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Aims Concern about the cardiovascular safety of coronavirus disease 2019 (COVID-19) vaccines among individuals with
cardiovascular disease (CVD) may lead to vaccine hesitancy. We sought to assess the association between two
COVID-19 vaccines, BNT162b2 and CoronaVac, and the risk of major adverse cardiovascular events (MACE) in
individuals with established CVD.

Methods
and results

We identified individuals with a history of CVD before 23 February 2021 and a diagnosis of MACE between 23 February
2021 and 31 January 2022 in Hong Kong. MACE was defined as a composite of myocardial infarction, stroke, revasculariza-
tion, and cardiovascular death. Electronic health records from the Hong KongHospital Authority were linked to vaccination
records from the Department of Health. A self-controlled case-seriesmethodwas used to evaluate the risk of MACE for 0–
13 and 14–27 days after two doses of COVID-19 vaccine.We estimated incidence rate ratios (IRRs) to compare the risk of
MACE between each risk period and the baseline period. A total of 229235 individuals with CVD were identified, of which
1764 were vaccinated and had a diagnosis of MACE during the observation period (BNT162b2= 662; CoronaVac= 1102).
For BNT162b2, IRRs were 0.48 [95% confidence interval (CI) 0.23–1.02] for the first dose and 0.87 (95% CI 0.50–1.52) for
the second dose during the 0–13 days risk period, 0.40 (95%CI 0.18–0.93) for the first dose and 1.13 (95%CI 0.70–1.84) for
the second dose during the 14–27 days risk period. For CoronaVac, the IRRswere 0.43 (95%CI 0.24–0.75) for the first dose
and, 0.73 (95% CI 0.46–1.16) for the second dose during the 0–13 days risk period, 0.54 (95% CI 0.33–0.90) for the first
dose and 0.83 (95% CI 0.54–1.29) for the second dose during the 14–27 days risk period. Consistent results were found in
subgroup analyses for different sexes, age groups and different underlying cardiovascular conditions.

Conclusion Our findings showed no evidence of an increased risk of MACE after vaccination with BNT162b2 or CoronaVac in pa-
tients with CVD. Future research is required to monitor the risk after the third dose of each vaccine.
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Graphical Abstract

There was no evidence of an increased risk of major adverse cardiovascular events after vaccination with BNT162b2 or CoronaVac in patients with
cardiovascular disease.

Keywords COVID-19 vaccine • BNT162b2 • CoronaVac • Major adverse cardiovascular events • Self-controlled case series

1. Introduction
Since the global rollout of coronavirus disease 2019 (COVID-19) vaccines,
reports of possible vaccine-related cardiovascular adverse events have
raised concerns about their safety issues. Many case reports and a study
in England reported an increased risk of thrombocytopenia and venous
thromboembolism after ChAdOx1 nCoV-19 (Oxford-AstraZeneca,
Oxford, UK) vaccination in the general population.1–4 Cases of myocardial
infarction (MI) and stroke were also reported after BNT162b2
(Comirnaty, BioNTech/Pfizer/Fosun, Mainz, Germany) and CoronaVac
(Sinovac Life Sciences, Beijing, China), the only two COVID-19 vaccines
authorized for emergency use in Hong Kong.5,6 Although these vaccines
have demonstrated efficacy against COVID-19 with good safety and tol-
erability profiles in clinical trials,7–9 the situation is likely to be complicated
among individuals with established cardiovascular disease (CVD), as they
have a higher risk of a major adverse cardiovascular event (MACE) and
recurrent events.10,11

The AmericanCollege of Cardiology considers patients with CVD to be
a priority group for COVID-19 vaccination as CVD is associated with se-
verer outcomes and a higher risk of death after COVID-19 infection.12 The
COVID-19 infection is also reported to increase the risk of MI, stroke, ar-
rhythmia, acute coronary syndrome, and venous thromboembolism.13,14

Therefore, vaccination in this population is important to prevent potential
severe outcomes after COVID-19 infection. However, current evidence is
limited in examining the association between the risk of MACE and
BNT162b2 or CoronaVac vaccine in individuals with CVD. Limitations
of case reports and previous observational studies include the small num-
ber of cases, potential or recording biases, confounding issues, lack of post-

marketing safety data on CoronaVac, and only focusing on the general
population.1–4,15 To gain insight into the cardiovascular safety profile of
COVID-19 vaccines in individuals with CVD, this study utilized the self-
controlled case-series (SCCS) study design to assess the risk of MACE
in the periods after COVID-19 vaccination.

