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Abstract

Background and \While the rationale for coronavirus disease 2019 (COVID-19) vaccination is to reduce complications and overall mortality,

Aims some cardiovascular complications from the vaccine itself have been demonstrated. Myocarditis and pericarditis are recog-
nized as rare acute adverse events after mRNA vaccines in young males, while evidence regarding other cardiovascular
events remains limited and inconsistent. This study assessed the risks of several cardiovascular and cerebrovascular events
in a Swedish nationwide register-based cohort.

Methods Post-vaccination risk of myocarditis/pericarditis, dysrhythmias, heart failure, myocardial infarction, and cerebrovascular
events (transient ischaemic attack and stroke) in several risk windows after each vaccine dose were assessed among all
Swedish adults (n = 8 070 674). Hazard ratios (HRs) with 95% confidence intervals (95% Cls) compared with unvaccinated
were estimated from Cox regression models adjusted for potential confounders.

Results For most studied outcomes, decreased risks of cardiovascular events post-vaccination were observed, especially after dose
three (HRs for dose three ranging from .69 to .81), while replicating the increased risk of myocarditis and pericarditis 1-2
weeks after COVID-19 mRNA vaccination. Slightly increased risks, similar across vaccines, were observed for extrasystoles
[HR 1.17 (95% CI 1.06—1.28) for dose one and HR 1.22 (95% CI 1.10-1.36) for dose two, stronger in elderly and males] but
not for arrhythmias and for transient ischaemic attack [HR 1.13 (95% Cl 1.05-1.23), mainly in elderly] but not for stroke.

Conclusions Risk of myopericarditis (MRNA vaccines only), extrasystoles, and transient ischaemic attack was transiently increased after
COVID-19 vaccination, but full vaccination substantially reduced the risk of several more severe COVID-19-associated car-
diovascular outcomes, underscoring the protective benefits of complete vaccination.
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Structured Graphical Abstract

Key Question

Myopericarditis has been listed as a rare adverse event soon after vaccination among younger males following COVID-19 mRNA
vaccination. Can COVID-19 vaccination increase the risk of other adverse cardiovascular events?

Key Finding

Decreased risks were observed for serious cardiovascular events - atrial fibrillation, myocardial infarction, heart failure and stroke,

especially after three vaccination doses, in particular in older age groups. Increased risks were observed for myopericarditis,

extrasystoles, and transient ischaemic attacks.

Take Home Message

Full vaccination substantially reduces the risk of severe COVID-19-associated cardiovascular outcomes, underscoring the protective

benefits of complete vaccination.

- Risk #transiently after 1% and 2
doses, but not 3™ dose of mMRNA

vaccines

« Risk 4 after 2"dose, but not 3™ dose
*More prominent in older groups

« Risk ¥ after each of the 3 doses
and after 3" dose the most

« Similar across age groups and
sexes

* More prominent in younger
males

« Risk #after 1%t and 2" doses, but not 3 dose
* More prominent in older groups and males

« Risk¥ after each of the 3 doses
and 3 dose the most
* More prominent in older groups
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Heart failure

* Risk ¥after each of the 3 doses and
3 dose the most
* More prominent in older groups

« Risk Vafter 3 dose
* More prominent in older groups

« Risk ¥after each of the 3 doses
and 3 dose the most
* More prominent in older groups

Conceptual framework and key results from a study of cardiovascular events following COVID-19 vaccination, based on a nationwide cohort of
8 million Swedish adults followed from December 2020 to December 2022.

Introduction

The rationale for recommending coronavirus disease 2019 (COVID-19)
vaccination is to reduce infection risk, complications, and case fatality.
However, the vaccination itself may also increase the risks of some car-
diovascular events. Myocarditis and pericarditis have been listed by the
European Medicines Agency as very rare (<1/10000) adverse events
after mRNA vaccine towards severe acute respiratory syndrome-
coronavirus 2 (SARS-CoV-2), with the highest incidence observed in
young males, primarily within 14 days, and potentially more common

after the second dose."* Supporting evidence has been reported from
the USA, Israel, England, Korea, and four Nordic countries.> These find-
ings raise the question if other cardiovascular health outcomes could also
be affected.

