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To protect themselves from COVID-19, people follow the recommendations of the authorities, but
they also resort to placebos. To stop the virus, it is important to understand the factors underlying
both types of preventive behaviour. This study examined whether our model (developed based on
the Health Belief Model and the Transactional Model of Stress) can explain participation in WHO-
recommended and placebo actions during the pandemic. Model was tested on a sample of 3346
participants from Italy, Japan, Poland, Korea, Sweden, and the US. It was broadly supported: objective
risk and cues to action showed both direct and indirect (through perceived threat) associations with
preventive behaviours. Moreover, locus of control, decision balance, health anxiety and preventive
coping moderated these relationships. Numerous differences were also found between countries. We
conclude that beliefs about control over health and perceived benefits of actions are critical to the
development of interventions to improve adherence to recommendations.

In March 2020, the World Health Organization officially acknowledged the severe acute respiratory syndrome
coronavirus (SARS-CoV-2) outbreak as a pandemic! Governments responded to the spread of the disease by
introducing regulations requiring citizens to take preventive measures that had been identified as critical to flat-
tening the curve of the spread of COVID-19 (e.g., Ref.?), such as social distancing or facemasks. Even though
effective COVID-19 vaccines have since been developed, preventive behaviours remain a fundamental strategy
of stopping virus transmission®. Understanding which factors determine compliance with authorities’ guidance,
especially at the beginning of the outbreak, is crucial for managing current and possible future pandemics.
There is growing evidence that to protect their own health people not only follow physicians’ recommenda-
tions but also employ placebo interventions, i.e., interventions that lead to a beneficial outcome after adminis-
tration even if their active ingredients lack this potential. Placebo interventions (e.g., homeopathic remedies)
may influence some aspects of an individual’s health because the cues and rituals of the treatment trigger learned
associations and expectations. These behaviours are quite common and are complementary rather than alterna-
tive to those recommended by physicians, at least when it comes to chronic conditions®. It seems that placebo
actions may be a strategy for coping with the uncertainty® that is characteristic of a pandemic, but they are
likely not effective for virus protection. Rather, they may increase the spread of the virus if they outcompete
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Figure 1. Hypothesized model. The model includes the following predictors: perceived threat of the COVID-
19 disease (perceived susceptibility to infection and perceived severity of COVID-19), objective health risk
(risk of developing serious symptoms of COVID-19), cues to action (internal and external cues that motivate
an individual to act), decision balance (perceived barriers minus perceived benefits of action), individual
characteristics (locus of health control, health anxiety and preventive coping style), institutional trust (including
trust in government, WHO, healthcare and scientific institutions). Blue arrows represent direct effects.
Moderators are represented by red rectangles; red arrows represent moderation effects. Dotted lines and dotted
rectangles represent indirect effects and mediators, respectively.

WHO-recommended actions. Therefore, it is important to determine what psychological factors underlie use
of placebos in this context.

A large number of studies conducted in behavioural sciences in the last 2 years focused on identifying
sociodemographic, psychological and situational variables related to undertaking preventive behaviours and
compliance with COVID-19 recommendations (e.g., Refs.”~2°). Although our knowledge about the factors related
to preventive behaviours during pandemic has increased considerably, the main limitation of existing studies is
that they mostly focus on specific variables and are rarely based on health behaviour theories?*2. Therefore, our
aim was to create and verify a model that is built on empirical knowledge and relevant theories that could help to
understand the factors underlying individuals’ engagement with both recommended and placebo interventions.

In the current study we tested whether the model based on the Health Belief Model and the Transactional
Model of Stress and Coping could be used to predict engagement in WHO-recommended actions and placebo
actions during the COVID-19 pandemic. Figure 1 represents the factors included in the model and their interplay.
Theoretical and empirical rationale for the hypothesized associations can be found in Supplementary Material A.

The following hypotheses were proposed:

H1: Positive relationship between cues to action and frequency of preventive behaviours is mediated by
perceived threat.

H2: Decision balance moderates the relationship between perceived threat and frequency of preventive
behaviours.

H3: Perceived threat mediates the relationship between objective risk of developing serious COVID-19 symp-
toms and the frequency of preventive actions.

H4: Health anxiety moderates the relationship between objective health risk and perceived threat.

H5: Health anxiety moderates the relationship between objective health risk and frequency of preventive
actions.

Hé6: Health locus of control (powerful internal/external others) moderates the relationship between perceived
threat and the frequency of preventive behaviours.

H?7: Preventive coping style moderates the relationship between perceived threat and the frequency of engag-
ing in preventive behaviours.

H8a: The frequency of WHO-recommended actions is positively associated with institutional trust.

H8b: The frequency of placebo actions is negatively associated with institutional trust.

The model was tested on an international sample consisting of participants who had not been diagnosed
with COVID-19, recruited from 6 countries (Italy, Japan, Poland, Sweden, Republic of Korea, USA) that vary in
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Total

Italy Japan Korea Poland Sweden USA Differences n? sample
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Table 1. Descriptive statistics (mean + SD) and differences between countries. Total sample: N =3346; Italy:
N =405, Japan: N =190, Republic of Korea: N=551, Poland: N =1092, Sweden: N=587, USA: N=521.

cultural background as well as socio-political pandemic strategies. We wanted to determine (1) how the assumed
model performs in the total sample as well as in subsamples recruited from different nations; (2) whether the
model can be used to predict engagement in both WHO-recommended actions and placebo interventions.

