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Abstract: Adverse experiences interact with individual vulnerability in the etiology of mental disorders, but due to the paucity of longitudinal
studies, their precise interplay remains unclear. Here, we investigated how individual differences in threat responsiveness modulated ad-
justments in negative affect during the COVID-19 pandemic. Participants (N = 441) underwent a fear conditioning and generalization experiment
between 2013 and 2020 and were reassessed regarding anxiety and depression symptoms after the pandemic outbreak. Participants showed
increased levels of negative affect following pandemic onset, which were partly modulated by laboratory measures of threat responsiveness.
Decreased differentiation of threat and safety signals in participants with higher prepandemic depression and anxiety scores in the laboratory
assessment were most predictive of increased symptom levels after the onset of the pandemic. However, effects were small and should be
replicated in independent samples to further characterize how individual differences in threat processing interact with adverse experiences in
the development of psychopathology.
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Adaptive responses triggered by fear are vital for human
survival, whereas nonadaptive and irrational fears are the
main features of anxiety disorders, which represent themost
common class of mental disorders (Kessler et al., 2005).
Understanding temporal trajectories in the development of

maladaptive fears might help to find strategies to counter
such mental problems. Current theories point to an inter-
action of individual predispositionswith adverse experiences
in the etiology of anxiety disorders (Gross & Hen, 2004). In
recent years, it has been suggested that overgeneralization of
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conditioned fear might be a particularly relevant vulnera-
bility factor (Dymond et al., 2015).

Previous research on clinical samples indeed provided
behavioral and psychophysiological evidence for an over-
generalization of conditioned fear in anxiety patients as
compared to healthy controls (for a review, see Fraunfelter
et al., 2022). In many studies, participants learned to fear a
ring of a certain size (conditioned threat stimulus, CS+) that
predicted a threat (i.e., the unconditioned stimulus, US), but
not a ring of a different size that was never followed by the
US (conditioned safety stimulus, CS�). In the subsequent
generalization phase, eight other rings (generalization
stimuli, GS) were presented in addition to the CS, ranging in
size between CS+ and CS�. None of the GS was paired with
the US. Nevertheless, both patients with panic disorder
(Lissek et al., 2010) and those with generalized anxiety
disorder (Lissek et al., 2014) responded with fear to a wider
range of generalization stimuli (GS) on the physiological
level (i.e., startle responses) and on the level of subjective
ratings (i.e., US expectancy) than healthy control partici-
pants. Fear responses of patients extended even to stimuli
that were more similar to the CS�, a phenomenon referred
to as overgeneralization of conditioned fear (Lissek et al,
2010). Although such overgeneralization was not found in
every study (e.g., Tinoco-González et al., 2015) and not for
all anxiety disorders (e.g., Ahrens et al., 2016), it was hy-
pothesized that such differences in threat responsiveness
might constitute a vulnerability factor for the development
of anxiety disorders (Struyf et al., 2015).

More recently, Stegmann et al. (2019) suggested that
one reason for the lack of convergent results in this field of
research may be related to the exclusive focus on fear
generalization and the corresponding neglect of other,
more basic characteristics of threat responsiveness. Spe-
cifically, they analyzed data of a large group of healthy
individuals and identified several clusters of participants
who did not only differ in fear generalization but also in
average fear responses to all stimuli that were used in the
experiment as well as the differentiation between condi-
tioned threat and safety signals. Importantly, the latter two
aspects could already be identified during the acquisition
of conditioned fear, and specifically, the average fear
response was related to psychometric measures of fear.
These data showed that threat responsiveness needs to be
examined more comprehensively, and the authors hy-
pothesized that in line with the assumption of a dimen-
sional psychopathology, such interindividual differences
may constitute potential risk factors for the pathogenesis
of anxiety disorders (Insel et al., 2010).

As described above, enhanced vulnerability might not
necessarily lead to the etiology of an anxiety disorder.
However, environmental factors or traumatic experiences can
promote such development (Gross & Hen, 2004). This could

also be the case for epidemics or pandemics that were shown
to have a significant impact on mental health (Gardner &
Moallef, 2015; Hong et al., 2009; Jeong et al., 2016), yet little
empirical evidence is available onhow risk factors and adverse
experiences interact in the development of anxiety symptoms.
This is partly because environmental influences are difficult to
control for large samples, and meaningful study designs are
complex and costly. The COVID-19 pandemic – despite all of
its negative consequences – represents an exceptional op-
portunity to study the impact of stressful life events onmental
health. Across the globe, large parts of the population face(d)
social isolation and special hygiene measures, experience(d)
severe economic damage, and are/were possibly confronted
with health restrictions or even the loss of close friends or
family members.

