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Association between COVID-19 and subsequent vascular
events in primary care patients in Germany

ABSTRACT:
Objectives

The aim of this study was to investigate the relationship between COVID-19 diagnosis and the
risk of developing a first-ever vascular event (VE) compared to the same risk in those with

respiratory tract infection (RTI).
Study Design

Retrospective cohort study.
Methods

This study using data from Disease Analyzer Database (IQVIA) included patients aged >18 years
with at least one visit to a German practice during the index period. Vascular events were defined
as cardiovascular (CDVE) or cerebrovascular (CVE) events. Two cohorts were created: patients
with a diagnosis of COVID-19 and those diagnosed with RTI. These were matched using
propensity scores (PS). Kaplan-Meier curves were created for the purposes of time to event
analysis. A Poisson model was used to calculate incidence rates (IR) and derive incidence rate

ratios (IRR).
Results

A total of 58,904 patients were matched. There was no significant association between COVID-

19 diagnosis and increased incidence of VE events among females (IRR, 95% CI: 0.96 [0.82;1.11]
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and 1.30 [0.88;1.81]) or males (IRR, 95% CI: 0.91 [0.78;1.05] and 1.13 [0.80;1.62]). Overall, no
significant association between COVID-19 diagnosis and incidence of VE was observed across
age categories except for CDVE events in the age category > 70 years (IRR, 95% CI: 0.78

[0.67;0.94]).

Conclusions

Overall, our study suggests that COVID-19 diagnosis was not associated with an increased risk of
developing VE compared to RTI diagnosis. However, further research in a variety of health care
settings and regions is needed to confirm these preliminary findings from our cohort, which is a

good reflection of routine clinical practice in Germany.

Keywords

COVID-19; cardiovascular disease; cerebrovascular disease; real-world evidence; German

practice
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INTRODUCTION

Vascular disease (VD) is a group of non-communicable disorders of the heart and blood vessels
including cardiovascular events (CDVE) such as coronary heart disease, peripheral arterial disease,
and cerebrovascular events (CVE)? consisting of stroke and transient ischemic attack (TIA). 2 In
2019, an estimated 17.9 million people died from this group of diseases, which translates to 32%
of global deaths.! Over 1.68 million of these deaths occurred in Europe alone. In many countries
such as Germany, VEs are the leading cause of death and are also a significant cause of disability.
This group of diseases accounted for 36% of all deaths in Germany in 2018, with a higher
proportion of deaths observed in females vs. males (38.8% vs. 33.5%),% and consequently, places

a considerable burden on health care systems, adding to the escalating costs of care.*

Previous research suggests that there may be a relationship between the recent COVID-19
pandemic and an increased risk of cardiovascular and cerebrovascular events in different sub-
populations.>®” The most common complications of COVID-19 include pulmonary and extra-
pulmonary symptoms, with frequent reports of fever, cough, and shortness of breath among
symptomatic patients.® It is estimated that among those who develop symptoms, approximately
80% recover without the need for hospital treatment or specialized care.® However, COVID-19
can also cause cardiac and cerebral injuries as a result of mechanisms currently under investigation,
including a combination of direct viral injury and the immunological response of the patient acting
as a host.?® For example, cardiac and cerebral injury caused by COVID-19 may lead to the
development of cardiovascular comorbidities such as myocardial infarction (MI) and other forms

of CDVE including CVE.

A significant body of literature indicates that chronic systemic inflammation favors the

development of atherosclerosis and predisposes individuals to clot formation by interfering with

3
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physiological hemostasis and by inducing a state of hypercoagulability.**? It is therefore evident
that acute inflammation facilitates the development of vascular events.*'* In particular,
respiratory tract infections (RTI) which evoke a broad systemic inflammatory reaction may be
involved in the pathogenesis of cardiovascular complications.*>¢7 Patients with a pre-existing
VE might even be at a higher risk of vascular events than those without.*® In the current debate,
COVID-19 is suspected to have a different pathophysiological impact on the development of many
disorders.*® In this context, it could be surmised that the systemic inflammatory response caused
by SARS-CoV-2 exposure may have a different effect on the immune reaction than other
unspecified respiratory tract infections. If this is confirmed, this difference could render a different

pathophysiological impact in causing VE.

