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A viral infection can acutely affect the cardiovascular
system, causing an increased risk of acute coronary syn-
dromes, myocardial depression leading to heart failure
(HF) or arrhythmias and myocarditis/pericarditis.! These
complications can be the result of direct invasion of the
heart or they can be mediated by the systemic response,
including an increase in pulmonary or systemic vascular
resistance, systemic inflammation, immune reaction or
reduced oxygen delivery.

Patients with cardiovascular disease (CVD) including
HF are particularly vulnerable to influenza and other
infective diseases of the upper and lower respiratory tract
and are at greater risk of poor outcomes.>* However, the
impact of the recent outbreak of coronavirus disease 2019
(COVID-19) caused by the virus SARS-CoV-2 in patients
with pre-existing cardiovascular morbidity or the risk of
cardiovascular complications has not been extensively
evaluated.

Early data from 1590 subjects with COVID-19 admit-
ted to hospitals in 31 provinces across China show that
CVD and/or risk factors for CVD, likely to be associated
with increased predisposition to HF, was the third most
common co-morbidity in the population. Co-morbidities
(including hypertension or diabetes) were seen more
commonly in severe cases compared to non-severe cases
(33.9% vs. 15.3%, respectively in the case of CVD).*

To what extent the predisposition of subjects with CVD/
risk factors to COVID-19 and adverse outcomes is con-
founded by age and/or other factors has not been fully elu-
cidated. It is well recognised that age is a major factor in
determining outcomes,’ but the concomitant presence of a
cardiovascular co-morbidity may increase age-specific
risk. Case fatality rates for COVID-19 subjects with co-
morbidities in China were substantially higher than those
for the average population, particularly in cases of estab-
lished CVD (10.5% vs. 2.3%),°® with similar data in Italy,
the worst affected country in Europe up to March 2020.

Common complications of COVID-19 include sepsis,
respiratory failure, acute respiratory distress syndrome
and HF. The prevalence of HF is higher in non-survivors
compared to survivors (52% vs. 12%, respectively).’
These data are in line with previous observations made
with other coronavirus outbreaks (particularly severe

acute respiratory syndrome coronavirus) in which left
ventricular performance was affected during the course
of infection, and the impairment appeared to be worse in
more critically ill patients.®

The presence of CVD could be implicated in greater
susceptibility to COVID-19 and/or severity of complica-
tions in a number of ways. Pre-existing HF or risk factors
for HF will predispose subjects to HF as a complication of
any viral infection. More specifically, SARS-CoV-2 uses
angiotensin-converting enzyme 2 (ACE2), expressed by
epithelial cells of the lung, as the receptor-binding domain
for its spike protein to gain entry to the epithelium.” ACE2
(and ACE) gene expression is up-regulated in HF.!® This
could theoretically increase susceptibility to infection. It
has also been speculated that drugs widely used for hyper-
tension, diabetes and HF — such as ACE inhibitors and
angiotensin receptor blockers (ARB) — can lead to up-
regulation of ACE2 (including at the cardiac level'!2)
which could in theory increase susceptibility to the infec-
tion."® However, at present, there is no evidence for this,
and there have been very clear statements from the
American College of Cardiology, American Heart
Association, Heart Failure Society of America and the
British Cardiovascular Society that these drugs should not
be discontinued.'*!3

Whilst up-regulation of ACE2 could lead to increased
susceptibility to infection, it might have a protective effect
on the injury caused by the virus. Binding of SARS-CoV-2
to ACE2 results in down-regulation of ACE2, leading to
greater production of angiotensin II (which may already be
high in patients with HF), since the function of ACE2 is a
negative regulator of the renin—angiotensin—aldosterone

'School of Cardiovascular Medicine and Sciences, King’s College
London, Department of Clinical Pharmacology, St Thomas’ Hospital,
UK

2School of Cardiovascular Medicine and Sciences, King’s College
London British Heart Foundation Centre of Research Excellence, UK

Corresponding author:

Philip J. Chowienczyk, School of Cardiovascular Medicine and Sciences,
King’s College London, Department of Clinical Pharmacology,

St Thomas’ Hospital, Block 5, South Wing, London, SEI 7EH, UK.
Email: phil.chowienczyk@kcl.ac.uk

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jra
mailto:phil.chowienczyk@kcl.ac.uk

Journal of the Renin-Angiotensin-Aldosterone System

system (RAAS) through the inactivation of angiotensin II
to angiotensin (1-7), a potent vasodilator acting through
the Mas receptor.'® Increased angiotensin I may contrib-
ute to increased lung permeability!” and may have adverse
effects on the myocardium'® (although these would usually
be expected to be long term). Thus, up-regulation of ACE2
and blockade of ACE and or angiotensin II receptors could
be protective. Again, it must be stressed that such effects
are entirely speculative. Clinical trials of recombinant sol-
uble ACE2 are planned and will provide more definitive
evidence for the role of ACE2 and the interactions with
RAAS-interfering drugs.

Some coronaviruses are known to invade and injure the
myocardium directly, and the same may be true for SARS-
CoV-2. In a series of 138 hospitalized COVID-19 patients
with pneumonia, 14.5% had pre-existing CVD, and of the
infected subjects, 16.7% developed arrhythmia and 7.2%
experienced acute cardiac injury (as evidenced by a rise in
troponin) in addition to other COVID-19-related compli-
cations.'” However, with the exception of case reports of
fulminant myocarditis, the rise in troponin is in line with
the non-specific cardiac injury seen in systemic infec-
tions.?’ Alternatively, myocarditis may be related to an
acute cytokine storm that appears to occur in the most
severely ill patients rather than being primarily infective.
More data on the incidence and aetiology of possible direct
myocardial injury are required.

