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Abstract

Background:

Biases in risk perception (e.g. excessive attribution of likelihood of negative events
happening to oneself, or perceived harm of neutral events) have been suggested as
risk factors for psychopathologies such as generalised anxiety and persecutory
ideation, although this line of research is limited by small samples and a lack of a

suitable risk perception scale.

Methods:

Using the Risk Perception Questionnaire, four risk perception dimensions (likelihood,
harm, controllability, and intentionality) of negative and neutral events were tested
in association with anxiety and paranoia. In view of common co-occurrence between
the two symptom variables, their associations with risk perception were tested by
using partial correlations (at baseline) and comparisons of cross-lagged path models

(over 3 months).

Results:

A representative community-based sample of 445 adults were included. At baseline,
after controlling for correlations between levels of anxiety and paranoia, anxiety was
uniquely correlated with three risk perception dimensions for negative events
(likelihood, harm, and intentionality), whereas paranoia was uniquely correlated
with all risk perception dimensions for both negative and neutral events. The best-
fitted cross-lagged path model revealed that, after controlling for auto-regressions

within variables, baseline level of anxiety predicted perceived harm of negative



events at 3 months, whereas baseline levels of perceived intentionality of neutral

events and likelihood of negative events predicted level of paranoia at 3 months.

Conclusions:

While risk perception of negative events is shared between anxiety and paranoia,
risk perception of neutral events is uniquely characteristic of paranoia. Implications

on maintenance of sub-clinical symptoms are discussed.
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1. Introduction

Risk perception has traditionally been defined as the subjective assessment of the
probability of an adverse event and the seriousness of its consequences (Rayner &
Cantor, 1987; Sjoberg et al, 2004). The concept has widely been applied to research
in natural hazards (e.g. Riad et al, 1999; Shen et al, 2020), pandemic outbreaks (e.g.
Siegrist et al, 2021; Winters et al, 2020), and preventable accidents such as drunk
driving (e.g. Watling et al, 2016), with a focus on increasing public awareness and
ability to manage disasters.

On the other hand, excess and biases in risk perception have been observed

in individuals with various psychopathologies. For example, individuals with paranoia



tend to anticipate threat to themselves even without objective evidence (Freeman et
al, 2002, 2013; Freeman & Garety, 2000). Compared to non-anxious individuals,
those with general anxiety also tend to perceive negative events as more likely to
happen to them and to cause more harmful consequences (Berenbaum et al, 2007;
Butler & Mathews, 1983; MaclLeod & Byrne, 1996). Apart from biases in perceived
likelihood and harm, a lower level of perceived controllability has also been reported
in individuals with paranoia (Moritz et al, 2007; Pickering et al, 2008) and general
anxiety (Stapinski et al, 2010a; 2010b) respectively. Lastly, attributing intentionality
to adverse events has been suggested as a core feature of paranoia, which may be
distinct from general anxiety (Freeman, 2007). For individuals with anxiety and
paranoia, biases in risk perception are linked to distress and engagement in ‘safety
behaviours’, which only lead to short-term relief but maintain their symptoms in the
longer term (Baker et al, 2021; Freeman et al, 2001; Gustavsson et al, 2021;
Moutoussis et al, 2007).

While biased and excessive perception of risks may be characteristic of
general anxiety and paranoia, most studies in this area focused on one of the two
symptoms only. Given that anxiety and paranoia commonly co-occur in clinical and
sub-clinical populations (e.g. Nebioglu & Altindag, 2009; Sun et al, 2018), and that
anxiety may be a precedent of paranoia (Krkovic, Schlier, & Lincoln, 2018; Krkovic et
al, 2020; Lincoln et al, 2010), it would be of interest to evaluate how subclinical
levels of paranoia can be differentiated from anxiety in the general population, and
how these symptoms relate to risk perception within the same sample. In addition,
as opposed to traditional risk perception research that focused on adverse events

and dangers only, understanding of risk perception biases in psychopathologies



would benefit from a comprehensive assessment of both negative and neutral
events where over-sensitivity to risks may be revealed.

In order to provide a comprehensive assessment of risk perception for
studying psychopathologies such as anxiety and paranoia, Chen et al (2014)
developed a Risk Perception Questionnaire (RPQ). As an extension of the work of
Kaney et al (1997) and Freeman et al (2013), the RPQ consists of 10 hypothetical
neutral events and 15 hypothetical negative events, both including social scenarios.
While other risk perception tools include likelihood and harm/consequences only,
the RPQ encompasses four dimensions of subjective risk evaluation: (i) likelihood of
the event happening to them in the near future, (ii) harm of the event, (iii)
controllability of the event and its consequences, and (iv) intentionality of someone
for this event to happen. Controllability and intentionality were added in response to
suggestions by risk perception researchers (Brun, 1994; McDaniels et al, 1997,
McKenna, 1993; Slovic, 1992) and clinical observations, e.g. the tendency for
individuals with paranoia to attribute negative events to personal intentions (Bentall
et al, 2009; Peters et al, 2014).

Using the RPQ, So et al (2020) compared risk perception dimensions across
groups of individuals with anxiety and paranoia for the first time. The first part of
that study consisted of a comparison between patients with psychotic disorders
experiencing persecutory delusions, patients with generalized anxiety disorder, and
healthy controls. The second part was between non-clinical individuals with
paranoia, individuals with general anxiety, and healthy controls. They found that, in

both parts of the study, perceived likelihood of negative events was heightened in



the two symptomatic groups as opposed to healthy controls, whereas perceived
harm of neutral events was uniquely heightened in groups with paranoia.

Uncovering the similarities and differences across psychopathologies may
provide insights for designing intervention that targets these nuances across clinical
groups. However, So et al (2020) was limited by a small sample size (each group
including 21-52 participants) and a cross-sectional design. The non-clinical arm
included university students only, limiting sample representativeness. More
importantly, individuals were categorized into groups based on clinical assessment
(in the first comparison) and cluster analysis (in the second comparison), yielding
arbitrary groups that are at certain points of the symptom spectrum only.

