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ARTICLE INFO ABSTRACT

Keywords: Background: Although there are increasing concerns on mental health consequences of the COVID-19 pandemic,
CQVID-19 ) no large-scale population-based studies have examined the associations of risk perception of COVID-19 with
Risk perception emotion and subsequent mental health.

Emotion

Methods: This study analysed cross-sectional and longitudinal data from the PsyCorona Survey that included
54,845 participants from 112 countries, of which 23,278 participants are representative samples of 24 countries
in terms of gender and age. Specification curve analysis (SCA) was used to examine associations of risk
perception of COVID-19 with emotion and self-rated mental health. This robust method considers all reasonable
model specifications to avoid subjective analytical decisions while accounting for multiple testing.

Results: All 162 multilevel linear regressions in the SCA indicated that higher risk perception of COVID-19 was
significantly associated with less positive or more negative emotions (median standardised $=-0.171, median
SE=0.004, P<0.001). Specifically, regressions involving economic risk perception and negative emotions
revealed stronger associations. Moreover, risk perception at baseline survey was inversely associated with
subsequent mental health (standardised f=-0.214, SE=0.029, P<0.001). We further used SCA to explore whether
this inverse association was mediated by emotional distress. Among the 54 multilevel linear regressions of
mental health on risk perception and emotion, 42 models showed a strong mediation effect, where no significant
direct effect of risk perception was found after controlling for emotion (P>0.05).

Limitations: Reliance on self-reported data.

Conclusions: Risk perception of COVID-19 was associated with emotion and ultimately mental health. In-
terventions on reducing excessive risk perception and managing emotional distress could promote mental health.

Mental health

1. Introduction epidemics in the past years, the COVID-19 has caused one of the largest

global lockdowns in human history. During this special period, it is

COVID-19, a public health emergency of international concern as
declared by the WHO, is rapidly sweeping the world and threatening
human health both physically and mentally. Since the lockdown of
Wuhan, China on January 23, 2020, most countries around the world
have implemented lockdown restrictions or social isolation to stop the
spread of the COVID-19. Although humans have experienced many

* Corresponding author.
E-mail address: b.zhengl7@imperial.ac.uk (B. Zheng).

essential to investigate how people worry about being infected or other
adverse consequences of COVID-19, how this risk perception (Pack and
Hove, 2017; Dryhurst et al., 2020) affects their emotions, and whether it
will eventually lead to mental health problems (Ren et al., 2020).

Risk perception of COVID-19 is the cognitive response and assess-
ment for the threat of the COVID-19 pandemic. Risk perception has two

1 The full co-author list of the PsyCorona Collaboration is displayed in Acknowledgement section.
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main dimensions according to the psychometric paradigm (Slovic,
1987): “dread” which reflects the perceived lack of control and cata-
strophic potential, and “risk of the unknown” which refers to the un-
observable of the hazard (Peters and Slovic, 1996; Siegrist et al., 2005).
The emergence of the COVID-19 pandemic could seriously arouse these
two psychological dimensions and make people feel threatened. Exten-
sive evidence from previous research in psychology, clinical science and
economics indicated that people perceive the risk cognitively and
respond to it emotionally (Loewenstein et al., 2001); in other words, risk
perceptions typically drive emotions and psychological distress (Loe-
wenstein et al., 2001; Slovic et al., 2004; Leppin and Aro, 2009). In
addition to the direct evidence, stress and motivational prioritisation
may link risk perception to emotion and mental health. Consistent evi-
dence has shown that risk perception has a remarkably positive associ-
ation with the feeling of stress (Lopez-Vazquez, 2001; Lopez-Vazquez
and Marvan, 2003). In this case, the threat of the pandemic will induce
stress, which will in turn affect people’s emotion and mental health
according to the social stress theory and empirical evidence (Anes-
hensel, 1992; Kessler, 1997; Wu et al., 2020; Guidi et al., 2021). In
addition, high risk perception of COVID-19 may reflect motivational
prioritisation of the COVID-19 threat over other important life goals,
needs and duties. This motivational preoccupation could cause
emotional fluctuations following the pandemic escalation (Kopetz,
2017). Therefore, we propose that the risk perception of COVID-19
could be associated with emotion and mental health.

