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Risk of acute myocardial infarction and ischaemic stroke 
following COVID-19 in Sweden: a self-controlled case series 
and matched cohort study
Ioannis Katsoularis*, Osvaldo Fonseca-Rodríguez*, Paddy Farrington, Krister Lindmark, Anne-Marie Fors Connolly

Summary
Background COVID-19 is a complex disease targeting many organs. Previous studies highlight COVID-19 as a probable 
risk factor for acute cardiovascular complications. We aimed to quantify the risk of acute myocardial infarction and 
ischaemic stroke associated with COVID-19 by analysing all COVID-19 cases in Sweden.

Methods This self-controlled case series (SCCS) and matched cohort study was done in Sweden. The personal 
identification numbers of all patients with COVID-19 in Sweden from Feb 1 to Sept 14, 2020, were identified and 
cross-linked with national inpatient, outpatient, cancer, and cause of death registers. The controls were matched on 
age, sex, and county of residence in Sweden. International Classification of Diseases codes for acute myocardial 
infarction or ischaemic stroke were identified in causes of hospital admission for all patients with COVID-19 in the 
SCCS and all patients with COVID-19 and the matched control individuals in the matched cohort study. The SCCS 
method was used to calculate the incidence rate ratio (IRR) for first acute myocardial infarction or ischaemic stroke 
following COVID-19 compared with a control period. The matched cohort study was used to determine the increased 
risk that COVID-19 confers compared with the background population of increased acute myocardial infarction or 
ischaemic stroke in the first 2 weeks following COVID-19.

Findings 86 742 patients with COVID-19 were included in the SCCS study, and 348 481 matched control individuals 
were also included in the matched cohort study. When day of exposure was excluded from the risk period in the 
SCCS, the IRR for acute myocardial infarction was 2·89 (95% CI 1·51–5·55) for the first week, 2·53 (1·29–4·94) for 
the second week, and 1·60 (0·84–3·04) in weeks 3 and 4 following COVID-19. When day of exposure was included in 
the risk period, IRR was 8·44 (5·45–13·08) for the first week, 2·56 (1·31–5·01) for the second week, and 1·62 
(0·85–3·09) for weeks 3 and 4 following COVID-19. The corresponding IRRs for ischaemic stroke when day of 
exposure was excluded from the risk period were 2·97 (1·71–5·15) in the first week, 2·80 (1·60–4·88) in the second 
week, and 2·10 (1·33–3·32) in weeks 3 and 4 following COVID-19; when day of exposure was included in the risk 
period, the IRRs were 6·18 (4·06–9·42) for the first week, 2·85 (1·64–4·97) for the second week, and 2·14 (1·36–3·38) 
for weeks 3 and 4 following COVID-19. In the matched cohort analysis excluding day 0, the odds ratio (OR) for acute 
myocardial infarction was 3·41 (1·58–7·36) and for stroke was 3·63 (1·69–7·80) in the 2 weeks following COVID-19. 
When day 0 was included in the matched cohort study, the OR for acute myocardial infarction was 6·61 (3·56–12·20) 
and for ischaemic stroke was 6·74 (3·71–12·20) in the 2 weeks following COVID-19.

Interpretation Our findings suggest that COVID-19 is a risk factor for acute myocardial infarction and ischaemic 
stroke. This indicates that acute myocardial infarction and ischaemic stroke represent a part of the clinical picture of 
COVID-19, and highlights the need for vaccination against COVID-19.

Funding Central ALF-funding and Base Unit ALF-Funding, Region Västerbotten, Sweden; Strategic funding during 
2020 from the Department of Clinical Microbiology, Umeå University, Sweden; Stroke Research in Northern Sweden; 
The Laboratory for Molecular Infection Medicine Sweden.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
COVID-19, caused by SARS-CoV-2, has led to a global 
health crisis. More than 190 million people have tested 
positive for SARS-CoV-2 worldwide, with more than 
4 million deaths due to COVID-19 (WHO epide
miological update: July 20, 2021).1 Although initially the 
main concern focused on the risk of pneumonia 
progressing to acute respiratory distress syndrome 
with high mortality,2 there are increasing reports of 

cardiovascular manifestations and thrombotic complica
tions following COVID-19.3 The prognosis is worse in 
patients with COVID-19 who have these complications, 
highlighting an acute need to determine the magnitude 
of cardiovascular complications and identify populations 
at risk.4

Evidence focusing on the association between COVID-19 
and cardiovascular complications is based on relatively 
small studies, limited to the pandemic’s early phase, and 
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includes mainly hospitalised patients—ie, those with 
severe disease. Consequently, there is a need for studies at 
the population level to identify the burden of acute 
cardiovascular events following COVID-19. The aim of 
this study was to quantify the relative risk of acute 
myocardial infarction and ischaemic stroke following 
COVID-19 using two different methods: (1) the self-
controlled case series (SCCS) method in a large, 
nationwide register-based cohort of all patients with 
COVID-19 in Sweden; and (2) a matched cohort study to 
identify the increased risk of acute cardiovascular events 
that COVID-19 confers compared with the background 
population.

