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ABSTRACT
Objectives Studies have reported high incidences of 
stroke in patients hospitalised with SARS- CoV- 2, but 
the impact of disease severity is unexplored. We aimed 
to estimate the risk of incident ischaemic stroke in 
SARS- CoV- 2 test- positive individuals compared with test- 
negative individuals stratified by disease severity during 
acute infection and post infection.
Design A register- based cohort study.
Setting A Danish nationwide study.
Participants All Danish adults who had PCR tests for 
SARS- CoV- 2 performed between 1 March 2020 and 30 
November 2021. Test- positive individuals were included 
at their first positive test. For individuals tested prior to 
30 November 2021, we randomly sampled an index date 
from the distribution of test dates among SARS- CoV- 2 
test- positive individuals. Test- positive individuals were 
followed during the acute phase of infection (days 0–14) 
and post infection (180 days after the acute phase). Test- 
negative individuals were followed in equivalent time 
periods.
Primary and secondary outcome measures Incident 
ischaemic stroke risk in SARS- CoV- 2 test- positive 
individuals compared with test- negative individuals 
during acute infection and post infection. We calculated 
subdistribution HRs (SHR) with death as a competing risk 
using propensity score weighting as confounder control. 
The risk was stratified according to disease severity: 
community managed, hospitalised, or admission to the 
intensive care unit.
Results Among 3 910 219 SARS- CoV- 2 PRC- tested 
individuals, 356 421 test- positive and 3 067 456 test- 
negative individuals were included. A positive SARS- 
CoV- 2 test was associated with an SHR of 3.32 (95% 
CI 2.60 to 4.25) overall for stroke compared with test 
negative in the acute phase. In the postinfection period, 
the risk of stroke remained increased in individuals 
hospitalised during the acute phase (SHR 1.85, 95% CI 
1.45 to 2.37). Individuals with community- managed 
SARS- CoV- 2 had no increased long- term risk of stroke 
(SHR 1.01, 95% CI 0.88 to 1.16).
Conclusion SARS- CoV- 2 infection is associated with 
increased stroke risk. Disease severity seems to be an 
important factor. Individuals with community- managed 
SARS- CoV- 2 had no increased stroke risk.

INTRODUCTION
Increasing evidence suggest that SARS- CoV- 2 
is associated with cardiovascular events such 
as ischaemic stroke.1–3 It has been suggested 
that risk of stroke in patients with COVID- 19 
is mainly present in those who are already at 
risk of acute stroke due to conventional risk 
factors.3 4

In the beginning of the COVID- 19 
pandemic, studies reported in- hospital inci-
dence of stroke among SARS- CoV- 2 infected 
patients with great variability.4–11 The highest 
incidence was reported among patients 
admitted to the intensive care unit (ICU) 
with an incidence of ischaemic stroke up to 
7.0%.12 The differences in stroke incidence 
among COVID- 19 patients across studies 
probably reflect differences in study popula-
tions, and differences in healthcare systems 
across countries.

Since then, more studies have focused 
on the risk of ischaemic stroke in SARS- 
CoV- 2- infected individuals. A Swedish self- 
controlled study found the risk of ischaemic 
stroke to be increased by three to six times in 
the first week following COVID- 19 compared 
with each individual’s baseline risk with an 
attenuating, but still increased, effect after 
3–4 weeks.2 Their findings of increased stroke 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Approximately 83% of the adult Danish population 
had one or more PCR tests performed within the 
study period which resulted in a large study cohort.

 ⇒ The used Danish national health registers allowed 
for extensive confounder control.

 ⇒ We used test date as index date for SARS- CoV- 2 
test- positive individuals, but the onset of COVID- 19 
was unknown.

