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T he past 6 months have been dominated by

the highly contagious (R0 of w3) (1) severe
acute respiratory syndrome-coronavirus-2

(SARS-CoV-2) and the highly morbid and mortal coro-
navirus disease-2019 (COVID-19) pandemic that it has
triggered. Early on, specific populations were identi-
fied to be at a greater risk for severe disease. Unsur-
prisingly, those with older age were among those at
greater risk, though also prominent were individuals
with cardiovascular disease (i.e., patients with coro-
nary artery disease, heart failure, and atrial fibrilla-
tion) and even patients with cardiovascular risk
factors (diabetes mellitus and hypertension). The
pathophysiology associated with this increased risk
may be linked to the role of the human angiotensin-
converting enzyme 2 receptor as the portal of cell en-
try by SARS-CoV-2. However, whether the increased
risk is because of the cardiovascular disease itself or
medications used to treat it was initially unclear.
Recent reports have not demonstrated an increased
risk of severe COVID-19 infection associated with
the use of angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers (2,3), and presently
it is not recommended to alter medical therapy for
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patients with cardiovascular disease prior to or dur-
ing COVID-19.
Originally, COVID-19 was believed to be a predom-
inantly respiratory disease; however, mounting evi-
dence has identified that extrapulmonary
manifestations, frequently cardiovascular manifesta-
tions, play a central role in disease progression and
patient outcomes. The most basic evidence of
myocardial involvement is troponin elevation, repre-
senting myocardial necrosis. Early reports from
Wuhan, China, demonstrated a link between troponin
elevation and increased risk for the need for me-
chanical ventilation or mortality (Table 1) (4–6). In this
issue of the Journal, Lala et al. (7) report the preva-
lence, longitudinal change, and risk associated with
troponin I elevation in 2,736 patients admitted to 5
hospitals in New York City. Patients were stratified
into 3 groups based on troponin I level at presentation:
normal (<0.03 ng/ml), low (0.03 to 0.09 ng/ml), and
high (>0.09 ng/ml). Of note, troponin I was elevated in
36% of patients, which is higher than the previous
reports from China. Cardiovascular disease (which
included coronary artery disease, atrial fibrillation,
and congestive heart failure) was more prevalent in
patients with high levels of troponin I than in the other
2 patient groups. Even mild elevations of troponin
were associated with an increased risk of mortality,
with an adjusted hazard ratio of 1.75 (95% confidence
interval: 1.37 to 2.24), while higher levels of troponin
increased the risk of mortality further, with a hazard
ratio of 3.03 (95% confidence interval: 2.42 to 3.80).
In a subgroup of patients with multiple troponin
measurements, mortality was greater in patients with
a rising troponin following admission than in those
in whom the troponin level declined following
admission (7). The current report further supports the
finding that myocardial injury represents a significant
https://doi.org/10.1016/j.jacc.2020.06.045
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FIGURE 1 Interplay of Cardiovascular Disease and SARS-CoV-2
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The interplay of pre-existing cardiovascular disease (arrhythmia, heart failure, coronary artery disease) and severe acute respiratory

syndrome-coronavirus-2 (SARS-CoV-2) (pictured with spike protein binding to angiotensin-converting enzyme 2 receptor) on the heart.

ACE2 ¼ angiotensin-converting enzyme 2; TMPRSS2 ¼ transmembrane protease, serine 2.
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risk for mortality; however, it also reports for the first
time that the severity of myocardial involvement as
assessed by the magnitude of troponin I elevation
further differentiates a patient’s risk for adverse out-
comes. This large observational cohort provides the
opportunity to develop a deeper understanding of
the link between myocardial involvement and risk
factors associated with severe COVID-19. As demon-
strated here, atrial fibrillation, coronary artery
disease, heart failure, diabetes mellitus, and hyper-
tension not only were all significantly associated with
elevated troponin I overall, but also increased in
prevalence as the magnitude of myocardial injury
increased.

