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A B S T R A C T   

Introduction: The presence of conditions, such as cardiovascular or chronic lung diseases, was reported to be 
associated with more severe cases of COVID-19. It is, however, so far unclear how patients with a history of 
pulmonary embolism (PE) perceive their individual COVID-19 risk. Moreover, their worries and preventive 
behaviors and their associations with risk perception are unknown. 
Materials and methods: A postal survey was conducted in April 2020, including participants with previous PE from 
the German “Lungenembolie Augsburg” (LEA) cohort study. The questionnaire contained items on COVID-19 
knowledge, risk perception (infection likelihood, susceptibility, dangerousness), information sources and satis-
faction with information, individual assignment to a high risk group due to pre-existing conditions, worries, 
infection likelihood, and implementation of preventive behaviors. 
Results: From the 185 respondents, 71.7% assigned themselves to a high risk group in terms of developing a 
severe case of COVID-19. The likelihood of being infected was rated as verylow/low by 82.3% and the sus-
ceptability by 37.8%. A considerable percentage of patients expected a very high/high infection risk in a hospital 
(48.3%) or at a doctor’s practice (37.9%). Major sources of information were the patients’ general practitioners 
(48.9%) and the internet (31.5%). Assignment to a high risk group (β = 1.04) and uncertainty in terms of 
assignment (β = 1.26) were significantly (p = 0.01) associated with a higher level of health-related worries. 
Conclusions: Most patients with previous PE feel that they belong to a high risk group in terms of severe illness 
from COVID-19. Support in coping with their individual COVID-19 risk is warranted.   

1. Introduction 

Early in the course of the coronavirus disease 19 (COVID-19) 
pandemic [1], clinicians and researchers tried to identify groups with 
high risk of severe disease and/or high case fatality. The risk of severe 
illness and mortality increases with advancing age and male gender 
[2–4]. In addition, comorbid conditions such as cardiovascular disease, 
hypertension, diabetes mellitus, chronic pulmonary disease, and cancer 
are associated with worse outcomes [2,5]. So far, previous pulmonary 
embolism (PE) was not found to bear an additional risk for severe 
COVID-19 courses. However, it was shown that acute PE is one of the 
most common complications of COVID-19 [6,7]. 

People who experienced a PE prior to the COVID-19 pandemic may 

identify themselves as being at a higher risk for a severe COVID-19 
illness in case of an infection for several reasons. First, they are likely 
to be at a higher age or to have arterial hypertension, diabetes mellitus 
or cancer; conditions which are known risk factors for PE [8]. Cardiac 
diseases in particular, including hypertension and ischemic heart dis-
eases, were reported to be prevalent in 24 to 73% of patients with PE 
depending on the age group [9]. However, the COVID-19 risk perception 
of patients with PE has not been investigated so far. In addition, 
perception of a higher individual risk of severe disease may also affect 
health-related worries and performance of preventive behaviors. 
Finally, risk perception may be influenced by the information sources 
used by patients with PE. Additionally, it is unknown whether patients 
with PE are satisfied with the information they have retrieved in order to 
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assess their risk associated with COVID-19. 
The overall objective of this study was to get a comprehensive pic-

ture of the COVID-19 risk perceptions, worries and preventive behaviors 
and their associations in patients with previous PE. Specific aims of this 
study were to determine how many patients with PE perceive them-
selves as persons with a higher risk for severe COVID-19 illness, what the 
characteristics of these persons are and which information sources they 
used to gather information on this issue. Furthermore, the question of 
whether the perception of being at a higher risk for a worse outcome is 
associated with different levels of worries or different preventive be-
haviors should be answered. 

2. Material and methods 

Ethical approval for the “Lungenembolie Augsburg” (LEA) cohort 
study was obtained from the ethics committee of the Ludwig- 
Maximilians University Munich (No. 17-378) in August 2017. 

2.1. Study design and data collection 

An observational, cross-sectional study was performed with partici-
pants of the LEA cohort study. A detailed description of the study design 
and the assessments is provided by Meisinger et al. [10]. From the 355 
participants of the LEA study, 10 have refused storage of address data, 2 
have completely declined study participation, 80 refused participation 
in follow-up surveys, and 22 have died. The remaining 231 patients were 
sent a questionnaire by mail on April 29th 2020 and 167 patients 
returned the questionnaire by May 20th 2020. Non-respondents (n = 64) 
received a postal reminder. Of these, 18 completed the questionnaire, 
resulting in 185 respondents in total. 

