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The COVID-19 pandemic has been a period of unprecedented uncertainty. Research indicates individuals differ in
their response to uncertainty and these differences are mediated by anterior insula (aINS) function. Those most
sensitive to uncertainty are likely vulnerable to negative affect in the context of the pandemic. The current study
was designed to directly test this question using both neural and self-reported measures of sensitivity to un-
certainty. Fifty-nine volunteers completed a task designed to probe neural response to anticipation of predictable
(P-) and unpredictable (U-) threat-of-electric-shock during functional magnetic resonance imaging and a self-
report measure of intolerance of uncertainty (IU). Approximately two years later, during the peak of the
pandemic, participants reported their emotional reactions to the COVID-19 crisis. Multilevel mixed models
revealed that greater aINS activation to U-threat and greater self-reported IU were independent predictors of
increased COVID-related negative affect. These findings were significant when adjusting for biological sex and
depression and anxiety symptom severity. The results add to a growing literature demonstrating that individual
differences in response to uncertainty have a robust impact on mood and functioning. Results also highlight that
individuals highly sensitive to uncertainty may be at increased risk for poor mental health during the ongoing

pandemic.

1. Introduction

The COVID-19 pandemic has been a period of unprecedented un-
certainty. From uncertainty surrounding health outcomes and re-
strictions on socialization to disruption in almost all aspects of day-to-
day life, the pandemic has functioned as an ever-present uncertain
threat for many individuals. Research during past public health emer-
gencies indicates that poor mental health outcomes are associated with
these kinds of events. Increases in suicidality, anxiety, depression, and
post-traumatic stress disorder (PTSD) have been documented during and
after the SARS epidemic in Hong Kong and the Ebola outbreak in Sierra
Leone (Cheung et al., 2008; ; Secor et al., 2020). The psychological ef-
fects of COVID-19 were investigated in China, demonstrating an in-
crease in symptoms of anxiety and depression in the context of the
pandemic (Li et al., 2020). The novelty of COVID-19, changing infor-
mation and guidelines throughout the pandemic, and potential hospi-
talization and mortality of the disease represent an unprecedented,
real-world uncertain threat.

Research indicates that individuals differ in how they respond to

uncertainty, particularly uncertain threats, or stressors (U-threat). U-
threat is defined as threat that is unpredictable in its timing, intensity,
frequency, and/or duration. U-threat elicits a generalized feeling of
apprehension and hypervigilance that is not associated with a clearly
identifiable source, referred to as anticipatory anxiety (Barlow, 2000;
Davis, 1998; Jackson et al., 2015). U-threat is in contrast with predict-
able threat (P-threat), which is signaled by a discrete cue and elicits a
phasic fear response to an identifiable stimulus that is time-locked to the
threat (Barlow, 2000; Davis et al., 2010). Human and animal studies
have shown that U-threat and P-threat produce distinguishable aversive
states that are pharmacologically distinct (Grillon et al., 2006) and
mediated by overlapping, but separable, neural circuits (Alvarez et al.,
2011; Davis, 2006). Although U-threat is universally aversive as it di-
minishes our ability to prepare for future events, research has shown
that there are some individuals who are particularly sensitive to U-threat
and display maladaptive cognitive and behavioral responses in the face
of uncertainty (Carleton, 2012).

Individual differences in sensitivity to uncertainty can be measured
in several ways, and these methods tend to have moderate convergence
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(Ferry and Nelson, 2021; Gorka et al., 2014; Shankman et al., 2014;
Simmons et al., 2008). One method includes self-report, which asks
participants to rate their subjective tolerance of uncertainty. Another
measure involves directly exposing participants to uncertain stressors
and measuring objective reactivity using psychophysiology and/or
neuroimaging methods. Along these lines, Grillon and colleagues
developed the widely used No-Predictable-Unpredictable threat para-
digm (Schmitz and Grillon, 2012). The task includes three
within-subjects conditions: no threat (N; no aversive stimulus), pre-
dictable threat (P; aversive stimulus signaled by a predictable cue), and
unpredictable threat (U; aversive stimulus at random) (Schmitz and
Grillon, 2012). Studies using the No-Predictable-Unpredictable (NPU)
paradigm have traditionally used startle eyeblink potentiation as a
behavioral index of aversive responding. These studies have shown that
exaggerated behavioral reactivity to U-threat, but not P-threat, charac-
terizes numerous anxiety disorders including panic disorder, social
anxiety disorder, specific phobia, and PTSD (Gorka et al., 2013; S.M.
Gorka et al., 2017; Grillon et al., 2009). In addition, magnitude of
reactivity to U-threat correlates with severity of anxiety symptoms (S.M.
Gorka et al., 2017) and family history of anxiety psychopathology
(Nelson et al., 2013). Using a similar paradigm, it has also been shown
that magnitude of behavioral reactivity longitudinally predicts PTSD
symptom severity in a cohort of trauma-exposed police officers (Pole
et al., 2009).