Therefore, the aim of this retrospective cohort study was to investigate the relationship between
COVID-19 diagnosis and the risk of developing CDVE or CVE among patients without pre-
existing VE in general practices in Germany compared to a contemporary cohort diagnosed with

RTI.
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METHODS

Database description

This retrospective cohort study used data from the Disease Analyzer Database (IQVIA). The
Disease Analyzer contains de-identified electronic medical records (EMR) from general and
specialized practices in Germany including demographic, diagnosis (according to International
Classification of Diseases, 10" revision [ICD-10]), and prescription patient data.?® Since data are
collected in a non-interventional manner, the database offers an accurate reflection of routine
clinical practice and real-world settings. Approximately 3% of all German practices are included
in the Disease Analyzer Database. The validity and representativeness of the data has been
described extensively, demonstrating the suitability of the Disease Analyzer database for the
conduction of pharmacoepidemiological and pharmacoeconomic studies.?! In addition, the
Disease Analyzer Database has previously been used in studies focusing on COVID-19 and

cardiovascular outcomes.??

Study population

Patients aged >18 years with at least one visit to a German practice during the index period were
included in the study. The index period was defined as March 1, 2020 (start of the pandemic) to
June 30, 2021. The study end was defined as December 31, 2021, allowing for a minimum follow-
up time of six months. Patients for whom sex or age information was missing were excluded from
the study. Two contemporary cohorts were defined: a cohort of patients with a diagnosis of
COVID-19 (ICD-10: U07.1) and a cohort of patients with a diagnosis of acute lower or upper RTI
(ICD-10: J06, J20, J21, J22). Any patient with a diagnosis of RTI who had also been diagnosed
with COVID-19 during the index period was considered for inclusion in the COVID-19 cohort
only. Care was taken to exclude patients with a diagnosis of COVID-19 before March 1, 2020 to

5
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avoid including patient records with a diagnosis code used to identify a disease other than COVID-
19. Because this study does not include patients with pre-existing CDVE or CVE, all patients with
pre-existing CDVE including CVE (see Appendix 1 for ICD-10 codes) up to five years before the
index date were excluded from the study. Patient comorbidities including diabetes, hypertension,

obesity, and any type of cancer (see

Appendix 2 for ICD-10 codes) were also retrieved for up to five years prior to the index date.
After applying the inclusion and exclusion criteria, both cohorts were matched using a propensity
score (PS) approach based on sex, age, index month of the infection, and identified comorbidities.
The selection diagram for study patients is displayed in Figures

Figure 1.

Outcomes

The primary outcome was the incidence of vascular events including cardiovascular events or
cerebrovascular events. The secondary outcome was the time to first VE. A CDVE was considered
to have occurred if the following diagnosis was recorded: angina pectoris; acute myocardial
infarction; subsequent myocardial infarction; certain current complications following acute
myocardial infarction; other acute ischemic heart diseases; chronic ischemic heart disease; atrial
fibrillation and flutter; heart failure. A CVE was defined as stroke, cerebral infarction, or TIA. A
complete list of the ICD-10 codes used for the identification of these events can be found in

Appendix 3.

Statistical methods
No statistical power calculation was conducted in this real-world study as the primary outcome
was descriptive in nature. All study patients in the Disease Analyzer Database who met the

inclusion and passed the exclusion criteria were included. Descriptive summary statistics (n [%],
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mean, standard deviation [SD], interquartile range [IQR]) were used to describe continuous
variables. Counts and proportions were used to describe categorical variables. No imputation
method was used for handling missing data as patients for whom age or sex information was
missing were excluded from the cohort. Kaplan Meier curves were used for the analysis of time to
VE event, from index date until the first year of the follow up period. Given the small proportion
of events observed, a Poisson model approach was the preferred method for calculating the
incidence rates of VEs per 1,000 person-years and deriving incidence rate ratios. P-values <0.05
were considered statistically significant. Analyses were carried out using RStudio version

1.2.1235.

