas of people’s daily lives (e.g., reduced
work hours, unemployment, the closure of schools and universities,
restricted leisure activities, curtailed social contact, and so on).

Aside from the global and individual benefits of these restrictions,
namely preventing COVID-19 infection and, thus, limiting the spread of
the pandemic, they can have a negative impact on well-being and health

prolonged pandemic and its associated restrictions are increasingly
bringing more attention to mental health issues. For example, many
people are reporting persistent worry and fear of illness due to the
pandemic (Borade and Nagarkar, 2021; Chakraborty and Chatterjee,
2020; Srol et al., 2021). Other stressors include being in quarantine,
being overwhelmed or bored, feeling helpless, losing money, and
perception of inadequate information (Brooks et al., 2020; Klaiber et al.,
2021). Moreover, both younger and older people are suffering from
increasing loneliness, tension, and insecurity (Ahrendt et al., 2020;
Aristovnik et al., 2020; Borade and Nagarkar, 2021; Di Santo et al.,
2020; Liang et al., 2020). It is also known that previous infectious
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disease outbreaks, such as the severe acute respiratory syndrome (SARS)
outbreak in 2003, the influenza A (H1N1) outbreak in 2009, or the Ebola
outbreak in 2014, severely affected public mental health and, as
fear-provoking events, led to symptoms of anxiety and post-traumatic
stress disorder (PTSD) (Liang et al., 2020; Liao et al., 2014; Main
et al., 2011; Mak et al., 2010; Maunder et al., 2003; Pfefferbaum et al.,
2012; Shultz et al., 2015). In this context, since the onset of the
COVID-19 pandemic, there has been a global increase in mental disor-
ders, particularly depression and anxiety-related disorders (Fountoula-
kis et al., 2021; Salari et al., 2020). Recent studies have also suggested
that the prevalence of stress, anxiety, and depression has increased
significantly as a result of the COVID-19 pandemic (Deng et al., 2021;
Sahebi et al., 2021; Salari et al., 2020; Santabarbara et al., 2021; San-
tomauro et al., 2021).

Fear learning processes play a crucial role in the etiology of anxiety
disorders (Britton et al., 2011; Lissek et al., 2005). They are commonly
studied under laboratory conditions using fear conditioning paradigms
(Lonsdorf et al., 2017). Classical conditioning models show that fear can
be triggered not only directly by aversive or trauma-like events but by
previously harmless stimuli after being paired with aversive events,
which activate the fear system (Hamm and Weike, 2005). Anxiety pa-
tients tend to show a discrimination deficit in differential fear condi-
tioning paradigms, which manifests as a lack of safety learning (an
increased fear response to safety cues), compared to controls, indicating
poorer fear learning (Cooper et al., 2018; Duits et al., 2015). Similarly,
Dibbets et al. (2015) found that highly anxious persons exhibit poorer
discrimination between harmless and aversive stimuli in fear learning
using a conditioning paradigm, making them more vulnerable to the
development of anxiety disorders. Further, fear reactions can be trans-
ferred to similar neutral stimuli that were never paired with an aversive
event. They can, therefore, occur not only in the presence of stimuli that
were associated with the aversive situation but also in the presence of
perceptually, semantically, or contextually similar stimuli (Dymond
et al., 2015). This process, called fear generalization, is another char-
acteristic of and risk factor for anxiety disorders (Britton et al., 2011;
Craske et al., 2009). These inappropriately evoked fear reactions
significantly contribute to the impaired quality of life of anxiety patients
(Craske et al., 2009) and pose a major difficulty for successful therapy
(Dymond et al., 2015). Patients with anxiety, as well as healthy but
highly anxious individuals, show a stronger tendency toward fear
generalization (Duits et al., 2015; Morey et al., 2015). Additionally,
studies have suggested a relationship between trait anxiety and fear
generalization, even before the onset of pathological anxiety (Sep et al.,
2019).

Attending to this, it is our aim to investigate how the current COVID-
19 pandemic, as a potential fear-provoking experience in the general
population, affects the fear learning and fear generalization processes.
To the best of our knowledge, such a relationship has not been investi-
gated to date. To achieve this aim, we use a differential fear conditioning
paradigm with a traumatic film clip as the unconditioned stimulus (US)
and collect US-expectancy as the main measure of interest. Due to the
pandemic and the constraints in place at the time of this study, including
contact restrictions, we conducted the experiment online. We hypothe-
size that higher COVID-19-related anxiety (COVID-Anxiety) is associ-
ated with poorer fear learning and, thus, poorer discrimination
performance between a safety and an aversive cue, as well as higher
levels of generalization.

2. Materials and methods
2.1. Participants

We acquired our data from 297 healthy university students recruited
via social media. The inclusion criteria were as follows: The individuals

needed to be a current student at a German university, aged between 18
and 40 years, have no actual psychiatric disorder, have no epilepsy, and
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have never participated in such an experiment. To avoid fraud, partic-
ipants had to provide a valid student e-mail address. Furthermore, the
participant’s code, generated at the end of the experiment, needed to be
sent to the responsible researcher using that e-mail address.

