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Abstract
Background: Current research observing inconsistent associations of Corona Virus Disease 2019 (COVID-
19) with heart failure (HF) are prone to bias based on reverse causality and residual confounding factors.
Our aim was to apply a two-sample Mendelian randomization method to investigate whether COVID-19
has a causal effect on HF.

Methods: Twenty-nine single nucleotide polymorphisms (SNPs) were proposed as candidate instrumental
variables (IVs). A total of 3,523 patients with COVID-19 and 36,634 control participants were included in
the genome-wide meta-analysis. We analyzed the largest genome-wide association studies (GWAS) meta-
analysis of heart failure in individuals of European ancestry consisting of 47,309 patients with HF and
930,014 controls. The inverse variance weighted (IVW), the Mendelian randomization-Egger (MR-Egger)
regression, the simple mode (SM), weighted median, and weighted mode were utilized for the MR
analysis to test the stability and a causal effect.

Results: The IVW, MR-Egger regression, SM, weighted median and weighted mode demonstrated there
was no association between the genetically predicted COVID-19 infection and HF risk (OR, 1.004; 95%CI,
0.994-1.014; P=0.467; OR, 1.008; 95%CI, 0.996-1.019; P=0.218; OR, 0.968; 95%CI, 0.924-1.015; P=0.186;
OR, 1.001; 95%CI, 0.988-1.014; P=0.881; OR, 1.001; 95%CI, 0.989-1.014; P=0.836; respectively).

Conclusion: This two-sample Mendelian randomization analysis provided no evidence to sustain the
causality of COVID-19 on HF. 

Introduction
Corona virus disease 2019 (COVID-19), which is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-COV2) and emerged in late 2019, quickly developed into a pandemic [1] around the
world. The clinical scope of COVID-19 infection seems to be signi�cantly wide, including asymptomatic
infection, mild or severe disease, organ failure such as heart failure (HF), and even death [2, 3]. A
considerable number of case studies pointed out that heart damage, such as arrhythmia, cardiac arrest,
and heart failure are the end-stage events of COVID-19 patients [4–6]. The mortality rate of patients with
heart injury is higher than that of patients without heart injury [5–7]. A previous study showed that the vast
majority of acute heart failure cases (77.9%) developed in COVID-19 infection patients without history of
HF [8]. Another retrospective cohort study demonstrated that 52% of HF patients who infected COVID-19
were dying, 12% in those who recovered and were discharged [9]. Some researchers tried to detect the
possible association between COVID-19 infection and HF [10, 11].Cytokine storm, levels of ACE2, and
angiotensin II may be the cause of HF in the COVID-19 infection population [5, 12–14]. Studies based on
endomyocardial biopsy and macrophages showed the SARS-COV2 can reside within the heart myocardial
tissue, however, it does not prove SARS-COV2 plays a direct pathogenetic role in HF [15, 16]. According to
the inconsistent associations of COVID-19 with HF, a clear casual association between HF and COVID-19
infection is needed to further explore.
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Mendelian randomization (MR) has become an analytic method that probing genetic proxies effectively
associated with exposures, and subsequently �nding the association with outcomes through an
intermediate trait. Moreover, MR plays an essential role in disentangling real causal effects from
fallacious associations attributed by confounding and reverse causation bias [17, 18]. If there is a causal
relationship between the exposures and the outcomes, the genetic variation affecting the exposures will
also affect the outcomes. MR has been considered to be a natural mimic of randomized controlled trials,
so it has also been used in cardiovascular research, including heart failure, to detect new underlying
etiological mechanisms and improve our understanding of current treatment methods [19, 20]. This study
aimed to identify common single nucleotide polymorphisms (SNPs) that affect COVID-19 infection in
patients with COVID-19 and to employ the technique of MR to improve the understanding of the possible
causality between COVID-19 infection and HF.

Materials And Methods
SNP identi�cation and data sources

Genetic association datasets for COVID-19

These summarized data were derived from genome-wide association studies (GWAS) analysis of the
latest version about the COVID-19 host genetics program from the UK Biobank individuals, which was
aimed to determine the genetic determinants of COVID-19 susceptibility and the level of severity
(https://www.covid19hg.org/results/) [21]. Including 3,523 patients and 36,634 control participants, 105
studies about COVID-19 have joined this program. These studies are carried out all over the world,
including countries in Europe, America, Asia, and Africa.

