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ARTICLE INFO ABSTRACT

Keywords: Rationale: The associations between the number of COVID-19 cases/deaths and subsequent uptake of protective
Handwashing behaviors may reflect cognitive and behavioral responses to threat-relevant information.

COVID-19

Objective: Applying protection motivation theory (PMT), this study explored whether the number of total COVID-
19 cases/deaths and general anxiety were associated with cross-situational handwashing adherence and whether
these associations were mediated by PMT-specific self-regulatory cognitions (threat appraisal: perceived
vulnerability, perceived illness severity; coping appraisal: self-efficacy, response efficacy, response costs).

Anxiety
Protection motivation theory

* Corresponding author. Wroclaw Faculty of Psychology, SWPS University of Social Sciences and Humanities, 30b Ostrowskiego Street, PL-53-238, Wroclaw,

Poland.
E-mail addresses: zszczuka@swps.edu.pl (Z. Szczuka), msiwa@st.swps.edu.pl (M. Siwa), c.abraham@deakin.edu.au (C. Abraham), adrianababan@psychology.ro

(A. Baban), sydbrooks118@gmail.com (S. Brooks), sabrina.cipolletta@unipd.it (S. Cipolletta), ebdanso@mrc.gm (E. Danso), stephan.dombrowski@unb.ca
(S.U. Dombrowski), ygan@pku.edu.cn (Y. Gan), tania.gaspar.barra@gmail.com (T. Gaspar), margarida.gaspardematos@gmail.com (M. Gaspar de Matos),
konstadina.griva@ntu.edu.sg (K. Griva), michelle.jongenelis@unimelb.edu.au (M. Jongenelis), jan.keller@fu-berlin.de (J. Keller), nina.knoll@fu-berlin.de
(J. Ma), awalcp@yahoo.com (M. Abdul Awal Miah), karenmorgan@perdanauniversity.edu.my (K. Morgan), william.peraud@etu.u-bordeaux.fr (W. Peraud),
bruno.quintard@u-bordeaux.fr (B. Quintard), vishna.shah@Ishtm.ac.uk (V. Shah), konstantin.schenkel@psychologie.uzh.ch (K. Schenkel), urte.scholz@
psychologie.uzh.ch (U. Scholz), ralf.schwarzer@fu-berlin.de (R. Schwarzer), dianataut@psychology.ro (D. Taut), silviacaterinamaria.tomaino@phd.unipd.it
(S.C.M. Tomaino), Noa.Vilchinsky@biu.ac.il (N. Vilchinsky), hodayahw@gmail.com (H. Wolf), aluszczy@uccs.edu (A. Luszczynska).

1 These authors indicate shared first authorship.

https://doi.org/10.1016/j.socscimed.2022.115569
Received 4 May 2022; Received in revised form 16 November 2022; Accepted 19 November 2022

Available online 21 November 2022
0277-9536/© 2022 Elsevier Ltd. All rights reserved.


mailto:zszczuka@swps.edu.pl
mailto:msiwa@st.swps.edu.pl
mailto:c.abraham@deakin.edu.au
mailto:adrianababan@psychology.ro
mailto:sydbrooks118@gmail.com
mailto:sabrina.cipolletta@unipd.it
mailto:ebdanso@mrc.gm
mailto:stephan.dombrowski@unb.ca
mailto:ygan@pku.edu.cn
mailto:tania.gaspar.barra@gmail.com
mailto:margarida.gaspardematos@gmail.com
mailto:konstadina.griva@ntu.edu.sg
mailto:michelle.jongenelis@unimelb.edu.au
mailto:jan.keller@fu-berlin.de
mailto:nina.knoll@fu-berlin.de
mailto:awalcp@yahoo.com
mailto:karenmorgan@perdanauniversity.edu.my
mailto:william.peraud@etu.u-bordeaux.fr
mailto:bruno.quintard@u-bordeaux.fr
mailto:vishna.shah@lshtm.ac.uk
mailto:konstantin.schenkel@psychologie.uzh.ch
mailto:urte.scholz@psychologie.uzh.ch
mailto:urte.scholz@psychologie.uzh.ch
mailto:ralf.schwarzer@fu-berlin.de
mailto:dianataut@psychology.ro
mailto:silviacaterinamaria.tomaino@phd.unipd.it
mailto:Noa.Vilchinsky@biu.ac.il
mailto:hodayahw@gmail.com
mailto:aluszczy@uccs.edu
www.sciencedirect.com/science/journal/02779536
https://www.elsevier.com/locate/socscimed
https://doi.org/10.1016/j.socscimed.2022.115569
https://doi.org/10.1016/j.socscimed.2022.115569
https://doi.org/10.1016/j.socscimed.2022.115569
http://crossmark.crossref.org/dialog/?doi=10.1016/j.socscimed.2022.115569&domain=pdf

Z. Szczuka et al.

Social Science & Medicine 317 (2023) 115569

Method: The study (#NCT04367337) was conducted in March-September 2020 among 1256 adults residing in 14
countries. Self-reports on baseline general anxiety levels, handwashing adherence across 12 situations, and PMT-
related constructs were collected using an online survey at two points in time, four weeks apart. Values of
COVID-19 cases and deaths were retrieved twice for each country (one week prior to the individual data
collection).

Results: Across countries and time, levels of adherence to handwashing guidelines were high. Path analysis
indicated that smaller numbers of COVID-19 cases/deaths (Time 0; TO) were related to stronger self-efficacy
(T1), which in turn was associated with higher handwashing adherence (T3). Lower general anxiety (T1) was
related to better adherence (T3), with this effect mediated by higher response efficacy (T1, T3) and lower
response cost (T3). However, higher general anxiety (T1) was related to better adherence via higher illness
severity (T1, T3). General anxiety was unrelated to COVID-19 indicators.

Conclusions: We found a complex pattern of associations between the numbers of COVID-19 cases/deaths, general
anxiety, PMT variables, and handwashing adherence at the early stages of the pandemic. Higher general anxiety
may enable threat appraisal (perceived illness severity), but it may hinder coping appraisal (response efficacy
and response costs). The indicators of the trajectory of the pandemic (i.e., the smaller number of COVID-19 cases)

may be indirectly associated with higher handwashing adherence via stronger self-efficacy.

1. Introduction
1.1. Background

Hand hygiene has been promoted as a cornerstone of infection
control during the COVID-19 pandemic (Beale et al., 2020), with fluc-
tuations in COVID-19 morbidity/mortality levels related to changes in
hand hygiene adherence. Our 14-country, cross-sectional study of 6064
adults conducted from March to July 2020 indicated that self-reported
adherence to the World Health Organization’s handwashing guidelines
(2020) was negatively related to the accumulation of cases and deaths
due to COVID-19 (Szczuka et al., 2021). Longitudinal research using
data from automated hand hygiene monitoring systems in hospitals
showed an increase in the level of adherence during the first months of
the pandemic, followed by a reduction in adherence as the pandemic
continued and the total number of COVID-19 cases was increasing
(Makhni et al., 2021). Longitudinal data showed an overall decline in
COVID-19 protective behaviors as the total number of cases was
increasing across 2020 (Petherick et al., 2021). The associations be-
tween protective behaviors and COVID-19 morbidity/mortality levels
may reflect cognitive and behavioral responses to threat-relevant in-
formation such that awareness of the number of national cases or deaths
from COVID-19 could reduce (or raise) self-protective behaviors via
changes in threat-related cognitions (Petherick et al., 2021).

