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Abstract

We examined stress as a predictor of behaviours related to Coronavirus Disease-
2019 (COVID-19) through its effects on delay discounting. Adults (N = 3686)
completed an online survey with a behavioural measure of delay discounting and
questions regarding stress, physical distancing, and stockpiling of food and sup-
plies. Stress was weakly, but positively, correlated with delay discounting
(p < 0.01). Delay discounting was positively correlated with stockpiling (p < 0.01);
and discounting was negatively correlated with physical distancing (p < 0.01).
Mediation models indicated that discounting was a significant mediator of the
relationship between stress and physical distancing (—0.003) and stockpiling
(0.003); bootstrap 95% Cls (—0.006, —0.001) and (0.001, 0.005), respectively.
After accounting for its indirect effects through discounting, stress continued to
have a direct effect on these outcomes. This study indicates that delay dis-
counting partially mediates the link between stress and behaviours related to
COVID-19. Results suggest that interventions reducing stress and/or delay dis-
counting may be profitable for increasing infection prevention and reducing

stockpiling.
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of targeted interventions that aim to protect and enhance public

THE MEDIATING ROLE OF DELAY DISCOUNTING

Coronavirus Disease-2019 (COVID-19) is the most severe global
health emergency declared by the World Health Organization (WHO;
Adhanom Ghebreyesus, 2020). As of 25 October 2020, COVID-19 has
been confirmed in 43,341,451 people, and it has caused 1,157,509
deaths worldwide (World Health Organization, 2020). At present,
there are no treatments nor vaccines specifically approved for COVID-
19; therefore, prevention is essential for mitigating spread of the virus
and reducing the impact of the disease on individuals and societies. As
with many health outcomes, prevention of COVID-19 relies heavily on
behaviours and practices of individuals. Thus, it is critical to under-

stand predictors of individuals’ behaviours to guide the development

wellbeing. Given that the pandemic has been a significant source of
stress for individuals across the globe (Brown et al., 2020; Henry J.
Kaiser Family Foundation, 2020; Wang et al., 2020), this investigation
focuses on stress as a predictor of decision making tendencies and,
ultimately, consequential behaviours during the COVID-19 pandemic.

Extant research indicates that stress influences decision
making (Herbert, 2020; Wemm & Woulfert, 2017; Zaleskiewicz &
Traczyk, 2020). For instance, stress is associated with amplified
tendencies for selecting immediate gratification with smaller benefits
rather than waiting for larger benefits in the future (Diller
et al, 2011), a tendency referred to as delay discounting. Studies
have also established a link between stress and risk for maladaptive

behaviours, such as substance use and food addiction (McMullin
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et al., 2020; Sinha, 2008). Furthermore, some researchers have found
that delay discounting mediates the relationship between stress and
substance use (Fields et al., 2009; Nikolova et al., 2016).

Beyond its association with substance use, delay discounting is
related to a wide range of other maladaptive behaviours
(Bickel et al., 2019), such as unhealthy food consumption (Barlow
et al, 2016; Garza et al, 2016), pathological gambling (Dixon
et al., 2003), and reduced propensities to obtain influenza vaccina-
tions (Chapman & Coups, 1999) and cancer screenings
(Bradford, 2010). In the context of COVID-19, stress and delay dis-
counting may play roles in explaining other behaviours of public
importance, such as adherence to physical distancing guidelines and
acquisitiveness (i.e., stockpiling food or other household supplies).
Physically distancing oneself from others and minimizing in-person
interactions, is a critical way to mitigate viral spread during pan-
demics (Glass et al., 2006; Maharaj & Kleczkowski, 2012). Despite its
importance, physical distancing requires individuals to forgo imme-
diate social enjoyment for longer-term personal and societal benefits.
Thus, individuals who tend to engage in delay discounting may be
more inclined to choose the immediate enjoyment of social gather-
ings rather than adhering to physical distancing guidelines.

Furthermore, the impacts of individual decision making on public
wellbeing during a pandemic extend beyond mitigation of viral
spread. For instance, during early months of the COVID-19
pandemic, the implications of individuals’ decision making were
made salient as shortages of toilet paper became an issue worldwide,
in part, due to a subset of consumers making large purchases and
hoarding these supplies (Horowitz-Ghazi, 2020; National Public
Radio, 2020). Such stockpiling behaviours appear to reflect a focus on
immediate gratification rather than on larger, longer-term implica-
tions of one’s decisions for other members of the community. Thus,
individuals who tend to engage in delay discounting may be more
inclined to stockpile resources.

The purpose of this study was to formally examine whether delay
discounting would predict these consequential, pandemic-related
behaviours and to specifically test whether these behaviours would
be predicted by a mediation model in which stress predicts delay
discounting. We predicted that perceived stress during the pandemic
would be positively related to delay discounting during the pandemic
and that greater delay discounting would be related to behaviours
that reflect a focus on immediate gratification, including less physical
distancing and more stockpiling of food and basic supplies during the
COVID-19 pandemic.