The present study aimed to extend our understanding on the relationship
between risk perception dimensions, anxiety and paranoia in a representative and
sizable community-based sample that spans across the full spectrum of the adult
population. As sub-clinical symptoms can change or impact on each other over time
(e.g. Sun et al, 2019), the present study also aimed to examine the directionality of
associations between risk perception dimensions and the two symptoms using a
repeated-measures design (with two timepoints three months apart). Therefore,
baseline relationships between the key variables were first examined using partial
correlation analyses, whereas relationships across time were evaluated by cross-
lagged path analyses using a model comparison approach. This investigation will
provide insights into risk perception as a contributor to the two often co-occurring
symptoms (e.g. Borkovec et al, 2004; Freeman et al, 2002), and hence a potential
target for intervention.

Major hypotheses are as follows:



1. At baseline, perceived likelihood of negative events will be positively associated
with levels of anxiety and paranoia, whereas perceived controllability of
negative events will be negatively associated with levels of anxiety and paranoia.

2. At baseline, perceived harm of neutral events and perceived intentionality of
negative events will be more positively associated with level of paranoia than
that of anxiety.

3. Perceived likelihood of negative events at baseline will predict subsequent
increases in anxiety and paranoia, whereas perceived controllability of negative
events will predict subsequent decreases in anxiety and paranoia.

4. Perceived harm of neutral events and perceived intentionality of negative

events at baseline will predict subsequent increases in paranoia.

2. Methods

Ethical approval was obtained from the university’s Survey and Behavioural Research
Ethics Committee (ref. no. SBRE-20-233). Written consent was obtained from all

participants.

2.1 Participants

Inclusion criteria were as follows: adults age 18 or above; ability to fill out an online
survey in Chinese; currently living in Hong Kong. No exclusion criteria were applied.
The sample was recruited via the Qualtrics panel service using stratified quota

sampling based on sex, age, and educational attainment. While the sample was part



of an international consortium on paranoia (Ellett et al, 2022; Kingston et al, 2021;
Lincoln et al, 2022; So et al, 2022), the analysis in this paper is new and has not been

reported elsewhere.

Using the R-package semTools (Jorgensen et al., 2018), a sample size
calculation yielded a minimum sample size of 228 for the most complex path
analytical model of 20 variables (RMSEA = 0.05, power = 0.80, alpha = 0.05, df = 56).
After taking into account 20% potential dropouts, a sample size of 285 would be

needed at baseline.

2.2 Measures

2.2.1 Risk perception

Risk perception was assessed with the Risk Perception Questionnaire (RPQ; Chan et
al., 2014; So et al., 2020), which consists of 15 negative scenarios and 10 neutral
scenarios. For each scenario, participants are required to rate their perceived
likelihood of happening in the near future, perceived harm, perceived controllability
and perceived intentionality on 7-point Likert scales (1 = ‘Not at all’, 7 = “‘Very much’).
Four average dimensional scores for negative and neutral scenarios are reported
separately (range = 1 to 7). Internal reliabilities of the four subscales for both event
types were good in the current sample (Cronbach’s as at baseline: 0.88-0.94 (neutral
events) and 0.92-0.93 (negative events); Cronbach’s as at follow-up: 0.92-0.93
(neutral events) and 0.92-0.94 (negative events)). See Appendix 1 for the RPQ scale

items.



2.2.2 Mood variables

The Depression, Anxiety and Stress Scale — 21 Items (DASS-21, Lovibond & Lovibond,
1995) was used to assess depression, anxiety, and stress. Each subscale consists of
seven items, with a subscale score ranging from 0 to 21. Good psychometric
properties of the Chinese version are reported (e.g. Moussa, Lovibond, & Laube,
2001). The internal consistencies were good in the current sample (Cronbach’s as at
baseline: 0.91 (Depression), 0.87 (Anxiety), and 0.89 (Stress); Cronbach’s as at

follow-up: 0.90 (Depression), 0.84 (Anxiety), and 0.90 (Stress)).

2.2.3 Paranoia

Paranoia was assessed with the persecution subscale of the Revised Green et al.
Paranoid Thoughts Scale (R-GPTS; Freeman et al., 2021). The persecution subscale of
the R-GPTS is a 10-item 5-point (O to 4) rating scale assessing ideas of persecution
(ten items) in the general population with established cut-off scores (Average: 0-5;
Elevated: 6-10; Moderately severe: 11-17; Severe: 18-27; Very severe: 28+). The
Chinese version of the R-GPTS has been used in previous studies (e.g. Chau et al.,
2022; So et al., 2022). The persecution subscale of the R-GPTS had excellent internal

consistency in the current sample (Cronbach’s a: 0.96 at baseline and 0.95 at follow-

up).

2.2.4 Other measures

Participants also provided information on age, gender, household income, and
current diagnosis of a mental health disorder (“Have you been diagnosed with any

psychiatric disorder?” — Yes/no) at baseline.



2.3 Procedure

Upon written consent, participants were asked to fill out an online survey on the
Qualtrics platform. Three months later, they were invited to fill out the same set of
guestionnaires. Forced responses were set in each survey, preventing missing data. A
careful validity check procedure was adopted: machine responses, duplicates, and
responses that were completed too quickly (less than half of the median completion
time) or inattentively (failing the five attention check items) were removed (So et al,

2022). Only validated responses were entered into data analysis.

3. Calculation

To test Hypotheses 1-2, the unique relationship between a symptom variable (e.g.
anxiety) and each risk perception dimension was examined using partial Spearman’s
rank correlation analysis, adjusting for the relationship with the other symptom

variable (e.g. paranoia). These analyses were conducted on JAMOVI.

