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Risk perception and consequently engagement in behaviors to avoid illness often do not match actual risk of infection, morbidity, and mortality. Unrealistic optimism occurs when individuals falsely believe that their personal outcomes will be more favorable than others' in the same risk category. Natural selection could favor overconfidence if its benefits, such as psychological resilience, outweigh its costs. However, just because optimism biases may have offered fitness advantages in our evolutionary past does not mean that they are always optimal. The current project examined relationships among personal risk for severe COVID-19, risk perceptions, and preventative behaviors. We predicted that those with higher risk of severe COVID-19 would exhibit unrealistic optimism and behave in ways inconsistent with their elevated risk of morbidity and mortality. Clinical risk scores for severe COVID-19 were calculated and compared with COVID-19 threat appraisal, compliance with shelter-in-place orders (March 13–May 22, 2020) and travel restrictions, compliance with public health recommendations, and potential covariates like self-rated knowledge about COVID-19 in a robust dataset including 492 participants from McLennan County, TX, USA. While those with high clinical risk acknowledged their greater likelihood of experiencing severe illness if infected, they actually reported lower perceived likelihood of becoming infected in the first place. While it is possible that those with higher clinical risk scores truly are less likely to become infected, the pattern and significance of these results held after controlling for possible occupational exposure, household size, and other factors related to infection probability. Higher clinical risk also predicted more recent travel within Texas and lower distress during the pandemic (i.e., feeling less stressed, depressed, and helpless). Additional behavioral data suggested that those with higher clinical risk scores did not generally behave differently than those with lower scores during the shelter-in-place order. While unrealistic optimism may provide some short-term psychological benefits, it could be dangerous due to improper assessment of hazardous situations; inferring that optimism bias has evolutionary origins does not mean that unrealistic optimism is “optimal” in every situation. This may be especially true when individuals face novel sources (or scales) of risk, such as a global pandemic.

Keywords: unrealistic optimism, risk perception, COVID-19, SARS–CoV−2, optimism bias, pre-existing condition


INTRODUCTION

The spread of the SARS CoV-2 virus since late 2019 has generated a public health crisis, creating economic uncertainties (Pak et al., 2020), interrupting well-established food supply chains (Rizou et al., 2020), and ultimately resulting in large scale hospitalizations and deaths (Meyerowitz-Katz and Merone, 2020; Reese et al., 2020; Weinberger et al., 2020). The SARS-CoV-2 virus transmitted rapidly around the globe, resulting in millions of cases of COVID-19 disease. Although this serious and persistent threat remains, individuals' perceptions of risk and, consequently, their engagements in behaviors to avoid illness (e.g., wearing face coverings, social distancing, hygiene) have often not matched their own actual degree of risk of infection, morbidity, and mortality. For example, many people refuse to wear face coverings, even within healthcare facilities (Lehmann and Lehmann, 2020). Others continue to attend large gatherings, despite findings that these events confer considerable risk of SARS-CoV-2 virus exposure (Ebrahim and Memish, 2020; Majra et al., 2020; Sassano et al., 2020).

In the present project, we sought to build on these findings by examining relationships among individuals' personal risk for severe COVID-19 disease, risk perceptions, and preventative behaviors in a large community cohort. Specifically, we calculated clinical risk scores for severe COVID-19 disease and compared them to individuals' own perceptions of their risk. Further, we examined whether clinical risk scores were related to compliance with shelter-in-place orders, travel restrictions, and public health recommendations, as well as reported distress during the pandemic. Combining insights from the evolutionary and cognitive sciences, we predicted that those with a high clinical risk for severe COVID-19 disease would exhibit unrealistic optimism, characterized by an underestimation of their personal vulnerability and behaving in a manner inconsistent with their elevated risk of morbidity and mortality.


Unrealistic Optimism

Personal risk reduction relies on factors such as belief about the likelihood of an adverse event taking place and belief about the severity of that event (Rippetoe and Rogers, 1987; Floyd et al., 2000; Milne et al., 2000). Estimation of the probability and severity of a noxious event is important for assessing the relative costs and benefits of taking steps to decrease the event's likelihood. For example, underestimating one's risk may result in failure to prevent an avoidable negative outcome. On the other hand, overestimating one's risk may yield opportunity costs, that is, probable gains lost in the process of risk mitigation.

Despite these potential costs associated with inaccurate risk assessment, many people experience positive illusions regarding their individual risk in which they underestimate their own likelihood of experiencing negative outcomes (McKay, 2009). This tendency for individuals to falsely believe that their personal outcomes will likely be more favorable than others' in the same risk category is called “optimism bias” or “unrealistic optimism” (Sharot, 2011; Shepperd et al., 2015; Jefferson et al., 2017). Given that these terms are often used interchangeably in the literature, we henceforth refer to this bias as unrealistic optimism (Jefferson et al., 2017). Research has found that unrealistically optimistic beliefs are defined by their stability, persisting through selective attention for new information that confirms positive beliefs while disregarding information that contradicts the beliefs (Sharot et al., 2011). Moreover, these beliefs are genuinely accepted as truth by the individual (Jefferson et al., 2017).

The phenomenon of unrealistic optimism is widespread, applying to a variety of situations from health to stock market trading (Makridakis and Moleskis, 2015; Reyes-Velázquez and Sealey-Potts, 2015). Examples include an individual's beliefs that they are more likely than other players to win when rolling dice at a casino, or a married couple's tendency to underestimate the probability that their marriage will end in divorce relative to other couples (Jefferson et al., 2017). Even non-human animals, such as European starlings and mice, exhibit unrealistic optimism in certain choice tasks (Harding et al., 2004; Matheson et al., 2008).



Evolution and Unrealistic Optimism

Why is unrealistic optimism so common? It is difficult to imagine that underestimating risk, a potential opponent, or the difficulty of a task would be beneficial or evolutionarily adaptive. However, unrealistic optimism remains entrenched across human populations. A wide body of research has found that optimism, more generally, is linked to many positive health outcomes. For example, optimism is associated with a lower prevalence of high blood pressure across multiple populations (Räikkönen et al., 1999; Räikkönen and Matthews, 2008). Further, a recent meta-analysis identified a connection between optimism and both lower risk of cardiovascular events and all-cause mortality (Rozanski et al., 2019).

Regarding unrealistic optimism more specifically, insights from the evolutionary sciences indicate that selection could favor overconfidence as long as the benefits of unrealistic optimism outweigh its costs. Specifically, game theory models reveal that overconfidence can emerge as an evolutionarily stable strategy across a wide range of environments, and should be strongest under increasingly uncertain conditions (Johnson and Fowler, 2011). Unbiased risk estimation, on the other hand, is predicted by this model to be stable only under a limited set of specific conditions (Johnson and Fowler, 2011). These findings suggest that unrealistic optimism confers tangible benefits that favor its selection, particularly in environments characterized by risk and uncertainty.

Error Management Theory (EMT), an evolutionary framework for understanding cognitive biases (Nettle, 2004; Haselton and Nettle, 2006; McKay, 2009; Johnson and Fowler, 2011), provides key insights into the benefits of unrealistic optimism under uncertainty. Due to volatility in the environment and constraints on perception, totally accurate assessment of threat, and prediction of outcomes related to that threat, are often difficult or impossible. Under uncertainty, errors in judgment usually fall into one of two categories: false positives (i.e., assuming a threat exists when it does not) or false negatives (i.e., assuming a threat does not exist when it does). EMT posits that selection will favor bias toward the less costly type of error (Haselton and Buss, 2000; Haselton and Nettle, 2006). An analogy often used to describe such patterns of error management is the smoke detector (Nesse, 2001; Haselton and Nettle, 2006). Of course, it would be best to have a very accurate smoke detector that can perfectly distinguish between burned toast and actual fire in an apartment. However, errors are unavoidable, and it is imperative that the smoke detector always senses a real fire. Accordingly, the smoke detector alarm, from time to time, will go off when we burn toast (false positive), but it rarely fails to go off in the event of an actual fire (false negative).

This framework may also help explain unrealistic optimism. Selection could favor biases toward “optimistic error” if true probabilities of success are incompletely known, and erring on the side of optimism provides greater benefits and/or bears fewer costs than erring on the side of pessimism (Haselton and Nettle, 2006; Jefferson, 2017; Jefferson et al., 2017). For example, due to males' higher reproductive variance relative to females' (i.e., in sexually-reproducing species with greater obligate female investment in offspring), the costs associated with missing out on mating opportunities are especially high for males, exceeding the costs of wasting energy on unsuccessful mating pursuits (Trivers, 1972; Alcock, 1993). EMT then proposes that males should be more prone to false positive, rather than false negative, errors when searching for mating opportunities. In other words, men should be unrealistically optimistic about women's interest in them. Consistent with this prediction, research has found that men, but not women, tend to overperceive cues of interest from the opposite sex (Haselton, 2003).

More generally, studies have found that positive illusions—such as unrealistic optimism—also yield psychological benefits in the face of risky or uncertain situations (Taylor and Brown, 1994; McKay, 2009; Makridakis and Moleskis, 2015), increasing motivation and promoting resilience in response to adversity (Bénabou and Tirole, 2002; Johnson and Fowler, 2011; Kleiman et al., 2017). For example, research has found that individuals who are unrealistically optimistic about how positively they will feel in the future are better able to handle stress (Colombo et al., 2020). Others have shown that college students with more optimistic expectations for their academic performance invest more quality effort into studying and are more satisfied with their decision-making (Lench et al., 2021). In sum, amid uncertainty, unrealistic optimism may yield benefits in the form of promoting resilience and motivating adaptive behaviors (McKay, 2009).



Maladaptive Optimism

While EMT provides a useful framework for understanding optimistic errors, there are arguments against evolutionary accounts of unrealistic optimism. Jefferson (2017) presents three potential problems with reducing unrealistic optimism to the outcome of an evolutionary cost-benefit analysis as is done in EMT. First, unrealistic optimism about health risks may lead to behaviors that contribute to morbidity and mortality. It is difficult to imagine that such costs are outweighed by the costs of assuming the worst in such scenarios. For example, one study found that in individuals with type II diabetes, greater optimism regarding future heart attack risk was actually associated with a higher incidence of lifestyle factors (e.g., smoking) that increase the likelihood of cardiovascular disease (Karl et al., 2020). A separate study found that smokers who were unrealistically optimistic about their lung cancer risk were less likely to have a smoking cessation plan than those who were less optimistic (Dillard et al., 2006).