Study procedures were approved by the local ethical review com-
mittee (Ethics Committee of the Faculty of Empirical Human Sciences
and Economics at the Saarland University), follow the Declaration of
Helsinki, and were registered in the German Clinical Trial Register
(DRKS00022761). Complete information on the study was given at the
beginning of the experiment, and they could only continue after they
had confirmed that they met the inclusion criteria and once they had
provided informed consent. We offered participants student credit
(psychology students at Saarland University) or the opportunity to win a
voucher (all participants) as an incentive for their participation.

From all acquired data, 38 participants did not complete the exper-
iment and another 77 had to be excluded from the statistical analyses
due to technical problems and lack of compliance (see supplementary
Fig. S1). The final sample consisted of 220 participants (141 females)
with a median age of 21 years (range 18-40). The study took place from
August to December 2020, when COVID-19 preventive measures such as
nocturnal lockdowns, the introduction of the mandatory use of masks in
public, remote learning, and limitations on social contact (Bundesre-
gierung, n.d.) were generally implemented across Germany.

2.2. Questionnaires

We assessed COVID-Anxiety using a modified version of the vali-
dated DSM-5 Severity Measure For Specific Phobia Adult Scale (Bees-
do-Baum et al., 2012; Craske et al., 2013) adapted for COVID-Anxiety
(cf. Bendau et al., 2021; Petzold et al., 2020). The COVID-Anxiety
questionnaire (COVID-Anx) consisted of 10 items assessing
COVID-Anxiety symptoms, such as worries, fear, or panic. Participants
were asked to indicate how often they had felt that way within the last
seven days, and answers had to be given on a five-point scale ranging
from never (0) to constantly (4). To screen for depression symptom-
atology, we applied the depression module of the Patient Health Ques-
tionnaire (PHQ-9, Spitzer, 1999), while we measured anxiety symptoms
and fearfulness using the anxiety module of the PHQ (Generalized
Anxiety Disorder, GAD-7, Spitzer et al., 2006) and the State-Trait
Anxiety Inventory (Trait Version, STAI-T, Spielberger et al., 1983).
Finally, perception of current stress was measured using the Perceived
Stress Scale (PSS, Cohen et al., 1994).

2.3. Stimuli and apparatus

The conditioned stimuli (CS) consisted of two male face pictures
from the Radboud Faces Database (Langner et al., 2010), matched per
valence and arousal. Each picture was shown for 6s, followed by a black
screen with an intertrial interval (ITI) of 4s. In a randomized manner,
one of the faces was associated with an aversive US and served as the
reinforced conditioned stimulus (CS+), while the other face served as
the unreinforced conditioned stimulus (CS—). As a US, a 6s video clip
with aversive content (explicit depiction of bodily harm) from the film
German Angst (segment “Make a Wish”, Kosakowski, 2015) was shown at
the CS+ offset in the reinforced trials. The presentation order was
pseudo-randomized with the restriction that no more than two consec-
utive presentations of the same stimulus type would occur. The gener-
alized stimuli (GS) consisted of eight faces resulting from morphing the
two CS along different gradients (i.e., 88.8% [GS11, 77.7% [GS2], 66.6%
[GS3], 55.5% [GS4], 44.4% [GS5], 33.3% [GS6], 22.2% [GS7], or
11.1% [GS8] overlap with the CS+). We performed this morphing using
WinMorph software (Kumar, 2000-2002, WinMorph 3.01, DebugMode:
http://www.debugmode.com/winmorph/).


http://www.debugmode.com/winmorph/
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2.4. Subjective ratings

The US-expectancy ratings were collected during all trials in which
CS and GS were presented. Two seconds after the onset of the stimuli, a
visual analog scale (VAS), ranging from very low (0) to very high (100)
expectancy, was shown below the stimulus for 4s, prompting partici-
pants to rate to what extent they expected the CS/GS to be followed by
the aversive video. (“How much do you expect that the video will follow
after this picture?”) The VAS disappeared once a response was given.

Additionally, valence ratings for both CS (“How unpleasant is this
picture for you?”; not at all unpleasant [0] to very unpleasant [100]) and
current anxiety levels (“How anxious are you feeling right now?”; not at
all anxious [0] to anxious [100]) were collected on the VAS at different
points of the experiment, namely 1) before CS habituation, 2) before the
acquisition phase, 3) before the generalization phase, and 4) after the
generalization phase.

2.5. Procedure

The procedure of the study was modeled on similar studies of fear
generalization in a laboratory context (e.g., Dunsmoor et al., 2011,
2009; Dymond et al., 2015; Haddad et al., 2013; Lissek et al., 2008). The
study was conducted online using the professional web-based experi-
ment provider LabVanced (https://www.labvanced.com/; Finger et al.,
2017). After providing informed consent, participants were asked to
provide their demographic data, following which they received the
questionnaires. During the second phase, a differential fear conditioning
procedure consisting of three phases (habituation, acquisition, and
generalization) was conducted (see Fig. 1). At the start of the second
phase, participants were asked to turn on the loudspeakers or use
headphones so that they could hear the audio of the video that would be
shown to them. They then had to test the volume and adjust it using a
short test sound, which they could play repeatedly.