Early data from clinical trials by Pfizer and Moderna indicated a low
incidence of myocardial infarction (MI) in vaccinated individuals.”'®
Case reports have described acute Ml events shortly after vaccination,
especially in the elderly,”‘12 but supporting evidence from population-
based studies is largely lacking. One case series study with self-control
in France found no increased incidence of acute Ml within 14 days after
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the Pfizer mRNA vaccine among people > 75 years." In a Korean co-
hort study, full prior vaccination among adults > 18 years was associated
with reduced risk of Ml in 31-120 days after COVID-19 diagnosis."*
Despite isolated reports of Ml occurring after vaccination, the current
body of evidence does not support that vaccination entails an increased
risk of MI. Presumably, this could relate to vaccination protecting against
severe COVID-19 infection, with consequent reduced risk of Ml—a
known cardiovascular complication of COVID-19.">"¢

Similarly, case reports have been published for atrial fibrillation (AF)
after vaccination."” United States studies using the Vaccine Adverse
Event Reporting System (VAERS) data'®'? and a population-based
UK study® also provided evidence of a possible correlation between
mRNA vaccination and AF. However, the incidence of AF was overall
very low.

A recent review summarizing case reports on stroke after vaccin-
ation found that most cases were women under 60, however, with un-
clear incidence.?® One study using disproportionality analysis showed a
potential signal for ischaemic stroke and transient ischaemic attack
(TIA) after some mRNA vaccines and the AZD1222 vaccine,”" while
the French and Korean population-based studies mentioned, with
individual-level data, found no evidence of increased risk of stroke after
vaccination; rather the risk was reduced.""*

The evidence from population-based studies regarding cardiovascu-
lar adverse events other than myocarditis and pericarditis thus remains
limited and inconsistent. We hypothesized that a mechanism that
would generate an increased risk of myocarditis and pericarditis in
younger age groups, particularly men, could manifest as other adverse
cardiovascular events related to inflammation, cardiac rhythm disrup-
tions, heart failure (HF), or arterial thromboembolic events, in other
age groups and potentially with different time lags. Therefore, in this
nationwide register-based cohort study including all Swedish adults,
we assessed the risks of several cardiovascular and cerebrovascular
events—all within a range of risk windows after one, two, and three
doses.

Methods

Study design, data source, and study
population

This nationwide register-based cohort study was conducted as part of the
RECOVAC (register-based large-scale national population study to moni-
tor COVID-19 vaccination effectiveness and safety) study effort within
the SCIFI-PEARL (Swedish COVID-19 Investigation for Future Insights—a
Population Epidemiology Approach using Register Linkage) project.”® In
the current study, we included all adults in Sweden born before 2003
(aged >18 in 2021), who were alive and residing in Sweden on 1 January
2018 (to ensure a minimum lookback time for pre-index covariates) and still
resident on 27 December 2020 (the study index date), resulting in
8070 674 individuals. Detailed data on socio-demographic, medical history,
and COVID-19 vaccination were obtained through linkage with Swedish na-
tional and regional registers (see Supplementary data online, Method).

Study period, exposure, and risk windows

The exposure variables were each dose of any COVID-19 vaccine from
27 December 2020 (start date of vaccinations in Sweden) to 31 December
2022. An individual’'s exposure status was ‘unvaccinated’ until dose one was gi-
ven, and then, his/her exposure status was changed to ‘dose one'
Subsequently, the exposure status was changed to dose two once dose two
was given, and so on. Within each dose, five mutually exclusive risk windows
of interest [1-7 days (Week 1), 8-14 days (Week 2), 15-21 days (Week 3),

Table 1
outcome

ICD-10-SE codes used for each cardiovascular

Cardiovascular outcomes ICD-10-SE codes

Myocarditis 1012, 1090, 140, 141, 1514
Pericarditis 1010, 1092, 130, 1310, 1311, 132
Extrasystoles 1491, 1492, 1493, 1494
Atrial fibrillation 148

Arrhythmias, all 144, 145, 146, 147, 148, 149, RO0O, R0O1

Myocardial infarction 121

Heart failure 150

Transient ischaemic attack G45

Ischaemic stroke 163
Haemorrhagic stroke 161, 162

Stroke, all 161, 162, 163, 164

ICD-10-SE, Swedish clinical modification of the International Statistical Classification of
Diseases and Related Health Problems, 10th revision (https:/www.socialstyrelsen.se/
statistik-och-data/klassifikationer-och-koder/icd-10/).

22-28 days (Week 4), and 2942 days (Week 5-6)] were defined. After
Week 6, individuals were classified as exposed for that dose but outside the
risk windows of interest, until they received the next dose. Individuals who re-
ceived the next dose before the end of the fifth risk window of a particular dose
would only contribute to the risk windows up until that date for the previous
dose.