Results
Preliminary analyses. The descriptive statistics and mean differences between nations are presented in
Table 1 and the Supplementary Material C.

Path analyses. We started by fitting the baseline model of the study (as shown in Fig. 2) separately in each
nation (excluding the moderators). Fit indices are reported in Table 2. As can be seen, the models provided an
acceptable fit in Italy, Japan, Poland, and the USA. However, the fit was not acceptable in Korea and Sweden. The
modification indices suggested that adding a covariance between subjective threat and institutional trust would
substantially improve the fit in these two countries. Given the fact that previous studies showed a significant
association between institutional trust and feeling of security, this covariance is theoretically justifiable”. The
modified models provided an acceptable fit in Korea and Sweden. Next, we tested the two baseline models of the
study in two multi-group analyses with all the countries, including the specified covariance for Korea and Swe-
den. As can be seen in Table 2, the two multi-group models provided an acceptable fit to the data. Together, these
results suggest that the baseline models of the study are structurally comparable across the countries included
in this study.

It is worth noting that trust in institutions in the overall sample was positively associated with frequency
of WHO actions (H8a) and negatively with placebo actions (H8b). Multi-group analyses showed that higher
trust was significantly related to engagement in recommended behaviours only in Poland and Sweden, but not
in other countries. A negative relationship between trust and placebo actions was detected in Italy, Sweden and
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Figure 2. Baseline model. This model does not include moderators.
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Modifications/group-specific estimated

X2 af | p RMSEA (90% CI) CFI | SRMR | parameters

Single-country models

WHO actions

Italy 1.778 1 |0.182 |0.044 (0.000-0.148) |0.994 |0.017 -

Japan 0.070 1 ]0.792 |0.000(0.000-0.124) | 1.000 |0.005 -

Korea 14.799 4 0005 |0.069(0.034-0.109) | 0.952 | 0.041 (;ovarlance between subjective threat and institu-
tional trust

Poland 1.705 1 ]0.192 |0.025(0.000-0.089) |0.999 |0.009 -

Sweden 5.048 4 0203 |0.029(0.000-0.074) |0.991 |0.021 (;ovarlance between subjective threat and institu-
tional trust

USA 0.085 1 |0.770 |0.000 (0.000-0.078) |1.000 |0.003 -

Placebo actions

Italy 1.778 1 |0.182 | 0.044 (0.000-0.148) | 0.994 |0.017 -

Japan 0.070 1 [0.792 |0.000(0.000-0.124) |1.000 |0.005 -

Korea 14.800 4 |0.005 |0.069(0.034-0.109) | 0.930 | 0.040 Covanance between subjective threat and institu-
tional trust

Poland 1.704 1 |0.192 |0.025(0.000-0.089) |0.999 |0.008 -

Sweden 5948 | 4 |0203 |0.029(0.000-0.074) | 0.988 |0.021 | Covariance between subjective threat and institu-
tional trust

USA 0.085 1 [0.770 |0.000 (0.000-0.078) | 1.000 |0.003 -

Multi-group model

WHO actions 139.824 |28 | 0.000 |0.085(0.071-0.099) | 0933 |0.052 | Covariance between subjective threat and institu-
tional trust for Korea and Sweden

Placebo actions | 139.823 |28 |0.000 | 0.085(0.071-0.099) | 0911 |00s51 | Covariance between subjective threat and institu-

tional trust for Korea and Sweden

Table 2. Fit indices. Total sample: N =3346; Italy: N =405, Japan: N =190, Republic of Korea: N=551, Poland:
N=1092, Sweden: N=587, USA: N=521.

USA. Interestingly, in Poland a positive association between institutional trust and placebo actions was observed.

Regression coeflicients are reported in Table 3.

There were differences in the sizes of the regression coeflicients across the countries. Accordingly, we decided
to run our mediation and moderated mediation analyses not only in the total sample but also separately in each

country. The results of the analyses conducted in different nations are described in Supplementary Material.

Mediation analyses.

In line with H3, in total sample, subjective threat mediated the relationship between
objective risk of developing serious symptoms of COVID-19 and the frequency of WHO-recommended actions
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Parameter Total sample | Italy ‘ Japan ‘ Korea Poland Sweden USA
WHO actions

Trust— WHO actions 0.030*** 0.021 —0.043 | 0.024 0.062** 0.053* 0.031
Cues — WHO actions 0.311*** 0.188** 0.254* 0.334** 0.225%** 0.195%** 0.219***
Objective risk — WHO actions 0.064 -0.525 0.202 —-0.247 —-0.068 0.416 0.493*
Subjective threat — WHO actions 0.142%** 0.093*** 0.123** 1 0.058* 0.230*** 0.152%* 0.108***
Age— WHO actions 0.006 0.095%** —0.008 |0.052* 0.035 0.011 -0.016
Male — WHO actions -0.396 -1.227 -0.139 | - 1.242* - 1.684** - 1.863** 2.744F%*
Cues — Subjective threat 0.667*** 0.533%** 0.654** | 0.947** 1.2220%* 0.301** 1.102***
Objective risk— Subjective threat 2.381%+* 1.896** -3.565 |0.276 1.227%* 1.229%% 0.946
Age — Subjective threat —0.235%** —0.181"* | -0.224 |0.015 0.157*** —-0.047 -0.026
Male — Subjective threat — 2,417+ —9.346** | 0.340 - 3471 —4.782°F¢ | — 43087 3.383*
Trust — Subjective threat — 447230 - - = 13,123 | - — 4335807 | —
Placebo actions