2. Methods

2.1 Study design
We undertook an SCCS study to examine the association between
BNT162b2 or CoronaVac and the risk of MACE during the ongoing
COVID-19 vaccination programme in Hong Kong. The SCCS is a
within-individual study design that was developed to assess the risk of
adverse events after vaccination16 and has been widely used for vaccine
safety monitoring.13,17 The SCCS determines the relative incidence of
the outcome for specific risk periods compared with the non-risk base-
line periods in individuals with the outcome of interest (Figure 1). The
inference is within each individual so all time-invariant covariates are in-
herently controlled during the study period and time-varying covariates
can be manually adjusted.16

2.2 Data sources
We linked data of electronic health records managed by the Hong Kong
Hospital Authority (HA) and vaccination records provided by the
Department of Health (DH). The HA serves as a major publicly
funded healthcare provider and gives services to over 7.4 million Hong
Kong residents covering around 80% of all hospital admissions.18
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Individual patient-specific data include diagnoses, prescriptions and dis-
pensing information, demographic information, hospital admissions and
discharges, inpatient, outpatient, and emergency department admission re-
cords. The DH provided COVID-19 vaccination records of BNT162b2
and CoronaVac vaccines on 23 February 2021, when the mass
COVID-19 vaccination programme in Hong Kong was launched, until 31
January 2022. Individuals are not permitted to switch between vaccine
types for the first two doses but can switch vaccine types for the third
dose. All the data are anonymized to protect patient confidentiality.
These data have been used for a prior COVID-19 vaccine safety study.19

2.3 Ethics statement
This study was approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West Cluster
(reference number: UW21-149) and by the Department of Health Ethics
Committee (LM21/2021). All procedures performed in these studies
were in accordance with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Informed written consent
has beenwaived by the ethics committees, as this is an observational study
using de-identified electronic health records. This study does not contain
any studies with animals performed by any of the authors.

2.4 Inclusion criteria
We identified all individuals aged 16 years and above who had a record
of CVD from 1 January 2018 to 22 February 2021. The CVD was de-
fined as coronary heart disease, cerebrovascular disease, peripheral vas-
cular disease, or a prior intervention including angioplasty, stenting,
atherectomy, peripheral arterial bypass grafting, or amputation.10 The
records were identified using International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diagnostics and pro-
cedure codes from inpatient, outpatient, and emergency department
diagnosis records and International Classification of Diseases, 10th
Revision, Clinical Modification (ICD-10-CM) codes were used to identify
the cause of death in the demographic data (see Supplementary material
online, Table S1).

2.5 Exposure
Our main exposures were the vaccination of BNT162b2 or CoronaVac.
The currently recommended dosing intervals in Hong Kong are 28 days

for CoronaVac and 21 days for BNT162b2. The vaccination date was
considered as day 0 (Figure 1). The risk periods were defined as 0–13
and 14–27 days after the first and second doses, respectively. As the
interval between the two doses might be less than 27 days, the risk per-
iod was defined as day 14 to the day before the second dose in this case.
The baseline non-risk period was defined as all periods before vaccin-
ation of the first dose, after the first dose plus 28 days and before the
second dose, and after the second dose plus 28 days until 31 January
2022 or the date of death. As the number of patients in this study
who received a third dose and developed outcomes within 28 days
are limited, only the risk periods after the first two doses were
measured.

2.6 Outcome
The MACE was defined as a composite of the first admission or pro-
cedure date for MI, stroke, revascularization, or cardiovascular death
from 23 February 2021 to 31 January 2022.20 The ICD-9-CM and
ICD-10-CM codes were used to identify outcome events (see
Supplementary material online, Table S1). We considered only the first
event within the observation period to ensure the outcome events
were independent.

