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Abstract

Research has shown threat overestimation is significantly associated with intoler-
ance of uncertainty (IU), and both processes predict higher anxiety and safety
behavior usage. However, the extent to which threat overestimation predicts subse-
quent COVID-19-related distress may vary as a function of IU. The present study
examined IU as a moderator of the relationship between COVID-19 threat estima-
tion and subsequent COVID-19 fear and safety behavior use. Between February 27
and March 26, 2020, participants (N=57) completed a self-report measure of TU
and estimated the number of people they believed had died from COVID-19. Four
weeks later, participants completed measures of COVID-19 fear and safety behav-
ior use. Results revealed IU significantly predicted subsequent COVID-19 fear and
safety behavior use. IU also moderated the effect of threat estimation on COVID-19
fear such that those who underestimated threat and experienced low to moderate lev-
els of IU reported experiencing lower levels of COVID-19 fear 1 month later.

Keywords Intolerance of uncertainty - COVID-19 - Overestimation of threat

On January 21, 2020, the first case of the coronavirus disease 2019 (COVID-19)
was confirmed in the USA (U.S.; Centers for Disease Control, 2020). By late Janu-
ary 2020, 74% of Americans reported being “somewhat concerned” to “very con-
cerned” about the illness spreading to the USA (Morning Consult, 2020), and by
mid-March 2020, the World Health Organization had declared COVID-19 a global
pandemic (WHO, 2020). Early in the pandemic, approximately 25% of the general
population reported experiencing moderate to severe levels of anxiety-related symp-
toms (Qiu et al., 2020; Wang et al., 2020), and symptoms of anxiety and depression
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have been shown to increase over the course of the COVID-19 pandemic (del-Valle
et al., 2022) . Since then, researchers have identified a wide range of adverse anxi-
ety- and stress-related outcomes associated with the pandemic, which have been col-
lectively termed “COVID Stress Syndrome” (Taylor et al., 2020).

The stress associated with the COVID-19 pandemic has indeed cultivated high
anxiety and uncertainty about virus transmission and subsequent death. However,
it remains unclear who in particular may be at higher risk for elevated COVID-19
fear. Traditional cognitive models posit higher anxiety risk for those with cogni-
tive biases like threat overestimation coupled with the perceived inability to cope
with adverse outcomes (Beck et al., 1985). Although threat-related anticipatory
responses are generally adaptive in reducing the risk of harm, this process can
be maladaptive when risk estimates exceed the true likelihood. This tendency to
overestimate threat has been consistently shown to contribute to the development
and maintenance of anxious responding (Abramowitz & Blakey, 2020; Mathews
& MacLeod, 2002). Individual differences in the overestimation of threat not only
contribute to the subjective experience of fear and anxiety, but they also facili-
tate the use of safety behaviors, which are unnecessary actions taken to minimize,
avoid, or escape negative outcomes (Telch & Lancaster, 2012). Although the use
of safety behaviors may temporarily temper the anxiety that is evoked by threat
overestimation, they have been shown to paradoxically exacerbate symptoms by
preventing the correction of mistakenly held anxious beliefs (Helbig-Lang & Peter-
mann, 2010; Salkovskis, 1991).

Individual differences in threat estimation may be an especially relevant pro-
cess to better understand anxiety- and stress-related outcomes associated with the
pandemic, given the high rates of asymptomatic transmission and the novelty of
COVID-19. More specifically, the overestimation of threat may be reflected in the
beliefs people hold about the perceived probability/certainty of contracting COVID-
19 and subsequently dying from the virus. This proposed link between the overes-
timation of threat and COVID-related fearfulness is consistent with recent research.
For example, one study found that perceived threat was the most reliable predictor of
concurrent COVID-related emotional reactions and coping behaviors (Cypryariska
& Nezlek, 2020). As stated by Bavel et al. (2020), “people are less likely to die
from over-reaction than from under-reaction, that is, not responding to signs of dan-
ger until it is too late” (p. 462). Although this suggests that the overestimation of
threat may be adaptive by motivating people to wash their hands regularly, prac-
tice social distancing, and use face masks, there is also some evidence suggesting
that the overestimation of COVID-related threat may be maladaptive. For example,
one study found that individuals who felt more threatened by COVID-19 stockpiled
more toilet paper (Garbe et al., 2020), leading to fear of contagion and contributing
to shortages (Taylor, 2021).

