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on Cardiometabolic and Psychiatric Aspects
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Abstract

Five years after the outbreak of the coronavirus disease 2019 (COV-
ID-19) pandemic, there is still a significant number of people who
have survived COVID-19 but never fully recovered from the disease.
They go through an odyssey of doctor visits and a multitude of diag-
nostic tests, which ultimately do not provide concrete correlations and
answers to the question of how exactly long COVID (LC) affects both
physical and mental health, and performance. Often, not even highly
technical and highly specialized methods, such as cardiac magnetic
resonance imaging (MRI), can provide further explanation. Various
research efforts continue to investigate the causes, effects and possi-
ble treatments of LC, particularly its impact on cognition and mental
health. Patients with LC may experience persistent symptoms, but
new symptoms also occur. Based on available studies, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) does not only af-
fect the pulmonary system, but nearly every major system and organ,
from the brain and heart to the kidneys and immune system. What
mechanisms could explain the persistent symptoms of LC and the
inadequate recovery? How valuable is an early internal and neuro-
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logical examination, particularly in the context of psychotherapy? In
this review, we examined which factors could contribute to the persis-
tence of LC symptoms and to what extent mitochondrial impairment
by LC can explain the symptoms of LC.
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Introduction

Five years after the outbreak of the coronavirus disease 2019
(COVID-19) pandemic, there is still a significant number of
people who have survived COVID-19 but never fully recov-
ered from the disease. They go through an odyssey of doctor
visits and a multitude of diagnostic tests that ultimately do not
provide concrete correlations and answers to the question of
how exactly long COVID (LC) disease affects both physical
and mental health, and performance. Often, not even highly
technical and highly specialized methods, such as cardiac mag-
netic resonance imaging (MRI), can provide further explana-
tion. Various research efforts continue to investigate the causes,
effects and possible treatments of LC, particularly its impact on
cognition and mental health. Patients with LC may experience
persistent symptoms, but new symptoms also occur. Based on
available studies, severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) does not only affect the pulmonary sys-
tem, but nearly every major system and organ, from the brain
and heart, to the kidneys and immune system [1].

In this review, we examined which factors could contrib-
ute to the persistence of LC symptoms and to what extent mito-
chondrial impairment by LC can explain the symptoms of LC.

Central and Peripheral Nervous System

As mentioned, the brain and nervous system are no exception;
in fact, some of the most pervasive symptoms of LC appear to
be neurological, cognitive or psychiatric in nature. The study
by Taquet et al demonstrated that more than 2.5 million people
experience neurological and psychiatric manifestations, such
as psychotic disorders, cognitive deficit, dementia, and epi-
lepsy or seizures, which may persist for years [2].
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Figure 1. Proposed pathophysiology cascade of long COVID-19 syndrome, showcasing metabolic reprogramming and mito-

chondrial dysfunction. COVID-19: coronavirus disease 2019.

treated in an intensive care unit or required mechanical ventilation, showed cog-
nitive deficits, and neuroimaging demonstrated altered pattems of connectivity in
their brains [3].

Dysautonomia

Autonomic dysfunction is considered the main cause of neuro-
cardiogenic abnormalities. This can lead to poor tissue perfu-
sion, particularly in the brain and structures above the heart.
This may result in orthostatic dysfunction (e.g., postural or-
thostatic tachycardia syndrome (POTS) or orthostatic hypoten-
sion) or syncope. Moreover, clinical manifestations are often
associated with symptoms such as fatigue, exercise intoler-
ance, lightheadedness, memory, and cognitive or sleep diffi-
culties. Additionally, depression, anxiety and frequent head-
aches or migraines may also be common [4].

Brain fog associated with LC may involve mechanisms
such as cardiac deconditioning, post-traumatic stress or dysau-
tonomia [5]. The association between LC syndrome and brain
fog may result from autonomic dysfunction, specifically
sympathetic withdrawal (i.e., alpha-adrenergic dysfunction),
which leads to orthostatic dysfunction [6].

Psychiatric Manifestations, Mitochondriopathy
and Bipolar Disorder

Psychiatric manifestations are also common in COVID-19 sur-

vivors lasting more than 1 month. An Italian study found that
15% show evidence of depression, post-traumatic stress, anxi-
ety, insomnia and obsessive-compulsive behavior [7].

It has been also observed that multiple psychiatric symp-
toms, resulting from encephalopathy and encephalitis, were
noted in young adults [8].

Recent studies demonstrate that abnormally low fatty acid
oxidation (FAO) and increased lactate production are causes of
functional impairment. As glycolysis gradually increases dur-
ing exercise, lactate is oxidized in the mitochondria for energy
production, primarily in slow-twitch muscle fibers. Similar to
FAO, lactate clearance capacity is an important marker of mi-
tochondrial function. In post-COVID patients, muscular meta-
bolic disturbances may be more severe than in active individu-
als or those with metabolic syndrome [9].