 ⇒ Information of symptoms prior to testing was not 
available, and the fraction of individuals with other 
respiratory infections is unknown.
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risk in SARS- CoV- 2 infected individuals are consistent 
with other studies including a meta- analysis that found 
SARS- CoV- 2 infection to be associated with an increased 
OR for ischaemic stroke (OR=3.58, 95% CI 1.43 to 8.92).1

It is important to improve knowledge of both short- 
term and long- term stroke risk in SARS- CoV- 2- positive 
individuals as it is a prerequisite for potential preven-
tive measures. Knowledge of the influence of disease 
severity will support clinicians in decision- making in post- 
COVID- 19 care. In this study, we aimed to quantify the 
risk of stroke during acute infection with SARS- CoV- 2 and 
post infection among all identified SARS- CoV- 2- positive 
individuals at a Danish national level. The stroke risk was 
calculated overall and stratified by disease severity.

METHODS
Study design and selection of participants
This is a nationwide register- based cohort study including 
all adult Danish individuals (age ≥18 years) who were 
tested for SARS- CoV- 2 with real- time PCR between 1 
March 2020 to 30 November 2021. This date was chosen 
because at the end of November 2021, the first Danish 
citizens were infected with omicron B.1.1.529. Individuals 
with a positive PCR test result for SARS- CoV- 2 performed 
on oropharyngeal and nasopharyngeal swabs and/or 
on respiratory- tract secretions and aspirate within the 
defined period were included as test- positive individuals 
with their first positive test date as the index date. Tested 
individuals who had no previous positive SARS- CoV- 2 test 
were included as test- negative individuals. For each indi-
vidual tested prior to 30 November 2021, we randomly 
sampled an index date from the distribution of test dates 
among SARS- CoV- 2- positive- tested individuals. This 
proportional sampling was done to ensure a temporal 
match between test- negative and test- positive individuals. 
Test- negative individuals were excluded if they had an 
assigned index date before their first SARS- CoV- 2 test, or 
if the assigned index date was after the first positive SARS- 
CoV- 2 test. This ensured that all individuals who at some 
point in the inclusion period were test positive could only 
be included as such, while potential selection bias among 
test- negative individuals was handled.

Definition of acute SARS-CoV-2 and the postinfection period
The SARS- CoV- 2- positive cohort was analysed in two 
steps: an analysis of all individuals with acute SARS- CoV- 2 
and an analysis of those who survived the acute phase of 
SARS- CoV- 2 without stroke (postinfection period).

The acute phase of SARS- CoV- 2 was defined as the first 
2 weeks after a positive SARS- CoV- 2 test. Patients hospi-
talised during the acute phase of infection remained in 
the acute phase until discharge from the hospital. For 
those with a long hospitalisation, we ended the acute 
phase 90 days after the index date. In the acute phase 
of infection, all individuals were followed until death, 
emigration (defined as the date when no longer regis-
tered with an address in the Danish Civil Registration 

System13), an event of stroke, or completion of the acute 
phase of the infection whichever came first. The postin-
fection period started when the acute phase of the infec-
tion ended and included all SARS- CoV- 2- positive patients 
who survived the acute phase of the infection without an 
event of stroke. In the postinfection period, all individ-
uals were followed until death, emigration, an event of 
stroke, or 180 days after entering the postinfection period 
whichever came first. The test- negative individuals were 
followed in parallel with the test- positive individuals in 
equivalent time periods.

Definition of stroke
Acute stroke was defined as incident ischaemic stroke. 
We used International Classification of Diseases 10th 
Revision (ICD- 10) diagnoses to identify an acute event of 
stroke: I63 (I63.6 was excluded) or I64.9 (online supple-
mental eTable 1). Recent stroke was defined as a stroke 
occurring within 14 and until 1 day before a positive 
SARS- CoV- 2 test (index date −14: −1). Previous stroke was 
defined as a stroke 15 days or more before study inclusion 
(ie, the date of positive SARS- CoV- 2 test or assigned index 
date for the control individuals). Since the main outcome 
in this study was incident ischaemic stroke, we excluded 
previous and recent stroke in the main analysis.