2.7 Statistical analysis
Conditional Poisson regression was used to estimate the incidence rate
ratio (IRR) and its corresponding 95% confidence interval by comparing
the incidence rate of each risk period vs. the baseline period. All the ana-
lyses were stratified by the type of vaccines, BNT162b2 and CoronaVac.
Since the outcome event occurring after the first dose could affect the
subsequent second dose exposure, we applied the modified SCCS ex-
tension, event-dependent exposure, using the function ‘eventdepenexp’
in the R-package ‘SCCS’ which is designed for the situation where the
assumption that occurrence of an event does not influence subsequent
exposures might be violated.16 As the priority group for vaccination is
defined by the government and altered throughout the process of the
vaccination programme, the population characteristics of individuals re-
ceiving the vaccines are dynamic during the observation period. To ac-
count for the dynamic populational characteristics and the higher
incidence of MACE in certain seasons or months, we also adjusted
the seasonal effect including the unvaccinated cases by modelling a

Figure 1 Visualization of the self-controlled case-series observation period (23 February 2021 to 31 January 2022), baseline and risk periods following
coronavirus disease 2019 vaccination. Unvaccinated individuals who developedmajor adverse cardiovascular event during the observation period were also
included for adjustment of seasonal effects.
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piecewise constant with each month set as cut points.16 It is important
to note that unvaccinated individuals did not act as controls and the in-
clusion of the unvaccinated group in the modified SCCS is essential be-
cause the lack of vaccination records may indicate cancellation of
vaccination appointments, and may tend to occur more often for earlier
events (before they had the opportunity to be vaccinated). Thus, ab-
sence of vaccination may be informative regarding the timing of the
event and excluding unvaccinated individuals may therefore introduce
bias. A comprehensive discussion on the use of modified SCCS for
COVID-19 vaccine research can be found in a recent publication which
highlights the important consideration of addressing event-dependent
exposures.21 In the French study that they used as an example,17 the re-
searchers considered the event-dependent exposures and high
event-related mortality that can cancel or defer subsequent vaccination
or increase short-term mortality and therefore used the modified SCCS
and included the unvaccinated individuals. Due to the similar considera-
tions, the use of modified SCCS and the inclusion of unvaccinated indi-
viduals were more appropriate in addressing our study objectives. We
further conducted subgroup studies and stratified individuals by sex
groups (male and female), age groups (65 years old or older and under
65 years old), and history of different cardiovascular conditions.

2.8 Sensitivity analyses
A series of sensitivity analyses were conducted to assess the robustness
of this study: (i) We excluded individuals who died during the observa-
tion period to assess whether the occurrence of death might influence
the probability of subsequent observation16; (ii) We removed revascu-
larization from the definition of MACE so that it consisted of MI, stroke,
or cardiovascular death; (iii) We applied standard SCCS for the main
analysis instead of the event-dependent exposure extension; (iv) We in-
cluded only vaccinated individuals and did not adjust for seasonal effect
as the different characteristics of vaccinated and unvaccinated groups

might generate potential bias; (v) We added thrombotic events to the
definition of MACE; (vi) We added myocarditis to the definition of
MACE; (vii) We excluded those who were diagnosed with COVID-19
before or during the observation period; (viii) We excluded those
who received the third dose during the observation period; (ix) We
also conducted a negative control outcome analysis using fracture since
no association between fracture and COVID-19 vaccination has been
reported. A 5% significance level was considered statistically significant
in all analyses. All analyses were performed using the SCCS package in
R, version 4.0.3 (http://www.R-project.org).

3. Results
A total of 229 235 individuals with CVD before 23 February 2021 were
identified. About 8529 individuals who developed MACE during the ob-
servation period were included, of which 1764 received COVID-19 vac-
cination (Figure 2). Among vaccinated individuals, 662 received
BNT162b2 and 1102 received CoronaVac and in total 1277 individuals
completed two doses by 31 January 2022 and 160 received a third dose.
Individuals who received BNT162b2 were slightly younger than those
who received CoronaVac and both vaccinated groups were younger
than the unvaccinated group. Among the 1764 individuals who devel-
oped MACE and received COVID-19 vaccination during the observa-
tion period, 116 individuals died with 42 deaths (31 cardiovascular
deaths, 6 not recorded, and 5 other causes) in the BNT162b2 group
and 74 (48 cardiovascular deaths, 15 not recorded, and 11 other causes)
in the CoronaVac group. Other causes of death include sepsis, bacter-
aemia, thrombotic microangiopathy, pneumonitis, pneumonia, pulmon-
ary oedema, respiratory failure, and lung cancer. The majority of
included individuals had a history of coronary heart disease, or cerebro-
vascular disease, and only 38 individuals had peripheral vascular disease.
No vaccinated individual with history of cardiovascular intervention had