In conclusion, the presence of HF/CVD or risk factors
for these conditions may increase susceptibility to the
infection with SARS-CoV-2 and is probably associated
with worse outcomes. Whether this results from the sys-
temic response to the infection or to a specific effect of
SARS-CoV-2 on the cardiovascular system remains to be
established. The role of the RAAS in COVID-19 is an
important factor to be addressed, given its prevalence in
the population with CVD and CVD risk factors.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This work was supported by the British Heart Foundation
(CH/1999001/11735 to A.M.S.), the Department of Health via
a National Institute for Health Research (NIHR) Biomedical
Research Centre award to Guy’s and St Thomas’ NHS
Foundation Trust in partnership with King’s College London
(IS-BRC-1215-20006) and by the AIM HY (Ancestry and bio-
logical Informative Markers in stratification of Hypertension)
stratified medicines programme in hypertension funded by the
Medical Research Council and The British Heart Foundation
(MR/M016560/1).

References

1. Madjid M, Aboshady I, Awan I, et al. Influenza and cardio-
vascular disease: is there a causal relationship? Texas Hear
Inst J2004; 31: 4-13.

2. Udell JA, Zawi R, Bhatt DL, et al. Association between
influenza vaccination and cardiovascular outcomes in high-
risk patients: a meta-analysis. J Am Med Assoc 2013; 310:
1711-1720.

3. Corrales-Medina VF, Musher DM, Shachkina S, et al.
Acute pneumonia and the cardiovascular system. Lancet
2013; 381: 496-505.

4. Guan W, Liang W, Zhao Y, et al. Comorbidity and its impact
on 1,590 patients with COVID-19 in China: A Nationwide
Analysis. medRxiv. Epub ahead of print 27 February 2020.
DOI: 10.1101/2020.02.25.20027664

5. Wu Z and McGoogan JM. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19) out-
break in China: summary of a report of 72 314 cases from
the Chinese Center for Disease Control and Prevention. J
Am Med Assoc. Epub ahead of print 24 February 2020. DOI:
10.1001/jama.2020.2648.

6. Novel Coronavirus Pneumonia Emergency Response
Epidemiology Team. [The epidemiological characteristics
of an outbreak of 2019 novel coronavirus diseases (COVID-
19) in China). Zhonghua Liu Xing Bing Xue Za Zhi 2020;
4192: 145-151.

7. Zhou F, Yu T, Du R, et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet 2020; 736: 1-9.

8. Li SSL, Cheng CW, Fu CL, et al. Left ventricular perfor-
mance in patients with severe acute respiratory syndrome:
a 30-day echocardiographic follow-up study. Circulation
2003; 108: 1798-1803.

9. LuR, Zhao X, Li J, et al. Genomic characterisation and epi-
demiology of 2019 novel coronavirus: implications for virus
origins and receptor binding. Lancet 2020; 395: 565-574.

10. Goulter AB, Goddard MJ, Allen JC, et al. ACE2 gene
expression is up-regulated in the human failing heart. BMC
Med 2004; 2: 1-7.

11. Ferrario CM, Jessup J, Chappell MC, et al. Effect of angi-
otensin-converting enzyme inhibition and angiotensin II
receptor blockers on cardiac angiotensin-converting enzyme
2. Circulation 2005; 111: 2605-2610.

12. Ishiyama Y, Gallagher PE, Averill DB, et al. Upregulation
of angiotensin-converting enzyme 2 after myocardial infarc-
tion by blockade of angiotensin II receptors. Hypertension
2004; 43: 970-976.

13. Esler M and Esler D. Can angiotensin receptor-blocking
drugs perhaps be harmful in the COVID-19 pandemic? J
Hypertens 2020; 38: 781-782.

14. British and Irish Hypertensions Society. BIHS on ACEi/ARB
and Covid19, https://bihsoc.org/wp-content/uploads/2020/03/
BIHS-Statement-on-ACEARB-and-Covid19-16-March-
2020.pdf (accessed 30 March 2020).

15.  American College of Cardiology. HFSA/ACC/AHA statement
addresses concerns re: using RAAS antagonists in COVID-19,
https://www.acc.org/latest-in-cardiology/articles/2020/03
/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-
using-raas-antagonists-in-covid-19 (accessed 30 March 2020).


https://bihsoc.org/wp-content/uploads/2020/03/BIHS-Statement-on-ACEARB-and-Covid19-16-March-2020.pdf
https://bihsoc.org/wp-content/uploads/2020/03/BIHS-Statement-on-ACEARB-and-Covid19-16-March-2020.pdf
https://bihsoc.org/wp-content/uploads/2020/03/BIHS-Statement-on-ACEARB-and-Covid19-16-March-2020.pdf
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19

Faconti et al.

16.

17.

18.

Santos RAS, Simoes AC, Maric C, et al. Angiotensin-(1-7) is
an endogenous ligand for the G protein-coupled receptor Mas
Robson. Proc Natl Acad Sci U S A 2003; 100: 8258-8263.
Kuba K, Imai Y, Rao S, et al. A crucial role of angiotensin
converting enzyme 2 (ACE2) in SARS coronavirus-induced
lung injury. Nat Med 2005; 11: 875-879.

Zablocki D and Sadoshima J. Angiotensin Il and oxidative
stress in the failing heart. Antioxid Redox Signal 2013; 19:
1095-11009.

19.

20.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected
pneumonia in Wuhan, China. J Am Med Assoc 2020; 323:
1061-1069.

Ruan Q, Yang K, Wang W, et al. Clinical predictors of
mortality due to COVID-19 based on an analysis of data of
150 patients from Wuhan, China. Intensive Care Med. Epub
ahead of print 3 March 2020. DOI: 10.1007/s00134-020-
05991-x.