Emerging evidence from the previous pandemics (e.g., SARS, HIN1,
Ebola) also implied that risk perception could be highly associated with
public’s emotional responses (Qian et al., 2003; Qian et al., 2005; Raude
and Setbon, 2009; Bults et al., 2011; Yang, 2016). For example, Prati
etal. (2011) found a positive association between perceived severity and
affective response to the HIN1 pandemic in 2009. Yang and Chu (2018)
also associated risk perception about the Ebola outbreak with some
negative emotions like fear, anger, anxiety, disgust and sadness. In the
context of the COVID-19 pandemic, the concerns of getting infected and
the economic consequences have been proposed as two major aspects of
risk perception of COVID-19 and assessed by several preliminary studies
(Soiné et al., 2020; Bruine de Bruin, 2020).

Given the emotional strain during the pandemic, there is increasing
concern about its impact on mental health (Burhamah et al. 2020;
Planchuelo-Gomez et al., 2020). A national survey in China at the initial
stage of COVID-19 outbreak indicated that 27.9% of participants had
symptoms of depression, and 31.6% had symptoms of anxiety (Shi et al.,
2020). Another survey of US adults in April 2020 reported that 13.6% of
participants had symptoms of serious psychological distress, which was
substantially higher than the estimate in 2018 (3.9%); and 13.8% of
participants frequently felt lonely (McGinty et al., 2020). Several pre-
liminary studies have evaluated the risk perception of COVID-19 in
relation to mental health. A survey by Ding et al. (2020) found that the
risk perception of COVID-19 was associated with the level of depression.
Teufel et al. (2020) observed similar time trends of the levels of risk
perception and COVID-19 related fear, depression and generalised
anxiety in their survey data. However, these studies were limited by
small sample size, being restricted to one country, or the measurement
of single dimension of COVID-19 related risk perception. A compre-
hensive understanding of the association between risk perception and
mental health is crucial for developing relevant preventive interventions
and social policies during the pandemic.

In this regard, we conducted one of the first large-scale international
surveys focusing on risk perception and psychological responses during
the peak period of the worldwide outbreak of COVID-19. This study
aimed to examine: a) the concurrent association of risk perception with
emotion during the pandemic, at both the individual level and the
country level, and b) whether the risk perception was associated with
subsequent self-rated mental health through its emotional impact.

248

Journal of Affective Disorders 284 (2021) 247-255

2. Methods
2.1. Data source

This study was based on the cross-sectional and longitudinal data
from the PsyCorona Survey, an international project on COVID-19 that
included over 60,000 participants from 112 countries (see Www.psy-
corona.org for details). This 20-minute web-based survey, which has
been translated into 30 languages, aims to investigate the psychological
impact of the coronavirus spread. Data on risk perception of COVID-19
and emotion were collected in the baseline survey from March 19, 2020.
After the baseline survey, participants were invited by email to complete
a follow-up survey one week later on a voluntary basis, in which mental
health data were collected to reflect the subsequent acute mental health
response to the COVID-19 pandemic.

To increase the representativeness of the baseline survey, a subset of
participants from 24 countries were sampled online through Qualtrics’
panel management service (or WJX Company in China) from April 10 to
May 11, 2020. For each of the 24 countries (Argentina, Australia, Brazil,
Canada, China, France, Germany, Greece, Indonesia, Italy, Japan,
Netherlands, Philippines, Romania, Russia, Saudi Arabia, Serbia, South
Africa, South Korea, Spain, Turkey, the United Kingdom, Ukraine, and
the United States), around 1000 participants were selected who are
representative of the country’s general population in terms of gender
and age.

PsyCorona Survey was approved by the Ethical committee of the
University of Groningen (study code: PSY-1920-S-0390) and New York
University Abu Dhabi (study code: HRPP-2020-42). All participants
gave informed consent before taking the survey. Detailed methodology
and quality control procedures of the PsyCorona Survey are presented in
the CHERRIES checklist (Eysenbach, 2004) as a Supplementary File.