RESULTS

Cohort description

In total, some 766,048 patients aged > 18 years with at least one visit to one of 1,255 general
practices in Germany between March 1, 2020 and June 30, 2021 were available for inclusion, of
which 1,085 were excluded due to missing sex information. After applying further inclusion and
exclusion criteria (including diagnosis of COVID-19 or RTI, no previous CDVE or CVE), 58,904
patients and 371,241 patients remained in the COVID-19 and RTI cohorts respectively. These
patients were matched using the propensity score approach, leading to a total of 58,904 patients

diagnosed with COVID-19 and 58,904 patients with RT1 for final inclusion in this study (Figures

Figure 1). The mean (SD) age was 45.6 (17.4) and 45.4 (17.0) years respectively in the COVID-
19 and RTI cohorts, with a higher proportion of females vs. males in both groups (53.8% vs. 46.4%
in the COVID-19 cohort and 54.0% vs. 46.0% in the RTI cohort). The mean (SD) follow-up time

was 363.7 (17.3) days and 363.6 (16.8) days respectively in the COVID-19 and RTI cohorts, with
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a minimum follow-up time of 184 days for both. The baseline characteristics of both cohorts after

1:1 PS matching are summarized in Table 1.

Incidence rate and incidence rate ratio

Table 2 presents the incidence of VE calculated per 1,000 person-years (overall and stratified by
sex and age category) and incidence rate ratios (IRR) with a Cl of 95% for each of the cohorts.
Overall, no significant association was observed between COVID-19 diagnosis and increased
incidence of VE (IRR, 95% CI: 0.92 [0.84;1.03] and 1.20 [0.93;1.55]). Similarly, no significant
association was observed between COVID-19 diagnosis and increased incidence of VE among
females (IRR, 95% CI: 0.96 [0.82;1.11] and 1.30 [0.88;1.81]) or males (IRR, 95% CI: 0.91
[0.78;1.05] and 1.13 [0.80;1.62]). In addition, there was no significant association between
COVID-19 diagnosis and increased incidence of VE by age category except for CDVE events in

the oldest age category, > 70 years (IRR, 95% CI: 0.78 [0.67;0.94]).

Time to first VE

A total of 806 and 835 events were observed in the COVID-19 and RTI cohorts respectively,
accounting for less than 1% of events, with a higher proportion of CDVESs vs. CVEs. The mean
(SD) time to the first event was 412 (0.7) days for both cohorts (Table 3). A Kaplan-Meier analysis
of the time to first VEs showed no significant differentiation of the overall survival probability
between both cohorts as the curves crossed. Based on the log-rank test, there was no significant
difference in the Kaplan-Meir curves for both cohorts for the time to first VE overall and by type

of event in the first year of follow-up (Figure 2).
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DISCUSSION

Main findings

This retrospective study, conducted in a real-world setting in German primary care practices,
showed that overall, there was no significant association between COVID-19 diagnosis and
increased incidence of cardiovascular or cerebrovascular outcome in comparison to patients
suffering from a different respiratory tract infection. However, these results need to be interpreted
with caution as the incidence of CVE was much higher in the COVID-19 cohort but non-significant
due to the small total number of events. The latter was observed in all age groups except for CDVE

events in the oldest age category > 70 years, where a significant association was found.

Interpretation of results

The mean age in our study cohorts was approximately 45 years (equal to median age in our study),
which is in line with that of the general German population (45.7 years in 2020).2% A study using
data from the Swedish Public Health Agency database previously described the association
between COVID-19 and cardiovascular outcomes in a COVID-19 cohort with a median age of 48
years. ° This study concluded that COVID-19 diagnosis was associated with a higher risk of
developing an event. While our overall results do not reflect those of the previous authors, it is
important to highlight that our study cohorts excluded patients with a previous history of VE,
which caused a lower number of events to be observed. When looking at the older age category >
70 years, we observed an IRR of above one in the COVID-19 cohort (IRR, 95% CI: 1.49
[0.96;2.31]), though this was still non-significant. This is comparable with the study of Modin et
al., who used Danish registers to identify all patients diagnosed with COVID-19 in hospital
settings.® They found that in a population cohort with a mean age of 77 years, incidence rates for

ischemic stroke after COVID-19 diagnosis were significant, ranging between 6.6 (3.6-11.9) and