Figure 2 Flow chart illustrating patient inclusion and reasons for exclusion in the self-controlled case-series study.
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an event of MACE during the observation period (Table 1). The charac-
teristics of all individuals with history of CVD stratified by each brand of
vaccination and the unvaccinated group and whether they developed
MACE are presented in Supplementary material online, Table S2. Most
of vaccinated individuals had prescription records of antiplatelet drugs,
beta-blockers, calcium channel blockers, diuretics, lipid-lowering agents,
renin-angiotensin-system agents, or oral anticoagulants within 3 months
before receiving the first dose of vaccination and the majority had a pre-
scription of lipid-lowering agents. A total of five individuals had a positive
test for severe acute respiratory syndrome–related coronavirus 2
(SARS-CoV-2) before or during the observation period, among which
two received BNT162b2 before testing positive, two received
BNT162b2 after a positive test, and one received CoronaVac before
testing positive.

3.1 Main analyses
In total, there were 82 MACE events within 28 days after the first two
doses for BNT162b2 and 115 events for CoronaVac. Only four and
three MACE events were observed within 28 days following the third
dose of BNT162b2 and CoronaVac, respectively. Due to the scant num-
ber of events for the third dose, safety evaluations were performed only
on the first two doses. The event-dependent SCCS model detected no
evidence of an increased risk of MACE during the 28 days after both

doses of BNT162b2 or CoronaVac (Table 2). For BNT162b2, IRRs
were 0.48 [95% confidence interval (CI) 0.23–1.02] for the first dose
and 0.87 (95% CI 0.50–1.52) for the second dose during the 0–13
days risk period, 0.40 (95% CI 0.18–0.93) for the first dose, and 1.13
(95% CI 0.70–1.84) for the second dose during the 14–27 days risk per-
iod. For CoronaVac, the IRRs were 0.43 (95% CI 0.24–0.75) for the first
dose and 0.73 (95% CI 0.46–1.16) for the second dose during the 0–13
days risk period, 0.54 (95% CI 0.33–0.90) for the first dose and 0.83
(95% CI 0.54–1.29) for the second dose during the 14–27 days risk
period.

3.2 Subgroup and sensitivity analyses
Consistent with the results of the main analysis, subgroup analyses did
not show an association between MACE and vaccination with
BNT162b2 or CoronaVac vaccine within the first 28 days after vaccin-
ation (Table 3) stratified by sex groups, age groups, and history of differ-
ent cardiovascular conditions. The individuals with a history of
peripheral vascular disease or prior cardiovascular intervention were
not analysed individually because of the small sample size (38 and 0, re-
spectively). Results of the sensitivity analyses were generally consistent
with the main analysis. They were robust when excluding individuals
who died during the observation period and when we defined MACE
as the composite of MI, stroke, or cardiovascular death (see
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Table 1 Characteristics of vaccinated and unvaccinated individuals with established cardiovascular disease who
experienced a major adverse cardiovascular event during the observation period (23 February 2021 to 31 January 2022)

Characteristics BNT162b2 CoronaVac Unvaccinated P-value

Number 662 1102 6765

Died during observation period 42 (6.3) 74 (6.7) 3121 (46.1) ,0.001

Age, mean (SD) 67.90 (11.94) 71.23 (11.76) 78.66 (12.34) ,0.001

Male 506 (76.4) 778 (70.6) 3918 (57.9) ,0.001

Completed two vaccine doses by 31 January 2022 537 (81.1) 740 (67.2) 0 (0.0)

Received a booster by 31 January 2022 55 (8.3) 105 (9.5) 0 (0.0)

