Journal of Public Health
https://doi.org/10.1007/510389-024-02351-7

ORIGINAL ARTICLE q

Check for
updates

Understanding health risk perception: insights from an eight-country
panel study during the COVID-19 pandemic

Annabelle Répcke’ @ - Carolin Brinkmann' - Sebastian Neumann-Béhme'* - Iryna Sabat* - Pedro Pita Barros® -
Jonas Schreyogg’ - Aleksandra Torbica® - Werner Brouwer? - André Hajek? - Tom Stargardt’

Received: 30 May 2024 / Accepted: 12 September 2024
© The Author(s) 2024

Abstract

Aim The COVID-19 pandemic highlighted the importance of individuals’ risk perceptions and their impact on behaviour.
Adequate risk perceptions help individuals adopt necessary precautions.

Subject and methods We conducted a longitudinal panel study analysing data across eight European countries from the
European COVID Survey (ECOS). We used two generalised linear models with ordered logistic regression to analyse panel
data comprising 82,052 observations from 11 waves of ECOS. Our aim was to investigate self-reported risk perception
related to COVID-19 and its association with socioeconomic factors, health indicators, personal experiences with COVID-19
and trust in risk communication. We examined perceived susceptibility to SAR-CoV-2 infection and perceived risk to one’s
own health from COVID-19, interpreting these as dimensions of risk perception in accordance with the health belief model.
Results Women perceived higher susceptibility to SARS-CoV-2 infection than men. Regardless of gender, perceived suscep-
tibility increased with age, peaking in the 35-44 age group before declining. In contrast, perceived risk to health consistently
rose with age. Individuals who did not experience financial difficulties during the pandemic perceived lower health risk than
those who did experience such difficulties. Moreover, individuals with higher education levels perceived greater susceptibil-
ity than those with lower levels. Other influencing factors included SARS-CoV-2 vaccination status, trust in information,
attention to COVID-19 news and pandemic phase.

Conclusion Several socio-economic factors were associated with risk perceptions. Unvaccinated individuals, people with
lower education levels and individuals with less trust in institutional information were more likely to underestimate their
susceptibility to SARS-CoV-2 infection and their health risk due to COVID-19.

Keywords SARS-CoV-2 - Risk perception - Socio-economic factors - Europe - Socio-economic status - Factors of health

Introduction

Since early 2020, people worldwide have been contending
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with the diverse and wide-ranging consequences of the coro-
navirus disease 2019 (COVID-19) pandemic. Governments
implemented various measures to safeguard public health
and counter the rapid increase in cases and mortality rates.
While these measures aimed to mitigate virus transmission,
the spread of the virus strongly depended on individuals’
behaviour, which was determined in large part by their
perception of risk (Savadori and Lauriola 2020). Adequate
perceptions of risks are shaped by knowledge and enable
individuals to accurately assess the risk associated with an
event (Tenkorang 2018). Thus, individuals who perceive
themselves to be at high risk of infection with Severe Acute
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Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) are
more likely to adopt preventive measures (Wise et al. 2020).

Research on SARS-CoV-2 has identified several individ-
ual-level risk factors that are associated with perceptions of
COVID-19 risks, such as age, gender, income and education
level (Cipolletta et al. 2022). Theoretical models such as the
health belief model (HBM) offer explanatory frameworks for
understanding how individuals respond to perceived risks
and the manner in which these perceptions are manifested
in their behaviour (Heydari et al. 2021). In the present paper,
we employ two constructs of the HBM as our theoretical
framework: perceived susceptibility and perceived severity,
the latter of which we operationalise in our study as per-
ceived risk to health. The HBM is one of the most widely
used models in health research (Champion und Skinner
2008). Its comprehensive consideration of multiple fac-
tors and its adaptability across diverse health domains and
populations makes it a valuable tool for predicting health
behaviours (Orji et al. 2012).

The general relationship between socio-economic factors
and risk perceptions is well documented. Examples of such
factors include gender (Brown et al. 2021; Flynn et al. 1994;
Kim et al. 2018; Siegrist et al. 2005), age (Brown et al. 2021,
Kim et al. 2018; Siegrist et al. 2005; Reed-Thryselius et al.
2022), education (Brown et al. 2021; Reed-Thryselius et al.
2022) and income (Reed-Thryselius et al. 2022). Our study
aims to provide information on self-reported risk perceptions
during the COVID-19 pandemic as an example for a health
shock and their association with socio-economic and health-
related factors over time. Although risk assessment is not
solely the responsibility of individuals, as evidenced by vac-
cination programmes, vaccine prioritisation and information
campaigns, this research topic is important for addressing
future health crises. The course of the COVID-19 pandemic,
along with the evolution of risk and severity perceptions
over time, provides valuable insights into how different
groups perceive the risk of health crises and their likeli-
hood of accepting or adopting preventive measures or poli-
cies. Our study analysed data collected from a large panel
of residents of eight European countries at regular intervals
throughout the COVID-19 pandemic as part of the European
COVID Survey (ECOS). While our focus is on COVID-19,
our findings might be applicable to future scenarios in which
risk assessment largely rests with individuals and adherence
to expert-recommended behaviour is crucial.