Second, unrealistic optimism may lead individuals to believe that a positive result will occur even if they do not take action. In other words, unrealistic optimism might lead to complacency (Jefferson, 2017). Consistent with this possibility, a survey of 100 college students found that of 45 different health- and life-threatening events, participants showed an optimism bias for 34 of them. Further, unrealistically optimistic evaluations of risk from these hazards were associated with reduced worry about the occurring events (Weinstein, 1982), suggesting that overconfidence about one's likelihood of experiencing health problems may reduce motivation to take the steps necessary to mitigate risk. Many have even blamed unrealistic optimism for inadequate preparation for natural disasters or financial bubbles (Johnson and Levin, 2009; Johnson and Fowler, 2011; Shepperd et al., 2015; Glöckner, 2016; Michailova and Schmidt, 2016).

Lastly, Jefferson (2017) suggests that there exist many proximate moderators of unrealistically optimistic tendencies that are not accounted for by EMT. While the existence of these moderators does not necessarily contradict EMT, it suggests that factors other than the cost-benefit ratio of false positives and false negatives also influence optimism. Namely, better access to information, concerns about accountability, and mood states each affect optimistic beliefs (Sweeny et al., 2006). Perhaps an even more troubling moderating factor is that it is often those at the highest risk for adverse outcomes who are most unrealistic about their circumstances (Ferrer et al., 2012; Morgan et al., 2019; Dolinski et al., 2020). For instance, one study found that individuals who were more optimistic about their future risk for heart disease actually had greater intima-media thickness, an early marker of atherosclerosis (Ferrer et al., 2012). Others found that young people tend to underestimate their risk of household accidents relative to their older counterparts, despite being much more likely to experience these accidents (Morgan et al., 2019).

A similar pattern has been observed in the context of the current pandemic. For example, one study found that men, in particular, were unrealistically optimistic about their likelihood of SARS-CoV-2 infection (Dolinski et al., 2020), despite having a higher risk of infection and mortality from COVID-19 than women (Chakravarty et al., 2020). This is of grave concern because unrealistic optimism about one's likelihood of infection from the SARS-CoV-2 virus or severe illness from COVID-19 disease, may translate into dire consequences for those with high risk of infection, morbidity, and mortality worldwide, mainly because men are more likely to risk their health and disregard preventative measures. One potential explanation for this pattern of results is that women tend to have more compassionate attitudes and show higher dislike than men for others' suffering (Atari et al., 2020; Luoto and Varella, 2021). Women also tend to be higher than men in COVID-19-related disgust, as well as general risk aversion and neuroticism (Luoto and Varella, 2021).

These findings present an additional puzzle for evolutionary explanations of unrealistic optimism. Specifically, why do those more likely to experience an adverse outcome tend to underestimate their risk relative to those less likely? While there are a number of possible answers to this question, we discuss two here. First, considering this question within the EMT framework, it is possible that the costs of risk aversion are higher for those with a greater risk compared to a lesser risk in certain situations (Haselton and Buss, 2000). Specifically, the opportunity costs associated with pessimism might disproportionately affect those at higher risk if the conflict between avoiding risk and achieving other fitness-relevant goals is particularly strong for these individuals. For example, young adults (males in particular) often discount their risk of sexually transmitted infections (STIs) to a greater extent than older adults, despite being at a much higher risk (Ethier et al., 2003; Wolfers et al., 2011; Syme et al., 2017). This may be because the benefits of mating success, which are on average higher for younger adults than older adults, overshadow the costs associated with STIs. Such conflicts between adaptive domains (in this case, mating success and disease avoidance) constitute an adaptive metaproblem (Al-Shawaf, 2016; Rantala et al., 2019; Varella et al., 2021).

A second, related possibility is that high-risk individuals have a greater need for the aforementioned psychological benefits related to unrealistic optimism than low-risk individuals. That is, unrealistically optimistic beliefs may help those at an especially high risk for adverse events cope with the reality of their situation (Taylor and Brown, 1994; McKay, 2009; Makridakis and Moleskis, 2015). For example, with COVID-19 risk, in the absence of any optimistic buffer, those with a higher risk for morbidity and mortality would be expected to experience a great deal of distress compared to those with a lower risk. In addition to bearing psychological costs, such distress may also prevent high-risk individuals from meeting key affiliative (and other fitness-relevant) goals that are especially salient under threat (Dezecache et al., 2020; Varella et al., 2021). This conflict between affiliative needs and disease avoidance can, again, be thought of as representing an adaptive metaproblem (Al-Shawaf, 2016; Rantala et al., 2019; Varella et al., 2021). Furthermore, high-risk individuals may also be employing a “free-riding” strategy, enjoying the safety benefits of others' cautiousness while not adjusting their behavior commensurate with their high risk for morbidity and mortality (Yong and Choy, 2021). In doing so, these individuals might be able to achieve other fitness goals without drastically increasing their already elevated risk.



Unrealistic Optimism and the COVID-19 Pandemic

While these insights may help to explain how natural selection could favor optimism biases, particularly in high-risk individuals, it is still unclear why unrealistic optimism would operate in contexts where it almost certainly increases the likelihood of serious adverse outcomes. One possibility is that unrealistic optimism leads to maladaptive outcomes, especially when individuals are faced with types (or scales) of risk that were not present in ancestral environments. For example, facing risk of cardiovascular disease—and being presented with knowledge about how to prevent it—is an evolutionarily novel situation. Accordingly, individuals may be poorly equipped to effectively weigh the costs (e.g., managing diet, exercising, etc.) and benefits (reduced odds of mortality) of taking steps to mitigate the risk of heart attacks and strokes, events that may not occur for many years into the future.

Although infectious diseases have been a threat throughout human history, the extremely high population density and international mobility that allowed the current large-scale pandemic to develop are novel. Accordingly, individuals may be unrealistically optimistic about their likelihood of infection from the SARS-CoV-2 virus or severe illness from COVID-19 disease, translating to dire consequences for those with high risk of infection, morbidity, and mortality worldwide. For example, the 2005 H5N1 avian influenza outbreak was a major public health challenge in many Asian, European, and African countries (de Zwart et al., 2007). Although this outbreak never reached pandemic levels, the highly pathogenic nature of this virus was significant (Peiris et al., 2007). In Hong Kong, where risk of exposure was elevated relative to many other countries, local residents perceived only moderate risk from buying live poultry. Specifically, only 36% of respondents in one survey agreed that purchasing live chickens was risky, and over 78% of households reported buying them during the peak of the epidemic in Asia (Fielding et al., 2005).

Moreover, while the personal health problems associated with COVID-19 are imminent, some people have still not experienced negative outcomes related to COVID-19 (or any other serious infectious disease outbreak) first-hand. In this way, the consequences of COVID-19 may seem, for some, distant in space in such a way that they do not perceive it as a significant threat. This may lead to them underestimating the risk of becoming infected or developing severe symptoms in general, tipping the scale toward unrealistic optimism and reducing investment in behaviors to reduce risk. In such a fashion, there was a false sense of security in certain countries and regions during the original SARS-CoV-1 epidemic (de Zwart et al., 2007). Education in the United States and Canada about the risks of SARS-CoV-1 virus was relatively unsuccessful at a large scale, as most of the populations remained unaware of the potential impacts of the virus (Blendon et al., 2004), in part because of its low level of spread (Blendon et al., 2004), and despite the fact that the United States and Canada experienced significant economic damage. In contrast, those in the Netherlands reported high levels of awareness for the SARS-CoV-1 virus (Brug et al., 2004). Although high perceptions of risk may have caused more worry, individuals also reported taking additional precautions to avoid the virus (Brug et al., 2004).



Current Aims

The purpose of the present project was to examine relationships among personal risk for severe COVID-19 disease, risk perceptions, and preventative behaviors in a large community cohort. It was predicted that those with higher clinical risk of severe COVID-19 disease (as determined by self-reported pre-existing conditions, demographic factors, and clinical characteristics) would exhibit unrealistic optimism and behave in ways inconsistent with their elevated risk of morbidity and mortality. Consistent with previous research on unrealistic optimism (Weinstein, 1982; Reyes-Velázquez and Sealey-Potts, 2015; Shepperd et al., 2015; Jefferson et al., 2017), we predicted that this positive illusion may partially buffer high-risk individuals from the psychological consequences of the current pandemic. However, supporting the hypothesis that unrealistic optimism may lead to maladaptive outcomes when individuals face evolutionarily novel threats, we predicted that individuals with a higher risk of developing severe COVID-19 disease would not take more precautions than those with a lower risk.




METHODS


Overview and Study Design

Data analyzed for the present study were collected as part of the Waco COVID Survey, a serological surveillance project of SARS-CoV-2 virus in McLennan County, Texas, United States. McLennan County comprises ~1,000 square miles in Central Texas, with a 2019 population estimate of 256,600 individuals with 27% Hispanic or Latina/Latino and 14.8% African American, 14.7% age 65 and above, 24.2% with a Bachelor degree or higher, 18% living below the national poverty line, and 18.4% without health insurance (while under the age of 65) (http://co.mclennan.tx.us/; https://www.census.gov/quickfacts/mclennancountytexas).

The primary purpose of this larger study was to prospectively determine the incidence of SARS-CoV-2 virus infection in several hundred asymptomatic individuals over the course of 4 months following the relaxation of shelter-in-place orders (shelter-in-place began on March 13th in Texas, with non-essential businesses opening back up on May 1st, 18th, and 22nd). This project was based on a repeated sampling protocol of targeted (non-random) clusters of individuals (all asymptomatic) that varied by exposure risk: those working in healthcare (including first responders), essential service employees (e.g., gas station attendants, lawn maintenance workers, grocery store employees, restaurant workers involved in food preparation for home delivery services or carry-out), employees in businesses and other organizations that reopened in May (e.g., restaurants, movie theaters, churches), and those who had claimed to strictly follow shelter-in-place and all public health recommendations. None of the participants included in the present analysis tested positive for IgG antibody against the SARS-CoV-2 virus (using EUROIMMUN COVID-19 ELISA with emergency use authorization).

Recruitment took place via Facebook, Twitter, and the Waco Tribune-Herald newspaper. Participation was limited to residents of McLennan County, Texas (since December 2019), age 18 years or older, fluency in English or Spanish (all materials were available in both languages), and absence of any signs or symptoms of COVID-19 disease, including cough, shortness of breath or difficulty breathing, pain or pressure in the chest, body temperature at or above 100 degrees Fahrenheit (37.8 degrees Celsius), chills, repeated shaking, sore throat, temporary loss of taste or smell, persistent headache, inability to stay awake, recent confusion, blush lips or face, muscle pain, vomiting, nausea, or diarrhea. Potential participants registered on a HIPAA-compliant website and then completed an extensive online questionnaire before visiting the Madison Cooper Community Clinic of Waco Family Medicine for anthropometric measurements and a venous blood draw. Participants made repeated visits monthly for venous blood draws to determine anti-SARS-CoV-2 IgG antibody levels and complete blood count. The data in the present analysis include those collected in the initial intake questionnaire.