2.5.1. Fear acquisition

Participants were informed that faces would be presented during the
experiment and that they would need to indicate to what extent they
expected them to be followed by an aversive video (expectancy ratings).
They were also informed that they would have only a few seconds to
answer and should, therefore, answer as quickly as possible. A practice
run consisting of three trials with a third neutral face serving as the CS—
(no US) was completed to ensure that participants were familiar with the
trial procedure and, in particular, the expectancy ratings. The practice
run could be repeated if desired. A habituation phase then followed,
consisting of three presentations each of the CS+ and CS—, all without
the US. The instructions for acquisition indicated that one of two pic-
tures would sometimes be followed by an aversive video. Acquisition
consisted of eight CS— and eight CS+, with six of the CS+ followed by
the US at the offset (75% reinforcement). A partial reinforcement rate
during acquisition was used to prolong extinction and prevent ceiling
effects (cf. Lonsdorf et al., 2017). For an example of the CS+ trial, see
Fig. 2.

2.5.2. Fear generalization

The generalization phase started immediately after the pause for
valence ratings that followed the acquisition phase, without specific
instruction. During this phase, the CS+ and CS— were presented along
with the eight GS. The CS+ and CS— were presented eight times each
and the GS were presented four times for each of the eight GS. Half of the
CS+ trials were reinforced using the US to prevent extinction learning
and ensure that the focus remained on the effects of generalization (cf.
Haddad et al., 2013).

2.5.3. Attention check
To ensure the quality of the data, two questions were presented at the
end of the experiment. An unannounced beep was played several times,
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and participants were asked to indicate how often they heard the beep.
This served to verify that participants watched the aversive videos with
their volume on and that they were paying attention during the study.
Finally, participants were asked whether they had completed the tasks
conscientiously and how often they looked away during the video
presentations.

2.6. Statistical analyses

All statistical analyses were conducted using IBM SPSS (version 26;
IBM Corp, 2019), with the level of significance set to a = 0.05. Sum
scores were calculated to analyze the COVID-Anx. All other question-
naires were scored according to their guidelines. Non-parametric cor-
relations (Spearman’s Rho) were calculated between the COVID-Anx
and the other questionnaires. For comparisons between groups, we
divided participants per a median split (Median = 17) into low and high
COVID-Anxiety groups. The low COVID-Anxiety group comprised 115
participants (63 women), while the high COVID-Anxiety group
comprised 105 participants (78 women).

To assess US-expectancy discrimination between the CS+ and CS—
during habituation and acquisition, difference scores were calculated
(CS+-CS—; DiffX, with X specifying the phase) (LaBar et al., 1995;
Norrholm et al., 2006). Higher difference scores indicated better
discrimination between the CS+ and CS—. The use of difference scores
has advantages such as higher statistical power, the ability to account for
between-subject differences in the overall response tendency, and the
reflection of discrimination between stimuli, as well as what provides a
better measure of learning-related effects. Additionally, it allows for
better control of orientation and habituation reactions occurring at both
the CS+ and the CS— (Lonsdorf et al., 2017). To test the effects of
COVID-Anxiety on US-expectancy during fear acquisition, we conducted
a mixed-design ANOVA with the Group (low vs. high COVID-Anxiety) as
the between-group factor and the Phase (habituation vs. acquisition) as
the within-participants factor.

Similarly to Lissek et al. (2008), for the analysis of US-expectancy
during fear generalization, we divided the responses to the eight GS
into four classes (GS_Class1-4) using the averaged response to every two
GS (e.g., GS_Classl = GS1 + GS2, see Fig. 3). The classes followed a
similarity gradient, with GS_Classl having the highest similarity to the
CS+ and GS_Class4 having the highest similarity to the CS—. Averaging
the stimuli into classes resulted in an equal number of trials for the CS+,
CS—, and GS_Classes. To correct for answer tendencies, and to obtain a
better comparison with fear acquisition, difference scores were calcu-
lated to assess discrimination between the CS+, the four classes of GS,
and the CS—, respectively (CS+-CS—, GS_Class1-CS—, GS_Class2-CS—,
GS_Class3-CS—, GS_Class4-CS—; Diff*, with X specifying the CS type).
Thus, five difference scores were calculated, with higher difference
scores indicating better discrimination between the CS+/GS and the
CS— and, therefore, less generalization. A mixed-design ANOVA was
then conducted with Group (low vs. high COVID-Anxiety) as the
between-group factor and CS Type (Diff®3*/®5~ vs, Diff0S-Class1-CS— yg
DiffGS_ClaSSZ—CS— Vs, DiffGS_ClaSSB—CS— Vs. DiffGS_Class4—CS—) as the
within-participants factor.'