Methods
Data

We used data from 11 waves of the ECOS, which was con-
ducted online between April 2020 and December 2022
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across eight European countries: Denmark, France, Ger-
many, Italy, the Netherlands, Portugal and the United King-
dom, as well as Spain, which was included in June 2021.
Approximately 1000 respondents from each country partici-
pated in each wave, with the sample being representative of
the national population in terms of region, age and gender.
Only individuals aged 18 years or older could participate.
All participants provided informed consent before taking
part in the survey. The survey methodology is described in
detail elsewhere (Sabat et al. 2020, 2023; Varghese et al.
2021; Konig et al. 2023).

Measurement of risk perceptions and their
determinants

The HBM comprises several constructs that have evolved
since the 1950s, adapting to various health-related con-
texts. In our study, we focused on two of these constructs:
perceived susceptibility to illness and perceived severity
of illness. Perceived susceptibility refers to an individual’s
assessment of the likelihood of contracting a particular ill-
ness in the future, whereas perceived severity refers to an
individual’s assessment of both the clinical and social conse-
quences of an illness. These two constructs, when combined,
constitute the perceived threat (Brown et al. 2021). When
individuals perceive an increased threat and the potential
benefits of adopting expert-recommended behaviours out-
weigh the costs, they are more likely to adopt these behav-
iours (Karimy et al. 2021). The HBM posits that the con-
structs of perceived susceptibility and perceived severity can
influence individuals’ health behaviour independently of the
specific characteristics of any given health intervention, such
as a vaccination campaign.

We examined perceived susceptibility and perceived
severity independently to assess their relationship with
socioeconomic factors. In model I, we measured perceived
susceptibility to SARS-CoV-2 using the survey statement
‘My risk of contracting the coronavirus’. In model II, we
measured perceived severity of illness using the survey state-
ment ‘Risk to my health from COVID-19’. This survey state-
ment operationalises the construct of perceived severity as
the perceived risk of COVID-19 to one’s own health, follow-
ing the framework of the HBM as outlined by (Champion
und Skinner 2008). We understand both constructs jointly as
risk perceptions. Both survey statements were Likert-scaled
using five response options ranging from ‘no risk at all’ to
‘very high risk’, with higher scores indicating higher per-
ceived risk.

We identified four main factors of risk perceptions in the
literature in the context of the COVID-19 pandemic: (a)
socio-economic factors, (b) health indicators, (¢c) COVID-
19 experience and (d) trust in information. Table 1 details
these factors and their operationalisation in the ECOS
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survey. Instead of using a metric variable for monthly house-
hold income, which is prone to reporting bias (Moore et al.
2000) and does not reflect discretionary income (i.e. income
remaining after covering necessities), we measured income
based on respondents’ answer to a question about their abil-
ity to make ends meet (Table 1).

Health indicators were operationalised through indi-
viduals’ health status and SARS-CoV-2 vaccination status.
Following Neumann-Bohme et al. (2023), we operation-
alised health status using the EQ-5D-5L and summarised
it into a score we call the ‘health problematisation score’
(also known as ‘misery indices’) due to the lack of country-
specific tariffs for the EQ-5D-5L in some countries in our
sample. The EQ-5D-5L comprises five domains (mobility,
self-care, usual activities, pain/physical discomfort, anxiety/
depression), each with five levels of severity, ranging from
‘no problems’ to ‘severe problems. These levels were scored
from one to five, with a total score of five indicating the best
possible health state and a total score of 25 indicating the
worst (Konig et al. 2023; Spronk et al. 2022). Self-reported
SARS-CoV-2 vaccination status was operationalised using
three categories (‘yes’, ‘no’, ‘no vaccination available at the
time of data collection’), with the last of these categories
applied to early survey waves when vaccination was not
available in specific countries.

COVID-19 experience was operationalised using three
variables: knowledge about the disease (measured by the
frequency of following COVID-19 news), direct experience
(having been diagnosed with COVID-19) and indirect expe-
rience (SARS-CoV-2 infections within the immediate social
circle). Following an approach similar to that of Carducci
et al. (2019), we operationalized trust in risk communication
by calculating a score reflecting trust in information from
various institutions. This score was determined by summing
the responses to three items: trust in information from the
national government, the European Union and the World
Health Organization, with each rated on a five-point Likert
scale from ‘not at all’ to ‘very much’. Thus, the trust score
could range from 3 (no trust in institutions) to 15 (highest
level of trust in institutions).