Health behavior theories, such as protection motivation theory
(PMT; Norman et al., 2015; Rogers, 1975), suggest that to prevent an
illness, people change their behavior as a result of threat appraisal and
coping appraisal, both of which contribute to behavioral intention (i.e.,
the proximal determinant of an action). Threat appraisal combines (1)
perceived illness severity (i.e., the magnitude of noxiousness/severity of an
illness) and (2) perceived vulnerability to being infected (i.e., the likeli-
hood that the illness will occur if no protective behavior is adopted;
Norman et al., 2015; Rogers, 1975). Fear related to threat appraisal also
contributes to behavioral intentions. Coping appraisal includes: (1)
response costs (e.g., expectancies that adhering to handwashing guide-
lines will result in some negative experiences/outcomes), (2) response
efficacy (e.g., beliefs that handwashing will be effective in reducing
threat of COVID-19), and (3) self-efficacy (e.g., beliefs about one’s ability
to adhere to the respective handwashing guidelines, even if some bar-
riers may arise) (Norman et al., 2015; Rogers, 1975).

These PMT-based cognitions have already been investigated as cross-
sectional correlates of COVID-19 preventive behaviors (Scholz and
Freund, 2021). For example, a study explaining a combination of
COVID-19 protective behaviors (mask wearing, social distancing,
handwashing) indicated that the PMT cognitions were interconnected in
line with the tenets of the theory (Ezati Rad et al., 2021). A study on
COVID-19 vaccine uptake intentions partially supported PMT, showing
associations between the following PMT cognitions and intention to

vaccinate: perceived severity, response efficacy, and self-efficacy (Wang
et al., 2021). Perceived vulnerability and response costs were unrelated
to vaccination intentions (Wang et al., 2021).

Associations between the accumulation of COVID-19 cases/deaths
and COVID-19 protective behaviors are likely to be mediated by theory-
based cognitions, such as those related to threat appraisal. For example,
longitudinal research confirmed that the number of accumulating
COVID-19 cases was positively associated with perceived risk of being
infected, which is an indicator of threat appraisal (Schneider et al.,
2021). Stricter COVID-19 health and containment policies were nega-
tively associated with self-efficacy and self-monitoring, which in turn
were related to lower adherence to WHO handwashing guidelines
(Luszczynska et al., 2021). These findings suggest that changes in threat
appraisal and coping appraisal, and the associations between these ap-
praisals and protective behaviors, may be shaped by the trajectory of the
COVID-19 pandemic.

PMT suggests that cognitive processes operate jointly with affective
processes, such as fear and anxiety-related arousal (Norman et al., 2015;
Ruiter et al., 2001; Witte, 1992). Fear arousal may precede or follow
threat appraisal (Norman et al., 2015). In the case of the former, fear
arousal refers to unspecific anxiousness or fearfulness (see Ruiter et al.,
2001) that is likely to enhance cognitive processing of threat-related
information (e.g., “If I feel anxious, then I start to think about poten-
tial consequences of COVID-19”). In the latter case, fear arousal becomes
a specific affective response to a specific cognitive response to threat (e.
g., “I thought about severity of COVID-19 and then became anxious™).
Fear arousal that precedes cognitive processing of threat is determined
by individual characteristics, such as levels of general anxiety (Ruiter
et al., 2001). Accordingly, it may be assumed that levels of general
anxiety predict PMT cognitive processes, such as threat appraisal and
coping appraisal.

The COVID-19 pandemic was associated with a 25.6% worldwide
increase in cases of anxiety disorders and an overall increase in anxiety
symptoms in the general population (Santomauro et al, 2021).
Fear-related arousal is the cornerstone of anxiety disorder symptoms,
with overgeneralization of conditioned fear as the key mechanism in the
development of anxiety and anxiety disorder symptoms (Stegmann
et al., 2019). The increase in anxiety symptoms in the general popula-
tion may represent a preconscious response to the exposure to a threat
(Ruiter et al., 2001), such as information on the accumulation of
COVID-19 cases or deaths. Elevated symptoms of general anxiety and
fear were found to be associated with higher levels of COVID-19 pro-
tective behaviors (Apisarnthanarak et al., 2020) and higher levels of risk
perception, but lower levels of self-efficacy (Zhou et al., 2021). A better
understanding of the indirect associations between general anxiety
symptoms, PMT cognitions, and protective behaviors is needed to
further clarify the complex processes through which general anxiety,
PMT cognitions, and COVID-19 protective behaviors are interconnected.
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1.2. Study aims

This longitudinal study investigates correlates of cross-situational
adherence to handwashing guidelines (issued by the WHO [2020] and
CDC [2020]) during the COVID-19 pandemic (March-September 2020)
in 14 countries within Europe, Asia, North America, Africa, and
Australia. We examined whether the level of general anxiety symptoms
and the total number of COVID-19 cases and deaths accumulating in the
country since the beginning of the pandemic would be indirectly related
to handwashing adherence at follow-up, with PMT cognitions operating
as mediators. In line with PMT’s predictions, the putative mediators
include: perceived illness severity, perceived vulnerability, response
costs, response efficacy, self-efficacy, and behavioral intention.

2. Methods
2.1. Procedure

Data collected in this prospective study (see Clinical Trials.Gov,
#NCT 04367337) included (1) total cases and total deaths due to
COVID-19 (accumulated since the beginning of the pandemic) and (2)
individual-level cognitions and behavior. Data at these two levels were
assessed at two time points, resulting in four data collection points
across the study. Time 0 (TO) involved collection of data on total cases
and total deaths due to COVID-19 (since the beginning of the pandemic),
as registered in the respective country and on the day of data collection.
Time 1 (T1; 1-7 days after TO) involved data collection of PMT-related
cognitions and cross-situational handwashing adherence. Time 2 (T2; 1
month after TO) involved collecting data on the total cases and total
deaths due to COVID-19. At Time 3 (T3; 1-7 days after T2), data were
again collected on the PMT-specified cognitions and cross-situational
handwashing adherence.

The study was conducted in 14 countries: Australia, Canada, China,
France, the Gambia, Germany, Israel, Italy, Malaysia, Poland, Portugal,
Romania, Singapore, and Switzerland. The included countries had
different trajectories of the COVID-19 pandemic (e.g., low vs. high
numbers of total cases of COVID-19- during the data collection period, as
reported by the WHO Coronavirus Disease Situation Reports [World
Health Organization, 2021]). The countries also differed in the level of
Human Development Index (HDI), varying from high and moderate
values of HDI (i.e., between 0.800 and 0.550) to low values (i.e.,
<0.550), as defined by United Nations (United Nations Development
Programme, 2021). The study was conducted between March and
September 2020, after obtaining ethics clearance (following the insti-
tutional regulations in each study country). First, the approval was ob-
tained from the Ethics Committee at SWPS University of Social Sciences
and Humanities, Wroclaw, Poland. For details of ethics clearance in the
remaining study countries, see the information provided at Open Sci-
ence Framework, https://osf.io/vmn2q/.