To examine the longitudinal relationships between symptom variables and
risk perception dimensions (Hypotheses 3-4), a series of path models were tested by
using the R package lavaan. First, we regressed all variables at three months on their
values at baseline (i.e. autoregressive paths) (Model 1). The next models added
cross-lagged paths across variables on top of the autoregressive model in a step-by-
step manner. Specifically, Model 2a included autoregressive paths and the cross-

lagged paths between the two symptom variables, which have been hypothesized in
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previous studies (e.g. Sun et al., 2019). Model 2b included autoregressive paths and
the cross-lagged paths from risk perception dimensions to symptoms. Model 2c
included the autoregressive paths and the cross-lagged paths from symptoms to risk
perception dimensions. Finally, Model 3 incorporated significant cross-lagged path(s)
from the above models. The absolute fit of the models was evaluated by the
Comparative Fit Index (CFl), Tucker-Lewis Index (TLI), Root Mean Squared Error of
Approximation (RMSEA) and Standardized Root Mean Squared Residual (SRMR).
According to recommendations in Hu and Bentler (1998) and Marsh et al. (2004), CFI
and TLI values >0.90 are acceptable and >0.95 are excellent. RMSEA and SRMSR
values <0.10 are acceptable and <0.05 are excellent. Goodness-of-fit was compared
across models on likelihood ratio tests, where a significant test statistic would
indicate preference for the more complex model over the less complex one. Attrition

was handled with listwise deletion.

As depression may be associated with both anxiety and paranoia, to test for
result robustness, post-doc analyses controlling for depression (measured by DASS-

D) were conducted for both cross-sectional and longitudinal analyses.

4. Results

4.1 Sample characteristics

A total of 524 individuals responded to the online survey. Among them, 445 (84.9%)

passed the validity check and were entered into the baseline analysis. At 3-month
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follow-up, a total of 296 participants completed the survey and passed the validity

check, resulting in a retention rate of 66.5%.

The baseline sample (N = 445) had a mean age of 39.64 (SD = 13.58), with 252
(56.6%) females. Detailed demographic characteristics of the sample can be found in
Kingston et al. (2021). The great majority (92.8%) of the sample did not have a self-
reported mental health diagnosis. The mean DASS scores were as follows: DASS-total
(14.78, SD = 12.77), DASS-D (4.62, SD = 4.66), DASS-A (4.34, SD = 4.24), DASS-S (5.81,
SD = 4.69). The mean R-GPTS Persecution subscore was 8.52 (SD = 9.67). The sample
distribution on the R-GPTS Persecution subscore was as follows: ‘average’ = 55.1%;
‘elevated’ = 11.7%; ‘moderately severe’ = 11.7%; ‘severe’ = 16.2%; ‘very severe’ =

5.4% (Freeman et al, 2021).

4.2 Relationships between risk perception dimensions, anxiety and paranoia at

baseline

Partial correlations between risk perception dimensions, anxiety and paranoia, are
shown in Table 1. Correlations between major variables and demographic

characteristics are shown in Appendix 2.

[Insert Table 1 about here]

After controlling for R-GPTS Persecution subscore, the DASS-A score was
significantly and positively correlated with three risk perception dimensions for
negative events (likelihood, harm, and intentionality [ps = 0.11-0.30, ps < .050]).

After controlling for R-GPTS Persecution subscore, the DASS-D score was also

12



significantly and positively correlated with these three dimensions of negative
events (ps = 0.14-0.30, ps < .050), as well as perceived harm of neutral events (p =
0.09, p =.049). Post-hoc analysis revealed that, after controlling for R-GPTS
Persecution subscore and the DASS-D score, the DASS-A score remained significantly
and positively correlated with perceived likelihood and harm of negative events (ps

<.050).

After controlling for DASS-A, the R-GPTS Persecution subscore was
significantly and positively correlated with all risk perception dimensions for both
negative and neutral events (ps = 0.16-0.33, ps < .001). Post-hoc analysis revealed
that, after controlling for DASS-A and DASS-D, the R-GPTS Persecution subscore
remained significantly and positively correlated with all risk perception dimensions

for both negative and neutral events (ps < .001).

The above findings were not moderated by age. When male and female
participants were analysed separately, most findings remained unchanged except for
the partial associations of R-GPTS Persecution subscore with perceived controllability
in both neutral and negative events, which were significant in females but not in

males.

4.3 Relationships between risk perception dimensions, anxiety and paranoia over 3

months

As shown in Table 2, there were significant reductions in anxiety, stress and paranoia

over three months (ps < .050). There were significant reductions in perceived
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likelihood and controllability for both negative and neutral events (ps < .050), as well
as perceived intentionality for neutral events only. Perceived harm for both negative

and neutral events did not change significantly over time (ps > .050).

[Insert Table 2 about here]

Various longitudinal path analysis models and their goodness-of-fit indexes
are listed in Table 3. The best-fitted model was Model 3 (see Figure 1). In addition to
auto-regressions within variables, baseline level of anxiety significantly predicted
level of perceived harm of negative events at three months. Baseline levels of
perceived intentionality of neutral events and likelihood of negative events
predicted level of paranoia at three months. These cross-lagged paths were not

moderated by age or gender.

[Insert Table 3 about here]

[Insert Figure 1 about here]

As an exploratory analysis, in a separate model baseline level of depression
predicted levels of perceived intentionality (B = 0.09, p =.034) and harm (B = 0.15, p
=.001) of negative events. Baseline level of perceived likelihood of negative events

marginally predicted level of depression at follow-up (B = 0.12, p =.058).

Post-hoc analyses revealed that, after controlling for levels of depression at
baseline and follow up, the cross-lagged path from anxiety to perceived harm of
negative events became non-significant (p > .050). However, the two cross-lagged

paths from risk perception to paranoia remained statistically significant (ps < .050).
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5. Discussion

This study investigated the relationship between risk perception dimensions and two
typically co-occurring symptoms, anxiety and paranoia, in a sizable and
representative community-based sample. By including anxiety and paranoia in the
same model, and by re-assessing the variables over three months, this study offered
a proof of concept for temporal relationships after controlling for auto-regressions.
Although it has been argued that multi-dimensional assessment for risk perception
may not be needed because dread and novelty of risks explain the most variance
(review by Sjoberg et al, 2004), our findings lend support to the use of a multi-
dimensional assessment, which allowed for tests of specific associations between
symptoms and four dimensions of risk perception (likelihood, harm, controllability,

and intentionality) towards negative and neutral events.

