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Background

Risk perceptions are subjective judgements that people make about the characteristics and severity of a risk (Darker, 2013), and they can influence emotions and behaviours (Ferrer & Klein, 2015; Paek & Hove, 2017). Accuracy is critical; underestimating or overestimating the level of threat and danger can have negative consequences. For example, underestimation of risk in a pandemic (unrealistic optimism) can reduce adoption of protective and preventative health behaviours (Dryhurst et al., 2020; Khosravi, 2020; Leppin & Aro, 2009). While overestimation of risk (unrealistic pessimism) can increase hoarding behaviour, potentially leading to shortages of medications and personal protective equipment (Abrams & Greenhawt, 2020). Overestimation of risk may also lead to reluctance to return to normal activities as national lockdowns ease. 

As well as influencing behaviour, risk perceptions can negatively impact mental health and wellbeing. For example, cancer diagnosis is associated with lower wellbeing only among individuals with high cancer risk perceptions prior to the diagnosis (Persoskie, Ferrer, Nelson, & Klein, 2014). Furthermore, perceived vulnerability to COVID-19 has been found to mediate the relationship between COVID-19 news exposure and depression symptoms (Olagoke, Olagoke, & Hughes, 2020). There is also evidence that risk perceptions and mental health can interact to influence health behaviours. For example, Klein and colleagues (2009) found that worry moderated the relationship between risk perceptions and intentions to quit smoking – with a negative relationship for high worry individuals, and a positive relationship for low worry individuals. 

The relationship between risk perceptions and mental health could also be bi-directional: mental health and affect may influence risk perceptions. According to valence approaches, negative emotions lead to pessimistic (higher) risk perceptions, while positive emotions lead to optimistic (lower) risk perceptions (Lerner & Keltner, 2000). There is also evidence that risk perceptions may be elevated when anxiety and fear are elevated, compared to other negative emotions. For example, Lerner and Keltner (2000) found that fearful individuals report more pessimistic risk perceptions, compared to angry individuals. Anxiety in community samples is associated with overestimating the probability of feared (negative) events, and individuals with anxiety disorders experience increased risk perception of daily stressors (Tripp, Tan, & Milne, 1995). 

Risk behaviours may also influence risk perceptions. According to self-perception theory, individuals use their behaviour to determine their thoughts and attitudes (Bem, 1972), not just vice versa. For example, risk behaviours – such as going to work rather than self-isolating following a diagnosed or suspected COVID-19 infection (e.g., because of financial commitments) – may reduce one’s perception of COVID-19 risk. Cognitive dissonance theory may account for this direction of influence (Festinger, 1957). Individuals may adjust their perception of risk to align with their behaviour if they cannot or choose not to adjust their behaviour, to reduce the psychological discomfort caused by cognitive dissonance. Risk behaviours, such as smoking, may also predict COVID-19 risk perceptions, given evidence that smoking has been identified as a possible risk factor for disease progression (Liu et al., 2020). Despite no clear evidence to support the claim, vaping has also been reported as a risk factor, which may influence vapers’ risk perceptions of COVID-19 (McAlinden et al., 2020).

A recent study has examined the precursors of public risk perceptions of COVID-19 in ten countries across Europe, America, and Asia. Dryhurst and colleagues (2020) found that individualistic and prosocial values, personal experience with the virus, and social amplification of information through friends and family, were the most consistent predictors of higher risk perceptions, across countries. They also found that levels of concern were highest in the UK. However, they did not investigate associations of COVID-19 risk perceptions with mental health and substance use risk behaviours. 

Among young adults in the Avon Longitudinal Study of Parents and Children (ALSPAC), wellbeing has reduced, and anxiety levels have almost doubled during the COVID-19 pandemic, compared to pre-pandemic levels (Kwong et al., 2020). This is an important public health issue, given that anxiety is associated with maladaptive coping strategies such as increased alcohol use (Dyer, Heron, Hickman, & Munafò, 2019). High risk perceptions may be one factor associated with this increase in anxiety and reduction in wellbeing. It is also important to examine the mental health and behavioural precursors of COVID-19 risk perceptions, given their influence on health behaviours.

Risk perception is a multi-dimensional construct, composed of cognitive dimensions (e.g., probability of risk) and affective dimensions (e.g., worries about risk). Risk perception can also be subdivided into risks concerning oneself versus risks concerning others. It is therefore plausible that mental health, wellbeing, and risk behaviours may be differentially related to the various subcomponents of COVID-19 risk perception. 