Individual-level data (PMT, cross-situational handwashing adher-
ence, sociodemographic) were obtained at T1 and T3 using a web-based
survey delivered via the Qualtrics platform. The survey took approxi-
mately 15 min to complete. Snowball sampling was adopted as the main
recruitment strategy. Links to the survey and study information (aims
and design) were posted on university and social media websites. Before
starting the survey, participants were provided with information
regarding the handwashing guidelines, as proposed by the World Health
Organization (2020). The only inclusion criterion was being >18 years
old. All participants provided informed consent. There was no
compensation for participation.

After completing the T1 survey, participants were informed that the
next wave of data collection would take place in one month and they
were invited to provide an email address that could be used to send the
respective invitation. Consent was provided by 6397 respondents, with
6064 providing at least some PMT data at T1, and 2399 providing an
email address for T3 data collection. An invitation to complete the T3
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survey was sent via email from the Qualtrics platform, followed by two
weekly reminders.

The study protocol and data collection procedures, all materials used
in the study, data files, and outputs from main analyses (testing the
hypothesized model) are available at Open Science Framework, htt
ps://osf.io/vmn2q/.

2.2. Participants

Data from 1256 participants was available at T1 and T3. The sample
size per country ranged fromn = 13 ton =210 (M = 89.70, SD = 58.89).
Sociodemographic characteristics for the total sample and the national
subsamples are presented in Table 1.

2.3. Materials

The English language version of the questionnaire was prepared by
the lead team (ZS, AL, and MS). The PMT measures were developed
based on items that were used across cultures in research on hand-
washing and/or in the context of preventing infectious diseases (Park
et al., 2010; Reyes Fernandez et al., 2016) and following the guidelines
to assess PMT variables (Norman et al., 2015). Two researchers from
each of the involved countries (excluding Singapore, where one
researcher was involved) tested the survey to assess whether the items
(1) fit the context and culture of their country and (2) captured PMT
measures appropriately. The lead team collated the feedback from all
researchers, applied corrections, and developed the final English lan-
guage version of the survey. Next, language/country versions were
developed by two researchers in the respective countries. Australia,
Canada, the Gambia, Malaysia, and Singapore applied the English lan-
guage version. If a validated country language version of the general
anxiety measure existed, this version was used in the survey.

2.3.1. T1 and T3 handwashing adherence to the CDC guidelines (the main
study outcome)

Based on previous assessment tools (Lima-Costa et al., 2020; Nivette
et al., 2021), the World Health Organization (2020) guidelines, and the
Centers for Disease Control and Prevention (2020) guidelines, we
developed a 12-item measure assessing handwashing that captured
adherence across situations. The stem ‘During the previous week, I've
usually washed my hands (for at least 20 s, all surfaces of the hands)’
was followed by eight situational contexts specified in the World Health
Organization (2020) guidelines and four additional situational contexts
specified in the Centers for Disease Control and Prevention (2020)
guidelines: ‘Before, during, and after preparing food’, ‘Before eating
food’, ‘Before and after caring for someone at home who is sick with
vomiting or diarrhea’, ‘Before and after treating a cut or wound’, ‘After
using the toilet’, ‘After changing diapers or cleaning up a child who has
used the toilet’, ‘After blowing my nose, coughing, or sneezing’, ‘After
touching an animal, animal feed, or animal waste’, ‘After handling pet
food or pet treats’, ‘After touching garbage’, ‘After visiting public
spaces’, and ‘When my hands were visibly dirty’. In the case of situations
referring to caring for children, sick persons, animals, or treating a cut,
participants were asked if they had encountered each of these situations
in the previous week. If they indicated that they did not, these items
were removed from the mean item score value for the participant. Re-
sponses were provided on a scale ranging from 1 (Strongly disagree) to 4
(Strongly agree). The internal consistency of scores was adequate (T1: a
= 0.86; T3: @ = 0.77). Descriptive statistics are presented in Table 1.

2.3.2. Total COVID-19 cases and deaths (country-and-day-specific data;
TO and T2)

An index of COVID-19 total morbidity and mortality was extracted
from Coronavirus Disease Situation Reports, published daily by the
World Health Organization (2021) for the period of data collection
(March-September 2020) in the 14 included countries. The following
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Table 1
Sociodemographic sample characteristics for 14 countries.
AUS CAN CHIN FRA GAM GER ISR ITA MALA POL POR ROM SGP SWI TOTAL
Number of participants 195 66 127 107 23 210 89 63 36 65 56 78 13 128 1254
Mean Age (SD) 45.5 40.7 23.1 37.8 36.0 36.2 48.4 32.8 33.9 335 38.7 34.0 42.9 35.2 37.1
(13.6) (18.9) 3.1) (14.6) (11.1) (17.1) (16.0) (15.9) (14.5) (12.0) (13.2) (12.2) (15.0) (15.1) (15.7)
Gender (%)
Male 5.6 24.2 26.8 14.0 65.2 21.4 20.2 25.4 19.4 15.4 25.0 15.4 15.4 19.5 19.1
Female 92.3 75.8 73.2 85.1 34.8 77.6 79.8 73.0 77.8 84.6 75.0 84.6 84.6 80.5 80.2
Other 2.1 0.00 0.00 0.9 0.0 1.0 0.0 1.6 2.8 0.0 0.0 0.0 0.0 0.0 0.7
Education (%)
Primary education 0.0 0.0 0.0 0.0 4.3 1.9 0.0 1.6 0.0 0.0 0.0 0.0 0.0 1.6 0.6
High school 12.3 6.1 4.7 15.0 4.4 7.6 5.6 17.5 5.6 23.1 5.4 10.3 15.4 10.2 10.0
Vocational/post-secondary 1.5 0.0 0.0 0.0 0.0 48.6 0.0 0.0 2.8 0.0 0.0 0.0 0.0 29.7 11.5
University degree 86.2 93.9 95.3 85.0 91.3 41.9 94.4 81.0 91.7 76.9 94.6 89.7 84.6 58.6 77.9
Economic status (%)
Below average 14.4 4.5 25.2 19.6 21.7 7.1 29.2 14.3 8.3 6.2 1.8 2.6 7.7 7.8 12.7
Average for family in a 39.4 45.5 53.5 40.2 56.6 44.3 18.0 57.1 44.5 32.3 53.6 55.1 38.5 47.7 44.0
country
Above average 46.2 50.0 21.3 40.2 21.7 48.6 52.8 28.6 47.2 61.5 44.6 42.3 53.8 44.5 43.3
Marital status
Single/Divorced/Widowed 26.7 59.1 85.0 45.8 30.4 47.8 23.6 68.3 63.9 27.5 37.5 37.2 46.2 60.2 48.1
Living with a partner 73.3 40.9 15.0 54.2 69.6 52.2 76.4 31.7 36.1 72.5 62.5 62.8 53.8 39.8 51.9
Employment
Unemployed/student/ 31.3 37.9 80.3 34.6 13.0 56.7 27.0 69.4 58.3 32.1 19.6 321 23.1 39.1 43.5
pensioner/retired
Full-/part-time 68.7 62.1 19.7 65.4 87.0 43.3 73.0 30.6 41.7 67.9 80.4 67.9 76.9 60.9 56.5
employment
Healthcare professional
Health care 9.7 16.3 6.2 24.4 36.4 6.7 5.6 9.5 35.0 6.2 21.6 11.9 18.2 18.7 12,5
Other 90.3 83.7 93.8 75.6 63.6 93.3 94.4 90.5 65.0 93.8 78.4 88.1 81.8 81.3 87.5
Total cases (T0) 6881.7 85694.8 83040.9 132184.2 44.2 126571.8 10631.9 126022.5 5186.0 3793.3 13256.5 20158.6 32155.2 24412.9 58475.6
Total deaths (TO) 94.6 6886.6 3532.6 25181.5 1.9 4067.2 100.8 15524.1 84.2 142.3 431.4 1237.8 22.1 881.7 4540.8
Total cases (T2) 7447.3 105103.8 84504.9 152472.5 39019.8 176430.6 16693.9 215638.3 7645.3 17200.8 29784.1 38683.8 44212.9 39763.4 79775.2
Total deaths (T2) 103.3 8367.8 4644.2 29210.6 5361.3 7961.2 254.7 30042.3 115.3 784.2 1213.2 1953.4 25.9 2147.7 6806.5
General anxiety symptoms 5.8 (4.8) 5.3(.3) 5.4 (3.7) 6.3 (5.5) 5.6 (6.3) 5.3 (4.0) 5.54.4) 6.4 (4.5) 7.5 (5.6) 8.9 (5.9 6.2 (4.7) 5.6 (4.7) 5.8 (3.6) 4.5 (3.5) 5.8(4.7)
(TD)
Handwashing (T1) 3.4 (0.5) 3.3(0.5) 3.3(0.5) 3.4 (0.5 3.3(0.7) 3.4 (0.5) 3.2(0.6) 3.5(0.4) 3.4 (0.9 3.3(0.6) 3.6 (0.9) 3.7 (0.9) 3.4 (0.6) 3.4 (0.5 3.4 (0.5)
Handwashing (T3) 3.4 (0.5) 3.3(0.5) 3.2(0.5) 3.4 (0.5) 3.4 (0.7) 3.4 (0.5) 3.1 (0.6) 3.5(0.5) 3.6 (0.4) 3.3(0.6) 3.6 (0.4) 3.7 (0.3) 3.2(0.8) 3.4 (0.5) 3.4 (0.5)