2.2. Measures

Response variables. a) Emotion. PsyCorona Survey measured 12
specific emotions using an adapted PANAS Scale (Russell, 1980; Watson
et al., 1988), including anxious, bored, depressed, nervous, exhausted,
lonely (all classified as negative emotions; Cronbach’s a=0.80), calm,
content, excited, inspired, relaxed and happy (positive emotions;
Cronbach’s @=0.78). All emotions were measured in a 5-point Likert
scale from 1 (very slightly or not at all) to 5 (extremely) except for
happiness, which was originally measured in a 10-point rating scale and
then re-scaled to 5-point through linear transformation. b) Mental
health. PsyCorona Survey used a single-item self-reported measure of
mental health (“How is your current mental health?”) in the follow-up
survey (Ahmad et al., 2014), with a 10-point scale from 1 (terrible) to
10 (excellent). According to a review by Ahmad et al. (2014), this
single-item measure correlates well with several validated multi-item
measures of mental health.

Explanatory variables. Risk perception of COVID-19: PsyCorona
Survey measured the risk perception of getting infected (infection-risk)
and the risk perception of suffering from economic consequences of
COVID-19 (economic-risk) in two separate items, with an 8-point Likert
scale from 1 (exceptionally unlikely) to 8 (already happened).

Potential confounding variables. Two groups of confounders were
considered in this study. The first group is basic demographic factors:
age, gender and education level. The second group is other variables that
may have an impact on risk perception, emotion or mental health,
including religion, employment status, personal financial strain, social
contact (online/in person), presence of someone to discuss personal
matters with, close relationship with infected patients, knowledge about
COVID-19 and its potential economic consequences, and clear message
received on coping with COVID-19. Details of relevant items are dis-
played in Supplementary Table 1. The relationships between these po-
tential confounders and explanatory and response variables, assessed by
correlation coefficients or one-way analysis of variance, are presented in
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Supplementary Table 2 and Supplementary Table 3.
2.3. Eligible participants

For the cross-sectional analysis of risk perception and emotion, we
used baseline data collected from 61,676 participants during March 19
to May 17, 2020. We excluded 3212 participants with any missing
values in the explanatory and response variables and country, age group
and gender, and conducted complete-case analysis given the small
proportion (5%) of missing data (Bennett, 2001) and the quality con-
cerns of incomplete questionnaires. We further excluded 3619 partici-
pants who chose option 8 (“already happened”) in either of the two risk
perception items, so that the highest risk perception category is 7 (“all
but certain”). This resulted in a sample population of 54,845 partici-
pants across 112 countries. In addition, we conducted a sensitivity
analysis by repeating the analytical procedures in the representative
sample of baseline survey, including 23,278 participants from 24
countries. This sensitivity analysis aimed to increase the representa-
tiveness of the results and assess the robustness of main findings.

For the analyses involving mental health, we included 1404 partic-
ipants who had valid data on self-rated mental health in the follow-up
survey. Complete-case analysis was used to deal with missing values
on covariates in this study (each covariate had 0 to <1% missing values).

2.4. Statistical analysis

Characteristics of study population and mean values of self-reported
risk perception, negative/positive emotion and overall mental health
were described. For countries with at least 200 participants, a cross-
sectional ecological analysis was conducted to examine the correla-
tions between country-level mean values of risk perception items and
country-level mean values of negative emotion items or positive
emotion items.

Since there are multiple items for each construct and various
analytical options to test the association between risk perception and
emotion or mental health, it is hard to select one optimal model speci-
fication (i.e., which items to use and how many covariates to adjust for)
objectively. In this regard, specification curve analysis (SCA) (Simon-
sohn et al., 2015; Orben and Przybylski, 2019) was adopted which
considers all reasonable model specifications to avoid subjective
analytical decisions (Table 1). Based on multilevel linear regressions
with emotion or mental health as response variable and country-level
intercepts as random effect, multiple analytical options regarding
response variables, explanatory variables and covariate adjustment
were tested. All variables were standardised before analysis using the
mean and standard deviation (SD) of the full sample. After implement-
ing all model specifications, the median standardised § and median
standard error (SE) were used as summary statistics. No conventional
effect size was computed in this study because all models were multi-
level linear regressions with random-intercept, for which the stand-
ardised regression coefficient has been recommended as one of the
optimal effect sizes to represent the magnitude of fixed effects (i.e., as-
sociations between explanatory and response variables), especially
when working with large samples (Lorah, 2018). In addition, since there
are multiple model specifications in one SCA, a median SE is more
suitable as a summary statistic to quantify the precision of effect esti-
mate than a median confidence interval (each specification has its upper
and lower bounds).