Methods
Participants and databases
This SCCS and matched cohort study was done in 
Sweden. Since Feb 1, 2020, COVID-19 has been a 
notifiable disease in Sweden, and diagnosed individuals 
are reported to SmiNet (Swedish Public Health Agency) 
daily. All personal identification numbers from SmiNet 
at the Swedish Public Health Agency were extracted 
(including all patients registered as having COVID-19 
until Sept 14, 2020) and cross-linked with the following 
registers administered by the Swedish National Board 
of Health and Welfare: inpatient register (Jan 1, 1987, 
to Oct 11, 2020); outpatient register (Jan 1, 1997, to 
Oct 11, 2020); cancer register (Jan 1, 2000, to Dec 31, 2018), 

and cause of death register (up to Oct 5, 2020).5 
Socioeconomic data were obtained by cross-linking 
the COVID-19 cohort with the Longitudinal Integrated 
Database for Health Insurance and Labor Market 
Studies registry using the personal identification 
number for each patient. All data were pseudonymised 
by Statistics Sweden and the National Board of Health 
and Welfare.

The weighted Charlson Comorbidity Index (wCCI)6 
was calculated to consider the burden of comorbidities, 
based on historical registry data from the outpatient 
register, inpatient register, and the cancer register 
using a method specifically adapted to Swedish National 
Registers.7 To ensure complications due to COVID-19 
were not included in the wCCI, the calculation was 
stopped 2 months before COVID-19 onset (see 
Procedures for details of COVID-19 onset date). If there 
were no wCCI diagnosis codes in the outpatient 
register, inpatient register, or the cancer register, the 
individual was presumed healthy until we stopped 
calculations 2 months before the COVID-19 date and 
given a wCCI of 0.

Control individuals were identified by Statistics 
Sweden and their data provided to us. Four control 
individuals without a positive test for SARS-CoV-2 
infection were randomly matched by age, sex, and 
county of residence by Statistics Sweden for every 
patient with COVID-19 with the index date based on the 

Research in context 

Evidence before this study
Infection and inflammation are known to transiently increase 
the risk of stroke and acute myocardial infarction; therefore 
SARS-CoV-2 that causes COVID-19 might increase the risk of 
acute myocardial infarction and ischaemic stroke. We searched 
PubMed from database inception to March 10, 2021, 
for peer-reviewed studies and preprints published in English 
using the search terms “COVID-19” AND “acute myocardial 
infarction” AND “stroke”; and the combination of “COVID-19” 
AND “acute myocardial infarction”; or “COVID-19” AND 
“stroke”. Additionally, the bibliographies of identified studies 
were searched and Google Scholar was used to search for 
manuscripts and unpublished reports.

We identified only one study that used the self-controlled case 
series method to calculate the incidence rate ratio of acute 
myocardial infarction and ischaemic stroke following COVID-19 
and found increased risks of both acute myocardial infarction 
and ischaemic stroke in the first 2 weeks following COVID-19. 
Furthermore, two studies were identified that used the 
retrospective cohort study and retrospective case-control 
method to determine the risk of ischaemic stroke following 
COVID-19. A retrospective cohort study compared patients 
with COVID-19 with patients with influenza. The odds of stroke 
following COVID-19 was greater than the odds following 
influenza. A small (n=41) retrospective case-control study 

found patients with COVID-19 being associated with increased 
odds of acute ischaemic stroke. Current evidence focusing on 
the association between COVID-19 and cardiovascular 
complications is based on small studies, and includes mainly 
hospitalised patients (ie, those with severe disease), therefore 
presenting a high risk of bias.

Added value of this study
To our knowledge, this is the largest study using all patients 
diagnosed with COVID-19 to identify the risk of first acute 
myocardial infarction and first ischaemic stroke using 
two separate methods, the self-controlled case series method 
and the matched cohort study (control individuals adjusted for 
important cardiovascular risk factors). This study determines 
laboratory-diagnosed COVID-19 as an independent risk factor 
for acute myocardial infarction and ischaemic stroke, even after 
adjusting for the effect of important confounders.

Implications of all the available evidence
The evidence indicates that acute cardiovascular complications 
might represent an essential clinical manifestation of COVID-19 
and the long-term effects might be a challenge for the future. 
These findings could change clinical practice and warrant a 
prioritisation of preventive and diagnostic strategies, which can 
affect treatment and, therefore, reduce the burden of morbidity 
and mortality in this patient group.
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date of report in SmiNet. The socioeconomic risk factors 
of income (annual disposable income divided into 
quintiles), education (primary, secondary, and tertiary), 
and birth country (divided into Sweden, high-income, 
middle-income, and low-income countries according to 
the World Bank gross national income Atlas method) 
were identified for each patient with COVID-19 and 
control individuals.

The study received ethical approval from the Swedish 
Ethical Review Authority (DNR 2020-02150).