9
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12.9 (7.1-23.5) depending on varying COVID-19 risk intervals. Our study results can be
interpreted as a confirmation of the latter; nevertheless, the relationship with COVID-19 diagnosis
might be confounded by the fact that the elderly population is already at increased risk of suffering

from cerebrovascular complications as previously described in the literature.?* 2

In our study we also observed that the IRR among females was higher than in males, but still non-
significant. Several studies that have investigated how the risk of developing a cardiovascular or
cerebrovascular event can vary based on sex.?52728 While the evidence shows that females have a
lower overall age-adjusted stroke incidence than men, they tend to experience more stroke events
due to their longer life expectancy # This could potentially explain the higher IRR of females vs.
males both for CDVE and CVE (IRR, 95% CI: 0.96 [0.82;1.11] vs. 0.91 [0.78;1.05] in patients

with CDVE and 1.30 [0.88;1.81] vs. 1.13 [0.80;1.62] in patients with CVE).

It is important to note that our study compared patients diagnosed with COVID-19 to a
contemporary cohort rather than a historical cohort of patients. This would contribute to the
discrepancy between our results and those of previous research conducted in the field.>* However,
as using a historical cohort might not account for changes in clinical practice and patient behavior
since the start of the pandemic®" *2, we considered the use of a contemporary cohort as a suitable
comparator. Furthermore, the comparator cohort in our study included patients with a diagnosis of
RTI rather than the general population. Literature findings suggest that patients diagnosed with
RTI have a higher incidence of developing a cardiovascular event*>!® which would explain the
resulting IRR of below one observed in the overall results for CDVE (IRR, 95% CI: 0.92

[0.84;1.03]), though this value is non-significant.

Finally, the minimum follow-up time in this study was six months, with some patients having a

follow-up time of over one year. We identified a non-significant difference in the time to first VE

10
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event during the first year of follow-up. These results should be interpreted with caution, however,
given that in the presence of crossing survival curves (non-proportional hazards), the performance

of the log-rank test might be affected by the type of crossing observed.

Public health implications

Previous research has confirmed the transient increase in the risk of cardiovascular and
cerebrovascular complications following the diagnosis of several respiratory diseases including
influenza, pneumonia, acute bronchitis, and others.™® To the best of our knowledge, this is one of
the first studies to have compared the effects of COVID-19 diagnosis on VE outcomes with the
effects of RTI diagnosis. Our preliminary findings help increase the pool of evidence focusing on
RTI, considered prevalent in many countries and different health care settings.>® The non-
significant association between COVID-19 diagnosis and cardiovascular or cerebrovascular
outcomes observed in our study can be interpreted in the context of the drop in hospital admissions
due to acute coronary syndromes and stroke during the first wave of the pandemic.3*3® Further
research in varying health care settings and regions will help to confirm or disprove our
preliminary findings. Notwithstanding the above, there should be a focus on the general prevention
of respiratory diseases, as the complications resulting from respiratory failure have represented a

great public health burden since the start of the pandemic.

Strengths and limitations

The main strengths of the present study are the large sample size used and the fact that the study
reflects routine clinical practice in Germany, accounting for the shift in clinical practice and patient
behavior with the use of a contemporary cohort based on data from the Disease Analyzer. In

addition, the relatively large sample allowed sub-group analyses by age and sex to be performed.

11
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In addition to these strengths, however, this study is also subject to a number of limitations, which
need to be discussed. Because the real-world database used in this study does not cover hospital
data including information on mechanical ventilation and does not capture mortality associated
with hospitalization, no patients were censored before the end of the study period (December 31,
2021). As a result, the IRR calculated for VE may be biased. However, the magnitude of this bias
may have been reduced by the fact that the study included a relatively young population (mean 45
years), as literature findings indicate that the case fatality rate (CFR) of COVID-19 among patients
younger than 50 years is less than 1%. * Similarly, the study did not account for database
enrollment time or drop-outs. Therefore, patients were assumed to have contributed person-time
until the end of the study, which might have introduced additional bias by increasing the person-
time denominator, and thus leading to the underestimation of incidence rates. Because it is not
necessary for COVID-19 cases to be confirmed in a primary care practice in Germany, the number
of confirmed cases might have been underreported, which may also introduce bias to the results.
The latter could have caused the number of patients in the RTI cohort also diagnosed with COVID-
19 to be underestimated, thus decreasing the incidence of RTI patients, and resulting in IRRs of
below one. Furthermore, given the general setup of the COVID-19 reporting systems in European
countries, those patients who approached a primary care practice in Germany to receive care (either
for COVID-19 or RTI) might have introduced additional selection bias. In addition, vaccination
status (vaccination was broadly implemented in Germany starting in 2021, approximately one year
after the pandemic started in March 2020)%" was not considered for the propensity score matching
in the present study because vaccination information is only captured by a sub-group of German
practices included in the study.®® Therefore, given that this study considers a continued index