Genetic association datasets for heart failure

We obtained the association between the speci�c SNPs and HF from the current largest GWAS meta-
analysis of HF in people of European descent [22]. The GWAS meta-analysis, which was conducted by the
Heart Failure Molecular Epidemiology for Therapeutic Targets Consortium included 26 studies (17
population cohorts studies, 38,780 HF cases, 893,657 controls and 9 case-control studies, 8,529 cases,
36,357 controls), 47,309 patients with heart failure, and 930,014 control group [22]. This GWAS meta-
analysis was adjusted according to gender, age, and main components. In all cohort studies, heart failure
was assessed using at least one of the following methods: discharge registration, cause of death
registration, or physician decision/diagnosis. Due to insu�cient power, GWAS was not strati�ed
according to etiological subtypes. All participants obtained informed consent, and the related ethics
committees all approved these studies.

MR analysis

In the main analysis of MR analysis, we used the standard inverse-variance weighted (IVW) method to
estimate the overall causal relationship between COVID-19 susceptibility to HF [23]. By using this method,

https://www.covid19hg.org/results/
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the causal effect of exposure on the outcome is estimated as the ratio of the SNP outcomes associated
with the exposures (Wald estimate). According to Mendel's law of inheritance, MR assumes that SNPs are
randomly distributed in the general population (separation, independent classi�cation), simulating the
process of randomization, SNP always appears before the disease, so reverse causality can be effectively
eliminated. To ensure a valid inverse weighted variance method within the MR analysis process, three
signi�cant assumptions need to be proved: (1) the SNPs have a robustly relation with COVID-19 (the
exposure), (2) the SNPs are in complete independence from any potential confounding factors that
in�uence both COVID-19 and HF, and (3) the SNPs exert in�uence on HF (the outcome) only by COVID-19
(the exposure) and not via any alternative causal pathways (Figure 1) [24, 25].

The standardized utilization of MR is a single-sample MR, conducted in a group of people, including
intact data on the SNPs, exposure, and results of all participants [19]. According to the rare statistics in
single-sample MR, the two-sample MR was developed to enable analysis in two independent samples,
one for focusing on exposures and the other for outcomes [24]. In our study, we performed the IVW, the
Mendelian randomization-Egger (MR-Egger) regression, the simple mode (SM), weighted median and
weighted mode. These �ve two-sample MR methods were performed by the "Two-sample MR" package in
R (version 4.0.3) [23, 26]. The related analysis was all one-sided, and the evidence of causal relationship
was announced when a pre-speci�ed p-value is lower than 0.05.

According to the superiorities of each MR, these �ve means can make up a de�ciency of each other and
provide a more credible causal relationship for our research. In a two-sample MR analysis, we applied the
IVW method to analyze the associations between genetically predicted COVID-19 infection and HF. The
MR-Egger method was used for the estimation of accidental effects and evaluation of directed pleiotropy
under weaker assumptions. When 50% or more of the genetic variations are valid instrumental variables,
the median-based method can give a reliable effect estimate, which may be more suitable than the MR-
Egger method. The weighting method provides a more accurate causal estimation based on more weight
analysis. The simple mode help to avoid the effect of pleiotropic effects in causal reasoning and omit
part of the genetic variation from the analysis. Compared with the traditional MR analysis, the robust
method estimates the causal effects consistently under weaker assumptions.

Traditional IVW methods are the appropriate method to use aggregated data from GWAS. We used it to
initially estimate the impact of COVID-19 on HF [23]. Firstly, we performed the IVW average of SNP-speci�c
associations with �xed effects in HF. If some tools in the causal reasoning hypothesis based on MR
analysis are invalid, the analysis gives a biased estimate [27]. Secondly, we resolved the �rst hypothesis
(the true relation between SNPs and COVID-19) by choosing SNPs that robustly predicts COVID-19, and
the gene variants that act as COVID-19 agents are likely to satisfy the second hypothesis (there are no
confounding factors). We employed the MR-Egger regression to investigate directional pleiotropy to
evaluate the potential violation of the third assumption. Subsequently, we created a scatter plot to
visually detect the potential pleiotropy by showing the association between each SNP and HF risk against
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associated with COVID-19. Sensitivity analysis were conducted by using the MR-Egger regression, and
weighted median, to explain the potential violation of the effective tool variable hypothesis.

Results
Causal association of COVID-19 with HF via forwarding MR. In the current MR analysis, we employed 29
independent SNPs of COVID-19 as the instrumental variables. The associations of genetically predicted
COVID-19 with HF based on the IVW method are presented in Table 1. The odds ratio (OR) with a
horizontal line shown in the forest plot (Fig. 2) represents the HF risk of COVID-19-related SNP alleles with
95% con�dence intervals (CIs). The results of the present two-sample MR study showed that COVID-19
was associated with HF as risk factors (p = 0.005 for rs116736195 and p = 0.005 for rs147516281),
however, the total impact of 29 SNPs was negative.
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Table 1
Summarized data for the genetic variants associated with COVID-19.