For the analysis of subjective valence, the difference scores of
valence ratings (CS+-CS—) were used as dependent variable. A mixed-
design ANOVA, with Group (low vs. high COVID-Anxiety) as the
between-group factor and Time (pre-habituation, pre-acquisition, post-
acquisition, post-generalization) as the within-participants factor, was
conducted.

CS-specific analyses (no difference scores) for US-expectancy and CS
valence are reported in the supplementary data (S2) to allow for

! An additional regression analysis of COVID-Anxiety’s effects on fear
generalization, with a generalization index as the dependent variable and the
COVID-Anx (non-dichotomized) as the predictor, is included in S4.


https://www.labvanced.com/
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Fig. 1. Diagram of the Experimental Design. A differential fear conditioning paradigm with three different phases was used: Habituation, Acquisition and Gener-
alization. Male faces with neutral expression were used as conditioned stimuli (CS) and a 6s aversive film clip as unconditioned stimulus (US). Each CS was presented
three times during the habituation, and eight times during the acquisition and generalization. One of the CS was paired with the US in 75% of trials in acquisition and
50% of trials in the generalization (CS+). The other CS was never paired with the US (CS—). Eight morphs of CS+ and CS— on a gradient continuum were used as
generalized stimuli (GS) and each was presented four times. US-expectancy ratings were measured during all CS and GS trials using a VAS appearing 2s after picture
onset. Note: COVID-Anx = Questionnaire on the subjective perception of the COVID-19 epidemic (COVID-19-related anxiety [COVID-Anxiety]), PHQ-9 = Depression
module of the Patient Health Questionnaire (depression), GAD-7 = Generalized Anxiety Disorder, the anxiety module of the PHQ (anxiety symptoms), PSS =
Perceived Stress Scale (stress), STAI-T = The trait version of the State-Trait Anxiety Inventory (trait anxiety).

2 sec.

CS+

CS+

US-expectancy rating

Fig. 2. Example of a Reinforced Conditioned Stimulus Trial. In every trial, CS/
GS was presented for a total of 6s. A VAS for collection of US-expectancy
appeared under the stimulus 2s after picture onset and remained till a
response was done or otherwise, till picture offset. In the reinforced CS+ trials,
the US (6s aversive film clip) appeared at picture offset. Between trials, a black
screen with a fixation cross was presented during a 4s intertrial interval (ITI).

additional interpretations of threat/safety learning, as recommended by
Lonsdorf et al. (2017). The results are concordant with those found for
the difference scores.

For the analysis of current anxiety levels, we used the raw scores of
the current anxiety ratings and mixed-design ANOVAs with the Group
(Iow vs. high COVID-Anxiety) as the between-group factor and Time
(pre-habituation, pre-acquisition, post-acquisition, post-generalization)
as the within-participants factor.

Greenhouse-Geisser correction was applied whenever sphericity
adjustment was required. (Adjusted p-values are reported with uncor-
rected degrees of freedom and epsilon values.) Where not specified,
means and standard errors are reported.

A follow-up analysis of interaction effects with Bonferroni-adjusted
pairwise comparisons was conducted. An explorative analyses of
gender effects by adding gender (female, male) as an additional
between-participants factor to the mixed ANOVAs was also conducted.

3. Results
3.1. Demographic variables

A chi-square test was used to compare gender distribution in the two
COVID-Anxiety groups. None of the expected cell frequencies was less
than 5. The results show a significantly different distribution of gender
in the groups, Xz (1) =9.07,p =.003, ¢ = —0.20, with fewer men in the
high COVID-Anxiety group. There were no significant differences in age
(p > .050).

3.2. Questionnaires

The descriptive statistics and correlations of the questionnaire
measures are shown in Table 1. Correlations between COVID-Anx and
the standardized questionnaires showed a significant relationship be-
tween COVID-Anxiety and depressive symptom severity (rs = .43, p <
.001 [PHQ-9]), anxiety severity (r; = 0.46, p < .001 [GAD-7]), trait
anxiety (rs = 0.39, p < .001 [STAI-T]), and perceived stress (rs = 0.37, p
< .001 [PSS]), indicating the validity of the COVID-Anx questionnaire.

Concordantly, t-test comparisons between the two groups (low vs.
high COVID-Anxiety) were significant for all questionnaires, indicating
higher depressive symptom severity, anxiety severity, trait anxiety, and
perceived stress in the high COVID-Anxiety group (see Table S1).

3.3. US-expectancy during habituation and fear acquisition

A main effect of Phase, Fy, 915 = 207.07, p < .001, r]p2 =0.49,and a
significant interaction between Phase*Group, Fi, 218 = 7.20, p = .008,
np? = 0.03 (Fig. 4) were found. There was no main effect of Group, Fy,
218 = 0.09, p =760, p> < 0.001. As expected, US-expectancy difference
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Fig. 3. Conditioned and Generalized Stimuli Used in the Paradigm. The CS were two neutral male faces taken from the Radboud Face Database (Langner et al.,
2010). We randomly assigned both CS between participants to serve as the reinforced stimulus (CS+) or unreinforced stimulus (CS—). The GS consisted of the two
faces morphed along a gradient from CS+ to CS— (from 88.8% to 11.1% similarity to the CS+). We divided the responses to the eight GS into four classes
(GS_Class1-4), with GS_Class1 having the greatest similarity to CS+ and GS_Class4 the lowest (and, therefore, the highest similarity to the CS—).