Cross-sectionally, anxiety was uniquely (and positively) correlated with three
risk perception dimensions for negative events after controlling for correlations
between the two symptoms. On the other hand, paranoia was uniquely (and
positively) correlated with all four risk perception dimensions for both negative and
neutral events. Even though the correlation coefficients were rather small, most of
these correlations remained robust after controlling for level of depression.
Consistent with So et al (2020), while the associations with risk perception for
negative events were shared with anxiety, the associations with risk perception for
neutral events were unique for paranoia. Clinical studies on anxiety and psychosis
have suggested that some psychological processes may be transdiagnostically

relevant, such as worry and safety behavior (e.g. Nunez et al, 2021; Sun et al, 2018,
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2019), supporting the idea that paranoia can be understood using anxiety models
(e.g. Startup et al, 2007). Our findings add risk perception for negative events to the

list of shared processes between the two symptoms.

Importantly, a sensitized perception towards neutral events appears to be
characteristic of paranoia only. In particular, increased perceived intentionality of
neutral events at baseline predicted an increase in paranoia at three months, even
after controlling for paranoia and anxiety at baseline. Even though the regression
coefficients were small, they remained robust after controlling for levels of
depression. The tendency to misinterpret neutral events and social exchanges as
harmful and intentional is consistent with cognitive models of psychosis and
paranoia that highlight the roles of appraisal and reasoning biases, biases in facial
affect recognition, and over-mentalising (e.g. Earls, Curran, & Mittal, 2016; Freeman
& Garety, 2014). On the contrary, the cross-sectional associations between
perception of likelihood and controllability of neutral events and paranoia is less
expected. While the increased perception of likelihood of neutral events may be
understood in the context of aberrant salience (i.e. an anomalous sense of novelty
and significance to irrelevant stimuli; Kapur (2003)), which is more evident in
patients with persecutory delusions than sub-clinical samples, the increased
perception of controllability of both neutral and negative events should be

interpreted with caution.

The temporal relationship between the two symptoms and risk perception
dimensions were formally tested for the first time to our knowledge, with the

hypotheses that risk perception would predict increases in symptoms. This
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investigation is considered stringent because auto-regressions were controlled for,
and cross-lagged paths between symptoms were tested before paths between
symptoms and risk perception, in a step-by-step manner. We found that only change
in paranoia was predicted by baseline risk perception (in particular, likelihood of
negative events and intentionality of neutral events), which survived significance
after controlling for depression; while anxiety at baseline predicted subsequent
increase in risk perception (harm of negative events), this path became non-

significant after controlling for depression.

Some non-findings were noted. For example, perceived controllability of
negative events did not predict change in anxiety and paranoia, and perceived harm
of neutral events and intentionality of negative events did not predict increases in
paranoia. Until future studies investigating these temporal associations emerge,
interpretation of these non-findings can only be speculative. Although it has been
theorized that perception of future threat initiates the anxiety and paranoia
processes, it has also been suggested that emotions (including anxiety) play a
significant role in shaping risk perception (Loewenstein et al, 2001; Loewenstein &
Lerner, 2003). Therefore, risk perception may be a less stable construct than
previously thought, interacting with symptoms in a dynamic way. Future research
might usefully examine the dynamic interplay between risk perception and

symptoms.

This study was limited by the fact that assessment of symptoms and risk
perception was based on self-report. As argued by Loewenstein et al (2001),

responses to risky situations (including decision making) may result in part from

17



direct emotional influences. Therefore, it would have been better if affective aspects
of risk were also measured. Since the RPQ measures negative and neutral events
only, it is also unclear how risk perception is like for other emotionally-valenced
events such as positive events. Secondly, despite efforts of retaining participants in
the follow-up survey, the completion rate still fell short of 70%. Thirdly, it is unclear
how findings based on this non-clinical sample would translate to a more clinically

severe population.

To conclude, the present results revealed that while risk perception of
negative events may be shared between anxiety and paranoia, risk perception of
neutral events may be uniquely characteristic of paranoia. If these results are further
confirmed by future studies, ideally across cultural groups, they would inform
identification of specific intervention foci for anxiety and paranoia respectively in

sub-clinical groups.

6. Ethical standards

The authors assert that all procedures contributing to this work comply with the
ethical standards of the relevant national and institutional committees on human

experimentation and with the Helsinki Declaration of 1975, as revised in 2008.

7. Acknowledgement

Nil

18



8. Financial disclosure

This project was funded by Research Grants Council to SHS (General Research Fund
no. 14600319). AKCC was supported by the Vice Chancellor’s Discretionary Fund of
The Chinese University of Hong Kong. The funders had no active role in the conduct

and write-up of the study.

19



References:

Baker, H., Alden, L. E., & Robichaud, M. (2021). A comparison of coping and safety-
seeking behaviors. Anxiety, Stress, & Coping, 34(6), 645-657. doi:

10.1080/10615806.2021.1921161

Bentall, R. P., Rowse, G., Shryane, N., Kinderman, P., Howard, R., Blackwood, N,, ... &
Corcoran, R. (2009). The cognitive and affective structure of paranoid delusions:
a transdiagnostic investigation of patients with schizophrenia spectrum
disorders and depression. Archives of General Psychiatry, 66(3), 236-247. doi:

10.1001/archgenpsychitry.2009.1

Berenbaum, H., Thompson, R. J., & Pomerantz, E. M. (2007). The relation between
worrying and concerns: The importance of perceived probability and
cost. Behaviour Research and Therapy, 45(2), 301-311. doi:

10.1016/j.brat.2006.03.009

Borkovec, T. D., Alcaine, O. M., & Behar, E. (2004). Avoidance Theory of Worry and
Generalized Anxiety Disorder. In R. G. Heimberg, C. L. Turk, & D. S. Mennin
(Eds.), Generalized anxiety disorder: Advances in Research and Practice (pp. 77—

108).

