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The novel coronavirus COVID-19 pandemic is associated with elevated rates of anxiety
and relatively lower compliance with public health guidelines in younger adults. To
develop strategies for reducing anxiety and increasing adherence with health guidelines,
it is important to understand the factors that contribute to anxiety and health compliance
in the context of COVID-19. Earlier research has shown that greater perceived risk of
negative events and their costs are associated with increased anxiety and compliance
with health behaviors, but it is unclear what role they play in a novel pandemic surrounded
by uncertainty. In the present study we measured (1) perceived risk as the self-reported
probability of being infected and experiencing serious symptoms due to COVID-19 and
(2) perceived cost as financial, real-world, physical, social, and emotional consequences
of being infected with COVID-19. Worry was assessed using the Penn State Worry
Questionnaire (PWSQ) and health compliance was measured as endorsement of the
World Health Organization (WHO) health directives for COVID-19. Our results showed
that greater perceived risk and costs of contracting the COVID-19 virus were associated
with greater worry and while only costs were associated with greater compliance with
health behaviors. Neither self-reported worry nor its interaction with cost estimates was
associated with increased engagement in health behaviors. Our results provide important
insight into decision making mechanisms involved in both increased anxiety and health
compliance in COVID-19 and have implications for developing psychoeducational and
psychotherapeutic strategies to target both domains.

Keywords: COVID-19, decision making, probability, cost, worry, health

INTRODUCTION

The novel coronavirus COVID-19 pandemic poses a major public health threat in our current
global community. The negative effects of this pandemic are experienced at the individual (e.g.,
insecurity and emotional isolation) and community (e.g., economic loss, school closures) level,
and these effects translate into mental health consequences, such as anxiety and worry, as well as
non-compliance with public health directives, such as social distancing and hand washing (1). The
United Nations has described the coronavirus pandemic as having “the seeds of a major mental

Frontiers in Public Health | www.frontiersin.org 1

March 2021 | Volume 9 | Article 612725


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.612725
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.612725&domain=pdf&date_stamp=2021-03-29
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:frances.jin@hku.hk
https://doi.org/10.3389/fpubh.2021.612725
https://www.frontiersin.org/articles/10.3389/fpubh.2021.612725/full

Imbriano et al.

COVID-19 Estimates, Worry, and Compliance

health crisis” (2), with evidence of increased anxiety and
depression in the general population (3-5), especially for young
adults (6). For effective prevention and treatment of anxiety,
including screening, psychoeducation and psychological therapy,
it is important to understand factors that contribute to COVID-
19-related anxiety in young adults.

Additionally, while the present public health response to the
COVID-19 pandemic relies primarily on behavioral directives,
non-compliance to these directives has been noted due to a
variety of reasons (7-9), especially in younger adults (10). For
effective messaging and psychoeducation, it is important to
understand the decision-making mechanisms that contribute
to compliance with COVID-19-related public health directives
critical to effective containment of viral spreading in young
adults. Hence, in the present study, we focused on two key aspects
of decision making: perceived risk or probability of experiencing
negative events and the perceived cost (consequences) of these
negative events. Specifically, we examined whether perceived risk
and costs of developing COVID-19 influences levels of worry and
compliance to health recommendations in young adults.

There is considerable evidence suggesting that anxiety can
be driven by decision making biases that involve exaggerated
estimates of the probability of negative events, and exaggerated
estimates of the cost (i.e., consequences) associated with the
negative events (11-13). Overestimation of feared consequences
is a common transdiagnostic feature of anxious pathology (14).
Prior research has shown that inflation of perceived risk of
encountering negative situations more generally is related to
increased trait anxiety (15). Clinical populations with generalized
anxiety disorder, which is characterized by high levels of worry,
also perceive negative events as being more probable [for
review, (16, 17)]. Additionally, Berenbaum et al. (18) showed
that greater self-reported worry was associated with higher
perceived probability of negative outcomes as well as more
severe cost estimates of these negative outcomes in a sample of
college students. However, anxiety disorders or symptoms are
not uniformly characterized by overestimation of probabilities
and costs of negative or feared outcomes. Instead, anxiety
may exhibit specific relationships with risks and costs (19, 20).
Considering the higher rates of anxiety observed in younger adult
populations during the COVID-19 pandemic (6), it is important
to assess perceived risks and costs of COVID-19 infection to
examine if these factors contribute uniquely to increases in
anxiety symptoms such as worry severity in young adults during
the pandemic.

While the COVID-19 pandemic is characterized by novelty
and uncertainty, it is clear that health-related decisions such
as socially distancing oneself, washing hands frequently, not
touching one’s face, and avoiding non-essential travel will be
effective in reducing the spread of COVID-19 (21). However,
while factual information about health threats and methods
of risk-reduction is necessary, it is often not sufficient for
compliance. Research in decision making shows that effective
human behavior is guided by accurate assessments of the risk
with which negative events will occur and the cost associated
with those negative events (22-27). Indeed, most decision-
oriented theories of health behavior propose that the judgments

of the probability of future harm are key to whether preventive
action is taken (28, 29). For example, prior investigations have
shown that adherence to vaccine protocols was significantly
predicted by estimated probabilities of getting infected with
influenza as well as costs associated with influenza (30).
Additionally, evidence suggests that self-reported judgements of
how vulnerable someone feels regarding their health can have
more of an impact on subsequent behavior than judgements
based on statistical evidence (29, 31, 32). Since younger adults
tend to show lower compliance to COVID-19-related health
directives (10, 33), perceived risk and estimates of COVID-19
infection may offer clues about this non-compliance.