Table 1
Correlations between the COVID-19 anxiety questionnaire and the standardized
questionnaires.

low COVID-Anxiety  ®high COVID-Anxiety

Questionnaire M SD COVID- PHQ- GAD- PSS T ] * .
Anx 9 7 8 40
COVID-Anx (COVID-19  17.20  5.78 3 I
related anxiety) 8
PHQ-9 (depression) 6.70 4.35 43%% :/ 30
GAD-7 (anxiety 5.01 3.87 46%* 70%* a0
symptoms) é
PSS (stress) 26.73 6.15 37%* .64 71 s
STAL-T (trait-anxiety) 39.55 9.74  .39%* TJLRE 73%% 78k > 20
Note: M = Mean, SD = Standard deviation, COVID-Anx = Questionnaire on the §
subjective perception of the COVID-19 epidemic (COVID-19-related anxiety), 2,
PHQ-9 = Depression module of the Patient Health Questionnaire (depression), 5 10
GAD-7 = Generalized Anxiety Disorder, the anxiety module of the PHQ (anxiety S
symptoms), PSS = Perceived Stress Scale (stress), STAI-T = The trait version of %
the State-Trait Anxiety Inventory (trait anxiety). **p < .01. E 0 *
: [
g
scores were significantly higher in the acquisition (M%?r = 33.80, SE = ﬁ -10

1.89) than in the habituation phase (Mﬁ’{ﬁz = —0.80, SE = 1.68), showing
that CS+/CS— discrimination was generally high during acquisition but
not during habituation. Pairwise comparisons showed that the Pha-
se*Group effect was driven by a marginally significant difference be-
tween groups in fear acquisition, Fy, 218 = 3.68, p = .056, npz = 0.01.
Furthermore, participants with high COVID-Anxiety showed lower dif-
ference scores during acquisition (Mﬁg«? = 30.17, SE = 2.74) than par-
ticipants with low COVID-Anxiety (M‘Sfﬂr = 37.44, SE = 2.62), indicating
worse discrimination between the CS+ and CS—. No significant differ-
ences between groups were found in the habituation phase, F;, 215 =
2.84, p = .093, np? = 0.01. Explorative analysis with Gender as the
additional factor did not reveal an interaction effect (Phase*Group*-
Gender: Fi, 216 = 2.81, p = .095).

3.4. US-expectancy during fear generalization

A main effect of CS Type, Fs4, g72 = 378.94, p < .001, ¢ = 0.45,
np? = 0.64, and a significant interaction between CS Type*Group,
F4 g72 = 4.27,p = .018, ¢ = 0.45, qu = 0.02 (Fig. 5) were found.
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habituation acquisition

Fig. 4. The Effect of COVID-19-Related Anxiety on Habituation and Fear
Acquisition. Note: Means and standard errors of US-expectancy difference
scores. *p < .05.

There was no main effect of Group, F;, 218 3.55, p .061,
np? 0.02. A decrease in differential expectancy is seen from
the CS+ (M3~ = 52.59, SE = 2.38) to GS_Class1 (M5~ =15~ =
47.98, SE = 2.29), GS_Class2 (MS5H-1%2 5~ = 26.33, SE = 1.77),
GS_Class3 (M55;7*3C5~ = 9.62, SE = 1.18), and GS_Class4 (Mg~
€S- = 1.13, SE = 0.68), indicating the expected general generalization
gradient (ps < .001). Pairwise comparisons showed that there were
significant differences between groups for Diff®S+ —¢5- (F1, 218 = 5.33,
p = .022, np? = 0.02) and DiffsS-Cass1=C5= (g, 10 — 419, p = 042,
np2 — 0.02) but not for DiffG5-Class2-CS— (p=.112), DiffC5-Class3-CS— p=
.928), and Diffd3-c12%4-C5~ () — 463). Participants with high COVID-
Anxiety showed lower difference scores for the CS-+ (Mgfff"cs_
47.11, SE = 3.43) and the most similar class of GS (MIG);%CI"‘“I'CS’ =
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Fig. 5. The Effect of COVID-19-Related Anxiety on Fear Generalization. Note:
Means and standard errors of US-expectancy difference scores. *p < .05.

43.30, SE = 3.31) than participants with low COVID-Anxiety (MCS +-CS—
= 58.08, SE = 3.28; M§§;7*1"C5~ = 52.66, SE = 3.16), indicating worse
discrimination between the CS+ and CS—, as well as between the highly
similar GS and the CS—. Explorative analysis with Gender as the addi-
tional factor did not reveal any gender-related COVID-Anxiety effects on
US-expectancy (CS Type*Group*Gender: Fy ge4 = 0.28, p = .727, ¢ =
0.44).

