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ABSTRACT

Myocardial damage with a consequent rise in
cardio-specific troponin level is a frequent
phenomenon in severe cases of coronavirus
disease 2019 (COVID-19). Its causes are capillary
endothelial cell dysfunction, associated carditis,
low oxygenization, and increased sympathetic
tone, which all worsen myocardial stiffness and
microvascular dysfunction (MD). They lead to
severe myocardial dysfunction, arrhythmia,
acute congestive heart failure, and a significant
rise in death cases. During COVID-19, no
specific cardiological treatment is started. As
adjuvant therapy, anxiolytics in COVID-19 are
widely used, but not in all anxious patients who
had been infected with coronavirus. Anxiolytics
can be useful to moderate MD and immuno-
suppressive effect of anxiety. The favorable
effects of trimetazidine (TMZ) and Coenzyme
Q10 (CoQ10) in the treatment of myocardial
ischemia and heart failure had previously been
proven, and also their anti-inflammatory effects
had been suspected; however, they have not yet
been used in COVID-19 cases. TMZ promotes

glucose-mediated ATP production, which
requires less oxygen, which explains its advan-
tageous cardiac effects. Since it lowers serum
and myocardial tissue proinflammatory cyto-
kine levels and inhibits myocardial macrophage
infiltration, it was suspected that TMZ might
represent a novel therapeutic agent to prevent
and treat sepsis-induced myocardial dysfunc-
tion. CoQ10 plays an important role in cellular
ATP production; however, its concentration is
decreased in cardiovascular diseases and in
influenza patients. Due to its anti-inflammatory
effect, CoQ10 has been suspected to have a key
therapeutic target in influenza infection. We
suggest considering these medicines to alleviate
myocardial damage and inflammation in
COVID-19.
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Key Summary Points

Severe cases of coronavirus disease
(COVID-19) have microvascular
dysfunction, myocardial ischemia, acute
congestive heart failure, and a significant
rise in death cases.

Trimetazidine and Coenzyme Q10 are
important cardiac drugs, though they
have not yet been used in the treatment of
COVID-19.

Published data were searched to explain
the favorable effects of trimetazidine,
Coenzyme Q10, and anxiolytics in
COVID-19.

We suggest considering these medicines to
alleviate myocardial damage and
inflammation in COVID-19.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14182664.

INTRODUCTION

Coronavirus infection (COVID-19) first
appeared in Wuhan, China, and soon grew into
a pandemic. Vaccination, fortunately widely
available today, is suspected to be the only
possible way to stop the pandemic [1]. At the
beginning of March 2020, more than 117 mil-
lion patients had been diagnosed with COVID-
19. At the same time, the number of death cases
exceeded 2.6 million. Most patients were aged
with multiple comorbidities, with cardiovascu-
lar diseases at the forefront. COVID-19 infection
is usually treated supportively, and therapeutic
guidance has been continuously updated [2].

Severe cases require hospital admission, with
aggressive respiratory supportive therapy with
consideration of antiviral medications [3, 4],
corticosteroids, and maybe immunomodulatory
drugs and heparin. In addition to those wide-
spread treatment approaches, we would like to
discuss the possibility of two more additional
supportive, adjuvant therapeutic approaches:
trimetazidine (TMZ) and Coenzyme Q10

(CoQ10).
This article is based on previously conducted

studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

CARDIAC IMPACT OF COVID-19:
MICROVASCULAR DYSFUNCTION
(MD) AND TROPONIN RISE

In COVID-19, the angiotensin-converting
enzyme 2 (ACE2) has been identified as the key
host cellular receptor of the novel coronavirus
SARS-CoV-2. In the heart, the pericytes with
high expression of ACE2 might act as the target
cardiac cell of SARS-CoV-2. Their injury due to
virus infection may result in capillary endothe-
lial cell dysfunction and consecutive MD [5].

The carditis and low oxygenization caused
by the respiratory failure can also cause MD and
myocardial ischemia, resulting in myocardial
damage and acute cardiorespiratory failure
[6–8].