Note. AUS = Australia; CAN = Canada; CHIN = China; FRA = France; GAM = Gambia; GER = Germany; ISR = Israel; ITA = Italy; MALA = Malaysia; POL = Poland; POR = Portugal; ROM = Romania; SGP = Singapore; SWI
= Switzerland; Total = all countries combined; Handwashing = Adherence to the handwashing guidelines; Total cases/deaths = the number of total COVID-19 cases/deaths from the beginning of pandemic per country per
date; Marital status: Living with a partner includes being married, civil partnership, and other romantic relationship.
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data were extracted: (1) number of total COVID-19 cases since the
beginning of pandemic, per country, and per specific date of data
collection; and (2) number of COVID-19 deaths since the beginning of
pandemic, per country, and per specific date of data collection (see
Table 1 for descriptive information).

2.3.3. General anxiety symptoms (T1)

General anxiety was assessed with the Generalized Anxiety Disorder-
7 (GAD-7; Spitzer et al., 2006). Responses were provided on a 4-point
scale ranging from O (Not at all) to 3 (Nearly every day). The scale had
good reliability (T1: @ = 0.89). Mean sum score was M = 5.79 (SD =
4.68), with 14.6% of participants reporting values above the cut-off
point of >10, indicating a possible diagnosis of generalized anxiety
disorder (Spitzer et al., 2006).

2.3.4. Constructs included in protection motivation theory (T1 and T3)

Perceived illness severity was assessed with one item, ‘If you were
infected with coronavirus, how great of a burden would that be on your
daily life?” (Park et al., 2010). A 4-point response scale ranging from 1
(Mild symptoms like common cold) to 4 (May die from it) was used (T1: M
= 2.26, SD = 0.98; T3: M = 2.22, SD = 0.94).

Perceived vulnerability was assessed with two items (e.g., ‘How
possible do you believe it is for you to become infected with coronavirus
SARS-CoV-2?) adapted from Park et al. (2010). A 5-point response scale
ranging from 1 (Very low) to 5 (Very high) was used (T1: M = 2.70, SD =
0.78,rr; = 0.50,p < .001; T3: M = 2.59, SD = 0.78, r2 = 0.50, p < .001).

Response costs were assessed with one item, ‘If I wash my hands
frequently every day in accordance with the WHO recommendations,
then it would take too much of my time’ (Reyes Fernandez et al., 2016).
A 4-point response scale ranging from 1 (Strongly disagree) to 4 (Strongly
agree) was used (T1: M = 1.82, SD = 0.74, T3: M = 1.95, M = 0.75).

Response efficacy was measured with one item, ‘Do you consider
hand washing to be an effective means of preventing coronavirus SARS-
CoV-2 infection?’ (Park et al., 2010). A 5-point response scale ranging
from 1 (It is almost non-effective) to 5 (It is very effective) was used (T1: M
=4.02, SD = 0.78; T3: M = 3.96, SD = 0.80).

Self-efficacy was assessed with four items (as per Reyes Fernandez
et al., 2016), for example, ‘I am confident I can wash my hands in
accordance with the WHO recommendations, even when I am in a
hurry.” A 4-point response scale (1 = Strongly disagree to 4 = Strongly
agree) was used (T1: M = 3.31, SD = 0.58, a = 0.85; T3: M = 3.16, SD =
0.62, a = 0.87).

Intention (T1) was measured with two items (as per Reyes Fernandez
et al., 2016), for example, ‘Today and for the next 2 weeks I intend to
properly wash my hands (for at least 20 s, all surfaces of the hands) with
soap and water or alcohol-based hand rub in various situations identi-
fied by the WHO (e.g., before, during, and after preparing food.’A
4-point response scale ranging from 1 (Strongly disagree) to 4 (Strongly
agree) was used (T1: M = 3.03, SD = 0.70, r = 0.40, p < .001; T3: M =
2.94, SD = 0.73, r = 0.50, p < .001).

2.3.5. Control variables (T1)

Individual-level data on country of residence, age, gender, educa-
tion, perceived economic status, and marital status were assessed at T1.
Participants indicated their education with responses representing the
following four levels: primary school, vocational education/completed
high school, up to three years of higher education, four or more years of
higher education. Perceived economic status was measured with one
item, ‘Compared to the average situation of a family in your country,
what is the economic situation of your family?‘, with responses ranging
from 1 (Much above the average) to 5 (Much below the average).
Descriptive statistics are presented in Table 1.