SNP Chr. ‘Short’ Allele ‘Other’ Allele Beta Estimate SE Discovery p

rs3136704 1 A G -0.0152 0.0125 0.2238

rs3136705 1 T C -0.0146 0.0125 0.2445

rs57136622 1 T C -0.0121 0.0125 0.334

rs2093932 1 T C -0.0057 0.0264 0.83

rs112340499 1 C G -0.0131 0.0189 0.4889

rs73121428 1 T C 0.0036 0.0198 0.8545

rs12133284 1 T A -0.0057 0.0105 0.5868

rs6736835 2 A C 0.0039 0.0194 0.8388

rs116513329 2 T C 0.0081 0.0257 0.7517

rs56248709 3 T C 0.0058 0.0119 0.625

rs12641246 4 A C -0.0022 0.0129 0.8653

rs184148704 4 A G -0.0195 0.047 0.6784

rs181349760 4 A G -0.0242 0.0354 0.4941

rs147516281 5 T C 0.0708 0.0253 0.005079

rs116736195 5 A G 0.0708 0.0253 0.005079

rs150253438 6 T G -0.0122 0.032 0.7024

rs77101489 6 A G 0.0224 0.0355 0.5277

rs147259357 6 A T -0.0218 0.0513 0.6707

rs62436931 6 C T -0.0028 0.0149 0.8501

rs17092129 8 A G -0.022 0.0401 0.5837

rs143530761 10 T C 0.0282 0.0274 0.3032

rs80066318 13 T C 0.0001 0.0339 0.998

rs112981919 15 T C -0.017 0.0627 0.7869

rs75631133 16 C T 0.0006 0.0392 0.9877

rs35746115 17 A C 0.0074 0.0095 0.4366

rs12950851 17 T C 0.009 0.0097 0.352

SNP: single nucleotide polymorphism; Chr.: chromosome; SE: standard error.
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SNP Chr. ‘Short’ Allele ‘Other’ Allele Beta Estimate SE Discovery p

rs13346571 19 G A 0.0059 0.0081 0.4611

rs8116527 20 A G -0.0048 0.0089 0.5923

rs118178636 22 T G -0.0144 0.0299 0.6294

SNP: single nucleotide polymorphism; Chr.: chromosome; SE: standard error.

 

The scatter plot (Fig. 3) shows the association of each allele with heart failure and corresponds to one
standard deviation of COVID-19 (the 95% CI of each SNP is represented by vertical and horizontal black
lines). Odds ratios for the association between COVID-19 and HF using different methodological
approaches are presented in Table 2.

Table 2
The association between COVID-19 and HF of odds ratios using different methodological approaches.

  OR (95% CI) P SE

IVW 1.004(0.994,1.014) 0.467 0.005

MR-Egger 1.008(0.996,1.019) 0.218 0.006

SM 0.968(0.924,1.015) 0.186 0.024

Weighted Median 1.001(0.988,1.014) 0.881 0.007

Weighted Mode 1.001(0.989,1.014) 0.836 0.007

IVW: the inverse variance weighted method; MR-Egger: the Mendelian randomization-Egger method;
SM: simple mode; OR: odds ratio; CI: con�dence interval; P: p-value; SE: standard error.

 

IVW assessment demonstrated there was no relation between the genetically instrumented COVID-19 risk
and HF (OR, 1.004; 95%CI, 0.994–1.014; P = 0.467), without obvious heterogeneity (P = 0.599). There were
also no associations when using the weighted median method (ORs, 1.001; 95% CI, 0.988–1.014). In the
analysis, we used estimates based on weighted modes, and the results showed that the ORs were 1.001
(95% CI 0.989–1.014). The MR-Egger regression analysis did not reveal any signs of directional
pleiotropy for COVID-19 (intercept=-0.004; p = 0.673), and provided no evidence to support the causality
between COVID-19 and HF (OR, 1.008; 95% CI 0.996 to 1.019; P = 0.218). An analysis using the simple
mode-based estimate, the ORs were 0.967 (95% CI 0.924–1.015). In general, the above �ve MR detection
models all showed that there is no causal relationship between COVID-19 and HF.

Discussion
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To make known the causality of COVID-19 on HF, we performed Mendelian randomization analysis of
these two samples using publicly aggregated GWAS data. With genetic variants as proxies for COVID-19,
the present study only showed COVID-19 was correlated with HF to a certain extent; however, no causal
effect of COVID-19 on HF risk was observed. Although the association between COVID-19 and HF is
unlikely to be causal, infection of COVID-19 might be a predictor for the incidence of HF in the general
population.