More recently, researchers have adapted the NPU paradigm for use
during functional magnetic resonance imaging (fMRI) to probe the
neural correlates of sensitivity to U-threat. Research suggests that the
insula (INS) and the dorsal anterior cingulate cortex (dACC) are highly
connected and function in a larger, frontolimbic salience network in the
brain (Grupe and Nitschke, 2013; Uddin, 2015). This network influences
behavior by scanning environmental stimuli for emotionally salient in-
formation and analyzing threats and outcomes. The anterior portion of
the insula (aINS) is a key part of the circuit that is involved in antici-
pation of aversive events (Carlson et al., 2011; Sarinopoulos et al.,
2010). More specifically, studies suggest that the aINS mediates
response to uncertainty and subjective experiences of stress and antici-
patory anxiety (Craig, 2009, 2011; Grupe and Nitschke, 2013). Thus,
individual differences in aINS activation during U-threat contribute to
anticipatory anxiety, feelings of distress, and negative affect. Exagger-
ated aINS reactivity to threat has also been observed in individuals with
internalizing psychopathology including social anxiety disorder, panic
disorder, and specific phobia (Klumpp et al., 2012; Radoman et al.,
2019).

Previous research has demonstrated that public health crises increase
the risk for negative affect and mood disturbance (Cheung et al., 2008;
Jalloh et al., 2015; Secor et al., 2020). It is therefore likely that the
COVID-19 pandemic has had a negative impact on mental health for
many individuals, which is corroborated by emerging research (Hamza
Shuja et al., 2020; Kumar and Nayar, 2021; Li et al., 2020). The global
scale and sustained impacts of the COVID-19 pandemic present an un-
precedented, real-world U-threat with far-reaching impacts. Our lab,
and others, have established that individual differences in reactivity to
U-threat contributes to anxiety psychopathology and risk for mental
health problems (Gorka et al., 2013; S.M. Gorka et al., 2017; Grillon
et al.,, 2009). We therefore theorize that those highly sensitive to un-
certainty may have difficulty coping during the pandemic and that in-
dividuals with exaggerated sensitivity to uncertainty may represent an
at-risk group for poor mental health outcomes during the COVID-19
pandemic. Others have also proposed that individuals who are more
sensitive to uncertainty may experience greater distress in the context of
the COVID-19 pandemic (Freeston et al., 2020).

The aim of the current study was to investigate the relationships
between neural reactivity to U-threat, self-reported intolerance of un-
certainty (IU), and subsequent COVID-related negative affect at the
height of the pandemic. We utilized an existing, pre-COVID cohort of
healthy young adults, aged 17-19, to directly investigate our
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hypotheses. Participants completed a task designed to probe neural
response to anticipation of U-threat and P-threat during fMRI between
2017 and 2019. Baseline assessments of mood symptoms and self-
reported intolerance of uncertainty were also collected at that time.
During the peak of the COVID-19 pandemic, participants completed a
self-report measure assessing emotional reactions to the COVID-19
crisis. We hypothesized that both self-reported IU and aINS reactivity
to U-threat would be positively associated with COVID-related negative
affect.