The questionnaire included 103 questions (mostly multi-part each; ~30 min in length) about demographics, education, socioeconomic status, household composition (and health status of household members), religiosity, political leniency, occupation history, use of personal protective equipment, hygiene, compliance with shelter-in-place orders, use of face coverings, social distancing, travel, changes in behavior since the pandemic began, current and past health, medication usage, any pre-existing conditions, knowledge and attitudes regarding the SARS-CoV-2 virus and COVID-19 disease, diet, alcohol consumption, activity levels, sleep, general risk avoidance, mental health and stress, and general affect, among other questions. Specific questions used in the present analysis (besides demographics) are listed below.

In response to the public health emergency of the SARS-CoV-2 pandemic, this project functioned as a public health surveillance activity, approved, and endorsed by the Waco-McLennan County Public Health District. As such, this project met exclusion criteria for institutional review board approval at 45 CFR 46.102(e) and (l) for Baylor University researchers, staff, and volunteers. Participation of Waco Family Medicine researchers, staff, and volunteers for the present project was approved by the institutional review board at Ascension Providence Hospital and Medical Center of Waco, Texas.



Materials
 
Clinical Risk Score for Severe COVID-19

In order to estimate each participant's approximate risk for severe COVID-19 disease, risk scores were calculated using information about demographic characteristics and pre-existing conditions previously shown to increase the odds of experiencing severe disease (CDC, 2020; Chidambaram et al., 2020; Petrilli et al., 2020). These included sex, smoking status, age, race/ethnicity, body mass index (BMI), and whether the participant reported ever being diagnosed with diabetes, cardiovascular disease, chronic obstructive pulmonary disease (COPD), kidney disease, liver disease, or cancer. Consistent with previous research examining how these factors contribute to COVID-19 outcomes (Petrilli et al., 2020), categorical variables were computed for age (19–44, 45–54, 55–64, 65–74, and >74 years old), and BMI (<25, 25–29.99, 30–39.99, >39.99).

Following methods used to develop clinical risk scores for other diseases and adverse medical events (Fong et al., 1999; Mehran et al., 2004; Sullivan et al., 2004; Callery et al., 2013; Zheutlin et al., 2019), each factor was weighted based on the strength of its association with severe COVID-19 disease found in previous studies. Specifically, weights were odds ratios (adjusted) for the effects of each factor derived from the results of logistic regression analyses reported in recently published meta-analyses and cohort studies (Chidambaram et al., 2020; Petrilli et al., 2020)1. Reference groups for each factor (e.g., those without diabetes, cardiovascular disease, etc.) were assigned a weight of 1. These weights were summed and divided by eleven (the number of factors included in the score), with higher quotients representing a greater estimated susceptibility to severe COVID-19 disease outcomes. For example:
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COVID-19 Threat Appraisal

To assess the extent to which participants believed they were vulnerable to COVID-19 disease, questions were asked about their perceived likelihood of becoming infected by the SARS-CoV-2 virus and, if infected, their likelihood of experiencing severe COVID-19 disease. Specifically, participants responded to the questions: “What do you consider to be your own probability of getting infected with COVID-19?” and “How severe would contracting COVID-19 be for you (how seriously ill do you think you will be)?” Participants responded using 7-point Likert-type scale (1 = very low; 7 = very high). A third question was also answered using the same scale: “How would you rate your knowledge level on how to prevent spread of COVID-19?” This latter item was included to control for participants' perceived knowledge about SARS-CoV-2 virus transmission when examining perceptions of risk.



Self-Isolation During Shelter-in-Place Order and Travel

Participants were asked about the frequency at which they left their homes during the Texas shelter-in-place order (March 13 through May 1, 2020). They were further asked approximately how many times in an average week they left their homes during that period for the following reasons: buying essential supplies (e.g., groceries or water), going to a friend's house, going to a gas station, going to a liquor store, picking up food from a restaurant, and going to a public park. Participants responded with a whole number for each activity.

Participants were also asked about their travel following March 13, 2020, providing information about dates and locations for all travel outside of their city of residence (up to five trips). The total number of trips made within Texas and outside of Texas were calculated separately. The latter number included both out of state and out of country travel, as only five participants reported trips outside of the United States following March 13.



Psychological Distress During the Pandemic

Participants completed three measures to estimate psychological distress during the pandemic. First, participants were asked to rate their agreement with two statements: “COVID-19 makes me feel helpless” and “COVID-19 makes me depressed” using 7-point Likert-type scale (1 = strongly disagree; 7 = strongly agree). Second, participants completed the short-form Perceived Stress Scale (PSS-4) (Herrero and Meneses, 2006). This scale assesses the frequency at which participants feel stressed and overwhelmed in the month prior to their participation date (α = 0.80).



Covariates

The following additional variables that may covary with perceived or actual COVID-19 risk, social distancing behavior and travel, and/or psychological distress during the pandemic were included in the analyses (see Tables 1–3 for additional details about these variables): general risk tolerance (i.e., “Are you generally someone who tends to take risks, or do you tend to avoid risks?”), education, self-rated knowledge about COVID-19, whether or not the participant had health insurance, number of cohabitants in households, whether or not the participant worked as a healthcare provider or first responder, average daily encounters with a co-worker or friend/family member within six feet without a face covering2, and whether the participant: (a) knew someone who had been diagnosed with COVID-19, (b) knew someone who had been hospitalized with COVID-19, (c) knew someone who died from COVID-19, (d) provided care for a COVID-19 patient, and (e) had been within six feet of someone who had been diagnosed with COVID-19.


Table 1. Basic demographic statistics.
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Data Analysis Plan

Descriptive statistics are displayed in Tables 2–3. All analyses were conducted using SPSS (v27) and MPlus (v8) statistical software. All p values were two-tailed and considered significant at the level p < 0.05. First, variables were examined for normality and the presence of outliers (i.e., three standard deviations above or below the mean). Data for frequency of travel and leaving home during the shelter-in-place order, as well as the risk score, were positively skewed. Accordingly, model parameters were estimated using robust maximum likelihood estimation in MPlus, an estimation method that is robust to non-normality (Yuan and Bentler, 2000). Additionally, data for 70 participants contained outliers for at least one variable. Models were tested both with and without these outlying data points included; any changes in the pattern or significance of results across these models are noted in the “Results” section (see also Table 4).


Table 2. Health descriptive statistics.
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Table 3. Exposure, risk behavior, and risk perception.
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Table 4. Results of statistical models.

[image: Table 4]

To examine the relationship between estimated risk for severe COVID-19 disease and the outcomes of perceived risk, behavior during the shelter-in-place order, and psychological distress, we simultaneously regressed each dependent variable on risk scores in a multivariate model. The variables measuring the frequency of travel outside of participants' home city were modeled as count data (with a high frequency of zeroes) and parameter estimates were generated using negative binomial regression (Gardner et al., 1995). Because the variables assessing the average number of times participants left their home (but stayed within the city) included non-integers (e.g., 0.5 times per week on average), these data were not modeled as count data (i.e., standard linear regression parameter estimation was used). This model was tested a second time controlling for covariates (see above for full list). Zero-order correlations between the estimated COVID-19 severity risk score and all covariates are displayed in Table 5. Given the non-normality of the risk measure, Spearman rank-order correlation procedure was used to estimate coefficients and significance values.


Table 5. Spearman rank correlations between COVID-19 disease risk score and covariates.
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RESULTS

Characteristics of the sample are shown in Table 1. A total of 495 participants completed the behavioral survey (women: 311, men: 183, other: 1, Mage = 44.43, SDage = 14.28). Three participants provided incomplete data for the variables needed to calculate the risk score and were thus excluded from analyses.


COVID-19 Threat Appraisal

Unstandardized beta coefficients and standard errors for parameters in all models are displayed in Table 4. Results of the regression analysis revealed that as participants' clinical risk score for severe COVID-19 disease increased, their perceived risk of experiencing severe illness if infected also increased (b = 3.79, SE = 0.64, t = 5.96, p < 0.001). In contrast, higher clinical risk scores for severe COVID-19 disease predicted lower perceived risk of becoming infected with SARS-CoV-2 virus (b = −2.63, SE = 0.84, t = −3.12, p = 0.002). In other words, while individuals with a high clinical risk score seemed to acknowledge their elevated likelihood of experiencing severe COVID-19 if infected, they actually reported lower perceived risk of becoming infected in the first place. Removing outliers did not change the pattern or significance of these results (likelihood of severe illness: p < 0.001; likelihood of infection: p = 0.002), nor did controlling for covariates (likelihood of severe illness: p < 0.001; likelihood of infection: p = 0.037).



Self-Isolation During the Shelter-in-Place Order and Travel

Regarding travel within the participants' city of residence during the shelter-in-place order, higher clinical risk scores for severe COVID-19 disease predicted a lower frequency of going to a park (b = −1.85, SE = 0.82, t = −2.27, p = 0.023) and picking up food from a restaurant (b = −3.29, SE = 1.67, t = −2.35, p = 0.019). However, clinical risk scores were not significantly related to frequency of leaving the home to purchase supplies (b = −0.48, SE = 2.19 t = −0.22, p = 0.825), visiting a friend (b = 7.14, SE = 6.74, t = 1.06, p = 0.299), going to a gas station (b = −1.74, SE = 1.11, t = −1.57, p = 0.118), or going to a liquor store (b = 0.16, SE = 0.48, t = 0.33, p = 0.741).

While these results did not change when controlling for covariates (park: p = 0.015, restaurant: p = 0.017, supplies: p = 0.827, friend: p = 0.291, gas station: p = 0.182, liquor store: p = 0.598), all effects—including going to a park or restaurant—became non-significant when outliers were removed (park: p = 0.222, restaurant: p = 0.170, supplies: p = 0.930, friend: p = 0.822, gas station: p = 0.567, liquor store: p = 0.999). The change in statistical significance that occurred after outlying values were excluded may indicate that participants who reported very high frequencies of these activities did so in error. Specifically, it is possible that certain participants reported the total number of times they engaged in each activity between March 13 and May 1 instead of the average number of times per week.

While higher clinical risk scores did not significantly predict frequency of travel outside of the state of Texas (b = −0.98, SE = 0.94, t = −1.04, p = 0.299), those with higher scores reported a greater number of trips within Texas than those with lower scores (b = 1.83, SE = 0.57, t = 3.20, p = 0.001). The pattern and significance of these results did not change when controlling for covariates (outside of state: p = 0.145; within state: p = 0.001), nor did they change when outliers were excluded (outside of state: p = 0.609; within state: p = 0.015).