Finally, more recent models of health-related risk perception
and decision making have differentiated more deliberative
components of decision making from the more affective
components (29, 34-36). Worry or anxiety about a threat
is considered to be an affective analog to deliberative risk
perceptions (35). Additionally, it has been proposed that more
complex interplay between deliberative and affective factors
can influence health-related behaviors (29). For example, when
deliberative and affective perceptions converge, the potential for
action is the greatest (29). This suggests the need to examine
the contribution of anxiety and its interaction with risk and
cost estimates with COVID-19 health behavior compliance in
young adults.

In sum, prior research on health behaviors has demonstrated
the importance of risks and cost estimates in increased anxiety
and compliance with health recommendations. However, these
factors have not yet been examined in the context of an
ongoing pandemic such as COVID-19. Additionally, this is
particularly important to assess in young adults who can be
powerful vectors for disease transmission as they are more likely
to be asymptomatic carriers of COVID-19 (37-39) and show
increased anxiety and decreased health compliance. Hence, in the
present study we aimed to examine the differential association
of perceived risks and costs of COVID-19 related outcomes
with symptoms of anxiety, particularly worry, measured as
a dimensional variable, as well as compliance with health-
related behaviors in a sample of college students in the
New York metro area. Perceived risks were measured as
the self-reported probability of being infected by COVID-19
and experiencing serious symptoms due to COVID-19, while
perceived cost was measured as financial, real-world, social,
and emotional consequences of being infected with COVID-
19. We hypothesized that greater perceived risks and costs of
contracting COVID-19 would be associated with greater worry
and greater engagement with health behaviors. Furthermore,
we hypothesized that greater costs of contracting COVID-19,
greater worry, and their interaction would be associated with
greater compliance with health directives for reducing the spread
of COVID-19.

METHOD

Participants
The data were collected from 261 undergraduate students
at Stony Brook University (SBU) who participated in this
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experiment for partial course credit. Participant demographics
for the final sample can be seen in Table1. Because the
experiment was hosted online via Sona Systems for SBU, potential
participants needed to be enrolled at Stony Brook University
from April 21, 2020 to May 8, 2020 and 18 years of age or
older to be eligible for participation. Participants were excluded
from analyses for completing the questionnaires in <10 min (N
= 21) due to suspected inattentiveness, leaving a final sample
of 240 participants. The average time to complete the study
for the final sample of participants was 27.3 min. Participants
consented to participation prior to engaging in any procedural
tasks. This investigation was approved by the Stony Brook
University Institutional Review Board.

Measures

COVID-19 Health Behaviors

Health behavior adherence was assessed based on
recommendations appearing on the website of the World
Health Organization (40) during the first week of April 2020.
A total of 8 items were administered pertaining to changes in
frequency of the following health behaviors: handwashing; use
of hand sanitizer; social distancing; avoiding touching eyes, nose
and mouth; covering mouth and nose with bent elbow or a tissue
when coughing or sneezing; disinfecting or washing surfaces that
are frequently touched. All questions were framed in terms of the
respondent’s behavior in the past week. Responses ranged on a
4-point scale from Not at all to Very much increased. Individual
item responses were averaged into a composite summary score.
The set of health behavior questions displayed acceptable internal
consistency (Cronbach’s a = 0.71, Table 2), supporting the use of
an average score as a unitary index.

COVID-19 Perceived Risks

Participants rated perceived risks of two COVID-19 related
outcomes. The first outcome was the risk of being infected
with COVID-19. The item read, “I think my chances of getting
infected with COVID-19 are.” The second outcome was the risk
of becoming seriously ill due to COVID-19. The item read, “I
think my chances of becoming seriously ill due to COVID-19 are.”
Participants responded to each of these items on a 7-point scale

TABLE 1 | Participant demographics.

N %
Gender - -
Female 150 62.5
Male 90 37.5
Race — —
White/Caucasian 73 30.4
Hispanic/Latino 37 15.4
Black 18 7.5
Asian/Pacific Islander 101 421
Other 1Al 4.6
Mean (SD)
Age (years) 19.9 (2.4)

with scores ranging from I (Almost zero) to 7 (Almost certain).
Wording of the risk estimate items were adapted from prior
research investigating the perception of influenza risks (31).