2. Methods
2.1. Participants and procedure

Participants were drawn from a larger longitudinal study investi-
gating associations between reactivity to U-threat and changes in psy-
chopathology over time in young adults. Participants were recruited via
advertisements posted in the Chicago community and nearby college
campuses. Participants were enrolled before the COVID-19 pandemic
between July 2017 and July 2019 and were followed for 1-year via
clinical assessments every 3-months. Inclusion criteria for the larger
study included self-reported lifetime consumption of >1 but <100
standard alcoholic drinks, affiliation with risky peers, and access to
alcohol if desired. These criteria were selected to ensure the sample was
at high-risk for alcohol abuse, due to the aims of the larger project.
Participants were also required to be between the ages of 17 and 19.
Demographic characteristics of the sample are listed in Table 1. Exclu-
sion criteria included any major medical or neurological illness, active
suicidal ideation, psychosis, deafness, traumatic brain injury, psycho-
tropic medication use within the past four months, smoking 5 cigarettes
or more per day, lifetime history of alcohol use disorder or substance use
disorder (AUD/SUD), contraindications for fMRI (e.g., ferrous metal in
body), pregnancy or trying to become pregnant, positive urine drug
screen for illicit substances (including tetrahydrocannabinol, cocaine,
amphetamine, morphine, phencyclidine, barbiturates, benzodiazepines,
3,4-methylenedioxymethamphetamine, oxycodone, and buprenor-
phine) or positive breathalyzer test for alcohol. Psychopathology was
assessed via the Structured Clinical Interview for DSM-5 Disorders (First
etal., 2015), in-person, by trained assessors, and supervised by a clinical
psychologist.

The study occurred at the University of Illinois at Chicago and was
approved by the University Institutional Review Board. Participants
provided written informed consent. The first study visit involved a
battery of self-report questionnaires and the Structured Clinical Inter-
view for DSM-5 (SCID-V). During the second study visit (2 to 7-days
later), participants completed an fMRI scan including the NPU-threat
task. Participants were instructed to abstain from drugs and alcohol at
least 24-hours prior to the lab assessments, which was verified via breath

Table 1
Participant demographics and characteristics.

Demographics and clinical characteristics Mean (SD) or% (N = 59)

Age (years) 18.5 (0.6)
Sex (% Female) 78%
Ethnicity (% Hispanic) 39%
Race

White 50.8%
Black 3.4%
Asian 20.3%
American Indian or Alaskan Native 3.4%
Biracial, other or unknown 22.1%
Lifetime COVID-19 Diagnosis 13.8%
Baseline IDAS Depression 39.6 (11.3)
Baseline IDAS Anxiety 8.7 (2.9)
Baseline Intolerance of Uncertainty Scale Total 28.9 (9.3)
Lifetime History of Internalizing Disorder 48.3%

Note. IDAS = Inventory of Depression and Anxiety Symptoms.
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alcohol and urine screens. All participants were monetarily compen-
sated for their time.

During the peak of the Coronavirus Pandemic in the United States, in
the Fall of 2020, The Young Adult Coronavirus Impact Survey was sent
to all participants enrolled in the study (i.e., active participants and
study completers). The survey was distributed online and participants
were monetarily compensated for completing the form. The survey was
sent to a total of 118 individuals and 63 (53%) completed the optional
COVID-19 measure. Individuals who completed the measure did not
differ from those who did not complete the measure on age (p = 0.48),
sex (p = 0.07), race (ps > 0.19), or severity of baseline depression (p =
0.42) or anxiety symptoms (p = 0.97) (scale information described
below). Of those 63 respondents, 59 had good quality imaging task data
resulting in a final sample of 59 subjects.

2.2. Self-report assessments

Self-reported depression and anxiety symptomology was assessed via
the Inventory of Depression and Anxiety Symptoms (IDAS-II) (Watson
et al., 2012). The IDAS-II measures symptomology of several disorders,
including depression and anxiety disorders, via subscales and a total
score. There are 99 questions, listed as statements with a 5-point Likert
scale with 1 indicating that they not having felt or experienced the
statement at all and 5 indicating that they have felt or experienced the
statement to an extreme degree. Internal reliability of the IDAS-II sub-
scales at each wave were good to excellent (a = 0.85 — 0.90).