period extending from 2020 to 2021, patients included in the COVID-19 cohort could have had

12
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different levels of immunity which could have influenced the outcomes observed. Similarly, with
the identification of new COVID-19 variants®® throughout the index period, patients in the
COVID-19 cohort could have been exposed to variable infectiousness levels which could have

also affected the viral injury they suffered, influencing the primary outcomes observed.

CONCLUSIONS

Overall, our study suggests that COVID-19 diagnosis was not associated with an increased risk of
developing a VE compared to RTI diagnosis. However, further research in a variety of health care
settings and regions is needed to confirm these preliminary findings from our cohort, which is a

good reflection of routine clinical practice in Germany.
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Tables

Table 1: Baseline characteristics of study patients after 1:1 Propensity Score (PS) matching

Patients with COVID-19

Patients with RTI

(N =58,832) (N =58,832)
Age in database
Mean (SD) 45.6 (17.4) 45.4 (17.0)
Follow up (days)
Mean (SD) 363.7 (17.3) 363.6 (16.8)
Age in database N (%) N (%)
Age 18-30 13,390 (22.8) 13,397 (22.8)
Age 31-40 11,474 (19.5) 11,518 (19.6)
Age 41-50 11,094 (18.9) 11,132 (18.9)
Age 51-60 12,211 (20.8) 12,388 (21.0)
Age 61-70 5,697 (9.7) 5,873 (10.0)
Age >70 4,966 (8.4) 4,524 (7.7)
Sex
Male 27,165 (46.4) 27,066 (46.0)
Female 31,667 (53.8) 31,766 (54.0)
Index month
Mar-20 412 (0.7) 412 (0.7)
Apr-20 1,566 (2.7) 1,551 (2.6)
May-20 838 (1.4) 834 (1.4)
Jun-20 640 (1.1) 645 (1.1)
Jul-20 809 (1.4) 797 (1.4)
Aug-20 1,236 (2.1) 1,249 (2.1)
Sep-20 1,300 (2.2) 1,308 (2.2)
Oct-20 4,173 (7.1) 4,187 (7.1)
Nov-20 8,688 (14.8) 8,604 (14.6)
Dec-20 10,187 (17.3) 9,949 (16.9)
Jan-21 7,172 (12.2) 7,119 (12.1)
Feb-21 3,617 (6.2) 3,535 (6.0)
Mar-21 5,810 (9.9) 5,878 (9.9)
Apr-21 7,223 (12.3) 7,463 (12.7)
May-21 3,856 (6.6) 4,022 (6.8)
Jun-21 1,305 (2.2) 1,279 (2.2)
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Comorbidities in the last 5 years
(Not mutually exclusive)

Cancer
Diabetes
Hypertension
Lipid disorders
Obesity

1,839 (3.1)
3,999 (6.8)
10,629 (18.1)
6,589 (11.2)
4,359 (7.4)
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1,487 (2.5)
3,658 (6.2)
10,384 (17.7)
7,439 (12.6)
4,278 (7.3)
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393

Table 2 Incidence of CDVE and CVE per 1,000 person-years in patients with COVID-19 and RTI