2.4. Data analysis

The G*Power calculator simulating a multiple regression model was
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used to determine the sample size. As previous research yielded small
direct effects of COVID-19 morbidity and mortality on handwashing
(Szczuka et al., 2021), as well as very small indirect effects linking
anxiety/mental health problems and the PMT variables (Zhou et al.,
2021), we assumed small direct and indirect effect sizes f> = 0.02, power
of .95, and Type [ error rate of 0.05. The sample size was estimated using
the approach suggested by O’Rourke and Hatcher (2013) and was based
on the number of predictor and covariate variables in the path model
and requirements for regression. The estimated sample size was 1300
respondents. Path analyses were conducted with the maximum likeli-
hood estimation procedure, using SPSS and IBM AMOS versions 26.
Indirect effects were evaluated with the user-defined estimands function
and reported as unstandardized effect coefficients, calculated with 10,
000 bootstraps and two-sided 95% bias-corrected confidence intervals
(CD). Besides reporting p-values, we rely on two-tailed 95% CI for direct
and indirect effect coefficients when interpreting the findings (Lin et al.,
2013). The values of indirect effects coefficients do not allow for a valid
quantitative indication of the effect value (Hafeman, 2009), whereas
their two-tailed 95% bias-corrected CI can be used to assess whether
indirect effects exist (Hafeman, 2009).

When evaluating the model fit, a cut-off point of < .08 was applied
for the root mean square error of approximation (RMSEA) and stan-
dardized root mean square residual (SRMR), and a cut-off point >.95
was used for the comparative fit index (CFI) and the normed fit index
(NFI) (Byrne, 2010). Missing data were accounted for by using a full
information maximum likelihood procedure (FIML; Byrne, 2010). The
values of Little’s MCAR test were not significant (4 (31) = 42.44, p =
.083), suggesting random missing data patterns. Mardia’s coefficient of
multivariate normality indicated substantial non-normality (284.79). To
reduce non-normality, logarithmic transformations were applied to in-
dicators of general anxiety (T1).

The hypothesized mediation model (Fig. 1) was tested using the half-
longitudinal design (Byrne, 2010). The indirect effects were obtained by
controlling the effects of the mediator at T1 on the mediator at T3 and
the effects of the dependent variable at T1 on the dependent variable at
T3. The model assumed that the total number of COVID-19 cases (T0)
and general anxiety at T1 would be related to all T1 PMT variables
(perceived illness severity, perceived vulnerability, response costs,
response efficacy, self-efficacy, and intention) and cross-situational
handwashing adherence at T1. Total number of COVID-19 cases at T2
was assumed to be related to the T3 PMT variables and adherence to
handwashing at T3. TO total number of COVID-19 cases was associated
with T1 general anxiety and with the total number of COVID-19 cases at
T2. Cross-situational handwashing adherence indicators at T1 and T3
were assumed to be related. Residuals of the PMT variables at T1 and
handwashing adherence at T1 were assumed to covary with each other
(unless the two variables were linked with a regression path). The re-
siduals of the PMT variables at T3 were also assumed to covary.

Overall, 35 indirect effects were tested. Ten sequential mediating
effects linked the total number of COVID-19 cases (TO or T2) with the
PMT variable (the mediator, T1 or T3, respectively), which in turn was
associated with intention at T3, which was associated with handwashing
adherence (the dependent variable, T3). Ten sequential mediating ef-
fects linked the total number of COVID-19 cases (T0) with general
anxiety at T1, which was related to the PMT variable (the mediator, T1
or T3, respectively), which in turn was associated with intention at T3,
which was associated with handwashing adherence (the dependent
variable, T3). Ten sequential mediating effects linked general anxiety at
T1 to the PMT variable (the mediator, T1 or T3, respectively), which in
turn was associated with intention at T3, which was associated with
handwashing adherence (the dependent variable, T3). Five sequential
mediating effects linked the PMT variable at T1 (the dependent variable)
and the respective T3 PMT variable T3 (the first mediator) with inten-
tion at T3 (the second mediator), which in turn was associated with
handwashing adherence (the dependent variable, T3).

Sensitivity analyses (Thabane et al., 2013) were conducted to assess
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the robustness of the findings. First, analyses tested if the pattern of
associations is similar when controlling for age, gender, and socioeco-
nomic status. Second, analyses were repeated with data obtained from
both dropouts and completers to test if the exclusion of dropouts
affected the findings. The third sensitivity analysis was conducted with
total COVID-19 cases replaced with another indicator of COVID-19
pandemic, namely total COVID-19 deaths.

Participants’ data were nested in k = 14 countries. Consequently, the
intraclass correlation coefficient (ICC) was calculated to evaluate the
potential presence of significant clustering effects across the study
variables.

3. Results
3.1. Preliminary analyses

We compared those who responded at T1 but not T3 (n = 1143) with
those who responded at both T1 and T3 (n = 1256). Those who
completed the T1 survey only and those who completed both T1 and T3
surveys did not differ in the T1 PMT variables of perceived vulnerability,
response efficacy, self-efficacy, and intention. Those who dropped out
did, however, report higher response costs (p = .009) and higher
perceived illness severity (p = .007). There were no differences in gen-
eral anxiety and total deaths related to COVID-19, but the number of
COVID-19 cases (T0) among dropouts was lower (p < .001). Finally,
those who only completed the T1 survey were younger, reported higher
levels of economic status, and were more likely to be men (all ps < .001).
For details of the dropout analyses see Supplemental Materials.

In the total analyzed sample (N = 1256), the average adherence to
handwashing across 12 situations was high (T1: M = 3.39, SD = 0.50;
T3: M = 3.38, SD = 0.52) and did not change between T1 and T3, F (1,
1255), p < .01, p = .759. Between TO and T2 there was a significant
increase in the total number of COVID-19 cases, F (1, 1255) = 259.75, p
< .001 (TO: M = 58,476, SD = 56,407 vs. T2: M = 79,775 SD = 79,333)
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and the total number of COVID-19 deaths, F (1, 1255) = 279.48, p <
.001 (TO: M = 4,541, SD = 7615 vs. T2: M = 6,806, SD = 9927).

Across the PMT variables and handwashing adherence, participants
with GAD-7 scores above the cut-off point for the potential diagnosis of
the generalized anxiety disorder (14.6% of the total sample) did not
differ from those with GAD-7 scores below this threshold, all Fs < 2.83,
ps > .092. The only exception was perceived vulnerability (T1 and T3),
which was higher among participants whose scores indicated a possi-
bility of generalized anxiety disorders compared to those below the cut-
off point, F (1, 1225) =12.50,p < .001 at T1 and F (1, 1225) =9.21,p =
.002 at T3.

Intraclass correlation coefficients evaluating country-related clus-
tering effects were not significant for total COVID-19 cases and deaths,
the PMT variables, handwashing, and sociodemographic variables (see
Supplementary Table 1, Supplemental Materials). The two exceptions
were low but significant ICCs for generalized anxiety and age. Correla-
tion coefficients for the total sample are presented in Supplementary
Table 2, Supplemental Materials.

