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Summary 
Aged people are the most susceptible group to COVID-19 
infection. Immunosenescence characterized by impairment of 
immune function with inflamm-aging contributes to 
pathophysiological alterations, among which endocrine and 
metabolic diseases are not exception. Diabetes, obesity along 
with impairment of disorders of thyroid functions are the most 
frequent ones, the common feature of which is failure of immune 
system including autoimmune processes. In the minireview we 
discussed how COVID-19 and aging impact innate and adaptive 
immunity, diabetes and selected neuroendocrine processes. 
Mentioned is also beneficial effect of vitamin D for attenuation of 
these diseases and related epigenetic issues. Particular attention 
is devoted to the role of ACE2 protein in the light of its intimate 
link with renin-angiotensin regulating system. 
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Introduction 

The 2020, the year of the worldwide hit of the 
coronavirus disease 2019 (COVID-19) pandemic, has 
revealed far more clearly than ever before a close 
correlation between aging, immunity and overall health 
status. Indeed, age has been observed as one of the most 
negative factors predicting the development and severity 
of this new viral disease. Similarly to other areas in the 
world, the majority (92.8 %) of deaths related to COVID-
19 in Czech Republic have been observed in people over 

65 years of age (IHIS-CR 2020). Despite thousands of 
studies (over 2,500 published by May 2021) on 
“COVID-19 and Aging”, it is not exactly known why 
aging is such a significant risk factor for the disease. 
Many comorbidities such as obesity, diabetes, 
hypertension and cardiovascular disease increase the risk 
of negative prognosis, but do not explain why advanced 
age is an independent factor (Santesmasses et al. 2020). 
In this minireview we will focus on the typical endocrine 
disorders in relation to coronavirus in higher age. 

Molecular mechanisms explaining the causality 
between advanced age and COVID-19 could be divided 
into several areas: 

Aging and immune system 

Age-dependent changes in the immune system 
are often associated with two elementary processes. The 
first is manifested as the age-associated decline of the 
immune function known as immunosenescence and the 
second is inflammaging (or inflamm-aging) – the 
development of a systemic chronic inflammatory 
environment during the lifespan (Storci et al. 2021). 
Immunosenescence affects the adaptive immunity more 
than the innate immune system, resulting in increased 
susceptibility to infections, reduced immune diversity, 
thymic involution, insufficient T-cell responses to 
vaccines and others. In contrast, inflammaging and 
chronic low grade inflammatory status reduce the 
efficiency of adaptive immunity while the activity of 
innate immunity is rising. Therefore, the sum of 
inflammatory mediators like IL-6, TNF-α, IL-1β, 
C-reactive protein, oxidative stress and tissue dysfunction
increases.
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Recent data point to both immunosenescence 
and inflammaging as the main keys to the high mortality 
observed in elderly COVID-19 patients (Franceschi et al. 
2017, Fulop et al. 2017, Paces et al. 2020, Storci et al. 
2021). The detailed molecular and cellular explanation of 
this observation is beyond the scope of this review. Here, 
we summarize only the major facts and events on how 
COVID-19 in aged people affect innate and adaptive 
immunity (Bajaj et al. 2020). 

Innate immunity: SARS-CoV-2 (Severe Acute 
Respiratory Syndrome Coronavirus-2) enters 
parenchymal cell of invaded organ, first of all lungs, via 
binding to the angiotensin-converting enzyme 2 (ACE2) 
receptor (for details see below). It leads to activation of 
so-called pattern-recognition receptors (PRRs) as 
membrane Toll-like- and intracellular NOD-like and Rig-
like receptors, followed by triggering the signaling 
pathways, resulting in an excessive production of pro-
inflammatory cytokines. Further, depletion and 
dysfunction of natural killer (NK) cells occurs, leading to 
their reduced cytotoxicity and thus to a lowered defense 
against infection. Imbalance between pro-repair- and pro-
inflammatory macrophages aggravates repair of lung 
damage, along with decreased phagocytic function of 
neutrophiles. Functionally impaired dendritic cells and 
their delayed maturation worsen their migration to 
lymphoid organs and T cells activation and thus their 
cooperation with adaptive immunity (Bajaj et al. 2020). 

Adaptive immunity system is weakened as well. 
Imbalance between Th1/Th2 lymphocytes occurs along 
with upregulation of pro-inflammatory Th17 cell, both 
resulting in further cytokine disbalance, usually known as 
a cytokine storm. B cells generally possess decreased 
affinity to antibodies. Increase in tissue specific antibody-
experienced cells and, on another side, decrease in naive 
lymphocytes may attenuate predisposition to 
autoimmunity (Bajaj et al. 2020, Franceschi et al. 2017, 
Fulop et al. 2017). 