COVID-19 Perceived Cost

Projected consequences of COVID-19 infection were measured
using a novel, 30-item measure. Five domains of projected
illness costs were assessed, including perceived physical symptom
consequences (“If I get infected with COVID-19, I will have
breathing problems”; responses ranged from 1-Not distressing
to 5-Severely distressing); daily functioning consequences (“If
I get infected with COVID-19, it will impact my ability to do
my work”; responses ranged from I-Not at all to 5-Severely);
emotional/mood consequences (“If I get infected with COVID-19,
I will feel irritable”; responses ranged from I1-None to 5-Severe);
social consequences (“If I get infected with COVID-19, I will
impact people by making them worry”; responses ranged from 1-
Not at all to 5-Severely); and financial/livelihood consequences
(“If I get infected with COVID-19, I will suffer financially”;
responses ranged from I-Not at all to 5-Severely). The 30-item
inventory displayed excellent internal consistency (Cronbach’s a
= 0.95, Table 2). Individual item responses were averaged into a
summary score.

Worry

Worry was dimensionally assessed using the Penn State Worry
Questionnaire [PSWQ; (41)], a 16-item self-report measure that
assesses symptoms of worry by asking participants to rate on a 1
(“Not at all typical of me”) to 5 (“Very typical of me”) scale how
characteristic various worry related statements are for them (for
e.g., “My worries overwhelm me.”). The PSWQ has demonstrated
high reliability (» = 0.93) and internal consistency (Cronbach’s a
= 0.83, Table 2) as a measure of worry. Individual item responses
were averaged into a summary score.

Research Procedure

Participants completed the study by logging into the Sona
Systems website for SBU students. This system is used for
students to sign up to participate in studies for course credit
at SBU. If they elected to participate in the study, they clicked

TABLE 2 | Descriptive statistics for measures (n = 240).

Factor n o SK Rku o
MEASURE
1 COVID-19 Health 17.93 4.01 0.06 -0.60 0.71
Behavior
2 COVID-19 Costs 103.31 23.21 —0.60 0.38 0.95
3 Risk of Contracting 3.49 1.34 0.26 0.01 -
COVID-19
4 Risk of Becoming 2.88 1.34 0.34 -0.54 -
Seriously Il due to
COVID-19
PSWQ 53.25 13.36 0.04 -0.63 0.83

1, mean; o, standard deviation; SK, skewness; Rku, kurtosis; o, Cronbach’s Alpha.
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a link that allowed them to complete the study via Qualtrics
survey software. First, participants provided consent. Order of
questionnaire administration was randomized with the exception
of demographic questions, which were presented first. Following
completion of the survey, participants were automatically
directed to a debriefing form. Data for this manuscript was
obtained from a subset of questionnaires (see Appendix) given
for a larger study which included 12 total questionnaires [for
description of other data that were collected, see (42)].

Data Analytic Strategy

First, Pearson’s correlations were estimated between continuous
variables to examine whether risk of contracting COVID-19,
risk of becoming seriously ill due to COVID-19, and COVID-
19 perceived costs were related to worry and COVID-19
health behaviors. All correlations were corrected for multiple
comparisons at the 0.05 level and were thus assessed as
significant if they exceeded the p < 0.007 threshold for
corrected significance.

Next, a path model with three independent variables
(perceived risk of contracting COVID-19, perceived risk of
becoming seriously ill from COVID-19, and perceived costs of
COVID-19) and two correlated dependent variables (worry and
COVID-19 health behaviors) was constructed. Participant age
and gender were included as covariates to account for potential
effects demonstrated in prior investigations (43). This allows for
examination of the unique effects of each independent variable
on the unique variance of each dependent variable, beyond the
effect of the other independent variables and the covariates.
Because this model is just identified, model fit diagnostics are
not available.

Finally, because worry and its interaction with COVID-19
perceived risk and or cost estimates may have independent effects
on adherence to health behaviors beyond the contribution of
main effects independently, we conducted a hierarchical linear
regression analysis to examine whether the interactive effects of
COVID-19 perceived risks and or costs with worry contributed
additional variance in prediction of COVID-19 health related
behaviors. Again, participant age and gender were included as
covariates. All independent variables were mean centered before
calculating interaction terms.

Correlation and hierarchical regression analyses were
conducted using IBM SPSS Statistics (version 26; IBM, Armonk,
N.Y.). The path model was estimated in Mplus 8 [version
8.3; (44)] using a maximum likelihood estimator, which is
appropriate for continuous variables (45).

RESULTS

Bivariate Correlations

Correlational analyses showed that greater perceived risk of
contracting COVID-19, r(33) = 0.211, p = 0.001, experiencing
more serious COVID-19 symptoms, r(233) = 0.244, p < 0.001,
and greater COVID-19 perceived costs, 133y = 0.339, p <
0.001, were associated with greater severity of worry symptoms.
Additionally, beliefs about COVID-19 perceived costs were
positively associated with engagement in health behaviors, r(,3g)

= 0.199, p = 0.002, such that the greater one’s estimation of the
negative costs of COVID-19, the more likely respondents were
to endorse an increased engagement with preventative health
behaviors. However, perceived risk of contracting COVID-19 was
not related to COVID-19 health behaviors, r(;3g) = 0.108, p =
0.096, nor was the perceived risk of becoming seriously ill due to
COVID-19, (335 = 0.048, p = 0.455.