Data sources
All Danish residents have a unique personal civil registra-
tion number, which allows cross- linkage at personal level 
between registers. We extracted data from several Danish 
registers. Data on all SARS- CoV- 2 tested Danish residents 
are included in The Danish COVID- 19 Cohort,14 where 
results from the PCR tests were identified from the Danish 
Microbiology Database.15 We linked these data to data 
from the Danish National Patient Registry16 where stroke 
cases were identified and further information regarding 
comorbidities was obtained. Through The Danish Civil 
Registration System,13 we obtained information regarding 
death or emigration. Stroke risk modifying medications 
were identified from the Danish National Prescription 
Registry.17

Analyses and statistics
We calculated the absolute risks and subdistribution 
HRs (SHRs) of incident ischaemic stroke in patients 
with SARS- CoV- 2 compared with SARS- CoV- 2 negative 
tested individuals. Absolute risks were reported based 
on the entire population. SHRs were calculated using 
the Fine- Gray model with death as a competing risk, 
and time to stroke was illustrated using the cumulative 
incidence function.18 We used propensity score (PS) 
standardised mortality ratio weighting to control for 
potential confounding when calculating the SHR. The 
standardised mortality ratio weighting gives the average 
treatment effect among the treated, often referred to as 
the ATT. SARS- CoV- 2- positive individuals were assigned 
a weight of 1, whereas the SARS- CoV- 2 negative individ-
uals were assigned a weight defined as the ratio of the 
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estimated PS to one minus the PS.19 Covariates included 
in the PS model were age, sex, comorbidities, markers of 
smoking, alcohol- related disorders and prescribed drugs. 
These are defined in online supplemental eTable 1. To 
evaluate covariate balance, we calculated standardised 
mean differences (SMD), and a difference in SMD of less 
than 0.1 was accepted. All risk estimates were reported 
for the acute phase of SARS- CoV- 2 and the analyses were 
repeated in the postinfection period. Incidence rates 
of incident stroke per 1000 person years at risk were 
calculated.

The analysis was performed overall and stratified by 
infection severity. In the acute phase of SARS- CoV- 2, 
we stratified on hospitalised patients with no stay at the 
ICU and stay at the ICU (codes for identification of ICU 
admission are provided in online supplemental eTable 2). 
Patients hospitalised were followed from the day of admis-
sion and censored if later admitted to the ICU. Patients 
with stay at the ICU were followed from the day of admis-
sion to the ICU. In the postinfection period, we stratified 
on following: community managed, hospitalised with 
no stay at the ICU and hospitalised with an ICU stay—
all three categories refer to the setting during the acute 
phase of infection. All Danish individuals with suspicion of 
an acute stroke (symptoms of stroke within the last 7 days) 
are acutely admitted to the hospital for diagnosis. This 
implies that no patients can have a community- managed 
acute stroke in the acute phase, because the diagnosis of 
stroke includes a hospital admission.

Three sensitivity analyses were done: one where indi-
viduals with a recent stroke were included, one where 
we restricted the inclusion period to 1 March 2020 to 
31 October 2020 (introduction of antigen tests), and 
one where we included patients with transient ischaemic 
attack (TIA; ICD- 10 code G45.9) in the outcome.

In Denmark, all patients with suspected stroke are 
admitted to a neurological department or a specific 
neurological section located in the emergency depart-
ment. We did a post hoc analysis in which we excluded 
individuals who initially arrived at a neurological depart-
ment and tested positive for SARS- CoV- 2 on arrival 
(defined as −1:1 days of a positive test).

All analyses were performed using Stata V.17.0.

Patient and public involvement
Patients or public were not involved in the design, or 
conduct, or reporting, or dissemination of this research.