Butler, G., & Mathews, A. (1983). Cognitive processes in anxiety. Advances in
Behaviour Research and Therapy, 5(1), 51-62. doi: 10.1016/0146-

6402(83)90015-2

20



Earls, H.A,, Curran, T., & Mittal, V. (2016). Deficits in early stages of face processing in
schizophrenia: A systematic review of the P100 component. Schizophrenia

Bulletin, 42, 519-527. doi: 10.1093/schbul/sbv096

Ellett, L., Schlier, B., Kingston, J., Zhu, C., So, S.H., Lincoln, T.M., Morris, E.M.J., &
Gaudiano, B.A. (2022). Pandemic paranoia in the general population:
international prevalence and sociodemographic profile. Psychological Medicine,

53, 1-8. doi: 10.1017/50033291722002975

Freeman, D. (2007). Suspicious minds: the psychology of persecutory
delusions. Clinical Psychology Review, 27(4), 425-457. doi:

10.1016/j.cpr.2006.10.004

Freeman, D., Dunn, G., Fowler, D., Bebbington, P., Kuipers, E., Emsley, R., ... &
Garety, P. (2013). Current paranoid thinking in patients with delusions: the
presence of cognitive-affective biases. Schizophrenia Bulletin, 39(6), 1281-1287.

doi: 10.1093/schbul/sbs145

Freeman, D., & Garety, P. A. (2000). Comments on the content of persecutory
delusions: does the definition need clarification?. British Journal of Clinical

Psychology, 39(4), 407-414. doi: 10.1348/014466500163400

Freeman, D., & Garety, P.A. (2014). Advances in understanding and treating
persecutory delusions: A review. Social Psychiatry and Psychiatric Epidemiology,

49, 1179-1189. doi: 10.1007/s00127-014-0928-7

21



Freeman, D., Garety, P. A., & Kuipers, E. (2001). Persecutory delusions: developing
the understanding of belief maintenance and emotional distress. Psychological

Medicine, 31(7), 1293-1306. doi: 10.1017/s003329170100455x

Freeman, D., Garety, P. A., Kuipers, E., Fowler, D., & Bebbington, P. E. (2002). A
cognitive model of persecutory delusions. British Journal of Clinical

Psychology, 41(4), 331-347. doi: 10.1348/014466502760387461

Freeman, D., Loe, B. S., Kingdon, D., Startup, H., Molodynski, A., Rosebrock, L., ... &
Bird, J. C. (2021). The revised Green et al., Paranoid Thoughts Scale (R-GPTS):
psychometric properties, severity ranges, and clinical cut-offs. Psychological

Medicine, 51(2), 244-253. doi: 10.1017/S0033291719003155

Gustavsson, S. M., Salkovskis, P. M., & Sigurdsson, J. F. (2021). Cognitive analysis of
specific threat beliefs and safety-seeking behaviours in generalised anxiety
disorder: revisiting the cognitive theory of anxiety disorders. Behavioural and

Cognitive Psychotherapy, 49(5), 526—539. doi: 10.1017/5135246582100014X

Jorgensen, T. D., Pornprasertmanit, S., Schoemann, A. M., Rosseel, Y., Miller, P.,
Quick, C., & Garnier-Villarreal, M. (2018). semTools: Useful tools for structural

equation modeling. R package version 0.5, 1.

Kaney, S., Bowen-Jones, K., Dewey, M. E., & Bentall, R. P. (1997). Two predictions
about paranoid ideation: Deluded, depressed and normal participants'
subjective frequency and consensus judgments for positive, neutral and
negative events. British Journal of Clinical Psychology, 36(3), 349-364. doi:

10.1111/j.2044-8260.1997.tb01243.x

22



Kapur, S. (2003). Psychosis as a state of aberrant salience: A framework linking
biology, phenomenology, and pharmacology in schizophrenia. American Journal

of Psychiatry, 160(1), 13-23. doi: 10.1176/appi.ajp.160.1.13

Kingston, J.L., Schlier, B., Ellett, L., So, S.H., Gaudiano, B.A., Morris, E.M.J., & Lincoln,
T.M. (2021). The Pandemic Paranoia Scale (PPS): Factor structure and
measurement invariance across languages. Psychological Medicine, 53, 2652-

2661. doi: 10.1017/S0033291721004633

Krkovic, K., Clamor, A., Schlier, B. & Lincoln, T.M. (2020). Emotions and persecutory
ideation in daily life. On the trail of the “chicken and egg” problem. Journal of

Abnormal Psychology, 129(2), 215-223. doi: 10.1037/abn0000495.

Krkovic, K., Schlier, B., Lincoln, T.M. (2018). An experience sampling study on the
nature of the interaction between traumatic experiences, negative affect in
everyday life, and paranoia. Schizophrenia Research, 201, 381-387. doi:

10.1016/j.schres.2018.05.030.

Loewenstein, G., & Lerner, J. S. (2003). The role of affect in decision making. In R. J.
Davidson, K. R. Scherer, & H. H. Goldsmith (Eds.), Handbook of Affective

Sciences (pp. 619—-642).