3.5. Subjective ratings

3.5.1. CS-related valence ratings

The analysis of CS valence revealed a significant main effect of Time,
F3 654 = 125.14, p < .001, ¢ = 0.65, np2 = 0.37. An increase in differ-
ential valence is seen from pre-acquisition to post-acquisition and from

low COVID-Anxiety

50

40
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post-acquisition to post-generalization (ps < .001), indicating an in-
crease in the unpleasantness of the CS+ in relation to the CS—
throughout the experiment (Fig. 6.). No other significant effects were
found. Explorative analysis with Gender as the additional factor did not
reveal an interaction effect (Time*Group*Gender: F3 48 = 0.30, p =
.828, ¢ = 0.66).

3.5.2. Current anxiety levels

The analysis of current anxiety levels revealed a significant main
effect of Time, F3 ¢54 = 9.97, p < .001, € = 0.65., np2 = 0.04, and a
significant effect of Group, F;, 218 = 19.97,p < .001, np2 =0.08 (Fig. 7).
That is, current anxiety levels increased from pre- to post-acquisition (p
< .001). A decrease in current anxiety levels from post-acquisition to
post-generalization (p < .001) was observed. Participants with high
COVID-Anxiety showed higher current anxiety levels than participants
with low COVID-Anxiety throughout the experiment (ps < .011).
Explorative analysis with Gender as the additional factor did not reveal
an interaction effect (Time*Group*Gender: F3 48 = 0.55,p = .651, ¢ =
0.65).

4. Discussion

This study aimed to investigate whether high anxiety associated with
the COVID-19 pandemic negatively affects the fear learning and
generalization processes. For this purpose, a differential fear condi-
tioning paradigm was conducted, in which one stimulus was used as a
conditioned fear cue and the other as a conditioned safety cue. We found
evidence that COVID-Anxiety is associated with impaired fear learning
and fear generalization, as well as increased current anxiety levels.

Notably, the study was conducted during a period of the COVID-19
pandemic in which, although some personal adjustments could
already have been made, there were still high incidence numbers
(Robert Koch Institut, n.d.) and stringent preventive measures (Bun-
desregierung, n.d.) that had a strong impact on daily life.

Fear acquisition was successful in the present study. That is, partic-
ipants associated the CS+ with the aversive video and learned to
discriminate it from the CS— according to its US-expectancy, which is

®mhigh COVID-Anxiety

30

20

10

Mean differential valence raings (CS+ - CS—)

-10
pre-habituation

Fig. 6. The Effect of COVID-19-Related Anxiety on Valence Ratings. Note: Means and standard errors of valence difference scores.
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*p < .05.
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Fig. 7. The Effect of COVID-19-Related Anxiety on Current Anxiety Levels. Note: Means and standard errors of current anxiety ratings. *p < .05.

consistent with other studies of the same type (Constantinou et al., 2021;
Lonsdorf et al., 2017; Mertens et al., 2021). Furthermore, a trend for
differences between participants with low versus high COVID-Anxiety
was evident during fear acquisition. Although both groups learned to
discriminate between the stimuli from habituation to acquisition, par-
ticipants with high COVID-Anxiety showed marginally significant
poorer discrimination, thus indicating poorer performance in fear
learning. Classical conditioning models represent a valuable tool to
study the characteristic mechanisms of anxiety disorders (Blechert et al.,
2007; Dibbets et al., 2015; Duits et al., 2015; Lissek et al., 2005, 2014;
Mineka and Oehlberg, 2008) because they not only provide information
on the development of anxiety disorders but also on the effects of anxiety
on fear learning processes. High anxiety, persistent worry, or anxiety
disorders can lead to impaired fear learning, as reflected in stronger fear
responses to an aversive stimulus (CS+), the poorer learning of safety
cues (CS—), and poorer performance in fear extinction (Blechert et al.,
2007; Dibbets et al., 2015; Duits et al., 2015; Lissek et al., 2005, 2014).
Impaired fear learning is, therefore, not only associated with anxiety
disorders but also with its maintenance and resistance to therapy
(Graham and Milad, 2011; Pittig et al., 2018). Our results indicate that
participants who experience more anxiety and worry specific to the
COVID-19 pandemic seem to show similar responses to those of highly
anxious participants or patients with anxiety disorders in a fear condi-
tioning paradigm, as they present with poorer fear discrimination (Duits
et al., 2015).

US-expectancy difference scores during fear generalization followed
a response pattern congruent with the morphing gradients. That is, the
difference scores gradually decreased as the stimuli became less similar
to the fear cue (CS+) and more similar to the safety cue (CS—). This
general pattern of response from all participants is, therefore, in line
with that of previous laboratory studies on human fear generalization
that found a decrease in behavioral and psychophysiological measur-
es—such as US-expectancy ratings, CS fear ratings, perceived risk rat-
ings, or startle amplitude—along the similarity gradient from the CS+ to
CS— (Dunning and Hajcak, 2015; Haddad et al., 2013; Lissek et al.,
2008). Furthermore, participants in both groups showed decreases in
US-expectancy ratings on the morph gradient from the CS+ to the CS—,
suggesting that they could successfully discriminate between stimuli,
regardless of COVID-Anxiety.