Statistical analysis

We used two generalised linear models with ordered logis-
tic regressions to identify predictive variables for the two
dimensions of risk perception. The models estimated associ-
ations between (a) perceived susceptibility to SARS-CoV-2
infection (model I) or perceived risk to health of COVID-19
disease (model II) and (b) the variables related to socio-
economic factors, health indicators, COVID-19 experience
and trust in risk communication described above. Addi-
tionally, we controlled for country fixed-effects and time
fixed-effects to mitigate potential bias from unobserved
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heterogeneity across countries and time periods (Hijzen
and Martin 2013). We chose Italy as a reference category
due to its early experience with the COVID-19 pandemic
in Europe (Bontempi 2021). Time fixed-effects were opera-
tionalised by quarterly dummies from the second quarter of
2020 (Q2/2020) to the fourth quarter of 2022 (Q4/2022).
We used descriptive statistics to present the demographic
data of the participants and the chi-square test to evaluate
the significance of associations between risk perception and
socio-economic variables. We calculated odds ratios (ORs),
95% confidence intervals (Cls) and robust standard errors
(RSEs) to aid in the interpretation of coefficients. We con-
ducted all data analysis using Stata version 16.1.

Results
Sample characteristics

Listwise deletion of observations with missing data yielded
a total of 82,052 observations from 11 survey waves. The
sample was roughly balanced in terms of gender, with
51.93% female participants. The average age of respond-
ents was 48 years (standard deviation, SD 16.34), with the
largest proportion of observations coming from the 65+ age
group (21.23%). Table 2 presents a descriptive overview of
the variables used, stratified by country.

Perceived susceptibility to SARS-CoV-2

Table 3 shows the results of the ordered logistic regression
analysis for both perceived susceptibility to SARS-CoV-2
(model I) and perceived risk to health from COVID-19
(model II). The results of our analyses indicate that women
tended to perceive a slightly higher susceptibility to SARS-
CoV-2 compared to men (OR 1.03; p=0.052). The perceived
susceptibility increased with age, peaking in the 35-44 year
age group (OR 1.58; p<0.001), and then declined in older
age groups, relative to the age group of 18-24 year-olds.

Individuals with higher education levels perceived their
susceptibility to SARS-CoV-2 to be slightly higher than
those with lower levels of education (OR 1.06;p =0.005),
while individuals with medium education levels did not sig-
nificantly differ from the lower education group (OR 1.02;
p=0.397). The perception of susceptibility decreased with
individuals’ ability to make ends meet. Those who perceived
their susceptibility was lowest were those who reported mak-
ing ends meet easily during the pandemic compared to those
who indicated great difficulty in making ends meet (OR0.50;
p<0.001).

There was a strong association between respondents’
health problematisation score and perceived susceptibility to
SARS-CoV-2, implying that as health problems increase, so