Procedures
The study period encompassed the time from Feb 1 to 
Sept 14, 2020. The optimal COVID-19 date for both the 
SCCS and matched cohort studies is the date of infection 
with SARS-CoV-2. However, this date was not available 
in the dataset, instead the reporting physician entered 
the date of disease onset, sample date, diagnosis date, 
and the date of report to SmiNet. To identify the closest 
date possible to the date of SARS-CoV-2 infection from 
the registry database, each individual was assigned a 
COVID-19 date, reflecting the earliest available date from 
the SmiNet register or the outpatient or inpatient 
registers according to (1) date of disease onset; then 
(2) the earliest date of either hospital admission or visit to 
an outpatient clinic due to COVID-19 or sample date; 
then (3) diagnosis date; and finally (4) date of report to 
SmiNet.

The International Classification of Diseases (ICD) 
version 9 and 10 codes were identified in the main and 
contributing causes of hospital admission, thereby 
identifying the first acute myocardial infarction or 
ischaemic stroke since Jan 1, 1987, for patients with 
COVID-19 in the SCCS study and matched cohort study 
and since Jan 1, 1997, for control individuals in the 
matched cohort study. The diagnosis codes were ICD-9 
codes 433–434 and ICD-10 codes I63–64 for ischaemic 
stroke and ICD-9 code 410 and ICD-10 codes I21–22 for 
acute myocardial infarction. The event date for acute 
myocardial infarction or ischaemic stroke was either the 
date of hospital admission due to acute myocardial 
infarction or stroke (data from the inpatient register), 
or the date of intervention (see appendix pp 1–2 for 
intervention codes) if the date of intervention and 
hospital admission differed by more than 3 days.

Statistical analysis
We used the SCCS method8 to calculate the incidence 
rate ratio (IRR) of acute myocardial infarction and 
ischaemic stroke in temporal risk periods following 
COVID-19 onset, using only individuals who were 
diagnosed with COVID-19 and had an acute myocardial 
infarction or ischaemic stroke (figure 1). The SCCS 
method is a conditional Poisson regression method 
that compares intraperson incidence rates of the 
outcome of interest (acute myocardial infarction or 
ischaemic stroke) in different study periods relative to 

an exposure (COVID-19).8 We fitted an SCCS deaths-
adjusted model to allow for the fact that acute myo
cardial infarction and ischaemic stroke can increase 
short-term mortality.9 We adjusted for calendar month 
(February to September, 2020). A buffer period before 
COVID-19 was included (day –28 to –4) because hospital 
admission is a probable risk factor for contracting 
SARS-CoV-2. There was an increased number of first 
acute myocardial infarctions or ischaemic stroke events 
at day 0 (COVID-19) leading to concerns about potential 
test bias related to event and exposure occurring on 
the same day. Therefore, two analyses were done, one 
excluding day 0 (analysis 1) and one including day 0 
(analysis 2). Analysis 1 had the buffer period, a pre-
exposure period from day –3 to day 0, and risk periods 
from day 1 to 7, day 8 to 14, and day 15 to 28. Analysis 2 
had the buffer period, a pre-exposure period from day 
–3 to –1, and risk periods from day 0 to 7, day 8 to 14, 
and day 15 to 28 (figure 1). Any time between Feb 1 and 
Sept 14, 2020, that was not included in the buffer, pre-
exposure, or risk periods was the control period in both 
analyses. The sample size needed to identify a clinically 
relevant IRR of 2 in the SCCS study for acute myocardial 
infarction and ischaemic stroke using a risk period of 
14 days was 154 acute myocardial infarction or ischaemic 
stroke events to achieve 70% power, and 199 acute 
myocardial infarction or ischaemic stroke events to 
achieve 80% power. Effect modification by sex and age 
(≤70 vs >70 years) were investigated, and these were 
prespecified analyses before study onset. The IRR and 
95% CIs of acute myocardial infarction and ischaemic 
stroke following COVID-19 onset were estimated using 
the package SCCS version 1.29 in R version 4.0.2.

The matched cohort study compared the risk of a first-
time acute myocardial infarction or ischaemic stroke in 
the 2 weeks following the COVID-19 date with the risk in 
the background population. Individuals with a previous 
myocardial infarction or ischaemic stroke were excluded 
from the matched cohort study. A matched cohort study 
compares the incidence of an outcome (acute myocardial 
infarction or ischaemic stroke) in two groups with or 
without an exposure (COVID-19) resulting in an odds 
ratio (OR) of the outcome. The matched cohort analyses 
were also done excluding and including day 0. For 
the matched cohort study, allowing for four control 
individuals per case, about 65 events were required in the 
14-day follow-up period for 70% power and 83 events for 
80% power. Unadjusted and adjusted conditional logistic 

