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Abstract

Background Evidence suggests that coronavirus disease 2019 (COVID-19) is associated with the risk of cardiovascular
diseases (CVDs). However, the results are inconsistent, and the causality remains to be established. We aimed to inves-
tigate the potential causal relationship between COVID-19 and CVDs by using two-sample Mendelian randomization
(MR) analysis.

Methods Summary-level data for COVID-19 and CVDs including myocarditis, heart failure (HF), acute myocardial
infarction (AMI), arrhythmia and venous thromboembolism (VTE) were obtained from the IEU OpenGWAS project,

a public genome-wide association study (GWAS). Single nucleotide polymorphisms (SNPs) were used as instrumental
variables. Five complementary MR methods were performed, including inverse variance weighted (IVW), MR-Egger,
weighted median, weighted mode and simple mode methods. IVW method was considered as the primary approach.
Besides, sensitivity analyses, including Cochran’s Q test, MR-Egger intercept test, and leave-one-out analysis, were
performed to evaluate the robustness of the results.

Results According to the IVW results, our MR study indicated that genetically predicted COVID-19 was not caus-
ally connected with the risk of CVDs [myocarditis: odds ratio (OR)=1.407, 95% confidence interval (C)=0.761-
2602, p-value=0.277; HF: OR=1.180, 95% CI=0.980-1.420, p-value =0.080; AMI: OR=1.002, 95% C|=0.998-

1.005, p-value =0.241; arrhythmia: OR=0.865, 95% Cl=0.717-1.044, p-value=0.132; VTE: OR=1.013, 95%
C1=0.997-1.028, p-value =0.115]. The supplementary MR methods showed similar results. Sensitivity analyses sug-
gested that the causal estimates were robust.

Conclusion This two-sample MR analysis did not provide sufficient evidence for a causal relationship
between COVID-19 and the risk of acute CVDs, which may provide new insights into the prevention of acute CVDs
in COVID-19 patients.
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Introduction

Coronavirus disease 2019 (COVID-19), a global pan-
demic caused by severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2), can lead to acute respira-
tory distress syndrome (ARDS), multi-organ failure and
even death, hence posing a major threat to the health of
millions of people worldwide.

Increasing evidence from epidemiological stud-
ies showed that COVID-19 was associated with an
increased risk of cardiovascular diseases (CVDs) [1].
Several studies demonstrated that COVID-19 increases
the risk of CVDs such as myocarditis, acute coronary
syndrome (ACS), heart failure (HF), and arrhythmia
[2, 3]. COVID-19 patients accompanied by CVDs have
increased mortality and may develop post-COVID syn-
drome, with symptoms persisting into the recovery
period or even longer [4]. CVDs following vaccination
have emerged as a new obstacle in our efforts to bring
an end to the pandemic [5].

A comprehensive understanding of the relation-
ship between COVID-19 and CVDs can guide preven-
tion and treatment strategies. It is necessary to further
explore the causal association between COVID-19
and CVDs. COVID-19 has long been recognized as an
important risk factor for CVDs [6]. The associations
between COVID-19 and CVDs have been observed, but
the genetic association has not been proven.

The conventional observational studies were inevita-
bly subject to various confounding factors and reverse
causation. Indirect associations due to common con-
founders shared by COVID-19 and CVDs might trig-
ger the association between COVID-19 and CVDs.
COVID-19 patients are often accompanied by multiple
metabolic disorders, including obesity, blood glucose
disturbances, and dyslipidemia, which might synergisti-
cally increase the risk of CVDs [7]. In addition, several
common pathophysiological mechanisms may contrib-
ute to the development of CVDs in COVID-19 patients,
such as excessive inflammatory response, coagulation
dysfunction, endothelial cell damage, and oxygen sup-
ply and demand imbalance [8-10]. Therefore, whether
COVID-19 would causally contribute to CVDs is still
inconclusive.