RESULTS
Baseline characteristics
From 1 March 2020 to 30 November 2021, 3 910 219 indi-
viduals had PCR tests for SARS- CoV- 2 performed. After 
the proportional sampling, 3 423 877 individuals were 
included for analysis. Among the included individuals, 
356 421 had a positive test. The largest proportion of 
SARS- CoV- 2- positive tests was among younger people. In 
general, the population with a negative SARS- CoV- 2 test 

had more comorbidities than the test- positive population 
(table 1).

Among the 356 421 individuals with a positive test 
result, 353 765 entered the postinfection period (table 2). 
The numbers of included individuals in both cohorts are 
shown in figure 1.

Stroke risk and SARS-CoV-2
Of the 356 421 individuals with a positive SARS- CoV- 2 
test, 90 had incident ischaemic stroke within the acute 
phase of infection, yielding an absolute risk of incident 
stroke of 0.025% corresponding to 6.6/1000 person 
years at risk. Among test- negative individuals, the abso-
lute risk of ischaemic stroke was 0.010% (314 strokes in 
3 067 456 individuals), 2.7/1000 person years at risk. In 
our PS- weighted analysis, we found a positive SARS- CoV- 2 
test to be associated with an SHR of 3.32 (95% CI 2.60 to 
4.25) for stroke in the acute phase compared with SARS- 
CoV- 2 test- negative individuals. The highest risk of stroke 
during acute SARS- CoV- 2 was found in patients admitted 
to the ICU: SHR 36.4 (95% CI 22.6 to 58.5).

In the postinfection period, the overall SHR for stroke 
among SARS- CoV- 2- positive patients was 1.12 (95% CI 
0.99 to 1.26) compared with SARS- CoV- 2 test- negative 
individuals (table 3). However, the risk of stroke remained 
increased among SARS- CoV- 2- positive patients in the 
postinfection period if they had been admitted to the 
hospital during the acute phase of infection, SHR 1.85 
(95% CI 1.45 to 2.37). In individuals with community- 
managed SARS- CoV- 2 infection, we found no increased 
long- term risk of stroke, SHR 0.96 (95% CI 0.84 to 1.11). 
The cumulative incidence function for both periods is 
found in online supplemental eFigure 1.

Mortality
The highest mortality was seen among SARS- CoV- 2- 
positive individuals in the acute phase of infection (2485 
out of 356,421, 0.70% (95% CI 0.670 to 0.725)) and the 
corresponding mortality for SARS- CoV- 2 test- negative 
individuals was 0.07% with 2080 deaths among 3 067 456 
individuals (95% CI 0.065 to 0.071). This corresponded 
to a mortality rate of 181/1000 person years among test- 
positive individuals and 18/1000 person years among 
test- negative individuals. Among SARS- CoV- 2- positive 
individuals, the mortality decreased in the postinfection 
period (1820 out of 353 765, 0.51% (95% CI 0.49 to 0.54), 
11/1000 person years). The corresponding mortality 
for SARS- CoV- 2 test- negative individuals was 0.49% (15 
023 deaths among 3 047 919 individuals (95% CI 0.49 to 
0.50)), 10/1000 person years.

Sensitivity analyses
When the analysis was time restricted (1 March 2020 to 
31 October 2020), the absolute risks, SHRs and incidence 
rates were slightly increased in both SARS- CoV- 2- positive 
and SARS- CoV- 2- negative individuals in the two periods 
(online supplemental eTable 3). When individuals with 
a recent stroke were included, the incidences of stroke 
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in the acute phase of infection increased slightly among 
both test- positive and test- negative individuals (online 
supplemental eTable 4). In the post- hoc analysis, we 
identified 20 patients who initially arrived at a neuro-
logical department and tested positive for SARS- CoV- 2 
on arrival. Despite excluding these patients, the risk of 
stroke remained increased in SARS- CoV- 2 infected indi-
viduals (online supplemental eTable 5). Results remained 

unchanged when individuals with diagnosis of TIA were 
included (online supplemental eTable 6).