Trust — Placebo actions = 0.127*** = 0.112%%* 1 0.050 0.011 0.067** - 0.050** = 0.158***
Cues — Placebo actions 0.133*** 0.135* 0.083 0.323*** 0.166*** 0.113** 0.377%**
Objective risk— Placebo actions 0.374** 0.339 0.615 -0.593 0.699** 0.209 -0.325
Subjective threat— Placebo actions | 0.125%** 0.034 0.123** 1 0.030 0.025 0.058** 0.141%**
Age — Placebo actions -0.002 0.017 0.254* 0.101** -0.019 0.036 0.066*
Male — Placebo actions -0.127 — 2.044** -1.539 |0.651 —1.853*** | -0.335 —1.548
Cues — Subjective threat 0.667*** 0.5330* 0.654** | 0.947* 122204+ 0.301** 1.102%**
Objective risk — Subjective threat 2.381%** 1.896** -3.565 |0.276 1.227** 1.229** 0.946
Age — Subjective threat —0.235%* -0.181*** | -0.224 |0.015 0.157** —-0.047 —-0.026
Male — Subjective threat — 2.4170% —9.346*** 1 0.340 —3.471*%* —4.782%%% | — 4308 3.383*
Trust — Subjective threat — 44.723%%* - - -13.122%% | - —43.358% | -

Table 3. Results of the path analyses—unstandardized coefficients. *p <0.05. **p <0.01. ***p <0.001; Total
sample: N =3346; Italy: N =405, Japan: N =190, Republic of Korea: N=551, Poland : N =1092, Sweden:

N =587, USA: N=521; WHO actions: R>=0.23 for the total sample, R*=0.14 for Italy, R>=0.14 for Japan,
R?=0.21 for Korea, R*=0.32 for Poland, R*=0.17 for Sweden, R?=0.25 for the USA; Placebo actions: R?=0.13
for the total sample, R*=0.11 for Italy, R?=0.08 for Japan, R?=0.13 for Korea, R*=0.08 for Poland, R*=0.11 for
Sweden, R2=0.21 for the USA.

(indirect effect: b=0.44, SE=0.05, 95% CI 0.35-0.54) as well as placebo actions (b=0.40, SE=0.05, 95% CI
0.31-0.49). The total effects of objective risk on both types of preventive actions were positive and significant.
After controlling for subjective threat, the relationship between objective risk and WHO-recommended actions
became non-significant. The effect of objective risk on placebo actions was still significant; however, it became
weaker, thus suggesting partial mediation. Furthermore, as hypothesized (H1), the indirect effects of cues to
action through subjective threat on both types of preventive behaviours were also significant (WHO actions:
b=0.09, SE=0.01, 95% CI 0.08-0.11; placebo actions: b=0.11, SE=0.01, 95% CI 0.09-0.13). Results of hypoth-
eses testing are summarized in Table 4. Results of mediation analyses conducted separately in each of the six
studied nations are presented in Supplementary Materials D and E.

Moderated mediation analyses. In the total sample, the hypothesized interaction effect of objective risk
and health anxiety on subjective threat (H4) was not confirmed for any type of preventive behaviours. Similarly,
health anxiety did not moderate the relationship between objective risk and frequency of WHO-recommended
actions (H5). However, the interaction effect of objective risk and heath anxiety on frequency of placebo actions
was significant (b=- 0.02, SE=0.01, 95% CI — 0.04 to — 0.00, p<0.05). Specifically, the positive relationship
between objective risk and frequency of placebo actions was stronger at low (Mean — 1SD) levels of health anxi-
ety (see Fig. 3) than at higher levels of health anxiety.

Both external and internal locus of health control (LoC) moderated the relationship between subjective
threat and frequency of WHO-recommended actions (H6) (internal LoC: b=0.004, SE=0.00, 95% CI 0.00-0.01,
p <0.05; external LoC: b=-0.01, SE=0.00, 95% CI - 0.01 to — 0.00, p <0.001). The effect of subjective threat on
the frequency of WHO actions was stronger in individuals with a high level of internal LoC and a low level of
external LoC than in individuals with lower levels of internal LoC and higher levels of external LoC, respectively.
Moreover, the indirect effect of objective risk through subjective threat was stronger at lower levels of external
LoC (index of moderated mediation =—0.02, SE=0.01, 95% CI — 0.03 to — 0.01) than at higher levels. Addition-
ally, there was a significant interaction effect of external LoC and subjective threat on frequency of placebo actions
(b=0.01, SE=0.00, 95% CI 0.005-0.01, p < 0.001). The positive relationship between threat and placebo actions
was stronger for participants with high levels of external LoC (Fig. 4) than participants with medium and low
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Hypothesis ‘ Total sample ‘ Italy ‘ Japan ‘ Korea ‘ Poland ‘ Sweden ‘ USA
WHO actions

H1 v v v v v v v
H2 v v v v v v

H3 v v v v

H4 v
H5

Heé v v

H7

H8a v v v

Placebo actions

H1 v v v v
H2 v v
H3 v v v v

H4 v
H5 v v v
He v v v v v
H7 v v

H38b v v ? v v

Table 4. Results of hypotheses testing. v'—confirmed, ?—correlation was significant but positive (not
negative, as predicted).

levels. The indirect effect of objective risk through subjective threat was stronger at higher (mean + 1SD) levels
of the moderator variable than at lower levels (index of moderated mediation: 0.02, SE=0.00, 95% CI 0.01-0.03).