Figure 1: Overview of the self-controlled case series study design

Feb 1, 2020 Sept 14, 2020

Day –28 

Day –3 

Buffer
periods

Control period Control periodRisk
periods

Day 7

COVID-19

Day 14

Day 28

See Online for appendix
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regressions were done, including the wCCI and relevant 
socioeconomic variables such as income, education level, 
and country of birth. These variables were selected a 
priori. For the adjusted analyses, a complete case only 
analysis was done. OR and 95% CI of acute myocardial 
infarction and ischaemic stroke were estimated using 
the function clogit, package survival version 3.2-710 in 
R version 4.0.2.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Between Feb 1 and Sept 14, 2020, 86 742 individuals 
were diagnosed with COVID-19 in Sweden (figure 2). 
The median age was 48 years (IQR 31–62), and 
37 235 (43%) were male and 49 507 (57%) were female. 
For the SCCS and matched cohort studies, the COVID-19 
date was mainly based on symptom onset, contact with 
outpatient clinics or hospitalisation, or sample date due 
to COVID-19. For acute myocardial infarction and 
ischaemic stroke events that occurred on day 0, the 
COVID-19 date was mainly based on the date of contact 
with the outpatient clinic or date of hospitalisation 
(appendix p 4). There were more events than required to 
achieve 70% power to detect an IRR of 2, with the 
exception of the matched cohort study for acute 
myocardial infarction excluding day 0 from the 14-day 
risk period.

In the SCCS study, there were 186 first acute 
myocardial infarction events during the study period 
(appendix p 9), and 36 patients died (for overview of 
events per day in the first 2-week period following 
COVID-19 see appendix p 5). The median age of people 
in the SCCS who had an acute myocardial infarction 
during the study period was 73 years (IQR 64–82), with 
77 (41%) women and 109 (59%) men. When day 0 was 
excluded from the first risk period (analysis 1), compared 
with the control period, the risk of acute myocardial 
infarction following COVID-19 was significantly 
increased in the first and second weeks, but also during 
the pre-exposure period (day –3 to 0; table 1). In the 
analysis including day 0 (analysis 2), the risk for an 
acute myocardial infarction following COVID-19 was 
similarly increased in the first and second weeks 
following COVID-19. This effect was transient as the 

Figure 2: Flow diagram of study
The study period in the overall population and in the SCCS is from Feb 1 to Sept 14, 2020. The study period in the matched cohort study refers to the 2 weeks following COVID-19. SCCS=self-controlled 
case series.

SCCS (86 742 patients with COVID-19
only)

Matched cohort study (86 742 patients
with COVID-19 and 348 841 controls)

86 742 patients with COVID-19
348 841 controls

2731 first acute myocardial infarction
since Jan 1, 1987
186 first acute myocardial infarction

during the study period

3030 first ischaemic stroke since Jan 1, 1987
  254 first ischaemic stroke during the
  study period 

2714 first acute myocardial infarction
  since Jan 1, 1987, in patients with

COVID-19
 51 first acute myocardial infarction in

 study period including day 0 
 24 first acute myocardial infarction in

 study period excluding day 0 
8094 first acute myocardial infarction
  since Jan 1, 1997, in control individuals

 26 first acute myocardial infarction in
 study period including day 0 

 25 first acute myocardial infarction in
 study period excluding day 0 

3030 first ischaemic stroke since Jan 1, 1987,
  in patients with COVID-19

  55 first ischaemic stroke in study period
 including day 0

  30 first ischaemic stroke in study period
 excluding day 0 
7276 first ischaemic stroke since Jan 1, 1997, 
  in controls

  37 first ischaemic stroke in study period
 including day 0 

 32 first ischaemic stroke in study period
 excluding day 0 

Number of events IRR (95% CI) p value

Acute myocardial infarction analysis 1 (day 0 out of the risk period)

Control period 90 1 (ref) ··

Buffer period: days –28 to –4 30 2·04 (1·30–3·21) 0·0021

Pre-exposure period: days –3 to 0 30 16·20 (10·24–25·63) <0·0001

Risk period: days 1 to 7 12 2·89 (1·51–5·55) 0·0014

Risk period: days 8 to 14 12 2·53 (1·29–4·94) 0·0067

Risk period: days 15 to 28 12 1·60 (0·84–3·04) 0·16

Acute myocardial infarction analysis 2 (day 0 in the risk period)

Control period 90 1 (ref) ··

Buffer period: days –28 to –4 30 2·06 (1·31–3·24) 0·0017

Pre-exposure period: days –3 to –1 3 2·52 (0·78–8·09) 0·12

Risk period: days 0 to 7 39 8·44 (5·45–13·08) <0·0001

Risk period: days 8 to 14 12 2·56 (1·31–5·01) 0·0059

Risk period: days 15 to 28 12 1·62 (0·85–3·09) 0·14

IRR=incidence rate ratio. SCCS=self-controlled case series.

Table 1: IRR of acute myocardial infarction following COVID-19 in the SCCS
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risk of acute myocardial infarction in the third and 
fourth weeks was not significantly increased compared 
with the control period. There was a significant 
association between acute myocardial infarction and 
COVID-19 in the month before COVID-19 (buffer 
period; table 1). The effect modification for sex and age 
was not significant for either analysis including or 
excluding day 0 (appendix p 6).