DISCUSSION
In this Danish nationwide cohort study, we evaluated 
the risk of incident ischaemic stroke among 3 910 219 
SARS- CoV- 2 tested Danish individuals, corresponding to 

Table 1 Baseline characteristics among SARS- CoV- 2- positive individuals and test- negative controls in the acute phase of the 
infection

Acute phase of SARS- CoV- 2

SARS- CoV- 2 
positive
(n=3 56 421)

SARS- CoV- 2 
negative
(n=3 067 456)

Standardised 
mean 
difference

SARS- CoV- 2 
negative,
PS- weighted
(n=356 397)

Standardised 
mean 
difference, 
weighted

Demographics

Sex, female, n% 182 770 (51) 1 619 362 (53) 0.03 182 769 (51) 0.00

Age

  18–50 246 986 (69) 1 723 629 (56) 0.27 245 676 (69) 0.01

  51–69 80 483 (23) 899 064 (29) 0.15 81 450 (23) 0.01

  70+ 28 952 (8) 444 763 (14) 0.20 29 271 (8.2) 0.00

Comorbidities

Charlson Comorbidity Index, n (%)

  CCI=0 310 799 (87) 2 572 424 (84) 0.09 312 217 (88) 0.01

  CCI=1 10 050 (2.8) 119 385 (3.9) 0.06 10 430 (2.9) 0.01

  CCI≥2 35 572 (10.0) 375 647 (12) 0.07 33 750 (9.5) 0.02

  Hypertension 25 272 (7.1) 319 755 (10) 0.12 25 310 (7.1) 0.00

  Atrial fibrillation or flutter 8648 (2.4) 110 716 (3.6) 0.07 8671 (2.4) 0.00

  Congestive heart failure 4.328 (1.2) 52 125 (1.7) 0.04 4347 (1.2) 0.00

  Ischaemic cardiac disease 13 424 (3.8) 165 360 (5.4) 0.08 13 431 (3.8) 0.00

  Peripheral vascular disease 2939 (0.8) 42 398 (1.4) 0.05 2945 (0.8) 0.00

  Venous thromboembolism 6459 (1.8) 70 198 (2.3) 0.03 6472 (1.8) 0.00

  Diabetes mellitus 11 351 (3.2) 119 199 (3.9) 0.04 11 402 (3.2) 0.00

  Chronic kidney disease 2882 (0.8) 30 437 (1.0) 0.02 2896 (0.8) 0.00

  Dyslipidaemia 11 496 (3.2) 142 515 (4.6) 0.07 11 512 (3.2) 0.00

  Cancer 14 267 (4.0) 196 123 (6.4) 0.11 14 276 (4.0) 0.00

Lifestyle- related diagnoses

  Alcohol- related disorders 3068 (0.9) 50 713 (1.7) 0.07 3076 (0.9) 0.00

  Obesity 24 859 (7.0) 231 374 (7.5) 0.02 24 928 (7.0) 0.00

  Markers of smoking 10 370 (2.9) 134 348 (4.4) 0.08 10 393 (2.9) 0.00

Prescription drug use

  Platelet inhibitor 28 249 (7.9) 369 535 (12) 0.14 28 284 (7.9) 0.00

  Anticoagulants 14 024 (3.9) 176 364 (5.7) 0.08 14 057 (3.9) 0.00

  Antidiabetic drugs 20 353 (5.7) 199 646 (6.5) 0.03 20 405 (5.7) 0.00

  Antihypertensives 75 773 (21) 890 967 (29) 0.18 75 821 (21) 0.00

  Loop diuretics 15 284 (4.3) 195 276 (6.4) 0.09 15 336 (4.3) 0.00

  Lipid- lowering drugs 42 273 (12) 542 350 (18) 0.16 42 272 (12) 0.00

PS, propensity score.
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approximately 83% of the adult Danish population.20 We 
included 356 421 individuals with a positive SARS- CoV- 2 
test, which is the largest number of individuals in a study 
quantifying the association between incident ischaemic 
stroke and SARS- CoV- 2. We found an overall increased 
risk of incident ischaemic stroke in SARS- CoV- 2- positive 
patients compared with test- negative individuals in the 
acute phase of infection. However, we found no increased 
risk in individuals with community- managed SARS- CoV- 2.