The interaction effect of subjective threat and preventive coping (H7) was confirmed only for placebo actions
(b=0.01, SE=0.00, 95% CI 0.005-0.01, p <0.001). The effect of subjective threat on placebo actions was reduced
in individuals showing low levels of this coping style (Fig. 3). Furthermore, the indirect effect of objective risk
through subjective threat was stronger at higher (mean + 1SD) levels of preventive coping (index of moderated
mediation: b=0.02, SE=0.00, 95% CI 0.01-0.03) and weaker at low levels of preventive coping.

Finally, there was a significant interaction effect of subjective threat and decisional balance (H2) on WHO-
recommended actions (b=—0.05, SE=0.01, 95% CI — 0.06 to — 0.04, p <0.001). Namely, the effect of subjective
threat on frequency of undertaken actions was weaker in individuals who perceived more benefits than barriers
than in those who saw more barriers than benefits to preventive actions (Fig. 5). The indirect effect of objec-
tive risk through perceived threat was the strongest when a person declared that he/she saw more barriers than
benefits associated with following WHO recommendations (index of moderated mediation: — 0.12, SE=0.02,
95% CI — 0.16 to — 0.08). The results of the analyses are summarized in Supplementary Material F. Moreover,
the results of moderated mediation analyses conducted separately in each nation are described in the Supple-
mentary Material D.

Discussion

As hypothesized, in the total sample, subjective threat was found to fully mediate the link between objective risk
and frequency of WHO-recommended actions. Moreover, the relationship between objective risk and frequency
of placebo actions was partially mediated by subjective threat. The latter also served as a partial mediator in
the relationship between cues to actions and both types of preventive behaviours. Health anxiety moderated
the relationship between objective risk and frequency of placebo actions, but this effect was not detected for
WHO-recommended actions. Both external and internal LoC were found to be moderators of the link between
subjective threat and WHO-recommended actions, whereas the relationship between subjective threat and pla-
cebo actions was moderated only by external LoC. Also, an interaction effect of subjective threat and preventing
coping was detected, but only in placebo actions. On the other hand, decision balance moderated the subjective
threat-preventive behaviours relationship only in the case of WHO-recommended actions. Institutional trust
was positively related to the recommended behaviours and negatively to placebo interventions. However, con-
trary to our expectations, the hypothesized interaction effect of objective risk and health anxiety on the level of
subjective threat was not confirmed for any type of preventive behaviours.

There was a positive relationship between subjective risk and engagement in authorities’ recommendations.
Similar results were obtained in previous studies conducted during the COVID-19 pandemic!®!*!¢. Moreover,
in line with our hypotheses, subjective risk served as a mediator in the relationship between objective risk of
developing serious symptoms of COVID and frequency of taking recommended precautions. Perceived risk
also mediated the link between cues to actions and recommended behaviours. These results support the thesis,
which was formulated on the basis of both Health Belief Model?*%°, and Transactional Model of Stress®”?® that
situational factors motivate to act through shaping a person’s beliefs; in this case, beliefs about vulnerability to
coronavirus infection and the seriousness of COVID-19.

Scientific Reports |

(2022) 12:17704 | https://doi.org/10.1038/s41598-022-17303-y nature portfolio



www.nature.com/scientificreports/

Placebo actions

Subjective threat

Placebo actions

2 Health
1200 1200
Total sample 1 L Japan anxiety
| —T s, S mean-1SD
L o ——— “.mean
1200 et ~mean+1SD
1000 >
"
c
o
2
S
™ : o
]
3 800
[
10,00
60
900
) ) 100 150 200 250 300 & ™ = g F
Objective risk Objective risk
5500 1000 Health
—t e USA_ USA anxiety
— mean-1SD
“~.mean
000 “~mean+1SD
o
c
o
-]
o
4500 "
o
o
o
8
=
o
4000
3500
800
00 100 200 300 400
00 1.00 00 300 400
Objective risk Objective risk
- Preventive
1600 Total sample e Poland coping
~ Mean-1SD
o . Mean
“~Mean+1SD
4.00
P @
" c
S 1500
ki
&
1200 // E 8 um s
/ . [
St 1300 e
1200
.00 10,00 500 00 500 10,00 1500 20,00 1000 00 1000 2000

Subjective threat Subjective threat

Figure 3. Simple slope analyses (hypotheses 4, 5 and 7). The interaction effect of objective risk and illness
anxiety on subjective threat (H4) was found only in the USA. The relationship between objective risk and
subjective threat was positive and significant only among Americans with low (mean — 1SD) levels of health
anxiety. The moderation effect of illness anxiety on the relationship between objective risk and preventive
actions (H5) was confirmed in the USA and Japan and only in the case of placebo actions: in Japan, the positive
relationship between objective risk and frequency of placebo actions was stronger for individuals characterized
by low (mean — 1SD) levels of health anxiety than those characterized by higher levels, the opposite pattern
was found in the USA. The interaction effect of subjective threat and preventive coping style on preventive
behaviours (H7) was confirmed only in Poland, and only for placebo actions. The positive relationship between
subjective threat and frequency of engaging in placebo actions was stronger among individuals characterized
by high (mean + 1SD) levels of preventive coping style than in individuals characterized by lower levels; Total
sample: N =3346; Japan: N=190, Poland: N=1092, USA: N=521.