The maximum COVID-19 7-day incidence rate for the city of Augs-
burg in spring 2020 was 36 positively tested cases per 100.000 in-
habitants on March 30th [11]. Thus, it was comparable with the COVID- 
19 incidence in the total German population, but even lower than in 
surrounding cities and regions in Bavaria [12]. The 7-day incidence rate 
decreased to 3/100.000 inhabitants on May 1st and constantly 
decreased until June 1st. From March 20th to May 3rd 2020, people in 
the study area lived in a lockdown situation, which included not leaving 
their home without cause, minimizing physical contacts and keeping 
distance to other persons. Restaurants were closed and only shops that 
provide essential goods were open. Use of public transportation was only 
allowed wearing a face mask. Outdoor physical activity and sports were 
only allowed if performed alone, with household members or with one 
person who is not a member of one’s own household. From May 4th to 
June 14th restrictions were reduced step by step. 

In order to improve comparability to similar studies, the question-
naire included a number of items from the COVID-19 Snapshot Moni-
toring [13,14]. These items and scales have been adapted for the use in 
COVID-19 studies [15] and were modified for the use in patients with PE 
in the present study, if necessary. Although information on the psy-
chometric properties of the original items and scales is mostly available 
[16–19], it is so far lacking for the modified version. 

The questionnaire contained 10 single items. Among these, two items 
inquired about the presence of a COVID-19 infection among the re-
spondents (1 item) and within their social environment (1 item). Items 
on self-assessed COVID-19 knowledge (1 item) and risk perception 
(infection likelihood, susceptibility, severity) (3 items) with numeric 
response options (1 = low to 7 = high) were used [19]. In addition, the 
certainty of an individual risk for a severe disease course in case of 
infection (1 items), and satisfaction with information (1 item) were 
requested. Furthermore, the indiviual assignment to a high risk group 
due to pre-existing conditions (1 item, yes/no/don’t know) and the in-
formation sources used (1 item, 10 response options) were requested. 

Fears and worries were adressed with 15 items on a 7-point numeric 
scale (1 = low to 7 = high). Furthermore, the implementation of pre-
ventive behaviors was assessed using 19 items and patients were 

requested to report the likelihood of being infected in 18 situations (7- 
point numeric scale; 1 = low to 7 = high). 

Finally, information on sociodemographic characteristics, medical 
history and symptoms of depression and anxiety (Hospital Anxiety and 
Depression Scale, HADS) was obtained from the baseline assessment 
within the LEA study, which was performed during the initial hospi-
talization for PE. 

2.2. Statistical analysis 

The frequency of response categories and/or mean, standard devia-
tion, median and interquartile range were presented. For items rated on 
a 7-point numeric scale, responses were collapsed for several analyses 
and presented as “very low/low” (scores 1–3), “medium” (score 4), and 
“high/very high” (scores 5–7). 

This classification was also used when analyzing the association 
between different levels of COVID-19 knowledge, infection likelihood, 
susceptibility, dangerousness and certainty of dangerousness rating and 
patient chararcteristics such as gender, age group, and presence of 
concomitant diseases using CHI square test or Fisher’s exact test, if 
appropriate. 

In order to summarize single items which intend to measure over-
arching constructs such as “worries”, factor analysis (Principal compo-
nent analysis with Varimax rotation) was conducted on the 
corresponding 15 items. The number of retained factors was determined 
according to the Scree test. Factor analysis resulted in a 2-factor solution 
with one factor “health-related worries” (7 items) and another factor 
“general worries” (8 items). 

Statistical testing of differences between groups of PE patients in 
terms of multiple items on worries and preventive behaviors was based 
on an exploratory approach and therefore no adjustments of type I error 
were made. 

Multinomial logistic regression analysis was used to determine var-
iables associated with the assignment to a high-risk group for a worse 
COVID-19 outcome (yes/no/don’t know). Independent variables were 
gender, age, school education, COVID-19 knowledge, information about 
COVID-19 high-risk groups, and presence of comorbidities. 

A multivariable linear regression model was calculated in order to 
identify variables significantly associated with health-related worries. 
Age, gender, educational and family status, pre-existing comorbidities, 
time since last PE, self-rated COVID-19 knowledge, infection risk, and 
suceptability, assignment to high-risk group, presence of COVID-19 
cases in the social environment, and baseline symptoms of anxiety 
were included as independent variables in the regression model. A 
backward elimination process was used in order to get a parsimonious 
model. Age and gender were forced to stay in the model, while variables 
with the highest p-values were removed step by step. 