2 | METHODS

An English-language, cross-sectional survey was created in Qualtrics
(Qualtrics, 2020) and translated into seven other languages by native
speakers of Arabic, Chinese, French, German, ltalian, Russian and
Spanish. Survey links were distributed internationally via paid ad-
vertisements on Facebook and via email in social and professional
networks between 31 March and 15 May 2020. Individuals aged 18+

years were eligible to participate after indicating their age in years
and providing electronic consent. The survey took approximately 15
min to complete and no incentive was provided for participation. All
study protocols were approved by the Institutional Review Board at
the University of Minnesota.

2.1 | Measures

2.1.1 | Respondent characteristics
Respondents self-reported their age, country of residence, sex at
birth (male, female other), and highest level of education completed

(0 = no formal education to 4 = post-secondary/tertiary school).

2.1.2 | Delay discounting

A monetary 5-trial delay discounting task (Koffarnus & Bickel, 2014)
was used to assess discounting rates. The currency was set to $ for
the English, Arabic and Russian surveys; it was set to € for the
French, German, Italian, and Spanish surveys; and it was set to ¥ for
the Chinese survey. The maximum (larger, later amount) was set to
7000 for ¥ and to 1000 for $ and € for approximate equivalence in

worth across currencies.

2.1.3 | Stress

Respondents reported the extent to which they have felt ‘stressed’
and the extent to which they felt ‘overwhelmed’ in the time since
COVID-19 began spreading. Response options ranged from O (Not at
all) to 5 (A lot). Similar to previous research (DeAngelis &
al'Absi, 2020), responses to these items were averaged to create an
index of stress, r = 0.76.

2.1.4 | COVID-19 behaviours (stockpiling, physical
distancing)

Respondents indicated the extent to which they have been practicing
physical distancing (i.e., limiting their physical interactions with others
and maintaining at least 6 feet/1.8 m between themself and other
individuals to prevent spreading COVID-19) and the extent to which
they have stocked-up on a larger supply of basic household supplies or
food than they usually do because of COVID-19. Response options for
these items included Not at all (0), Somewhat, Moderately, and A lot (3).

2.2 | Study sample and analytic approach

Only respondents who completed the delay discounting task were

included in this study (N = 3686). Prior to analyses, delay discounting
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rates were natural log transformed to achieve normality (Koffarnus &
Bickel, 2014) and a dichotomous variable for male (1) versus female
(0) sex was created.

Previous research has documented that stress (Cohen & Janicki-
Deverts, 2012) and delay discounting (Green et al., 1994; Jaroni
et al, 2004; Kirby & Marakovi¢, 1996) are associated with age, ed-
ucation, and sex. Therefore, we included these variables in our ana-
lyses. Pearson correlations were used to examine the relationships
between stress, delay discounting, and COVID-19-related behaviours
as well as age, education, and sex. Finally, separate mediation models
were run for each dependent variable, with stress as an exogenous
variable, discounting as a mediator, and with sex, age, and education
as covariates. All analyses were run in SPSS v24, using model 4 of
Hayes’ PROCESS macro (version 3.4; Hayes, 2017), which runs OLS
regression for continuous dependent variables and logistic regression
for dichotomous outcomes. We requested 5000 bootstrap samples
for regression coefficients and for percentile bootstrap confidence

intervals for model inferences.

3 | RESULTS

The sample included respondents from 96 different countries, with
nearly half of the respondents (48%, n = 1776) reporting residence in
the United States of America. Respondents ranged from 18 to 87
years old (M = 38.6, Mdn = 36.0, SD = 14.3); and they were relatively
well-educated, with most reporting completion of more than 12 years
of school (i.e., post-secondary/tertiary school; n = 3217). A little over
70% of the sample identified as female (n = 2607; male n = 1056).
Correlations among all study variables and basic descriptive
statistics are presented in Table 1. Consistent with previous research
(Green et al., 1994; Jaroni et al., 2004; Kirby & Marakovié¢, 1996),
discounting was negatively related to both age and education; males
tended to have higher discounting than females. As predicted, stress
was positively related to discounting, albeit weakly. Discounting was

TABLE 1 Descriptives and zero-order pearson correlations (N)

also negatively correlated with physical distancing and discounting
was positively correlated with stockpiling.

Mediation model coefficients and model summaries are pre-
sented in Table 2 and indices of mediation are presented in Figure 1.
Results from the mediation models for both outcomes indicated
significant positive effects of stress on delay discounting and signif-
icant relationships between discounting and the outcomes. More-
over, there was evidence of significant mediation for both physical
distancing and stockpiling (Figure 1). Notably, for both outcomes, a
direct effect of stress on the behavioural outcomes remained sig-
nificant, even after accounting for its indirect effects through delay

discounting.

4 | DISCUSSION

Consistent with our predictions, the findings of this study indicate
that stress was positively, though weakly, related to delay dis-
counting; and delay discounting was correlated with less physical
distancing and more stockpiling of food and basic supplies during the
COVID-19 pandemic. Moreover, we found that delay discounting
mediated the effects of stress on these behaviours. Even after ac-
counting for indirect effects of stress, however, we found that stress
had a direct effect on physical distancing and stockpiling behaviours.