While lactate levels typically increase during high exer-
cise intensity, elevated blood levels at lower exercise intensi-
ties indicate underlying mitochondrial dysfunction. Increased
arterial lactate levels at relatively low exercise intensity (e.g.,
0.9 mM at 150 W) suggest a premature transition from FAO
to carbohydrate (CHO) oxidation, indicating metabolic repro-
gramming and dysfunctional mitochondria in LC syndrome, as
illustrated in Figure 1 [9, 10].

Bipolar disorder (BD) is one of the major psychiatric dis-
eases associated with impaired mitochondrial functions. Vari-
ous lines of evidence have investigated this, with particular
focus on dysregulation of energy metabolism, genetic predis-
position, oxidative stress, cell death and apoptosis, dysregu-
lated calcium homeostasis and electrophysiology. Currently,
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pharmacological interventions generally offer limited efficacy
in preventing relapses or aiding recovery from mania or de-
pressive episodes [10].

Myocardial Involvement

Myocardial involvement is typically suspected in cases of per-
sistent (exertional) dyspnea, exercise intolerance, palpitations,
and fatigue during or after SARS-CoV-2 infection. Although a
psychosomatic etiology may be possible in these cases, myo-
cardial involvement should be considered as a differential di-
agnosis and excluded first through a process of elimination.

Suitable methods for further investigation in suspected
myocardial involvement include, in addition to the clinical
presentation, a standard 12-lead electrocardiogram (ECG),
transthoracic echocardiogram and Holter monitoring to ex-
clude wall motion abnormalities, supraventricular or ventricu-
lar arrhythmias, electric disturbances, and to evaluate overall
left ventricular function. In suspected non-COVID myocardi-
tis, as well as in post-SARS-CoV-2 vaccination myocarditis,
troponin levels are commonly used as a diagnostic tool to ex-
clude myocardial injury. Cardiac MRI for diagnosis of myo-
carditis and/or pericarditis is a highly validated, noninvasive
option and is a recognized alternative to endomyocardial biop-
sy for non-severe cases of post-vaccination myocarditis [11].

At the core of the already well-established pathomecha-
nism underlying the initiation of SARS-CoV-2 myocarditis is
the angiotensin receptor system.

Angiotensin-converting enzyme 2 (ACE2) is a multifunc-
tional protein, with multiple functions including its primary
role being the conversion of angiotensin II to angiotensin, and
angiotensin I to angiotensin. In COVID-19 infection, ACE2
serves as the host receptor for SARS-CoV-2 entry into the
myocardial cells, initiating infection and leading to myocar-
ditis. Beyond the acute phase, the mechanisms of myocardial
involvement and injury remain incompletely understood. A
recent study by Blagova et al demonstrated that COVID-19
could lead to long-term severe post-COVID myoendocarditis,
characterized by prolonged persistence of COVID-19 in cardi-
omyocytes, endothelium, and macrophages (up to 18 months),
along with high immune activity [12]. Corticosteroids and
anticoagulants should be considered as a treatment option in
these cases of post-COVID myoendocarditis [12].

In line with this, Raman et al also suggest four major
pathomechanisms of myocardial injury: direct viral toxicity, as
promoted by the aforementioned invasion through the angio-
tensin receptor system; inflammatory response with extensive
cytokine release, macrophage and T-lymphocyte involvement;
thrombosis/vasculitis due to endothelial inflammation and
dysfunction; neutrophil molecular defense mechanisms and
immunothrombosis; and, finally, an autoimmune response,
particularly through molecular mimicry and autoantibodies
[13].

These four mechanisms lead to a wide range of cardio-
vascular implications, including viral, autoimmune, and in-
flammatory myocarditis, myocardial infarction, POTS or right
ventricular injury [13]. The resulting long-term cardiovascu-

lar events, such as ventricular and supraventricular tachycar-
dia, recurrent myocarditis, heart failure and thromboembolic
events [13], highlight the critical importance of further investi-
gation into the molecular pathomechanisms to establish cause-
directed therapies and prevent long-term adverse events.

The Role of Anemia and Vitamin D Deficiency
inLC

As far as we know, anemia impacts the severity of a SARS-
CoV-2 infection. In a retrospective analysis of hospital records
in the United Arab Emirates, ZainAlAbdin et al linked clinical
laboratory data of COVID-19 patients to disease severity, in-
tensive care unit admission and mortality rates [14].