The level of significance was set to 0.05. Statistical analyses were 
performed with SAS version 9.4. 

3. Results 

From 231 patients who received the questionnaire, 185 persons 
(80%) completed it. Sample characteristics are detailed in Table 1. 

3.1. Risk perception 

3.1.1. COVID-19 knowledge, infection likelihood, susceptability, 
dangerousness and certainty of dangerousness rating 

The ratings regarding COVID-19 knowledge, infection likelihood, 
susceptability, dangerousness and the certainty of the dangerousness 
assessment are shown in Fig. 1. 

Stratification by gender, age group and number of comorbid condi-
tions showed no significant differences between the groups in terms of 
COVID-19 knowledge (see Online resource 1) and dangerousness (see 
Online resource 4). Regarding infection likelihood, subgroup analysis 
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revealed a trend that the proportion of patients who believed that they 
had a higher infection likelihood was higher in the >65 years age groups 
compared with the younger patients (p = 0.09). Significant differences 
by gender or the number of comorbid conditions were not found (see 
Online resource 2). For the rating of susceptability, subgroup analysis 
revealed a trend that women reported a higher susceptibility (43.0% 
very high/high) than men (30.3% very high/high) (p = 0.07) (see On-
line resource 3). In addition, patients without comorbid conditions were 

significantly more certain about their rating of dangerousness (19.4% 
very low/low) (p = 0.01) compared with patients with one and patients 
with at least two comorbid conditions (31.4% very low/low) (see Online 
resource 5). 

3.1.2. Sources of infection 
Coughing or sneezing of other persons was rated as the most likely 

source of infection (mean score 5.29) and public transportation (mean 
score 4.48) as the second most likely infection source. Sports or outside 
activities (mean score 2.12) and contact with children (mean score 2.25) 
were regarded as minor infection sources (see Online resource 6). 
Importantly, 48.3% of the patients considered their likelihood of being 
infected in a hospital as high/very high (scores 5–7), while 37.9% gave 
the same rating to the likelihood of infection in an outpatient setting. 

3.1.3. Assignment to high-risk group and sources of information 
Overall, 132 patients (71.7%) assigned themselves to a “high-risk 

group” with the potential for severe COVID-19 illness due to pre-existing 
conditions such as pulmonary embolism (see Table 2). Age, gender, 
school education and presence of comorbidities were not significantly 
related to the assignment to a high risk group in a multinomial regres-
sion analysis (see Table 3). Patients with a higher self-rating of COVID- 
19 knowledge had a 0.59-fold odds (95% confidence interval (CI) 
0.35–0.98; p = 0.04) of not knowing whether they may belong to a high- 
risk group compared with patients with less knowledge. Moreover, pa-
tients who sought information about COVID-19 high risk groups had a 
nine-fold higher odds (Odds ratio 9.15, 95% CI 2.38–35.23, p = 0.001) 
to believe that they are at a higher risk for a more severe case of COVID- 
19 compared with those who didn’t seek information. 

About one half (50.3%) of the patients reported that they were 
seeking information to be able to assess whether they may belong to a 
“high-risk group”. Most common information sources were television 
and radio (53.3%) and the patients’ general practitioner (48.9%) (see 
Table 2). Overall, of the patients who sought information, 55 (63.2%) 
reported that they were very satisfied or satisfied with the provided 
information, 21 (24.1%) were moderately satisfied, and 11 (12.6%) 
were unsatisfied or very unsatisfied. Level of satisfaction was highest in 
patients who gathered information from their general practitioners 
(mean score 5.65) and lowest in patients who used the internet as in-
formation source (mean score 4.64) (see Table 4). Patients who named 
their general practitioner as information source were significantly (p =
0.03) more satisfied (mean score 5.56) with the provided information 
than patients who did not consult their doctor (mean score 4.85). In 
contrast, patients who gathered information from the internet were 
significantly (p = 0.01) less satisfied (mean score 4.64) with the pro-
vided information compared with patients who did not (mean score 
5.46) (see Table 4). The number of information sources used did not 
correlate with the level of satisfaction (r = − 0.10, p = 0.37). 

3.2. Worries 

About one half of the patients expressed a high level of worry 
regarding the potential of severe illness in case of a COVID-19 infection 
(52.7%), the possibility to die from COVID-19 due to their PE (47.8%) or 
to loose a loved one (46.7%) (see Table 5). Furthermore, 47.5% of the 
patients were afraid that a recurrent PE event may be diagnosed with 
delay due to the current COVID-19 situation. Patients who believed that 
they belong to a high-risk group reported significantly higher levels of 
worry in almost all questions addressing health and health care issues 
(Items number 1–7, Table 5) than patients who did not assign them-
selves to a high-risk group. 