For the matched cohort study, 83 937 patients with 
COVID-19 and 340 432 control individuals were included 
in the analysis. Of these, 24 patients with COVID-19 and 
25 control individuals had their first acute myocardial 
infarction during the 2 weeks after the COVID-19 date, 
where day 0 was excluded. When day 0 was included 
in the analysis, 83 938 patients with COVID-19 and 
340 432 control individuals were included in the study. 
Of these, 51 patients with COVID-19 and 26 control 
individuals had their first acute myocardial infarction 
during the first 2 weeks following the COVID-19 date. 
Individuals (regardless of COVID-19 status) who had 
had an acute myocardial infarction previously were 
excluded from this analysis. The results of the matched 
cohort study for acute myocardial infarction excluding 

day 0 are shown in table 2, and including day 0 are 
shown in the appendix (p 7). The overall number of 
patients with missing information was 22 533 (5·3%). 
Three patients with an acute myocardial infarction 
(three [6·12%] excluding day 0; three [3·9%] including 
day 0) had missing information for level of education 
(table 2; appendix p 7). The odds for first acute 
myocardial infarction in the 2 weeks following 
COVID-19 (excluding day 0) were significantly increased 
compared with the control individuals (in both the 
univariable and multivariable analyses; table 2). The 
odds for first acute myocardial infarction in the 2 weeks 
following COVID-19 were also significantly increased 
compared with the control group when day 0 was 
included in the analysis (both adjusted and unadjusted 
analysis; appendix p 7). The adjusted odds for an 
acute myocardial infarction following COVID-19 were 
significantly increased for each wCCI point when 
excluding day 0 from the analysis (table 2) and when 
including day 0 in the analysis (appendix p 7). Following 
adjustment, the socioeconomic factors were not 
significantly associated with acute myocardial infarction 
(table 2; appendix p 7).

Acute myocardial infarction Univariable models Multivariable model

No (n=424 320) Yes (n=49) OR (95% CI; p value) OR (95% CI; p value)

COVID-19 diagnosis

No 340 407 (99·99%) 25 (0·01%) 1 (ref) 1 (ref)

Yes 83 913 (99·97%) 24 (0·03%) 4·06 (2·27–7·25; p<0·0001) 3·41 (1·58–7·36; p=0·0017)

wCCI

Mean 1 (2·02) 3·53 (2·48) 1·22 (1·08–1·38; p=0·0012) 1·41 (1·18–1·68; p=0·0002)

Income quintile*

1 82 972 (99·99%) 7 (0·01%) 1 (ref) 1 (ref)

2 83 053 (99·99%) 5 (0·01%) 1·01 (0·28–3·60; p=0·98) 1·14 (0·26–5·06; p=0·87)

3 82 607 (99·99%) 11 (0·01%) 1·53 (0·48–4·88; p=0·47) 1·76 (0·41–7·55; p=0·45)

4 80 249 (99·98%) 14 (0·02%) 1·30 (0·44–3·85; p=0·64) 0·96 (0·23–3·98; p=0·96)

5 81 296 (99·99%) 12 (0·01%) 3·05 (0·94–9·88; p=0·064) 4·17 (0·76–22·8; p=0·10)

Data missing 14 143 (3·33%) 0 ·· ··

Education

Tertiary 154 667 (99·99%) 8 (0·01%) 1 (ref) 1 (ref)

Secondary 172 934 (99·99%) 19 (0·01%) 2·11 (0·83–5·34; p=0·12) 1·51 (0·50–4·53; p=0·46)

Primary 76 245 (99·98%) 19 (0·02%) 2·34 (0·91–6·04; p=0·079) 1·25 (0·37–4·23; p=0·72)

Data missing 20 474 (4·83%) 3 (6·12%) ·· ··

Country of birth

Sweden 324 733 (99·99%) 37 (0·01%) 1 (ref) 1 (ref)

Other high-income country 33 377 (99·99%) 5 (0·01%) 1·09 (0·37–3·20; p=0·88) 1·30 (0·32–5·24; p=0·71)

Middle-income country 45 128 (99·99%) 6 (0·01%) 5·76 (1·54–21·63; p=0·094) 1·71 (0·23–12·97; p=0·60)

Low-income country 20 870 (100%) 1 (0%) 1·30 (0·13–12·58; p=0·82) 0·98 (0·06–17·32; p=0·99)

Data missing 212 (0·04%) 0 ·· ··

Data are n (%) or mean (SD) except where otherwise stated. Percentages are calculated as a proportion of the included study population; individuals with a previous acute 
myocardial infarction or stroke were excluded from the study. Day 0 is excluded from the study period due to risk of selection bias. OR=odds ratio. wCCI=weighted Charlson 
Comorbidity Index. *Quintile 1 is the highest income, quintile 5 is the lowest income.