Outcomes

The cardiovascular outcomes were defined using the Swedish clinical modifica-
tion of the International Classification of Diseases, 10th revision (ICD-10-SE) as
listed in Table 1. They were myocarditis/pericarditis (largely as ‘positive con-
trol’); dysrhythmias, including extrasystoles, AF, and arrhythmias overall; car-
diac conditions, including MI and HF; and cerebrovascular events including
TIA and stroke (both ischaemic and haemorrhagic). We also analysed the com-
bined outcomes of first myocarditis or pericarditis (‘myopericarditis’) and the
composite of TIA or stroke (since TIA may be considered a less serious version
of stroke) to increase statistical power.

Each outcome was defined as incident events using the first ICD-coded
primary or secondary diagnosis from the National Patient Register (includ-
ing both specialist outpatient visits and hospital admissions) or underlying or
contributing cause of death in the Cause of Death Register, during the study
period. For each outcome, individuals with any prior registered record from
1 January 2015 to 26 December 2020 of that particular diagnosis were
excluded.

Covariates

A list of potential confounders was pre-determined after literature review,
and a directed acyclic graph was adapted to select covariates into the stat-
istical model. The selected covariates included age (cubic spline with four
knots) and COVID-19 infection (yes/no) as time-varying covariates (see be-
low) and baseline sex (male, female), country of birth (Swedish-born/
foreign-born), employed as a healthcare worker (yes/no), marital status
(married/not married), education (primary/secondary/tertiary/unknown),
health-seeking behaviours (assessed by number of specialist outpatient
visits, and days of inpatient stay, during 2018-19), as well as relevant prior
comorbidities and treatments (yes/no) (see Supplementary data online,
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Table S1). Health-seeking behaviours and prior comorbidities were consid-
ered surrogates for baseline health status and access to care.

Baseline covariates were defined on or before 1 January 2020. Age was
time varying as it changes for each calendar year. Coronavirus disease 2019
infection was also time varying and coded as ‘no’ until the first positive
SARS-CoV-2 PCR test was identified from SmiNet, the national register
of notifiable communicable diseases.

Statistical analyses

Cox proportional hazard models with time-varying exposure were used,
with calendar time as the underlying time scale. This means that risk sets
were assessed sequentially in the Cox analysis each day, thus by design con-
trolling for calendar time-related factors such as infection pressure or pan-
demic restrictions. Everyone’s follow-up time was first divided according to
his/her vaccine status (unvaccinated, first dose, second dose, third dose) and
then by the weekly risk windows within each dose. Each individual was fol-
lowed from the index date until the earliest of the outcome of interest, end
of each risk window, or a censoring event (fourth dose of any COVID-19
vaccine, emigration, death, or 31 December 2022). An individual contribu-
ted person-time as unvaccinated until the first vaccination. After each dose,
individuals contributed person-time in each corresponding risk window of
interest (i.e. exposed risk-time).

We first performed analyses for any vaccine product regardless of risk
windows and estimated the overall hazard ratio (HR) for cardiovascular
outcomes within 42 days (Weeks 1-6) after each vaccination dose com-
pared with unvaccinated person-time. Then, we estimated HRs for any vac-
cine product after each dose for each risk window. Three stratified analyses
were performed based on age, sex, and three vaccine products mainly used
in Sweden: BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), and
AZD1222 (AstraZeneca). Age-stratified analyses used five pre-determined
age groups, 18-25, 2640, 41-65, 6675, and >76 years (for some out-
comes, some age groups were omitted due to few events). Sex-stratified
analyses used an appropriate combination of the five age groups, for differ-
ent outcomes, according to previous published evidence and number of
available events in the study population. For myopericarditis, sex-stratified
analysis was restricted to the age range 1840 years, as they showed the
largest elevated risks. For the other outcomes, sex-stratified analyses
were restricted to the age range > 41 years, as very few events occurred
among young adults. Vaccine product-stratified analyses were also per-
formed in the corresponding combined age categories. Additionally, in
the vaccine product-stratified analyses, overall HRs were estimated for
28 days after administration of each dose due to limited numbers of events
in weekly time windows. For myopericarditis, focusing on younger adults
below 40 years, we only included two vaccine products (BNT162b2 and
mRNA-1273) since AZD1222 was rarely used among young adults in
Sweden, and we only estimated HRs for two doses as few individuals re-
ceived a third dose. For other outcomes, dose three of AZD1222 was
not included in the vaccine product-stratified analyses, since AZD1222
was not recommended to individuals younger than 65 years after 16
March 2021 and very few individuals of any age (n = 342) received a third
dose of AZD1222. We report HR with 95% confidence intervals (Cls)
from a crude model and a full model that adjusted for all covariates men-
tioned. All statistical analyses were performed using a standard software
package (Stata, version. 18.0; StataCorp LLC).