Path Model Predicting Worry and Health

Behaviors

Results from the path model with perceived risk of contracting
COVID-19, perceived risk of becoming seriously ill from
COVID-19, and COVID-19 perceived costs predicting worry
and COVID-19 health behaviors are shown in Figure 1. After
accounting for all other predictors and covariates, only the
perceived costs of COVID-19 predicted COVID-19 health
behaviors, such that greater levels of perceived costs were
associated with significantly greater levels of health behavior
change. Overall, these variables accounted for a significant
proportion of variance in health behavior change (R?> = 0.06,
p < 0.05). When examining the influence of the independent
variables and covariates on level of worry, higher perceived risk
of becoming ill, higher perceived costs of having COVID-19,
and being female were all uniquely and significantly associated
with greater levels of worry. Overall, these variables accounted
for a significant proportion of variance in worry (R? = 0.24,
p < 0.001).

Moderation Model Predicting Health

Behaviors

Findings from the hierarchical regression analysis examining the
main and interactive effects of COVID-19 perceived costs, worry
and their interaction predicting COVID-19 health behavior
controlling for age and gender showed that neither the main
effect of worry nor its interaction with COVID-19 perceived
costs accounted for significant additional variance in COVID-
19 related health behaviors, although the predictors did account
for a significant proportion of variance in the dependent variable
overall, R? = 0.05, Adjusted R squared = 0.03, F(5234) = 2.68,
p = 0.022. COVID-19 perceived costs remained a significant
predictor of COVID-19 health behavior controlling for all other
variables, b = 0.22, p < 0.01.

DISCUSSION

Almost a third of Americans have reported increased anxiety
during the peak of the COVID-19 pandemic, with nearly 50%
of young adults reporting anxiety increases (6). While public
health agencies have recommended several non-pharmacological
health behaviors that are effective in reducing transmission rates
and risk of illness (21), behavioral responses to COVID-19 have
been mixed with evidence of non-compliance, especially in young
adults (6). Our study sought to understand the factors that
contribute to this increased anxiety and decreased compliance
with health directives in young adults. Our results showed that
higher perceived risk of becoming ill and higher perceived
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Health Behaviors

Risk of being infected
with COVID-19
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seriously ill due to
COVID-19

Perceived Costs of
COVID-19

= 0.06); Worry on gender (8 = —0.29, SE g = 0.06, p < 0.001); Worry on Age (B

FIGURE 1 | Path model estimating the impact of the risk of being infected with COVID-19, the risk of becoming seriously ill due to COVID-19 and costs of COVID-19
on anxiety and health behaviors. All path estimates are standardized to allow for comparison of magnitude between paths. Non-significant paths are indicated with

dashed lines. Significant paths are indicated with solid lines. Gender and age were included as covaries but omitted for the figure for simplicity. Path estimates for the
covariates are as follows: COVID-19 Health Behaviors on Gender (8 = —0.01, SE g = 0.06, p = 0.82; COVID-19 Health Behaviors on Age (8 = 0.12, SE 8 = 0.06, p

= —0.07, SE g = 0.06, p = 0.25).

costs of COVID-19 infection was associated with increased
worry severity. Only negative consequences and costs one would
incur from contracting the virus were uniquely associated with
increased preventive health behaviors. However, neither greater
self-reported worry nor its interaction with cost estimates of
COVID-19 infection were related to increased engagement in
health behaviors.

Worry can serve to be more harmful than helpful in the case
of the COVID-19 pandemic; hence, global health advocates may
want to consider integrating worry assessment and reduction
when educating the public on current challenges they may be
facing. Our findings suggest that an important contributing
factor to increases in worry is the perception that one might incur
several negative costs or consequences as a result of contracting
COVID-19. Investigators are now beginning to uncover the
economic toll of COVID-19 through productivity losses (46),
specifically with regards to the cost of unmet mental health
needs during the pandemic (47), which bolsters the importance
of disseminating mental health interventions where possible.
Targeting catastrophizing has been an integral part of cognitive-
behavioral interventions for worry (48) and maybe effective
in reducing worry at the time of the current pandemic. It
is important to note that in interventions such as cognitive
restructuring for worry, possible negative consequences or costs
of outcomes are not invalidated or minimized. Rather, the
focus of treatment is shifted to agency in actions that would
productively decrease an individual’s risk of the feared outcome,
for example the health behaviors recommended for COVID-19.
Also, particularly relevant for young adult populations, it may be

important to examine how social media and news consumption
contributes to increased cost estimates because recent work from
Gao et al. (49) shows that social media use during the COVID-
19 outbreak in China was related to increased anxiety and
depression symptoms.