Autoimmunity: Generally, inflammaging and 
immunosenescence afflicting T-cells is linked to 
autoimmune disorders which are aggravated in  
COVID-19 (Omarjee et al. 2020). It concerns as well 
various endocrine autoimmunities (Parolin et al. 2021). 
Thyroid autoimmunities like Hashimoto thyroiditis or 
Graves-Basedow thyrotoxicosis are the most frequent 
endocrine autoimmunities (Vondra et al. 2017). The 
review of the available literature confirmed that 
autoimmune thyroiditis, subacute thyroiditis and atypical 
forms of thyroiditis are significant risk factors for severe 

course and mortality of COVID-19 patients (Speer and 
Somogyi 2021). It should be reminded here that ACE2, 
which serves as a gateway for COVID-19 (see below), is 
also expressed in the thyroid gland, that may lead to 
direct thyroid gland infection (Speer and Somogyi 2021). 

Recent findings point to one more factor which 
may be responsible for higher predisposition of elderly 
people, and among them especially men, to COVID-19 
infection: it is extracellular mitochondrial DNA (mtDNA) 
released by senescent cells at inflamm-aging, hand in 
hand with reduction of extracellular telomeric DNA 
(telDNA) as a major source of extracellular anti-
inflammatory DNA. Imbalance between extracellular 
mtDNA and telDNA in favor of the former contributes to 
severity of COVID-19 infection and, since women are 
characterized by less mtDNA instability and increased 
telomere length than men, old men are more prone to 
infection (Storci et al. 2021). 

Some authors suggest the effect of biological 
clock on the immune system to be even more accurate at 
identifying COVID-19 susceptible individuals than other 
biological clocks (Mueller et al. 2020). Though the 
pandemics lasts a little more than 1 year, some findings 
can be extracted from the available literature: Mo et al. 
(2021) stressed the importance of local sunrise time 
rather than climate for the dissemination of the disease. 
That host immune response is circadian-regulated was 
confirmed among other by workshop of European 
Biological Rhythms Society (EBRS) held in July 2020 
(Sengupta et al. 2021). 
 
COVID-19 and diabetes 
 

There is a general consensus that both types of 
diabetes and related complications are one of the most 
important, if not the main risk factor, for severity of 
COVID-19 infection, see e.g. (Abdi et al. 2020, Erener 
2020), even though there is no study so far that 
demonstrate an independent predictive value of diabetes 
for mortality in these patients (Tadic et al. 2020). For 
instance, 26.8 % of elderly patients with a severe course 
of the COVID-19 disease had DM (Abu-Farha et al. 
2020). 

A chronic low grade inflammatory status with 
impaired innate as well as adaptive immunity and, in 
general, impaired metabolic control, are characteristic for 
both diabetes and aging (Abu-Farha et al. 2020). In their 
review, the latter authors discussed the role of often 
overlooked biochemical mechanisms responsible for 
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facilitating COVID-19 host invasion based on the 
function of certain cellular proteins. The key role for 
entry of COVID-19 into the cells plays a homologue of 
angiotensin-converting enzyme (ACE), called 
angiotensin-converting enzyme 2 (ACE2). Structurally it 
is a chimeric protein emerged from 2 genes: a part 
homologous with ACE at the carboxypeptidase domain 
and with a protein Collectrin in the transmembrane  
C-terminal domain (Kuba et al. 2010, Yan et al. 2020). 
More details will be provided below, but here in the 
context of diabetes let us mention that binding of the 
coronavirus to its receptor in pancreas damages islets, 
leading to acute diabetes (Yang et al. 2010). 

ACE2 is not the only cellular protein responsible 
for coronavirus entry into the cell: there are at least four 
other proteins which take part in the process of pathogen 
invasion (Abu-Farha et al. 2020): Furin is a peptidase 
which attacks cell surface proteins. In the case of 
COVID-19, it cleaves its spike protein at its 
S1/S2 cleavage site, resulting in the fusion of the virus 
with the host cell membranes and thus increases the 
ability of the virus to enter the host cell. Another protein 
participating in COVID-19 invasion is a Transmembrane 
protease, serine 2 (TMPRSS2), which serves for spike 
protein priming. Circulating levels of serine proteases 
like of TMPRSS2 are enhanced in diabetic patients. In 
contrast to the former, Interferon-induced transmembrane 
(IFITM) proteins, one of which is IFITM3, protect the 
host from viral infection by exposing the viral particles to 
lysosomes. Unfortunately, recent data have shown that 
mutation of its gene can convert the human IFITM3 even 
into an enhancer of SARS-CoV-2 infection (Shi et al. 
2021). The Disintegrin and metalloprotease 17 
(ADAM17) are other proteins which promote the uptake 
of SARS-CoV into cells. In concert with ACE 2 and 
other membrane proteins it represents a risk factor for 
severity of coronavirus disease (Zipeto et al. 2020). 
 