Table 2: Unadjusted and adjusted conditional logistic regression models for acute myocardial infarction within 14 days following COVID-19 onset in the 
matched cohort study
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In the SCCS study, there were 254 first ischaemic 
stroke events during the study period (see appendix p 10 
for overview of all first ischaemic stroke events during 

the study, and appendix p 5 for overview of stroke 
events per day in the first 2-week period). The median 
age of people in the SCCS who had a stroke during 
the study period was 79 years (IQR 68–86), with 
134 (43%) men and 120 (47%) women. With day 0 
excluded from the risk period (analysis 1) the risk of 
ischaemic stroke was significantly increased in the 
first 2 weeks (by approximately three times) and in the 
last 2 weeks (by approximately two times) following 
COVID-19 compared with the control period (table 3). 
The risk of ischaemic stroke was also significantly 
increased in the short period before COVID-19 (day –3 
to 0 in analysis 1 and day –3 to –1 in analysis 2; table 3). 
When day 0 was included in the risk period, the risk 
of ischaemic stroke was increased by approximately 
six times in the first week following COVID-19, by 
approximately three times in the second week following 
COVID-19, and by approximately two times in the 
third and fourth weeks following COVID-19, all 
compared with the control period (table 3). As for acute 
myocardial infarction, we observed an increased risk 
(to approximately twice the risk) of ischaemic stroke in 
the month before COVID-19 onset in analysis 1 and 

Stroke Univariable models Multivariable model

No (n=424 406) Yes (n=62) OR (95% CI; p value) OR (95% CI; p value)

COVID-19 diagnosis

No 340 920 (99·99%) 32 (0·01%) 1 (ref) 1 (ref)

Yes 83 486 (99·96%) 30 (0·04%) 4·52 (2·65–7·70; p<0·0001) 3·63 (1·69–7·80; p=0·0009)

wCCI

Mean 1·05 (2·06) 4·85 (3·69) 1·41 (1·25–1·59; p<0·0001) 1·46 (1·25–1·71; p<0·0001)

Income quintiles*

1 83 121 (99·99%) 10 (0·01%) 1 (ref) 1 (ref)

2 83 329 (99·99%) 8 (0·01%) 0·80 (0·28–2·29; p=0·68) 0·40 (0·09–1·75; p=0·23)

3 82 626 (99·99%) 5 (0·01%) 0·63 (0·19–2·07; p=0·44) 0·44 (0·10–1·99; p=0·29)

4 80 142 (99·97%) 21 (0·03%) 1·62 (0·65–4·04; p=0·30) 1·24 (0·37–4·12; p=0·73)

5 81 057 (99·98%) 18 (0·02%) 1·59 (0·63–4·00; p=0·32) 0·48 (0·12–1·94; p=0·30)

Data missing 14 131 (3·33%) 0 ·· ··

Education

Tertiary 154 519 (99·99%) 17 (0·01%) 1 (ref) 1 (ref)

Secondary 173 072 (99·99%) 25 (0·01%) 1·15 (0·58–2·29; p=0·68) 1·95 (0·73–5·23; p=0·19)

Primary 76 412 (99·98%) 19 (0·02%) 1·22 (0·58–2·56; p=0·59) 1·63 (0·54–4·92; p=0·39)

Data missing 20 406 (4·81%) 1 (1·61%) ·· ··

Country of birth

Sweden 324 554 (99·99%) 45 (0·01%) 1 (ref) 1 (ref)

Other high-income country 33 289 (99·98%) 7 (0·02%) 1·34 (0·52–3·44; p=0·55) 1·44 (0·43–4·74; p=0·55)

Middle-income country 45 440 (99·99%) 5 (0·01%) 2·00 (0·68–5·85; p=0·21) 1·17 (0·25–5·45; p=0·84)

Low-income country 20 911 (99·98%) 5 (0·02%) 10·13 (1·90–54·05; p=0·0067) 11·92 (0·78–181·12; p=0·074)

Data missing 212 (0·05%) 0 ·· ··

Data are n (%) or mean (SD) except where otherwise stated. Percentages are calculated as a proportion of the included study population; individuals with a previous acute 
myocardial infarction or stroke were excluded from the study. Day 0 is excluded from the study period due to risk of selection bias. OR=odds ratio. wCCI=weighted Charlson 
Comorbidity Index. *Quintile 1 is the highest income, quintile 5 is the lowest income.

Table 4: Unadjusted and adjusted conditional logistic regression models for ischaemic stroke within 14 days following COVID-19 onset in the matched 
cohort study

Number of events IRR (95% CI) p value

Ischaemic stroke analysis 1 (day 0 out of the risk period)

Control period 123 1 (ref) ··

Buffer period: days –28 to –4 57 1·95 (1·25–3·04) 0·0031

Pre-exposure period: days –3 to 0 33 11·28 (7·15–17·80) <0·0001

Risk period: days 1 to 7 16 2·97 (1·71–5·15) 0·0001

Risk period: days 8 to 14 14 2·80 (1·60–4·88) 0·0003

Risk period: days 15 to 28 11 2·10 (1·33–3·32) 0·0015

Ischaemic stroke analysis 2 (day 0 in the risk period)

Control period 123 1 (ref) ··

Buffer period: days –28 to –4 57 1·89 (1·21–2·96) 0·0048

Pre-exposure period: days –3 to –1 8 3·96 (1·85–8·45) 0·0004

Risk period: days 0 to 7 41 6·18 (4·06–9·42) <0·0001

Risk period: days 8 to 14 14 2·85 (1·64–4·97) 0·0002

Risk period: days 15 to 28 11 2·14 (1·36–3·38) 0·0011

IRR=incidence rate ratio. SCCS=self-controlled case series.  