SCA of association between risk perception and emotion. In this
analysis, the scores of negative emotions were reversed for consistency
with positive emotions so that a higher score reflects a lower level of
negative emotions. Three model specification factors were considered:
1) Response variable (the 12 emotions were modelled as response var-
iable individually, or in combination as average score of positive
emotion, negative emotion or all emotion items, or principal component
score through principal component analysis (PCA)); 2) Explanatory
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Items on risk perception of COVID-19, emotion and mental health with possible
model specifications.

Constructs

Items

Analytical decisions

Risk
perception of
COVID-19

Emotion

How likely is it that the
following will happen to you in
the next few months: you will
get infected with the
coronavirus.

How likely is it that the
following will happen to you in
the next few months: your
personal situation will get
worse due to economic
consequences of coronavirus.
Negative emotions (item scores
reversed): How did you feel
over the last week? —Anxious;
Bored; Depressed; Nervous;
Exhausted; Lonely (or isolated

Each item individually; or
average score of the two items.

Each of the 12 emotions
individually; average score of
the six negative emotions, six
positive emotions or all 12
emotions; the first principal

from others/left out). component score of the six
negative emotions, six positive
emotions or all 12 emotions
(which represents 51%, 48%
or 37% of total variance,
respectively).

Positive emotions: How did
you feel over the last week?
-Calm; Content; Excited;
Inspired; Relaxed; Happy.
How is your current mental
health?

Mental health Only one specification.

variable (two items on risk perception were used individually, or as
average score); 3) Covariate adjustment (no covariates; only adjusting
for basic demographics; or further adjusting for a full set of potential
confounders mentioned above). After combining the three model spec-
ification factors, the total numbers of model specifications were 162 (18
for emotion x 3 for risk perception x 3 for covariate adjustment). The
sample size was 54,845, 54,731 or 49,911 for models with no covariates,
with adjustment for basic demographics or fully adjusted models.

SCA of associations of risk perception and emotion with subse-
quent mental health. Multilevel linear regression was conducted to test
whether the average score of risk perception items in baseline survey
was associated with subsequent mental health in follow-up survey. A
separate SCA was further used to examine whether the association be-
tween risk perception and mental health was mediated by emotion.
Different from the traditional SCA (Simonsohn et al., 2015; Orben and
Przybylski, 2019), this adapted SCA simultaneously included risk
perception and emotion as explanatory variables of interest in each
model, and considered different combinations of their analytical choices
which allows the examination of an overall mediation effect. Four model
specification factors were considered: 1) Response variable (the item on
mental health); 2) Explanatory variable of risk perception (three options
similar as in the previous SCA); 3) Explanatory variable of emotion
(average score or PCA score of negative emotion, positive emotion or all
emotion items; no individual emotion item was used here since we want
to examine the mediation effect of emotional composite); and 4) Co-
variate adjustment (three options similar as in the previous SCA). The
total numbers of model specifications after combination were 54 (1 for
mental health x 3 for risk perception x 6 for emotion x 3 for covariate
adjustment). The sample size of models with no covariates, with
adjustment for basic demographics or fully adjusted models was 1404,
1403 or 1354, respectively.

Statistical inferences for SCA. To test the overall hypothesis that
risk perception was associated with emotion, we used bootstrapping
technique to perform joint significance tests of SCA while accounting for
the inflation of type 1 error rate due to multiple testing with various
model specifications. Based on a pseudo-dataset where the null
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hypothesis is true, 1000 bootstrapped datasets of the same size were
generated by random sampling with replacement. 1000 repeated SCAs
were then conducted for the estimation of distribution of estimated
median standardised f. The null hypothesis was rejected if the proba-
bility of re-sampled median standardised $ being larger in magnitude
than observed value in original SCA was below 0.05.

Similar bootstrapped tests were conducted in the second SCA for the
hypotheses that risk perception was not independently associated with
mental health after controlling for emotion (i.e., complete mediation),
while emotion was independently associated with mental health. All
statistical analyses were conducted using R software (version 4.0.0).
Codes for SCA were adapted from R functions developed by Orben and
Przybylski (2019). All statistical tests were two-sided. Where applicable,
P<0.05 indicates statistical significance.