Although the overestimation of threat is likely associated with increased COVID-
related fearfulness, the specific processes that may influence this association are
unclear. One potentially relevant process is intolerance of uncertainty (IU), which
refers to a dispositional characteristic that reflects the tendency to react negatively
to situations that are uncertain (Obsessive Compulsive Cognitions Working Group,
1997). Research has shown that overestimation of threat is significantly associated
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with high levels of IU (Dugas et al., 2004; Koerner & Dugas, 2008) and IU has been
posited as a factor that influences the estimation of threat (Pepperdine et al., 2018;
Sookman & Pinard, 2002). Consistent with this view, results from the lab-based
vignettes have shown that high threat and/or explicitly uncertain scenarios lead to
increased anxiety and urges to engage in safety behaviors (Reuman et al., 2015).
Further, during the 2009 HIN1 pandemic individuals with high IU were more likely
to perceive the pandemic as threatening and experienced heightened levels of anxi-
ety compared to individuals with low IU (Taha et al., 2014). During the COVID-
19 pandemic, IU has been positively associated with coronavirus fear in particular
(Millroth & Frey, 2021; Wheaton et al., 2021) as well as more general psychological
distress (Reizer et al., 2021). Higher IU has also been shown to predict greater fear
and avoidance of healthcare settings and increased fear of leaving the home (Radell
& McGuire, 2021). Together, these findings suggest that overestimation of threat
and IU may be synergistic in explaining fearful responding during a pandemic.
Indeed, a recent theoretical model, known as the Uncertainty Distress Model, pro-
posed that dispositional IU will moderate the relationship between threat perception
and uncertainty-reducing behaviors (i.e., safety behaviors) and distress (Freeston
et al., 2020). However, to our knowledge, this model has yet to be tested empirically.

The existing literature suggests that IU may be one process that influences the
association between overestimation of threat and COVID-related fearfulness (Sook-
man & Pinard, 2002; Taha et al., 2014). Accordingly, the present study examined TU
as a potential moderator of the relationship between estimation of COVID-19 threat
and subsequent COVID-19 fear and safety behavior use. It was hypothesized that
estimation of threat at Time 1 would predict increased coronavirus fear and safety
behavior use 4 weeks later at Time 2. Similarly, it was hypothesized that high lev-
els of IU at Time 1 would predict increased coronavirus fear and safety behavior
use at Time 2. Lastly, it was hypothesized that [U would moderate the relationship
between estimation of threat and coronavirus fear and safety behavior use, such that
those high in threat overestimation and high in IU would report the highest levels of
COVID-19 fear and safety behavior use.

Method
Participants

The present sample (N=57; 63.4% female) included undergraduate students from
a private southeastern university who were recruited from psychology courses and
compensated with course credit. The mean age of the sample was 19.86 (SD=1.23),
ranging from 18 to 22. The racial and ethnic composition of the sample was as fol-
lows: White (n=39; 54.9%), African American (n=6; 8.5%), Asian/Pacific Islander
(n=14; 19.7%), Hispanic/Latino (n=3; 4.2%), Other (n=1; 1.4%).
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Measures

Overestimation of Threat The one-item estimation of threat variable was calculated
by subtracting the total number of US deaths (Center for Systems Science and Engi-
neering at Johns Hopkins University, 2020) from the participants’ estimated number
of US deaths. Time was accounted for in this measure by coding the total number
of U.S. deaths to correspond with the data from the day on which each participant
completed the Time 1 survey.