Statistical analysis of data from over 3,000 patients re-
vealed that anemia was associated with a statistically sig-
nificant increased risk of severe COVID-19 outcomes, with
intensive care unit admission being three times more likely
in anemic patients than in those without anemia. Above all,
ZainAlAbdin et al found that the overall mortality rate in ane-
mic patients was 2.5 times higher than in non-anemic patients.
Another retrospective analysis, which included an intensive
care registry from over 6,000 patients across more than 370 in-
ternational sites, examined the effect of hemoglobin levels on
cardiac arrest and stroke in COVID-19 patients [15]. The study
showed that moderate or severe anemia was associated with
an increased risk of the aforementioned cardiovascular and
cerebrovascular events. These results suggest that anemia may
be both a significant predictor and a potential risk factor for
the development of LC. However, it remains unclear to what
extent reduced oxygen uptake or altered oxygen consumption
due to anemia contributes, particularly in LC [15].

Another important factor that appears to influence the de-
velopment of LC is vitamin D. Vitamin D, a steroid hormone,
plays a key role in physiological metabolic processes and,
according to the literature, also has protective effects against
inflammation and oxidative stress [16]. For example, vitamin
D has been shown to be beneficial for viral respiratory dis-
eases. However, since the impact of vitamin D deficiency in
patients suffering from COVID-19 remained unclear, Rach-
man et al [17] examined its effects on the clinical outcome
of hospitalized COVID-19 patients in September 2023 as part
of an Indonesian cohort study. They found that patients with
vitamin D deficiency were significantly more likely to develop
cardiovascular disease, experience more severe COVID-19
progression, and require mechanical respiratory support [17].
Another study examined the prevalence of vitamin D deficien-
cy in patients with fatigue and neuropsychiatric symptoms of
LC and found that while vitamin D insufficiency or deficiency
was common, it was not significantly associated with fatigue
or neuropsychiatric symptoms [18]. The lack of associations
between vitamin D levels and fatigue, depression, anxiety,
sleep problems or cognitive functions suggests that vitamin
D deficiency may play a subordinate role in the disease pro-
cess of LC. However, this may also be due to the small sample
size (82 patients) or the limitations in the study methodology
(e.g., inclusion criteria, study design, etc.). On the other hand,
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other studies have shown that vitamin D deficiency is associ-
ated with delayed recovery in LC [19] and that patients with
vitamin D deficiency have more than threefold increased risk
of experiencing a severe course of the disease [20]. Due to
the divergent study results, larger-scale randomized controlled
trials are needed to further investigate the role of vitamin D in
COVID-19 patients.

Nevertheless, vitamin D deficiency appears to have nu-
merous negative effects on disease progression, including LC
and may be another, albeit subordinate, factor contributing to
the pathogenesis of LC.

Aspects and the Potential Role of Medical Can-
nabis

Medical cannabis is considered a class of medicines [21].
Cannabis preparations include pharmaceutical formulations
that may contain a broad spectrum of the bioactive chemical
constituents of the cannabis plant. The plant produces various
compounds, including cannabidiol (CBD) and delta-9-tetrahy-
drocannabinol (THC), terpenes, and flavonoids [22]. Can-
nabis acts on the endocannabinoid system, a complex neuro-
modulator system involved in multiple physiological functions
throughout the body [23].

The potential role of cannabinoids as a treatment has been
demonstrated in the context of acute COVID-19 infection,
where cannabigerolic acid and cannabidiolic acid inhibited the
entry of SARS-CoV-2 into epithelial cells in vitro [24].

Several studies demonstrate that COVID-19 survivors
exhibit an increased 12-month risk of cardiovascular compli-
cations, such as cerebrovascular disorders, arrhythmias, heart
failure and thromboembolic complications [25]. It is impor-
tant to consider the potential adverse cardiovascular effects of
medical cannabis in LC patients, as the composition of can-
nabis can influence adverse effects on the cardiovascular sys-
tem [26]. While tachycardia and acute coronary events may
be associated with cannabis use, they are more likely linked
to the high THC content [26]. CBD has therapeutic potential
in the context of cardiovascular diseases, including stroke,
myocardial infarction, myocarditis, cardiomyopathies and car-
diovascular complications of diabetes, due to its vasodilatory,
antioxidant, anti-inflammatory and neuroprotective properties.
Such properties could be particularly important as a potential
treatment, considering its pathomechanism and pathophysiol-
ogy of LC [27, 28]. Furthermore, the literature highlights that
CBD has little to no effect on blood pressure and heart rate
under physiological conditions [28].

Conclusions

To the best of our knowledge, there is currently no evidence-
based examination suggested to diagnose or exclude LC. The
perception of persistence of symptoms beyond 10 - 12 weeks
justifies the existence of this condition.

Furthermore, there is no consensus on the treatment for
patients with LC syndrome. Further investigation into its path-

omechanism and pathophysiology could contribute to evaluat-
ing prognosis and treatment strategies.

Last but certainly not least, patients with psychiatric and/
or psychosomatic issues in the era of LC, particularly those
with a history of COVID-19 infection, should be further in-
vestigated metabolically, neurologically, and cardiologically
rather than being treated solely as psychiatric cases.
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