Mendelian randomization (MR) analysis is an epide-
miological method that uses phenotypic-associated sin-
gle nucleotide polymorphisms (SNPs) as instrumental
variables to assess the causal relationship between expo-
sure and outcomes [11]. As SNPs are randomly assigned
at meiosis and fixed after fertilization, MR analyses are
less likely to be influenced by confounding factors and
reverse causality than traditional observational studies
[12]. MR analysis has become an excellent and powerful
tool for causal inference.
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There is evidence that COVID-19 may exacerbate pre-
existing CVD symptoms in the acute phase, increase the
risk of CVD onset, and even trigger CVD sequelae in the
context of long COVID. The global burden of cardiovas-
cular disease and its impact on healthcare systems will
increase significantly. The causal relationship between
COVID-19 and CVDs should be explored to develop evi-
dence-based therapies or preventive strategies.

In this study, we performed a two-sample MR analysis
to investigate the causal relationship between COVID-19
and the risk of CVDs, including myocarditis, heart failure
(HF), acute myocardial infarction (AMI), arrhythmia and
venous thromboembolism (VTE).

Methods

Study design and Instrumental variable selection

Publicly accessible GWAS summary data (https://gwas.
mrcieu.ac.uk) were applied to assess the causal relation-
ship between COVID-19 and CVDs by using a two-sam-
ple MR analysis. The flowchart of this study is presented
in Fig. 1. In this MR analysis, COVID-19 and CVDs
were served as exposure and outcome, respectively.
Three assumptions must be satisfied when using the MR
method: 1) the selected IVs must be strongly associated
with the exposures; 2) the selected IVs should be inde-
pendent of confounding factors that may affect the asso-
ciation between the exposure and the outcome; 3) the
selected IVs could only influence the outcomes via the
exposure of interest, not via other pathways [13].

SNPs strongly associated with COVID-19 were
extracted as candidate IVs (p<5.0x107%) and SNPs were
disregarded if they showed linkage disequilibrium (link-
age disequilibrium 72<0.001, within 10-Mb distance),
were palindromic with intermediate allele frequencies, or
were not available in the outcome GWAS data. In addi-
tion, proxy SNPs were not included in the analysis. F sta-
tistics were calculated to assess the strength of IVs, and
only SNPs with an F statistic > 10 were considered reliable
IVs for COVID-19. The F-statistic is expressed as R*(n-
1-k)/(1-R?k. In the formula, R% K, n refers to the inter-
preted variance of the I'Vs, the number of I'Vs for analysis,
and the number of samples, respectively. Detailed infor-
mation on those IVs is shown in Supplementary Table 1.
The PhenoScanner database [14] was used to exclude
instrumental variables related to various confounding
factors.

A set of sensitivity analyses including Cochran’s Q sta-
tistic, MR-Egger intercept tests, leave-one-out (LOO)
analyses were performed to evaluate the robustness
of the results [15]. All the original studies in this study
obtained ethical approval and informed consent. This
study was conducted based on the latest (STROBE-MR)
guidelines [16].
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GWAS dataset of CVDs
> Myocarditis 829 cases and 217,963 controls

~ >HF 47,309 cases and 930,014 controls

> AMI 3927 cases and 333,272 controls
>arrhythmia 17,861 cases and 194,592 controls
>VTE 4620 cases and 356,574 controls

> genome-wide significance, p< 5x10 %

> Clump r? <0.001, window size=10,000kb
>Harmonize data and remove palindromic SNPs
>Exclude pleiotropic SNPs

> Minor allele frequency> 0.01

>F statistic >10

confounders
IVs Exposure Outcome
SNPs COVID-19 CVDs

To explore the causal relationship between COVID-19 and CVDs

Fig. 1 Flowchart of this Mendelian randomization study. IVs, instrumental variables; COVID-19, coronavirus disease 2019; GWAS, genome-wide
association study; CVDs, cardiovascular diseases; HF, heart failure; AMI, acute myocardial infarction; VTE, venous thromboembolism