Journal of Public Health

Table 2 Characteristics of sample

All countries Denmark  France Germany Italy (=11,044) Netherlands Portugal  Spain United Kingdom
(N=82,052) (=10,968) (=11,017) (=10,969) (=10,898) (=10,980) (=5143) (=11,028)
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Perceived susceptibility to SARS-CoV-2 (model I)
No risk at all 6.76 6.42 5.96 8.26 5.51 11.75 5.02 4.78 5.37
Low risk 22.61 32.08 21.22 24.59 21.76 9.49 25.81 23.85 28.03
Medium risk 46.33 43.1 46.77 41.23 44.08 56.86 46.27 45.03 46.72
High risk 18.26 13.89 20.68 18.83 2.95 17.79 16.93 19.87 17.96
Very highrisk ~ 6.04 4.51 5.36 7.09 7.71 4.1 5.97 6.47 7.29
Perceived risk to health due to COVID-19 (model II)
No risk at all 10.57 13.99 8.16 10.73 9.12 16.09 9.46 8.46 7.53
Low risk 22.97 30.22 20.01 22.23 22.32 14.69 27.03 25.74 22.96
Medium risk 35.57 31.03 35.77 33.19 36.54 39.99 36.2 34.84 36.58
High risk 20.89 16.75 25.21 21.61 21.74 20.89 18.69 20.57 21.49
Very highrisk ~ 10.00 8.02 10.86 12.24 10.28 8.33 8.62 10.38 11.44
Socio-economic factors
Gender
Male 48.07 47.88 47.00 48.36 48.09 47.87 48.45 49.00 48.37
Female 51.93 52.12 53.00 58.64 51.91 52.13 51.55 51.00 51.63
Age in years
18-24 8.93 9.11 9.10 7.88 7.71 9.23 10.51 8.03 9.42
25-34 15.95 14.30 15.65 13.98 15.37 14.60 20.74 15.81 17.10
35-44 19.01 17.51 18.54 17.15 19.48 18.68 22.04 21.70 18.44
45-54 18.65 18.72 17.95 18.46 18.25 19.41 19.34 19.41 18.12
55-65 16.21 17.29 16.12 17.87 15.40 17.33 15.14 14.97 15.91
65+ 21.23 23.09 22.63 25.67 23.80 20.75 12.23 20.09 21.00
Education level
Low 20.33 18.16 15.00 20.19 24.70 27.12 15.01 31.56 16.94
Medium 39.62 29.05 46.99 48.14 49.53 40.27 34.74 23.35 36.14
High 40.05 52.79 39.01 31.66 25.77 21.60 50.25 45.09 46.92
Ability to make ends meet
With great dif-  8.79 8.50 12.06 7.65 11.12 7.63 6.44 10.05 7.54
ficulty
With some dif- 36.38 31.40 43.35 37.31 46.68 34.47 27.97 42.54 30.56
ficulty
Fairly easily 40.75 40.34 36.11 40.55 34.95 38.47 56.06 35.37 41.29
Easily 14.07 19.77 8.48 14.49 7.25 19.44 9.50 12.04 20.62
Health indicators
Health problema- 7.47 7.93 7.46 7.94 7.10 7.49 6.76 6.95 7.89
tisation score
(mean)"
SARS-CoV-2 vaccination
Yes 49.95 48.36 45.77 46.50 47.85 47.01 47.62 86.56 49.66
No 7.93 6.42 9.33 8.17 8.06 7.99 7.66 13.44 5.30
Not available 42.12 45.22 44.89 45.33 44.36 45.00 4472 - 45.03
at the time of
data collection
Trust in information from institutions
Trust in informa-  13.21 14.07 12.13 13.00 12.92 13.49 14.17 12.97 12.76

tion from insti-
tutions score
(mean)?
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Table 2 (continued)

All countries Denmark  France Germany Italy (=11,044) Netherlands Portugal  Spain United Kingdom
(N=82,052) (=10,968) (=11,017) (=10,969) (=10,898) (=10,980) (=5143) (=11,028)
(%) (%) (%) (%) (%) (%) (%) (%) (%)
COVID-19 experience
Knowledge
No knowledge 1.48 2.20 3.47 1.40 0.55 0.87 0.50 1.44 1.41
Limited knowl- 9.38 13.17 15.16 10.35 5.01 5.52 5.60 6.24 12.26
edge
Some knowl-  43.85 36.64 50.00 50.27 39.58 47.92 42.27 34.47 44.71
edge
A lot of knowl-  45.29 47.99 31.37 37.98 54.86 45.69 51.63 57.85 41.62
edge
Previous infection with SARS-CoV-2*
Yes, confirmed 11.72 12.14 8.73 8.47 10.58 12.97 11.71 19.72 13.73
Yes, but not 2.75 2.49 3.20 1.56 1.96 451 1.14 3.15 422
(yet) con-
firmed
No 85.53 85.38 88.06 89.97 87.46 82.53 87.16 77.13 82.05
Indirect experience with COVID-19°
Yes, confirmed 47.44 44.65 36.92 35.97 52.88 55.26 55.68 73.11 38.75
Yes, but not 3.78 3.76 4.97 2.34 3.02 5.03 2.15 2.66 5.72
(yet) con-
firmed
No 48.78 51.60 58.10 61.68 44.10 39.71 42.18 24.23 55.53
Quarter (n)
Q2/2020 13,584 1916 1889 1974 2002 1900 1933 0 1970
Q3/2020 6799 980 962 964 952 978 987 0 976
Q4/2020 6418 951 912 944 913 902 877 0 919
Q1/2021 7068 1012 1012 1008 1009 1006 1005 0 1016
Q2/2021 13996 1756 1994 1890 1952 1840 1706 889 1969
Q3/2021 9599 1310 1094 1165 1124 1225 1372 1197 1112
Q4/2021 3521 287 553 521 568 383 328 341 540
Q1/2022 4798 729 586 486 489 639 708 678 483
Q2/2022 8112 1003 1000 1010 1017 1008 1021 1030 1023
Q4/2022 8157 1024 1015 1007 1018 1017 1048 1008 1020

1525, higher score indicates higher health problematisation score

2 3-15, higher score indicates greater trust

3 The original variable contains the response category ‘don’t know’, which we interpreted as a ‘no’ in our analysis

too does perceived risk (OR 1.08; p <0.001). Furthermore,
individuals who reported being unvaccinated or not having
been vaccinated perceived a lower infection risk compared
to those who reported having already received at least one
dose of the vaccine (OR0.75; p<0.001).