3. Results
3.1. Population characteristics and descriptive analysis

Of the 54,845 participants included in this study, 61% are female;
47%, 45% or 8% are aged between 18-34, 35-64 or over 65 years old;
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and 48%, 31% or 21% have education level below, equivalent or above
Bachelor’s degree. The mean scores of risk perception of getting infected
and suffering from economic consequences of COVID-19 are 3.5 and 4.2
(range from 1 to 7; SD=1.4 and 1.6); the mean scores of negative
emotions on average and positive emotions on average are 2.5 and 2.7
(range from 1 to 5; SD=0.8 and 0.7); and the mean score of self-rated
mental health is 6.9 (ranges from 1 to 10; SD=2.0). Of the 1404 par-
ticipants with follow-up data, 69% are female; 50%, 46% or 4% are aged
between 18-34, 35-64 or over 65 years old; and 39%, 32% or 29% have
education level below, equivalent or above Bachelor’s degree.

The scatter plots of country-level summary statistics showed that
country-level mean values of risk perception was positively correlated
with mean values of negative emotion (Fig. 1A; r=0.371, P=0.031), and
negatively correlated with positive emotion (Fig. 1B; r=-0.393,
P=0.022). Among the 34 countries displayed in the plots, the country-
level mean risk perception varies from 3.2 to 4.5 (SD=0.3); the
country-level mean negative emotion and positive emotion vary from
2.1 to 3.1 (SD=0.2) and 2.4 to 3.1 (SD=0.2), respectively. Results of the
sensitivity analysis with representative sub-sample of 24 countries
revealed similar patterns (Supplementary Figure 1).
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Fig. 1. Scatter plots of country-level mean values of negative emotion (A) and positive emotion (B) against country-level mean values of risk perception of COVID-

19.

Only 34 countries with at least 200 participants are displayed. The size of bubbles was proportional to the sample size of the corresponding country. The dashed line

in each plot was fitted by simple linear regression. Six negative emotions and six posi
(extremely); the average score for each of the two groups of emotion is shown on y ax

tive emotions were rated in 5-point scale from 1 (very slightly or not at all) to 5
is in the two plots separately. Two items of risk perception of getting infected or

suffering from economic consequences were in 7-point scale from 1 (exceptionally unlikely) to 7 (all but certain); the average score is shown on x axis in both plots.
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3.2. Specification curve analysis for association between risk perception
and emotion

All 162 model specifications for multilevel linear regressions showed
higher risk perception of COVID-19 was significantly associated with
less positive or more negative emotions (median standardised =-0.171,
median SE=0.004, maximum P=2x10"7; Fig. 2). Results of boot-
strapped test based on 1000 re-sampled datasets, accounting for the
multiple testing across specifications, supported the overall hypothesis
of an association between risk perception and emotion. Under the null
hypothesis, the probability of getting a larger median standardised j in
magnitude than observed value in original SCA (0.171) was below
0.001.

Furthermore, the SCA plot visualised the influences of different
analytical options on the effect estimates. As shown in Fig. 2, using the
average score of negative emotion items as response variable yielded a
larger magnitude of effect estimate (median standardised p=-0.218,
median SE=0.004) than using the average score of positive emotion
items (median standardised $=-0.176, median SE=0.004; Table 2),
suggesting a stronger association of risk perception with negative
emotion. In addition, the economic-risk was in stronger association with
emotion (median standardised $=-0.165, median SE=0.004) than the
infection-risk (median standardised f=-0.139, median SE=0.004). Not
adjusting for covariates (median standardised f=-0.186, median
SE=0.004) or only adjusting for basic demographics yielded similar
effect estimates (median standardised f=-0.182, median SE=0.004),
whereas adjusting for a full set of covariates resulted in a weaker inde-
pendent effect of risk perception on emotion (median standardised
$=-0.136, median SE=0.005).

Risk Perception and Emotion

Journal of Affective Disorders 284 (2021) 247-255

Table 2
Results of specification curve analyses by different choices of emotion variables.
Response Explanatory Median Median Median
variable variables sample size standardised S SE
SCA1
Overall Risk perception 54,731 -0.232 0.004
emotion*
Positive Risk perception 54,731 -0.176 0.004
emotion*
Negative Risk perception 54,731 -0.218 0.004
emotion*
SCA 2
Mental Overall 1403 0.577 0.025
health emotion*
Risk perception 1403 -0.033 0.025
Mental Positive 1403 0.497 0.027
health emotion*
Risk perception 1403 -0.071 0.024
Mental Negative 1403 0.539 0.025
health emotion*
Risk perception 1403 -0.031 0.024

*. Overall emotion, positive emotion and negative emotion refer to the average
score of all emotion items, positive emotion items and negative emotion items,
respectively.