Baseline conditions

Myocardial infarction 87 (13.1) 120 (10.9) 1013 (15.0) 0.001

Ischaemic stroke 130 (19.6) 214 (19.4) 1260 (18.6) 0.699

Coronary heart disease 384 (58.0) 553 (50.2) 3396 (50.2) 0.001

Cerebrovascular disease 267 (40.3) 522 (47.4) 3058 (45.2) 0.015

Peripheral vascular disease 11 (1.7) 27 (2.5) 304 (4.5) ,0.001

Cardiovascular surgery 0 (0.0) 0 (0.0) 7 (0.1) 0.401

Diabetes 231 (34.9) 394 (35.8) 2963 (43.8) ,0.001

Liver disease 1 (0.2) 2 (0.2) 68 (1.0) 0.003

Renal disease 45 (6.8) 71 (6.4) 1231 (18.2) ,0.001

Hypertension 417 (63.0) 739 (67.1) 4870 (72.0) ,0.001

Atrial fibrillation 77 (11.6) 133 (12.1) 1751 (25.9) ,0.001

Cardiovascular drug dispensed within 90 days before vaccination

Lipid lowering agents 602 (90.9) 1007 (91.4) 4852 (71.7) ,0.001

Antiplatelet drugs 571 (86.3) 955 (86.7) 4568 (67.5) ,0.001

Renin-angiotensin-system agents 377 (56.9) 621 (56.4) 3418 (50.5) ,0.001

Beta-blockers 343 (51.8) 541 (49.1) 3164 (46.8) 0.024

Calcium channel blockers 308 (46.5) 526 (47.7) 2966 (43.8) 0.031

Diuretics 103 (15.6) 172 (15.6) 2026 (29.9) ,0.001

Oral anticoagulants 67 (10.1) 106 (9.6) 958 (14.2) ,0.001

Figures are number (%) unless stated otherwise. To account for the dynamic populational characteristics and the higher incidence of MACE in certain seasons or months, we also adjusted the
seasonal effect including the unvaccinated cases by modelling a piecewise constant with each month set as cut points.16 Therefore, the unvaccinated cases did not serve as controls.
SD, standard deviation.
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Supplementary material online, Tables S3 and 4). Similarly, no association
between the two COVID-19 vaccines and MACE was observed using
the standard SCCS study design (see Supplementary material online,
Table S5); only including vaccinated individuals in the analysis without ad-
justment of the seasonal effect (see Supplementary material online,
Table S6); including thrombotic events or myocarditis into the definition
of MACE (see Supplementary material online, Tables S7 and 8); exclud-
ing those who were diagnosed with COVID-19 (see Supplementary
material online, Table S9); or excluding those who received the third
dose during the observation period (see Supplementary material
online, Tables S10). The result of negative control outcome analysis
showed no association between COVID-19 vaccination and the risk
of fracture (see Supplementary material online, Table S11).

4. Discussion
To our knowledge, this is the first study to examine the association be-
tween COVID-19 vaccines and the risk of MACE in individuals with
CVD. Our analysis did not demonstrate an association during the first
28 days after vaccination with either BNT162b2 or CoronaVac. The
subgroup analyses were consistent among men and women, individuals
aged under and above 65 years old, and individuals with a history of cor-
onary heart disease or cerebrovascular disease.
Since the appearance of reports on possible COVID-19

vaccine-related MACE, the potential cardiovascular safety issues of vac-
cination have been raised.5,6,22 The possible mechanism of the relation-
ship between MACE and COVID-19 vaccine is still unknown, and it is
hypothesized that there may be a correlation between vaccine-induced
immune syndrome and CVD.23 Cases of apparent secondary immune
thrombocytopenia have been reported after both BNT162b2 and
Moderna vaccination.24 Although the pathogenesis is unclear, the auto-
immune reaction following vaccination is of great concern, particularly

for individuals with a complex disease history.25 The immune system
makes an important contribution to cardiac composition and function,
as well as an ischaemic injury such as MI and ischaemic stroke, which
have a diverse impact on innate and adaptive immune cells.23 Among
the reports of adverse cardiovascular events, most were related to
the ChAdOx1 nCoV-19 vaccine.1–4 In an SCCS study in England1 and
a case–control study in Scotland,15 ChAdOx1 nCoV-19 vaccine was sig-
nificantly related to an increased risk of thrombocytopenia, venous
thromboembolism, and cerebral venous sinus thrombosis in the general
population. Neither of the two studies found any association between
these outcomes and the BNT162b2mRNA vaccine. Our study was con-
sistent as there was no increased risk with the combined outcome of
thrombotic events and MACE following vaccination with BNT162b2
or CoronaVac. A surveillance study in the USA reported no increased
risk of MI or stroke after the BNT162b2 vaccine within 1–21 days post-
vaccination compared with 22–42 days post-vaccination in the general
population26 and a French study found no increase in cardiovascular
events after the BNT162b2 vaccine among older individuals.17 The
findings on the BNT162b2 vaccine in our study are consistent with
these studies, suggesting no increased risk of MACE after vaccination
in individuals with CVD. In addition, myocarditis is a major concern
of the cardiovascular safety of the COVID-19 vaccines, especially in
young adults and adolescent males.27–29 In our studied population
with history of CVD, the average age is much older and the results
also showed no increased risk after including myocarditis into the def-
inition of MACE.