This study adds timely data to existing literature on the role of
stress in decision making and consequential behaviours. Similar to
previous research that documented associations between stress and
delay discounting (Diller et al., 2011) and maladaptive behaviours,
such as substance use and food addiction (McMullin et al., 2020;
Sinha, 2008), we found that stress was positively related to delay
discounting and stockpiling, and stress was negatively related to
physical distancing during the COVID-19 pandemic. These findings
highlight stress reduction as a potential avenue for managing be-
haviours that have the potential to impact both individual and public
health and well-being.

Stress Delay Discountingt Male Sex Age Education Stockpiling  Physical Distancing
Mean (SD) or % 2.8 (1.5) -5.1 (2.6) 28.8% 38.6 (14.3) 3.9 (0.4) 1.1 (0.8) 2.6 (0.7)
Stress 1 (3672) - - - - - -
Delay discountingt  0.05** (3672) 1 (3686) - - - - -
Male sex —0.20** (3654) 0.12** (3663) 1(3663) - - - -
Age -0.22** (3672) —0.07** (3686) 0.09** (3663) 1(3686) - - -
Education —0.05** (3637) —0.08**(3645) —0.05"* (3631) 0.09** (3645) 1(3645) - -
Stockpiling 0.18"* (3671) 0.10"%(3677) 0.04%(3659) 0.01 (3677) —-0.02(3641) 1(3677) -
Physical distancing ~ 0.05** (3672) —-0.16*%(3678) —0.15"%(3660)  0.15** (3678) 0.09**(3642) 0.02(3677) 1(3678)

Note: Male sex (1 = male, O = female). SD, standard deviation.

TNatural log transformed.

“p < 0.01; *p < 0.05.
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(a) Delay Discounting

0.108

Stress

0.116

Stockpiling

Index of mediation =.003, BootSE =.001, 95%BootCl(.001, .005)

(b) Delay Discounting

0.108

-0.032

Stress
0.029

Physical Distancing

Index of mediation = .003, BootSE =.001, 95%BootCl(.001, .005)

FIGURE 1 Figures 1a and 1b depict the mediation models that were tested using Model 4 of Hayes’ PROCESS macro (version 3.4).
Coefficients (adjusted for covariates) are presented for the primary relationships of interest (also presented in Table 2). The indices of
mediation reflect that the indirect effect of stress through its effects on discounting was statistically significant for stockpiling (0.003,
Bootstrapped 95% Confidence Interval: 0.001, 0.005) and for physical distancing (—0.003, Bootstrapped 95% Confidence Interval: —0.006,

—-0.001)

Previous research indicated that steeply discounting the future is
correlated with a wide range of maladaptive behaviours that pose
significant public health concerns, such as unhealthy food consump-
tion (Barlow et al., 2016; Garza et al., 2016) and reduced propensities
to obtain influenza vaccinations (Chapman & Coups, 1999). Similarly,
results from this study indicate that delay discounting is associated
with less physical distancing, which undermines one of our primary
ways to mitigate viral spread during the COVID-19 pandemic (Glass
et al.,, 2006; Maharaj & Kleczkowski, 2012). This study also found that
delay discounting is related to more extensive stockpiling of food and
other supplies, which can have negative consequences for supply
chain management (Zheng, Shou, & Yang, 2020), infrastructure
(Fenston, 2020), and community members who are unable to pur-
chase needed supplies (40% of respondents in this study reported
being unable to purchase food or basic household supplies due to
store or retailer shortages during COVID-19). These findings suggest
that delay discounting may be another promising target for in-
terventions that aim to increase preventive health behaviours or
decrease behaviours that may have adverse or deleterious
consequences.

As with all research, this study is not without limitations. The
cross-sectional nature of the current design does not rule-out the
possibility of alternative causal orders among the variables in our
models. In addition, although our measures of stockpiling and phys-
ical distancing have high face validity, these items were written for
the purpose of this study and were not extracted from validated
measures. Finally, while we found significant mediation, there re-
mains a sizable amount of variance in the dependent measures that

our models were unable to account for - future research should

examine additional predictors of discounting, behaviours related to
COVID-19.

Given that physical distancing is the primary means of mitigating
viral spread during a pandemic and given the deleterious conse-
quences of stockpiling behaviours, understanding predictors of these
behaviours is critical for protecting and enhancing public health and
well-being. Therefore, this study examined stress and delay dis-
counting as predictors of these behaviours during the COVID-19
pandemic, with delay discounting as a mediator of stress effects.
Our findings suggest that stress and delay discounting might be
useful for identifying groups prone to engaging in behaviours that
may undermine one’s own or others’ quality of life (stockpiling scarce
resources, failure to practice physical distancing during pandemics).
Moreover, our results suggest that stress and delay discounting
present potential opportunities for targeted interventions and
communication campaigns that may ultimately reduce such mal-

adaptive behaviours.
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