Study Objective and Hypotheses

We aim to:
	Explore how COVID-19 risk perceptions are patterned by sociodemographic factors (age, sex, ethnicity, education, occupation, and living arrangements), health factors (psychiatric disorders, shielded conditions, and experience of COVID-19 infection), and risk behaviours (alcohol use, smoking/vaping, lack of self-isolation given a suspected COVID-19 infection, face-to-face and physical contact with individuals outside their household).


	Investigate cross-sectional associations of COVID-19 risk perceptions with (a) mental health (generalised anxiety disorder, depression) (b) wellbeing, and (c) risk behaviours (alcohol use, smoking/vaping, lack of self-isolation given a suspected COVID-19 infection, face-to-face and physical contact with individuals outside their household).


	Investigate prospective associations of prior (a) mental health (generalised anxiety disorder, depression), (b) wellbeing, and (c) risk behaviours (alcohol use, smoking, vaping, lack of self-isolation given a suspected COVID-19 infection, face-to-face and physical contact with individuals outside their household) with subsequent COVID-19 risk perceptions. 


	Investigate whether genetic propensity for anxiety, depression, and wellbeing, as measured by polygenic risk scores, are associated with COVID-19 risk perceptions, to give an indication of the direction of the relationship, without the potential confounding influences in the observational analyses (2 and 3). 


We hypothesise that:

	COVID-19 risk perceptions will be positively associated with generalised anxiety disorder, depression, alcohol use, and self-isolation, and negatively associated with wellbeing, and face-to-face and physical contact. 


	Prior generalised anxiety disorder, depression, and lower wellbeing will be positively associated with higher COVID-19 risk perceptions. Prior alcohol use, and lack of self-isolation given a suspected COVID-19 infection and greater face-to-face and physical contact will be associated with lower COVID-19 risk perceptions. 


	Genetic propensity for anxiety, depression, and lower wellbeing will be associated with higher COVID-19 risk perceptions. 


We do not have strong directional hypotheses for the proposed bi-directional temporal relationships between COVID-19 risk perceptions and smoking and vaping. The relationships may be positive, given that smoking and vaping are possible risk factors for COVID-19 disease progression. Or the relationships may be negative, if we predict that people who engage in any risky behaviour (e.g., smoking and vaping) may have lower risk perceptions in general. 

Study Design

Cross-sectional and prospective longitudinal analyses of secondary data from ALSPAC, a prospective, population-based birth cohort study (Boyd et al., 2013; Fraser et al., 2013). 

Study Site

The analyses will be conducted in the School of Psychological Science, University of Bristol, 12a Priory Road, Bristol, BS8 1TU, United Kingdom. ALSPAC is based at Oakfield House, Oakfield Grove, Bristol, BS8 2BN. 

Participants and Recruitment

Pregnant women resident in Avon, UK with expected dates of delivery 1st April 1991 to 31st December 1992 were invited to take part in the ALSPAC study. The initial number of pregnancies enrolled is 14,541 (for these at least one questionnaire has been returned or a “Children in Focus” clinic had been attended by 19/07/99). Of these initial pregnancies, there was a total of 14,676 foetuses, resulting in 14,062 live births and 13,988 children who were alive at 1 year of age. When the oldest children were approximately 7 years of age, an attempt was made to bolster the initial sample with eligible cases who had failed to join the study originally. As a result, when considering variables collected from the age of seven onwards (and potentially abstracted from obstetric notes) there are data available for more than the 14,541 pregnancies mentioned above. The number of new pregnancies not in the initial sample (known as Phase I enrolment) that are currently represented on the built files and reflecting enrolment status at the age of 24 is 913 (456, 262 and 195 recruited during Phases II, III and IV respectively), resulting in an additional 913 children being enrolled. The phases of enrolment are described in more detail in the cohort profile paper and its update. The total sample size for analyses using any data collected after the age of seven is therefore 15,454 pregnancies, resulting in 15,589 foetuses. Of these 14,901 were alive at 1 year of age. A 10% sample of the ALSPAC cohort, known as the Children in Focus (CiF) group, attended clinics at the University of Bristol at various time intervals between 4 to 61 months of age. The CiF group were chosen at random from the last 6 months of ALSPAC births (1432 families attended at least one clinic). Excluded were those mothers who had moved out of the area or were lost to follow-up, and those partaking in another study of infant development in Avon (http://www.bris.ac.uk/media-library/sites/alspac/documents/alspac-publications-checklist.pdf).

