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Coronavirus Disease 2019 (COVID-19) originated inWuhan, China in
December 2019and rapidly spreadworldwide. Herein,we conducted
a systematic review and meta-analysis to find the association be-
tween COVID-19 and cardiovascular complications. We conducted a
systematic literature search of the PubMed and Embase databases
from 01 December 2019 to 30 November 2020. We then statistically
analyzed the incidence of cardiovascular complications in COVID-19
patients. We included 3044 confirmed COVID-19 cases from 12 stud-
ies. The most common cardiovascular complications in COVID-19
patients were myocardial injury (21.2%, 95% CI 12.3-30.0%) and ar-
rhythmia (15.3%, 95%CI8.4-22.3%), followedbyheart failure (14.4%,
95% CI 5.7-23.1%) and acute coronary syndrome (1.0%, 95% CI 0.5-
1.5%). The pooled incidence of heart failure, arrhythmia andmyocar-
dial injury in non-survivors were 47.8% (95% CI 41.4-54.2%), 40.3%
(95%CI 1.6-78.9%)and61.7%(95%CI46.8-76.6%), respectively. Also,
the data separately showed significantly higher incidence of heart
failure and cardiac injury in non-survivors (relative risks = 5.13, 95%
CI 2.46-10.7, Z = 4.36, P = 0.017) and (relative risks = 6.91, 95% CI 3.19-
14.95, Z = 4.91, P = 0.009). Myocardial injury and arrhythmia were
the most common complications in COVID-19 patients. Myocardial
injury and heart failureweremore common in patientswho died, re-
gardless of a history of cardiovascular disease. The incidence of heart
failure andmyocardial injurywerehigher in non-survivors compared
to the survivors. Accordingly, in addition to basic support, cardiac re-
actions of patients with confirmed COVID-19 with or without under-
lying cardiovascular diseases should be closelymonitored.
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1. Introduction
Since the first case was reported in December 2019 in

Wuhan, China, the novel coronavirus disease (COVID-19)
has spread and become a global pandemic. Up to Nov 30,
2020, a total of 62,195,274 confirmed cases of COVID-19
have been reported globally, with 93,465 cases in China and
62,101,809 cases outside of China, and 1,453,355 reported
deaths [1]. The pathogen for this disease has been identi-
fied and subsequently named as severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) by the World Health
Organization (WHO).

SARS-CoV-2 resembles SARS-CoV clinically and epi-

demiologically [2], but it appears to be more transmissi-
ble and virulent than SARS and MERS-associated coron-
aviruses. Although respiratory symptoms are one of the com-
mon initial clinical presentation (e.g., dry cough, dyspnea) of
COVID-19, emerging reports have found severe morbidity
and mortality associated with cardiovascular comorbidities
[3].

Some possible mechanisms by which SARS-CoV-2 causes
cardiovascular disease have been proposed. The direct my-
ocardial effects of SARS-CoV-2 may be one of the causes of
adverse cardiac outcomes in COVID-19 patients [4]. SARS-
CoV-2 is thought to enter into the host cell through the hu-
man angiotensin converting enzyme-2 (ACE-2) receptor, a
surface molecule that is localized in arterial smooth muscle,
respiratory tract epithelium, arterial and venous endothelial
cells, intestinal epithelial cells, and immune cells, after the
priming of spike protein by host cell proteases [5, 6]. The
combination of SARS-CoV-2 and ACE-2 can alter the ACE-
2 signaling pathway and directly lead to myocardial injury.

Inflammatory cytokine storm during COVID-19 probably
accelerates the disease progression. A recent case report in-
dicated increased Th17 and high cytotoxicity of CD8 T cells
in COVID-19 [7]. It has been speculated that inflammatory
cytokines released due to dysfunctional immune response in
viral infection partly contribute to cardiac dysfunction, which
in turn leads to systemic inflammation that may trigger rup-
ture or erosion of coronary plaques and arrhythmia [7].

Since alveolar cells have high expression of ACE-2, the
potentially increased transmissibility and severe lung injury
could be the main clinical characteristics. Cardiologists are
also concerned about whether new coronavirus infections
can affect the cardiovascular system. A recent study reported
that COVID-19 can cause heart injury, even in patients with-
out underlying heart problems [4].