Fears that an economic recession may occur or smaller companies 
will declare bankruptcy were pronounced by 67.4% and 60.1%, 
respectively, of the patients and constitute the most common general/ 
societal worries (see Table 5). Significant differences between high-risk 
group patients,patients who did not believe that they belong to a high- 

Table 1 
Sample characteristics.   

Median 25%/75% 
quantile 

Age (n = 184)  65.0 54/73 
Time between last PE event and survey (years) (n =

165)  
0.9 0.47/1.99    

n % 

Gender (n = 185)   
Male  99  53.5 
Female  86  46.5 

Marital status (n = 181)   
Married  119  65.8 
Divorced  14  7.6 
Single  26  14.4 
Widowed  22  12.2 

School education (n = 181)   
“Hauptschule” (9 years)  67  37.0 
“Mittlere Reife” (10 years)  59  32.6 
“Fachhochschulreife” (11 years)  16  8.8 
“Abitur” (high school diploma) (12 years)  34  18.8 
None  1  0.6 
Others  4  2.2 

Living with partner (n = 178)  52  29.2 
Number of persons in household (n = 181)   

1  46  25.4 
2  89  49.2 
3–5  46  25.4 

COVID-19 infection (n = 184)   
No  156  84.8 
Don’t know  28  15.2 

COVID-19 infection in personal environment (n = 185)   
No affected persons  152  82.2 
Untested suspected cases  4  2.2 
Confirmed cases  8  4.3 
Recovered persons  6  3.2 
Cases of death  3  1.6 
Don’t know  15  8.1 

Disease history   
Recurrent PE (n = 181)  16  8.8 
Asthma bronchiale (n = 179)  24  13.4 
Autoimmune disease (n = 179)  18  10.1 
COPD (n = 178)  15  8.4 
Depression (n = 180)  19  10.6 
Diabetes mellitus (n = 179)  18  10.1 
Chronic heart failure (n = 179)  10  5.6 
Systemic hypertension (n = 180)  91  50.6 
Cancer (previous 12 months) (n = 179)  17  9.5 
Chronic renal disease (n = 178)  11  6.2 
Pneumonia (n = 177)  40  22.6 
Deep vein thrombosis (n = 177)  34  18.9 

Duration hospitalization (n = 171)   
No hospitalization  17  9.9 
≤7 days  45  26.3 
8–14 days  71  41.6 
≥15 days  38  22.2 

Intensive care (n = 171)   
No  99  57.9 
≤2 days  53  31.0 
3–7 days  9  5.3 
≥8 days  10  5.8 

Simplified PESI score at admission (n = 152)   
Low risk (score = 0)  78  51.3 
High risk (score > 0)  74  48.7 

PE = pulmonary embolism, COPD = chronic obstructive pulmonary disease. 
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risk group and those who were uncertain were only found in two items 
on power breakdowns (p = 0.04) and financial difficulties (p = 0.02). 

In a multivariable linear regression model (R2 = 0.27, adjusted R2 =

0.21), higher school education was significantly (p = 0.02) associated 
with a lower level of health-related worries, whereas the presence of 
comorbidities (p = 0.002) and a higher anxiety score (Hospital Anxiety 
and Depression Scale) after the PE event (p = 0.02) were independently 
related with a higher level of health-related worries (see Table 6). 
Perceived infection risk was also significantly (p = 0.04) associated with 
higher levels of worries. Patients who assigned themselves to a high-risk 
group (p = 0.01) as well as patients who were unsure whether they may 
belong to a high risk group (p = 0.01) showed significantly higher levels 
of worries compared with those who did not believe that they are at a 
high risk. 

3.3. Preventive behaviors 

A number of preventive behaviors was performed by over 90% of the 
patients always or often in the week before the survey (see Table 7). 
Some behaviors seemed to be less frequently performed by patients who 

Fig. 1. Proportion of patients rating their COVID-19 knowledge, infection likelihood, susceptability, dangerousness, and certainty of dangerousness rating as “very 
low/low” (scores 1–3), “medium” (score 4), or “very high/high” (scores 5–7). 