The study also confirmed recent findings*~** and showed that engagement in recommended actions is posi-

tively associated with institutional trust. Moreover, as predicted, decision balance moderated the relationship
between subjective risk and frequency of following recommendations: people who perceived more benefits
than barriers to actions engaged in recommended behaviours more frequently than those who saw more bar-
riers. At the same time, the relationship between subjective risk and frequency of following recommendations
was stronger when people perceived more barriers than benefits of actions. This result is in the line with the
hypothesis formulated by Champion and Skinner?, who speculated that when people see few barriers and
many benefits, they may engage in preventive behaviours even if the threat is not very high. The motivating role
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«Figure 4. Simple slope analyses (hypothesis 6). The interaction effect of subjective threat and locus of health
control (H6) was confirmed in Poland, Republic of Korea, Sweden and USA. In Poland, the relationship between
subjective threat and both types of preventive actions was moderated by the external locus of health control
(external LoC). The effect of subjective threat on the frequency of WHO-recommended actions was reduced
in the case of individuals with high (mean + 1SD) levels of external LoC. Additionally, the mediation effect of
objective risk through subjective threat on WHO actions was significant only in participants who reported low
(mean — 1SD) levels of external LoC but not in those who reported medium (mean) or high levels. The positive
effect of subjective threat on placebo actions was reduced among participants with low levels of external LoC.

In the USA, the interaction effect of subjective threat and external LoC on placebo actions was significant: the
relationship between feeling threatened and the frequency of applying placebo interventions was positive and
was stronger in individuals characterized by high levels of external LoC than in individuals characterized by
medium or low levels. In Republic of Korea and Sweden there was a significant interaction effect of subjective
threat and internal locus of health control (internal LoC) on frequency of placebo actions. In Sweden, a stronger
positive effect of subjective threat on frequency of placebo actions was observed among individuals with low
levels of internal LoC than in those with medium and high levels. In the Republic of Korea, the positive effect of
perceived threat was stronger among people with higher levels of internal LoC than among people with lower
levels; Total sample: N =3346; Republic of Korea: N =551, Poland: N=1092, Sweden: N=587, USA: N=521.

of perceived threat becomes visible when the number of perceived barriers increases and behaviour is seen as
costly and non-beneficial.

Also, the LoC served as a moderator in the relationship between subjective risk and frequency of following
recommendations. In particular, the strongest link between subjective risk and engagement in recommended
behaviours was observed among people with high levels of internal LoC and low levels of external LoC. This
result is in line with many previous studies showing that increased internal LoC and decreased external LoC are
associated with intensified engagement in pro-health and preventive behaviours*>*® as well as higher compliance
with protective COVID-19 guidelines®.

Contrary to our predictions, the moderating role of health anxiety in the relationship between objective threat
and frequency of engagement in recommended actions was not supported. Similarly, the interaction effect of
subjective risk and preventive coping style on recommended behaviours was not detected in the total sample.
It is possible that the role of these individual characteristics in shaping health behaviours becomes visible when
actions are mainly the effect of personal preferences, not the effect of external pressure. Some of the behaviours
recommended during the pandemic were required and enforced by law in some countries participating in the
study. As a result, individuals whose preferences would not lead them to engage in such behaviours would still
willingly do so due to fear of the possible penalty for non-compliance.

This explanation is partially supported by the fact that the hypothesized interaction effects involving health
anxiety and preventive coping were detected in the case of placebo actions, which are mostly chosen by individu-
als and are usually not required. Specifically, it was found that the relationship between perceived threat and
placebo actions is stronger for people who prefer to build resistance “just in case” something bad happens than for
those with a low level of future-oriented coping style. Additionally, the results suggest that people with high levels
of health anxiety frequently engage in placebo actions, regardless of the level of objective health threat; this is in
line with the notion that these individuals are extra-sensitive to signals of danger and sometimes interpret neutral
bodily signs as threatening symptoms®**. On the other hand, for people with lower levels of health anxiety, the
greater the objective danger of a severe course of COVID-19, the more preventive placebo interventions they use.

As hypothesized, the relationship between trust in institutions and the frequency of placebo actions in the
total sample was negative, showing that mistrust in organisations that provide information about efficient types
of protection against the virus may be one of the reasons that people engage in placebo actions. As we know,
conspiracies theories emerged very soon after the pandemic started, many of which focused on different ways of
warding off the virus and alternative remedies for the symptoms of COVID-194**!, The recent findings of Banai
etal.”?, Chan et al.* and Pummerer et al.** show that believing in COVID-19 conspiracy theories may decrease
institutional trust and adoption of recommended preventive measures. The results of our study tentatively suggest
that conspiracies theories may also lead to an increase in the usage of placebo interventions due to the spread of
public distrust. This link should be further explored in future studies.

The strongest relationship between subjective risk and the frequency of using placebo interventions was
found among individuals with high levels of external LoC. Internal LoC did not moderate this relationship. The
pandemic seems to be especially threatening for people who do not feel in control of their own life. For example,
studies have shown that external LoC aggravates the relation between COVID-19-related stress and symptoms
of depression and anxiety*>*. Interestingly, external LoC has also previously been found to correlate positively
with the tendency to believe in conspiracy theories*”*. For people who do not feel in control of their health,
conspiracy beliefs may be a way of alleviating anxiety by reassuring them that the world in not completely ran-
dom and unpredictable®. It is therefore possible that people with high levels of external LoC are more prone to
conspiracy theories, therefore they are more likely to use placebo interventions when feeling at risk of disease.