Intolerance of Uncertainty Scale-Short Form (1US-12; Carleton et al., 2007). The IUS-
12 is a self-report measure that assesses participant responses to uncertainty, ambig-
uous situations, and the future (e.g., “it frustrates me not having all the informa-
tion I need”). Items are rated on a 5-point Likert scale ranging from 1 (not at all
characteristic of me) to 5 (entirely characteristic of me). The IUS-12 demonstrated
excellent internal consistency in the present sample (a=0.90). IUS-12 scores within
the present sample (M =28.28, SD=9.08) were comparable to ITUS-12 scores within
Carleton et al. (2007) undergraduate sample (M =25.85, SD=9.45).

The Coronavirus Anxiety Inventory (CAl; Cox et al., 2020; Knowles & Olatunji,
2021). The CAI is a 10-item self-report measure that assesses fear related to
COVID-19. This measure was adapted from similar measures used to examine fear
in response to Ebola (Blakey et al., 2015) and HIN1 (Wheaton et al., 2012). The
CALI asks participants to rate their beliefs (e.g., “to what extent are you concerned
about the coronavirus?”’) on a 5-point Likert-type scale ranging from 0 (not at all)
to 4 (very much). The CAI demonstrated good internal consistency in the present
sample (a=0.85).

The Coronavirus Safety Behaviors Scale (CSBS; Cox et al., 2020; Knowles & Olatuniji,
2021). The CSBS is a 9-item self-report questionnaire that assesses the degree to
which individuals engage in coronavirus-related safety behaviors. Participants were
asked to rate the frequency in which they engaged in coronavirus-related safety
behaviors on an 11-point Likert-type scale ranging from 0 (not at all) to 10 (extreme
amount). Examples of safety behaviors on the CSBS are “washing your hands,”
“seeking reassurance from friends/family,” and “avoiding certain places.” The CSBS
demonstrated good internal consistency in the present sample (a=0.86).

Procedure

Participants completed the study measures using RedCap at two time points. Red-
Cap is a secure, web-based application designed to assist in data collection for
research studies (Harris et al., 2009), hosted by the university and supported by
UL1 TR000445 from NCATS/NIH. Between February 27 and March 26, 2020
(Time 1; N=108), participants completed the IUS and then estimated the number
of individuals who had died from COVID-19 in the United States (COVID-19
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Table 1 Descriptive statistics 1 5 3 4
and correlations among study
variables 1. Threat estimation -
2.1US-12 11 -
3. CAI 13 A0 -
4.CSBS 12 34%% 2% -
Mean —2.46 28.28 29.35 54.42
SD 233.77 9.08 6.64 6.64
Range -640-1384 12-54 040 4-85

Threat estimation, predicted number of US deaths minus reported
number of US deaths (negative numbers represent underestimation
of threat); /US-12 Intolerance of Uncertainty Scale, CAI Coronavi-
rus Anxiety Inventory, CSBS Coronavirus Safety Behaviors Scale.
**=ps<.01

threat). Four weeks later (Time 2; N=57), participants completed the CAI and
CSBS to measure COVID-19 fear and safety behavior use, respectively. Partici-
pants were then debriefed and compensated for their time.

Data Analytic Overview

To examine whether IU moderated the relationship between threat estimation and
COVID-19 fear and safety behavior use, moderation models were conducted using
the PROCESS macro for SPSS (Hayes, 2013). Within PROCESS, model 1 was
selected, the confidence interval was set to 95%, and predictor variables were mean
centered. The Johnson-Neyman technique was applied to statistically significant
interactions to assess the threshold of significance (Johnson & Neyman, 1936). Sim-
ple effects were computed to examine the effect of one independent variable (i.e.,
threat perception or IU) on one dependent variable (i.e., coronavirus fear or safety
behavior use). Interactions were then examined between the independent variables.