COVID-19 and CVDs data sources

The GWAS summary-level data for COVID-19 and
CVDs were extracted from the IEU open GWAS pro-
ject (https://gwas.mrcieu.ac.uk). GWAS data for
COVID-19 were derived from the COVID-19 Host
Genetics Initiative, which conducted a meta-analy-
sis of 1683,768 samples and 8660,177 SNPs [17]. For
the CVDs datasets, GWAS data for HF was obtained
from the European Bioinformatics Institute compris-
ing 977,323 samples and 7,773,021 SNPs. Myocarditis
data was retrieved from a public GWAS meta-analysis,
including 218,792 samples and 16,380,466 SNPs. The
summary-level data for AMI and VTE was obtained
from the UK Biobank. The AMI dataset included
337,199 samples and 10,894,596 SNPs, while the VTE
dataset included 361,194 samples and 11,901,177 SNPs.
Summary statistics for arrhythmia were derived from
East Asian descendants, comprising 212,453 samples
and 8,885,805 SNPs. Detailed information of GWAS
data was summarized in Table 1. Detailed information

for the genetic variants was provided in Supplementary
Table 1.

MR analysis

In this two-sample MR analysis, we used five methods
[inverse-variance weighted (IVW), weighted-median
estimation, MR-Egger, simple mode, and weighted
mode] to investigate the causal relationship between
COVID-19 and CVDs [18]. The IVW analysis is the
primary method in our MR study because it provides
the most convincing estimates when the directional
pleiotropy of the I'Vs is absent [19]. The simple median
predicts causal effects with less than 50% of the infor-
mation comes from valid IVs, and the weighted median
method requires more than 50% of valid IVs [20]. The
MR-Egger method provides a consistent estimate of the
causal effect under a weaker assumption-the InSIDE
(INstrument Strength Independent of Direct Effect)
assumption [21].
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Table 1 Description of data sources about the MR analyses

Trait Dataset Sample size (Cases/Controls) SNPs Population
COVID-19 ebi-a-GCST011073 38,984/1,644,784 8660,177 European
Myocarditis finn-b-19 829/217,963 16,380,466 European
Heart failure ebi-a-GCST009541 47,309/930,014 7,773,021 European
Acute myocardial infarction ukb-a-533 3,927/333,272 10,894,596 European
Arrhythmia bbj-a-86 17,861/194,592 8,885,805 East Asian
Venous thromboembolism ukb-d-19 4,620/356,574 11,901,177 European

Heterogeneity, pleiotropy and sensitivity analysis

In order to detect heterogeneity, IVW method and
MR-Egger regression were adopted, and heterogeneity
was quantified by Cochran’s Q statistic. If the P-value
was greater than 0.05, indicating no heterogeneity, the
fixed-effects IVW method was considered as the main
method; otherwise, the random-effects model was used
[22].

MR-Egger intercept tests was performed to evaluate
the possibility of horizontal pleiotropy. The deviation of
the MR-Egger intercept from zero determines whether
there exists a horizontal pleiotropy, and p>0.05 indi-
cates no pleiotropy [23]. The MR Pleiotropy REsid-
ual Sum and Outlier (MR-PRESSO) test was also
conducted to assess the presence of horizontal pleiot-
ropy [24].

Furthermore, we utilized the leave-one-out analysis
to assess whether the causal effect was influenced by
a single SNP, thereby assessing the robustness of the
result.

Statistical analyses

All statistical analyses were carried out using the “MR-
PRESSO” and “TwoSampleMR” packages in R software
(Version 4.1.2). Bonferroni correction was applied to
avoid false-positive results brought by multiple tests.
P<0.05 but above the Bonferroni corrected statisti-
cal significance was defined as suggestive evidence for
potential causal associations. Two-tailed P-value <0.05
was considered statistically significant if not other-
wise stated. Power calculation for this MR study was
obtained via an online web tool (https://sb452.shiny
apps.io/power/).

Results

The results of instrumental variable selection

Following a series of screening criteria described
above, a total of 7 myocarditis-associated SNPs,
5 HF-associated SNPs, 7 AMI-associated SNPs, 6

arrhythmia-associated SNPs and 7 VTE-associated
SNPs were retained for the two-sample MR analyses.
The F-statistic of all selected SNPs was greater than
10, indicating no weak instrument bias. Details of the
selected IVs are shown in Supplementary Table 1.