A great deal of research has focused on understanding the
psychological determinants of health behaviors [e.g., (50)].
Models of health behavior include a number of common
determinants including intentions, self-efficacy, treatment
outcome expectancies, perceived risk or susceptibility and
perceived severity, that contribute differentially to different
health problems (50). According to the predominant health
belief model (51), the importance of probability and cost
estimates relies on the fact that when the disease threat is
viewed as low probability and its consequences mild, there
is a low motivation to engage in health behavior change and
individuals ignore health directives (51). Our results show that
it is not perceived probability but perceived costs of contracting
COVID-19 illness that predicts health compliance. The relatively
low importance of perceived probability in case of COVID-19
pandemic may be because pandemics tend to be low probability
but high consequence events, perhaps giving individuals less
opportunity to factor probability estimates in their decision
making. Furthermore, the novelty of this pandemic with
constantly changing information maybe reducing reliance on
probability estimates in a situation where the emotional, social,
financial, and physical consequences are being experienced.
Finally, our results diverge from another study that found an
association between probability estimates and health behavior
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(52) however, this study did not measure cost estimates allowing
participants to separate the two in their responses and did not
focus specifically on younger adults who tend to underestimate
risk of diseases (53, 54). Given the importance of cost estimates
in the present study, it is important to consider perceived costs in
psychoeducation and messaging for encouraging health-related
behaviors in young adults.

This investigation was limited by the availability of
COVID-19-related assessment measures at the time of data
collection. However, the scales used above demonstrated
internal consistency. Additionally, at the time of data collection
and approval, wearing masks was not unanimously regarded
as an accepted practice for mitigating viral spread in the
United States so we were unable to collect data related to
that aspect of prevention. However, future iterations of this
paradigm will include mask-related questions. An additional
limitation of this study was the lack of generalizability given
the nature of our sample. The population of this study was
composed of college-age students enrolled in a New York
Metro area university from April 21, 2020 to May 8, 2020.
Therefore, the results should be interpreted with respect to
the specificity of this group, as the geographic and temporal
specificity of data collection is germane to the investigation
of the trajectory of COVID-19 related beliefs. Additionally,
the brevity of the administration window did constrain the
magnitude of our sample size and the range of attitudes toward
COVID-19 that may have evolved over time. Particularly
relevant is that toward the beginning of the COVID-19 outbreak,
younger individuals were considered to be less vulnerable
than older populations to severe health outcomes (55). The
results presented here, while not nationally representative, do
offer important insights into mental health and compliance
with health behaviors in a population demographic that have
become of greater interest as we learn more about asymptomatic
viral spreading. To expand on the current results, future
studies may seek to investigate other factors that contribute
to positive health behavior engagement such as consistent
exposure to accurate and comprehendible scientific information
and guidance.

CONCLUSION

Young adult populations have garnered attention throughout
the COVID-19 pandemic, because they have the potential to be
vectors for viral transmission, are especially prone to anxiety, and
show relatively lower compliance with public health guidelines.
However, the factors contributing to increases in anxiety and
health-related behavioral decision-making have not been well-
examined. The current investigation shows that in a limited

REFERENCES

1. Pfefferbaum B, North CS. Mental health and the Covid-19 pandemic. N Engl
J Med. (2020) 383:510-2. doi: 10.1056/NEJMp2008017

2. United Nations Sustainable Development Group. Policy Brief: COVID-19 and
the Need for Action on Mental Health. (2020). Available online at: https://

sample of New York area college students, greater perceived
risk of falling seriously ill due to COVID-19 and the costs of
contracting it were associated with increased worry severity while
only perceived costs were associated with increased engagement
in CDC advised health behaviors. These findings clarify the
decision making mechanisms involved in both increased anxiety
and health compliance in COVID-19.

DATA AVAILABILITY STATEMENT

The dataset presented in this study can be found in online
repositories. Data used for this project is available online at Open
Science Framework (OSF; https://osf.io/cgzsd/).

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Stony Brook University Institutional Review
Board. The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

AM supervised the project. JJ, EL, and AM conceived of the
experiment and compiled the materials for the experimental
design. AM, CL, and JJ advised on theoretical background and
analysis considerations. EL collected the data. JJ, GI, and DM
analyzed the data. GI, AM, and AA wrote the manuscript
with support from JJ, EL, and DM. All authors helped shape
the manuscript and provided essential feedback to finalize the
completed manuscript.

FUNDING

This work was supported by the National Institute of Mental
Health Grant R2IMH111999-01 to AM.

ACKNOWLEDGMENTS

The authors would like to thank and acknowledge the research
assistants that helped on this project; Megan Liu, Dmitro
Gubenko, and Kristina Pidvirny. As well as Kayla Donaldson for
her work creating the demographics table.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2021.612725/full#supplementary-material

unsdg.un.org/sites/default/files/2020-05/UN- Policy- Brief-COVID-19-and-
mental-health.pdf (accessed July 30, 2020).

3. Vindegaard N, Benros ME. COVID-19 pandemic and mental
health consequences: Systematic review of the current evidence.
Brain  Behav  Immun. (2020) 89:531-42. doi: 10.1016/j.bbi.2020.
05.048

Frontiers in Public Health | www.frontiersin.org

March 2021 | Volume 9 | Article 612725


https://osf.io/cgzsd/
https://www.frontiersin.org/articles/10.3389/fpubh.2021.612725/full#supplementary-material
https://doi.org/10.1056/NEJMp2008017
https://unsdg.un.org/sites/default/files/2020-05/UN-Policy-Brief-COVID-19-and-mental-health.pdf
https://unsdg.un.org/sites/default/files/2020-05/UN-Policy-Brief-COVID-19-and-mental-health.pdf
https://unsdg.un.org/sites/default/files/2020-05/UN-Policy-Brief-COVID-19-and-mental-health.pdf
https://doi.org/10.1016/j.bbi.2020.05.048
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Imbriano et al.