3.2. Indirect associations between COVID-19 cases/deaths, general
anxiety symptoms, PMT variables, and handwashing

The model had an acceptable fit, with 2 (68) = 341.20, p < .001, 2/
df = 5.02, NFI = 0.95, CFI = 0.96, RMSEA = 0.06 (90% CI: 0.05, 0.06),
SRMR = 0.04. Direct associations between the independent variables
(COVID-19 cases at TO and T2; general anxiety at T1), PMT mediators
(T1 and T3) and the dependent variable, (i.e., cross-situational adher-
ence to handwashing (T3), are presented in Fig. 1 and Table 2. The
variables in the model explained 41.11% of the variance in intention and
52.81% of the variance in handwashing adherence.

The observed pattern of associations provided support for PMT (see
Fig. 1, see 95% CI in Table 2). Higher self-efficacy (T3), higher response
efficacy (T3), and lower response costs (T3) were related to stronger
intention (T3), which in turn was associated with higher handwashing

Total COVID-19

Total COVID-19

cases/deaths TO .O7%s cases /deaths T2
Self- 0 ) Self-
.08** efficacy T1
-.07*

efficacy T3

-.06 Response S57*** ) Response
efficacy T1 efficacy T3
——
Response 46*** Response
costs T1 costs T3 Hand 3444 Adherence to
General 62 washing _9 the CDC
" . i i handwashing
anxiety T1 .68*** [ ness | ieation
lliness = lliness T3 guidelines T3
severity T1 severity T3 )
.09**
Perceived 57 Perceived
vulnerability T1 vulnerability T3
\ 4
Adherence to Hand washing 46***
the CDC intention T1
handwashing 5O***
guidelinesT1

Fig. 1. Results of Path Analysis for the Mediation Model: Associations Between the Independent Variables (Including COVID-19 Cases at TO and T2, and General Anxiety
Symptoms at T1), the Protection Motivation Theory-based Mediators (T1 and T3), and the Dependent Variable, Adherence to Handwashing (T3) Across the Situations
Note: Dashed lines represent non-significant paths. Solid lines represent significant paths. Bold solid lines represent significant indirect effects. For clarity, the
covariances between the variables measured at the same time point are not displayed.

*p < .05, **, p < .01, *** p < .001.
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Table 2
Direct effects for the hypothesized model (N = 1256).

Variables and hypothesized p 95% lower 95% upper  p

associations CI for g CI for 8

Handwashing (T1) — .499 .439 .556 <.001
Handwashing (T3)

Total COVID-19 cases (T0) — .075 .028 121 .002
Handwashing (T1)

Total COVID19 cases (T0) — —.003 —.057 .050 915
General anxiety symptoms (T1)

Total COVID-19 cases (T0) — —.065 —.121 —.011 .020
Perceived illness severity (T1)

Total COVID-19 cases (T0) — —.060 —.115 —.007 .029
Perceived vulnerability (T1)

Total COVID-19 cases (T0) — —.005 —.056 .052 .887
Response costs (T1)

Total COVID-19 cases (T0) — .049 —.007 .105 .083
Response efficacy (T1)

Total COVID-19 cases (T0) — —.065 —.115 —.016 .007
Self-efficacy (T1)

General anxiety symptoms (T1)— .000 —.047 .046 .996
Handwashing (T1)

General anxiety symptoms (T1) .094 .038 149 .001
— Perceived illness severity
(T1)

General anxiety symptoms (T1) .088 .029 .145 .003
— Perceived vulnerability (T1)

General anxiety symptoms (T1) .020 —.031 .074 463
— Response costs (T1)

General anxiety symptoms (T1) —.068 —.122 —.012 .018
— Response efficacy (T1)

General anxiety symptoms (T1) —.004 —.052 .043 .859
— Self-efficacy (T1)

General anxiety symptoms (T1) .013 —.028 .054 .540
— Perceived illness severity
(T3)

General anxiety symptoms (T1) .050 .000 .097 .052
— Perceived vulnerability (T3)

General anxiety symptoms (T1) .058 .008 .108 .022
— Response costs (T3)

General anxiety symptoms (T1) —.012 —.058 .033 617
— Response efficacy (T3)

General anxiety symptoms (T1) .010 —.041 .060 .703
— Self-efficacy (T3)

Perceived illness severity (T1) — .681 .644 .715 <.001
Perceived illness severity (T3)

Perceived vulnerability (T1) — .566 .519 .609 <.001
Perceived vulnerability (T3)

Response costs (T1) — Response .458 .403 .509 <.001
costs (T3)

Response efficacy (T1) — .574 .529 .618 <.001
Response efficacy (T3)

Self-efficacy (T1) — Self-efficacy .506 .451 .558 <.001
(T3)

Intention (T1) — Intention (T3) .459 .407 .512 <.001

Total COVID-19 cases (T2) — .017 —-.023 .056 392
Perceived illness severity (T3)

Total COVID-19 cases (T2) — —.011 —.053 .030 .600
Perceived vulnerability (T3)

Total COVID-19 cases (T2) — .044 —.024 .130 .228
Response costs (T3)

Total COVID-19 cases (T2) — .015 —.028 .056 473
Response efficacy (T3)

Total COVID-19 cases (T2) — —-.070 —.123 —.020 .006
Self-efficacy (T3)

Perceived illness severity (T3) — .039 —.002 .080 .063
Intention (T3)

Perceived vulnerability (T3) — .028 —.014 .069 .203
Intention (T3)

Response costs (T3) — Intention —.080 —.132 —.027 .002
(T3)

Response efficacy (T3) — .063 .019 .106 .006
Intention (T3)

Self-efficacy (T3) — Intention .284 .224 .345 <.001
(T3)

Intention (T3) — Handwashing .343 .293 .394 <.001

(T3)
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Note. 95% CI - values of 95% two-tailed bias corrected confidence intervals.
Direct effect estimates presented in bold have values of two-tailed bias corrected
confidence intervals that do not include zero. TO = Time 0; T1 = Time 1 (1-7
days later); T2 = Time 2 (one month after T1), T3 = Time 3 (1-7 days after T2);
Handwashing = Handwashing Adherence Index (based on the CDC Guidelines);
Total COVID-19 Cases = the number of total COVID-19 cases/deaths from the
beginning of pandemic per country per date. Data were collected in 14 countries
(Australia, Canada, China, France, Gambia, Germany, Israel, Italy, Malaysia,
Poland, Portugal, Romania, Singapore, and Switzerland) between March 25,
2020 and September 20, 2020, during the COVID-19 pandemic.

adherence (T3). The values of covariance coefficients are presented in
Supplementary Table 4, Supplemental Materials. Small size associations
were found between higher general anxiety (T1) and lower self-efficacy
(T1), higher perceived illness severity (T1), higher perceived vulnera-
bility (T1, T3), and higher response costs (T3). Higher number of total
COVID-19 cases (TO) was related to lower self-efficacy (T1), lower
perceived illness severity (T1), lower perceived vulnerability (T1), and
higher cross-situational handwashing adherence (T1). The higher
number of COVID-19 cases at T2 was associated with lower self-efficacy
(T3). The number of COVID-19 cases (T0) and general anxiety (T1) were
unrelated. Respective coefficients and their 95% CI are presented in
Table 2.