On the other hand, BNT162b2 raised concerns of long-term adverse
effects because of the relatively new mRNA vaccine technology.30

CoronaVac, an inactivated COVID-19 vaccine, is an alternative for indi-
viduals who are concerned about the mRNA vaccine technology; how-
ever, aside from the initial clinical trials, published post-marketing safety
data are limited.31,32 To date, the association between the CoronaVac
and MACE has not been explored. Our study found no increased risk
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Table 2 Results of the main self-controlled case-series analysis

Number of events Patient-days Crude incidence
(per 1000 patient-days)

Incidence rate
ratio (95% CI)

P-value

BNT162b2 (n=662)

Baseline 580 195 945 3

First dose

0–13 days after 18 9015 2 0.48 (0.23–1.02) 0.06

14–27 days after 12 5112 2.3 0.40 (0.18–0.93) 0.03

Second dose

0–13 days after 25 7228 3.5 0.87 (0.50–1.52) 0.63

14–27 days after 27 6687 4 1.13 (0.70–1.84) 0.61

CoronaVac (n=1102)

Baseline 987 324 557 3

First dose

0–13 days after 27 14 724 1.8 0.43 (0.24–0.75) ,0.01

14–27 days after 28 12 414 2.3 0.54 (0.33–0.90) 0.02

Second dose

0–13 days after 30 10 062 3 0.73 (0.46–1.16) 0.19

14–27 days after 30 9571 3.1 0.83 (0.54–1.29) 0.41

CI= confidence interval.
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Table 3 Results of subgroup analyses

Subgroups and time period Number of
events

Incidence rate
ratio (95% CI)

Number of
events

Incidence rate
ratio (95% CI)

BNT162b2 vaccine

Sex Men Women

Baseline 450 130

First dose

0–13 days after 13 0.45 (0.19–1.08) 5 0.65 (0.17–2.48)

14–27 days after 6 0.26 (0.08–0.81) 6 0.93 (0.28–3.12)

Second dose

0–13 days after 19 0.77 (0.40–1.50) 6 1.18 (0.41–3.38)

14–27 days after 18 1.00 (0.56–1.79) 9 1.52 (0.62–3.74)

Age groups 65 years old or older Under 65 years old

Baseline 353 227

First dose

0–13 days after 11 0.40 (0.16–1.02) 7 0.77 (0.33–1.80)

14–27 days after 11 0.54 (0.21–1.35) 1 0.14 (0.02–1.20)

Second dose

0–13 days after 14 0.71 (0.34–1.50) 11 1.12 (0.53–2.39)

14–27 days after 21 1.22 (0.67–2.22) 6 0.88 (0.38–2.03)

History of different cardiovascular conditions Coronary heart disease Cerebrovascular disease

Baseline 342 242

First dose

0–13 days after 8 0.74 (0.35–1.58) 9 0.97 (0.48–1.93)

14–27 days after 5 0.71 (0.28–1.83) 4 0.69 (0.25–1.91)

Second dose

0–13 days after 9 0.98 (0.48–1.99) 12 1.42 (0.76–2.67)

14–27 days after 13 1.38 (0.76–2.49) 11 1.32 (0.67–2.57)

CoronaVac vaccine

Sex Men Women

Baseline 704 283

First dose

0–13 days after 19 0.37 (0.18–0.76) 8 0.57 (0.22–1.48)

14–27 days after 17 0.42 (0.21–0.82) 11 0.89 (0.41–1.92)

Second dose

0–13 days after 20 0.60 (0.33–1.11) 10 1.08 (0.50–2.33)

14–27 days after 18 0.63 (0.37–1.08) 12 1.53 (0.70–3.38)

Age groups 65 years old or older Under 65 years old

Baseline 697 290

First dose

0–13 days after 23 0.50 (0.26–0.97) 4 0.15 (0.03–0.67)

14–27 days after 23 0.61 (0.32–1.18) 5 0.24 (0.08–0.72)

Second dose

0–13 days after 18 0.54 (0.28–1.02) 12 1.08 (0.59–1.98)

14–27 days after 22 0.86 (0.50–1.46) 8 0.74 (0.34–1.60)

History of different cardiovascular conditions Coronary heart disease Cerebrovascular disease

Baseline 522 472

First dose

0–13 days after 8 0.49 (0.23–1.04) 13 0.80 (0.45–1.42)

14–27 days after 12 0.73 (0.39–1.34) 11 0.72 (0.39–1.33)

Second dose

0–13 days after 7 0.54 (0.25–1.15) 19 1.36 (0.83–2.22)

14–27 days after 13 1.05 (0.59–1.87) 14 1.11 (0.63–1.96)
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of MACE after receiving CoronaVac in individuals with previous CVD,
providing additional evidence of cardiovascular safety for CoronaVac
in this group of individuals.