In sum, these findings suggest that individuals at a high risk for severe COVID-19 do not generally behave differently than those at low risk. Specifically, clinical risk scores were not reliably associated with participants' frequency of leaving their homes during the shelter-in-place order, nor were they related to out-of-state travel. Unexpectedly, participants with higher clinical risk scores actually reported traveling more often outside of their resident city, but within their home state of Texas, than those with lower risk scores.



Psychological Distress During the Pandemic

Higher clinical risk scores for severe COVID-19 disease were associated with lower perceived stress (i.e., PSS-4 scale) (b = −1.21, SE = 0.32, t = −3.79, p < 0.001), feeling less depressed by the pandemic (b = −3.37, SE = 1.042, t = −3.24, p = 0.001), and feeling less helpless in response to the pandemic (b = −3.60, SE = 1.09, t = −3.31, p = 0.001). In other words, despite their increased likelihood of severe COVID-19 if infected, individuals with higher clinical risk scores appear to experience less psychological distress than those with lower scores. The pattern and significance of these results did not change when controlling for covariates (stress: p = 0.001; depressed: p < 0.001; helpless: p < 0.001), nor did they change when outliers were removed (stress: p = 0.010; depressed: p = 0.023; helpless: p = 0.013).




DISCUSSION


Evolution, Unrealistic Optimism, and COVID-19

Unrealistic optimism is a common human feature. Despite posing the potential cost of promoting risky behavior in the face of uncertain outcomes (Weinstein, 1982; Michailova and Schmidt, 2016; Karl et al., 2020), unrealistic optimism may also provide a number of psychological and health benefits (Johnson and Fowler, 2011; Kleiman et al., 2017; Rozanski et al., 2019). The decreased worry associated with unrealistic optimism may improve mental well-being of some individuals during the COVID-19 pandemic, which is associated with mental health and sleep disturbances (Pappa et al., 2020; Pfefferbaum and North, 2020), and overconfidence may increase productivity through increasing morale and persistence (Johnson and Fowler, 2011). It is also possible that overconfidence may decrease productivity by setting unrealistic goals and failing which can lead to psychological and financial struggles (Makridakis and Moleskis, 2015). Given the possible benefits of overconfidence, it has been proposed that positively-biased affect, beliefs, and attitudes were favored by natural selection (Johnson and Fowler, 2011). In line with this hypothesis, behavior consistent with optimism biases have been observed in a variety of non-human animal species (Harding et al., 2004; Matheson et al., 2008).

Despite some hypothesized psychological benefits discussed above, unrealistic optimism can be dangerous due to improper assessment of hazardous situations, and inferring that optimism bias has evolutionary origins does not mean that unrealistic optimism is an “optimal” strategy in every situation. This is especially true when individuals are faced with a novel source (or scale) of risk that was not present in the environments under which optimism biases may have evolved. For example, unrealistic optimism about one's probability of becoming infected with the SARS-CoV-2 virus or of developing severe COVID-19 disease may be maladaptive, leading to behaviors that increase one's odds of exposure. This could be especially harmful for those with high risk of developing severe COVID-19 disease if infected. In the case of COVID-19, a disease with a high percentage of asymptomatic cases (Cheng et al., 2020; Huff and Singh, 2020), a long contagious period before showing symptoms (Tindale et al., 2020), it is possible that for some people it can be challenging to recognize the risk of becoming infected with the virus (Varella et al., 2021).

Age and comorbidities are strong indicators of hospital admission and, to a lesser degree, mortality among patients with COVID-19 disease (Petrilli et al., 2020). Men over the age of 65 and smokers are among the highest at risk for adverse outcomes of COVID-19 disease (Zheng et al., 2020). Other factors that may influence COVID-19 disease outcomes include comorbidities like hypertension, diabetes, respiratory diseases, or cardiovascular diseases (Albitar et al., 2020; Li et al., 2020; Zheng et al., 2020). More specifically, chronic obstructive pulmonary disease (COPD), cerebrovascular disease, and cardiovascular disease are associated with severe COVID-19 disease (Sole et al., 2020). People with cancer also experience higher severity of COVID-19 disease in conjunction with diagnostic and therapy delays (ElGohary et al., 2020). However, it must be noted that most, if not all, systematic reviews and meta-analyses at this time are skewed toward populations in China; thus, the exact risk resulting from a pre-existing condition may differ across populations.

While age and other comorbidities have been clearly linked to adverse outcomes of COVID-19 (Petrilli et al., 2020), many high-risk individuals continue to disregard public health guidelines and recommendations. Though concern for the novel coronavirus is persistent across borders, risk perception may also be culturally biased. For example, countries that abide by strict cultural norms reported almost five times fewer cases of COVID-19 and almost eight times lower number of deaths, suggesting a strong influence of this factor on recommendation compliance and risk perception (Gelfand et al., 2021). Additionally, factors such as personal experience, prosocial and individual values, trust in government (Dryhurst et al., 2020), life history strategy (Corpuz et al., 2020), and sex (Luoto and Varella, 2021) all influence risk perception. Individual differences in disease avoidance motivation also likely play important mediating or moderating roles in relationships between actual risk, perceived risk, and behavior (Makhanova and Shepherd, 2020). Future research is needed to examine how each of these factors influence the pattern of results found in the current research.

Risk perception correlates significantly with use of preventative health behaviors for COVID-19 in ten different countries (Dryhurst et al., 2020). In the United States, people reported a higher perceived risk of COVID-19 disease compared to other current health threats (Zhong et al., 2020). Despite this, many people still do not sufficiently understand SARS-CoV-2 virus transmission and COVID-19 disease prevention (Zhong et al., 2020). An individual's perception of their own risk to a threat impacts their health behaviors (Ferrer and Klein, 2015), and unrealistic optimism, especially among high-risk individuals, may be partly responsible for the avoidance of necessary preventative measures during the current pandemic (Dolinski et al., 2020). With the threat of the SARS-CoV-2 virus continually growing, understanding risk perception and subsequent behavioral outcomes regarding COVID-19 are essential to public health.



Perceived Risk and Compliance With State Law and Public Health Recommendations

The present project examined whether one's calculated clinical risk for severe COVID-19 disease (based on the aforementioned demographic and clinical characteristics) was related to risk perception, behavior, and psychological distress during the current pandemic. The data reveal that, while individuals with a higher clinical risk score accurately report greater perceived risk for severe illness, they actually perceive a lower risk of being infected with SARS-CoV-2 virus (relative to those with fewer or no pre-existing conditions). Although counterintuitive, the finding is consistent with the wide body of research on unrealistic optimism in the context of health risk management (Sharot et al., 2011; Shepperd et al., 2015; Jefferson et al., 2017). In particular, the current results provide further support for research demonstrating that unrealistic optimism about the likelihood of experiencing adverse health outcomes is greater for those with a higher number of risk factors (Karl et al., 2020). It must be noted here that not all studies support the cost-benefit basis of the evolution of unrealistic bias, and in some cases, it can be a potentially costly cognitive bias (Jefferson, 2017).

Within the present dataset, there is not reliable evidence that those at higher risk for severe COVID-19 disease traveled less during and after the shelter-in-place order (March 13 through May 1) than those with lower risk. That is, clinical risk scores for severe COVID-19 disease were not significantly related to individuals' frequency of leaving their homes to engage in activities like visiting friends or going to the grocery store. While higher clinical risk for severe COVID-19 disease initially predicted fewer trips to the park and picking up food from restaurants, these effects were not statistically significant after outliers were removed. Moreover, results revealed that higher risk for severe COVID-19 disease was actually associated with more trips outside of the participants' resident city (but within the state). In other words, individuals with a higher number of pre-existing conditions did not appear to exercise more caution than those with fewer conditions, despite their elevated risk for morbidity and mortality from COVID-19. While these results may be surprising at face value, they lend further support for the prediction that those at a high risk for severe COVID-19 are unrealistically optimistic about their likelihood of infection. It is important to consider that if those at a high risk for severe COVID-19 disease are willing to break shelter-in-place orders and other public health recommendations, it is likely that other individuals without pre-existing conditions are also willing to disregard safety recommendations. Many people unfortunately choose to disregard public health recommendations during the current pandemic for various reasons (e.g., personal, social, political, etc.), and unrealistic optimism may be contributing to poor decision making in many of these individuals. On the other side, one study has found that islandic, Croatian men scored higher on perceptions of infectability during the COVID-19 pandemic than before, while women did not, and the authors hypothesize that it may reflect the objectively higher risk of COVID-19 (Hromatko et al., 2021). This seems to suggest that at least some amount of increased personal risk for infection is acknowledged by higher-risk individuals during the current pandemic.

Results of the present study also revealed that higher clinical risk scores are associated with less reported stress, and fewer feelings of depression and helplessness during the pandemic. One plausible explanation is that, in believing that they are less likely to contract the SARS-CoV-2 virus, individuals with higher risk for severe COVID-19 disease experience fewer negative emotions. While these results are consistent with research finding that unrealistic optimism acts as a psychological buffer from stress (Taylor et al., 1992; Taylor and Brown, 1994; Makridakis and Moleskis, 2015), that those with a higher disease risk actually reported less distress than those with a lower disease risk is unexpected. In other words, this pattern of results suggests that unrealistic optimism in the face of serious COVID-19 risk goes beyond merely assuaging negative emotions. Instead, distress may be suppressed by optimism to a level below even what those without pre-existing conditions report. Another possible explanation is that those with higher clinical risk scores are less likely to have experienced the distress associated with a friend or loved one developing severe COVID-19 disease. However, risk scores were not significantly related to whether or not participants knew someone who was hospitalized or passed away from COVID-19 disease (see Table 5).

It is worth noting that, within the present dataset, those at a higher risk for severe COVID-19 disease had smaller households and were less likely to report being a first responder/healthcare worker or to have cared for someone with COVID-19 disease (see Table 5). Higher clinical risk scores were also negatively correlated with the number of maskless interactions reported. It is therefore possible that, in this dataset, those with a higher risk for severe COVID-19 disease truly are less likely to become infected with the SARS-CoV-2 virus. In other words, do these individuals exhibit unrealistic optimism or do they realistically evaluate their risk of becoming infected? Although this cannot be determined definitively with the current cross-sectional data, there does not appear to be strong evidence for the latter possibility. Participants in this dataset with a higher disease risk score did not generally behave differently than those with a lower disease risk score during the shelter-in-place order, and they were actually more likely to travel outside of their resident city. Additionally, neither the pattern nor significance of the relationship between risk scores and perceived likelihood of infection changed after controlling for possible occupational exposure, number of cohabitants, and other factors that may influence infection probability. Nonetheless, it remains possible that an unmeasured covariate confounds the relationship between clinical risk scores and risk perception; this is a limitation of the current study.