Participants who reported being more informed or hav-
ing higher trust in information from official institutions also
reported having greater perceived susceptibility to SARS-
CoV-2. Those who indicated not having experienced a previ-
ous infection with SARS-CoV-2 perceived a lower suscep-
tibility to SARS-CoV-2 than those who reported a previous
infection (OR0.62; p <0.001). The same could be observed
for indirect experience with COVID-19.

@ Springer

Regarding geographical differences, compared to
respondents in Italy, those in France reported a higher per-
ceived susceptibility to SARS-CoV-2 (OR1.16; p<0.001),
while respondents in all other surveyed countries reported
lower perceived susceptibility (OR < 1; p<0.001). The one
exception was the UK, where no difference was found com-
pared to Italy (OR 1.04; p=0.121).

Perceived susceptibility to SARS-CoV-2 varied over
time. It initially increased, peaking in Q4/2020 (OR1.75;
p<0.001), then gradually decreased to early-pandemic lev-
els by Q3/2021 (OR 1.06; p=0.078). This was followed by a
steep increase in Q4/2021 (OR 1.74; p <0.001) and Q1/2022
(OR 1.72; p<0.001) and a subsequent gradual decline in
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Table 3 Logistic regression models

Perceived susceptibility
to SARS-CoV-2 (model

Perceived risk to health from COVID-
19 (model II)

I) (n=82,052)
(n=282,052)
OR RSE [95% CI] p value OR RSE [95% CT] p value

Socio-economic factors
Gender

Male 1 (Ref.) 1 (Ref.)

Female 1.03 (0.01) [1.00; 1.05] 0.052 1.02 (0.01) [0.99; 1.05] 0.144
Age in years

18-24 1 (Ref.) 1 (Ref.)

25-34 1.45 (0.04) [1.37; 1.53] <0.001 1.69 (0.05) [1.61; 1.80] <0.001

35-44 1.58 (0.04) [1.50; 1.67] <0.001 2.13 (0.06) [2.02; 2.25] <0.001

45-54 1.39 (0.04) [1.32; 1.47] <0.001 2.32 (0.06) [2.20; 2.45] <0.001

55-65 1.26 (0.04) [1.19; 1.34] <0.001 297 (0.08) [2.81;3.14] <0.001

65+ 1.08 (0.03) [1.02; 1.14] 0.005 341 (0.09) [3.23; 3.60] <0.001
Education level

Low 1 (Ref.) 1 (Ref.)

Medium 1.02 (0.02) [0.98; 1.06] 0.397 1.01 (0.02) [0.97; 1.04] 0.710

High 1.06 (0.02) [1.02; 1.10] 0.005 1.02 (0.02) [0.98; 1.06] 0.256
Ability to make ends meet

With great difficulty 1 (Ref.) 1 (Ref.)

With some difficulty 0.86 (0.03) [0.81; 0.91] <0.001 0.81 (0.02) [0.77; 0.85] <0.001

Fairly easily 0.70 (0.02) [0.66; 0.74] <0.001 0.62 (0.02) [0.58; 0.65] <0.001

Easily 0.50 (0.02) [0.47; 0.53] <0.001 0.43 (0.01) [0.40; 0.46] <0.001
Health indicators
Health problematisation score 1.08 (0.00) [1.07; 1.08] <0.001 1.16 (0.00) [1.15;1.16] <0.001
SARS-CoV-2 vaccination

Yes 1 (Ref.) 1 (Ref.)

No 0.75 (0.02) [0.71; 0.79] <0.001 0.79 (0.02) [0.75; 0.83] <0.001

Not available at the time of data 1.08 (0.03) [1.03; 1.13] 0.001 1.02 (0.02) [0.97; 1.06] 0.479

collection

Trust in information from institutions
Trust in institutions score 1.11 (0.00) [1.11; 1.11] <0.001 1.12 (0.00) [1.11;1.12] <0.001
COVID-19 experience
Knowledge

No knowledge 1 (Ref.) 1 (Ref.)

Limited knowledge 0.92 0.07) [0.80; 1.06] 0.255 0.86 (0.06) [0.77; 0.99] 0.034

Some knowledge 1.36 (0.10) [1.18; 1.56] <0.001 1.24 (0.08) [1.09; 1.41] 0.001

A lot of knowledge 1.77 (0.13) [1.54;2.04] <0.001 1.67 0.11) [1.46; 1.91] <0.001
Previous infection with SARS-CoV-2!

Yes, confirmed 1 (Ref.) 1 (Ref.)