4.1 Clinical implications
In clinical practice, fear and anxiety about the possible adverse effects of
COVID-19 vaccines may induce vaccine hesitancy, low vaccination rates,
and subsequent severe illness after infection.33 Despite being given pri-
ority for COVID-19 vaccination, only 47.8% (109 597/229 235) of indi-
viduals with a history of CVD were vaccinated by 31 January 2022 in
Hong Kong, which demonstrates a significant challenge to achieving op-
timal vaccine coverage in this high-risk population. Our findings support
the short-term safety of both BNT162b2 and CoronaVac vaccines
among individuals with CVD. To improve the vaccination rate in indivi-
duals with established CVD in Hong Kong, strategies are needed to elim-
inate concerns and strengthen awareness of the vaccines’ role in
preventing COVID-19 infection, and more importantly, in reducing the
likelihood of mortality and comorbidities. One strategy could be to pro-
videmore real-world evidence from population-based observational stud-
ies to assist this population inweighing the benefits and risks of COVID-19
vaccines. Another strategy requires cardiologists and primary-care clini-
cians to provide easy-to-access and easy-to-understand information as
well as vaccination and, in the meantime, address the common miscon-
ceptions about adverse effects.

4.2 Strengths and limitations
The evaluation of COVID-19 vaccine safety requires rapid response and
ongoing assessment. In the context of vaccine surveillance, cohort, and
case–control studies are limited by confounding and residual healthy
vaccine effects.34 Therefore, we used the SCCS study design, specifically,
the event-dependent SCCS extension, which is designed for situations
where individuals may not want the second dose if a MACE event oc-
curred after the first dose. Various sensitivity analyses further supported
the robustness of our conclusion. Furthermore, unlike previous studies
that focused on the general population,1,15,26 we specifically focused on
individuals with CVD and conducted subgroup analyses in individuals
with a history of coronary heart disease or cerebrovascular disease.
The rationale for choosing this population is that individuals with CVD
are at a higher risk of developing MACE, and this risk varies in individuals
with different disease histories.10,11 In a previous study with a median
follow-up duration of 27.4 months, the results reported that 9.6% of
MI individuals would have a recurrent MI,35 and 26% of stroke individuals
were reported to have a recurrent stroke within 5 years.36 Our results
can be applied to general CVD individuals as well as individuals with spe-
cific CVDs for the evaluation of vaccine safety.
Our study has some limitations. First, some of the subgroup analyses

present a small sample size and further studies on a larger population are
required to confirm our findings. Second, as the majority of Hong Kong
residents are Chinese, the generalizability of our results to different eth-
nic groups or outside Hong Kong may be limited. Third, a previous study
reported an increased risk of MI and stroke after diagnosis of
COVID-19, which suggests a potential bias of MACE-related studies
during the COVID-19 pandemic.37 However, our sensitivity analysis
which excluded all individuals who had a positive test for SARS-CoV-2
before or during the observation period showed consistent results as
the main analysis, and the potential bias was minimized. Fourth, we
were unable to include data from private clinics and hospitals, and po-
tential bias could exist to include all the outcome cases. As the public
data already cover around 80% of all hospital admissions, the missing

captured outcome events would be rare. Also, as the unvaccinated indi-
viduals had a different risk profile to the vaccinated individuals, adjusting
the seasonal effect using the unvaccinated individuals might introduce
potential bias. Therefore, we conducted a sensitivity analysis to only in-
clude vaccinated individuals without adjustment of the seasonal effect
with consistent results. Last, the available data only allowed for an evalu-
ation between MACE and the two doses of vaccines. Future studies with
longer observation periods are required for risks following the third
‘booster’ dose.

5. Conclusion
In this SCCS study among individuals with CVD in Hong Kong, there was
no evidence of an increased risk of MACE during the 28 days after
BNT162b2 or CoronaVac vaccination when compared with the baseline
period. Clinicians and public health professionals should emphasize the
cardiovascular safety of these two vaccines, which could alleviate the po-
tential concerns among individuals with CVD.
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