Since the beginning of the COVID-19 pandemic, several
studies have investigated predictors of mental health in
general or the development of anxiety disorders in par-
ticular. However, these studies were often limited to the
analysis of demographic characteristics as potential risk
factors and mostly implemented cross-sectional study
designs. For example, Cao et al. (2020) interviewed col-
lege students and found that having relatives or ac-
quaintances suffering from COVID-19, experiencing
negative economic effects and impacts on their daily life,
as well as delays in their academic activities due to the
pandemic were risk factors for increased anxiety. Hein
et al. (2021) further showed that trait anxiety, social factors
(e.g., fear of loneliness), and uncertainty (e.g., uncertainty
to master the crisis) predicted the amount of negative
affect at the beginning of the pandemic. Other studies
identified sociodemographic characteristics like female
gender, higher age, being married, having children, living
in urban areas as well as illness history, COVID-19-related
protective behaviors, and anxious beliefs as risk factors for
higher coronavirus-related anxiety (Hilbert et al., 2022;
Malesza & Kaczmarek, 2020; Özdin & Bayrak Özdin,
2020). A study in the context of the previous MERS-
CoV epidemic furthermore revealed that social isolation
and uncertainty, both in healthy individuals and those with
pre-existing mental health problems, results in increased
negative affect (Jeong et al., 2016), and a 4-year follow-up
of SARS-CoV-1 survivors reported that 44% of subjects
developed a post-traumatic stress disorder (Hong et al.,
2009). Other studies on the SARS epidemic have reported
similar findings (Gardner & Moallef, 2015).

A recent meta-analysis of longitudinal cohort studies
comparingmental health before versus during the COVID-
19 pandemic revealed an overall increase in mental health
symptoms after the onset of the pandemic that decreased
and returned to prepandemic levels by mid-2020
(Robinson et al., 2022; see also COVID-19 Mental Dis-
orders Collaborators, 2021). Increases in depression and
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mood disorder symptoms tended to be larger and more
stable than increases in anxiety and general mental health
symptoms. However, the authors reported a high degree of
unexplained heterogeneity indicating a high variability
across samples. In accordance with this heterogeneity, a
study of Beutel et al. (2021) reported increased levels of
depression and anxiety symptoms after the onset of the
pandemic in Germany, whereas a longitudinal study of
Kwong et al. (2021) in the United Kingdom observed
similar levels of depression compared to a prepandemic
assessment but increased anxiety during the pandemic.
Finally, a third study by Yarrington et al. (2021) in the
United States reported different temporal profiles for
anxiety and depression symptoms during the pandemic.
Anxiety increased during the acute phase after the onset
(i.e., first month) but leveled off later with values returning
to baseline again (i.e., prepandemic values). Depression
symptoms, however, showed a slower increase and sig-
nificantly higher values were observed in the months di-
rectly following the acute phase.
Taken together, it seems clear that theCOVID-19 pandemic

is imposing an enormous burden on mental health and in
particular on symptoms of anxiety and depression. However, it
is less evident towhat extent vulnerability factors in the general
population – such as overgeneralization of anxiety – influence
these changes inmental health. Thus, there is a need for large-
scale longitudinal studies that combine measures of fear re-
sponsiveness with changes in negative affect during such
adverse experiences. The present study attempts to fill this gap
by examining how individual differences in threat respon-
siveness shape adjustments in negative affect during the
COVID-19 pandemic. Importantly, this also allows us to ex-
amine the predictive value of experimental fear conditioning
and generalization measures on negative affect. Such valida-
tion of potential risk factors is still pending due to a lack ofwell-
powered longitudinal studies (Scheveneels et al., 2021). Here,
we relied on experimental laboratory data from a large healthy
sample that underwent a differential fear acquisition and
generalization paradigm before the onset of the pandemic
(Schiele et al., 2016). We assessed themodulating influence of
subjective and autonomic characteristics of threat respon-
siveness on changes in self-report questionnaires regarding
anxiety anddepression during the pandemic.Wehypothesized
participants to show elevated negative affect after the onset of
the pandemic and explored whether these changes were re-
lated to individual differences in general threat responding,
fear acquisition, and generalization. Since previous work

showed more robust individual differences in general threat
responding as compared to measures of threat differentiation
and generalization (Stegmann et al., 2019), we also expected a
larger influence of such general indices on negative affect in
the current study. Moreover, larger effects were hypothesized
for subjective as compared to autonomicmeasures (cf., Reutter
& Gamer. 2022).