In the postinfection period, the risk remained increased 
among individuals who had been admitted to the hospital 
during the acute phase. The incidences of stroke among 
test- negative individuals in both periods corresponded to 
incidences of stroke in the general Danish population, 
but were slightly lower than the incidence found in the 
USA.21 22

In a previous Danish study, researchers found an 
absolute stroke risk of 0.9% in patients with COVID- 19, 

Table 2 Baseline characteristics among SARS- CoV- 2- positive individuals and test- negative individuals in the postinfection 
period

Postinfection period of SARS- CoV- 2

SARS- CoV- 2 
positive
(n=353 765)

SARS- CoV- 2 
negative
(n=3 047 919)

Standardised 
mean difference

SARS- CoV- 2 
negative,
PS weighted
(n=353 760)

Standardised 
mean 
difference, 
weighted

Demographics

Sex, female, n% 181 645 (51) 1 609 316 (53) 0.03 181 644 (51) 0.00

Age

  18–50 246 640 (70) 1 709 777 (56) 0.28 245 807 (69) 0.01

  51–69 80 252 (23) 895 271 (29) 0.15 80 042 (23) 0.00

  70+ 26 873 (7.6) 442 871 (15) 0.22 27 911 (7.9) 0.01

Comorbidities

Charlson Comorbidity Index, n (%)