Fear generalization is an adaptative response that allows us to
respond to novel stimuli that are similar to previously experienced
threatening stimuli in an appropriate defensive manner (Dymond et al.,
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2015), so a degree of generalization is to be expected in all participants.
Generalization can, however, turn into a maladaptive process, when
new, non-threatening stimuli, i.e., with a lower resemblance to the CS+,
are incorrectly perceived as harmful (Lissek et al., 2008). The impact of
COVID-Anxiety on fear generalization was evident in the present study.
That is, participants with high COVID-Anxiety showed significantly
lower difference scores for the CS+ to CS— and GS_Classl to CS— than
participants with low COVID-Anxiety. Similar to what was observed
during fear acquisition, the high COVID-Anxiety group presented with
poorer discrimination between harmful and harmless stimuli (CS+ vs.
CS—). Moreover, participants with high COVID-Anxiety also showed
poorer discrimination between non-harmful generalization stimuli
similar to the CS+ and non-harmful stimuli (GS_Class1l vs. CS—). Simi-
larly, regression analysis with a generalization index also showed a
significant effect of COVID-Anxiety (non-dichotomized) on generaliza-
tion, with higher values of COVID-Anxiety significantly predicting
higher generalization (S4). Overgeneralization is an important charac-
teristic of many anxiety disorders and may not only lead to more
suffering in patients but also to more difficulties in psychotherapeutic
treatment (Craske et al., 2009; Dymond et al., 2015). Studies have
suggested that fear can be elicited by stimuli that were never paired with
the original US and that the fear of GS may be even greater than the fear
of the CS (Dougher et al., 2007; Dymond et al., 2015). Additionally, the
extinction of GS may be less effective and result in even greater levels of
the return of fear than extinction with the CS itself (Vervliet et al., 2005).
The latter, in particular, poses a major challenge for clinical practice, as
exposure therapy can often only be applied to the available GS, and
these first need to be identified.

Additional analysis of CS-specific US-expectancy (see S2) showed
significant differences between groups during fear acquisition driven by
a higher US-expectancy of the CS— in the high COVID-Anxiety group.
Similarly, during the generalization phase, the high COVID-Anxiety
group (vs. the low COVID-Anxiety group) also showed greater US-
expectancy both of the CS— and of the GS most similar to the CS—
(GS_Class3 and 4). These results suggest that the high COVID-Anxiety
group seemed to have impairments in safety detection rather than in
threat detection. A similar pattern can be seen in studies with patients
with anxiety disorders and PTSD in which impaired safety learning has
been commonly found (e.g., Duits et al., 2015; Jovanovic et al., 2009,
2005). That is, it has been suggested that impaired safety learning might
be a biomarker for PTSD (Jovanovic et al., 2012). Further, difference
scores for CS valence ratings increased from pre-habituation/acquisition
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to post-acquisition and again to post-generalization, indicating a suc-
cessful fear acquisition paradigm. We saw an increase in current anxiety
levels from pre-to post-acquisition in both groups, indicating that the
fear acquisition phase was mostly stressful enough and, therefore, suc-
cessful. Additionally, a decrease in current anxiety levels from
post-acquisition to post-generalization was found, probably due to the
presence of more safety cues and a lower reinforcement rate of the CS+
(50%), allowing for a small fear extinction effect throughout general-
ization. Differences between the groups were also seen in current anxi-
ety levels. That is, participants with high COVID-Anxiety showed higher
anxiety ratings throughout the experiment, indicating higher psycho-
logical distress within this group.

Positive correlations between the COVID-Anx questionnaire and the
standardized questionnaires testing for depression (PHQ-9), anxiety
(GAD-7, STAI-T), and perceived stress (PSS) were found, showing that
the items used were suitable to measure the pandemic’s negative effects
on psychological well-being. Additionally, significant differences be-
tween the groups in all of the used questionnaires (see Table S1) were
also observed, with participants in the high COVID-Anxiety group
achieving higher scores for depression, anxiety symptoms and trait, and
perceived stress. These results further support studies on the impact of
the current pandemic on mental health and its association with mental
illnesses, such as depression or anxiety disorders (Deng et al., 2021;
Sahebi et al., 2021; Salari et al., 2020; Santabarbara et al., 2021).
However, notably, while the COVID-Anx questionnaire specifically ad-
dresses COVID-Anxiety, due to the cross-sectional design of the present
study, we cannot rule out that the observed inter-individual differences
only partially reflect differences in general anxiety. Due to a lack of
longitudinal data, it remains unknown to what extent the groups
differed in terms of other measures of anxiety, even before the onset of
the COVID-19 pandemic.