Methods

Participants

For the current study, we relied on a well-characterized
sample of 1,135 healthy participants who were examined
betweenMay 2013 and beginning of March 20201 within the
Collaborative Research Center Fear, Anxiety, Anxiety Dis-
orders (CRC-TRR-58, project Z02) at the universities of
Würzburg and Hamburg. All participants fulfilled general
inclusion criteria (male or female sex, age between 18 and 50
years) that were checked prior to participation in a telephone
interview. Exclusion criteria included left-handedness; non-
Caucasian descent; intake of psychoactive medication; ex-
cessive consumption of alcohol, nicotine, and caffeine;
consumption of illegal drugs; severe medical diseases; or
pregnancy. The absence of a current or lifetime diagnosis of a
mental disorder (DSM-IV Axis-I) at the time of the laboratory
assessment (T0) was assessed by the German version of the
Mini International Psychiatric Interview (Sheehan et al.,
1998). Drug abstinence and pregnancy were tested using
urine screening tests. These participants were contacted by
e-mail on September 09, 2020, and asked to complete an
online questionnaire using individualized links. For the
laboratory study, participants were paid 50 € and they ad-
ditionally received 20 € for the questionnaire. In total, 575
participants completed the online questionnaire between
September 15, 2020, and October 29, 2020. From this
sample, we had to exclude 11 participants due to incomplete
data and 123 participants because of electrodermal non-
responsivity (see criteria below). Thus, the final sample
consisted of 441 participants (286 female, 155 male) aged
between 18 and 50 years (M = 24.96 years, SD = 5.91 years).
The first measurement (T0) took place before the onset

of the COVID-19 pandemic in the laboratories of the in-
volved universities and included both questionnaire and
experimental data collection (see Figure 1; cf. Schiele et al.,

1 Please note that although the pandemic already reached Europe at the beginning of 2020, severe restrictions of the public life in Germany started
later. For example, school and kindergarten closures were mandated from 13.03.2020, borders to other European countries were closed on
15.03.2020, and curfews (i.e., “lockdowns”) were imposed in six German states on 22.03.2020. Other states prohibited close contact with persons
from outside one’s household at the same time.
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2016; Stegmann et al., 2019). The second collection of
questionnaire data (T1) was conducted during the pandemic
from September 2020 to October 2020 using an online
follow-up survey (Figure 1). At that time, public life was
severely disrupted in Germany due to pandemic contain-
mentmeasures like social distancing. Furthermore, vaccines
were not yet available. The average time lag betweenT0 and
T1 was M = 4.62 years (SD = 2.34 years).

Questionnaires

At both time points, participants completed a series of soci-
odemographic and psychological questionnaires. To assess
negative affect, we selected the German versions of the State-
Trait Anxiety Inventory (STAI-T; Laux et al., 1981), the Penn
State Worry Questionnaire (PSWQ; Meyer et al., 1990), the
Center for Epidemiologic Studies Depression Scale (CES-D,

Figure 1. Illustration of the study protocol and the design of the fear conditioning and generalization experiment. In the acquisition phase, one
stimulus (CS+) was followed by a loud scream with the face showing a fearful expression or nothing (CS�). In the generalization phase, participants
additionally saw face morphs between the two initial faces. Arousal ratings were assessed after each block of the different phases, and skin
conductance was recorded continuously during the whole experiment. Please note that the face stimuli that were used in the actual experiment
differ from this illustration. Due to copyright restrictions, we cannot show the blonde women here and show a redhead woman instead.
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Hautzinger & Bailer, 1993), as well as the Anxiety Sensitivity
Index-3 (ASI; Kemper et al., 2009).

Experimental Design and Procedure

In the laboratory experiment conducted prepandemic,
participants underwent a differential fear conditioning and
generalization paradigm adapted from Lau et al. (2008)
which is illustrated in Figure 1 (cf. Schiele et al., 2016). In
this experiment, faces of a brunette and a blond woman
with neutral facial expression (03F_NE_C and 10F_NE_C,
NimStim Face Stimulus Set, Tottenham et al., 2009)
served as conditioned stimuli (CS). One face stimulus (CS+)
could directly be followed by the aversive unconditioned
stimulus (US), while the other face (CS�) was never fol-
lowed by the US. The US was a fearful facial expression of
the woman serving as CS+, simultaneously presented with
a 95 dB loud female scream (FemScream2, no. 276, In-
ternational Affective Digitized Sounds, Bradley & Lang,
1999) for 1.5 s at the offset of CS+. Four gradual morphs of
the CSs were created in 20% steps by means of the
dedicated software Squirlz Morph (version 2.1, Xiberpix,
Solihull, UK; for details, see Schiele et al., 2016) and used
as generalization stimuli (GS).
All stimuli were presented using Presentation software