COVID-19 Estimates, Worry, and Compliance

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Torales J, O’Higgins M, Castaldelli-Maia JM, Ventriglio A. The outbreak of

COVID-19 coronavirus and its impact on global mental health. Int J Soc
Psychiatry. (2020) 66:317-20. doi: 10.1177/0020764020915212

. Serafini G, Parmigiani B, Amerio A, Aguglia A, Sher L, Amore M.

The psychological impact of COVID-19 on the mental health in the
general population. QJM. (2020) 113:531-7. doi: 10.1093/qjmed/h
caa201

. National Center for Health Statistics, and Centers for Disease Control and

Prevention. Mental Health Household Pulse Survey. (2020). Available online at:
https://www.cdc.gov/nchs/covid19/pulse/mental-health.htm (accessed July
30, 2020).

. Blendon R]J, DesRoches CM, Cetron MS, Benson JM, Meinhardt T, Pollard

W. Attitudes toward the use of quarantine in A public health emergency in
four countries: the experiences of Hong Kong, Singapore, Taiwan, and the
United States are instructive in assessing national responses to disease threats.
Health Aff. (2006) 25(Suppl. 1):-W15-25. doi: 10.1377/hlthaff.25.w15

. Wright AL, Sonin K, Driscoll J, Wilson ]. Poverty and economic dislocation

reduce compliance with covid-19 shelter-in-place protocols. J Econ Behav
Organ. (2020) 180:544-54. doi: 10.1016/j.jeb0.2020.10.008

. Briscese G, Lacetera N, Macis M, Tonin M. Compliance with Covid-19 Social-

Distancing Measures in Italy: The Role of Expectations and Duration (0898-
2937).(2020). Available online at: http://ftp.iza.org/dp13092.pdf (accessed July
30, 2020).

Canning D, Karra M, Dayalu R, Guo M, Bloom DE. The association
between age, COVID-19 symptoms, and social distancing behavior in the
United States. medRxiv [preprint]. (2020). doi: 10.1101/2020.04.19.20065219
Carr AT. Compulsive neurosis: a review of the literature. Psychol Bull. (1974)
81:311-8. doi: 10.1037/h0036473

Beck AT. Cognitive Therapy and the Emotional Disorders. New York, NY:
International Universities Press (1976).

Foa EB, Kozak MJ. Emotional processing of fear: exposure to corrective
information. Psychol Bull. (1986) 99:20-35. doi: 10.1037/0033-2909.99.1.20
Beck AT, Emery G. Anxiety Disorders and Phobias. New York, NY: Basic
Books (1985).

Butler G, Mathews A. Anticipatory anxiety and risk perception. Cognit Ther
Res. (1987) 11:551-65. doi: 10.1007/BF01183858

Aue T, Okon-Singer H. Expectancy biases in fear and anxiety and
their link to biases in attention. Clin Psychol Rev. (2015) 42:83-
95. doi: 10.1016/j.cpr.2015.08.005

Butler G, Mathews A. Cognitive processes in anxiety. Adv Behav Res Ther.
(1983) 5:51-62. doi: 10.1016/0146-6402(83)90015-2

Berenbaum H, Thompson RJ, Pomerantz EM. The relation between worrying
and concerns: the importance of perceived probability and cost. Behav Res
Ther. (2007) 45:301-11. doi: 10.1016/j.brat.2006.03.009

Nelson EA, Deacon BJ, Lickel JJ, Sy JT. Targeting the probability versus
cost of feared outcomes in public speaking anxiety. Behav Res Ther. (2010)
48:282-9. doi: 10.1016/j.brat.2009.11.007

Nelson EA, Lickel JJ, Sy JT, Dixon L], Deacon BJ. Probability and cost biases
in social phobia: nature, specificity, and relationship to treatment outcome. J
Cogn Psychother. (2010) 24:213-28. doi: 10.1891/0889-8391.24.3.213
National Center for Immunization and Respiratory Diseases (NCIRD),
Division of Viral Diseases. How to Protect Yourself and Others. (2020).
Available online at: https://www.cdc.gov/coronavirus/2019-ncov/prevent-
getting-sick/prevention.html (accessed April 24, 2020).

Crandall VJ, Solomon D, Kellaway R. Expectancy statements and decision
times as functions of objective probabilities and reinforcement values. J Pers.
(1955) 24:192-203. doi: 10.1111/j.1467-6494.1955.tb01184.x

Edwards W. Probability-preferences in gambling. Am ] Psychol. (1953)
66:349-64. doi: 10.2307/1418231
Edwards W. Utility, subjective
and  variance preferences. ]
51. doi: 10.1177/002200276200600106
Irwin FW. Stated expectations as functions of probability and desirability of
outcomes. J Pers. (1953) 21:329-35. doi: 10.1111/j.1467-6494.1953.tb01775.x
Marks RW. The effect of probability, desirability, and “privilege”
on the stated expectations of children. J Pers. (1951) 19:332-
51. doi: 10.1111/j.1467-6494.1951.tb01107.x

their  interaction,
(1962) 6:42—

probability,
Conf  Resolut.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

48.