Self-reported intolerance of uncertainty was assessed via the short
version of the Intolerance of Uncertainty Scale (IUS-12) (Carleton et al.,
2007). The IUS-12 measures an individual’s emotional and behavioral
responses to uncertainty. The scale is comprised of first-person state-
ments with a 5-point Likert scale with 1 indicating the statement to be
not at all characteristic of the respondent and 5 indicating that the
statement is entirely characteristic of the respondent. The IUS-12 pro-
duces a total score ranging from 12 to 60 with higher scores indicating
greater intolerance of uncertainty. In the present sample, internal reli-
ability of IUS-12 total was good (a = 0.88).

2.2.1. The young-adult coronavirus impact survey

To assess for COVID-related negative affect, participants were sent
the Young-Adult Coronavirus Impact Survey in the Fall of 2020,
approximately two years after enrollment. The measure was developed
by our lab to match the characteristics of our young adult cohort. The
measure included selected items from the CoRonavIruS Health Impact
Survey (CRISIS) (Merikangas et al., 2020) and original The Epidemic —
Pandemic Impacts Inventory (EPII) (Grasso et al., 2020). Notably, the
EPII is part of the National Institute of Health (NIH) Disaster Research
Response Repository of COVID-19 Research Tools. Our adapted measure
included 69-questions capturing background information about medical
conditions, living situations, education/work impacts, COVID-19 expo-
sure, and pandemic impact. A series of questions specifically asking
about negative affect were included. Our selected affect items aligned
with the CRISIS ‘emotions’ subsection. Participants were asked “During
the past month, on average, to what extent have you felt”: 1) worried or
anxious, 2) sad, 3) fatigued or tired, 4) irritable or easily angered, and 5)
lonely. Responses were made on a 5-point Likert-scale (1 - 5; ‘not at all’
to ‘extremely’) and averaged across individual items to create a com-
posite negative affect measure. The five negative affect items demon-
strated adequate internal reliability (a = 0.78).

Participants were monetarily compensated for completing this
follow-up survey.

2.3. fMRI threat task
The fMRI threat task and laboratory procedures described here have

been used previously by our group (Gorka et al., 2020; Radoman et al.,
2021). During the task, participants were administered brief, mild
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electrical shocks to their left foot at a level that they described as ‘highly
annoying but not painful’ (between 1 and 5 mA). The electrodes were
placed on the left foot to minimize movement during the task and to
limit potential scan artifacts. This level of shock was reached via a
work-up procedure before the start of the actual task. Ideographic shock
levels were used to ensure equality in perceived shock aversiveness
(Rollman and Harris, 1987). The shock stimuli lasted 400 ms and were
delivered using a Biopac MP150 with an STM100C module (Biopac
Systems, Inc., Goleta, CA) connected to a 200 V maximum stimulus
isolation unit (STMISOC, Biopac System, Inc., Goleta, CA). Task stimuli
were administered using Presentation software package (Neuro-
behavioral Systems, Inc., Albany, CA).

To examine the neural correlates of temporally unpredictable threat,
we used a modified version of the original NPU-threat task developed by
Grillon and colleagues (Schmitz and Grillon, 2012). Participants expe-
rienced three, within-subject conditions: no shock (N), predictable shock
(P) and unpredictable shock (U). A numeric countdown was displayed
during each condition ranging between 3 and 8 s, jittered (M =5 s). Text
displayed at the bottom of the monitor indicated the current condition.
During N trials, no shocks were delivered and the text read ‘No Shock’.
During P trials, participants received a shock only when the countdown
reached ‘1’ and the text read ‘Shock at 1. During U trials, participants
received a shock at random, regardless of the countdown and the text
read ‘Shock at Anytime’. Following each countdown, individuals saw a
fixation cross for 5-7 s, jittered (M = 6 s). N, P and U countdowns were
presented in blocks of 6, and each condition/block was administered in a
randomized order (counterbalanced) 6 times over the course of two
runs. Participants received 10 electric shocks during P and 10 electric
shocks during U, during each run. The rate of ‘Shock at 1’ during the P
condition was 60%, consistent with the NPU version used by Grillon and
colleagues (Schmitz and Grillon, 2012).