Another potential limitation is that it is difficult to determine with the current data which risk factors for severe COVID-19, specifically, drive relationships between clinical risk scores and risk perceptions. In the present study, the three most common risk factors were age, male sex, and high BMI. However, each of these are likely to have unique effects on risk perception and behavior. For example, while one might be less mobile and risk averse in advanced age, male sex is conversely associated with greater engagement in risky behaviors during the pandemic, higher mobility, and lower adherence to preventative activities (Galasso et al., 2020; Luoto and Varella, 2021). Moreover, it is also difficult to discern which factor is driving COVID-19 risk, per se, because age is a common predictor of nearly all of the more potent risk factors, like diabetes, cardiovascular disease, etc. For this reason and others, it is important to exercise caution when thinking about cumulative risk in such a reductionist sense. That is, it is unlikely that one's total risk is truly just the sum of independent predictors. Accordingly, that we only apply an additive model of clinical risk without secondary validation in separate samples is a limitation of the current study. Future research using larger sample sizes might explore multiplicative and non-linear effects, as well as redundancy between risk factors. Meta-analyses are well-suited for this purpose.

A final limitation includes how unrealistic optimism was assessed. In the current study, risk perception was deemed unrealistic because those with higher clinical risk scores reported being less likely to become infected than those with lower scores, despite little evidence of this being true. It should be noted, however, that optimism biases are typically measured in a comparative fashion. That is, respondents are asked about their risk relative to others' (Weinstein, 1982; Ferrer et al., 2012; Shepperd et al., 2015). Future research is needed to determine whether a similar pattern of results would be found using a more commonly employed method of assessing unrealistic optimism.



Future Directions

The ecological fallacy prevents the results from the current dataset to be generalized to other populations within and outside of the United States. Almost 500 asymptomatic volunteers were selected from over 1,000 applicants of McLennan County, TX, residents based on the following self-reported risk factors: if they were a frontline worker or healthcare provider, if they were an essential employee, if they broke shelter-in-place orders to attend religious and other services/activities in person, or if they have followed all shelter-in-place and public health orders/recommendations. The dataset does not represent completely random selection from among the county residents and does not accurately reflect the percentage distribution of those above/below the poverty line (e.g., only 6.5% did not have health insurance) or minority status (e.g., only 19.5% of the dataset included Hispanic and Latina/Latino members). The dataset is also over-represented by individuals with above-average education who therefore likely have above-average concern about the current pandemic, although it is unlikely that differences in perceived risk are attributed to lack of education given the public health messaging about the current pandemic. However, the primary compensation from the present study was a free IgG antibody test for the SARS-CoV-2 virus, and those uninterested in knowing their serological status to the virus are less likely to be represented in the present dataset. Future work would ideally (but with great difficulty) include completely randomly selected community members resulting in a more diverse dataset.

One particularly interesting area for future research includes cross-cultural comparison of risk perception and its influence on preventative behaviors in relation to COVID-19 disease. Emerging infectious diseases (EIDs) have been a persistent global problem, and Asia has historically been an epicenter for many of these outbreaks. A considerable amount of effort has been put into surveillance and prevention in countries like India, where infectious disease outbreaks have been common (Mukherjee, 2017). In the United States and other high-income countries, the primary causes of mortality include non-communicable diseases (NCDs). Because of this trend, the United States healthcare infrastructure is primarily designed to manage the high prevalence of NCDs rather than EIDs. This may have exacerbated the lack of preparedness of the United States for the SARS-CoV-2 virus pandemic at the country, state, and individual levels (Katzmarzyk et al., 2020). Furthermore, cultural differences in tightness-looseness (Gelfand et al., 2021), as well as potential regional biological differences reflected in motivation to avoid infectious diseases (Skolnick and Dzokoto, 2013; Gassen et al., 2018; Cepon-Robins et al., 2021; Krams et al., 2021), may also influence certain countries' tendencies to invest heavily in pandemic preparedness.

In sum, the results of the current research provide partial evidence for a miscalibration between one's actual risk for severe COVID-19 disease, perceptions of risk, and behaviors that mitigate that risk. This study may lay the groundwork for future research to examine, in more detail, how unrealistically optimistic perceptions about infection likelihood and severity contribute to the spread of SARS-CoV-2 virus, particularly for those with pre-existing conditions.
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FOOTNOTES

1Odds ratios for sex, smoking status, diabetes, cardiovascular disease, COPD, kidney disease, liver disease, and cancer were obtained from Chidambaram et al., 2020 (Table 1). Odds ratios for age, race/ethnicity, and BMI were obtained from Petrilli et al., 2020 (Table 3).

2Mean composite (α = 0.78) of average number of encounters each day with (a) friend/family member prior to March 13, (b) co-worker prior to March 13, (c) friend/family member between May 1 and May 18th/22nd, (d) co-worker between May 1 and May 18th/22nd, (e) friend/family member after May 18th/22nd, and (f) co-worker after May 18th/22nd.



REFERENCES

 Albitar, O., Ballouze, R., Ooi, J. P., and Sheikh Ghadzi, S. M. (2020). Risk factors for mortality among COVID-19 patients. Diabetes Res. Clin. Pract. 166:108293. doi: 10.1016/j.diabres.2020.108293

 Alcock, J. (1993). Animal Behavior: An Evolutionary Approach, 5th ed. Sinauer Associates. p. 625.

 Al-Shawaf, L. (2016). The evolutionary psychology of hunger. Appetite 105, 591–595. doi: 10.1016/j.appet.2016.06.021

 Atari, M., Lai, M. H. C., and Dehghani, M. (2020). Sex differences in moral judgements across 67 countries. Proceed. Biol. Sci. 287:20201201. doi: 10.1098/rspb.2020.1201

 Bénabou, R., and Tirole, J. (2002). Self-confidence and personal motivation*. Quarterly J. Econom. 117, 871–915. doi: 10.1162/003355302760193913

 Blendon, R. J., Benson, J. M., DesRoches, C. M., Raleigh, E., and Taylor-Clark, K. (2004). The public's response to severe acute respiratory syndrome in toronto and the United States. Clin. Infect. Dis. 38, 925–931. doi: 10.1086/382355

 Brug, J., Aro, A. R., Oenema, A., de Zwart, O., Richardus, J. H., and Bishop, G. D. (2004). SARS risk perception, knowledge, precautions, and information sources, the Netherlands. Emerg. Infect. Dis. 10, 1486–1489. doi: 10.3201/eid1008.040283

 Callery, M. P., Pratt, W. B., Kent, T. S., Chaikof, E. L., and Vollmer, C. M. (2013). A prospectively validated clinical risk score accurately predicts pancreatic fistula after pancreatoduodenectomy. J. Am. College Surg. 216, 1–14. doi: 10.1016/j.jamcollsurg.2012.09.002

 CDC (2020). COVID-19 and Your Health. Centers for Disease Control and Prevention. Available online at: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html

 Cepon-Robins, T. J., Blackwell, A. D., Gildner, T. E., Liebert, M. A., Urlacher, S. S., Madimenos, F. C., et al. (2021). Pathogen disgust sensitivity protects against infection in a high pathogen environment. Proc. Natl. Acad. Sci. U.S.A. 118:e2018552118. doi: 10.1073/pnas.2018552118

 Chakravarty, D., Nair, S. S., Hammouda, N., Ratnani, P., Gharib, Y., Wagaskar, V., et al. (2020). Sex differences in SARS-CoV-2 infection rates and the potential link to prostate cancer. Commun. Biol. 3:374. doi: 10.1038/s42003-020-1088-9


 Cheng, H.-Y., Jian, S.-W., Liu, D.-P., Ng, T.-C., Huang, W.-T., Lin, H.-H., et al. (2020). Contact tracing assessment of COVID-19 transmission dynamics in taiwan and risk at different exposure periods before and after symptom onset. JAMA Int. Med. 180, 1156–1163. doi: 10.1001/jamainternmed.2020.2020

 Chidambaram, V., Tun, N. L., Haque, W. Z., Majella, M. G., Sivakumar, R. K., Kumar, A., et al. (2020). Factors associated with disease severity and mortality among patients with COVID-19: A systematic review and meta-analysis. PLoS ONE 15:e0241541. doi: 10.1371/journal.pone.0241541

 Colombo, D., Fernández-Álvarez, J., Suso-Ribera, C., Cipresso, P., García-Palacios, A., Riva, G., et al. (2020). Biased affective forecasting: a potential mechanism that enhances resilience and well-being. Front. Psychol. 11:133. doi: 10.3389/fpsyg.2020.01333

 Corpuz, R., D'Alessandro, S., Adeyemo, J., Jankowski, N., and Kandalaft, K. (2020). Life history orientation predicts COVID-19 precautions and projected behaviors. Front. Psychol. 11:1857. doi: 10.3389/fpsyg.2020.01857

 de Zwart, O., Veldhuijzen, I. K., Elam, G., Aro, A. R., Abraham, T., Bishop, G. D., et al. (2007). Avian influenza risk perception, Europe and Asia. Emerg. Infect. Dis. 13, 290–293. doi: 10.3201/eid1302.060303

 Dezecache, G., Frith, C. D., and Deroy, O. (2020). Pandemics and the great evolutionary mismatch. Curr. Biol. 30, R417–R419. doi: 10.1016/j.cub.2020.04.010

 Dillard, A. J., McCaul, K. D., and Klein, W. M. P. (2006). Unrealistic optimism in smokers: implications for smoking myth endorsement and self-protective motivation. J. Health Commun. 11(Suppl 1), 93–102. doi: 10.1080/10810730600637343

 Dolinski, D., Dolinska, B., Zmaczynska-Witek, B., Banach, M., and Kulesza, W. (2020). Unrealistic optimism in the time of coronavirus pandemic: may it help to kill, if so—whom: disease or the person? J. Clin. Med. 9:1464. doi: 10.3390/jcm9051464

 Dryhurst, S., Schneider, C. R., Kerr, J., Freeman, A. L. J., Recchia, G., Bles, A. M., et al. (2020). Risk perceptions of COVID-19 around the world. J. Risk Res. 23, 994–1006. doi: 10.1080/13669877.2020.1758193

 Ebrahim, S. H., and Memish, Z. A. (2020). COVID-19 – the role of mass gatherings. Travel Med. Infect. Dis. 34:101617. doi: 10.1016/j.tmaid.2020.101617