Causal effect of COVID-19 on the five CVDs

The results based on the IVW method showed no evi-
dence to support a causal relationship between COVID-
19 and the risk of CVDs (myocarditis: OR 1.407, 95%
CI 0.761-2.602, p-value=0.277; HF: OR 1.180, 95% CI
0.980-1.420, p-value=0.080; AMIL: OR 1.002, 95% CI
0.999-1.005, p-value =0.241; arrhythmia: OR 0.865, 95%
CI 0.717-1.044, p-value=0.132;VTE: OR 1.013, 95%
CI 0.997-1.028, p-value=0.115) (Table 2 and Fig. 2).
Summary results of MR estimates are shown in Fig. 2.
Detailed result of MR estimates was showed in Table 2
and Fig. 3. The results of the MR-Egger, weighted median,
simple mode, and weighted mode analyses were consist-
ent with the IVW method (Fig. 2). The scatter plot shows
no causal relationship between COVID-19 and CVDs
(Fig. 4).

Heterogeneity, pleiotropy and sensitivity analysis

By combining Cochran’s Q p- value in IVW and MR-
Egger methodswith the funnel plot, we assessed the het-
erogeneity among the selected SNPs. The results showed
that there was heterogeneity in the selected SNPg in
the HF and VTE datasets, and the random-effects IVW
model was used to investigate the causality (Table 3).
No significant heterogeneity was observed among the
selected SNPs in the myocarditis, AMI and arrhythmia
datasets and fixed-effects IVW method was chosen to
explore the causality (Table 3). The funnel plot showed
the results of heterogeneity among the selected SNPs
(Fig. 5).

The results of MR-Egger regression and MR-PRESSO
test showed that there was no horizontal pleiotropy
across SNPs in the causal estimates (myocarditis: inter-
cept=0.100, p-value=0.339; HF: intercept=0.008,
p-value=0.822; AMI: intercept= —8.16 x 107>,
p-value=0.876; arrhythmia: intercept=0.0287,
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Table 2 MR analysis of the causal relationship between COVID-19 and CVDs
Outcomes(CVDs) Methods No of SNPs OR (95% Cl) P value
Myocarditis MR Egger 7 0.440 (0.047-4.136) 0.505
Weighted median 7 1.278 (0.644-2.536) 0.482
Inverse variance weighted 7 1407 (0.761-2.602) 0.277
Simple mode 7 0.891 (0.285-2.782) 0.849
Weighted mode 7 1.171(0461-2.977) 0.751
Heart failure MR Egger 5 1.084 (0.534-2.201) 0.837
Weighted median 5 1.046 (0.906-1.208) 0.537
Inverse variance weighted 5 1.180 (0.980-1.420) 0.080
Simple mode 5 1.006 (0.806~1.255) 0.963
Weighted mode 5 0.995 (0.837-1 183) 0.961
Acute myocardial infarction MR Egger 7 1.003 (0.992-1.014) 0.642
Weighted median 7 1.001 (0.997-1.004) 0.744
Inverse variance weighted 7 1.002 (0.999-1.005) 0.241
Simple mode 7 0.999 (0.994-1.006) 0.902
Weighted mode 7 0.999 (0.995-1.005) 0.999
Arrhythmia MR Egger 6 0.651(0.361-1.174) 0.227
Weighted median 6 0.829 (0.689-0.997) 0.046
Inverse variance weighted 6 0.865 (0.717-1.044) 0.132
Simple mode 6 0.822 (0.624-1.082) 0.221
Weighted mode 6 0.807 (0.654-0.996) 0.102
Venous thromboembolism MR Egger 7 1.024 (0.972-1.079) 0414
Weighted median 7 1.002 (0.998-1.006) 0.302
Inverse variance weighted 7 1.013 (0.997-1.028) 0.115
Simple mode 7 1.003 (0.998-1.007) 0.394
Weighted mode 7 1.002 (0.998-1.006) 0412

p-value=0.375; VTE: intercept=-0.001, p-value=0.672)
(Table 4).

Leave-one-out analysis indicated that causal estimates
between COVID-19 and CVDs were not driven by any
single SNP, confirming the reliability of the MR analysis
(Fig. 6).

The statistical power for the CVDs, including myocar-
ditis, heart failure, AMI, arrhythmias, and venous throm-
boembolism ranged between 80 and 100%, thus affirming
the robustness of the MR results.