Yes, but not (yet) confirmed 0.89 (0.04) [0.81;0.97] 0.007 0.95 (0.04) [0.87; 1.04] 0.260

No 0.62 (0.02) [0.59; 0.65] <0.001 0.96 (0.02) [0.92; 1.00] 0.083
Indirect experience with COVID-19!

Yes, confirmed 1 (Ref.) 1 (Ref.)

Yes, but not (yet) confirmed 1.03 (0.04) [0.96; 1.10] 0.436 1.05 (0.04) [0.98; 1.13] 0.129

No 0.63 (0.01) [0.61; 0.65] <0.001 0.84 (0.02) [0.81; 0.86] <0.001
Other
Quarter

Q2/2020 1 (Ref.) 1 (Ref.)
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Table 3 (continued)

Perceived risk to health from COVID-
19 (model II)

Perceived susceptibility
to SARS-CoV-2 (model

I) (n=82,052)
(n=82,052)

OR RSE [95% CI1] p value OR RSE [95% CI1] p value
Q3/2020 1.51 (0.04) [1.42;1.60] <0.001 1.39 (0.04) [1.31; 1.47] <0.001
Q4/2020 1.75 (0.05) [1.65;1.86] <0.001 1.53 (0.04) [1.45;1.63] <0.001
Q1/2021 1.45 (0.04) [1.37;1.53] <0.001 1.39 (0.04) [1.31;1.47] <0.001
Q2/2021 1.24 (0.03) [1.18;1.30] <0.001 1.31 (0.03) [1.25;1.37] <0.001
Q3/2021 1.06 (0.03) [0.99; 1.12] 0.078 1.11 (0.03) [1.05;1.18] <0.001
Q4/2021 1.74 (0.07) [1.62;1.88] <0.001 1.29 (0.04) [1.20; 1.39] <0.001
Q1/2022 1.72 (0.06) [1.60; 1.85] <0.001 1.10 (0.04) [1.03;1.18] 0.005
Q2/2022 1.18 (0.04) [1.11;1.26] <0.001 0.94 (0.03) [0.89; 1.00] 0.064
Q4/2022 1.16 (0.04) [1.08; 1.24] <0.001 0.95 (0.03) [0.89; 1.01] 0.113

Country (0.04)
Italy 1 (Ref.) 1 (Ref.)
Denmark 0.56 (0.01) [0.54; 0.59] <0.001 0.57 (0.01) [0.54; 0.60] <0.001
France 1.16 (0.03) [1.10;1.22] <0.001 1.45 (0.04) [1.38;1.52] <0.001
Germany 0.91 (0.02) [0.86; 0.96] <0.001 1.04 (0.03) [0.99; 1.10] 0.105
Netherlands 0.86 (0.02) [0.82;0.91] <0.001 0.88 (0.02) [0.84; 0.93] <0.001
Portugal 0.74 (0.02) [0.70; 0.78] <0.001 0.89 (0.02) [0.84; 0.93] <0.001
Spain 0.88 (0.03) [0.82; 0.94] <0.001 1.09 (0.04) [1.03; 1.16] 0.006
UK 1.04 (0.03) [0.99; 1.09] 0.121 1.23 (0.03) [1.17;1.29] <0.001
N 82,052 82,052

RSE robust standard errors; OR odds ratios

! The original variable contains the response category ‘don’t know’, which we interpreted as a ‘no’ in our analysis

Q2/2022 (OR1.18; p<0.001) and Q4/2022 (OR1.16;
p<0.001). Country-specific time trends are presented in
Fig. 1.

Figure 1 shows the predicted probability of respond-
ents perceiving the highest possible susceptibility and risk
to health during the COVID-19 pandemic (category 5;
very high risk), adjusted for all explanatory variables in
the regression model (i.e. socioeconomic factors, health
indicators, COVID-19 experience and confidence in risk
communication).

Risk to health from COVID-19

The model examining the perceived risk to health from
COVID-19 shows some distinct findings (Table 3). There
were no associations between gender or education level and
the perceived risk to health. In addition, the perceived risk to
health continuously increased with age, mirroring the trends
in perceived susceptibility up to the second quarter of 2021,
albeit with less pronounced fluctuations.

@ Springer

In the third quarter of 2021, the perceived risk to health
was still higher than in the second quarter of 2020 (OR
1.11; p<0.001), but this increase was only maintained for
one quarter (Q4/2021). Thereafter, the perceived risk to
health from COVID-19 tended to be even lower compared
to the initial phase of the pandemic in the first quarter of
2022 (OR 1.10; p=0.005) and the second quarter of 2022
(OR0.95; p=0.064). In the last quarter of 2022 there is
no association (OR0.94; p=0.113).