Loewenstein, G. F., Weber, E. U., Hsee, C. K., & Welch, N. (2001). Risk as
feelings. Psychological Bulletin, 127(2), 267-286. doi: 10.1037/0033-

2909.127.2.267

Lincoln, T.M., Lange, J., Burau, J., Exner, C., & Moritz, S. (2010). The effect of state-

anxiety on paranoid ideation and Jumping to Conclusions. An experimental

23



investigation. Schizophrenia Bulletin 36 (6), 1140-1148. doi:

10.1093/schbul/sbp029

Lincoln, T.M., Schlier, B., Strakeljahn, F., Gaudiano, B.A,, So, S.H., Kingston, J., Morris,
E.M.J., & Ellett, L. (2022). Taking a machine learning approach to optimize
prediction of vaccine hesitancy in high income countries. Scientific Reports, 12,

1-12. doi: 10.1038/s41598-05915-3

Macleod, A. K., & Byrne, A. (1996). Anxiety, depression, and the anticipation of
future positive and negative experiences. Journal of Abnormal

Psychology, 105(2), 286-289. doi: 10.1037/0021-843x.105.2.286

McDaniels, T. L., Axelrod, L. J., Cavanagh, N. S., & Slovic, P. (1997). Perception of
ecological risk to water environments. Risk Analysis, 17(3), 341-352. doi:

10.1111/j.1539-6924.1997.tb00872.x

McKenna, F. P. (1993). It won't happen to me: Unrealistic optimism or illusion of
control?. British Journal of Psychology, 84(1), 39-50. doi: 10.1111/.2044-

8295.1993.tb02461.x

Moritz, S., Woodward, T. S., Burlon, M., Braus, D. F., & Andresen, B. (2007).
Attributional style in schizophrenia: evidence for a decreased sense of self-

causation in currently paranoid patients. Cognitive Therapy and Research, 31,

371-383. doi: 10.1007/s10608-006-9070-5

Moutoussis, M., Williams, J., Dayan, P., & Bentall, R. P. (2007). Persecutory delusions

and the conditioned avoidance paradigm: towards an integration of the

24



psychology and biology of paranoia. Cognitive Neuropsychiatry, 12(6), 495-510.

doi: 10.1080/13546800701566686

Nebioglu, M., & Altindag, A. (2009). The prevalence of comorbid anxiety disorders in
outpatients with schizophrenia. International Journal of Psychiatry in Clinical

Practice, 13(4), 312-317. doi: 10.3109/13651500903094559

Nunez, D., Ordonez-Carrasco, J.L., Fuentes, R., & Langer, A.l. (2021). Experiential
avoidance mediates the association between paranoid ideation and depressive
symptoms in a sample from the general population. Journal of Psychiatric

Research, 139, 120-124. doi: 10.1016/j.jpsychires.2021.05.028

Peters, E. R., Moritz, S., Schwannauer, M., Wiseman, Z., Greenwood, K. E., Scott, J., ...
& Garety, P. A. (2014). Cognitive biases questionnaire for

psychosis. Schizophrenia Bulletin, 40(2), 300-313. doi: 10.1093/schbul/sbs199

Pickering, L., Simpson, J., & Bentall, R. P. (2008). Insecure attachment predicts
proneness to paranoia but not hallucinations. Personality and Individual

Differences, 44(5), 1212-1224. doi: 10.1016/j.paid.2007.11.016

Rayner, S., & Cantor, R. (1987). How fair is safe enough? The cultural approach to
societal technology choice. Risk Analysis, 7, 3-9. doi: 10.1111/j.1539-

6924.1987.tb00963.x

Riad, J. K., Norris, F. H., & Ruback, R. B. (1999). Predicting Evacuation in Two Major
Disasters: Risk Perception, Social Influence, and Access to Resources. Journal of
Applied Social Psychology, 29(5), 918-934. doi: 10.1111/j.1559-

1816.1999.tb00132.x

25



Shen, Y., Loy, S., Zhao, X., Ip, K. P., Xu, H., & Zhang, J. (2020). Factors impacting risk
perception under typhoon disaster in Macao SAR, China. International Journal of
Environmental Research and Public Health, 17(20), 7357. doi:

10.3390/ijerph17207357

Siegrist, M., Luchsinger, L., & Bearth, A. (2021). The impact of trust and risk
perception on the acceptance of measures to reduce COVID-19 cases. Risk

Analysis, 41(5), 787-800. doi: 10.1111/risa.13675

Sjoberg, L., Moen, B. E., & Rundmo, T. (2004). Explaining risk perception. An
Evaluation of the Psychometric Paradigm in Risk Perception Research.

Norwegian University of Science and Technology, C Rotunde Publikasjoner.

Slovic, P. (1992). Perception of risk: Reflections on the psychometric paradigm.

So, S. H. W,, Sun, X., Chan, G. H. K., Chan, I. H. H., De Chiu, C., Chan,S. K. W., ... &
Chen, E. Y. H. (2020). Risk perception in paranoia and anxiety: Two investigations
across clinical and non-clinical populations. Schizophrenia Research:

Cognition, 21, 100176. doi: 10.1016/j.sc0g.2020.100176

So, S.H., Zhu, C,, Lincoln, T.M., Gaudiano, B.A., Kingston, J.L., Ellett, L., & Morris,
E.M.J. (2022). Pandemic paranoia, general paranoia, and their relationship with
worry and beliefs about self/others — a multi-site latent class analysis.

Schizophrenia Research, 241, 122-129. doi: 10.1016/j.schres.2022.01.045

Stapinski, L. A., Abbott, M. J., & Rapee, R. M. (2010). Evaluating the cognitive

avoidance model of generalised anxiety disorder: Impact of worry on threat

26



appraisal, perceived control and anxious arousal. Behaviour Research and

Therapy, 48(10), 1032-1040. doi: 10.1016/j.brat.2010.07.005

Stapinski, L. A., Abbott, M. J., & Rapee, R. M. (2010). Fear and perceived
uncontrollability of emotion: Evaluating the unique contribution of emotion
appraisal variables to prediction of worry and generalised anxiety
disorder. Behaviour Research and Therapy, 48(11), 1097-1104. doi:

10.1016/j.brat.2010.07.012

Sun, X., So, S. H. W,, Chan, R. C. K., Chiu, C. D., & Leung, P. W. L. (2019). Worry and
metacognitions as predictors of the development of anxiety and paranoia.