Incidence per 1,000 person-

Incidence per 1,000 person-

years in patients with years in patients with Incidence Rate Ratio P-value
COVID-19 RTI (IRR, 95% CI)
(N = 58832) (N = 58832)
Cardiovascular events (CDVE)
Overall 116 125 0.92 (0.84;1.03) 0.1727
Female sex 10.7 127 0.96 (0.82;1.11) 0.5425
Male sex 12.7 14.0 0.91 (0.78;1.05) 0.1887
Age 18-30 1.3 0.9 1.42 (0.68; 2.99) 0.3429
Age 31-40 3.2 24 1.34 (0.82;2.22) 0.2425
Age 41-50 5.9 6.8 0.86 (0.62:1.20) 0.3793
Age 51-60 133 14.5 0.92 (0.74;1.24) 0.4376
Age 61-70 25.9 26.4 0.98 (0.78;1.24) 0.8686
Age>70 53.0 66.4 0.78 (0.67;0.94) 0.0083
Cerebrovascular events (CVE)

Overall 23 1.9 1.20 (0.93;1.55) 0.1613
Female sex 21 1.7 1.30 (0.88:1.81) 0.2012
Male sex 25 2.2 1.13 (0.80;1.62) 0.4818
Age 18-30 0.3 0.1 4.62 (0.52;41.35) 0.1318
Age 31-40 0.6 0.6 1.01 (0.35;2.88) 0.9868
Age 41-50 1.0 14 0.74 (0.34;1.61) 0.4465
Age 51-60 29 25 1.15 (0.70;1.88) 0.5709
Age 61-70 4.1 4.5 0.90 (0.51;1.61) 0.7358
Age > 70 11.3 7.6 1.49 (0.96; 2.31) 0.0705
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394  Table 3: Time to first event by type of event

Patients with COVID-19

Patients with RTI

(N =58,832) (N =58,832)
Time to first event (days)
Mean (SD) 412 (0.7) 412 (0.7)
Type of event * N (%) N (%)
CDVE 674 (0.011) 725 (0.012)
CVE 132 (0.002) 110 (0.002)

*CDVE and CVE are mutually exclusive
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Figures

Figure 1: Selection of study patients

Adults aged > 18 years with at least one visit
to one of 1,255 general practices in Germany
between March 1, 2020 and June 30, 2021
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1
v v
Diagnosis of COVID-19 (ICD-10: U07.1 Diagnosis of RTI (ICD-10: J06, J20-J22;
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Figure 2: Kaplan-Meier analysis of time to first event during first year of follow-up: (A) Overall (B) Cardiovascular events only (C)
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(B) Kaplan-Meier analysis of time to first CDVE event
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(C) Kaplan-Meier analysis of time to first CVE event
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406  Appendix 1: List of ICD-10 codes used for patient exclusion up to five years before index date

ICD-10 code Description

Cardiovascular events

120 Angina pectoris

121 Acute myocardial infarction

122 Subsequent myocardial infarction

123 Certain current complications following acute myocardial infarction

124 Other acute ischemic heart diseases

125 Chronic ischemic heart disease

148 Atrial fibrillation and flutter

150 Heart failure

Cerebrovascular events

163 Cerebral infarction

164 Stroke, not specified as hemorrhage or infarction

G45 Transient cerebral ischemic attacks and related syndromes
407
408
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Appendix 2: List of ICD-10 codes used for comorbidity identification

ICD-10 code Description

110 Essential (primary) hypertension

E10 Type | diabetes mellitus

E11 Type |l diabetes mellitus

E12 Malnutrition-related diabetes mellitus

E13 Other specified diabetes mellitus

E1l4 Unspecified diabetes mellitus

E78 Disorders of lipoprotein metabolism and other lipidaemia.
E66 Obesity and other hyperalimentation

C0-C9 Malignant cancers
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411  Appendix 3 List of ICD-10 codes for outcome selection

ICD-10 code Description

Cardiovascular events

120 Angina pectoris

121 Acute myocardial infarction

122 Subsequent myocardial infarction

123 Certain current complications following acute myocardial infarction
124 Other acute ischemic heart diseases

125 Chronic ischemic heart disease

148 Atrial fibrillation and flutter

150 Heart failure

Cerebrovascular events

163 Cerebral infarction

164 Stroke, not specified as hemorrhage or infarction

G45 Transient cerebral ischemic attacks and related syndromes
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