In contrast to the WHO-recommended actions, the moderating role of decision balance in the relationship
between subjective threat and frequency of engaging in placebo actions was not observed. This result is some-
what surprising; however, it is possible that when asked about the perceived benefits of preventive behaviours
and the barriers associated with them, participants referred mainly to recommended actions and not to placebo
interventions. The pros and cons of following recommended precautions are widely discussed in the media
as well as in everyday life, therefore this kind of information is easy to access when formulating opinions, but
the same cannot be said about most placebo interventions. In other words, despite our efforts to create neutral
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Figure 5. Simple slope analysis (hypothesis 2). Note: The interaction effect of subjective threat and decision
balance (H2) was present in all of the analysed nations. However, in most cases this effect was confirmed

only for one type of preventive actions and not the other. The only exception was Poland, where a significant
interaction effect was found for both WHO-recommended actions and placebo actions. A reduced positive
effect of perceived threat on frequency of both types of behaviours was observed among individuals who
perceived more benefits than barriers associated with preventive actions. In the case of WHO-recommended
actions, a similar effect was observed in Japan, Italy, Sweden and the Republic of Korea. In the USA, this effect
was found only in the case of placebo actions. Total sample: N =3346; Italy: N =405, Japan: N =190, Republic of
Korea: N=551, Poland: N=1092, Sweden: N =587, USA: N=521.
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instructions that would not suggest any type of action, due to participants’ assumptions the “decision balance”
variable in our study might have in fact reflected people’s beliefs about the pros and cons of following authori-
ties’ recommendations and therefore might play a lesser role in determining engagement in placebo actions.

Finally, the interaction effect of objective risk and health anxiety on the level of subjective risk was not con-
firmed in the total sample for any type of preventive behaviour. The only country where this effect was detected
was the United States, which was experiencing the second wave of the pandemic at the time of the study. During
this time period, the epidemiological situation in the US was serious, and American citizens were bombarded
by media with many distressing pictures showing coronavirus victims. It is therefore possible that participants
high on health anxiety misinterpret somatic signals as possible symptoms of COVID-19 and feel endangered
only when COVID-19 disease is perceived by them as highly prevalent condition and therefore probable cause
of their symptoms. When it is not the case, they may instead focus on other possible health risks and diagnoses
which they perceive as threatening. That would explain why the moderating role of health anxiety in objective
risk-subjective threat relationship was not detected in countries, which at the time of data collection did not have
many active cases of COVID-19. The further discussion of the findings obtained in different studied nations can
be found in Supplementary Material I.

Strengths, limitations and future directions.  The current study has a number of advantages that needs
to be acknowledged. First, we developed and tested a comprehensive and theoretically grounded model that
explains engagement in preventive behaviours during the pandemic. What especially distinguishes this model
from other health behaviour models is the fact that it not only incorporates psychological constructs but also
considers biological factors, namely the objective risk of developing serious symptoms of COVID-19. Addi-
tionally, we did not settle for analysing simple associations between constructs but also endeavoured to specify
how these variables combine and interact with each other to produce behaviour. Our study is also the first to
investigate the predictors of engagement in placebo interventions during the pandemic. Furthermore, it is worth
noting that the research was conducted in a large international sample consisting of participants from six cultur-
ally diverse countries that deployed various policies to combat the pandemic. This enabled us to test our model
in different socio-cultural and epidemiological contexts.

Some limitations need to be acknowledged when interpreting the results; these should be addressed in future
research. The study was cross-sectional, which limits the possibility of casual inference. Longitudinal and experi-
mental studies should be performed to further validate the proposed model. However, it is worth mentioning
that the model was formulated on the basis of well-established theories, which strictly guided the assumed
directions of the hypothesized associations (see Supplementary Material A for further details). Furthermore,
engagement in preventive behaviours was assessed retrospectively, which introduced the possibility of recall
bias. In the future, more precise methods should be used to collect information about behaviour, such as a diary
method with daily entries. We used internet advertisements and social media to recruit participants from dif-
ferent countries; as a result, older adults, who are not always active internet users, were underrepresented. The
subsamples’ demographic composition differed, including differences in age and sex. The subsamples also dif-
fered in size: for example, the sample from Japan was much smaller than the rest (and therefore underpowered).
In future, more balanced samples are recommended. Moreover, due to problems with recruiting participants in
the United States, data collection took more time in this country. As a result, the study was mostly conducted
during the second wave of the pandemic (in other countries, the study was conducted after the first wave, when
governments loosened restrictions). Although it would be preferable to collect all data at the same time, we were
able to verify how our model would perform in different epidemiological contexts. We did not investigate the
determinants of vaccine uptake, which is undoubtedly a very important measure to prevent the development
of COVID-19 symptoms®>*! because the approved SARS-CoV vaccines had not yet been available at the time
of the data collection. Future research should verify if the proposed model also explains vaccination behaviour.
Finally, it should be pointed out, that the results of our study probably cannot be generalised to the developing
countries with a less-integrated health system, where local organizations and response at grassroot levels play a
crucial role in citizens’ response to the epidemic™.