Results
Descriptive Statistics and Associations Between Study Variables

Table 1 shows the correlations between study variables. Moderate, positive asso-
ciations were found between IU and both coronavirus fear and safety behaviors
(p’s <0.01). Further, there was a large, positive correlation between coronavirus fear
and coronavirus safety behavior use (p’s <0.01). Overestimation of threat was not
significantly associated with other study variables (p’s > 0.05).!

! One overestimation of threat score was identified as a potential outlier (score>2 SD above the mean).
However, the inclusion/exclusion of this outlier did not change the significance of study results and as
such was included in all study analyses.
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Table 2 Unstandardized model coefficients for intolerance of uncertainty moderation predicting corona-
virus fear and safety behaviors

Outcome

Y, (CAID) Y, (CSBS)
Predictor Coeff SE p Coeff SE p
Threat estimation .04 .02 .02% .08 .05 .14
1US .23 .07 .002* .55 21 .01*
Threat EstimationxIUS-12  —.001 .001  .03* —.002 .002 .16
AR? 07 03* .03 .16
Constant 23.75 2.14 <.001 40.39 633 <.001

R’=.24 R’=.15

F(3,53)=5.56, p=.002 F(3,53)=3.21,p=.03

Threat estimation predicted number of US deaths minus reported number of US deaths (negative num-
bers represent underestimation of threat); /US-12 Intolerance of Uncertainty Scale, CAI Coronavirus
Anxiety Inventory, CSBS Coronavirus Safety Behaviors Scale

Moderated Effects of IU

Coronavirus Fear In the model predicting coronavirus fear (see Table 2), there was
a significant, simple effect of overestimation of threat, f=0.04, p=0.02, 95% CI
[0.01, 0.08], on coronavirus fear, suggesting that overestimation of threat is associ-
ated with increased coronavirus fear. There was also a significant, simple effect of
IU, =0.23, p<0.01, 95% CI [0.09, 0.37], on coronavirus fear, suggesting that IU
is associated with increased coronavirus fear. Lastly, the interaction between overes-
timation of threat and IU was significant in predicting coronavirus fear, AR>=0.07,
p=0.03 (see Fig. 1).2 An analysis using the Johnson-Neyman technique revealed
that for IU scores above the mean, there is no effect of overestimation of threat on
coronavirus fear. However, for IU scores at or below the mean, coronavirus fear
decreases with lower estimations of threat.

Coronavirus Safety Behavior Use In the model predicting coronavirus safety behav-
ior use (Table 2), there was a significant, simple effect of IU on coronavirus safety
behavior use, f=0.55, p=0.01, 95% CI [0.12, 0.98], suggesting that IU is associ-
ated with increased coronavirus safety behavior use. However, there was not a sig-
nificant simple effect of threat overestimation on coronavirus safety behavior use.
Furthermore, there was not a significant interaction between overestimation of threat
and IU in predicting coronavirus safety behavior use.

2 The effect size (f#=.08) for the moderation model was small. This is however unsurprising given pre-
vious research that shows the mean observed effect size for tests of moderation is .009 (Aguinis et al.,
2005). Based on this small effect size, the power was found to be .55. Notably, the observed power for
tests of moderation has been consistently shown to be quite low (McClelland & Judd, 1993). Because
this was a post hoc examination, future research should replicate the pattern of results from the present
study in a larger sample.
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Fig. 1 Simple regression slopes of threat levels predicting coronavirus fear at various levels of IU. All
values are mean centered, such that low, moderate, and high levels of threat estimation and IU repre-
sent+ | standard deviation from the mean. IU, intolerance of uncertainty