The time- and country-specific results for perceived risk
to health from COVID-19 were generally in line with the
findings for susceptibility, i.e. the perceived risk to health
is highest for France in comparison to Italy. However,
in this model, respondents in the UK reported a higher
perceived risk to health compared to Italy (OR1.23;
p <0.001), and there was no difference in perceived risk
to health in Germany, again compared to Italy (OR 1.04;
p=0.99). The perceived risk to health also varies over
time with an increase till the last quarter of 2020 (OR 1.53;
p=0.04). This is followed by a continuous decline until
the last quarter of 2021 (OR 1.29; p=0.04), whereas there
is no significant effect in the following quarters.
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Susceptibility to COVID-19 over time
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Fig.1 Predicted susceptibility, predicted risk to health compared to
incidence over time. For this graph, country-specific fixed effects
(FEs) have been added to the previous regressions. The probabilities
refer to the highest category of perceived susceptibility/risk (very
high). The actual incidence figures from the second quarter of 2020 to

Discussion

In this study, we analysed large samples of panel data
from eight European countries to investigate how socio-
economic factors, health status, COVID-19 experience
and trust in risk communication were associated with per-
ceived susceptibility and perceived risk to health during
the COVID-19 pandemic, using two dimensions of the
health belief model (HBM).

We found that women generally had a higher perceived
susceptibility to SARS-CoV-2 infection than men. For
both genders, perceived susceptibility increased with age,
peaking at ages 35-44, followed by a steady decline. In
contrast, perceived health risk consistently rose with age.
Those without financial difficulties during the pandemic
perceived a lower health risk than those facing financial
challenges. Higher education levels were associated with
increased perceived susceptibility. Additionally, SARS-
CoV-2 vaccination status, trust in information, engagement
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the end of 2022 serve as a comparison to the perceived risk. Data for
the first quarter of 2020 and the third quarter of 2022 are not available
with ECOS data. Source of incidence: WHO COVID-19 Dashboard
(2023)

with COVID-19 news and the pandemic phase were all
influential factors in risk perception.

Bridging the gap between perceived and actual risk is
essential, particularly in the context of infectious diseases,
because insufficient awareness can potentially manifest
itself in behaviour that leads to increased exposure and
transmission rates. Our study found no gender difference
in the perception of health risk, which might be attributable
to both genders being equally aware of the health impacts
of COVID-19 disease. In contrast, other research in risk
perception found that women usually rate involuntary risks
higher than men (Brown et al. 2021), which is in line with
evidence that adult women are more aware of healthy behav-
iours than men and use health services more frequently (Kim
et al. 2018).

At first glance, the age-related results suggest contrast-
ing perceptions of susceptibility between the 65+ and
18-24 year age groups. However, the observation that per-
ceived susceptibility initially increases with age, peaks in
the 35-44 year age group, and then decreases again (yet
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remains higher than in the youngest group), may be due to
several factors. For instance, older individuals typically have
fewer social contacts in leisure and work settings, which
could lead them to perceive a lower risk of infection com-
pared to young adults, who typically have more active social
lives (Dahlberg 2021). Moreover, being more vulnerable to
COVID-19, older individuals tend to take the risks to their
own health more seriously (Hayden et al. 2023) and report
stronger adherence to protective measures (Varghese et al.
2021). As a consequence, COVID-19 protective measures
have disproportionately increased isolation among older
individuals compared to younger ones (Palmer et al. 2020).
This is also in line with our findings that perceived risk to
health increases with age.

In terms of educational attainment, individuals with
higher levels of education perceived a greater suscepti-
bility to SARS-CoV-2 compared to those with lower lev-
els, although no differences were noted in the perception
of health risk by this factor. Previous studies suggest that
higher educational attainment is associated with more con-
scious health behaviour (Margolis 2013), which may con-
tribute to heightened perceived susceptibility (Reed-Thryse-
lius et al. 2022). Additionally, perceived susceptibility and
perceived risk to health decreased among those with greater
financial stability during the pandemic. Furthermore, those
with higher education and income levels were more often
able to reduce their exposure to the virus through means
such as remote work or online shopping, suggesting that the
pandemic may have exacerbated existing inequalities (Falk
et al. 2023).

We also found associations between health indicators,
such as health status and SARS-CoV-2 vaccination status,
and perceived susceptibility and risk. These associations are
not surprising because health indicators can act as proxies
for one’s perceived risk during the COVID-19 pandemic,
particularly given that the perceived risk is associated with
the degree of exposure to the virus. The pandemic poses
a particular risk to exposed populations with pre-existing
health conditions or challenging life circumstances (Farley
et al. 2020).

Interestingly, unvaccinated individuals perceived lower
susceptibility and health risk than individuals who had
received at least one dose of the vaccine, despite being at
higher risk due to a lack of vaccine-induced immune pro-
tection. Aside from these individuals exhibiting more risk-
loving preferences in general, which then lead to unwilling-
ness to vaccinate, this perception may also be explained by
not regarding vaccination as necessary, often influenced by
vaccine scepticism (Phillips et al. 2022; Sabat et al. 2023).