Implications for practice. The findings of this study may be used to guide interventions aimed at increas-
ing compliance with authorities’ recommendations during viral outbreaks. The results suggest that higher objec-
tive risk of developing serious symptoms does not necessarily translate into undertaking more preventive behav-
iours if a person does not perceive himself/herself as at risk. They also show that it may not be enough to increase
the level of perceived threat associated with coronavirus (for example, by showing the negative consequences of
COVID-19 in the media) to make people follow recommendations. In order to act, people also need to feel like
they have control over their health and perceive more benefits than barriers associated with actions. Therefore,
campaigns should also focus on these positive factors highlighting the fact that individuals are responsible for
their own health and may effectively protect themselves against coronavirus infection, as well as showing what
may be gained (by the individual as well as others) if the precautions are implemented. Some of the practical and
psychological barriers that discourage people from following recommendations can also be addressed by mak-
ing preventive measures more affordable, easily available and socially acceptable. The last goal may be achieved
for example by presenting individuals with accurate information about the acceptance and prevalence of differ-
ent preventive actions™. Increasing public trust is also important because, as our study shows, individuals need
to trust institutions if they are to follow their lead. Otherwise, they may look for other not scientifically proven
methods of protection against infection. It has been previously pointed out> that proper delivery of public health
crisis communications is crucial in enlisting public trust and cooperation during epidemics. Transparency, con-
sistency, credibility, sensitiveness to the concerns and values of diverse public, as well as acknowledgment of
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uncertainties are some of the characteristics of effective government crisis communication that may have posi-
tive impact on institutional trust®.

Conclusions

Drawing upon theory and earlier empirical findings, we proposed a model that explains engagement in protec-
tive actions during the pandemic and tested it in a diverse sample that included participants from six different
countries. Overall, the model performed quite well in the total sample; however, many differences between
nations were also detected (see Supplementary Materials), suggesting that situational and socio-cultural factors
cannot be ignored when explaining health behaviours during the COVID-19 pandemic. Especially, the predictors
of preventive actions in nations representing collective cultures need to be further investigated as both current
and previous studies (e.g. Refs.>>*) suggest they can be different from those identified in countries representing
individualistic cultures. It might not be a coincidence that the theories that inspired our model, i.e., HBM and
TMS, were both created by American psychologists, and USA was one of the nations with the highest ratio of
confirmed hypotheses in our study. As was previously pointed out by different authors (e.g., Ref.””), theories
that work well in a particular socio-cultural context cannot necessarily be generalized to other contexts. Further
studies should focus on determinants of preventive behaviours that are more specific to other cultures that are
not incorporated into the models such as HBM or TMS. Previous research suggests that in the case of collective
cultures these factors may for example include the belief that others find it important to engage in preventive
actions™, anticipated stigma, or fear of offending and distressing others®. Also, it is worth mentioning that in
addition to collectivism-individualism, other dimensions associated with culture such as uncertainty avoidance®,
tightness-looseness® or honour culture® can be important for understanding adherence to preventive behaviours
during epidemics®®.

Methods

Participants. The initial sample consisted of 3681 participants (54.1% women, 45.6% men, 0.2% other) who
completed the surveys. 265 participants were excluded from the analyses because they incorrectly answered the
control questions (e.g., “In this question, please select 3”). A further 79 participants were excluded because they
declared they had COVID-19 at the time of the study (26 participants), or they had already been diagnosed
with COVID-19. The final sample included 3346 participants from six countries: Italy (405, 12.1%), Japan (190,
5.7%), Republic of Korea (551, 16.5%), Poland (1092, 32.6%), Sweden (587, 17.3%), the United States (521,
15.6%). Of these, 54.2% were women. The declared age of participants ranged from 18 to 89 years old (M =38.10,
SD=15.76). The study was conducted from June 2020 to December 2020. Participants were recruited in each
country via internet advertisements and social media. The sociodemographic characteristics of the sample are
presented in Supplementary Material B.

The study consisted of completing an online survey comprised of a series of questionnaires, implemented by
Qualtrics software. At the beginning of the survey, the participants were informed about the purpose of the study,
the time needed to complete the questionnaires, and the types of questions they would encounter. Moreover, they
were assured of full data confidentiality and anonymity, their use for scientific purposes only, and the possibility
to stop participation in the study at any time by simply closing the browser window. Then, the participants gave
informed consent to participate in the study by ticking the relevant box. The study protocol was reviewed and
approved by the Ethical Committee of the lead researcher’s faculty (Research Ethics Committee at the Institute
of Psychology, Jagiellonian University, number: KE/01/062020) as well as committees of Partner Universities
(University of Bologna Ethical Committee, number: 0017109; The University of Toledo Social, Behavioural and
Educational, IRB number: 300706). The study and all methods have been performed in accordance with the
Declaration of Helsinki.

Materials and procedures. The following variables were measured: (1) demographic data (sex, age, eth-
nicity, marital status, education, employment status, income, country); (2) objective risk of developing serious
COVID-19 symptoms; (3) subjective threat posed by COVID; (4) internal and external cues that motivate an
individual to take action; (5) institutional trust; (6) WHO-recommended actions and placebo interventions
undertaken to prevent viral infection; (7) perceived benefits and barriers of preventive actions; (8) anxiety, locus
of control, coping; and (9) a 7-item lie scale to make sure participants were careful and attentive when complet-
ing the questionnaires.

The objective health risk. The objective health risk index was calculated based on the Objective Risk Stratifica-
tion Tool, developed by Strain and collaborators®. Demographic characteristics, such as age, sex, and ethnicity
were included, along with obesity, chronic diseases and immunosuppressant therapy.

The variables numbered from 3 to 7 were measured by questionnaires developed for the purposes of the study:

Subjective threat posed by the illness. This questionnaire contains 16 items that assess how much a person is
afraid that being infected with SARS-COV-2 would seriously impact their life (health, work situation, etc.). In
the current sample, Cronbach’s alpha for the total scale was 0.94.