version 16.0 (Neurobehavioral Systems, Inc., Albany, CA).
Participants were instructed to attend to the pictures, and they
were forewarned that they would occasionally hear an un-
pleasant loud noise, but the CS-US contingency was not re-
vealed. Assignment of stimuli to CS+ or CS� was randomized
across participants. CSs and GSs were each presented for 6 s
and in a pseudorandomized order so that the same stimulus
appeared no more than twice in succession. During the in-
tertrial interval (random duration between 9 and 12 s), a white
fixation cross was displayed in the center of the screen.
The experiment included three phases (see Figure 1).

During the habituation phase, both theCS+ and theCS�were
presented four times each without any US. Acquisition phase
and generalization phase were both divided into two identical
blocks in which each stimulus was presented six times.
During acquisition blocks, the US was presented in five trials
after CS+ offset (83% reinforcement rate) and never after
CS�. During generalization blocks, the US continued to be
delivered in three CS+ trials (50% reinforcement rate) to
prevent rapid extinction of conditioned fear. Parts of the
sample completed a discrimination training between gen-
eralization blocks, which is why the current analyses are
based on only the first block of the generalization phase.
During the experiment, skin conductance was measured

continuously. Moreover, after each block, participants rated
arousal (“how much stress/tension/arousal was triggered by
this picture?”) and valence (“how pleasant vs. unpleasant was

the picture for you?”) of each stimulus on Likert scales
ranging from 1 (“calm” or “very unpleasant”) to 9 (“in-
tense” or “pleasant”). For the acquisition and generalization
phase, US-expectancy ratings (“how likely do you expect to
hear the scream with this picture?”) were additionally
recorded using a Likert scale ranging from 0 (“very un-
likely”) to 100 (“very likely”) in increments of 10. The facial
stimuli were rated in a fixed order (brunette woman, blonde
woman, morphs from brunette to blonde) and were each
presented for 1 s before the Likert scale appeared.

Physiological Recordings and Data
Reduction

Skin conductance was recorded from the thenar and hy-
pothenar eminences of the left hand with Ag/AgCl elec-
trodes. Brainproducts V-Amp and BrainVision Recorder
software (version 1.21, Brainproducts, Gilching, Germany)
were used for recording with a sampling rate of 1,000 Hz
and an online notch filter of 50 Hz. Offline analyses were
performed using BrainVision Analyzer software (version 2.1,
Brainproducts, Gilching, Germany) after low-pass filtering
with a cutoff frequency of 1 Hz. In accordancewith common
guidelines (Boucsein et al., 2012), amplitudes of skin con-
ductance responses (SCRs) were defined as the difference
in μS between response onset and peak. The response onset
was defined as the minimal value 900–4,000 ms after
stimulus onset and the peak as the subsequent maximum
value 2000–6,000 ms after stimulus onset. Reactions
smaller than 0.02 μS were set to 0. Then, each participant’s
response was range-corrected (i.e., divided by the partici-
pant’s strongest response to a facial stimulus) and log-
transformed to reduce the skew of the amplitude distri-
bution. Lastly, mean values were calculated for each
stimulus and experimental block. Since low electrodermal
responding (e.g., related to quick habituation) might sub-
stantially affect the stability and robustness of the currently
usedmeasures of threat responsiveness, we decided to use a
rather strict exclusion criterion for electrodermal non-
responding (cf. Lonsdorf et al., 2019). Participants (N = 125,
see above) with an overall raw mean response smaller than
0.02 μS were excluded from the sample (see the Electronic
Supplementary Material, ESM 1, for an analysis of the full
sample with valid data).

Statistical Analysis

To characterize participants regarding negative affect, we
followed the suggestion of Baumann et al. (2017) and
aggregated the questionnaire data into two factors char-
acterizing individual differences in anxiety (ASI) and
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depression (STAI-T, PSWQ, and CES-D). For this purpose,
questionnaires belonging to the depression factor were
z-standardized across time points and then averaged sepa-
rately for T0 and T1. This approach was substantiated by the
pattern of correlations between questionnaire scores and the
results of a confirmatory factor analysis (see “Aggregation of
questionnaire data” and Table E4 in ESM 1).