Table 2 
Risk perception and information sources.   

n % 

Assignment to a “high-risk group” due to pre-existing conditions such 
as pulmonary embolism  

184  

Yes  132  71.7 
No  21  11.4 
Don’t know  31  16.9 

Infomation seeking to know whether one belongs to a “high risk 
group”  

183  

Yes  92  50.3 
No  91  49.7 

If yes, source of information   
General practitioner  45  48.9 
Medical specialist  21  22.8 
Family, friends or colleagues  35  38.0 
Internet (e.g. social media, online news, search machines)  29  31.5 
Print periodicals  12  13.0 
Websites of health authorities  19  20.7 
Websites of health services providers (e.g. pharmacies, health 
insurance companies)  

13  14.1 

Television and radio  49  53.3 
Daily or weekly newspapers  37  40.2 
Other sources  3  3.3  

Table 3 
Multinomial logistic regression model with dependent variable “assignment to 
high risk group” (yes/no/don’t know).  

Variable High risk 
group 

Odds 
ratio 

95% confidence 
interval 

p- 
Value 

Gender (female) Yes  1.00 0.34–2.97  1.00 
Don’t 
know  

2.85 0.81–10.12  0.10 

Age [years] Yes  1.02 0.99–1.06  0.27 
Don’t 
know  

1.02 0.98–1.07  0.28 

School education (>9 years) Yes  0.71 0.21–2.42  0.58 
Don’t 
know  

0.47 0.12–1.92  0.30 

COVID-19 knowledgea Yes  0.83 0.54–1.30  0.42 
Don’t 
know  

0.59 0.35–0.98  0.04 

Information about COVID- 
19 high risk groups (yes) 

Yes  9.15 2.38–35.23  0.001 
Don’t 
know  

1.82 0.37–8.86  0.46 

Comorbidities (yes) Yes  2.59 0.85–7.92  0.09 
Don’t 
know  

0.75 0.20–2.79  0.66  

a Numeric scale ranging from 1 (low) to 7 (high). 

Table 4 
Satisfaction with information sources by used sources. Numeric rating scale: 1 =
very unsatisfied to 7 = very satisfied.   

Used Not used p- 
Value 

Mean SD Mean SD 

General practitioner  5.56  1.47  4.86  1.53  0.03 
Medical specialist  5.38  1.40  5.15  1.58  0.66 
Family, friends or colleagues  5.06  1.48  5.29  1.57  0.41 
Internet (e.g. social media, online 

news, search machines)  
4.64  1.31  5.48  1.57  0.01 

Print periodicals  5.18  1.54  5.21  1.54  0.93 
Websites of health authorities  5.06  1.59  5.25  1.55  0.67 
Websites of health services providers 

(e.g. pharmacies, health insurance 
companies)  

5.38  1.33  5.18  1.57  0.78 

Television and radio  5.40  1.56  5.02  1.50  0.21 
Daily or weekly newspapers  5.38  1.26  5.09  1.69  0.59 

SD = standard deviation. 
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did not assign themselves to a high risk group compared with the high 
risk group and those who were unsure. Significant differences, however, 
were only found in terms of staying at home if ill (e.g. when having a 
cold) (p = 0.02) and keeping a distance of 1.5 m to other persons in the 
public (p = 0.04). 

4. Discussion 

This study showed that persons with a history of PE rated their 
likelihood of being infected with COVID-19 as low overall, their sus-
ceptibility as higher and the dangerousness in case of being infected as 
high. These findings can be compared with the results from the COSMO 
study derived from a sample of the German population [20]. The mean 

scores for COVID-19 knowledge (scaled 1 = no knowledge to 7 = very 
much knowledge) were 4.80 ± 1.31 for the patients with PE and 4.95 for 
the German population sample [20]. The ratings of infection likelihood 
and susceptibility were also overall similar, whereas the ratings of 
dangerousness showed larger differences. From the patients with PE, 
64% rated the dangerousness as high/very high compared with 34% 
from the total German population sample (all age groups, survey date: 
05/05/2020). Even when considering the older groups aged 50–64 years 
with 43% high/very high ratings and 65–74 years with 57% high/very 
high ratings, a difference with our study participants can be noticed 
[20]. The patients’ perception that PE has a negative impact on their 
pulmonary health may have contributed to these differences. Moreover, 
patients with PE may be aware of other comorbidities which were 
communicated in the media as additional risk factors for a more severe 
case of COVID-19. However, our study also showed that the high rating 
of dangerousness was based on a high level of uncertainty among the 
patients. This uncertainty may be driven by a lack of comprehensive or 
consistent information. For instance, “chronic lung diseases (e.g. 
COPD)” in general are reported of being associated with severe COVID- 
19 courses [21]. However, patients with PE may be unsure whether PE 
belongs to this group of diseases. The estimation of individual risks re-
quires a comprehensive consideration of a number of individual factors. 
This might be better provided by a physician, e.g. the general practi-
tioner, than by the patients themselves on the basis of general infor-
mation from internet sources. Indeed, this hypothesis was supported by 
the study’s findings that the patient’s general practitoner was a main 
source of information and that patients who collected information on 
their risk from the general practitioner were more satisfied with the 
provided information than patients who relied on internet sources. The 
present study also indicates that many patients were worried about a 
high infection risk for COVID-19 in the hospital or at a physicians’ 
practice. These worries may have negative effects on health care 