2.4. fMRI data collection and processing

fMRI was performed on a 3.0 Tesla GE MR 750 scanner (General
Electric Healthcare; Waukesha, WI) using an 8-channel phased-array
radio frequency head coil. A standard T2-sensitive gradient-echo echo-
planar imaging sequence was used (2 s repetition time (TR); 22.2 ms
echo time (TE); 90° flip; 64 x 64 matrix; 22 cm FOV; 44 axial slices; 3.44
x 3.44 x 3.0 mm voxels; 308 vol per run). Structural scans were ob-
tained with a 3D BRAVO pulse sequences with the following parameters:
flip angle 13°, inversion time 450 ms, field of view 22 x 22 cm, matrix
size 256 x 256, slice thickness 1 mm and 182 axial slices of the whole
brain. Statistical Parametric Mapping software (SPM12, Wellcome
Department of Imaging Neuroscience, London, UK) was used to perform
conventional preprocessing steps. Images were spatially realigned to
correct for head motion, slice-time corrected (44 slices, TR = 2, TA = 2,
slice order: ascending interleaved, reference slice 21), spatially
normalized to Montreal Neuro- logical Institute (MNI) space using the
participants’ T1 structural image (default settings), resampled to 2 mm?>
voxels and smoothed with an 8 mm? kernel to minimize noise and re-
sidual differences in gyral anatomy. The general linear model was
applied to the time series, convolved with the canonical hemodynamic
response function and with a 128 s high-pass filter. Condition effects for
U, P and N anticipation were separately estimated at each voxel for each
subject. For each condition, only the countdowns prior to the shock, or
prior to trial termination in instances where there was no shock, were
modeled. Importantly, number of data points (i.e. TRs/repetition times)
was the same across the three conditions (N, P and U). Movement pa-
rameters obtained during realignment were included in the model as
regressors-of-no-interest to account for motion-related effects on blood-
oxygen-level-dependent (BOLD).

In line with our study aims, we created individual contrast maps for
unpredictable threat (U-threat) > No-threat for each person during first-
level analysis. These contrast maps were then entered into a second-level
one-way analysis of variance (ANOVA) in order to examine the main
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effects of U-threat across all participants.

Radoman et al., 2021 demonstrated that the fMRI threat task
robustly activates the aINS. In the current subsample, we confirmed that
the left (MNI peak [—34, 22, 6]; Z = 5.50) and right (MNI peak [36, 26,
2]; Z = 6.55) aINS was significantly activated during U-threat >
No-threat across all subjects using a whole brain one sample t-test
(FWE-corrected, p < 0.05).

Therefore, for the aims of the current study, we extracted BOLD
activation parameter estimates (arbitrary units [a.u.]) from left and
right anatomical aINS masks applied to the U-threat > No-threat
contrast for each subject. The left and right aINS masks were defined
by the AAL atlas and the mask extractions were averaged to reflect
bilateral aINS activation to U-threat.

2.5. Data analysis plan

We first ran a series of descriptive Pearson’s correlations to examine
associations between study variables. To test our hypothesis, we ran a
flexible multilevel mixed model with COVID-19 related negative affect
as the dependent variable. Biological sex, confirmed or suspected posi-
tive COVID-19 diagnosis (yes/no), time (in months) between study
baseline and COVID-19 follow-up, and report of receiving mental health
treatment (yes/no) were all included as fixed covariates given their
potential impact on negative affect. IDAS depression and IDAS anxiety
scores from each data collection wave (i.e., baseline, 3 months, 6
months, 9 months, and 12 months) were included as time-varying
covariates. Baseline IUS scores and aINS activation to U-threat were
entered as simultaneous predictors. The model used restricted maximum
likelihood (REML) estimation and an unstructured covariance matrix.
Continuous variables were grand-mean centered and dichotomous var-
iables were effects coded.

3. Results
3.1. Descriptives

On average, the COVID-related questionnaire was completed 23.9 +
7.0 months (range: 14.5 to 38.5 months) following baseline data
collection. A total of 10.2% of participants reported they received a
positive COVID-19 diagnosis at some point since the start of the
pandemic. An additional 3.4% reported they likely had COVID-19 but
were never officially diagnosed. With regard to psychopathology, 48%
of the sample had a lifetime mood or anxiety disorder. During the
COVID-related assessment, 17% of participants were currently receiving
mental health treatment and an additional 6.8% were pursuing treat-
ment but had not yet enrolled.