. Morlock HC Jr, Hertz KJ. Effect of the desirability of outcomes on decision

making. Psychol Rep. (1964) 14:11-7. doi: 10.2466/pr0.1964.14.1.11

Conner M, Norman P. Research and Practice with Social Cognition Models.
Maidenhead: Open University Press (2005).

Ferrer R, Klein WM. Risk perceptions and health behavior. Curr Opin Psychol.
(2015) 5:85-9. doi: 10.1016/j.copsyc.2015.03.012

Brewer NT, Chapman GB, Gibbons FX, Gerrard M, McCaul KD,
Weinstein ND. Meta-analysis of the relationship between risk perception
and health behavior: the example of vaccination. Health Psychol. (2007)
26:136. doi: 10.1037/0278-6133.26.2.136

Weinstein ND, Kwitel A, McCaul KD, Magnan RE, Gerrard M, Gibbons FX.
Risk perceptions: assessment and relationship to influenza vaccination. Health
Psychol. (2007) 26:146-51. doi: 10.1037/0278-6133.26.2.146

Janssen E, van Osch L, de Vries H, Lechner L. Measuring risk perceptions
of skin cancer: reliability and validity of different operationalizations.
Br ] Health Psychol. (2011) 16(Pt 1):92-112. doi: 10.1348/135910710X
514120

Nivette A, Ribeaud D, Murray AL, Steinhoff A, Bechtiger L, Hepp U, et al.
Non-compliance with COVID-19-related public health measures among
young adults: insights from a longitudinal cohort study. Soc Sci and Med.
(2020) 268:113370. doi: 10.1016/j.socscimed.2020.113370

Gerrard M, Gibbons FX, Houlihan AE, Stock ML, Pomery EA. A dual-process
approach to health risk decision making: the prototype willingness model. Dev
Rev. (2008) 28:29-61. doi: 10.1016/j.dr.2007.10.001

Loewenstein GE, Weber EU, Hsee CK, Welch N. Risk as feelings. Psychol Bull.
(2001) 127:267. doi: 10.1037/0033-2909.127.2.267

Slovic P, Finucane ML, Peters E, MacGregor DG. Risk as analysis
and risk as feelings: Some thoughts about affect, reason, risk, and
rationality. Risk Anal. (2004) 24:311-22. doi: 10.1111/j.0272-4332.2004.
00433.x

Moghadas SM, Fitzpatrick MC, Sah P, Pandey A, Shoukat A, Singer
BH, et al. The implications of silent transmission for the control
of COVID-19 outbreaks. Proc Natl Acad Sci USA. (2020) 117:17513-
5. doi: 10.1073/pnas.2008373117

Poletti P, Tirani M, Cereda D, Trentini E Guzzetta G, Sabatino G, et al.
Probability of symptoms and critical disease after SARS-CoV-2 infection.
arXiv 200608471 (2020).

Furuse Y, Sando E, Tsuchiya N, Miyahara R, Yasuda I, Ko YK, et al. Clusters of
coronavirus disease in communities, Japan, January-April 2020. Emerg Infect
Dis. (2020) 26:2176-9. doi: 10.3201/eid2609.202272

World Health Organization. Coronavirus Disease (COVID-19) Advice for
the Public. (2020). Available online at: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/advice- for- public (accessed June 4, 2020).

Meyer TJ, Miller ML, Metzger RL, Borkovec TD. Development
and  validation of the Penn State Worry  Questionnaire.
Behav  Res  Ther. (1990) 28:487-95. doi: 10.1016/0005-7967(90)
90135-6

Larsen EM, Donaldson K, Mohanty A. Conspiratorial thinking during
COVID-19: The roles of paranoia, delusion-proneness, and intolerance
to uncertainty. PsyArXiv [Preprint]. (2020). doi: 10.31234/osf.io/
mb65f

Hawes MT, Szenczy AK, Klein DN, Hajcak G, Nelson BD. Increases
in depression and anxiety symptoms in adolescents and young
adults during the COVID-19 pandemic. Psychol Med. (2021) 1-9.
doi: 10.1017/S0033291720005358

Muthén LK, Muthén BO. Mplus Users Guide. 8th ed. Los Angeles, CA:
Muthén & Muthén (1998-2017).

Bollen K. Structural Equations With Latent Variables. New York, NY: John
Wiley (1989). p. 612-21.

Jo MW, Go DS, Kim R, Lee SW, Ock M, Kim YE, et al. The burden of disease
due to COVID-19 in Korea using disability-adjusted life years. ] Korean Med
Sci. (2020) 35:199. doi: 10.3346/jkms.2020.35.e199

. Feys E Brokken S, De Peuter S. Risk-benefit and cost-utility analysis for

COVID-19 lockdown in Belgium: the impact on mental health and wellbeing.
PsyArXiv [Preprint]. (2020). doi: 10.31234/osf.io/xczb3

Leahy RL. The Worry Cure:Seven Steps to Stop Worry from Stopping You.
New York, NY: Harmony (2006).