Scientific Reports, 9:14723. doi: 10.1038/s41598-019-51280-z

Sun, X., So, S. H. W,, Chiu, C. D., Chan, R. C. K., & Leung, P. W. L. (2018). Paranoia and
anxiety: A cluster analysis in a non-clinical sample and the relationship with
worry processes. Schizophrenia Research, 197, 144-149. doi:

10.1016/j.schres.2018.01.024

Startup, H., Freeman, D., & Garety, P. A. (2007). Persecutory delusions and
catastrophic worry in psychosis: developing the understanding of delusion
distress and persistence. Behaviour Research and Therapy, 45(3), 523-537. doi:

10.1016/j.brat.2006.04.006

Watling, C. N., Armstrong, K. A., Smith, S. S., & Obst, P. L. (2016). Crash risk
perception of sleepy driving and its comparisons with drink driving and
speeding: which behavior is perceived as the riskiest?. Traffic Injury

Prevention, 17(4), 400-405. doi: 10.1080/15389588.2015.1096350

27



Winters, M., Jalloh, M. F., Sengeh, P., Jalloh, M. B., Zeebari, Z., & Nordenstedt, H.
(2020). Risk perception during the 2014-2015 Ebola outbreak in Sierra

Leone. BMC Public Health, 20(1), 1-10. doi: 10.1186/s12889-020-09648-8

28



Table 1. Partial correlations between risk perception and symptoms at baseline (N =

455)
Variables DASS-A (controlling for R-GPTS Persecution
R-GPTS Persecution) (controlling for DASS-A)
P p P p
RPQ-neutral: likelihood -0.02 712 0.18 <.001
RPQ-neutral: harm 0.09 .059 0.33 <.001
RPQ-neutral: controllability -0.01 .855 0.16 <.001
RPQ-neutral: intentionality -0.04 447 0.24 <.001
RPQ-negative: likelihood 0.24 <.001 0.30 <.001
RPQ-negative: harm 0.30 <.001 0.28 <.001
RPQ-negative: controllability 0.03 485 0.24 <.001
RPQ-negative: intentionality 0.11 .025 0.31 <.001
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Table 2. Major variables at each time point

Baseline  Follow-up  Follow-up vs. baseline

(N=455) (N =296)
DASS-D 4.62 (4.66) 3.72(0.24) W =12906.50, p =.069
DASS-A 434 (4.24) 3.23(3.49) W =15268.50, p <.001
DASS-S 5.81(4.69) 4.96(4.35) W =17915.00, p =.020
R-GPTS Persecution 8.52 (9.67) 7.02(8.24) W =15126.00,p=.027
RPQ-neutral: likelihood 3.90(1.27) 3.75(1.24) W =21821.50, p =.006
RPQ-neutral: harm 1.79 (1.04) 1.59(0.84) W =13688.50, p =.105
RPQ-neutral: controllability 3.33(1.47) 3.16(1.42) W =22382.00,p<.001
RPQ-neutral: intentionality 3.59(1.52) 3.35(1.51) W =25252.50, p<.001
RPQ-negative: likelihood 3.17 (1.15) 2.98(1.08) W =23370.50, p=.032
RPQ-negative: harm 3.50(1.46) 3.42(1.46) W =21809.50, p=.357
RPQ-negative: controllability  3.06 (1.28) 2.87(1.91) W =23142.00, p =.020
RPQ-negative: intentionality  3.60(1.37) 3.41(1.37) W =22416.00, p =.072

Note: DASS = Subscales of the Depression Anxiety Stress Scale (D = Depression; A =
Anxiety; S = Stress). R-GPTS = Revised Green Paranoid Thoughts Scale. RPQ = Risk

Perception Questionnaire.
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Table 3. Goodness-of-fit indexes of various longitudinal path analyses

Models X2 (df) CFl  TLI  RMSEA SRMR Likelihood ratio test
(x*(df))

Model 1: All 138.10(90), 0.99 0.97 0.04 0.07 /

auto- p=.001

regressive

paths

Model 2a: 133.01(88), 0.99 0.97 0.04 0.06 vs. Model 1:

Model 1 plus p=.001 4.74(2), p = .094

cross-lagged

paths between

symptoms

Model 2b: 112.56(74), 0.99 0.97 0.04 0.06 vs. Model 1:

Model 1 plus p =.003 29.50(16), p =.020

cross-lagged

paths from risk

perception to

symptoms

Model 2c: 107.83(74), 0.99 0.98 0.04 0.05 vs. Model 1:

Model 1 plus p =.006 50.32(16), p =.019

cross-lagged

paths from

symptoms to

risk perception

Model 3: 83.36(58), 0.99 0.98 0.04 0.04 vs. Model 1:

Model 1 plus p=.016 58.72(32), p =.002

cross-lagged vs. Model 2a:

paths between 52.93(30), p = .006

risk perception vs. Model 2b:

and symptoms 29.22(16), p = .022
vs. Model 2c:

28.27(16), p = .029

Figure 1. The final path model (Model 3) of the relationships between anxiety,

paranoia and risk perception across time points.
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Baseline 3-month follow-up
0.64
DASS-A  frm=mmmmm e +  DASS-A
0.11
R-GPTS T S R-GPTS
Persecution Persecution
0.15
RPQ-neutral: ________E)'ff ____________ RPQ-neutral:
likelihood likelihood
RPQ-neutral: (057  \ / / RPQ-neutral:
harm harm
RPQ-neutral: _ci_f:z ____________________ RPQ-neutral:
controllability controllability
RPQ-neutral: |~ /| 059 & ¥ . RPQ-neutral:
intentionality intentionality
0.13
RPQ-negative: |/ 058 RPQ-negative:
likelihood likelihood
RPQ-negative: | =~~~ 066 RPQ-negative:
harm harm
RPQ-negative: 68 RPQ-negative:
controllability controllability
RPQ-negative: ________?'_5?_ ____________ RPQ-negative:
intentionality intentionality

Note: Only significant paths are shown. Autoregressive paths are indicted by dotted
lines, whereas cross-lagged paths are indicated by solid lines. Values given are
standardized coefficients.