Discussion
In this study, we performed a two-sample MR analysis to
explore the potential causal effects of COVID-19 on the
risk of CVDs. Our study provided no evidence of causal
relationships between genetically predicted COVID-
19 and CVDs such as myocarditis, heart failure, AMI,
arrhythmias, and venous thromboembolism. The sensi-
tivity analyses showed no heterogeneity and horizontal
pleiotropy, demonstrating the robustness of the causal
estimation.

How the COVID-19 pandemic affects the preven-
tion and management of CVD is not fully understood.

It is urgent to identify individuals at high risk of CVDs
in order to avoid a large number of excess future CVD
events [25]. Several studies have been conducted to
assess the risk of CVDs in COVID-19 survivors after
SARS-CoV-2 infection [26, 27]. The most common CVDs
among COVID-19 patients are HF, AMI, arrhythmias,
VTE and myocarditis [6, 28—30]. The results of a system-
atic review and meta-analysis suggested an increased risk
of AMI after COVID-19 recovery [31]. The incidence of
DVT in COVID-19 patients varies from 14.8% to 27%
[32, 33]. According to a retrospective cohort study from
23 hospitals in the United States and Europe, the preva-
lence of acute myocarditis was 2.4 cases per 1000 hospi-
talized COVID-19 patients [29]. Arrhythmias have been
recognized as common features of COVID-19 and are
associated with poorer outcomes [34]. Heart failure was
observed in 23% of COVID-19 patients, and the propor-
tion of HF was higher in non-survivors than in survivors
[35, 36].

Several possible mechanisms associated with CVDs
in COVID-19 patients include oxidative stress, dys-
function of the renin—angiotensin—aldosterone sys-
tem (RAAS), endothelial dysfunction, and systemic
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outcome nsnp method pval OR(95% CI)
Acute myocardial infarction 7 MR Egger 0.642 1.003 (0.992 to 1.014)
Acute myocardial infarction 7 Weighted median 0.748 9 1.001 (0.997 to 1.004)
Acute myocardial infarction 7 Inverse variance weighted 0.241 0 1.002 (0.999 to 1.005)
Acute myocardial infarction 7 Simple mode 0.909 Q 1.000 (0.993 to 1.006)
Acute myocardial infarction 7 Weighted mode 1.000 1.000 (0.995 to 1.005)
Myocarditis 7 MR Egger 0.505 + —> 0.440 (0.047 to 4.136)
Myocarditis 7 Weighted median 0.513 '—;—0—! 1.278 (0.612 to 2.669)
Myocarditis 7 Inverse variance weighted 0.277 »—0—« 1.407 (0.761 to 2.602)
Myocarditis 7 Simple mode 0.857 '—0—' 0.891 (0.267 to 2.977)
Myocarditis 7 Weighted mode 0.736 v—r ] 1.171 (0.486 to 2.822)
Arrhythmia 6 MR Egger 0.227 v— —H 0.650 (0.360 to 1.174)
Arrhythmia 6 Weighted median 0.042 '04 0.829 (0.692 to 0.993)
Arrhythmia 6 Inverse variance weighted 0.132 D-;l 0.865 (0.717 to 1.044)
Arrhythmia 6 Simple mode 0.197 o1 0.822 (0.635 to 1.064)
Arrhythmia 6 Weighted mode 0.116 H -¢ 0.807 (0.647 to 1.007)
Heart failure 5 MR Egger 0.837 '—': — 1.084 (0.534 to 2.201)
Heart failure 5) Weighted median 0.546 "04 1.046 (0.903 to 1.213)
Heart failure 5 Inverse variance weighted 0.080 '-0-« 1.180 (0.980 to 1.420)
Heart failure 5 Simple mode 0.963 '-6-' 1.006 (0.805 to 1.256)
Heart failure 5 Weighted mode 0.962 K 0.995 (0.834 to 1.187)
Venous thromboembolism 7 MR Egger 0.414 1.024 (0.972 to 1.080)
Venous thromboembolism 7 Weighted median 0.306 0 1.002 (0.998 to 1.006)
Venous thromboembolism 7 Inverse variance weighted 0.115 9 1.013 (0.997 to 1.028)
Venous thromboembolism 7 Simple mode 0.396 C 1.002 (0.997 to 1.007)
Venous thromboembolism 7 Weighted mode 0.396 ‘ 1.002 (0.998 to 1.006)

Fig. 2 The MR estimates of the causal effect of COVID-19 on CVDs

immunoinflammatory response [37]. Further research
is needed to identify potential causative relationships
and guide surveillance strategies to address COVID-19
related cardiovascular sequelae.