Frontiers in Public Health | www.frontiersin.org

March 2021 | Volume 9 | Article 612725


https://doi.org/10.1177/0020764020915212
https://doi.org/10.1093/qjmed/hcaa201
https://www.cdc.gov/nchs/covid19/pulse/mental-health.htm
https://doi.org/10.1377/hlthaff.25.w15
https://doi.org/10.1016/j.jebo.2020.10.008
http://ftp.iza.org/dp13092.pdf
https://doi.org/10.1101/2020.04.19.20065219
https://doi.org/10.1037/h0036473
https://doi.org/10.1037/0033-2909.99.1.20
https://doi.org/10.1007/BF01183858
https://doi.org/10.1016/j.cpr.2015.08.005
https://doi.org/10.1016/0146-6402(83)90015-2
https://doi.org/10.1016/j.brat.2006.03.009
https://doi.org/10.1016/j.brat.2009.11.007
https://doi.org/10.1891/0889-8391.24.3.213
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://doi.org/10.1111/j.1467-6494.1955.tb01184.x
https://doi.org/10.2307/1418231
https://doi.org/10.1177/002200276200600106
https://doi.org/10.1111/j.1467-6494.1953.tb01775.x
https://doi.org/10.1111/j.1467-6494.1951.tb01107.x
https://doi.org/10.2466/pr0.1964.14.1.11
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1037/0278-6133.26.2.136
https://doi.org/10.1037/0278-6133.26.2.146
https://doi.org/10.1348/135910710X514120
https://doi.org/10.1016/j.socscimed.2020.113370
https://doi.org/10.1016/j.dr.2007.10.001
https://doi.org/10.1037/0033-2909.127.2.267
https://doi.org/10.1111/j.0272-4332.2004.00433.x
https://doi.org/10.1073/pnas.2008373117
https://doi.org/10.3201/eid2609.202272
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://doi.org/10.1016/0005-7967(90)90135-6
https://doi.org/10.31234/osf.io/mb65f
https://doi.org/10.1017/S0033291720005358
https://doi.org/10.3346/jkms.2020.35.e199
https://doi.org/10.31234/osf.io/xczb3
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Imbriano et al.

COVID-19 Estimates, Worry, and Compliance

49.

50.

51.

52.

53.

54.

Gao ], Zheng P, Jia Y, Chen H, Mao Y, Chen §, et al. Mental health problems
and social media exposure during COVID-19 outbreak. PLoS ONE. (2020)
15:0231924. doi: 10.2139/ssrn.3541120

Conner M, Norman P. Health behaviour: current issues and challenges.
Psychol Health. (2017) 32, 895-906. doi: 10.1080/08870446.2017.1336240
Clark C, Davila A, Regis M, Kraus S. Predictors of COVID-19 voluntary
compliance behaviors: an international investigation. Glob Transit. (2020)
2:76-82. doi: 10.1016/.g1t.2020.06.003

de Bruin WB, Bennett D. Relationships between initial COVID-19 risk
perceptions and protective health behaviors: a national survey. Am ] Prev Med.
(2020) 59:157-67. doi: 10.1016/j.amepre.2020.05.001

Green JS, Grant M, Hill KL, Brizzolara J, Belmont B. Heart disease risk
perception in college men and women. ] Am Coll Health. (2003) 51:207-
11. doi: 10.1080/07448480309596352

Mongiello LL, Freudenberg N, Jones H, Spark A. Many college students
underestimate diabetes risk. J Allied Health. (2016) 45:81-6.

55. Maragakis LL. Coronavirus and COVID-19: Younger Adults Are at Risk,
Too. (2020). Available online at: https://www.hopkinsmedicine.org/profiles/
results/directory/profile/0009313/lisa- maragakis (accessed July 30, 2020).

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Imbriano, Larsen, Mackin, An, Luhmann, Mohanty
and Jin. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

March 2021 | Volume 9 | Article 612725


https://doi.org/10.2139/ssrn.3541120
https://doi.org/10.1080/08870446.2017.1336240
https://doi.org/10.1016/j.glt.2020.06.003
https://doi.org/10.1016/j.amepre.2020.05.001
https://doi.org/10.1080/07448480309596352
https://www.hopkinsmedicine.org/profiles/results/directory/profile/0009313/lisa-maragakis
https://www.hopkinsmedicine.org/profiles/results/directory/profile/0009313/lisa-maragakis
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Online Survey of the Impact of COVID-19 Risk and Cost Estimates on Worry and Health Behavior Compliance in Young Adults
	Introduction
	Method
	Participants
	Measures
	COVID-19 Health Behaviors
	COVID-19 Perceived Risks
	COVID-19 Perceived Cost
	Worry

	Research Procedure
	Data Analytic Strategy

	Results
	Bivariate Correlations
	Path Model Predicting Worry and Health Behaviors
	Moderation Model Predicting Health Behaviors

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