We will use data from ALSPAC young adults (G1) and parents (G0), and core and non-core cases will be included to maximise sample size. The G1 sample will be restricted to singletons. ALSPAC participants are offered an incentive (e.g., a shopping voucher, prize draw) every time they complete a questionnaire or come to clinic, and travel costs are also reimbursed.

Withdrawal of participants

Taking part in ALSPAC is voluntary and participants are free to withdraw at any time without giving a reason. We will exclude participants who have withdrawn their consent for us to use their data, by using the latest versions of the scripts provided to create our dataset. 

Measures and Materials

Question 1: 

COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other), age, sex, ethnicity, education, occupation (including healthcare worker and keyworker status), living arrangements (including living with someone with a shielded condition or an elderly person), anxiety, depression, other psychiatric conditions, shielded conditions, and experience of COVID-19 infection (incidence and severity), and risk behaviours (alcohol use, smoking/vaping, self-isolating given a suspected COVID-19 infection, face-to-face and physical contact with those outside their household). Variables from COVID Questionnaires 1 and 2, and pre-pandemic data.  

Question 2:

Exposures: COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other). Three cognitive and five affective COVID-19 risk perception variables from COVID Questionnaire 2.

Outcomes: Generalised anxiety disorder (Generalised Anxiety Disorder - 7 Item; GAD-7), depression (Short Moods and Feelings Questionnaire; SMFQ), mental wellbeing (Warwick-Edinburgh Mental Wellbeing Scale; WEMWBS), alcohol consumption (Alcohol Use Disorders Identification Test-Consumption; AUDIT-C), changes in alcohol use, changes in smoking/vaping, self-isolating given a suspected COVID-19 infection, and face-to-face and physical contact with individuals outside of their household. The mental health measures have recommended cut-offs for examining the proportion of individuals with probable generalised anxiety disorder (≥10 on GAD-7) and probable depression (≥11 on SMFQ). There is no gold standard for measuring high or low mental wellbeing. However, a cut-off of ≤40 on the WEMWBS has been used by the NHS to indicate low mental wellbeing, as scores below 40 have corresponded with probable depression. Variables from COVID Questionnaire 2. 

Confounders: Age, sex, education, occupation, prior anxiety, depression, alcohol use, smoking, and experience of COVID-19 infection. Time points (ages) of prior mental health and substance use variables will depend on the cohort (G0 versus G1 participant), but variables will be chosen based on the most recent time point with the biggest sample size.  

Question 3:
Exposures: Prior anxiety, depression, wellbeing, alcohol use, smoking, vaping, self-isolating given a suspected COVID-19 infection, and face-to-face and physical contact with individuals outside their household. The latter variables (self-isolation and human contact) will be taken from the COVID Questionnaire 1. All other variables will be taken from a time point pre-pandemic. 

Outcomes: COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other). Three cognitive and five affective risk perception variables from COVID Questionnaire 2.

Confounders: Age, sex, education, occupation, prior anxiety, depression, alcohol use, smoking, vaping, and experience of COVID-19 infection. Time points (ages) of prior mental health and substance use variables will depend on the cohort (G0 versus G1 participant), but variables will be chosen based on the most recent time-point and biggest sample size.  

Question 4: 

Exposures: Weighted polygenic risk scores for anxiety, depression, and wellbeing, which will be calculated using participants’ genetic data. Genetic variants included in the polygenic risk score will be selected based on the results of recent genome-wide association studies of anxiety, depression, and wellbeing. Polygenic risk scores will be derived for G0 and G1 cohort participants, where genetic data are available, and standardised prior to analysis. We will use varying p-value thresholds including the genome-wide significance threshold (p<5x10-8) as well as more relaxed p-value thresholds. 

Outcomes: COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other). Three cognitive and five affective risk perception variables from COVID Questionnaire 2.

Statistical Plan

Question 1: 

We will use descriptive statistics to explore the patterning of COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other) (means and standard deviations) based on sociodemographic factors, health factors, and risk behaviours. Analyses will be conducted with the whole sample (G0 and G1 cohorts combined) and then stratified by cohort (G0 versus G1 participants) to examine whether patterns of COVID-19 risk perception differ between generations. 

Question 2: 

We will use linear and logistic regression to examine the associations of COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other) with mental health, wellbeing, and risk behaviours. Analyses will be stratified by cohort (G0 versus G1 participants) and adjusted for confounders specific to each cohort. 