 ElGohary, G. M., Hashmi, S., Styczynski, J., Kharfan-Dabaja, M. A., Alblooshi, R. M., de la Cámara, R., et al. (2020). The risk and prognosis of COVID-19 infection in cancer patients: a systematic review and meta-analysis. Hematol. Oncol. Stem Cell Therapy. doi: 10.1016/j.hemonc.2020.07.005


 Ethier, K. A., Kershaw, T., Niccolai, L., Lewis, J. B., and Ickovics, J. R. (2003). Adolescent women underestimate their susceptibility to sexually transmitted infections. Sexually Transmitted Infect. 79, 408–411. doi: 10.1136/sti.79.5.408


 Ferrer, R., and Klein, W. M. (2015). Risk perceptions and health behavior. Curr. Opin. Psychol. 5, 85–89. doi: 10.1016/j.copsyc.2015.03.012

 Ferrer, R. A., Klein, W. M. P., Zajac, L. E., Sutton-Tyrrell, K., Muldoon, M. F., and Kamarck, T. W. (2012). Unrealistic optimism is associated with subclinical atherosclerosis. Health Psychol. 31, 815–820. doi: 10.1037/a0027675

 Fielding, R., Lam, W. W. T., Ho, E. Y. Y., Lam, T. H., Hedley, A. J., and Leung, G. M. (2005). Avian influenza risk perception, Hong Kong. Emerg. Infect. Dis. 11, 677–682. doi: 10.3201/eid1105.041225

 Floyd, D. L., Prentice-Dunn, S., and Rogers, R. W. (2000). A meta-analysis of research on protection motivation theory. J. Appl. Soc. Psychol. 30, 407–429. doi: 10.1111/j.1559-1816.2000.tb02323.x

 Fong, Y., Fortner, J., Sun, R. L., Brennan, M. F., and Blumgart, L. H. (1999). Clinical score for predicting recurrence after hepatic resection for metastatic colorectal cancer. Annals Surg. 230:309. doi: 10.1097/00000658-199909000-00004

 Galasso, V., Pons, V., Profeta, P., Becher, M., Brouard, S., and Foucault, M. (2020). Gender differences in COVID-19 attitudes and behavior: panel evidence from eight countries. Proc. Natl. Acad. Sci. U.S.A. 117, 27285–27291. doi: 10.1073/pnas.2012520117

 Gardner, W., Mulvey, E. P., and Shaw, E. C. (1995). Regression analyses of counts and rates: poisson, overdispersed poisson, and negative binomial models. Psychol. Bull. 118, 392–404. doi: 10.1037/0033-2909.118.3.392

 Gassen, J., Prokosch, M. L., Makhanova, A., Eimerbrink, M. J., White, J. D., Proffitt Leyva, R. P., et al. (2018). Behavioral immune system activity predicts downregulation of chronic basal inflammation. PLoS ONE 13:e0203961. doi: 10.1371/journal.pone.0203961

 Gelfand, M. J., Jackson, J. C., Pan, X., Nau, D., Pieper, D., Denison, E., et al. (2021). The relationship between cultural tightness–looseness and COVID-19 cases and deaths: a global analysis. Lancet Planetary Health 5:e135–44. doi: 10.1016/S2542-5196(20)30301-6

 Glöckner, A. (2016). Psychology and disaster: why we do not see looming disasters and how our way of thinking causes them. Global Policy 7, 16–24. doi: 10.1111/1758-5899.12289

 Harding, E. J., Paul, E. S., and Mendl, M. (2004). Animal behaviour: cognitive bias and affective state. Nature 427:312. doi: 10.1038/427312a

 Haselton, M. G. (2003). The sexual overperception bias: evidence of a systematic bias in men from a survey of naturally occurring events. J. Res. Personal. 37, 34–47. doi: 10.1016/S0092-6566(02)00529-9

 Haselton, M. G., and Buss, D. M. (2000). Error management theory: a new perspective on biases in cross-sex mind reading. J. Personal. Soc. Psychol. 78, 81–91. doi: 10.1037/0022-3514.78.1.81

 Haselton, M. G., and Nettle, D. (2006). The paranoid optimist: an integrative evolutionary model of cognitive biases. Personal. Soc. Psychol. Rev. 10, 47–66. doi: 10.1207/s15327957pspr1001_3

 Herrero, J., and Meneses, J. (2006). Short Web-based versions of the perceived stress (PSS) and Center for Epidemiological Studies-Depression (CESD) Scales: A comparison to pencil and paper responses among Internet users. Comput. Human Behav. 22, 830–846. doi: 10.1016/j.chb.2004.03.007

 Hromatko, I., Grus, A., and Kolderaj, G. (2021). Do islanders have a more reactive behavioral immune system? Social cognitions and preferred interpersonal distances during the COVID-19 pandemic. Front. Psychol. 12:647586. doi: 10.3389/fpsyg.2021.647586

 Huff, H. V., and Singh, A. (2020). Asymptomatic transmission during the coronavirus disease 2019 pandemic and implications for public health strategies. Clin. Infect. Dis. 71, 2752–2756. doi: 10.1093/cid/ciaa654

 Jefferson, A. (2017). Born to be biased? Unrealistic optimism and error management theory. Philos. Psychol. 30, 1159–1175. doi: 10.1080/09515089.2017.1370085

 Jefferson, A., Bortolotti, L., and Kuzmanovic, B. (2017). What is unrealistic optimism? Consciousness Cogn. 50, 3–11. doi: 10.1016/j.concog.2016.10.005

 Johnson, D., and Levin, S. A. (2009). The tragedy of cognition: Psychological biases and environmental inaction. Curr. Sci. 97, 1593–1603.

 Johnson, D. D. P., and Fowler, J. H. (2011). The evolution of overconfidence. Nature 477, 317–320. doi: 10.1038/nature10384

 Karl, F. M., Holle, R., Schwettmann, L., Peters, A., Meisinger, C., Rückert-Eheberg, I.-M., et al. (2020). Association between unrealistic comparative optimism and self-management in individuals with type 2 diabetes: Results from a cross-sectional, population-based study. Health Sci. Rep. 3:e157. doi: 10.1002/hsr2.157

 Katzmarzyk, P. T., Salbaum, J. M., and Heymsfield, S. B. (2020). Obesity, noncommunicable diseases, and COVID-19: a perfect storm. Am. J. Human Biol. 32:e23484. doi: 10.1002/ajhb.23484

 Kleiman, E. M., Chiara, A. M., Liu, R. T., Jager-Hyman, S. G., Choi, J. Y., and Alloy, L. B. (2017). Optimism and well-being: a prospective multi-method and multi-dimensional examination of optimism as a resilience factor following the occurrence of stressful life events. Cogn. Emotion 31, 269–283. doi: 10.1080/02699931.2015.1108284

 Krams, I. A., Jõers, P., Luoto, S., Trakimas, G., Lietuvietis, V., Krams, R., et al. (2021). The obesity paradox predicts the second wave of COVID-19 to be severe in western countries. Int. J. Environ. Res. Public Health 18:1029. doi: 10.3390/ijerph18031029

 Lehmann, E. Y., and Lehmann, L. S. (2020). Responding to patients who refuse to wear masks during the covid-19 pandemic. J. General Int. Med. doi: 10.1007/s11606-020-06323-x

 Lench, H. C., Levine, L. J., Dang, V., Kaiser, K. A., Carpenter, Z. K., Carlson, S. J., et al. (2021). Optimistic expectations have benefits for effort and emotion with little cost. Emotion 10:56. doi: 10.1037/emo0000957

 Li, X., Xu, S., Yu, M., Wang, K., Tao, Y., Zhou, Y., et al. (2020). Risk factors for severity and mortality in adult COVID-19 inpatients in Wuhan. J. Allergy Clin. Immunol. 146, 110–118. doi: 10.1016/j.jaci.2020.04.006

 Luoto, S., and Varella, M. A. C. (2021). Pandemic leadership: sex differences and their evolutionary–developmental origins. Front. Psychol. 12:633862. doi: 10.3389/fpsyg.2021.633862

 Majra, D., Benson, J., Pitts, J., and Stebbing, J. (2020). SARS-CoV-2 (COVID-19) superspreader events. J. Infect. 82:36–40. doi: 10.1016/j.jinf.2020.11.021

 Makhanova, A., and Shepherd, M. A. (2020). Behavioral immune system linked to responses to the threat of COVID-19. Personal. Individual Diff. 167:110221. doi: 10.1016/j.paid.2020.110221

 Makridakis, S., and Moleskis, A. (2015). The costs and benefits of positive illusions. Fronti. Psychol. 6:859. doi: 10.3389/fpsyg.2015.00859

 Matheson, S. M., Asher, L., and Bateson, M. (2008). Larger, enriched cages are associated with “optimistic” response biases in captive European starlings (Sturnus Vulgaris). Appl. Animal Behav. Sci. 109, 374–383. doi: 10.1016/j.applanim.2007.03.007

 McKay, R. T. (2009). The evolution of misbelief. Behav. Brain Sci. 32, 493–510. doi: 10.1017/S0140525X09990975

 Mehran, R., Aymong, E. D., Nikolsky, E., Lasic, Z., Iakovou, I., Fahy, M., et al. (2004). A simple risk score for prediction of contrast-induced nephropathy after percutaneous coronary intervention: development and initial validation. J. Am. College Cardiol. 44, 1393–1399. doi: 10.1016/j.jacc.2004.06.068

 Meyerowitz-Katz, G., and Merone, L. (2020). A systematic review and meta-analysis of published research data on COVID-19 infection fatality rates. Int. J. Infect. Dis. 101, 138–148. doi: 10.1016/j.ijid.2020.09.1464

 Michailova, J., and Schmidt, U. (2016). Overconfidence and bubbles in experimental asset markets. J. Behav. Finance 17, 280–292. doi: 10.1080/15427560.2016.1203325

 Milne, S., Sheeran, P., and Orbell, S. (2000). Prediction and intervention in health-related behavior: a meta-analytic review of protection motivation theory. J. Appl. Soc. Psychol. 30, 106–143. doi: 10.1111/j.1559-1816.2000.tb02308.x

 Morgan, J., Reidy, J., and Probst, T. (2019). Age group differences in household accident risk perceptions and intentions to reduce Hazards. Int. J. Environ. Res. Public Health 16:2237. doi: 10.3390/ijerph16122237

 Mukherjee, S. (2017). Emerging infectious diseases: epidemiological perspective. Indian J. Dermatol. 62, 459–467. doi: 10.4103/ijd.IJD_379_17