Previous studies have shown that trust in certain enti-
ties influences perceived risk (Giordani et al. 2022; Malecki
et al. 2021), which is in line with our results. Our findings
indicate that perceived risk of infection increases with the

@ Springer

level of trust people have in information from institutions
and their knowledge about the disease. However, individual
variation in perceived risks arises from different reference
points. Risks that are initially underestimated may be revised
on the basis of external, official statistics. This has impli-
cations for behaviour: other studies have found a positive
association between trust in government and willingness to
engage in behaviours that help societies combat the COVID-
19 pandemic (Han et al. 2023; Gotanda et al. 2021). Indeed,
trust in the government is a known correlate of vaccine will-
ingness and vaccine hesitancy worldwide (Sabat et al. 2023;
Trent et al. 2022; Schernhammer et al. 2022).

Relative to Italy, our findings indicate a higher perceived
risk of infection among respondents from France. In con-
trast, respondents from Denmark, Germany, the Netherlands,
Portugal and Spain reported lower perceived susceptibility.
Interestingly, perceived susceptibility and perceived risk to
health did not always correspond to the actual pandemic
incidence or to each other. A particularly striking example
is Denmark in the first quarter of 2022, where despite a high
incidence of infections, perceived susceptibility to infection
was comparatively low compared to Italy.

These findings are largely consistent with the statistics
of incident cases per million, except for Denmark and the
Netherlands. Both countries showed consistently lower per-
ceived susceptibility and risk to health compared to Italy,
despite high incidence rates, particularly in Q1/2022. This
disparity could be due to country-specific latent factors,
such as cultural attitudes towards risk, health care acces-
sibility or national measures undertaken to protect vulner-
able groups. For example, Germans have been found to be
more risk-averse than individuals in other countries (Asaria
et al. 2023). These results highlight that risk perception is
dynamic and influenced by various factors, including obser-
vation, experience, information and changing circumstances,
such as the availability of a vaccine.

Policy implications

The results of our study indicate that certain groups, espe-
cially those who are unvaccinated, have low education
levels, or have less trust in public institutions, are more
likely to perceive both their susceptibility to SARS-CoV-2
and the risk it poses to their health as lower. This observa-
tion underscores the importance of distinguishing between
objective and subjective risk assessments. Risk research has
demonstrated that there is often a substantial gap between
perceived and objectively assessed risks (Cainzos-Achirica
and Blaha 2015). This misperception may stem from mis-
information, especially since public risk perceptions often
depend on trust in the institutions responsible for promoting
technologies such as new vaccines and for managing risks
(Siegrist and Cvetkovich 2000).
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Our findings suggest that these individuals in these
groups may have underestimated the infectivity of the virus.
Perceived susceptibility, combined with perceived risk to
health, plays an important role in motivating health-protec-
tive behaviours and can influence virus transmission during
pandemics (Clavel et al. 2021). To bridge the gap between
perceived and actual risk, proactive public health initiatives
are essential. This might include tailored campaigns target-
ing populations likely to underestimate their susceptibility
and health risks. Governments and organisations involved
in risk communication should focus on the effectiveness of
their messaging, tailoring it to different societal groups and
using a variety of communication channels. Furthermore,
strategies should be developed to strengthen the credibility
of national governments and people’s trust in them, address-
ing widespread information gaps and preparing for future
health crises beyond COVID-19.

Limitations

Our findings are subject to certain limitations. First, our
analysis was based only on the self-perception of respond-
ents. Owing to data constraints, it was not possible to assess
or operationalise the objective susceptibility to SARS-CoV-2
or the actual risk it posed to an individual’s health. Second,
the ECOS survey was used here as an unbalanced panel,
meaning that consistent participation from the same individ-
uals across all survey waves was not guaranteed. This limits
our ability to establish causal relationships and confines our
results to the analysis of correlations.

Conclusion

Our findings show that socio-economic factors and health-
related determinants are associated with the risk perceptions
of individuals across Europe in the context of the COVID-
19 pandemic. In particular, individuals who reported being
unvaccinated, having low levels of education or having less
trust in information from institutions were more likely to
perceive their susceptibility to SARS-CoV-2 and the risk it
posed to their health as being low. Addressing these percep-
tions requires distinguishing between objective and subjec-
tive risk assessments, which was not feasible in this study.
For public health campaigns to be effective, there is a need
to bridge the gap between actual and perceived risks. Such
campaigns should not only encourage individuals to take
societal responsibility but also aim to provide accurate and
detailed information, thereby fostering a more accurate per-
ception of risks among the general population.
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