Gender distribution was not comparable between the groups, as
there were fewer men in the high COVID-Anxiety group, which is un-
surprising because studies have suggested that the current pandemic
affects men and women’s mental health differently. That is, women
appear to report more anxiety and worry and, therefore, experience
greater psychological impairments (Broche-Pérez et al., 2020; Oreffice
and Quintana-Domeque, 2021; Proto and Quintana-Domeque, 2021).
Independent of the COVID-19 pandemic, women are also at a higher risk
of developing anxiety disorders (McLean et al., 2011), a disparity that
could be exacerbated by the burdens of the pandemic. Nevertheless, we
did not find gender-related effects regarding fear acquisition and fear
generalization. Yet, to gain a better overview of the role of gender in fear
learning during COVID-19, further studies should explicitly explore
gender differences.

Due to the limitations imposed by preventive COVID-19 measures,
this study was conducted as an online experiment and not in a laboratory
setting. Online experiments have many advantages, including easy and
wide advertisement and recruitment, the 24h availability of the exper-
iment, and greater convenience for participants. However, the disad-
vantages thereof include higher variability in environmental factors,
such as ambient noise or technical equipment; higher susceptibility to
fraud, for example, due to multiple participation or lower compliance
(Anwyl-Irvine et al., 2020; Dandurand et al., 2008; Di Santo et al.,
2020); and the impossibility of collecting additional physiological data.
To mitigate some of these disadvantages, we employed several control
measures that served as exclusion criteria and limited participation to
persons with valid student e-mail addresses. Studies have shown, how-
ever, that there are differences in the psychological impact of the
COVID-19 pandemic on different population and age groups (Breslau
et al., 2021; Kazmi et al., 2020; Xiong et al., 2020). For example, elderly
people have a higher likelihood of developing a more severe clinical
course of COVID-19 (Ho et al., 2020; Rashedi et al., 2020), while societal
limitations, such as those due to social isolation, can affect the elderly
more significantly than younger people (Borade and Nagarkar, 2021; Di
Santo et al., 2020). However, it has been found that since the pandemic
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started, young people have shown an increase in worries about their
professional future, boredom, and frustration, as well as an increase in
mental disorders (Aristovnik et al., 2020; Liang et al., 2020). Therefore,
the COVID-19 pandemic is affecting all population groups, but the
magnitude of and disparities in its impact have not yet been extensively
studied and should be the focus of future research. Moreover, differences
between subjective expectancy ratings and psychophysiological mea-
sures, such as the skin conductance response (SCR) or the startle reflex,
have been reported in several fear conditioning studies (Blechert et al.,
2008; Ferreira de Sa et al., 2020; Sevenster et al., 2014). These disso-
ciations correspond to the idea of multiple memory systems being
involved in fear learning (Phelps, 2004). For further studies, it would be
beneficial to collect psychophysiological measures as well to obtain a
broader understanding of the involved processes. However, it should
also be mentioned that subjective measures, such as verbal reports or
expectancy ratings, are one way to measure emotional processes reliably
and directly and are the easiest to use in therapeutic settings (LeDoux
and Hofmann, 2018). For example, US-expectancy ratings are widely
used measures in fear conditioning research. They not only allow for
inferences to be made about conscious knowledge of the CS-US con-
tingency but are also aligned with the development of other conditioned
reactions (Constantinou et al., 2021; Lonsdorf et al., 2017; Purkis and
Lipp, 2001; Weidemann and Antees, 2012) and could be confirmed as a
valid measure of fear responses (Boddez et al., 2013). Therefore, for a
practice-oriented transfer of study results, subjective measures should
always be recorded, despite their discrepancies with physiological
measures. In addition, future studies should focus on COVID-Anxiety’s
effects on fear extinction. Additionally, to ensure that the experiment
was not too long, which could compromise data quality and increase
dropout rates, an extinction phase was not included in the present study.
However, as mentioned above, the extinction of generalized CS-US as-
sociations poses a particular problem for the success of exposure ther-
apies and should, therefore, also be investigated in the context of the
COVID-19 pandemic.

Overall, the present results provide first evidence to show that anx-
iety associated with the COVID-19 pandemic might influence fear
learning, and especially fear generalization, processes in a healthy
sample of university students. As hypothesized, high COVID-Anxiety led
to poorer discrimination performance between fear and safety cues,
indicating impaired fear learning and generalization in comparison with
lower COVID-Anxiety. This effect is characterized, in particular, by an
impairment in safety learning, whereas the learning of threat cues did
not seem to be impaired. Thus, factors that increase COVID-Anxiety may
constitute a risk factor for anxiety development and other fear-related
disorders, as well as contribute to greater treatment resistance.
Further research should focus on other age groups and the identification
of possible factors contributing to COVID-Anxiety. Prevention and
impairment-reducing interventions, especially for those at a high risk (e.
g., high subjective stress), should be an important public health focus in
the context of the COVID-19 pandemic and similar extreme global
events.
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