Triple role of ACE2 
 

As mentioned already, the coronavirus causing 
COVID-19 enters the cell via its receptor – ACE2. 

Its triple role is remarkable: First, it as a potent 
negative regulator of the renin angiotensin system, 
counterbalancing the main of ACE function, i.e. cleavage 
of angiotensin 1 to angiotensin 2, by degradation of the 
latter to create a fragment angiotensin (1-7), functioning 
as a vasodilatator. Different ACE2 expression in the 
cardiac and pulmonary tissues of younger versus older 

adults seems to be at least partially responsible for the 
different severity of the disease observed among patients 
with COVID-19. 

Second, as mentioned above, it serves as 
a membrane receptor for COVID-19 (and other SARS 
proteins) spike protein, enabling the pathogen to enter the 
cells. The binding of coronavirus downregulates ACE2 
and in turn decreases angiotensin 2 cleavage, which is 
essential for the development of acute respiratory distress 
syndrome. However, the mechanisms of action are poorly 
understood and results are contradictory. Some authors 
found ACE2 expression to be equivalent between young 
(<29 years) and elderly individuals (>70 years) (Smith  
et al. 2020) however, others found higher serum ACE2 in 
older women (Fernández-Atucha et al. 2017). It 
implicates that rather the balance between ACE2 and 
ACE seems more crucial than ACE2 itself, as ACE2 
counteracts the effects of ACE (Rhodes et al. 2021). 

Finally, ACE2, like its homologue Collectrin can 
interact with amino acid transporters thus influencing the 
absorption of amino acids in the kidney and gut. 

In addition, as discussed below, vitamin D is 
involved in these processes, which includes suppression 
of renin expression (Yuan et al. 2007), increasing ACE2 
and reducing ACE expression, and in this manner 
reducing angiotensin 2 production (Rhodes et al. 2021). 
Together with decreasing vitamin D, these mechanisms 
relevantly increase risk of the elderly to the development 
of acute respiratory diseases and COVID-19, 
respectively. 
 
Vitamin D and COVID-19 
 

Since 2019, there have been many studies 
regarding vitamin D and COVID-19 with the vast 
majority agreeing that vitamin D deficiency is a risk 
factor, see e.g. Amrein et al. 2021 or Raisi-Estabragh  
et al. 2021. The levels of vitamin D decreases with 
increasing age, which additionally rises the risk for 
COVID-19 in the elderly. The association of vitamin D 
with COVID-19 can occur at various levels. 

Vitamin D is a potent regulator of both the 
innate as well as the adaptive immune system. Vitamin D 
at normal physiological levels is able to reduce low grade 
inflammation, which is a major process in inducing 
insulin resistance (Vondra and Hampl 2021). The 
regulation of the immune system appears to be intracrine 
manner dependent on 25(OH)D (calcidiol) saturation. In 
brief, its active form, 1,25(OH)2D (calcitriol), enhances 
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the innate defense by inducing antimicrobial elements as 
cathelicidin and defensin, which can block the entry of 
viruses into cells and suppress their replication. 
Moreover, it induces viral autophagy and protects against 
cytokine storm by regulation of pro-inflammatory 
cytokines and chemokines release, preventing the 
overreaction of the adaptive immune response. 
Modulation of the activity and function of immune cells 
by vitamin D, especially dendritic cells, macrophages,  
T- and B-lymphocytes has an inhibitory and anti-
inflammatory effect of on the adaptive immunity as 
reviewed in another paper (Bilezikian et al. 2020). Thus, 
biologically active form of vitamin D 1,25(OH)2D with 
help of its nuclear vitamin D receptor genetically and 
epigenetically modifies genetic expression (Grant et al. 
2020).  

Although data from available studies can be 
considered as pilot results and caution should be 
exercised when interpreting the data, there is a broad 
agreement that vitamin D at low doses (1000-2000 IU per 
day) is safe and not harmful and potentially may prevent 
a number of acute respiratory infections and perhaps also 
COVID-19 (Bergman 2021). 
 
COVID-19, neuroendocrinology and mental 
health 
 

Hypothalamus and its parts are composed of 
many nuclei and neuronal cell groups, which are a target 
for COVID-19 invasion. It was confirmed that the 
hypothalamus and its individual structures belong to 
tissues with a high expression of ACE2. The main 
gateway for viral entry into the brain is the hypothalamic 
olfactory system, but its pathogen invasion affects also 
other hypothalamic centers. A typical feature of  
COVID-19 invasion of the hypothalamus is a release of 
high levels of proinflammatory cytokines, particularly  
IL-1β, IL-6, and TNF-α, resulting in activation of the 
hypothalamo-pituitary-adrenal (HPA) axis and increase 
of cortisol levels (Mussa et al. 2021). Through 
intrahypothalamic circuits the COVID-19 may modulate 
the central nervous system (CNS) functions including 
neurodegenerative and neuropsychiatric diseases of 
neuroinflammatory origin and even mental health (Raony 
et al. 2020). 