  CCI=0 310 156 (88) 2 556 243 (84) 0.11 311 154 (88) 0.01

  CCI=1 9793 (2.8) 118 799 (3.9) 0.06 10 110 (2.9) 0.01

  CCI≥2 33 816 (9.6) 372 877 (12) 0.09 32 496 (9.2) 0.01

  Hypertension 24 245 (6.9) 318 044 (10.0) 0.13 24 269 (6.9) 0.00

  Atrial fibrillation or flutter 8080 (2.3) 110 187 (3.6) 0.08 8095 (2.3) 0.00

  Congestive heart failure 3883 (1.1) 51 793 (1.7) 0.05 3896 (1.1) 0.00

  Ischaemic cardiac disease 12 723 (3.6) 164 460 (5.4) 0.09 12 721 (3.6) 0.00

  Peripheral vascular disease 2643 (0.7) 42 114 (1.5) 0.06 2647 (0.7) 0.00

  Venous thromboembolism 6366 (1.8) 69 900 (2.3) 0.03 6376 (1.8) 0.00

  Diabetes mellitus 11 053 (3.1) 118 444 (3.9) 0.04 11 098 (3.1) 0.00

  Chronic kidney disease 2579 (0.7) 30 216 (1.0) 0.03 2586 (0.7) 0.00

  Dyslipidaemia 11 012 (3.1) 141 847 (4.7) 0.08 11 022 (3.1) 0.00

  Cancer 13 673 (3.9) 195 273 (6.4) 0.12 13 676 (3.9) 0.00

Lifestyle- related diagnoses

  Alcohol- related disorders 2942 (0.8) 50 478 (1.7) 0.07 2949 (0.8) 0.00

  Obesity 24 714 (7.0) 230 517 (7.6) 0.02 24 786 (7.0) 0.00

  Markers of smoking 9926 (2.8) 133 560 (4.4) 0.08 9944 (2.8) 0.00

Prescription drug use

  Platelet inhibitor 26 850 (7.6) 367 642 (12) 0.15 26 866 (7.6) 0.00

  Anticoagulants 13 391 (3.8) 175 794 (5.8) 0.09 13 414 (3.8) 0.00

  Antidiabetic drugs 19 805 (5.6) 199 104 (6.5) 0.04 19 849 (5.6) 0.00

  Antihypertensives 73 811 (21) 887 538 (29) 0.19 73 837 (21) 0.00

  Loop diuretics 14 082 (4.0) 194 454 (6.4) 0.11 14 116 (4.0) 0.00

  Lipid- lowering drugs 40 833 (12) 540 631 (18) 0.18 40 816 (12) 0.00

PS, propensity score.
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which is twice as high as the absolute risk we found.23 
Their results are based on data from patients diagnosed 
with COVID- 19 at the hospital in the beginning of the 
pandemic and are based on relatively few individuals. 
Another Danish study by Lund et al reported an absolute 
risk of 0.1% of ischaemic stroke or TIA among SARS- CoV- 
2- positive tested individuals who were not hospitalised. 
Their results are based on postacute data from 2 weeks 
to 6 months after a positive SARS- CoV- 2 test.24 This risk is 

corresponding to the risk of stroke in the general popu-
lation and supports our findings from the postinfection 
period.21

A Swedish self- controlled and matched cohort study, 
including 86 742 patients with COVID- 19, estimated inci-
dence rate ratios (IRR) of acute incident stroke up to 
4 weeks after exposure. They found an IRR of 2.97 (95% 
CI 1.71 to 5.15) in the first week when excluding the day of 
exposure, and an IRR of 6.18 (95% CI 4.06 to 9.42) when 

Figure 1 The study cohort. Acute phase of infection: days 0–14 after a positive test result. For patients hospitalised within 
the first 14 days after index, the acute phase lasted until discharge. Postinfection period: first 180 days after the acute phase 
of infection corresponding to days 15–194 from the test result. *Migrated individuals are excluded. **Number of individuals who 
initially are included at a negative SARS- CoV- 2 test and later have a positive test and therefore are shifting to the acute phase of 
SARS- CoV- 2.
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including the day of exposure.2 This demonstrates the 
risk of test bias to drive overestimation of the association 
between SARS- CoV- 2 and stroke. Through the COVID- 19 
pandemic, all patients admitted to a Danish hospital 
were PCR tested for SARS- CoV- 2. Therefore, patients 
may be admitted because they suffer from stroke and by 
coincidence have a positive SARS- CoV- 2 test without any 
symptoms of COVID- 19. This potential bias was handled 
in our study using proportional sampling and further 
highlighted in the post- hoc analysis. The increased risk of 
stroke among patients hospitalised, and especially those 
in the ICU, may reflect a general vulnerability or frailty in 
these patients which one might suspect makes them more 
susceptible to stroke. Further, these patients may have 
more severe COVID- 19 infection. Contrary, one would 
expect less morbidity and a less severe COVID- 19 infec-
tion in community- managed SARS- CoV- 2 test- positive 
individuals. The fact that we found no increased risk of 
stroke among community- managed SARS- CoV- 2 infected 
individuals underlines that the patients’ general condi-
tion when infected with SARS- CoV- 2 is of importance. 
A study from the USA found an increased risk of stroke 
12 months after COVID- 19 infection. They reported an 
increased risk of stroke, both among non- hospitalised 
individuals (HR=1.30, 95% CI 1.22 to 1.37), hospitalised 
individuals (HR=2.92, 95% CI 2.53 to 3.37) and ICU- 
admitted individuals (HR=4.00, 95% CI 3.19 to 5.02).25 
These risk estimates are all higher than those from the 
postinfection period in our study.