Next, 35 indirect effects analyses were performed (see Table 3),
indicating nine significant indirect associations. For the indirect effects
with total COVID-19 cases (TO or T2) operating as the independent
variable, three indirect associations were significant: lower COVID 19
cases (TO) — higher self-efficacy (T1) — higher self-efficacy (T3) —
higher intention (T3) — higher handwashing adherence (T3); lower
COVID 19 cases (T2) — higher self-efficacy (T3) — higher intention (T3)
— higher handwashing (T3); lower COVID 19 cases (T0) — higher illness
severity (T1) — higher illness severity (T3) — higher intention (T3) —
higher handwashing (T3).

Regarding the indirect effects with general anxiety (T1) operating as
the independent variable, three indirect associations were significant:
lower general anxiety (T1) — higher response efficacy (T1) — higher
response efficacy (T3) — higher intention (T3) — higher handwashing
adherence (T3); higher general anxiety (T1) — higher illness severity
(T1) — higher illness severity (T3) — higher intention (T3) — higher
handwashing adherence (T3); lower general anxiety (T1) — lower
response costs (T3) — higher intention (T3) — higher handwashing
adherence (T3). Table 3 presents 95% CI indicating significance of the
indirect effects.

Finally, three indirect effects were found for the associations be-
tween the PMT variables and handwashing adherence: higher illness
severity (T1) — higher illness severity (T3) — higher intention (T3) —
higher handwashing adherence (T3); higher self-efficacy (T1) — higher
self-efficacy (T3) — higher intention (T3) — higher handwashing
adherence (T3); lower response costs (T1) — lower response costs (T3)
— higher intention (T3) — higher handwashing adherence (T3).
Respective coefficients and their 95% CI are reported in Table 3.

3.3. Sensitivity analyses

The first sensitivity analysis included sociodemographic variables
(age, gender, and socioeconomic status) as predictors of handwashing
adherence at T3 and correlates of all T1 variables (except for COVID-19
indicators). The model accounting for sociodemographic covariates had
an acceptable fit, with;(z (94) = 480.27, p > .001, ;(Z/df =5.11, NFI =
0.94, CFI = 0.95, RMSEA = 0.06 (90% CI [0.05, 0.06]), SRMR = 0.04.
The pattern of the 8 indirect effects was the same as in the hypothesized
model without respective covariates (see Supplementary Tables 5-7,
Supplemental Materials). The exception was one indirect effect (linking
the independent variable, COVID-19 cases, with the mediator, perceived
illness severity at T1) which was not significant.

The second sensitivity analysis tested if the missing data treatment
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Table 3
Significant simple indirect effects in the hypothesized model (N = 1256).

Simple indirect effects Estimate  SE 95%BCI

Lower Higher p

Total COVID-19 cases
(T0)— Perceived illness
severity (T1)—
Perceived illness
severity (T3)—
Handwashing
adherence (T3)

Total COVID-19 cases
(TO)— Response
efficacy (T1)—Response
efficacy (T3)—
Handwashing
adherence (T3)

Total COVID-19 cases
(T0)— Self-efficacy
(T1)— Self-efficacy
(T3)—Handwashing
adherence (T3)

General anxiety 0.001 0.001
symptoms (T1)—
Perceived illness
severity (T1)—
Perceived illness
severity (T3)—
Handwashing
adherence (T3)

General anxiety
symptoms (T1)—
Response efficacy
(T1)—Response efficacy
(T3)—Handwashing
adherence (T3)

General anxiety
symptoms (T1)—
Response costs (T3)—
Handwashing
adherence (T3)

Response costs (T1)—
Response costs (T3)—
Handwashing
adherence (T3)

Response efficacy (T1)— 0.008 0.003 0.003 0.014 .005
Response efficacy
(T3)—Handwashing
adherence (T3)

Self-efficacy (T1)— Self- 0.044 0.007 0.032 0.059 <.001
efficacy (T3)—
Handwashing
adherence (T3)

Total COVID-19 cases
(T2)— Self-efficacy
(T3)—Handwashing
adherence (T3)

<0.001 <0.001 <0.001 <0.001 .042

>-0.001 <0.001 >-0.001 >-0.001 .049

>-0.001 <0.001 >-0.001 >-0.001 .005

<0.001 0.003 .037

—0.001 0.001 —0.003 >-0.001 .011

—0.002 0.001 —0.005 >-0.001 .012

—0.009 0.003 —-0.016 —0.003 .002

>-0.001 <0.001 >-0.001 >-0.001 .005

Note. Significant effects are presented only. All tested indirect effects (including
not significant) are reports in Supplementary Table 3, Supplemental Materials.
The values of the majority of indirect effect estimates were either larger than
—0.001 (i.e., —0.0002) or smaller than 0.001 (i.e., 0.0002). TO = Time 0; T1 =
Time 1 (1-7 days later); T2 = Time 2 (one month after T1), T3 = Time 3 (1-7
days after T2); Handwashing = Handwashing adherence (based on the CDC
Guidelines); Total COVID-19 Cases = the number of total COVID-19 cases from
the beginning of pandemic per country per date. Data were collected in 14
countries between March 25, 2020 and September 20, 2020, during the COVID-
19 pandemic.

strategy, namely the deletion of non-completers, affected the patterns of
observed associations (see Supplementary Tables 8-10, Supplemental
Materials). The path analysis was conducted in a sample of N = 2339
participants, including both completers and dropouts. The model had an
acceptable fit, with;(z (68) =444.03,p > .001, )(Z/df =6.53, NFI = 0.98,
CFI = 0.98, RMSEA = 0.05 (90% CI [ 0.04, 0.05]), SRMR = 0.04. The
same eight indirect effects emerged, as found for the hypothesized
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model calculated for completers only (N = 1256). As in the case of the
first sensitivity analysis, the exception was one indirect effect (linking
the independent variable, COVID-19 cases, with the mediator, perceived
illness severity at T1) which did not become significant.

The third additional analysis was conducted with the total number of
COVID-19 cases at TO and T2 replaced by the total number of COVID-19
deaths (TO and T2, respectively). The analyses were again conducted for
the sample including the dropouts. The model had an acceptable fit,
with 42 (68) = 444.03, p > .001, y2/df = 5.09, NFI = 0.98, CFI = 0.99,
RMSEA = 0.04 (90% CI [0.03, 0.05]), SRMR = 0.03. The same eight
indirect effects emerged, as found for the hypothesized model, the first
and second sensitivity analysis (see Supplementary Tables 11-13, Sup-
plemental Materials). In line with previous sensitivity analyses, the
exception referred to one insignificant indirect effect (linking the inde-
pendent variable, COVID-19 cases, with the mediator, perceived illness
severity at T1).

4. Discussion

The findings of this prospective 14-country study provide novel ev-
idence for the associations between the indicators of the trajectory of the
COVID-19 pandemic, general anxiety, PMT cognitions, and handwash-
ing adherence across situations. Our findings suggest that the number of
total cases and deaths due to COVID-19 was indirectly associated with
adherence to handwashing guidelines. Self-efficacy and intention
sequentially mediated this association. General anxiety was associated
with three other PMT mediators, namely, response efficacy, response
costs, and perceived illness severity. These three PMT mediators were
linked to intention, and, sequentially, to handwashing adherence.