To date, many critically ill COVID-19 patients remain
hospitalized. Whether cardiovascular diseases are com-
mon in patients infected with COVID-19 remains uncertain.
Given that cardiovascular complications can predict the dis-
ease progression, we conducted a systematic literature search
for evidence of cardiovascular diseases amongCOVID-19 pa-
tients.

http://doi.org/10.31083/j.rcm.2021.01.238


2. Materials andmethods
2.1 Search strategy and selection criteria

We searched the electronic databases of PubMed and Em-
base from Dec 1, 2019 to Nov 30, 2020 using the keywords
(“2019 novel coronavirus” OR “2019-nCoV” OR “SARS-
CoV-2” OR “COVID-19”) AND (“cardiovascular disease” OR
“cardiac complications” OR “heart failure” OR “arrhythmia”
OR “acute coronary syndrome” OR “myocardial infarction”
OR “atrial fibrillation” OR “myocarditis” OR “hypertension”).
We applied no language restrictions and reviewed the refer-
ences of included articles to extend the search.

A total of 12 articles were included. The inclusion cri-
teria were as follows: (1) patients were confirmed to have
COVID-19; (2) at least one outcome of new cardiovascular
diseases was reported; (3) study sample was larger than 10
patients. We excluded duplicate reports, commentary, case
reports and studies with insufficient information, as well as
studies written in Chinese (to avoid data duplication).

2.2 Study selection, data extraction and synthesis

Two investigators (ZYH and ZL) independently screened
all titles and abstracts identified in our literature search. All
available information, including baseline characteristics and
cardiovascular complications, was recorded using aMicrosoft
Excel database. Any disagreement was resolved by other in-
vestigators (YXC andWP).

2.3 Statistical analysis

All analyses were performed using Microsoft Excel and
Stata software version 14.0. The results of the included stud-
ies were analyzed by the random-effects model or the fixed-
effects model in cases of significant heterogeneity between
studies. The I2 statistic was used to quantify the hetero-
geneity across studies. If the results were homogeneous (I2
< 50%), fixed-effects models were utilized, while if the re-
sults were heterogeneous (I2 ≥ 50%), random-effects mod-
els were used. Summary relative risks (RRs) with 95% CIs
were estimated for the association between survivors and
non-survivors. Publication bias was assessed by a funnel plot
and Begg’s test. A P-value< 0.05 was considered as statistical
significance.

3. Results
3.1 Research selection and quality assessment

The initial search produced 5775 potentially relevant arti-
cles. After deleting duplicate records and primary screening,
57 articles were included in the meta-analysis through full-
text evaluation. Of these, 45were excluded because 43 articles
did not report one new cardiovascular disease complication
of COVID-19 and two were review articles. Finally, a total
of 12 studies with 3044 patients were included in the meta-
analysis [4, 8–18] (Fig. 1). The sample sizes of the selected
studies varied from 41 to 1000 patients. The demographic
data and characteristics of the included studies are shown in
Tables 1,2 .

Fig. 1. Flow diagram showing the process of the systematic search.
The number of studies is the bottom of the flowchart represents that of
the selected studies that were considered eligible for inclusion in this meta-
analysis.

3.2 Primary outcomes

Meta-analysis of the identified studies showed that the
most common cardiovascular complications in COVID-19
patients were myocardial injury (21.2%, 95% CI 12.3-30.0%)
and arrhythmia (15.3%, 95% CI 8.4-22.3%), followed by heart
failure (14.4%, 95% CI 5.7-23,1%) and acute coronary syn-
drome (1.0%, 95% CI 0.5-1.5%). There was a significant het-
erogeneity in the estimates of complications among the iden-
tified studies, with an I2 of 0-96.7% (Fig. 2).

Four studies reported non-survivors. The pooled inci-
dences of heart failure, arrhythmia and myocardial injury in
non-survivors were 47.8% (95% CI 41.4-54.2%), 40.3% (95%
CI 1.6-78.9% ) and 61.7% (95% CI 46.8-76.6%), respectively
(Fig. 3).

We then compared the difference of the prevalence of
heart failure and myocardial injury between survivors and
non-survivors. The result indicated a statistically higher inci-
dence of heart failure in non-survivors compared to the sur-
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Table 1. Main Characteristics of included studies in the meta-analysis.

References Date Number of patients Sex (male) Age
Complications

HF (%) ACS (%) Arrhythmia (%) Myocardial injury (%)

Wang. D.W. et al. [16] 2020.01.01-2020.01.28 138 63 56 (42-68) - - 16.7 7.2
Du et al. [11] 2020.01.09-2020.02.05 85 62 65.8 - 4.9 60 44.7
Huang et al. [4] 2019.12.16-2020.01.02 41 30 49 (41-58) - - - 12
Guo et al. [12] 2020.01.23-2020.02.23 187 91 58.5 - - 7 -
Wan et al. 2020.01.23-2020.02.08 135 72 47 (36-55) - - - 7.4
Wang L. et al. [15] 2020.01.01-2020.02.06 339 165 69 (65-76) 17.4 - 10.4 21
Chen et al. [10] 2020.01.13-2020.02.12 274 171 62 (44-70) 25 (44/177) - - 44 (90/203)
Zhou et al. [17] As of 2020.01.31 191 119 56 (46–67) 23 - - 17
Shi et al. [14] 2020.01.01-2020.03.01 161 104 59.38 5.59 1.24 1.86 -
Lodigiani et al. [13] 2020.02.12-2020.04.10 388 426 66 (55-75) - 1 - -
Argenziano et al. [8] 2020.03.01-2020.04.05 1000 596 63 (50-75) 2.8 (24/850) 0.9 (8/850) 9.3 (79/850) -
Buckner et al. [9] 2020.03.02-2020.03.26 105 53 69 (23-97) - - - 19 (13/67)

HF: heart failure; ACS: acute coronary syndrome.