Table 3: IRR of ischaemic stroke following COVID-19 in the SCCS
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analysis 2) compared with the control period. The effect 
modification for sex and age for ischaemic stroke risk 
was not significant (appendix p 8).

Results for ischaemic stroke from the matched cohort 
study analysis excluding day 0 are shown in table 4, and 
for the analysis including day 0 are shown in the 
appendix (p 8). The overall number of patients with 
missing information was 22 460 (5·29%). Three patients 
with an ischaemic stroke event had missing information 
regarding level of education (one [1·61%] excluding 
day 0; two [2·17%] including day 0; table 4; appendix p 8). 
The odds for ischaemic stroke in the first 2 weeks 
following COVID-19 (excluding day 0) was significantly 
increased by approximately four times compared with 
the control group (in both univariable and multivariable 
analyses; table 4).

The odds for ischaemic stroke following COVID-19 
were significantly increased for each wCCI point when 
excluding day 0 from the matched cohort analysis 
(table 4) and when including day 0 in both the univariable 
and multivariable analysis (appendix p 8).

Following adjustment, there was no significant 
increase in OR for ischaemic stroke for the socioeconomic 
risk factors either including or excluding day 0 (table 4; 
appendix p 8).

Discussion
In our study, we identified COVID-19 as an independent 
risk factor for ischaemic stroke and acute myocardial 
infarction. To the best of our knowledge, our study 
involving 86 742 patients with COVID-19 is the largest 
study done on the association between COVID-19 and 
acute cardiovascular events. The nationwide inclusion 
of all diagnosed COVID-19 patients in Sweden adds to 
the robustness of the data. We used two different 
methodological approaches to test our hypothesis. In the 
SCCS method, the cases act as their own controls, and 
confounders—eg, comorbidities or sociodemographic 
factors—are controlled for in the analyses.8 In addition, 
because we observed a high number of events at day 0, 
which could reflect test bias, we did two separate SCCS 
and match cohort analyses, one excluding and one 
including day 0. The mean incubation period for 
COVID-19 is 5·1 days, and fewer than 2·5% of patients 
develop symptoms within 2·2 days of infection; within 
12·5 days, 97·5% of patients have developed symptoms.11 
Therefore, it is highly likely that patients at day 0 were 
indeed infected with SARS-CoV-2 before their event, and 
that the systemic response to infection precipitated 
the event. How to handle the peak at day 0 reflects 
contrasting statistical perspectives (excluding day 0 due 
to risk of selection bias), and clinical perspectives 
(including day 0 in the risk period); however, the risk of 
acute myocardial infarction and ischaemic stroke was 
consistently and significantly increased in patients with 
COVID-19 compared with the control period, regardless 
of whether day 0 was included in the risk period. These 

effects were clinically significant, with the risk increasing 
by two times or more. The risk of acute myocardial 
infarction and ischaemic stroke was significantly 
increased during the buffer period (day –28 to –4), 
probably owing to reverse causality—ie, nosocomial 
COVID-19 during hospitalisation for acute myocardial 
infarction or ischaemic stroke. This hypothesis is further 
supported by Lauer and colleagues’ study in which the 
majority of individuals developed symptoms within 
12·5 days following SARS-CoV-2 infection.11 Our 
buffer period includes a time in which the majority of 
individuals develop symptoms of COVID-19 following 
SARS-CoV-2 infection. The increased number of acute 
myocardial infarctions and ischaemic strokes during 
the month before day 0 probably indicates nosocomial 
infection. This finding highlights the need for protecting 
patients from nosocomial COVID-19.

The matched cohort study enables a comparison with 
the background population and a quantification of how 
much COVID-19 increases the risk of acute myocardial 
infarction and ischaemic stroke. The historical data 
from several registers reaching back to 1987 (inpatient 
register) enabled us to quantify the wCCI with 
high specificity. However, even following adjustment 
for these comorbidities and sociodemographic risk 
factors, we consistently identified COVID-19 as an 
independent risk factor for acute myocardial infarction 
and ischaemic stroke.