DASS = Subscales of the Depression Anxiety Stress Scale (D = Depression; A =
Anxiety; S = Stress). R-GPTS = Revised Green Paranoid Thoughts Scale. RPQ = Risk
Perception Questionnaire.
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Appendix 1:

Risk Perception Questionnaire (Chinese translation was used in this study)

Please imagine yourself to be in each scenario and circle the number to indicate your view.
There is no right or wrong answer.

1. Someone asks you to pass them the sugar. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 45 6 7
b. How intentional is this event? 12 3 45 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmfulis this event to you? 12 3 4 56 7

2. Someone reads your mail without your permission. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 4 5 6 7
b. How intentional is this event? 12 3 4 5 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmful is this event to you? 12 3 4 56 7
3. You are handed a leaflet in the street not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 45 6 7
b. How intentional is this event? 12 3 4 5 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmful is this event to you? 12 3 4 56 7

4. Someone stares at you menacingly. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 4 5 6 7
b. How intentional is this event? 12 3 4 5 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmfulis this event to you? 12 3 45 6 7
5. You are asked to sign a petition. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 45 6 7
b. How intentional is this event? 12 3 4 5 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmfulis this event to you? 12 3 4 56 7
6. You are followed down the road. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 45 6 7
b. How intentional is this event? 12 3 4 5 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmful is this event to you? 12 3 4 5 6 7
7. You receive mail about a new offer. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 456 7
b. How intentional is this event? 12 3 4 5 6 7
c. How controllable is this event by you? 12 3 45 6 7
d. How harmful is this event to you? 12 3 4 5 6 7

8. Someone tells you that you are stupid. not at all very much
a. How likely will this event happen to you in the near future? 1.2 3 45 6 7
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10.

11.

12.

13.

14.

15.

16.

17.

b. How intentional is this event?
¢. How controllable is this event by you?
d. How harmful is this event to you?

Someone stops you to ask directions.
a. How likely will this event happen to you in the near future?
b. How intentional is this event?
c. How controllable is this event by you?
d. How harmful is this event to you?

You are told that you are ugly.
a. How likely will this event happen to you in the near future?
b. How intentional is this event?
¢. How controllable is this event by you?
d. How harmful is this event to you?

A ticket collector tells you how much a fare is.

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

Qo0 oo

Someone tells you that you are deceitful.
a. How likely will this event happen to you in the near future?
b. How intentional is this event?
c. How controllable is this event by you?
d. How harmful is this event to you?

Someone asks you if the seat next to you is taken.
a. How likely will this event happen to you in the near future?
b. How intentional is this event?
c. How controllable is this event by you?
d. How harmfulis this event to you?

Someone complains about your work.
a. How likely will this event happen to you in the near future?
b.  How intentional is this event?
c. How controllable is this event by you?
d. How harmful is this event to you?

Someone asks if they may borrow your pen.
a. How likely will this event happen to you in the near future?
b. How intentional is this event?
c. How controllable is this event by you?
d. How harmful is this event to you?

Someone in charge of you writes a bad report about you.
a. How likely will this event happen to you in the near future?
b. How intentional is this event?

c. How controllable is this event by you?
d. How harmful is this event to you?

Someone asks you the time.

=y
N NN
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18.

19.

20.

21.

22.

23.

24,

25.

o0 oo

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

Someone tells you that you are incompetent.

a.

b.
C.
d

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

You receive a dental appointment in the mail.

a.

b.
c.
d

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

Someone tells you that you are boring company.

a.

b.
C.
d.

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

Your physical health deteriorates.

a.

b.
c.
d

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

You find it hard to express yourself with others.

a.

b.
C.
d

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

You have too many responsibilities to manage.

a.

b.
C.
d.

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

You have an accident.

a.

b.
C.
d

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?

You cannot manage your finances.

a.

b.
C.
d

How likely will this event happen to you in the near future?
How intentional is this event?

How controllable is this event by you?

How harmful is this event to you?
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Appendix 2:

Correlations between demographics and key variables at baseline (p-values in

brackets)
Gender Age Income
DASS-D -0.11(.019)  -0.27 (<.001) -0.14 (.004)
DASS-A -0.16 (<.001)  -0.27 (<.001) -0.10 (.031)
DASS-S -0.12 (.012)  -0.26 (<.001) -0.09 (.066)
R-GPTS Persecution -0.05 (.299) -0.09 (.072) 0.03 (.490)
RPQ-neutral: likelihood 0.02 (.709) 0.04 (.405) 0.06 (.181)
RPQ-neutral: harm -0.03 (.578) -0.10 (.033) 0.03(.510)
RPQ-neutral: controllability -0.02 (.632) 0.05(.262) 0.05 (.253)
RPQ-neutral: intentionality 0.02 (.747) -0.01 (.816) 0.07 (.169)
RPQ-negative: likelihood 0.00(.926) -0.21 (<.001) -0.04 (.427)
RPQ-negative: harm -0.15 (.001) -0.25 (<.001) 0.01(.910)
RPQ-negative: controllability -0.03 (.505) 0.03 (.595) 0.01(.837)
RPQ-negative: intentionality -0.06 (.196) -0.16 (<.001) -0.00 (.937)

Note: Point-biserial correlation for gender (male coded as 1), and Spearman rank

correlation for age and income

DASS = Subscales of the Depression Anxiety Stress Scale (D = Depression; A =
Anxiety; S = Stress). R-GPTS = Revised Green Paranoid Thoughts Scale. RPQ = Risk

Perception Questionnaire.
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Highlights

- Risk perception consists of likelihood, harm, controllability, and intentionality
- Risk perception of negative events is shared between anxiety and paranoia
- Risk perception of neutral events is uniquely characteristic of paranoia
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