The anxiety that often develops in COVID-
19 can aggravate myocardial damage, which is
due to the increase of sympathetic tone,
tachycardia, hypertension, and unfavorable
metabolic changes, all of which worsen
myocardial stiffness and MD. Deterioration of
MD alone can cause myocardial ischemia,
which could be extended to the entire myo-
cardium (although critical ischemia usually
develops earlier in co-existing coronary steno-
sis). The relationship between anxiety and
myocardial ischemia has been verified after
earthquakes [9], strokes [10], and in Takotsubo
syndrome [11, 12]. The intense anxiety plays a
major role in the unfavorable short- and long-
term outcome of ACS [13]. Anxiety experienced

2 Cardiol Ther (2021) 10:1–7

https://doi.org/10.6084/m9.figshare.14182664
https://doi.org/10.6084/m9.figshare.14182664


over a longer period due to cancer [14] or
widespread chronic pain [15] causes higher
cardiovascular morbidity and mortality.

Anxiety has another harmful effect in
COVID-19: it can also exacerbate viral infection
[16] due to its immunosuppressive effect: it
increases expression of IL-10 and its homolog
IL-19 via b-adrenoceptor activation [17] and
suppresses innate IFN-c production via gluco-
corticoid receptor activation [18].

The MD, myocardial ischemia, arrhythmias,
acute heart failure lead to troponin rise. Tro-
ponin rise is the most reliable indicator of
myocardial damage [19]. Chinese authors doc-
umented troponin rise in 20–44% of all hospi-
talized COVID-19 patients in various studies;
however, troponin rise was higher in cases with
cardiovascular comorbidities (ischemic heart
disease, hypertension, arrhythmias, heart fail-
ure, and diabetes) than in cases without car-
diovascular comorbidities (55 vs. 13%,
respectively). The number of deaths was lower
in patients without troponin rise (4.5–26%),
and respectively higher with troponin rise
(51–61%) [8, 20, 21].

THERAPEUTIC
RECOMMENDATIONS

Anxiolytics

Clinical evidence has proven the relationship
between sympathetic tone and severity of
ischemic heart disease. Therefore, anxiolytic
drugs are suspected to have a more important
role in the prevention and management of
ischemic heart disease. In order to support this
statement, a multicenter trial (UNWIND) was
planned in 2016 [22].

As adjuvant therapy, anxiolytics (mainly
benzodiazepines) in COVID-19 are widely used
[23], although not in all anxious patients who
had been infected with coronavirus. In our
opinion, the administration of benzodiazepines
should be considered in patients with anxiety
and proven COVID-19 when there are no con-
traindications such as respiratory insufficiency,
serious hepatopathy, sleep apnea, myasthenia
gravis, or intolerance. In the case of respiratory

failure due to COVID-19 pneumonia or other
causes, the antidepressants that also have an
anxiolytic effect could be considered, such as
selective serotonin reuptake inhibitors (esci-
talopram, venlafaxine, sertraline), with careful
dosing in co-existing cardiovascular disease. In
severe respiratory insufficiency, other anxiolytic
agents can also be considered, such as
diphenylmethane derivatives (e.g., hydrox-
yzine) and azaspirodecanedione derivatives
(e.g., buspirone).

Cardiac Agents

In the case of COVID-19, therapeutic treatment
guides have recommended the continuation of
previously commenced treatment for ischemic
heart disease or other cardiovascular illnesses.
However, without previously started treatment,
the guides do not recommend starting preven-
tive treatment, such as RAS treatment (ACEI or
ARB) [2]. Nevertheless, according to our opin-
ion, based on medical literature, two more
pharmacological agents, TMZ and CoQ10, could
alleviate the serious cardiac complications in
COVID-19.

TMZ

TMZ was first used as an antianginal, anti-is-
chemic agent [24–26]. Later, its benefit was also
proven in heart failure [27] and TMZ was
included into ESC heart failure recommenda-
tion [28].

It may affect myocardial substrate use by
inhibiting oxidative phosphorylation and
shifting energy production from free fatty acids
to glucose oxidation. Therefore, this mecha-
nism produces 15% extra energy, and so reduces
oxygen consumption. TMZ prolonged total
exercise time and time of appearing symptoms
during exercise in microvascular angina [24]
and reduced the weekly number of angina
attacks in stable angina (3057 patients) [25].
Also, a meta-analysis (evaluating 9856 partici-
pants) proved a decrease of weekly angina
attacks and nitroglycerin consumption in
chronic coronary syndrome [26]. TMZ allevi-
ated temporary myocardial ischemia during
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percutaneous coronary artery intervention
(PCI) [27, 28]. However, after PCI, when
myocardial ischemia was already non-existent,
TMZ did not prove cardiac advantage [29].