Discussion

The present study hypothesized that individuals with higher overestimation of threat
would report greater COVID-19 fear and safety behavior use. The results partially
supported these hypotheses, in that overestimation of COVID-19 threat prospec-
tively predicted higher levels of COVID-19 fear but not higher levels of COVID-19
safety behavior use 4 weeks later. Importantly, these results contribute to the under-
standing of the relationship between overestimation of threat and IU in the context
of the COVID-19 pandemic. The finding linking the overestimation of COVID-19
deaths to subsequent fear about COVID-19 is consistent with current conceptual-
izations of the tendency to overestimate threat as a key cognitive process that plays
a role in the maintenance of anxious responding (Abramowitz & Blakey, 2020).
Given the highly contagious nature of COVID-19 as well as the rapid spread of the
virus, a considerable amount of fear and anxiety has been observed in the general
population. Indeed, individuals in the current study reported moderately high levels
of anxiety (M =29.35, range 0-40) related to COVID-19. The present study sug-
gests that this level of fearfulness observed in the general population may be par-
tially explained by the overestimation of threat. This overestimation of threat may
take a variety of forms, including the tendency to catastrophically miscalculate the
probability of death or misjudging the presumed severity of other adverse outcomes
associated with the virus.

Consistent with the study hypotheses, results also showed higher levels of IU pre-
dicted greater COVID-19 fear and safety behavior use 4 weeks later. These findings
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are consistent with previous research linking IU to anxious responding and safety
behavior use in the laboratory (Reuman et al., 2015). This finding also complements
previous research showing that anxiety in response to the 2009 HIN1 pandemic was
linked to higher IU (Taha et al., 2014). More recently, Wheaton et al. (2021) found
that concern about COVID-19 was moderately and positively correlated with IU.
Furthermore, IU partially accounted for the connections between concern about the
spread of COVID-19 and anxiety-related symptoms. Given that a central character-
istic of those high in IU is the incapacity to tolerate the aversive response evoked by
the perceived absence of salient, key, or sufficient information (Carleton, 2016), the
emergence of a novel coronavirus disease would be expected to result in anxious
responding. Unlike those low in IU, the unpredictability, novelty, and change associ-
ated with COVID-19 may also increase the range of situations in which “degree of
danger” is overestimated and “capacity to cope” is underestimated among those high
in IU. In fact, Carnahan et al. (2022) recently found that looming cognitive style,
an underlying cognitive vulnerability in which individuals interpret ambiguous
situations as threatening (Riskind et al., 2000), prospectively predicted subsequent
increases in intolerance of uncertainty, avoidant coping, and state anxiety in a serial
mediation model. Consistent with the present study, these findings suggest intoler-
ance of uncertainty, coupled with heightened perceptions of threat, may contribute
to elevated anxiety during the COVID-19 pandemic. Given that looming cognitive
style may be an important antecedent to intolerance of uncertainty (Carnahan et al.,
2022), future research should further explore this relationship both within and out-
side of the pandemic.

It is important to note that although the correlation between overestimation of
threat and COVID anxiety was not significant, overestimation of threat was signifi-
cant in the regression predicting COVID fear which is likely a case of statistical sup-
pression (i.e., variables remove irrelevant variance from other predictors included in
a regression model, thereby increasing the predictive validity of the variable). Fur-
thermore, the present study observed a significant interaction between threat esti-
mation and IU, in which individuals with low to moderate IU who underestimated
COVID-19 threat reported lower levels of COVID-19 fear compared to individuals
with high IU who reported high levels of COVID-19 fear regardless of the accuracy
of their threat estimates. These findings provide preliminary empirical support for
the Uncertainty Distress Model, which postulates that IU and perception of threat
will influence the degree to which an individual experiences distress (Freeston et al.,
2020). Additionally, the finding that self-reported COVID-19 fear for those high in
IU was significant and relatively independent of threat estimates further supports
the robustness of U in better understanding COVID-19 related fearfulness. That is,
for those high in IU there appears to be a (high) ceiling effect on COVID-19 fear
4 weeks later that is unaffected by threat estimation. For those with low to mod-
erate IU, however, increasing estimation of threat did result in increasing levels of
COVID-19 fear 4 weeks later. One potential interpretation of these findings is that
high IU may be a risk factor that independently increases vulnerability to anxious
responding to COVID-19. However, the finding that individuals who experienced
low to moderate levels of IU and underestimated threat reported experiencing lower
levels of COVID-19 fear 1 month later suggests this interaction could also reveal
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a resilience factor that protects against some of the negative effects of COVID-19
related stress. The view that low levels of IU and underestimation of threat may be
adaptive in minimizing COVID-19 related fearfulness may be informed by previ-
ous research on emotion regulation. More specifically, Taha and colleagues (2014)
found that during the 2009 HIN1 pandemic, high IU predicted high anxiety and
more emotion-focused coping (compared to problem-focused coping). In contrast,
individuals who were able to tolerate uncertainty reported higher appraisals of con-
trol, which were subsequently related to more adaptive, problem-focused coping
strategies and lower levels of HIN1 anxiety. Of note, previous research has shown
adaptive emotional regulation strategies also reduce threat overestimation (e.g.,
Hovasapian & Levine, 2016). Based on the existing literature, one potential interpre-
tation of the present findings is that individuals lower in IU may be able to engage in
more effective coping strategies that inhibit the overestimation of threat, resulting in
lower levels of COVID-19 related fear.