Abbreviations: SCA = specification curve analysis; SE = standard error.

The sensitivity analysis using representative sample of 23,278 par-
ticipants also showed similar SCA estimates (median standardised
$=-0.167, median SE=0.007; P of bootstrapped test<0.001; Supple-
mentary Figure 2).
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Fig. 2. Results of specification curve analysis for association between risk perception and emotion.

The standardised f coefficients for the association of risk perception of COVID-19 with emotion obtained from all 162 specifications (listed on x axis) are plotted at
the upper half of the graph (all P<0.001). Each point represents the j coefficient of one specification, and the error bar (in grey) represents the corresponding
standard error (SE). The dashed line indicates the median standardised f coefficient (median standardised f=-0.171, median SE=0.004, median sample
size=54,731). At the lower half of the graph, the corresponding specifications for each level of the three model specification factors are displayed as squares.
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3.3. Specification curve analysis for associations of risk perception and
emotion with subsequent mental health

Multilevel linear regression showed a significant inverse association
between the average score of risk perception items in baseline survey
and self-rated mental health in follow-up survey (standardised
$=-0.214, SE=0.029, P<0.001). The association remained significant
after adjusting for basic demographics or a full list of covariates
(standardised =-0.201 or -0.143, SE=0.028 or 0.029, P<0.001). Based
on this result, an adapted SCA was further conducted to explore whether
the inverse association was mediated by emotion. Among the 54
multilevel linear regressions of mental health on both risk perception
and emotion, 42 models showed a strong mediation effect, where no
significant direct effect of risk perception was found after controlling for
emotion (median standardised f=-0.031, median SE=0.024; Fig. 3).
However, the overall bootstrapped test showed there was still a signif-
icant direct effect of risk perception on mental health, with the proba-
bility of getting the observed SCA results by chance below 0.001. In
contrast, all 54 model specifications indicated a strong positive inde-
pendent association of emotion with mental health (median stand-
ardised $=0.534, median SE=0.025, maximum P=9x10>%; Fig. 3),
which was confirmed by the bootstrapped test (P<0.001).

As shown in Fig. 3, the direct effect of risk perception on mental
health was weaker after controlling for the average score of negative
emotions (median standardised f=-0.031, median SE=0.024) than
controlling for the average score of positive emotions (median stand-
ardised $=-0.071, median SE=0.024; Table 2), implying a stronger
mediating effect through negative emotions. In addition, the direct

Risk Perception, Emotion and Mental Health
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effect of economic-risk on mental health (median standardised
p=-0.071, median SE=0.024) was stronger compared with that of
infection-risk (median standardised f=-0.030, median SE=0.023).
Similar as the situation in the previous SCA, adjusting for a full set of
covariates resulted in a weaker effect estimate (median standardised
$=-0.017, median SE=0.026).

4. Discussion

In this large-scale cross-country study of psychological impact of
COVID-19, we found a robust association between risk perception and
emotion. Consistent with the literature on emotional reactions during
previous pandemic periods (Prati et al., 2011; Yang and Chu, 2018),
higher risk perception was associated with higher levels of overall
negative emotion and individual negative emotions (anxious, nervous,
depressed, exhausted, lonely, bored; in descending order of the magni-
tude of association). In addition, risk perception had a slightly weaker
but significant inverse association with the levels of overall positive
emotion and individual positive emotions (relaxed, calm, content,
happy, inspired, excited; in descending order of the magnitude of as-
sociation). These findings imply that reducing unnecessary risk
perception or avoiding excessive concern of the pandemic may be a
candidate strategy to mitigate emotional distress. For instance, some
health institutes such as the UK National Health Service (NHS, 2020)
suggested that people should only look for COVID-19 updates less than
twice a day.