TMZ has further favorable biochemical
properties: it may also contribute to the
preservation of intracellular levels of phospho-
creatine and ATP, reduce calcium overload and
free radical-induced injury, and inhibit cell
apoptosis. All these biochemical features have
resulted in favorable clinical effects in heart
failure (both in ischemic and non-ischemic),
which have been proven by a meta-analysis (17
studies, 955 patients): compared to placebo,
trimetazidine significantly improved ejection
fraction, New York Heart Association (NYHA)
functional state, and exercise capacity [30].
Later, TMZ had ‘‘IIbA’’ recommendation for the
treatment of stable angina pectoris with symp-
tomatic (NYHA Class II-IV) heart failure and
with reduced ejection fraction (2016 ESC
Guidelines for the diagnosis and treatment of
acute and chronic heart failure) [31].

It was proven in animal experiments that
TMZ lowered levels of proinflammatory cytoki-
nes in the serum and in the heart tissue, as well
as lowered myocardial macrophage infiltration.
Therefore, it was presumed that TMZ might
represent a novel therapeutic agent to prevent
and treat sepsis-induced myocardial dysfunc-
tion [32].

CoQ10

CoQ10 can be found in all breathing eukaryotic
cells, primarily in the mitochondria. It is a
component of the electron transport chain and
participates in aerobic cellular respiration,
which generates energy in the form of ATP (P
Mitchell, Nobel award 1978 [33]). CoQ10 has
membrane-stabilizing and anti-inflammatory
effects and improves endothelial function
[34–36]. According to one’s diet and the pres-
ence of co-existing comorbidities, the blood
concentration of CoQ10 varies. Its concentra-
tion decreases significantly with old age [36], in
chronic heart failure [33, 37], in other cardio-
vascular diseases, such as hypertension, coro-
nary artery disease, or type 2 diabetes, as well as

in neurodegenerative diseases and cancer [33].
This enumeration shows similarity with the
risks of serious complications in COVID-19 (age
of 65 years or older, male gender, and comor-
bidities in the following order: cardiovascular
disease, diabetes, chronic lung disease, hyper-
tension, and cancer [38]).

The results of a trial proved that patients
who had been given 150–180 mg of CoQ10 prior
to coronary artery bypass surgery had a lower
amount of reperfusion arrhythmias when com-
pared to control subjects [39]. The Q-SYMBIO
(2014) trial found that CoQ10 administration
lowered the morbidity and mortality in chronic
heart failure [40]. In 2017, a meta-analysis (14
studies, 2149 patients) proved that the admin-
istration of CoQ10 (30–100 mg/day) reduced the
mortality rate by 31% in heart failure patients,
compared to the control group (where patients
did not receive CoQ10). Furthermore, exercise
capacity was increased in the therapeutic group.
No significant difference was found in the
endpoints of left heart ejection fraction and
NYHA classification [41].

Because of its anti-inflammatory effect,
CoQ10 was also investigated in influenza. CoQ10

levels in influenza patients were significantly
lower than in healthy controls. It had a signifi-
cant (albeit weak) correlation with several
inflammatory biomarkers; however, not with
those which have been implicated in influenza
pathogenesis (IL-6). Further investigations were
suggested to determine whether CoQ10 could
represent a key therapeutic target in influenza
infection [42].

ATP in Viral Infection

According to a large amount of evidence, both
TMZ and CoQ10 could be assumed to be bene-
ficial in COVID-19, primarily due to reducing
cardiac complications. However, it is question-
able whether the externally administered ATP
(by TMZ and/or CoQ10) will facilitate the viral
replication [43]. Zhang et al. have already con-
firmed this with animal experiments so far,
where innate immune responses are associated
with extracellular nucleotides, particularly ATP.
They had found extensive protection of ATP/

4 Cardiol Ther (2021) 10:1–7



P2X7 signaling against viral infection in a host,
and demonstrated that extracellular ATP redu-
ces the replication of several viruses [44].

CONCLUSIONS

While anxiety can cause/worsen MD, anxiolyt-
ics could be considered as adjuvant therapy in
anxious COVID-19 patients when there are no
contraindications.

TMZ and CoQ10 were not used in COVID-19
earlier, therefore their benefit in COVID-19 is
based only on a hypothesis. Since it is known
that COVID-19 can cause/worsen MD, consec-
utive myocardial ischemia, and heart failure,
administering these drugs as adjuvant therapy
seems to be well founded, as several studies
proved the favorable effects of these drugs in
the treatment of myocardial ischemia and heart
failure.

In conclusion, we suggest considering TMZ
and CoQ10 as adjuvant therapy to alleviate
myocardial damage in COVID-19.
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