 Nesse, R. M. (2001). The smoke detector principle. Natural selection and the regulation of defensive responses. Annals N. York Acad. Sci. 935, 75–85. doi: 10.1111/j.1749-6632.2001.tb03472.x

 Nettle, D. (2004). Adaptive Illusions: Optimism, Control and Human Rationality. Emotion, Evolution and Rationality. Available online at: https://eprint.ncl.ac.uk/3558

 Pak, A., Adegboye, O. A., Adekunle, A. I., Rahman, K. M., McBryde, E. S., and Eisen, D. P. (2020). Economic consequences of the COVID-19 outbreak: the need for epidemic preparedness. Front. Public Health 8:241. doi: 10.3389/fpubh.2020.00241

 Pappa, S., Ntella, V., Giannakas, T., Giannakoulis, V. G., Papoutsi, E., and Katsaounou, P. (2020). Prevalence of depression, anxiety, and insomnia among healthcare workers during the COVID-19 pandemic: a systematic review and meta-analysis. Brain Behav. Immunity 88, 901–907. doi: 10.1016/j.bbi.2020.05.026

 Peiris, J. S. M., Jong, M. D., and de Guan, Y. (2007). Avian Influenza Virus (H5N1): a threat to human health. Clin. Microbiol. Rev. 20, 243–267. doi: 10.1128/CMR.00037-06

 Petrilli, C. M., Jones, S. A., Yang, J., Rajagopalan, H., O'Donnell, L., Chernyak, Y., et al. (2020). Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York City: prospective cohort study. BMJ. 369:m1966. doi: 10.1136/bmj.m1966

 Pfefferbaum, B., and North, C. S. (2020). Mental health and the Covid-19 pandemic. N. Engl. J. Med. 383, 510–512. doi: 10.1056/NEJMp2008017

 Räikkönen, K., and Matthews, K. A. (2008). Do dispositional pessimism and optimism predict ambulatory blood pressure during school days and nights in adolescents? J. Personal. 76, 605–630. doi: 10.1111/j.1467-6494.2008.00498.x

 Räikkönen, K., Matthews, K. A., Flory, J. D., Owens, J. F., and Gump, B. B. (1999). Effects of optimism, pessimism, and trait anxiety on ambulatory blood pressure and mood during everyday life. J. Personal. Soc. Psychol. 76, 104–113. doi: 10.1037/0022-3514.76.1.104

 Rantala, M. J., Luoto, S., Krama, T., and Krams, I. (2019). Eating disorders: an evolutionary psychoneuroimmunological approach. Front. Psychol. 10:2200. doi: 10.3389/fpsyg.2019.02200

 Reese, H., Iuliano, A. D., Patel, N. N., Garg, S., Kim, L., Silk, B. J., et al. (2020). Estimated incidence of COVID-19 illness and hospitalization—United States, February-September, 2020. Clin Infect Dis. 25:ciaa1780. doi: 10.1093/cid/ciaa1780

 Reyes-Velázquez, W., and Sealey-Potts, C. (2015). Unrealistic optimism, sex, and risk perception of type 2 diabetes onset: implications for education programs. Diabetes Spectrum. 28, 5–9. doi: 10.2337/diaspect.28.1.5

 Rippetoe, P. A., and Rogers, R. W. (1987). Effects of components of protection-motivation theory on adaptive and maladaptive coping with a health threat. J. Personal. Soc. Psychol. 52, 596–604. doi: 10.1037/0022-3514.52.3.596

 Rizou, M., Galanakis, I. M., Aldawoud, T. M. S., and Galanakis, C. M. (2020). Safety of foods, food supply chain and environment within the COVID-19 pandemic. Trends Food Sci. Tech. 102, 293–299. doi: 10.1016/j.tifs.2020.06.008

 Rozanski, A., Bavishi, C., Kubzansky, L. D., and Cohen, R. (2019). Association of optimism with cardiovascular events and all-cause mortality: a systematic review and meta-analysis. JAMA Netw. Open 2:e1912200. doi: 10.1001/jamanetworkopen.2019.12200

 Sassano, M., McKee, M., Ricciardi, W., and Boccia, S. (2020). Transmission of SARS-CoV-2 and other infections at large sports gatherings: a surprising gap in our knowledge. Front. Med. 7:277. doi: 10.3389/fmed.2020.00277

 Sharot, T. (2011). The optimism bias. Curr. Biol. 21, R941–R945. doi: 10.1016/j.cub.2011.10.030

 Sharot, T., Korn, C. W., and Dolan, R. J. (2011). How unrealistic optimism is maintained in the face of reality. Nat. Neurosci. 14, 1475–1479. doi: 10.1038/nn.2949

 Shepperd, J. A., Waters, E. A., Weinstein, N. D., and Klein, W. M. P. (2015). A primer on unrealistic optimism. Curr. Direct. Psychol. Sci. 24, 232–237. doi: 10.1177/0963721414568341

 Skolnick, A. J., and Dzokoto, V. A. (2013). Disgust and contamination: a cross-national comparison of ghana and the United States. Front. Psychol. 4:91. doi: 10.3389/fpsyg.2013.00091

 Sole, F. D., Farcomeni, A., Loffredo, L., Carnevale, R., Menichelli, D., Vicario, T., et al. (2020). Features of severe COVID-19: a systematic review and meta-analysis. Eur. J. Clin. Invest. 50:e13378. doi: 10.1111/eci.13378

 Sullivan, L. M., Massaro, J. M., and D'Agostino, R. B. (2004). Presentation of multivariate data for clinical use: the Framingham Study risk score functions. Statistics Med. 23, 1631–1660. doi: 10.1002/sim.1742

 Sweeny, K., Carroll, P. J., and Shepperd, J. A. (2006). Is optimism always best?: future outlooks and preparedness. Curr. Direct. Psychol. Sci. 15, 302–306. doi: 10.1111/j.1467-8721.2006.00457.x

 Syme, M. L., Cohn, T. J., and Barnack-Tavlaris, J. (2017). A comparison of actual and perceived sexual risk among older adults. J. Sex Res. 54, 149–160. doi: 10.1080/00224499.2015.1124379

 Taylor, S. E., and Brown, J. D. (1994). Positive illusions and well-being revisited: separating fact from fiction. Psychol. Bull. 116, 21–27; discussion 28. doi: 10.1037/0033-2909.116.1.21

 Taylor, S. E., Kemeny, M. E., Aspinwall, L. G., Schneider, S. G., Rodriguez, R., and Herbert, M. (1992). Optimism, coping, psychological distress, and high-risk sexual behavior among men at risk for acquired immunodeficiency syndrome (AIDS). J. Personal. Soc. Psychol. 63, 460–473. doi: 10.1037/0022-3514.63.3.460

 Tindale, L. C., Stockdale, J. E., Coombe, M., Garlock, E. S., Lau, W. Y. V., Saraswat, M., et al. (2020). Evidence for transmission of COVID-19 prior to symptom onset. ELife 9:e57149. doi: 10.7554/eLife.57149.sa2

 Trivers, R. L. (1972). Parental Investment and Sexual Selection. University of Chicago Press. 838.

 Varella, M. A. C., Luoto, S., Soares, R. B., da, S., and Valentova, J. V. (2021). COVID-19 pandemic on fire: evolved propensities for nocturnal activities as a liability against epidemiological control. Front. Psychol. 12:646711. doi: 10.3389/fpsyg.2021.646711

 Weinberger, D. M., Chen, J., Cohen, T., Crawford, F. W., Mostashari, F., Olson, D., et al. (2020). Estimation of excess deaths associated with the COVID-19 pandemic in the United States, March to May 2020. JAMA Int. Med. 180, 1336–1344. doi: 10.1001/jamainternmed.2020.3391

 Weinstein, N. D. (1982). Unrealistic optimism about susceptibility to health problems. J. Behav. Med. 5, 441–460. doi: 10.1007/BF00845372

 Wolfers, M., de Zwart, O., and Kok, G. (2011). Adolescents in The Netherlands underestimate risk for sexually transmitted infections and deny the need for sexually transmitted infection testing. AIDS Patient Care STDs 25, 311–319. doi: 10.1089/apc.2010.0186

 Yong, J. C., and Choy, B. K. C. (2021). Noncompliance with safety guidelines as a free-riding strategy: an evolutionary game-theoretic approach to cooperation during the COVID-19 pandemic. Front. Psychol. 12:646892. doi: 10.3389/fpsyg.2021.646892

 Yuan, K.-H., and Bentler, P. M. (2000). Three likelihood-based methods for mean and covariance structure analysis with nonnormal missing data. Sociol. Methodol. 30, 165–200. doi: 10.1111/0081-1750.00078

 Zheng, Z., Peng, F., Xu, B., Zhao, J., Liu, H., Peng, J., et al. (2020). Risk factors of critical and mortal COVID-19 cases: a systematic literature review and meta-analysis. J. Infect. 81, e16–e25. doi: 10.1016/j.jinf.2020.04.021

 Zheutlin, A. B., Dennis, J., Linnér, R. K., Moscati, A., Restrepo, N., Straub, P., et al. (2019). Penetrance and pleiotropy of polygenic risk scores for Schizophrenia in 106,160 patients across four health care systems. Am. J. Psychiatr. 176, 846–855. doi: 10.1176/appi.ajp.2019.18091085

 Zhong, Y., Liu, W., Lee, T.-Y., Zhao, H., and Ji, J. (2020). Risk perception, knowledge, information sources and emotional states among COVID-19 patients in Wuhan, China. Nursing Outlook 69, 13–21. doi: 10.1016/j.outlook.2020.08.005

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 Gassen, Nowak, Henderson, Weaver, Baker and Muehlenbein. 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.