Recent reports of a multisystem inflammatory syn-
drome with features of Kawasaki disease in children
have further linked cardiovascular injury to COVID-19
(8). It is possible that the inflammatory syndrome
associated with COVID-19 in general and antibody-
mediated disease in specific may cause vasculitis.

Although cardiovascular disease clearly represents
a risk factor for the development and severity of
COVID-19, cardiovascular disease may also be caused
and exacerbated by COVID-19:

1. Increased risk for myocardial ischemia: The
sympathetic activation, leading to increased
myocardial oxygen demand in conjunction with
hypoxemia with reduced myocardial oxygen
supply, may lead to imbalance in the myocardial
oxygen demand-to-supply ratio. In addition, hy-
percoagulability, systemic proinflammatory state
(cytokine storm), vasculitis, and direct vascular
infection may increase the risk for plaque rapture
and infarction.

2. Increased risk for development of heart failure
with a reduced ejection fraction: Similar to the
increased risk for myocardial ischemia, the cyto-
kine storm may lead to myocardial depression and
direct myocardial infection (myocarditis), further
increasing the risk for myocardial necrosis and
heart failure.

3. Increased risk for arrhythmias: Myocardial
ischemia, myocarditis, increased sympathetic



TABLE 1 Published Studies Worldwide Demonstrating Association Between Myocardial Injury Diagnosed by Troponin Elevation and the Association With

COVID-19–Associated Mortality

Location N Patient Acuity Assay Used HR (95% CI) for Death
Prevalence in Nonsurvivors

vs. Survivors Ref. #

Wuhan, China 671 Severe hs-cTnI 4.56 (1.28–16.28) 75.8% vs. 9.7% (4)

Wuhan, China 416 Hospitalized hs-cTnI 4.26 (1.92–9.49) 51.2% vs. 4.5% (5)

Wuhan, China 191 Hospitalized hs-cTnI 80.1 (10.3–620.36) 46% vs. 1% (6)

Seattle, United
States

24 (13 with measured
troponin)

Severe Troponin (not otherwise
specified)

50% (n ¼ 1 of 2) vs. 45% (n ¼ 5 of 11) (9)

Northern Italy 53 Hospitalized with pre-
existing CVD

hs-cTnT 100% vs. 74% (10)

New York City,
United States

2,736 Hospitalized Troponin I Low (0.03–0.09 ng/ml): 1.75
(1.37–2.24)

High (>0.09 ng/ml): 3.03
(2.42–3.80)

60% (>0.09 ng/ml) vs.
35% (0.03–0.09 ng/ml) vs.

15% (<0.03 ng/ml) (estimated from
Figure 1 of Lala et al.)

(7)

CI ¼ confidence interval; COVID-19 ¼ coronavirus disease-2019; CVD ¼ cardiovascular disease; HR ¼ hazard ratio; hs-cTnI ¼ high-sensitivity cardiac troponin I; hs-cTnT ¼ high-sensitivity cardiac troponin T.
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tone, inflammation, and electrolyte imbalance all
lead to increase risks for both atrial and ventricular
arrhythmia.

The main question that arises is whether COVID-19
is a disease that originates as a cardiovascular disease
or whether cardiovascular involvement is a down-
stream consequence of severe COVID-19 (Figure 1). As
previously discussed, it remains uncertain which
comes first, and it may be more reasonable to suspect
that both types presentation are possible. Some pa-
tients may experience cardiovascular symptoms as
their initial manifestations; however, others may
experience cardiovascular involvement only as the
disease progresses. Irrespectively, involvement of the
cardiovascular system represents a more severe form
of COVID-19, and as presented here by Lala et al. (7),
significant numbers of hospitalized patients experi-
ence myocardial injury, and a greater magnitude of
injury portends a worse prognosis for the patient.
COVID-19 has forced us to understand the disease
pathophysiology and identify associated risk factors
in a short period. As our knowledge evolves and we
attempt to provide the best care for our patients, risk
stratification is crucial. Lala et al. have furthered our
understanding of COVID-19 and demonstrated that
troponin may serve as useful tool to achieve this
goal.
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