For the fear acquisition and generalization paradigm, we
relied on arousal ratings as a subjective response and skin
conductance responses (SCRs) as an objective measure of
threat responsiveness. Since we aimed to reduce the
number of statistical tests in this rather exploratory study,
we decided to focus on only one subjective measure (for a
similar procedure, see Stegmann et al., 2019). All ratings
were substantially correlated, but mutual correlations with
the other two constructs were largest for arousal as com-
pared to valence and US-expectancy ratings (see ESM 1,
Table E5). Thus, in the current study, arousal ratings
seemed to be best suited to comprehensively describe
threat responding on the subjective level. From arousal
ratings and skin conductance response (SCR) amplitudes,
we calculated three indices to estimate individual differ-
ences in fear responses: (1) the general threat responsive-
ness as the arithmetic mean of all responses, (2) the
differentiation between threat and safety as the difference
between CS+ and CS�, and (3) the linear deviation score
(LDS ¼ MeanðCSþ; CS�Þ �MeanðGS1;GS2;GS3;GS4Þ;
cf. Kaczkurkin et al., 2017) as an index of fear general-
ization, with higher values indicating a steeper gradient and
less fear generalization.

To assess changes in negative affect during the pan-
demic, we first used repeated measures analyses of co-
variance (ANCOVAs) to compare anxiety and depression
scores between T0 and T1 while taking the time lag be-
tween measurements into account. Generalized η2 values
are reported as effect size estimates. To further examine
the influence of individual differences in threat respon-
siveness on these changes, we computed several linear
regression models. Measures of anxiety and depression at
T1 served as a criterion and comparable assessments at T0
as predictors. We additionally included measurements of
general threat responsiveness, CS differentiation, and fear
generalization from the experimental laboratory task as
well as interactions between these indices and partici-
pants’ baseline measures into the models. The time lag
between T0 and T1 was included as a control variable.
Since analyses were done separately for the acquisition
and the generalization phase and included objective
(SCRs) as well as subjective measures (arousal ratings), a
total of eight regression models was computed. All cal-
culations were accomplished in the R software environ-
ment (version 4.1.3, https://www.r-project.org) on a
significance level of ⍺ = .05.

Results

As expected, ratings of anxiety, F(1, 438) = 99.95, p < .001,
η2 = .186, and depression, F(1, 438) = 186.68, p < .001,
η2 = .299, increased after the onset of the pandemic with
small-to-medium effect sizes (see Figure 2). The time lag
between measurements did not affect these changes
(p > .13, η2 < .01).

The different indices of threat responsiveness that were
derived from the data acquired in laboratory experiment
before the onset of the pandemic showed a substantial
variability in the current sample (see Table 1). The linear
regressionmodels to explorewhether thesemeasuresmight
affect changes in anxiety and depression ratings from be-
fore to during the pandemic revealed the following findings:
First, across all models, prepandemic scores predicted
anxiety and depression during the pandemic (see Tables 2
and 3). Thus, the ranks of individual participants on these
measures remained rather stable during the years from T0
to T1. Second, we obtained significant main effects of CS
differences in arousal ratings during the acquisition and
generalization phase as well as significant interaction ef-
fects of these valueswith prepandemic scores on depression
ratings during the pandemic. Thus, higher depression levels
during the pandemic were predicted by reduced CS dif-
ferentiation, and this effect was significantly enhanced for
participants who had higher baseline depression scores (see
Figure 3A and B). Third, we observed a significant inter-
action effect of average arousal ratings after the acquisition
phase and prepandemic depression ratings on corre-
sponding scores at T1 such that subjects with high levels of
depression who exhibited a lower general threat respon-
siveness reported significantly higher depression values at
T1 (see Figure 3C). Finally, we obtained a significant in-
teraction effect of anxiety scores at T0 with the CS dif-
ferentiation in SCRs during the acquisition phase on anxiety
ratings at T1. This indicates that highly anxious participants
who showed a poorer ability to differentiate between
CS+ and CS� reported disproportionately higher anxiety
levels at T1 (see Figure 3D). Across all analyses, the length
of the time period between T0 and T1 did not have a
significant effect on changes in negative affect (see Tables 2
and 3).