The present findings suggest that individuals low in IU may have a higher thresh-
old for perceiving situations as threatening, which results in a reduction in fearful
responding. Interestingly, although there was a high degree of variability in threat
estimation within the present sample, mean estimation of threat was negative, sug-
gesting these undergraduate students on average are underestimating the threat of
COVID-19. It is important to consider that such a disposition could also be mala-
daptive during a global pandemic. That is, underestimation of COVID-19 threat may
result in increased risk-taking behavior. For example, in a national sample of college
students, 30.1% reported attending class, 14.5% reported attending work, and 13.7%
attended social gatherings while experiencing potential symptoms of COVID-19 in
Spring 2020 (Cohen et al., 2020). Although those who underestimated the number
of COVID-related deaths who were also low in IU did report less fear of COVID-19,
it is unclear if the same individuals were also more likely to engage in risk-taking
behaviors during the pandemic. It is important to note that the interaction between
overestimation of threat and IU in predicting COVID-19 safety behavior use was not
statistically significant in the present study. This suggests that while individuals who
are low in IU and who perceive COVID-19 as “low threat” may be less likely to be
fearful, they do not appear to be less likely to wash their hands, not socially distance,
or not wear a mask.

Although the present study highlights how IU and threat estimation relates to fear
of COVID-19 and associated safety behaviors using a prospective design, several
study limitations should be noted. First, the present study is limited by the exclusive
use of an undergraduate sample from a private institution who may have higher soci-
oeconomic status than the general population. Research has shown that students with
above-average socioeconomic status are less likely to be psychologically impacted
by COVID-19 (Browning et al., 2021). In particular, undergraduate students may
have viewed themselves as less vulnerable to disease than the average individual
in the U.S., potentially decreasing threat estimates of COVID-19. Accordingly,
these preliminary findings require replication in a nationally representative sample.
Although a prospective design was employed, the present study is also limited by a
fairly small sample and as such, future studies should attempt to replicate these find-
ings in a larger representative sample. Another limitation of the present study is the
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operationalization of threat estimation using a single item that may not fully capture
all the central elements of the cognitive bias. For example, it may be the case that
individuals differ in their estimation of perceived threat for themselves compared
to others, which could influence threat estimation scores (e.g., overestimating the
threat to others, underestimating the threat to self). Future research should employ
a more comprehensive assessment of threat estimation in order to more precisely
examine its effects, though such a measure has not yet been validated. Lastly, over-
estimation of threat and IU were assessed only at Time 1, which prevents drawing
causal conclusions regarding their interactive effects. Additional research is neces-
sary to temporally examine the relationship between these variables and how they
relate to the development of anxious responding. Future research along these lines
may facilitate the identification of risk and resilience factors for heightened anxiety
responses to COVID-19 as well as anxiety-related disorders that may emerge as a
result of this global pandemic.
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