Some retrospective studies have shown that after acute respiratory distress syndrome (ARDS), respiratory
failure, and sepsis, HF was the most frequent clinical manifestation of COVID-19 [9, 28]. As a possible
severe consequence of COVID-19 related myocardial injury [29, 30], HF is accompanied by high mortality
[13]. Meanwhile, HF patients are at especially increased risk due to their reduced immunity, general frailty,
and reduced hemodynamic ability to cope with more severe infections. It was reported that in HF patients,
monocytes seem to produce more tumor necrosis factor α (TNF-α) and less interleukin-10(IL-10) than
healthy subjects [31]. TNF-α and IL-10 play different roles in the process of in�ammation. TNF-α is one of
the most important pro-in�ammatory cytokines. It regulates blood coagulation, promotes oxidative stress
in in�ammatory areas, and indirectly causes fever [32]. The IL-10, a cytokine with anti-in�ammatory
properties, plays a central role in infection by limiting the immune response to pathogens and preventing
damage to the host [33]. Patients with cardiovascular diseases are more prone generally to a viral illness
and thus constitute already a high-risk group. Despite previous observational studies showing an
association between COVID-19 and HF, such relevance has not been �rmly endorsed whether COVID-19
plays a causal role in HF. MR study, an IV-based method to infer the causality between intermediate
phenotypes and disease, has been widely conducted in HF research [22].

Although a few cases of direct virus-related myocarditis and may subsequently result in HF, other
mechanisms are responsible for myocardial injury or HF in the most of COVID-19 patients, rather than
direct viral infection alone [15, 29, 34–36]. So far, few cases of COVID-19 related acute myocarditis are
described in the literature. In some cases, SARS-CoV-2 was shown within macrophages, but not in
cardiomyocytes. Furthermore, endomyocardial biopsy showed only low-grade interstitial myocardial
in�ammation and speci�c changes of cardiac myocytes with myo�brillar lysis and lipid droplets [37].
These �ndings showed the virus could reside within the heart but does not prove that it has a direct
pathogenetic role in HF [15, 16]. Our novel results �rstly indicate that COVID-19 has no causal effects on
the risk of HF, which are consistent with previous studies [15, 16]. These �ndings implied the physicians
should treat COVID-19 as genuine confounders and pay more attention to other factors in high-risk
individuals.

Our MR research has several advantages. First, this is the �rst study of the causal relationship between
COVID-19 and HF. Our study investigated the largest GWAS meta-analysis of heart failure with a total of
47,309 cases and 930,014 controls, which minimizes the impact of population strati�cation. Second, we
performed �ve complementary MR methods to prevent reverse causal bias and to limit potential
confounding. The result of this study was a robust multiple sensitivity analysis showing that
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confounding is unlikely to explain the observed association. Third, multiple SNPs are used as a tool to
study COVID-19, which makes it possible to detect HF risk and provide a powerful genetic tool for COVID-
19 infection.

Some potential limitations also exist in our study. First, we cannot effectively evaluate the compensation
mechanism, which weakens the estimate and thus reduces the accuracy. Second, the GWAS meta-
analysis of HF is limited to European descent, thus hindering universality in the entire population. Third,
although we applied several methods to try to rule out pleiotropy, the association between SNPs and
COVID-19 may still be through other means. Nor can we rule out the common genetic basis between
COVID-19 and HF. These results are only derived from statistical analysis, so doctors must be more
cautious about patients with COVID-19. As a factor for cardiac injury, COVID-19 has proven its value and
even represents a predictor for HF risk [5, 9]. Thus, although our analysis provided no evidence for a causal
association between COVID-19 and HF, it did not preclude the value of COVID-19 infection in HF risk
prediction. In the future, more research on COVID-19 and heart failure is needed to explore the correlation
between COVID-19 and HF from different perspectives.

Conclusions
Our MR analysis uses COVID-19 related SNPs as an instrumental variable extracted from the GWAS data.
The results of the current MR analysis do not support the causal effect of COVID-19 infection (exposures)
on HF (outcome variables). Further bidirectional MR research needs to use data based on individual
levels of different races to elaborate the potential causal relationship between COVID-19 infection and the
risk of HF.

Abbreviations
COVID-19 Corona Virus Disease 2019 HF heart failure SNPs single nucleotide polymorphisms IVs
instrumental variables GWAS genome-wide association studies IVW inverse variance weighted MR-
Egger Mendelian randomization-Egger SM simple mode SARS-COV2 severe acute respiratory syndrome
coronavirus 2 MR Mendelian randomization CIs con�dence intervals ORs Odds ratios ARDS acute
respiratory distress syndrome TNF-α tumor necrosis factor α IL-10
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Figures

Figure 1

MR analysis

Figure 2
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The odds ratio (OR) with a horizontal line shown in the forest plot represents the HF risk of COVID-19-
related SNP alleles with 95% con�dence intervals (CIs).

Figure 3

The scatter plot shows the association of each allele with heart failure and corresponds to one standard
deviation of COVID-19