Results

Among the 8070 674 adults included in the study, a large majority
(88.5%) received at least one dose, 86.9% at least two, and 67.9% three
or more doses of COVID-19 vaccine. There were 1 668 508 new cases
of COVID-19 infection during the study period from 27 December
2020 to 31 December 2022, among which 672 279 (40.3%) occurred
before getting the first dose of vaccination, 61018 (3.7%) between

the first and second dose, 573 145 (34.3%) between the second and
third dose, and 362 066 (21.7%) after getting the third dose.

The demographic and medical history of the study population is
shown in Table 2. Individuals who received more doses were slightly
older. Hypertension was the most common medical condition (24.3%),
followed by conditions requiring antidepressant prescription (11.9%).

Myocarditis and pericarditis

An elevated early risk for myocarditis and pericarditis was observed
after the first and second doses of vaccination. The effect size for
myocarditis was larger, but the two outcomes showed similar dose
and time window patterns (see Supplementary data online, Table S2
and Figure S7) and were combined (myopericarditis) in the main ana-
lysis (Figure 1A; Supplementary data online, Table $2). The increased
risk for myopericarditis started in the first week after dose one
(HR 1.59, 95% Cl 1.20-2.12) and remained up to the second week
(HR 1.43, 1.06-1.94). The risk was higher in the first week after the
second dose (HR 3.60, 2.94-4.40), but no effect for the third dose.
The risk estimate was higher in ages 18-25 and 26—40 and in males
(see Supplementary data online, Figure S2) and was present for both
mMRNA vaccines but was more prominent for mRNA-1273 than for
BNT162b2 (Table 3).

Dysrhythmia

Increased risk of extrasystoles was observed from 1.17 in the 1st dose
(95% Cl 1.06-1.28) to 122 (1.10-1.36) in the 2nd dose (Figure 1B;
Supplementary data online, Table S3). This trend was more prominent in
elderly and males, with no obvious distinct time window (see
Supplementary data online, Figure S3). For AF (Figure 1C, Supplementary
data online, Table S3) and for arrhythmias overall (Figure 1D;
Supplementary data online, Table S3), risks tended to be attenuated, in par-
ticular after the third dose across all risk windows, and the risk estimate
was higher in older age groups (see Supplementary data online, Figures
S$4 and S5A-E). Both sexes showed similar risk patterns (see
Supplementary data online, Figures S4 and S5F-G); no difference was
seen between vaccine products (Table 3).

Cardiac outcomes

We observed decreased risk of Ml and HF after COVID-19 vaccination
(Figure 1E and F; Supplementary data online, Table $4), particularly after
the third dose (for MI, HR .81, .74-89; for HF, HR .73, .69-.78). The
most noticeable reduction in risks was observed in the eldest groups
(see Supplementary data online, Figures S6 and S7A—C), and both sexes
showed similar risk patterns (see Supplementary data online, Figures S6
and S7D and E). No difference was seen between vaccine products
(Table 3).

Transient ischaemic attack and stroke

For TIA, an overall increased risk was observed after the second dose
(HR 1.13, 1.05-1.23), and increased risks were more prominent during
later risk windows (Figure 1G). Stratification by age showed that TIA rare-
ly occurred after vaccination in age groups below 40. In older age groups,
strength of association increased with age (see Supplementary data
online, Figure S8A-C), similar across sex (see Supplementary data
online, Figure S8D—E) and vaccine products (Table 3).

Conversely, for stroke, risks tended to be reduced, particularly after
the third dose (HR .69, .63—74; Figure 1H), similar across older age
groups and sexes (see Supplementary data online, Figure SPA-E). No ob-
vious difference between vaccine products was observed, though
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Table 2 Demographics and medical history in the Swedish adult (>18 years) general population, by vaccine status

Whole study Vaccine status at the end of follow-up
POPUIAt ON
At baseline Unvaccinated At least At least Three doses
(all were (n=930555) one dose two doses and more
unvaccinated) (n=7140119) (n=7012574) (n=5478618)
(n=8070674)
Age, median (p25-p75) 48 (32-64) 37 (27-52) 49 (33-65) 50 (33-66) 54 (39-69)