Internal and external cues that motivate an individual to take action. This questionnaire contains 11 items that
assess a person’s exposure to stimuli or situations that encourage the use of SARS-COV-2 preventive measures.
Cronbach’s alpha calculated for the current sample was 0.69.
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Institutional trust.  This questionnaire contains 22 items that assess the degree to which a person trusts institu-
tions involved in SARS-COV-2 prevention. It contains four subscales: Trust in healthcare institutions, Trust in
government, Trust in scientific institutions, and Trust in the World Health Organization. In the studied sample,
Cronbach’s alpha for the total scale was 0.90.

WHO-recommended actions and placebo interventions undertaken to prevent viral infection. This questionnaire
contains a list of 33 actions that may be used for anti-viral purposes: twelve WHO-recommended actions (e.g.,
wearing masks in public places, washing hands with soap and water), ten placebo actions (taking homeopathic
remedies, using essential oils) and eight other, health-related behaviours (e.g., exercising, avoiding alcohol). The
scale measures to what extent an individual has been implementing these types of preventive actions. In this
study we focused on frequency of engaging in placebo and WHO recommended actions; other health-related
behaviours were not analysed. Cronbach’s alpha for the subscale measuring WHO recommended action was
0.77 and for the subscale measuring placebo actions 0.81.

Perceived benefits and barriers of preventive actions. This questionnaire contains 15 items divided into two
subscales (perceived benefits from behaviours and perceived barriers to behaviours) that measure to what extent
a person sees the use of preventive behaviours in general as helpful and necessary (e.g. “Engaging in preventive
actions keeps other people around me from catching COVID-19”, “Engaging in preventive actions allows me to
do my job despite current circumstances”), or burdensome (e.g. “Engaging in preventive actions is very time-
consuming’, “Engaging in preventive actions makes me a laughing stock”). In the studied sample, Cronbach’s
alpha for the perceived benefits subscale was 0.78 and for perceived barriers 0.86.

Items in each of these questionnaires were measured on a 5-point Likert scale. The exact wording of the items
from all question sets can be found in Supplementary Material J.

Short Health Anxiety Inventory (SHAI)®. The SHAI contains 18 items that assess concerns about health, aware-
ness of bodily sensations or changes, and feared consequences of having an illness. Each item is scored on a scale
from 0 to 3 (i.e., a=0,b=1, c=2, d=3). In the current sample, Cronbach’s alpha for the total scale was 0.89.

Multidimensional Health Locus of Control, Form A (MHLC-A)*. 'The MHLC-A is an 18-item scale that meas-
ures the degree to which an individual believes that his or her health behaviour is controlled by external or inter-
nal factors. It contains three 6-item subscales: Internal Health Locus of Control (Cronbach’s alpha in the studied
sample =0.70), Powerful Others Health Locus of Control (Cronbach’s alpha=0.71), and Chance Health Locus of
Control (Cronbach’s alpha=0.72). Each of these subscales contains six items with a 6-point Likert response scale.

The Preventive Coping Subscale of The Proactive Coping Inventory (PCS)*”.  Preventive coping deals with antici-
pation of potential stressors and the initiation of preparation before these stressors develop fully. The PCS-
subscale contains 10 items which are rated on a 4-point Likert scale. The Cronbach’s alpha=0.87 in the current
sample.

As our study was part of a larger project, the respondents also completed the Perceived Stress Scale®® the
Perceived Vulnerability to Disease Scale®, and the Cyberchondria Severity Scale’®, none of which were included
in the presented model.

The survey was created in English and then translated into and adjusted for (e.g., to country regions) each
language by native speakers from our research team. The relevant language version and validation of the psy-
chological questionnaires were used in each country. If a translation and validation of certain psychological
questionnaires were not available, the questions were translated from the English version by native speakers.

Statistical analyses. Mplus 8.4 was used to run multigroup path analyses. All path models were estimated
with robust maximum likelihood (MLR) using all available data. The following values were considered as indica-
tive of an acceptable model fit (e.g., Ref.”!): minimum cut-off of 0.90 for the comparative fit index (CFI); maxi-
mum cut-off of 0.07 for the root mean square error of approximation (RMSEA); maximum cut-oft of 0.08 for the
standard root mean square residual (SRMR).

To test the hypotheses that subjective threat mediates the relationship between cues to action and preventive
behaviours (H1) and between objective risk and preventive actions (H3), mediation analyses were performed
using model number 4 (simple mediation) of the Process macro’ for SPSS (version 27 of the software was used).
First, the analyses were conducted in the total sample; then, they were run separately in each nation (these
results are described in Supplementary Materials). The bootstrapping procedure with 5000 resamples and 95%
bias-corrected confidence intervals was used. Age and gender were included in each analysis as the samples
differed in terms of these characteristics, and earlier studies suggested that these variables are associated with
preventive behaviours.

The hypothesized moderation and moderated mediation effects were tested using the Process Macro”* for
SPSS with 5000 bootstrap resamples. Model number 8 was applied to test H4 and H5; model number 16 was
applied to test H6; model number 14 was applied to test H2 and H7. Age and gender were included as covari-
ates. Analyses were conducted in the total sample and separately in each of the studied nations (Supplementary
Materials). Variables were mean centred before creating interaction terms. All statistical tests were two-sided.
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Data availability

To comply with informed participant consent, the raw Qualtrics data are protected and are not available due to
data privacy. The processed, anonymized data that support the findings of this study are available from Open
Science Framework: https://osf.io/vr6p4/2view_only=070d364b489b43fca34bfcfd811ed22b.

Code availability

No custom code was used for data analysis.
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