Table 5 
Worries due to the current COVID-19 situation.  

Item n Total sample Total 
sample 

Risk group 
yes 

Risk group 
don’t know 

Risk group 
no 

p-Value  

Due to the current corona situation, how much worried are you 
that … 

n (%) much/ 
very much 

Mean (SD) Mean (SD) Mean (SD) Mean (SD)  

1 .. you may have a severe disease course in case of a COVID-19 
infection  

184 97 (52.7) 4.46 
(1.78) 

3.81 (1.40) 3.81 (1.40) 2.57 
(1.67)  

<0.0001  

2 … a recurrent pulmonary embolism may be diagnosed with delay  183 87 (47.5) 4.19 
(1.91) 

3.71 (1.62) 3.71 (1.62) 3.15 
(1.98)  

0.004  

3 … you may not receive good treatment for pulmonary embolism 
due to overload of hospitals  

184 65 (35.3) 3.65 
(1.93) 

3.81 (1.96) 3.81 (1.96) 2.95 
(2.01)  

0.16  

4 … you may die from a COVID-19 infection due to your pulmonary 
embolism  

184 88 (47.8) 4.23 
(2.04) 

4.03 (1.80) 4.03 (1.80) 2.38 
(1.80)  

<0.0001  

5 … necessary medication for the treatment of your pulmonary 
embolism is not available  

184 46 (25.0) 3.11 
(1.92) 

3.23 (1.80) 3.23 (1.80) 2.10 
(1.61)  

0.02  

6 … you may lose a beloved person  184 86 (46.7) 4.37 
(2.00) 

4.65 (1.66) 4.65 (1.66) 2.86 
(2.29)  

0.003  

7 … the health care system is overload  184 69 (37.5) 3.99 
(1.80) 

4.48 (1.48) 4.48 (1.48) 3.19 
(2.16)  

0.03  

8 … smaller companies declare bankruptcy  183 110 (60.1) 4.90 
(1.85) 

5.16 (1.81) 5.16 (1.81) 4.62 
(2.07)  

0.60  

9 … an economic recession may occur  184 124 (67.4) 5.09 
(1.72) 

5.61 (1.48) 5.61 (1.48) 4.86 
(1.96)  

0.17  

10 … access to food may be restricted  184 15 (8.2) 2.38 
(1.49) 

2.64 (1.54) 2.64 (1.54) 1.86 
(1.39)  

0.06  

11 … power breakdowns my occur  185 12 (6.5) 2.10 
(1.36) 

2.65 (1.64) 2.65 (1.64) 1.71 
(1.19)  

0.04  

12 … the society will become more egoistic  182 59 (32.4) 3.70 
(1.76) 

3.93 (1.87) 3.93 (1.87) 3.52 
(1.83)  

0.70  

13 … you may lose your job (if applicable)  103 15 (14.6) 2.32 
(1.89) 

2.69 (1.70) 2.69 (1.70) 2.58 
(1.98)  

0.21  

14 … the gap between the poor and the rich may widen  184 105 (56.0) 4.53 
(1.75) 

4.90 (1.66) 4.90 (1.66) 4.29 
(2.26)  

0.53  

15 … you will experience financial difficulties due to loss of income 
(e.g. related with short time work)  

144 18 (12.5) 2.35 
(1.82) 

2.86 (2.10) 2.86 (2.10) 3.18 
(2.16)  

0.02 

Means refer to the numeric rating scale 1 = not at all to 7 = very much. 

Table 6 
Multivariable linear regression model with dependent variable “health-related 
worries”.  