Sex
Male
Female
Country of birth
Sweden
Outside Sweden

Employed as a
healthcare worker

Yes
Marital status
Married
Not married
Unknown
Education
Primary
Secondary
Tertiary
Unknown

Hypertension (diagnosis
or medication)

Diabetes (types 1 and 2)

Chronic pulmonary
disease

Asthma

Chronic kidney disease
Cancer

Autoimmune disease
Thyroid diseases
Coagulation disorders
Psychiatric disorders

Antidepressant
prescription

Obesity

Numbers of specialist
outpatient visits,
median (p25-p75)

Days of inpatient stay,
median (p25-p75)

4031019 (49.9)
4039655 (50.1)

6438797 (79.8)
1631877 (20.2)

1739403 (21.6)

3267 159 (40.5)
4797100 (59.4)
6415 (1)

1553291 (19.2)
3443823 (42.7)
2928942 (36.3)
144618 (1.8)
1956 940 (24.3)

513378 (6.4)
89111 (1.1)

158 549 (2.0)
158 434 (2.0)
418551 (5.2)
195 606 (2.4)
496 037 (6.1)
40 903 (.5)
339853 (4.2)
963499 (11.9)

153021 (1.9)
3 (1-6)

0 (0-1)

515084 (55.4)
415471 (44.6)

529867 (56.9)
400 688 (43.1)

194995 (21.0)

259 346 (27.9)
665971 (71.6)
5238 (.5)

229 658 (24.7)
408 904 (43.9)
235557 (25.3)
56436 (6.1)
104534 (11.2)

33899 (3.6)
6653 (.7)

13455 (1.4)
13927 (1.5)
21207 (2.3)
13118 (1.4)
39363 (4.2)
3520 (4)
51735 (5.6)
82246 (8.8)

17383 (1.9)
3 (1-6)

0 (0-1)

3515935 (49.2)
3624 184 (50.8)

5908 930 (82.8)
1231189 (17.2)

1544 408 (21.6)

3007 813 (42.1)
4131129 (57.9)
1177 (0)

1323633 (18.5)
3034919 (42.5)
2693385 (37.7)
88182 (1.2)
1852406 (25.9)

479479 (63)
82458 (1.2)

145 094 (2.0)
144507 (2.0)
397 344 (5.6)
182488 (2.6)
456 674 (6.4)

37383 (5)
288 118 (4.0)
881253 (12.3)

135638 (1.9)
3 (1-6)

0 (0-1)

3446481 (49.1)
3566093 (50.9)

5828002 (83.1)
1184572 (16.9)

1514402 (21.6)

2975 868 (42.4)
4036123 (57.6)
583 (0)

1285956 (18.3)
2980 435 (42.5)
2662971 (38)
83212 (12)
1835177 (26.2)

473877 (6.8)
80959 (1.2)

142533 (2.0)
141794 (2.0)
393315 (5.6)
180206 (2.6)
450782 (6.4)

36748 (5)
279129 (4.0)
865185 (12.3)

132660 (1.9)
3 (1-6)

0 (0-1)

2603 995 (47.5)
2874623 (52.5)

4749390 (86.7)
729228 (13.3)

1129707 (20.6)

2535634 (46.3)
2942751 (53.7)
233 (0)

939057 (17.1)
2284455 (417)
2204521 (40.2)
50585 (.9)
1683608 (30.7)

421952 (7.7)
71819 (1.3)

115957 (2.1)
120124 (2.2)

160002 (2.9)
389 045 (7.1)

(
(
362385 (6.6)
(
(
30738 (.

6)
200673 (3.7)

699521 (12.8)

101362 (1.9)
3 (1-6)

0 (0-1)

Allindividuals were unvaccinated at baseline and can contribute to more than one vaccine status group depending on how many doses they received. Data are number (percentage), unless

otherwise stated.
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Figure 1 Forest plot showing hazard ratios for Weeks 1-6 (triangle) and for each weekly risk window (dot) with 95% confidence intervals for the
investigated cardiovascular events. All events used composite endpoints, including specialist outpatient visits, hospital admissions, and deaths. The de-
tailed data are presented in Supplementary data online, Tables S$2—S5. Hazard ratio (triangle and dot) and 95% confidence intervals (lines) were obtained
from a fully adjusted model. Note that the scales for hazard ratio are different between myopericarditis (range from .5 to 6) and the other cardiovascular
events (range from .4 to 1.6)