Our findings are further strengthened by results from 
previous studies. The incidence of ischaemic stroke in 
patients with COVID-19 was reported to be between 
0·9%12 and 4·6%;13 and incidence of acute myocardial 
infarction to be between 1·1%14 and 8·9%.4 In a study 
using a nationwide registry-based cohort of all patients 
with COVID-19 in Denmark, the risk of acute myocardial 
infarction following COVID-19 increased by five times, 
and the risk of ischaemic stroke following COVID-19 
increased by ten times.15 Depending on whether day 0 
was excluded or included in the risk period for the SCCS 
study, the risk in the first week following COVID-19 
increased by either approximately three times or eight 
times for acute myocardial infarction or by approximately 
three times or six times for ischaemic stroke. In the 
matched cohort study adjusting for relevant risk factors, 
the risk of acute myocardial infarction and ischaemic 
stroke following COVID-19 increased by approximately 
three times in the analysis excluding day 0 and increased 
by approximately seven times in the analysis including 
day 0. These findings suggest that the true risk is 
increased by between three and eight times for acute 
myocardial infarction and by between three and 
seven times for ischaemic stroke following COVID-19. 
The results of the SCCS and matched cohort analyses are 
broadly consistent in our study. In addition, the absolute 
risks among both patients with COVID-19 and controls 
of acute myocardial infarction and ischaemic stroke 
obtained in the matched cohort study are less than 1 per 
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1000 people. Consequently, the ORs closely approximate 
relative risks, and thus are directly comparable to the 
IRRs obtained in the SCCS analysis. Previous COVID-19 
studies4,12–15 might have had limitations regarding the 
small size of the study populations, a short study period, 
being limited to the pandemic’s early phase, or including 
only hospitalised patients—ie, those with severe disease. 
Our study encompasses the whole first wave of the 
COVID-19 outbreak in Sweden and all diagnosed 
COVID-19 patients in Sweden are included regardless of 
whether they required hospitalisation or not.

Furthermore, our findings are in contrary to evidence 
showing a decrease in hospital admissions for acute 
myocardial infarction16 and stroke17 during the early 
phase of the pandemic. This paradox could be explained 
by either a real decrease in the overall incidence of 
cardiovascular events due to lifestyle changes during the 
lockdown, or by patient delay in seeking medical help 
due to physical distancing and fear of contagion.

In addition to COVID-19, other coronavirus infections 
(ie, MERS-CoV or SARS-CoV) were shown to increase 
the risk of cardiovascular disease.18 The nature of this 
observation is still unclear, but unique pathophysiological 
mechanisms such as viral pneumonia or downregulation 
of ACE2 are proposed as potential mechanisms.18 
Moreover, atrial fibrillation, a well known risk factor for 
stroke,19 is common in patients with severe COVID-19.20

The identification of COVID-19 as an independent risk 
factor for acute myocardial infarction and ischaemic 
stroke in our and other studies is supported by previous 
studies in which infections with other viruses or bacteria 
increase transiently the risk of ischaemic stroke and 
acute myocardial infarction.21–24 However, this risk seems 
to be higher following COVID-1925 (eg, the risk of stroke 
was 7·6 times higher with COVID-19 compared with 
influenza26), probably due to the disease’s unique patho
physiological alterations.27 The exaggerated inflammatory 
response (cytokine storm)27 and the direct effect of the 
virus on endothelial cells28 are likely to precipitate cardio
vascular events through ACE2 receptor downregulation, 
platelet activation, hypercoagulability,27 and effects on 
endothelial cells (activation, injury, dysfunction, and 
apoptosis).28 Long-term effects of COVID-19 on cardio
vascular risk might also be a concern but need further 
analyses.

We also acknowledge limitations to this database 
study. The registry databases rely on Swedish 
nationwide reported data to the different registry 
stakeholders, with the implicit risk of incomplete data 
(as shown for the matched cohort study) and data 
inaccuracy. However, a previous study found a high 
validity for data, in particular with regards to acute 
cardiovascular events, from the Swedish inpatient 
register.29 Initially, acute myocardial infarction and 
ischaemic stroke diagnoses might be underestimated 
as critically ill patients with COVID-19 are too unstable 
to undergo diagnostic evaluation. Furthermore, patients 

with minor ischaemic stroke or acute myocardial 
infarction might not have sought health care due to 
fear of nosocomial infection.17 On the contrary, there is 
also a potential overestimation of the risk of acute 
myocardial infarction and ischaemic stroke because 
most asymptomatic or mildly symptomatic patients 
during the first wave of the pandemic were not tested 
for COVID-19. Moreover, an inaccurate diagnosis 
coding of a type II acute myocardial infarction as type I, 
or difficulties in distinguishing myocarditis from acute 
myocardial infarction, might also have contributed to 
an overestimation of the acute myocardial infarction 
incidence. Type II acute myocardial infarction due to 
demand ischaemia24 is probably not uncommon in 
patients with COVID-19,30 but its true incidence is 
still unknown. Unfortunately, the ICD-10 codes system 
does not distinguish between type I and type II acute 
myocardial infarction. However, previous analyses of 
the validity for acute myocardial infarction diagnosis 
codes is 100% and for stroke diagnosis codes is 98·6%.29

In conclusion, our findings suggest that COVID-19 is 
an independent risk factor for acute myocardial infarction 
and ischaemic stroke. Our results indicate that acute 
cardiovascular complications might represent an essential 
clinical manifestation of COVID-19 and the long-term 
effects might be a challenge for the future.
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