Our study did not support causal relationship between
genetically determined COVID-19 and CVDs. There
might be other mechanisms rather than genetics that play
an important role in the increased susceptibility to CVDs
in COVID-19 patients. The increased susceptibility to
CVDs in COVID-19 patients may be related to hyper-
inflammatory response, endothelial dysfunction and
immunothrombosis [38]. SARS-CoV-2 infection causes
a characteristic hyperinflammatory response referred to
as the “cytokine storm” [39]. Systemic inflammation trig-
gered by inflammatory mediators, neutrophils, neutro-
phil extracellular traps (NETs), and proteolytic enzymes
can lead to multiple organ failure syndrome and even
death in COVID-19 patients [40].

Endothelial dysfunction and immunothrombosis
were suggested to be the key pathogenic mechanisms
of COVID-19 [38]. It has been reported that endothe-
lial dysfunction may be the potential pathogenesis of
cardiovascular dysfunction induced by COVID-19 [41].

00511522583

SARS-CoV-2 infection and the consequent endothelii-
tis cause multiple instances of endothelial dysfunction,
including altered vascular tone, oxidative stress, inflam-
mation/leukocyte adhesion, endothelial mesenchymal
transition (EndoMT) and mitochondria dysfunction [42,
43]. Exacerbation of endothelial dysfunction in COVID-
19 may act as a trigger for immunothrombosis, leading
to organ hypoperfusion and cardiovascular thrombotic
events [44].

An important pathophysiological feature of COVID-
19 is the development of a prothrombotic state. SARS-
CoV-2 infection induces immunothrombosis, in which
activated neutrophils and monocytes interact with plate-
lets and the coagulation cascade, leading to microvas-
cular and macrovascular thrombosis [45, 46]. NETs can
promote thrombosis by triggering platelet activation and
adhesion, activating complement, binding to fibrinogen
and von willebrand factor (VWF) [47, 48]. In addition,
NETs can initiate thrombosis by activating the extrinsic
coagulation pathway through tissue factor (TF) produc-
tion and the contact-dependent coagulation pathway via
the activation of coagulation factor XII (FXII). Further-
more, NETs contribute to thrombosis through inhibition
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Fig. 3 Forest plots of causal relationship of genetically predicted COVID-19 with the risk of CVDs

of TF pathway inhibitor (TFPI) and fibrinolysis. Hypoxia-
induced release of P-selectin and vWF by endothelial
cells contributes to the recruitment and activation of
neutrophils, whereby released NETs form a scaffold for
binding of platelets, erythrocytes, fibrin, and coagulation
factors, further promote thrombosis [49, 50]. Platelet-
neutrophil aggregates (PNAs) express high TF levels and
are linked to intravascular coagulation and thrombosis in
COVID-19 [51]. Excessive immunothrombosis can lead
to a vicious cycle of microthrombosis and inflammation,

which eventually progresses to thromboinflammation in
COVID-19 [52].

The long-term cardiovascular effects of COVID-19
remain incompletely understood. A comprehensive
assessment of the causality between COVID-19 and
CVDs can improve risk stratification, develop targeted
therapies and optimize the application of healthcare ser-
vices. A coordinated and interdisciplinary approach may
be needed to manage long COVID-19 patients, such as
close follow-up by healthcare professionals.
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Fig. 4 Scatter plots of the causal effect of COVID-19 on the risk of CVDs. A myocarditis; (B) heart failure(HF); (C) acute myocardial infarction (AMI);
(D) arrhythmia; (E) venous thromboembolism (VTE). Each black dot represents a single nucleotide polymorphisms (SNP) significantly associated
with COVID-19.The gray lines around the dot represent the 95% confidence intervals (Cl) of each SNP. The slope of the line represents the causality
of the different MR methods. The x-axis represents the SNPs effects on COVID-19, and the y-axis represents the SNPs effects on CVDs susceptibility