AZD1222 tended to show the lowest HRs (Table 3). Results for is- Discussion
chaemic and haemorrhagic stroke were similar (see Supplementary

data online, Figure S10, Table S6). For the composite of TIA or stroke, Our data clearly replicate prior evidence on myocarditis and pericarditis,
the pattern of the risk was more like the stroke pattern, showing a consistent with a previous large Nordic study (including Swedish data as
decreased risk after the third dose (see Supplementary data online, in this study), a UK study, and a Korean cohort study.3‘5'8 These three

Figure S17). studies showed an increased incidence rate ratio after the first and

GZ0Z YoJel\ Z| uo Jasn AlsSIaAIUn SNIUI/ ‘90USIOS [B01N1|04 PUB Suone[ey [euoneussiu| 1o aimnsul Aq 6056/ 2/, L/Z/9/8101ue/hueayina/wod dno olwapeoe//:sdiy wolj papeojumoq


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae639#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae639#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae639#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae639#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae639#supplementary-data

Cardiovascular events following COVID-19 vaccination 153

Table 3 Hazard ratios with 95% confidence interval for cardiovascular events after vaccination with specific vaccine
products after each dose within 28 days

Vaccine status Vaccine product Person-years Cases Incidence rate® Full model®
HR (95% Cl)

Myopericarditis (18-40 years)

Unvaccinated 2284714 530 23.2 Ref

Dose one BNT162b2 140296 46 328 1.30 (.96, 1.76)
mRNA-1273 32659 17 521 1.83 (1.16, 2.90)

Dose two BNT162b2 142627 80 56.1 1.82 (1.39, 2.37)
mRNA-1273 29 531 54 1829 4.52 (3.25, 6.30)

Extrasystoles (>41 years)

Unvaccinated 2460454 2287 93.0 Ref
Dose one BNT162b2 268 591 318 1184 1.16 (1.02, 1.31)
mRNA-1273 38783 36 92.8 1.07 (.81, 1.40)
AZD1222 49534 88 177.7 1.24 (1.02, 1.50)
Dose two BNT162b2 277917 304 1094 1.07 (94,1.22)
mRNA-1273 39305 53 134.8 1.31 (1.03, 1.68)
AZD1222 42795 63 147.2 1.13 (.88, 1.46)
Dose three BNT162b2 215852 280 129.7 1.08 (.89, 1.31)
mRNA-1273 99172 95 95.8 84 (.67,1.07)

Atrial fibrillation (>41 years)

Unvaccinated 2383717 15432 6474 Ref
Dose one BNT162b2 255591 2202 861.5 .88 (.84,.92)
mRNA-1273 36990 287 775.9 82 (.74, 91)
AZD1222 46 608 564 1210.1 84 (.78, .91)
Dose two BNT162b2 263854 2398 908.8 .88 (.84,.92)
mRNA-1273 37486 331 883.0 .90 (.82,.99)
AZD1222 39922 453 1134.7 .87 (.79, .95)
Dose three BNT162b2 201357 2330 1157.1 85 (.79, .91)
mRNA-1273 95 246 647 679.3 .80 (.73, .87)

Arrhythmias (>41 years)

Unvaccinated 2339293 23559 10071
Dose one BNT162b2 249 695 3153 1262.7 .57 (.55, .59)
mRNA-1273 36155 421 11644 .55 (.53, .59)
AZD1222 45272 828 1829.0 49 (47, .52)
Dose two BNT162b2 257562 3396 13185 .58 (.56, .60)
mRNA-1273 36624 492 13434 .57 (.54, .60)
AZD1222 38687 634 16388 49 (47, .51)
Dose three BNT162b2 195201 3206 1642.4 63 (.61, .65)
mRNA-1273 93208 959 1028.9 .60 (.58, .62)

Myocardial infarction (=41 years)
Unvaccinated 2439611 7972 326.8 Ref
Dose one BNT162b2 265 677 1031 388.1 .89 (.84, .96)

Continued
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Table 3 Continued

Full model®
HR (95% CI)

85 (73,.99)
86 (77, 97)
87 (81, 93)
99 (86, 1.13)
74 (64, 86)
76 (69, 84)

Vaccine status Vaccine product Person-years Cases

mRNA1273 ........................ 38365 ...................... 140 ........................................................................