At baseline, greater IUS total scores were associated with greater
IDAS anxiety (r = 0.55, p < 0.01) and IDAS depression (r = 0.56, p <
0.01). There was no association between IUS total scores and aINS
activation during U-threat (r = 0.17, p = 0.20). There was also no as-
sociation between aINS activation to U-threat and IDAS anxiety (r =
0.16, p = 0.20) or IDAS depression (r = 0.13, p = 0.32).

3.2. Longitudinal analyses

Results from the multilevel mixed model are included in Table 2.
With regard to covariates, there was a main effect of biological sex
revealing that females reported higher levels of COVID-related negative
affect than males. There was also a main effect of receiving mental
health treatment such that individuals who reported reciving services
had higher levels of COVID-related negative affect. The main effects of
pre-COVID depression and anxiety symptom severity were not
significant.

Our primary variables of interest were IUS total scores and aINS
activation to U-threat. The model indicated that both individual differ-
ences factors were significant predictors. That is, greater baseline IUS
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Table 2

Multilevel mixed model examining predictors of COVID-related negative affect.
Variable b SE T p-value
Intercept 217 0.46 4.66 <0.001
Sex 1.05 0.28 3.76 <0.001
Positive COVID-19 0.38 0.34 1.11 0.272
Time between Assessments —0.01 0.02 —0.66 0.511
Receiving Mental Health Treatment 0.69 0.29 2.42 0.019
1US Total Score 0.03 0.01 3.01 0.004
aINS Activation 0.32 0.14 2.35 0.024
Time-Varying Covariates
IDAS Depression 0.01 <0.01 0.60 0.540
IDAS Anxiety <0.01 <0.01 0.04 0.970

Note. IUS = Intolerance of Uncertainty Scale; aINS = anterior insula; IDAS =
Inventory of Depression and Anxiety Symptoms.

total scores were associated with greater COVID-related negative affect.
In addition, greater aINS activation to U-threat was associated with
greater COVID-related negative affect.

4. Discussion

The present study investigated whether pre-COVID individual dif-
ferences in sensitivity to uncertainty predicted COVID-19 related nega-
tive affect during the peak of the pandemic approximately two years
later. Consistent with our hypothesis, we found that both self-reported
IU and bilateral aINS reactivity to U-threat were independent pre-
dictors of COVID-related negative affect. This relationship was observed
when adjusting for several important baseline covariates including
biological sex and severity of depression and anxiety symptoms. There
was no association between self-report IU and bilateral aINS reactivity to
U-threat. Together, these findings indicate that individual differences in
the way people tolerate and respond to uncertainty play a role in coping
with the inherent stress of the ongoing public health crisis.

Our results revealed that aINS reactivity to U-threat was a significant
predictor of subsequent COVID-related negative affect. As has been
demonstrated in previous research, the aINS is a key region of the brain
involved in the anticipation of uncertainty. The aINS integrates salient
internal and external information to generate anticipatory, affective
responses to potential future events (Craig, 2009, 2011; Grupe and
Nitschke, 2013; Tanovic et al., 2018; Shankman et al., 2014). Exagger-
ated aINS reactivity to threat characterizes several anxiety disorders and
correlates with severity of negative affect (Gorka et al., 2013; S.M.
Gorka et al., 2017; Grillon et al., 2009). It is therefore well-established
that aINS function contributes to mood and psychopathology. The pre-
sent findings importantly extend this literature by demonstrating that
aINS reactivity not only contributes to acute negative affectivity but also
longitudinally predicts change in negative affect in the context of a
real-world U-threat. Thus, pre-COVID individual differences in brain
response to U-threat influenced real-world affective response to
U-threat. This finding highlights the potential role of aINS function in
mental health outcomes. It also converges with numerous studies across
diagnoses and syndromes pointing to the role of the aINS in psychiatric
functioning (Blanc et al., 2014; Engelmann et al., 2017; Klumpp et al.,
2012; Moran et al., 2013). Indeed, aINS inhibition has been noted as a
promising intervention and prevention target for addiction and anxiety
(Downar et al., 2016; Ibrahim et al., 2019).