Discussion

This exploratory longitudinal study examined how labo-
ratory fear acquisition and generalization measures shape
adjustments in negative affect during the course of the
COVID-19 pandemic. One major goal was to elucidate
whether experimental measures of fear allow for
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predicting changes in negative affect in response to ad-
verse events and therefore might reflect risk factors for
psychopathology (Scheveneels et al., 2021).
The current analyses relied on a comparably large sample

of participants who were healthy when completing the initial
laboratory assessment. These participants underwent a fear
acquisition and generalization paradigm before the onset of
the pandemic (Schiele et al., 2016) and were reassessed in
2020 when public life was severely disrupted in Germany
due to several pandemic containment measures and the
unavailability of vaccines and pharmacological treatments at
that time. Unlike comparable studies (e.g., Malesza &
Kaczmarek, 2020; Özdin & Bayrak Özdin, 2020), we had
access to baseline data on anxiety and depression that were
acquired before the onset of the COVID-19 pandemic, and
we could examine changes in these measures due to the
pandemic as well as the potential modulating effects of
laboratory measures of fear on these adjustments.
As hypothesized, we observed an increase in partici-

pants’ anxiety and depression scores after the onset of the
pandemic and the length of the time interval between both
measurements did not have an effect. These scores were
also predicted by prepandemic values indicating that al-
though negative affect increased in general, the ranks of
individual participants on these measures remained rather
stable during the years. These results complement pre-
vious studies and demonstrate a significant negative in-
fluence of the pandemic on mental health (Beutel et al.,

2021; Hunt et al., 2022; Kwong et al., 2021; Robinson et al.,
2022). It is less clear, however, how stable these findings
are in the long run. For example, it has been shown that
anxiety levels rose quickly after the onset of the pandemic
but also tended to decrease again only one month later
whereas depression showed a delayed but potentially also
more stable increase (Yarrington et al., 2021). To examine
such temporal profiles with higher precision, longitudinal
studies with a larger number of data collection points are
highly desirable.
Although all participants of the current study were free

from mental illness (i.e., they had no current or lifetime
diagnosis of a mental disorder) at T0, they showed a
relatively large variability in measures of threat respon-
siveness during the fear acquisition and generalization
paradigm that was accomplished in the laboratory prior to
the onset of the COVID-19 pandemic. Interestingly,
changes in negative affect during the pandemic were
partly modulated by these indices of threat responsive-
ness. Thus, highly anxious participants who showed a
reduced electrodermal differentiation between CS+ and
CS� reported disproportionately higher anxiety levels
during the pandemic. Comparable effects were also ob-
served for depression scores, where higher depression levels
during the pandemic were predicted by reduced CS dif-
ferentiation, and this effect was significantly larger for
participants who had higher baseline depression scores.
Finally, subjects with high levels of depressionwho exhibited

Figure 2. Participants reported increased
anxiety (A) and depression (B) during the
COVID-19 pandemic compared to before the
pandemic. Effect sizes are reported as Co-
hen’s d. ASI-3 = Anxiety Sensitivity Index-3.

Table 1. Descriptive statistics of the different measures of threat responsiveness

Phase Measure

Arousal ratings SCR amplitudes

M SD Min Max M SD Min Max

Acquisition MResp 4.58 1.37 1.00 8.50 0.05 0.03 0.00 0.15

CSDiff 3.06 2.32 �3.50 8.00 0.01 0.03 �0.01 0.11

Generalization MResp 4.22 1.59 1.00 8.83 0.03 0.03 0.02 0.14

CSDiff 3.42 2.40 �6.00 8.00 0.02 0.04 0.00 0.18

LDS 0.42 1.21 �5.00 6.00 0.01 0.02 �0.04 0.08

Note.MResp = average threat responses across stimuli of the respective phase; CSDiff = differentiation between CS+ and CS�; LDS = linear deviation score as a
measure of fear generalization.
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a lower general threat responsiveness reported significantly
higher values after the outbreak of the COVID-19 pandemic.

These findings are noteworthy for three reasons: First,
although fear acquisition and generalization are frequently
assumed to constitute specific risk factors for anxiety
psychopathology (e.g., Kindt, 2014; Lissek et al., 2010), we
observed larger effects on depression than on anxiety
scores – at least for subjective arousal ratings. This could be
related to the current assessment including several ques-
tionnaires for measuring depressive symptoms (PSWQ,
STAI-T, CES-D) as compared to only one questionnaire for
anxiety psychopathology (ASI). This procedure followed
suggestions byBaumann et al. (2017) that the currently used
questionnaires primarily load on different factors for anx-
iety and depression, but it neglects that both constructs
overlap substantially (e.g., the STAI was included into the
depression factor here but was originally developed for

measuring trait anxiety, Laux et al., 1981). Moreover, de-
pressive symptoms were assessedmore comprehensively in
the current study than anxiety psychopathology. It thus
seems possible that the currently observed results rather
reflect a general influence of the different laboratory
measures on changes in negative affect than specific effects
on depression and anxiety. Therefore, future studies in-
cluding a broader set of questionnaires and clinical data on
depression and anxiety symptoms seem desirable.