AZD1222 48861 262

Dose two BNT162b2 274788 1020

mRNA-1273 38884 164

AZD1222 42125 182

Dose three BNT162b2 212667 993

mRNA-1273 98225 315

Heart failure (>41 years)

Unvaccinated 2425807 12031
Dose one BNT162b2 262581 1790
mRNA-1273 37917 225
AZD1222 48 543 319

Dose two BNT162b2 271310 1908
mRNA-1273 38430 240
AZD1222 41810 274

Dose three BNT162b2 209 376 1940
mRNA-1273 97 393 527

Transit ischaemic attack (>41 years)

Unvaccinated 2449 641 4324
Dose one BNT162b2 266 646 614
mRNA-1273 38513 82

AZD1222 49 077 182

Dose three BNT162b2 275794 674
mRNA-1273 39031 109

AZD1222 42335 130

Dose three BNT162b2 213531 629
mRNA-1273 98 585 188

Stroke (>41 years)

Unvaccinated 2438860 8877
Dose one BNT162b2 264879 1269
mRNA-1273 38318 155

AZD1222 48976 247

Dose two BNT162b2 273833 1268
mRNA-1273 38833 157

AZD1222 42243 227

Dose three BNT162b2 211882 1190
mRNA-1273 98128 303

496.0
681.7
5934
657.1
7033
624.5
6553
926.6
5411

176.5
2303
2129
370.8
2444
2793
3071
294.6
190.7

364.0
479.1
404.5
504.3
463.1
404.3
5374
561.6
308.8

76 (67, 85)

Ref
47 (45, .50)
.50 (46, .54)
.36 (.33,.38)
45 (43, 48)
48 (45, .52)
.34 (.31, .36)
A7 (45, 49)
A7 (44, 49)

Ref

.96 (.88, 1.05)
99 (.82, 1.21)
1.18 (1.03, 1.35)
1.07 (.98, 1.17)
1.35 (1.15, 1.60)
1.08 (.91, 1.29)
1.05 (.92, 1.21)
93 (.79, 1.10)

Ref
91 (.86,.97)
.88 (.76, 1.01)
.78 (.69, .87)
.88 (.82,.93)
.78 (.68, .89)
.74 (.65, .84)
.75 (.68, .82)
68 (.61,.76)

All events used composite endpoints, including specialist outpatient visits, hospital admissions, and deaths.
?Incidence rate was calculated as per 100 000 person-years.

PFull model included age, sex, country of birth, employed as a healthcare worker, marital status, education, COVID-19 infection, and health-seeking behaviours during 2018—19 (i.e. no. of

primary care visits and number of specialist outpatient visits), and prior comorbidities and treatments are listed in Supplementary data online, Table S1.
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second doses of MRNA vaccine within 28 days. Our results further re-
veal that the elevated risk is more acute, i.e. within 14 days after the first
dose and 7 days after the second dose. The consistency of the
results for this positive control outcome validates our analysis approach
of using time-varying Cox regression to capture risk change within
short periods after vaccination, which is novel and different from prior
studies.

For most of the severe cardiovascular conditions, i.e. AF, Ml, HF, and
stroke, protective effects were observed after vaccination, especially
after the third dose (Structured Graphical Abstract). This is not in line
with our initial hypothesis that the mechanism leading to increased
risk of myocarditis and pericarditis may also manifest other adverse car-
diovascular events. However, such decreased risks are likely related to
the vaccination protection against COVID-19 infection and severe dis-
as it is established that COVID-19 infection increases the risk
of heart diseases both acutely and long term."® Decreased risks of adverse
cardiovascular events, including Ml and stroke after vaccination, have also
been observed in a large US cohort study including more than 1.9 million
adults™ and a Korean study with about .6 million participants.™ In the
us study,25 full vaccination, equivalent to three doses in our study, had
a lower HR than partial vaccination. The combined evidence, now further
refined with our results, implies that COVID-19 vaccination is likely to
provide important protection against severe cardiovascular conditions,
and that the third dose may confer benefit beyond two-dose schedules.
Since the main purpose of the current study was to understand time-
varying adverse outcomes after vaccination, it is difficult to disentangle if
the observed protective effects are mediated through an effect against
COVID-19 infection and its secondary progression to severe cardiovascu-
lar disease, or if the vaccines themselves by other mechanisms can prevent
secondary complications—or both. For this, further studies with other
study designs are needed. The observed stronger protective effects after
the third dose may also be affected by healthy/survivor bias. An individual
would then be less likely to get the third dose if he/she had a cardiovas-
cular event after the first or second dose; therefore, those receiving the
third dose could then be generally healthier and have lower predisposition
for cardiovascular events.