Variable Reference Parameter 
estimate 

Standard 
error 

p- 
Value 

Gender (female) Male  0.19  0.24  0.43 
Age [years]   − 0.01  0.01  0.25 
Living with partner (yes) No  − 0.46  0.27  0.08 
School education (>9 

years) 
≤9 years  − 0.61  0.26  0.02 

COVID-19 infection riska   0.18  0.09  0.04 
COVID-19 risk group 

(yes) 
No  1.04  0.37  0.01 

COVID-19 risk group 
(don’t know) 

No  1.26  0.44  0.01 

Comorbidities (yes) No  0.82  0.25  0.002 
HADS anxiety score   0.06  0.03  0.02 

SD = standard deviation. 
a Numeric scale ranging from 1 (low) to 7 (high). 
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utilization, especially in the case of a recurrent PE event. A reduction of 
hospital admissions during the COVID-19 lockdown has already been 
reported for diseases such as acute coronary syndrome [22,23] and 
chronic obstructive pulmonary disease [24]. Whether patients with PE 
were also reluctant to seek help for upcoming PE events remains open. 

Prior research has demonstrated that a considerable proportion of 
people suffer from worry and anxiety symptoms during the COVID-19 
pandemic [25,26]. In the present study, patients with PE who 

experienced higher levels of anxiety during their PE event were more 
likely to worry about the COVID-19 situation and specifically about their 
own infection risk and disease consequences. This finding is similar to 
the results from Jungmann et al. [27] who found that the trait health 
anxiety was positively associated with COVID-19 anxiety. The finding 
that patients with PE with lower school education experience higher 
levels of health-related worries than patients with higher education in-
dicates the need to offer appropriate information to these patients 
[25,27]. Jungmann et al. [27] already demonstrated that information 
may buffer the negative effects of anxiety during the COVID-19 
pandemic. The same applies to patients with comorbidities which may 
be associated with a higher risk for severe COVID-19, for patients who 
are unsure whether they belong to a risk group or patients who believe 
that they have a higher risk for severe COVID-19. 

As previous studies have shown, risk perception is an important 
predictor of preventive behavior [16]. People are more likely to comply 
with preventive behaviors if they perceive themselves as susceptible and 
if this illness is deemed to have severe consequences [16]. Thus, it was 
hypothesized that in the present study, patients with PE who assigned 
themselves to a high risk group may differ from those who perceived 
themselves as being at a lower risk in terms of performance of preventive 
behaviors. This hypothesis, however, was only partially supported by 
the study data. Maybe the fact that most important preventive measures 
were taken by more than 90% and small sample sizes in the risk groups 
have hampered the detection of differences. Besides the comparison 
within the groups of patients with PE, results of patients with PE can also 
be compared with responses of the general population from the COSMO 
study [20]. Indeed, the preventive measures which showed borderline 
significant differences between the PE patient risk groups, also differed 
between the total sample of patients with PE and people from the gen-
eral population. For instance, “Avoidance of public places” was per-
fomed by 87% of the patients with PE and 73% of the general population 
sample. Differences can also be observed regarding “Washing hands 20 
s” (92% vs. 86%), “Avoiding hand shakes” (99% vs. 93%), and “Keeping 
a distance of 1.5 m to other persons in the public” (98% vs. 89%). 

Overall, the results of the present study offer some starting points for 
improving the health of patients with PE during the COVID-19 
pandemic. Since most patients with PE perceive a higher risk for a 
negative outcome in case of COVID-19, but seem to be uncertain about 
their appraisal, they may benefit from support regarding the estimation 
of their individual risk. Firstly, this may include concise communication 
of potential COVID-19 risks specifically for patients with PE. Health 
authorities, health insurance companies and associations for pulmo-
nology and cardiology may offer such information online. Secondly, 
since individual risk assessment is complex and people may be over-
whelmed with this task, specifically if they have a low educational level 
or further comorbidities, further support may be needed. An individual 
risk estimation based on scientific evidence and a persons’ individual 
background, living conditions, medical history and current health status 
should be offered by the patients’ attending physicians, either their 
general practitioners or PE specialists. A realistic risk perception can 
positively influence patients’ lives. The known relation between risk 
perception and worry has been confirmed in the present study. A pro-
vision of appropriate information facilitating a realistic risk perception 
may subsequently reduce worries. A reduction of worries enhances the 
quality of life of patients with PE during the pandemic. As shown in 
previous studies, high levels of fear are associated with ineffective or 
unfavorable preventive behavior [28–30]. Consequently, the reduction 
of worries may also reduce COVID-19 incidence among patients with PE. 