Table 2. Three studies compared survivor patients and non-survivor patients.

References Number of patients Sex (male) Age
Complications

HF (%) ACS (%) Arrhythmia (%) Myocardial injury (%)

Wang L. et al. [15]
274 (S) 126 68 (64-74) 12.1 - 8.1 11.4
65 (D) 39 76 (70-83) 42.4 - 20.6 65

Chen et al. [10]
161 (S) 88 51 (37-66) 3 (3/94) - - 17 (18/109)
113 (D) 83 68 (62-77) 49 (41/83) - - 77 (72/94)

Zhou et al. [17]
137 (S) 81 52 (45-58) 12 - - 1
54 (D) 38 69 (63-76) 52 - - 59

HF: heart failure; ACS: acute coronary syndrome; S: survivor; D: death.

vivors (RR= 5.13, 95%CI 2.46-10.7, Z = 4.36, P = 0.017). The
heterogeneity test showed I2 = 75.3%. Thus, the random-
effects model was used for the meta-analysis. Similarly, the
data showed a significantly higher incidence of myocardial
injury in non-survivors (RR = 6.91 95% CI 3.19-14.95, Z =
4.91, P = 0.009). The heterogeneity test showed I2 = 78.7%
and the random-effects model was used. A funnel plot was
drawn to detect publication bias (Fig. 4). Begg’s test of heart
failure andmyocardial injury were P = 0.296 > 0.1 and P = 1.0
> 0.1, respectively, which indicated that there was no publi-
cation bias.

4. Discussion
Although COVID-19 is a respiratory disease and respira-

tory symptoms are the initial clinical presentation (e.g., dry
cough, dyspnea), accumulating evidence have suggested that
COVID-19 is closely associated with cardiovascular compli-
cations. Wang et al. found that about 16.7% and 7.2% of
COVID-19 patients developed arrhythmias and myocardial
injury [18], respectively, while Du et al. and Chen et al. found
that 4.9% and 25% of COVID-19 patients suffered from acute
coronary syndrome and heart failure [10, 11]. The higher in-
cidences of cardiac arrhythmias, heart failure-related events
and acute coronary syndromes during seasonal influenza out-
breaks suggests that acute respiratory infections may lead to

cardiovascular issues through proinflammatory effects, acti-
vation of coagulation pathways or endothelial cell dysfunc-
tion [19].

In this systematic review and meta-analysis, myocardial
injury and arrhythmia were the most common complications
in COVID-19 patients, and the incidences of heart failure and
myocardial injury were about five-folds and seven-folds, re-
spectively, which were higher in non-survivors compared to
the survivors. Myocardial injury and heart failure were more
common in non-survivors, regardless of a history of cardio-
vascular disease.

SARS-CoV-2 is an RNA virus, which is a member of the
coronavirus family, similar to SARS-CoV [6]. Reported that
the SARS-CoV RNA was detected in human heart samples
at autopsy, indicating direct invasion of cardiomyocytes by
the virus. They also found a significantly down-regulated ex-
pression of ACE-2, which may explain myocardial dysfunc-
tion and adverse cardiac outcomes in patients with SARS.
TNF-α is a common inflammatory cytokine. The down-
regulation of ACE-2 impedes cardioprotective effects of an-
giotensin 1-7, provokes inflammatory cascade and promotes
TNF-α production [6], which suggest that severe inflamma-
tory response may be mediators of cardiomyocyte damage.
It has been proposed that in patients with SARS, a strong
interferon-mediated response may lead to myocardial dys-
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Fig. 2. Forest plots of incident cardiac complications after COVID-19. Each square shows effect estimate of individual studies with their 95% CI. Size of
squares is proportional to the weight of each study in the meta-analysis. In this plot, studies are shown in the order of publication date and first author’s names.

function [20]. Gaaloul et al. reported that myocardial inflam-
mation caused by viral infection leads to electrophysiological
and structural remodeling or ion channel dysfunction, which
is one of the mechanisms for arrhythmia [21].