The present study has several strengths. The main
advantage is that we performed a two-sample MR analy-
sis that provided new insights into the causal relationship
between COVID-19 and acute CVDs. The application of
the MR method can reduce bias from confounding fac-
tors and reverse causality, thereby providing genetic
estimates of causality. Additionally, we used five comple-
mentary MR methods to thoroughly explore the causality

and performed sensitivity analyses to verify the robust-
ness of the results. Of note, the GWAS summary sta-
tistics for COVID-19 and CVDs improved the statistic
power for this study.

However, there are also some limitations to our study.
First, as severity-stratified information were not pro-
vided by the COVID-19 Host Genetics Initiative, we
were unable to identify a causal relationship between
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Table 3 Evaluation of the heterogeneity using the Cochran’s Q

test
CVDs MR-Egger vw

Q Pvalue Q Pvalue
Myocarditis 6.362 0.273 7.782 0.255
Heart failure 15.859 0.001 16177 0.003
Acute myocardial infarction 8.858 0.115 8905 0.179
Arrhythmia 8396 0.078 10493 0.062
Venous thromboembolism  193.149  <0.001 200940  <0.001

MR Method
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hospitalized COVID-19/critical respiratory COVID-
19 and CVDs. The lack of subgroup data for COVID-19
may limit the generalizability of our findings. Secondly,
GWAS data from the COVID-19 Host Genetics Initiative
in this study were mainly derived from European ances-
try. As ethnic and racial minorities are disproportionately
affected by the COVID-19 pandemic, the population
stratification may increase bias in estimates of causality.
Non-European descent are needed to clarify the causal
relationship between COVID-19 and CVDs in the future
studies. Thirdly, the relatively small sample size, such as
cases of myocarditis, may have influence on the inference

Inverse variance weighted

MR Egger
A myocarditis

1/sEw

c acute myocardial infarction

g venous thromboembolism

ol od 0t 008 o4

B

B heart failure

1/sEw

D arrhythmia

1/SEwn

Fig. 5 Funnel plots of the causal effect of COVID-19 on the risk of CVDs. A myocarditis; (B) heart failure(HF); (C) acute myocardial infarction (AMI);

(D) arrhythmia; (E) venous thromboembolism (VTE)
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Table 4 Evaluation of the pleiotropy using the Egger intercept of causality between COVID-19 and CVDs. Finally, the
analysis causality between COVID-19 and CVDs inferred by MR
analysis needs to be validated in experimental and clini-

CVDs Egger intercept Pvalue o ;
cal studies in the future. A larger, multicenter, and longer
Myocarditis 0100 0339 follow-up study may provide new insights into the causal
Heart failure 0.008 0822 relationship between COVID-19 and CVDs.
Acute myocardial infarction -8.16x107 0.876
Arrhythmia 0.0287 0.374
Venous thromboembolism -0.001 0.672
A myocarditis B heart failure

il Ea 0 o d
Rl
)| -85 IVOCARO_EXNONE' COMD-19 BELEASE ) b2 deba-SCSTONSH

ry.
COMD-18 (RELEASE )| 6 b-3-GOSTOI7S o Myoc

C acute myocardial infarction D arrhythmia

o0ts 01 0 o

WRleme-cre-ou
COVD-19 RELEASE ) b-5.GCST0

E venous thromboembolism

0 0 otz

Fig. 6 Leave-one-out plots of causal estimates of COVID-19 on the risk of CVDs. A myocarditis; (B) heart failure(HF); (C) acute myocardial infarction
(AMI); (D) arrhythmia; (E) venous thromboembolism (VTE)

ol | k29 VTE
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Conclusion

In conclusion, using a two-sample MR analysis, our
study provided no evidence of a causal relationship
between genetically predicted COVID-19 and the risk
of CVDs such as myocarditis, HF, AMI, arrhythmia and
VTE. Other factors, other than genetics, may contrib-
ute to the risk of CVDs in COVID-19 patients.
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