Second, larger effects were observed for measures of
threat responsiveness on the level of subjective evaluation
(i.e., arousal ratings) as compared to physiological data
(i.e., SCR amplitudes, cf. Stegmann et al., 2019). Although
this finding might indicate a genuine difference between
subjective and objective indices of fear acquisition and
generalization on changes in negative affect during the
pandemic, it could also be related to methodological

Figure 3. Illustration of the observed interaction effects between questionnaire scores at T0 and laboratory measures of threat responsiveness on
depression and anxiety values at T1. All panels exemplarily depict groups with low (M � SD, dashed line) and high values (M + SD, solid line) of the
relevant measures. (A) and (B) show the interaction of depression scores at T0 and CS�differences in arousal during the acquisition and gen-
eralization phase; (C) depicts a similar interaction with average arousal ratings after the acquisition phase; (D) illustrates the interaction of anxiety
scores at T0 with the CS�differentiation in skin conductance response (SCR) amplitudes on anxiety levels at T1. ASI-3 = Anxiety Sensitivity Index-3.
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aspects regarding the measurement of these data (e.g.,
ratings and questionnaires both required a cognitive
elaboration and were thus potentially more correlated) or
the lower reliability and manifold methods for the analysis
of physiological responses in such paradigms (Zeidan
et al., 2012). Moreover, it seems possible that auto-
nomic measures of threat responsiveness have higher
predictive value for physiological stress responses during
the pandemic that were not acquired in the current study.
Using measures of ambulatory assessment (Trull & Ebner-
Priemer, 2013), such studies seem possible in the future
and should be considered to comprehensively assess
psychopathology on the subjective and objective level.
Third, whereas we observed relatively consistent effects

of CS� differentiation on adjustments in negative affect,
specificmeasures of fear generalization (i.e., the shape of the
generalization gradient as summarized by the LDS, cf.
Kaczkurkin et al., 2017) did not predict changes in de-
pression or anxiety levels. Although these findings are

surprising at first glance given the assumed relevance of fear
generalization for psychopathology (Kindt, 2014), they are
consistent with recent research (Stegmann et al., 2019) in-
dicating that specific measures of fear generalization might
be less relevant for anxiety and depression psychopathology
than overall measures of threat responsiveness and fear
acquisition. Furthermore, the currently observed detri-
mental effects of a reduced CS� differentiation on anxiety
and depression levels could also be interpreted within the
generalization framework since comparable responses to
CS+ and CS� also indicate reduced stimulus discrimination
and thus reflect increased generalization. However, this
observation calls into question whether an elaborate as-
sessment of fear generalization including a larger number of
generalization stimuli is necessary when comparable effects
concerning CS+ and CS� are already evident at the end of
the fear acquisition phase (Stegmann et al., 2019).
The current findings match observations in clinical

samples suggesting that anxiety patients typically show

Table 2.Regressionmodels of T0 scores and experimental threat responsivenessmeasures during the acquisition phase on anxiety and depression
ratings at T1

Coefficients

Anxiety Depression

Arousal ratings SCR amplitudes Arousal ratings SCR amplitudes

Radj
2 = .18 Radj

2 = .19 Radj
2 = .32 Radj

2 = .29

T0 scores 0.700*** 0.319*** 0.995*** 0.563***

MResp 0.095 �0.122 0.035 0.010

CSDiff 0.129 0.045 �0.081* �0.056

T0 scores × MResp �0.202 0.213 �0.299* �0.023

T0 scores × CSDiff �0.154 �0.162* �0.203** 0.009

Time delay 0.068 0.067 0.057 0.058

Note. Standardizedmodel estimates are reported for all coefficients of the respective linear regressionmodel; adjusted R2 values are reported as an indicator
of model fit; MResp = average threat responses across CS+ and CS�; CSDiff = differentiation between CS+ and CS�; *p < .05. **p < .01. ***p < .001.

Table 3. Regression models of T0 scores and experimental threat responsiveness measures during the generalization phase on anxiety and
depression ratings at T1

Coefficients

Anxiety Depression

Arousal ratings SCR amplitudes Arousal ratings SCR amplitudes

Radj
2 = .20 Radj

2 = .18 Radj
2 = .33 Radj

2 = .29

T0 scores 0.524*** 0.324*** 0.875*** 0.617***

MResp 0.099 �0.123 �0.017 �0.011

CSDiff �0.046 0.050 �0.133** �0.010

LDS �0.143 �0.035 �0.080 �0.002

T0 scores × MResp �0.070 0.219 �0.103 �0.100

T0 scores × CSDiff �0.072 �0.023 �0.292*** 0.023

T0 scores × LDS 0.069 �0.022 0.046 0.002

Time delay 0.071 0.068 0.044 0.063

Note. Standardizedmodel estimates are reported for all coefficients of the respective linear regressionmodel; adjusted R2 values are reported as an indicator
of model fit; MResp = average threat responses across all stimuli of the generalization phase; CSDiff = differentiation between CS+ and CS�; LDS = linear
deviation score as a measure of fear generalization; **p < .01. ***p < .001.