To our knowledge, this is the first study which investigated COVID- 
19 risk perceptions, worries and preventive behaviors in patients with 
previous PE. It is based on data collected in the framework of a cohort 
study of all consecutive cases of PE in a defined study area with defined 
inclusion criteria. Study limitations include the small sample size in the 
stratified analyses. Although the response rate of 80% was high, a se-
lection bias cannot be ruled out. Moreover, although the applied 

Table 7 
Preventive behaviors in the past week. Number and percentage of patients who 
took the measures always or often.   

n Total 
sample 

Risk 
group 
yes 

Risk 
group 
don’t 
know 

Risk 
group 
no 

p- 
Valuea 

Eyes, nose and 
mouth not 
touched with 
unwashed hands  

176 93 
(52.8) 

64 
(50.4) 

17 
(56.7) 

12 
(63.2)  

0.53 

Use of 
disinfectants  

181 99 
(54.7) 

77 
(58.8) 

15 
(50.0) 

7 
(35.0)  

0.12 

Stayed at home if 
ill (e.g. when 
having a cold)  

112 90 
(80.4) 

70 
(86.4) 

12 
(70.6) 

8 
(57.1)  

0.02 

Mouth covered 
when coughing  

169 161 
(95.3) 

120 
(96.8) 

26 
(92.9) 

15 
(88.2)  

0.11 

Close contact with 
infected persons 
avoided  

82 72 
(87.8) 

53 
(88.3) 

10 
(83.3) 

9 
(90.0)  

0.86 

Wearing a nose- 
mouth mask  

174 135 
(77.6) 

101 
(80.2) 

21 
(72.4) 

13 
(68.4)  

0.40 

Washing hands 20 
s  

178 164 
(92.1) 

122 
(93.9) 

28 
(93.3) 

14 
(77.8)  

0.06 

Avoiding hand 
shakes  

176 174 
(98.9) 

128 
(100.0) 

29 
(96.7) 

17 
(94.4)  

0.07 

Keeping a distance 
of 1.5 m to other 
persons in the 
public  

177 174 
(98.3) 

127 
(99.2) 

30 
(100.0) 

17 
(89.5)  

0.04 

Self-quarantine 
without having 
symptoms (if a 
contact with an 
infected persons 
was possible)  

56 35 
(62.5) 

27 
(71.1) 

2 (28.6) 6 
(54.6)  

0.10 

Self-quarantine 
when having 
symptoms  

30 12 
(40.0) 

10 
(55.6) 

0 (0.0) 10 
(33.3)  

0.05 

Avoidance of 
public places  

171 148 
(86.6) 

112 
(89.6) 

24 
(82.8) 

12 
(70.6)  

0.07 

No participation at 
private parties  

138 119 
(86.2) 

87 
(83.7) 

19 
(90.5) 

13 
(100.0)  

0.31 

Moving in the 
public only with 
one other 
person or 
members of the 
own household  

169 132 
(78.1) 

96 
(78.7) 

21 
(72.4) 

15 
(83.3)  

0.65 

Taken only 
necessary 
actions outside 
(e.g. purchases 
and doctors 
consultations)  

178 158 
(88.8) 

113 
(88.3) 

26 
(83.9) 

19 
(100.0)  

0.20 

Being careful 
when opening 
letters  

162 43 
(26.5) 

32 
(26.9) 

9 (33.3) 2 
(12.5)  

0.32 

Intake of dietary 
supplements  

155 20 
(12.9) 

13 
(11.4) 

4 (16.7) 3 
(17.7)  

0.52 

No private 
meetings with 
persons from 
other 
households  

157 77 
(49.0) 

59 
(51.8) 

11 
(39.3) 

7 
(46.7)  

0.49  

a Chi2 test or Fisher’s exact test if appropriate. 
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questionnaire was based on items from validated scales, it was not 
possible to determine its psychometric properties for the use in the 
present study. Finally, the study was performed in a defined region in 
Germany and it is unknown whether the findings are generalizable to 
people from other regions or countries with different COVID-19 inci-
dence, mortality and hospitalization rates. 

5. Conclusions 

In conclusion, the present study showed that persons with a history 
of PE often perceive themselves as being at a high risk for severe COVID- 
19 illness, but many of them are unsure about this appraisal. Information 
seeking and COVID-19 knowledge plays a major role for the individual 
risk assessment. A realistic estimation of one’s own risk is essential 
because it is significantly related with health-related fears and worries. 
Thus, patients with PE may need support in order get a realistic view of 
their health situation and the risks related to COVID-19. Firstly, support 
may consist of online, evidence-based information on COVID-19 risks for 
patients with PE and secondly, of an individual risk estimation offered 
by the patients’ attending physicians, either their general practitioners 
or PE specialists. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.thromres.2021.03.016. 
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