In addition, this study highlighted the need for caring about people’s
mental health during the pandemic. Our data showed that higher risk
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perception was significantly associated with worse self-rated mental
health, which was largely mediated by the emotional responses, espe-
cially negative emotions. Therefore, mental health issues may be a
secondary impact of COVID-19, and early detection and intervention of
negative emotions could contribute to the prevention of mental health
problems. It is also reasonable that early signs of emotional changes are
easier to be modified or properly managed before developing into
clinically significant mental disorders (Davey and McGorry, 2019;
Galea et al., 2020). In this regard, people should seek psychological or
social support in time when suffering from long-lasting or severe
emotional distress, either from professional staff or families/friends. On
the other hand, although there is a gap between real risk and subjective
risk perception, the risk perception is inevitably shaped by the risk
environment to which an individual is exposed. Thus, special attention
should be paid to the mental health issues of populations at high risk of
COVID-19, such as healthcare workers (Cai et al., 2020; Zhou et al.
2020), carers of infected patients, residents in severely affected areas,
and the elderly or those with existing comorbidities.

Furthermore, we found that the risk perception of economic conse-
quences is also a remarkable factor associated with emotion and mental
health, with an even larger effect estimate than the risk perception of
getting infected. Despite the consistent evidence that elevating the risk
perception of infection could increase the adoption of health behaviours
(Floyd et al., 2000; Sheeran et al., 2014), especially during disease
outbreaks (Bish and Michie, 2010; van der Weerd et al., 2011; Rudisill,
2013), no evidence showed risk perception of economic consequences
has such health-related behavioural influence. Therefore, interventions
on reducing economic risk perception could have higher efficacy on
mental health promotion as well as lower safety risk than modifying risk
perception of infection. Targeted public policies on economic stability
during the COVID-19 pandemic, such as tax relief or offering grants or
loans to employees, may help reduce the risk perception of potential
financial crisis and minimise its psychological consequences.

This study is the largest cross-country study to date that examined
the relationships between risk perception of COVID-19, emotions and
mental health. We also collected information on a number of de-
mographic variables, knowledge and social support during the
pandemic to control for as potential confounding factors. In addition, as
a methodological innovation, we developed an adapted SCA method in
this study to achieve the examination of structural mediation effects.
Previous conventional SCA studies mostly focused on a bivariate asso-
ciation (Simonsohn et al., 2015; Orben and Przybylski, 2019), where
only one response variable and one explanatory variable of interest were
considered. In contrast, this adapted SCA included two explanatory
variables of interest simultaneously in each model specification, and
inspected their independent regression coefficients together across
different combinations of model specifications. Moreover, we applied
multilevel linear regression with random intercept for the first time into
the SCA, in order to account for the multilevel cross-country nature of
this dataset.

Several limitations need to be considered when interpreting our re-
sults. Since the analyses on risk perception and emotion were based on
cross-sectional data, the direction of causal links between them, and the
mediating role of emotion in the risk perception-mental health associ-
ation need to be confirmed by future longitudinal or experimental
studies. The emotion regulation during the pandemic could also influ-
ence mental health in people with high risk perception and warrants
further research (Restubog et al., 2020). Moreover, we did not collect
data on physical health, obesity and mental health status at the baseline
survey. These factors may influence the risk perception of COVID-19 and
lead to potential residual confounding bias. The longitudinal analysis
was based on a small subsample with available follow-up data, which
may lead to selection bias. Furthermore, the mental health data was
collected through self-rating at follow-up survey. Although the
single-item measure of self-rated mental health has been shown to
correlate well with validated multi-item measures of mental health (e.g.,
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Kessler Psychological Distress Scale, mental health subscales of the
Short-Form Health Status Survey, and World Mental Health Clinical
Diagnostic Interview Schedule) (Ahmad et al., 2014), a deeper investi-
gation into the clinical diagnosis or primary symptoms of specific mental
disorders (e.g., depression and anxiety) during the pandemic is needed
for more precise policy recommendations. Similarly, the dimensions of
risk perception on COVID-19 may not be completely captured with the
two items (infection-risk and economic-risk) in this survey. A compre-
hensive definition and exploration of the construct of COVID-19 related
risk perception (e.g., risk of family members or friends, severity of get-
ting infected) is needed (Dryhurst et al., 2020).

In conclusion, this study demonstrated that the risk perception of
COVID-19 was associated with emotional states and mental health.
Relevant public health policies on reducing unnecessary risk perception
and caring about negative emotions could be beneficial for the pre-
vention of mental health problems during the pandemic.
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