Zeitschrift für Psychologie (2023), 231(2), 137–148© 2023 The Author(s). Distributed as a Hogrefe OpenMind article
under the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)

C. Imholze et al., Changes in Negative Affect During the COVID-19 Pandemic 145

https://creativecommons.org/licenses/by/4.0


elevated responses to safety signals (i.e., the CS� in the
current experimental scenario) and correspondingly a re-
duced differentiation between threat and safety cues (Duits
et al., 2015; Lissek et al., 2005). Such tendency was also
found to bemaladaptive in the current sample and predicted
increased negative affect after the onset of the COVID-19
pandemic specifically in those participants who had higher
baseline values. Although other studies on smaller samples
partly yielded divergent results (e.g., Hunt et al., 2022), the
current study demonstrated that certain laboratory mea-
sures of threat responsiveness seem to be suitable to predict
changes in mental strain following adverse experiences.

In addition to the influence of CS� differentiation, we
also found that the general response level had predictive
value for changes in depression scores during the pan-
demic. This observation might indicate a more negative
development of participants with low depression values
before the onset of the pandemic who showed large re-
sponses to all stimuli in the fear conditioning experiment.

The present study has several strengths including the
reliance on longitudinal data from a large sample with a
baseline assessment prior to the COVID-19 pandemic
outbreak. However, some limitations should also be ac-
knowledged. First, the current sample underwent the initial
laboratory assessment during a relatively long period from
May 2013 toMarch 2020. It thus seems conceivable that T0
measures do not consistently reflect a specific prepandemic
time point but rather vary regarding their representative-
ness between participants. To take this possibility into ac-
count, we included this variable into all analyses but did not
observe a significant effect in any of themodels. Second, the
current sample was relatively homogenous regarding age,
education, and Caucasian descent, and participants were
very healthy due to strict inclusion criteria. As a result, they
showed more moderate threat responsiveness compared to
anxiety patients (e.g., Lissek et al., 2010, 2014) and were
potentially also more resilient to negative experiences
during the COVID-19 pandemic. Therefore, future studies
should also examine howmeasures of threat responsiveness
and negative experiences interact in adaptations of negative
affect in more diverse (sub)clinical samples. Such studies
should ideally also include individual differences in how the
adverse situation is actually perceived. In the current study,
we did not acquire stress ratings or comparable measures
and had to rely on changes in standard questionnaires. A
more detailed assessment of individual stress levels in fu-
ture studies is thus desirable. Third, we did not measure the
aversiveness of the currently used US (the loud female
scream) in the experimental laboratory paradigm. Com-
parable stimuli have been used in previous fear conditioning
studies (e.g., Baumann et al., 2017; Haddad et al., 2013;
Schiele et al., 2016) and seem to be more aversive than
other sounds or air puffs (Lau et al., 2008). However, it

seems important to explicitly examine the influence of US
aversiveness on fear acquisition and generalization in future
studies. Fourth, in order not to lose statistical power, we did
not adjust alpha levels for multiple testing. We therefore
strongly suggest replicating the current findings in inde-
pendent samples.

Conclusion

To the best of our knowledge, the present study on a rel-
atively large and well-characterized sample is the first ex-
ploratory longitudinal study to examine the predictive value
of laboratory fear acquisition and generalization measures
on changes in negative affect in the context of the COVID-
19 pandemic. As hypothesized, we observed an increase in
participants’ anxiety and depression scores after the onset
of the pandemic. These adaptations were partly modulated
by measures of general threat responsiveness and the dif-
ferentiation of threat and safety signals. Surprisingly, al-
though fear acquisition and generalization are assumed to
constitute risk factors for anxiety psychopathology, we
observed larger effects on depression than on anxiety
scores – at least for subjective arousal ratings. Moreover,
measures of fear generalization neither predicted changes
in depression nor in anxiety levels. These findings com-
plement recent research (Stegmann et al., 2019), but effects
were rather small on average and should be replicated in
independent samples to further elucidate how individual
differences in threat processing interact with adverse ex-
periences in the development of psychopathology.
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