The tenets of PMT were supported, with higher levels of perceived
illness severity, response efficacy and self-efficacy, and lower levels of
response costs being associated with higher levels of intention and, in
turn, higher adherence to handwashing across the situations indicated in
the CDC guidelines (CDC, 2020). Path analysis indicated that perceived
vulnerability was the only PMT predictor that was not associated with
handwashing intention; however, bivariate associations of perceived
vulnerability with intention and behavior were positive and significant,
yet weak (rs between 0.08 and 0.10). This is in line with previous
research indicating a “low key” role of perceived vulnerability or risk
perception, operationalized as weak or not significant associations with
COVID-19 protective behaviors (Ezati Rad et al., 2021; Hamilton et al.,
2020; Scholz and Freund, 2021; Schiiz et al., 2021; Wang et al., 2021).

The findings provide support for Ruiter et al.’s (2001) conceptuali-
zation of the links between fear, PMT cognitions, and protective
behavior. We found indirect associations between higher general anxiety
and higher handwashing adherence, mediated by perceptions of higher
perceived severity of COVID-19 and intention. This is in line with the
proposal formulated by Ruiter et al.’s (2001) that fear-related processes
may bolster threat appraisal (e.g., perceived severity), which in turn is
associated with stronger intentions and higher adherence to protective
behaviors. The positive associations between general anxiety (or fear
arousal) and perceived illness severity are consistent with (1) the as-
sumptions of the extended parallel process model, which integrates PMT
cognitions and affective processes (Witte, 1992), and (2) previous
cross-sectional research, which found that general anxiety is positively
related to perceived severity of, and vulnerability to, COVID-19 (Zhang
et al., 2022).

We found that lower generalized anxiety was indirectly related with
better adherence with two parallel mediators, higher response efficacy
and lower response costs, followed by higher intention. These findings
are consistent with the proposal by Ruiter et al. (2001) suggesting that
negative emotions may activate other processes (such as avoidance or
suppression) that may compete with or distract precautions motivation
processes and, subsequently, disrupt adoption of protective behavior.
Our findings are also consistent with research that found a negative
association between general anxiety levels and COVID-19 response
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efficacy (measured as beliefs about the efficacy of governmental re-
sponses to curb the COVID-19 pandemic; Zhang et al., 2022). We did not
find direct associations between general anxiety symptoms and
self-efficacy, which is again in line with Ruiter et al.’s (2001) proposal
that these associations are indirect (via the threat appraisal processes).
Alternatively, self-efficacy may be bolstered by fear but at the same time
hindered by competing fear-related processes such as avoidance or
suppression (Ruiter et al., 2001), so these fear-related processes may
counteract each other and result in a negligible link between negative
emotions and self-efficacy.

We found an indirect association between the accumulating numbers
of COVID-19 cases/deaths and handwashing adherence, with self-
efficacy mediating this association. The lower number of COVID-19
cases/deaths was associated with higher self-efficacy beliefs. It is
possible that lower numbers of COVID-19 cases/deaths were related to
less strict containment policies (i.e., lower restriction of movement) and
thus (relatively) more social contacts and more encounters of high-risk
of infection situations during everyday life. This may have increased
mastery of handwashing adherence resulting in higher self-efficacy
(Bandura, 1997) and, consequently, higher handwashing adherence.
As the number of COVID-19 cases and deaths was accumulating over
time of the pandemic, ‘pandemic fatigue’ (Reicher and Drury, 2021)
occurred, defined as a decline in motivation to engage in protective
behaviors over time. Lower self-efficacy, following the accumulation of
COVID-19 cases, may represent a decline in such motivation processes.

The associations confirmed in our study (specifically, the indirect
effects of general anxiety levels and the number of COVID-19 cases/
deaths on handwashing adherence via the PMT variables) may have
some theoretical implications. First, following the developments of dual
process models (Hagger, 2016), the models focusing on cognitive de-
terminants of behavior change (such as PMT) may need to evolve and
clarify the roles played by affective processes (such as general anxiety
symptoms). Furthermore, following developments in social-ecological
models and their applications (Jang, 2022), cognitive
processes-oriented health behavior change models may need to account
for the role of environmental factors (such as the trajectory of the
COVID-19 pandemic) and the dynamic way they operate.

Our findings indicate weak associations between general anxiety, the
number of COVID-19 cases, and PMT variables. Similarly, the associa-
tions between PMT predictors and intention were weak, whereas the
association between intention and handwashing adherence was weak-
to-moderate. The observed effect sizes were likely to be small-to-
moderate as they were obtained in a heterogeneous sample, control-
ling for the baseline effects of the mediators and the outcome variable
(handwashing adherence), and in a sample that had a high level of
handwashing adherence at baseline and follow-up. The small effect sizes
warrant replications before any conclusions for clinical practice can be
drawn.

The present study has several limitations. First, due to the correla-
tional nature of the results, causal inferences are not possible. Second,
although the sensitivity analyses were conducted to control for the ef-
fects of sociodemographic variables, it must be acknowledged that the
sample included mostly women, and the majority of respondents had at
least some university education and perceived their economic status as
being average or above average in their respective country. This reduces
the generalizability of findings to the wider population. A large dropout
rate further limits generalizability, although this limitation was miti-
gated by a replication of the analysis with missing data accounted for
using the full information maximum procedure. Third, handwashing
adherence was self-reported, but there is no recommended objective
assessment of cross-situational handwashing and hand sanitizing (in
contrast to an assessment conducted in a medical care setting, which
may be done through automated monitoring of entries and the use of
hand sanitizers; Makhni et al., 2021).

Fourth, data used in this study are clustered, with individuals nested
in countries. This may have introduced non-independence in the sense
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that individuals living in the same country and being subject to similar
policies at similar time points may be more similar than individuals
across countries. However, because this study comprised too few clus-
ters (i.e., countries, N = 14), a multi-level approach was not feasible.
Fifth, applied measures of the PMT variables and handwashing adher-
ence were not thoroughly validated across the cultures. Given that the
COVID-19 cases and deaths data were country-specific and included in
the analyses, this might have accounted partially for the violation of the
non-independence requirement. Finally, sample sizes differed across the
included countries and cultural factors were not controlled. Any con-
clusions drawn should take these limitations into account. Future
research should investigate if the associations observed in this study may
be similar in later stages of the COVID-19 pandemic and for other pro-
tective behaviors, such as social distancing or the uptake of vaccination
against COVID-19.

Despite these limitations, the current study has several strengths.
These include the use of a previously validated theoretical model of
behavior change, and the assessment of indicators of the trajectory of
COVID-19 that were varying across the time span of the study and across
the studied countries. Overall, this study provides a novel insight into
complex interrelations between the indicators of the COVID-19
pandemic trajectory, general anxiety symptoms, PMT cognitions, and
adherence to handwashing guidelines. Importantly, the study confirms
the enduring relevance of the PMT framework in understanding health-
protective behavior patterns across threats. Replication of these results
in other contexts (e.g., during the later phases of the COVID-19
pandemic) is warranted.
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