The mechanisms of COVID-19 leading to cardiovascu-
lar complications are currently being investigated. First, the
SARS-CoV subfamily is known to enter cells via ACE-2 re-
ceptors, which also causes direct damage to the myocardium
[22], and the higher expression of ACE-2 has been postulated
to enhance susceptibility to SARS-CoV-2 in patientswith hy-
pertension and cardiovascular disease [23]. Second, COVID-
19 causes severe acute systemic inflammatory responses and
cytokine storms that lead to irreversible multi-organ dam-
age. A recent case report indicated increased Th17 and high
cytotoxicity of CD8 T cells in COVID-19 [7]. Also, sys-
temic inflammation leads to increased coronary blood flow
and higher shear stress, which precipitate plaque rupture and
accelerate acute myocardial infarction. Clinical studies have
identified that the risk of acute coronary syndrome signifi-
cantly increase soon after the development of respiratory in-
fections [24]. Hamadeh et al. also reported that a high rate
of thrombotic complications and a very high mortality rate
in patients presenting COVID-19 and ST-Segment elevation
myocardial infarction [25]. Existing evidence suggests that
viral infections may play a role in arrhythmia in COVID-19
patients [21]. Elsaid et al. reported that a patient who in-
fected COVID-19 alone without hydroxychloroquine expe-
rienced long QT interval and polymorphic ventricular tachy-
cardia [26]. Third, hypoxemia probably results in increased
pulmonary arterial pressure and right ventricular afterload,
while impairing myocardial oxygen delivery [27]. In Huang’s

study [4], 32% of COVID-19 patients showed varying de-
grees of hypoxemia and required high-flow nasal cannula or
higher-level oxygen support. Chen et al. also reported that up
to 76% of patients received oxygen therapy [28]. Systemic in-
fection caused by acute respiratory diseases and increased car-
diometabolic demand caused by hypoxia impair myocardial
oxygen demand-supply relationship and promotemyocardial
injury [29]. Lastly, several drugs currently used in the treat-
ment of COVID-19 have deleterious effects on the cardiovas-
cular system [23]. Heart failure, conduction defects and ven-
tricular arrhythmias have been reported during azithromycin
and remdesivir therapy [30, 31]. Chorin et al. [32] also
found that in a significant proportion of patients, treatment
of COVID-19 with hydroxychloroquine/azithromycin pro-
longs the QTc to an extreme degree and increase the risk for
torsade de pointes.

While heart failure, myocardial injury, cardiac arrhyth-
mias and acute coronary syndrome present different clinical
characteristics, they also have shared pathophysiological basis
and risk factors. Clinicians are currently focusing on themost
common and fatal manifestations of COVID-19. However,
cardiac complications are becoming more prevalent with the
progress in the study of COVID-19. In summary, patients
infected with SARS-CoV-2 may face the risk of cardiovas-
cular complications, which influences the development and
prognosis of disease. Briedis et al. have provided sugges-
tions formanagement of acute coronary syndrome during the
COVID-19 pandemic [33]. Moreover, viral infection-related
heart damage should be closely monitored during the course
of COVID-19 treatment.
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Fig. 3. Forest plots of incident cardiac complications after COVID-19 in non-survivors. Each square shows effect estimate of individual studies with
their 95% CI. Size of squares is proportional to the weight of each study in the meta-analysis. In this plot, studies are shown in the order of publication date
and first author’s names.

Fig. 4. Forest plots showing relative risks (RRs) between survivors and non-survivors of COVID-19. Each square shows effect estimate of individual
studies with their 95% CI. Size of squares is proportional to the weight of each study in the meta-analysis. In this plot, studies are shown in the order of
publication date and first author’s names. Funnel plot for publication bias.
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5. Limitations
This study had several limitations. First, in our included

literature, there is no clear definition myocardial injury and
arrhythmia in COVID-19 patients. Second, all of most of the
studies were fromWuhan, China and the possibility of over-
lap was high, so the same patients were likely to be included
in multiple studies. Third, due to the small sample size and
limited time, the data collection was incomplete and most of
the studies did not analyze complications in non-survivors.
Hence, we could not conduct sensitivity analysis and sub-
group analysis. Larger studies are needed to confirm our
findings. Finally, high statistical heterogeneity was found.
All included studies were retrospective and there was risk of
bias in the collected data.

6. Conclusions
Myocardial injury and arrhythmia were the most com-

mon complications in COVID-19 patients. Myocardial in-
jury and heart failure were more common in non-survivors,
with or without a history of cardiovascular disease. The in-
cidence of heart failure and myocardial injury were higher in
non-survivors compared to the survivors. Future studies on
COVID-19 need to specifically describe the mechanisms and
outcomes of various cardiovascular diseasemanifestations, as
well as the cardiovascular effects during pharmacotherapy.
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