A slightly increased risk of TIA was observed mainly after the second
dose and during later risk windows, despite the decreased risk for
stroke. One speculation could be that people are more sensitized to
new symptoms noticed after vaccination; thus, the increased risk can
more likely be observed for more subjective or transient symptoms
than harder, more objective outcomes. Similarly, a slightly increased
risk of extrasystoles was observed after the first and second doses, des-
pite the lower risk for arrhythmias overall. One study based on the
World Health Organization database reported that tachycardia is
one of the common adverse events observed with COVID-19 vaccines,
but no data were available only for extrasystoles.*®

It should be noted that for outcomes showing slightly increased risks
(myopericarditis, TIA, and extrasystoles), the incidence rates were gen-
erally lower than for the other outcomes that showed decreased risks
(AF, MI, HF, and stroke). Additionally, considering that TIA is an acute
and possibly less serious version of ischaemic stroke (though clearly
associated with adverse stroke) and extrasystoles are a transient and
generally self-limiting cardiovascular condition, a potential slightly in-
creased risk after vaccination (with relatively low incidence rates) should
not overshadow the importance of improving vaccination rates, particu-
larly not in view of the protective effects seen on more serious cardio-
vascular outcomes and in older age group—the high risk group for
COVID-19. Additionally, studies have shown that the clinical condition
of vaccine-associated myopericarditis is less severe than COVID-19

infection-associated myopericarditis, again emphasizing the importance
of vaccination.**"%®

Several studies indicated that the Omicron variants of SARS-CoV-2 are
less pathogenic than Alpha or Delta variants.***° However, COVID-19 stil
occurs in every season, and a high proportion of infections in the general
population lead to persistent infections, which may seed new outbreaks in
the community."? The symptoms and severity of COVID-19 infection
are more dependent on the person’s immunity than they are on the vari-
ant. The persistent infections may also contribute to cases with
post-COVID-19 conditions (PCC).** Coronavirus disease 2019 vaccin-
ation has been shown as an effective protective measure, even for
PCC,** and is the best way to protect those who are at increased risk
of becoming seriously ill.2* This is especially important for older people,
a population that usually shows higher infection rates and more severe
symptoms than other ages. As vaccine protection wanes over time,* get-
ting a refill dose regularly maintains good protection and has been
recommended to all people aged 65 and over and to people in risk groups
in Sweden and the USA.

The population-based cohort design with large study size, including
all Swedish adults, and comprehensive follow-up data through national
registers are the major strengths. The large sample size allowed us to
assess shorter risk windows than previous studies. We estimated risks
weekly instead of within a 28-day risk window after each vaccination as
used previously.3'5 We also took particular care to address potential
confounding with rich data from multiple linked registers with full na-
tional coverage. Potential calendar time-dependent confounding was
controlled by design and by use of the Cox model with calendar time
as the underlying time scale.®® Linkage to registers provided medical his-
tories since 2015 as a surrogate of individuals’ overall pre-pandemic
health condition and was used for model adjustments. Coronavirus dis-
ease 2019 infection was considered, by adjusting for this event in the
model in a time-varying manner. Nonetheless, misclassification of infec-
tion is possible since it was based on a registered positive PCR test in
SmiNet, which only captures persons who got tested. Although testing
at suspected infection was mandated and very widespread during most
of the study period, testing propensity has been associated with socio-
economic and access to tests.”® Nonetheless, direct information on ac-
cess to healthcare was not available, nor personal behaviour data such
as smoking, physical activity, or personal views on vaccination. For most
of the studied cardiovascular outcomes such as MI, HF, and stroke, the
diagnoses are robust and the date of healthcare contact represents well
the date of disease onset; however, for a mild condition, e.g. extrasys-
toles, a possible delay of healthcare contact after disease onset and
a possible misclassification may be likely. For AF, a chronic condition
that can recur after a long time free of symptoms, misclassification
so that some cases may not be truly de novo incident during the study
period is possible, even though we excluded individuals with prior AF
records almost 6 years before the study start. Additionally, lack of diag-
noses recorded in primary care is another limitation, for some condi-
tions also captured there. However, if such delay or misclassification
or missing data from primary care can be assumed to occur similarly
during vaccinated and unvaccinated periods, the HR estimate would re-
main unbiased.

Conclusions

In this unique, complete nationwide cohort, we found decreased risks of
several serious cardiovascular outcomes after COVID-19 vaccination,
likely related to the protection of vaccination against severe COVID-19.
Increased risks were observed for two relatively mild cardiovascular
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conditions, i.e. extrasystoles and TIA. We confirmed previously reported
increased risks of myocarditis and pericarditis shortly after COVID-19
mRNA vaccination. Overall, our results clearly underscore the protective
benefits of complete vaccination, especially for elderlies.
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