Questions 3 and 4: 

We will perform a multiple regression to examine associations of prior mental health, wellbeing, risk behaviours, sociodemographic variables, and polygenic risk scores with subsequent COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other). This will be followed with a relative weights/decomposition analysis to examine which exposure variables in our model explain the most variance in COVID-19 risk perceptions. Analyses will be stratified by cohort (G0 versus G1 participants) and adjusted for confounders specific to each cohort.

Question 4: 

As we expect little of the variance in COVID-19 risk perceptions to be explained by the polygenic risk scores compared to the environmental factors included in the above multiple regression model, we will also separately analyse associations between the polygenic risk scores and COVID-19 risk perceptions. Although associations between polygenic risk scores cannot be used to infer causality, they can give an indication of whether there may be an unconfounded association. Therefore, it is important to explore these associations without unnecessary adjustment for environmental exposures.

We will use linear regression to examine associations between polygenic risk scores for anxiety, depression, and wellbeing with COVID-19 risk perceptions (holistic; cognitive vs. affective; self vs. other). Analyses will be conducted with the whole sample (G0 and G1 cohorts combined) and we will account for genetic relatedness within the model. Analyses will also be stratified by cohort (G0 versus G1 participants) to examine whether patterns of COVID-19 risk perceptions differ between generations. We will adjust analyses for genetic principal components of ancestry. We will run sensitivity analyses with polygenic risk scores calculated using multiple p-value thresholds.

General: 

For all analyses, the primary COVID-19 risk perception variable will be the holistic measure. Analyses examining the associations of mental health, wellbeing, and risk behaviours with the subcomponents of COVID-19 risk perceptions (cognitive vs. affective; self vs. other) will be secondary. Data will be analysed using Stata SE (Version 15). 

Ethical Considerations and Informed Consent

Ethics approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees (http://www.bristol.ac.uk/alspac/researchers/research-ethics/). Informed consent for the use of data collected via questionnaires and clinics was obtained from participants following the recommendations of the ALSPAC Ethics and Law Committee at the time. Consent for biological samples has been collected in accordance with the Human Tissue Act (2004). Study members have the right to withdraw their consent for elements of the study or from the study entirely at any time.

Data Management

All ALSPAC data management and security policies for direct users will be adhered to (http://www.bristol.ac.uk/media-library/sites/alspac/documents/alspac-direct-users-overview.pdf). All ALSPAC data that we will have access to is electronic and will only be accessed directly through an office PC or through the faculty’s remote server. We will adhere to relevant data protection legislation, including the EU General Data Protection Regulation (https://www.eugdpr.org/) and UK Data Protection Bill 2018. Study data from participants at 22 years and onwards were collected and managed using REDCap electronic data capture tools hosted at the University of Bristol (Harris et al., 2019; Harris et al., 2009). REDCap (Research Electronic Data Capture) is a secure, web-based software platform designed to support data capture for research studies, providing 1) an intuitive interface for validated data capture; 2) audit trails for tracking data manipulation and export procedures; 3) automated export procedures for seamless data downloads to common statistical packages; and 4) procedures for data integration and interoperability with external sources.

Anonymised study data

All data will be treated confidentially and processed anonymously, using a unique ID number.

Revoked data

If a participant decides that they do not want their data used after their participation, they have the right to request that the data are withdrawn. We will use the latest versions of the withdrawal syntax provided to create our dataset, excluding participants who have withdrawn their consent. This dataset will not be updated (i.e., participants who withdraw their consent after the dataset has been created will be included). Datasets and analysis code will be date-stamped, to identify the version of the withdrawal syntax. 

Quality Control and Quality Assurance

The researchers will be responsible for data quality. Analysis code will be checked/reviewed by a second member of the research team in two stages: 1) prior to conducting statistical analyses (selecting / excluding / computing new variables / recoding code), 2) after conducting statistical analyses, but before submitting the manuscript to a journal (or uploading documents to a repository). 

Publication Policy

The findings from this research study may be published in an appropriate scientific journal (and made available open access), and/or presented at an appropriate meeting.

Potential Impact

It is important to identify modifiable predictors of poorer mental health and wellbeing, such as subjective risk perceptions, as this may inform intervention efforts. Keeping the risk of COVID-19 in perspective may help to prevent poorer mental health and wellbeing and subsequent harmful coping strategies. It is also important to identify predictors of COVID-19 risk perceptions, as this can affect health behaviours. This research may therefore have implications for public health education and risk communication.
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