Other infectious diseases and sepsis have been asso-
ciated with increased risk of short- term and long- term 
stroke.26–28 An incidence rate of 25.5 (95% CI 14.2 to 
45.8) following respiratory infection has been demon-
strated, but the rate varies according to follow- up time 
and microbiological aetiology.29 Boehme et al found 
sepsis to be associated with an increased short- term risk 
of ischaemic stroke (OR of 28.4 (95% CI 20.0 to 40.1)), 
which remains increased up to a year after sepsis, OR 
2.59 (95% CI 7.54 to 19.42).28 Compared with influenza, 
SARS- CoV- 2 is associated with a 7.6- fold increased risk 
of stroke.30 Despite this knowledge, the complexity of 
the association between infection and stroke is not fully 
understood. The association is considered bidirectional, 
because infection increases the risk of stroke whereas 
stroke induces immune suppression which increases the 
risk of infection.31

During our inclusion period, the test strategy in 
Denmark changed. Before 12 March 2020, SARS- CoV- 2 
PCR test was only offered to individuals with suspected 
COVID- 19 and a relevant travel history or close contact 
with a confirmed SARS- CoV- 2- positive individual. From 
12 March 2020 until 21 April 2020, test of individuals 
requiring hospital admission or with moderate- to- severe 
symptoms were prioritised. Screening of healthcare 
worker were introduced. At the end of May 2020, all 
Danish citizens had free access to SARS- CoV- 2 PCR test 
without requisition.14 From December 2020, antigen test 

has been a part of the public health services with free 
availability. However, as some antigen tests are provided 
by private companies, some of the results might not have 
been registered in the Danish COVID- 19 cohort. Thus, an 
unknown number of SARS- CoV- 2- positive individuals may 
be categorised as SARS- CoV- 2 negative in our dataset. 
We do believe that this potential bias is rather small as 
Danish citizens with a positive antigen test were strongly 
advised to get a confirming PCR test. Further, individuals 
with severe symptoms requiring hospital admission always 
have a SARS- CoV- 2 PCR test performed. This potential 
bias was investigated in a time- restricted sensitivity anal-
ysis and resulted in slightly higher SHRs, which can be 
explained by the test strategy.

Strengths and limitations
The completeness of Danish nationwide registers provides 
strong data for health research, and cross linkage between 
the registers allows merging of multiple confounders and 
strengthening the confounder control in our study. The 
free access to PCR tests for the Danish population during 
the pandemic (except at the beginning) has resulted in 
PCR test results for most of the Danish citizens, providing 
strong data for COVID- 19 research.

Our study also has several limitations. Despite exten-
sive confounder control, residual confounding cannot be 
excluded. The date of onset of COVID- 19 is not precisely 
known, but the date of a positive test is considered as 
the onset of infection. Therefore, an individual can be 
diagnosed with a stroke before diagnosed with COVID- 
19, although COVID- 19 was present in that person before 
the stroke. Individuals who were tested, later had a stroke 
without being admitted to the hospital and afterwards 
died at home, were only included as ‘dead’. The number 
of such events was not available in this study. Informa-
tion regarding potential symptoms on PCR testing was 
not available. Possible reinfection(s) with SARS- CoV- 2 
were not handled in this study. The COVID- 19 vaccines 
were launched on 27 December 2020 in Denmark32 with 
a gradual vaccination of the Danish population and an 
expected decrease in the number of seriously ill patients, 
which may have influenced our results. The use of setting 
(community- managed, hospitalised or ICU admission) as 
a marker of disease severity should be interpreted with 
the limitations inherent in it. However, severity of the 
disease assessed at a personal level in this population- 
based study was not possible, and therefore we used 
setting as a proxy. Due to limited number of events in the 
subgroups, we did not stratify the postinfection period 
into shorter time periods. Finally, the diagnosis of stroke 
is limited to discharge diagnoses which include a risk of 
misclassification.

Conclusion
Individuals with community- managed SARS- CoV- 2 had 
no increased long- term risk of stroke compared with 
SARS- CoV- 2 negative tested individuals. SARS- CoV- 2 
seems to be an independent risk factor of stroke for those 
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who were hospitalised during acute SARS- CoV- 2 infec-
tion. Among hospitalised individuals, the risk of incident 
stroke was highest in the acute phase of infection, espe-
cially in ICU patients, and remained increased up to half 
a year in patients hospitalised during the acute phase.
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