OPS/images/fpsyg-12-647461-t005.jpg
Variable 1

1. COVID-19 disease -
severity risk score

2. Risk tolerance -0.02
3. Education -0.07
4. Seff-rated knowledge 002
about COVID-19 disease

5. Has health insurance 006
6. Number of cohabitants -0.27
7. Healthcare worker or first ~ —0.19"*
responder

8. Interactions without face -011
coverings

9. Know someone 003
diagnosed with COVID-19

disease

10. Know someone 008
hospitalized with COVID-19

disease

11. Know someone who 007
died from COVID-19

disease

12. Provided care for
someone with COVID-19
disease

13. Within six feet of -0.10*
someone with COVID-19

disease

0.03
-0.03

-0.08
0.04
0.03

0.19™

-0.02

0.08

0.03

0.11*

014

0.14*
-0.04
-0.03

-0.09"

-0.01

0.10"

0.004

0.05

-0.05

008
-0.10°
0.18"

-0.09"

-0.03

0.03

0.07

0.20"

0.15

0.01
0.06

0.01

-0.09"

-0.07

0.06

0.07

0.26™

-0.01

-0.04

-0.02

-0.01

-0.04

011"

0.01

—0.004

0.05

0.49™

0.26"

—0.04

-0.03

0.07

0.09

039"

0227

0.16"

0.27*

10 11
0.49 -
0.11* 0.08

0.19**  0.13*

12

0.65"*






OPS/images/math_1.gif
condition1”odds ratio + condition2”odds ratio . .. + condition11*oads ratio
11

Clinical risk score =





OPS/images/fpsyg-12-647461-t003.jpg
Characteristic

Contact within 6 feet per day with

Coworker or client/patron before March 13th

Friend or family member before March 13"
Coworker o client/patron between May 1st and May 18th/22nd
Friend or family memmber between May 1st and May 18th/22nd
Coworker or client/patron after May 18th/22nd

Friend or family member after May 18th/22nd

Exposure to

Animal with confirmed or suspected COVID-19 disease

Yes

No

Know someone who has been diagnosed with COVID-19 disease
Yes

No

Know someone who has been hospitalized from COVID-19 disease
Yes

No

Know someone who has passed away from COVID-19 disease
Yes

No

Provide a care for a COVID-19 disease patient

Yes

No

Be within 6 fest of anyone that has been diagnosed with COVID-19 disease
Yes

No

Wash hands with soap and water or use sanitizer

Before the pandemic

Since the pandemic

Change before-after

Left home between March 13th and May 1st

To buy essential supplies

To a friend's house

To a gas station

To a liquor store

Pick up food from a restaurant

Toa public park

Times traveled within Texas after March 13

Times traveled outside of Texas after March 13

Self-rated knowledge level on how to prevent spread of SARS-CoV-2 virus
Self-rated probability of getting infected with SARS-CoV-2 virus
Self-rated severity of contracting COVID-19 disease

Self-rated adherence to recommendations from authorities in the country to prevent spread of
SARS-CoV-2 virus

Willingness to take a vaccine if available

Willingness to live up to restrictions, even if not formal anymore, if there is a surge in cases of
COoVID-19

Self-reported feeling helpless because of COVID-19 disease
Self-reported feeling depressed because of COVID-19 disease

Tend to take risk

Perceived Vulnerability to Disease Perceived Infectability subscale (PVD-DP)-partial
Perceived Vulnerability to Disease Germ Aversion subscale (PVD-DP)-partial
Perceived stress scale-partial

Three domains of disgust scale-partial

N (%)

467 (94.9)
466 (94.5)
467 (94.9)
466 (94.7)
467 (94.9)
466 (94.7)

10(2.0)
481(97.8)

335 (68.1)
157 (31.9)

140 (28.5)
352 (71.5)

81(16.5)
410 (83.3)

88(17.9)
403 (81.9)

146 (29.7)
346 (70.3)

491 (99.9
491 (99.9
491 (99.8)

491 (99.8)
488 (99.2)
491 (99.8)
486 (98.8)
488 (99.2)
490 (99.6)
492 (100)
492 (100)
490 (99.6)
489 (99.4)
489 (99.4)
490 (99.6)

491 (99.8)
491(99.9)

490 (99.6)
490 (99.6)
491 (99.8)
492 (100)
492 (100)
492 (100)
491 (99.8)

Mean (SD)

225(38.21)
13.8 (21.54)
6.6 (16.31)
10.8 (20.58)
59(15.69)
10.4 (20.54)

9.9(10.57)
17.5(15.07)
7.6/(9.06)

28(4.78)
0.7(2.95)
1.9(3.01)
0.3(0.84)
28(4.53
1.2(3.68)
09(13)
02(05)
6.1(0.95)
4.1(1.59)
36(1.62)
7(1.67)

55(1.98)
5.5(1.64)

3.9(2.26)
3823
3.6(1.74)
3.1(1.26)
5.1(1.14)
2.4(0.73)
4.6(1.34)

Median (range)

10 (0-500)
8(0-203)
1(0-200)
5(0-200)
1(0-200)
4(0-200)

6(0-100)
12 (1-100)
5(~15-97)

2(0-60)
0(0-60)
1(0-42)
0(0-10)
2(0-56)
0 (0-60)
05 (0-5)
0.0(0-8)
6(1-7)
4(1-7)
4(1-7)
8(1-8)

6(1-7)
6(1-7)

4(1-8)
4(1-8)
4(1-7)
3(1-7)

5(13-7)
23(1-4.8)
4.7 (1-7)





OPS/images/fpsyg-12-647461-t004.jpg
Dependent variable

Risk perception
Likelihood of infection

Likelihood of severe illness if infected
Behavior during shelter-in-place order
Buy supplies

Visit friend

Gas station

Liquor store

Pick up food from restaurant

Public park

Travel during pandemic

Within State

Outside of State

Psychological distress during pandemic
Perceived stress

Feelings of depression

Feelings of helplessness

SE, standard error. *p < 0.0

Primary
model

—2.63(0.84)
379064

~0.48 (2.19)
7.14(6.74)
—174(1.11)
0.16(0.48)
~3.92(1.67)"
~1.85(0.82)"

1.83 (057)"
~0.98(0.94)

—1.21 (032"
—8.37 (1.04*
—3.60 (1,09

Unstandardized beta coefficient (SE)

Covariates
included

—1.80(0.87)"
3.38(0.70)"*

~0.50 (2.26)
7.25 (6.87)
—1.50(1.12)
025 (0.47)
—442(1.73
—2.07 (085)"

1.84 (0.58)"
~1.43(099)

—1.47 .34
—4.27 (109"
—5.27 (112"

Outliers
removed

~2.98(0.97)"
4.10(0.95)"

0.11(1.19)
~0.20(0.87)
—0.71(1.24)
0.001 (0.35)
—2.57 (1.87)
—1.78 (1.46)

1.71 (0.70¢
~1.01(1.98)

—1.26 (0.49)°
~3.28 (1.44)"
—3.72 (150





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Unrealistic Optimism and Risk for COVID-19 Disease



		Introduction



		Unrealistic Optimism



		Evolution and Unrealistic Optimism



		Maladaptive Optimism



		Unrealistic Optimism and the COVID-19 Pandemic



		Current Aims







		Methods



		Overview and Study Design



		Materials



		Clinical Risk Score for Severe COVID-19



		COVID-19 Threat Appraisal



		Self-Isolation During Shelter-in-Place Order and Travel



		Psychological Distress During the Pandemic



		Covariates









		Data Analysis Plan







		Results



		COVID-19 Threat Appraisal



		Self-Isolation During the Shelter-in-Place Order and Travel



		Psychological Distress During the Pandemic







		Discussion



		Evolution, Unrealistic Optimism, and COVID-19



		Perceived Risk and Compliance With State Law and Public Health Recommendations



		Future Directions







		Data Availability Statement



		Data Sharing



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Footnotes



		References

















OPS/images/cover.jpg
, frontiers
in Psychology

Unrealistic Optimism and Risk for
COVID-19 Disease





OPS/images/fpsyg-12-647461-t001.jpg
Characteristic N(%) Mean (SD) Median (range)

Total 492 (100)
Age 492 (100) 44.4 (14.25) 42 (19-87)
Group

3 180 (36.6)
4 108 (22.0)
5 100 (20.3)
6 88(17.9)
7 16(2.3)
Sex/Gender

Female 309 (62.)
Male 183 (37.2)
Racial identification

American Indian or Alaskan Native 10.2)
Asian 6(1.2)
Black/American Indian 12 (24)
Native Hawaiian or other Pacific Islander 1 (0.2)
White 430(87.4)
More than one race 3163
Other/Missing 11(2.2)
Hispanic, Latino, or of Spanish origin

Yes 96(19.5)
No 395 (80.8)
Currently employed

Yes 413(83.9)
No 79(16.1)
Worked as healthcare provider or a first responder since December 2019
Yes 177(36.0)
No 314 (63.8)
Currently have health insurance

Yes 460 (93.5)
No 32(6.5)
Type of insurance

Medicare 44 (8.9)
Private 417 (84.6)
Other/Missing 32(6.5)
Highest level of education

No high school or GED 10.2)
High school/GED 12 (2.4
Some college 71(14.4)
2-year degree (associate’s) 67(13.6)
Professional certification 31(6.3)
4-year college degree 136 (27.6)
Some grad school, no degree 28(5.7)
Master's degree 91(18.5)
Doctoral degree 51(10.4)
Other graduate degree 4008
Cohabitants in household 492(100) 22(163)  2(0-10)
Childhood SES-partial 492(100) 38(152)  8.7(1-7)
Political affiliation

Democrat or lean democrat 133 (27.0)
No lean 137 (27.8)

Republican or lean republican 219 (44.5)





OPS/images/fpsyg-12-647461-t002.jpg
Characteristic N(%) Mean(SD) Median (range)

BMI 492 (100) 29 (6.42)  28.1(16.1-56.5)
Chronic infectious diseases

Yes 4(08)

No 488 (99.2)

Chronic non-infectious diseases or medical conditions

Yes 216 (43.9)

No 271 (85.1)

COVID-19 disease related pre-existing conditions (1)

Yes 205 (41.7)

No 287 (58.9)

Specific COVID-19 disease related pre-existing conditions (self-reported)
Age >65 48(9.8)

Any cardiovascular/heart condition, 58 (11.8)
including COPD, congestive heart

failure, and hypertension

coPD 102
Any chronic lung disease, including 27 (5.5)
moderate or severe asthma

Chronic kidney disease 3(06)
Liver disease 204
Diabetes 19(3.9)
Obesity 98(19.9
Having an immune deficiency, 3(06)
including HIV

Receiving cancer treatment or other 3 (0.6)
immune weakening medications
including corticosteroids

Smoking or vaping 36(7.3)
Living in a nursing home or long-term 0 (0.0)

care facilty

Influenza vaccine since September 2019

Yes 336 (68.8)

No 156 (31.7)

Smoking and vaping

Smoking 29(5.9)

Cigarettes per day 10 (5.74) 10 (0-30)
Vaping 10 (2.0)

Puffs per day 72(91.74) 265 (12-300)
Neither 452(91.9)

Smokeless tobacco or nicotine products use

Yes 19(3.9)

No 473 (96.1)

Hours per week spend on 491(99.8)7.7 (24.43) 4 (0-500)
physical exercise

Diet

Ona diet 103 (20.9)

No special diet 373 (75.8)

COVID-19 disease risk score 492(100) 1.1(0.1) 1(1-1.7)
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