Our results also revealed that self-reported IU was a significant
predictor of subsequent COVID-related negative affect. IU characterizes
numerous disorders and is correlated with internalizing symptomology
(Gentes and Ruscio, 2011; McEvoy and Mahoney, 2011). Research has
shown that IU is fairly stable over time, though it can be modified with
treatment (Birrell et al., 2011; Mahoney and McEvoy, 2012). IU has also
been shown to longitudinally predict mental health outcomes (Boelen,
2019; Cai et al., 2020; Oglesby et al., 2016). Our findings add to the
existing body of literature by confirming that IU is correlated with
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baseline depression and anxiety. Furthermore, the present study
demonstrated that IU longitudinally predicts change in negative affect in
response to real world uncertainty. Pre-COVID individual differences in
self-reported IU influenced real-world affective response to uncertainty.
These findings taken together indicate multiple potential intervention
targets. In addition to potential aINS inhibition, behavioral strategies
aimed at enhancing an individuals’ ability to tolerate uncertainty could
prove helpful in the context of the COVID-19 pandemic. A novel
behavioral intervention targeting the improvement of tolerance of un-
certainty for the treatment of generalized anxiety disorder (GAD)
currently exists (Hebert and Dugas, 2019), though this could be
expanded and potentially applies to a broader treatment group.

We found that both self-reported IU and aINS reactivity during U-
threat at baseline prospectively predicted of COVID-related negative
affect approximately two years later. There was no association between
IUS scores and aINS reactivity. There are a few potential explanations of
both measures being significant, yet independent predictors of COVID-
related negative affect. The NPU paradigm that assesses aINS reac-
tivity to U-threat is objective as it involves the anticipation of mild
electric shock. The task is specific to external threat. In contrast, IUS
total scores are self-reported and therefore subjective. The questionnaire
is not specific to external threat and encompasses broader intolerance of
uncertainty. Thus, although the two measures are designed to capture a
similar core construct, the differences in methods contributes to
inherent divergence. As a result, there have been somewhat inconsistent
results across previous studies with regard to the correlation between
self-reported IU and psychophysiological reactivity during uncertain
threat (Morriss, 2019; Bennett et al., 2018).

These findings should be reviewed in the context of several limita-
tions that may inform future research. First, due to the timing of the
COVID-19 pandemic, the Young-Adult Coronavirus Impact Survey was
created by our lab and used for the first time in this study. We used
published questionnaires and adapted them to our sample, though this
measure has not been validated due to its first-time use. Second, many
subjects were sent the optional COVID questionnaire following their
completion of the original study. Accordingly, only 53% of subjects
submitted the completed form. Although subjects who did and did not
fill out the form did not differ in demographics or anxiety and depression
symptom severity, there may have been untested differences between
groups that influenced results. Third, related to the point above, the
overall sample size was modest. Despite the sample size we were able to
detect significant results though the findings still require replication,
especially as the pandemic has continued. It will also be informative for
future studies to examine additional factors (or moderators) that may
impact the link between sensitivity to uncertainty and COVID-related
negative affect, such as preexisting anxiety psychopathology. Lastly,
our aINS findings are based on a very specific threat paradigm that
distinctly manipulated the timing of mild electric shock. Other versions
of the NPU paradigm have used varying threat types (e.g., aversive noise
or pictures) and manipulations of threat predictability (e.g., probability,
intensity, location). It is presently unclear whether the current findings
are specific to temporal manipulation of electric shock and thus future
studies would benefit by exploring the role of aINS function more
broadly.

In conclusion, our study reveals preliminary evidence demonstrating
that individuals differences in aINS reactivity to U-threat and self-
reported IU are associated with subsequent COVID-related negative
affect. Individuals with baseline sensitivity to uncertainty may therefore
be vulnerable to the sustained emotional impact of COVID-19. As the
pandemic continues, it will be important to identify those most
vulnerable for poor mental health outcomes and mechanisms that may
contribute to chronic negative affect.
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