Experience from past epidemics of viral 
respiratory diseases (“Spanish” and H1N1 influenza, 
Severe Acute Respiratory syndrome coronavirus – 
SARS-CoV-1, etc.) has shown that various 

neuropsychiatric abnormalities can occur as  
a consequence of a viral infection. The acute symptoms 
include anosmia, or ageusia, seizures, cerebrovascular 
complications (e.g. stroke), confusion, encephalopathies 
and paralysis, as reviewed from initial studies and case 
reports (Fotuhi et al. 2020). Although we are just at the 
beginning of the knowledge of COVID-19 and the 
medical intervention is aimed at treating acute symptoms, 
some sub-acute to chronic neuropsychiatric complications 
regarding COVID-19 were already proposed. The latter 
include depression, anxiety, trauma, psychotic and 
neurodegenerative disorders, demyelinating and 
neuromuscular impairment (Troyer et al. 2020). 

The receptor for coronaviruses ACE2 is 
expressed in various cell types of the human body, with 
no the exception of neuronal cells (Li et al. 2020). Once 
coronavirus enters the neuron, it triggers a cascade of 
processes leading to neuroinflammation, disruption of 
metabolic processes in the cell and disruption of 
neurotransmission. Unfortunately, like other 
coronaviruses, also the coronavirus causing COVID-19 
can remain in neurons without inducing acute toxicity 
(Nath 2020). Therefore, abnormal metabolic processes 
and virus-disrupted protein homeostasis in neurons may 
manifest as nerve degeneration in patients with COVID-
19 several months to years after the infection (Lippi et al. 
2020). 

The delayed and chronic COVID-19 
consequences, especially in the field of mental health, 
will not be fully clarified until the next years and further 
studies will be needed to elucidate the processes that take 
place behind the acute phase of the disease. 
 
Epigenetics 
 

Epigenetic changes are highly suspected from 
the development of chronic diseases as well as aging 
itself. Significant epigenetic changes that alter gene 
expression occur throughout life and may be responsible 
for differences in the sensitivity and severity of disorders 
in the elderly. Available studies have shown changes in 
cellular phenotypes and functions across almost all 
compartments of the aging immune system resulting in 
age-related immune dysfunction and greater vulnerability 
to infections (Keenan and Allan 2019). Similarly, the sex- 
and age dependent immune cell-specific epigenetic and 
transcriptomic discrepancy are thought to be responsible 
for the sex and age differences in severity of COVID-19 
symptoms (Salimi and Hamlyn 2020). 
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Coronaviruses alone were also reported to 
trigger epigenetic alteration, potentially accelerating the 
“immune clocks”. The assessment of epigenetic age-
based on variation in DNA methylation seems reasonable 
to determine the immune system condition and for 
predicting clinical outcomes of COVID-19 (Mueller et al. 
2020). 

Recent epigenetic research of patients with 
COVID-19 has revealed alterations of DNA methylation 
in ACE2 gene as well as its post-translational histone 
modifications. Epigenetic factors may also influence viral 
replication in the host (Chlamydas et al. 2021). Other 
authors studied epigenetic changes of ACE2 gene in 
patients with lupus as a model group especially prone to 
infection, including COVID-19. They have proven 
demethylation and overexpression ACE2 in lupus 
patients, which were further pronounced by oxidative 
stress induced by viral infections (Freitas et al. 2020, 
Chlamydas et al. 2021, Sawalha et al. 2020). 
 
Conclusions 
 

Aging is characterized by worsening of both 
inborn and adaptive immunity with an increase of 

autoimmune diseases, including the most frequent 
endocrinopathies as autoimmune thyroid disorders. The 
typical feature of aging is low grade inflammation, hand 
in hand with higher occurrence of metabolic disorders, 
first of all diabetes of both types. Aging is also 
accompanied with neurodegenerative and neuropsy-
chiatric illnesses and generally worsening of mental 
health. COVID-19 exacerbates all these processes, and 
elderly people represent the main risk group. In the 
minireview we have focused on the effects of COVID-19 
on selected endocrine functions including epigenetic 
alterations. COVID-19 invades the host by binding of its 
spike protein to the host membrane receptor ACE2. This 
protein is intimately involved in endocrine regulatory 
renin-angiotensin system. Discussed is also the plausible 
beneficial role of vitamin D for attenuation of severity 
COVID-19 infection. 
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