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Abstract Coronavirus Disease 2019 (COVID-19) is a recent public health issue worldwide. Also, diabetes is a frequent con-
dition with high mortality. There is a strong relationship between COVID-19 and diabetes. This article analyses the intricate
relationship between COVID-19 and hepcidin. Hepcidin increases in aged non-insulin diabetic patients. Hepcidin is the last
target treatment of several medications commonly used. Viral diseases, especially SARS-CoV 19, can activate the hepcidin
pathway leading to an elevation in the iron load. This increased iron is released into the bloodstream and results in cell death
through ferroptosis, like free iron. Excess iron has pro-coagulative and toxic effects. Hepcidin overexpression and iron
overload are associated with COVID-19 infection and can be considered potential targets for treatment. Several studies have
shown dalteparin (anti-Hepcidin) could improve the symptoms of COVID-19 in diabetics by appropriately modulating and
decreasing oxidative stress and inflammation. This finding can be leading to enhancing the existing knowledge about Thera-
peutic measures for reducing Covid-19 impairments in diabetics and is suggested as a possible therapeutic agent in diabetes.
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been reported to indicate why the virus causing the COVID-
19 outbreak is more deadly in some cases [1]. The disease
burden of COVID-19 has been increasing and over one
million confirmed cases and over 45 thousand deaths have
been reported globally [2]. Because of the high prevalence
of diabetes, understanding the special aspects of COVID-
19 infection in diabetics is important. Diabetes and related
complications enhance the risk of mortality and morbid-
ity during acute infections because of inhibited innate and
humoral immune functions. Diabetes in COVID-19 patients
has correlated with COVID-19 severity and a two-fold
increase in deaths than non-diabetics. So, more studies are
needed on the pathogenic mechanisms, as well as therapeu-
tic implications in diabetics. COVID-19 presents with many
physiological and biochemical changes, including [3], ele-
vated levels of CD4" pro-inflammatory and CD8" cytotoxic
T cells [4], hemoglobin damage [5], increased liberation of
cytokines (cytokine storm) [6], elevated coagulation state
[7], and dysregulated iron homeostasis [8] like iron over-
load that could be as an important element in the COVID-19
pathogenesis [9, 10]. Liu and his colleagues suggested that
the most important poisonous molecular step of coronavirus
is attacking hemoglobin and detachment of the iron from
heme to form porphyrins, as well as the release of iron into
circulation. Therefore, hemoglobin can lose its capacity for
binding to oxygen and hinder its transference to main organs
resulting in damage to these organs. Also, excess free iron in
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Fig. 1 Effect of dalteparin on iron modulation
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the blood circulation can result in oxidative stress damage to
the lungs and different organs. Moreover, the excess load of
iron can cause inflammation and immune dysfunction [11,
12] which in turn results in elevated storage and uptake of
iron by proteins binding to iron [13]. This fact is confirmed
by ferritin levels elevation in the plasma of patients with
COVID-19. Ferritin is the main iron storage molecule in
the body [10]. Amplified iron load causes enhanced blood
viscosity along with diffuse and recurrent macro and micro-
circulatory thrombosis; therefore, can be explained as one
of the causes of unanticipated deterioration and death in
some patients [14, 15]. In this review, we went through
the medical literature around iron and hepcidin’s possible
involvement in this context, which has indicated evidence
of the probable virus interaction with iron metabolism and
hepcidin [13]. According to the translation medicine view,
in the current narrative review, based on the potential link
between iron overload in COVID-19 and disease severity
and/or mortality, we speculated a decrease in hepcidin lev-
els with dalteparin (anti-hepcidin) can be a treatment strat-
egy in covid-19 diabetic patients.

Hepcidin and COVID-19

Hepcidin as an important iron regulative peptide can
sequester iron in the macrophages and enterocytes, resulting
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in augmentation of ferritin in these cells, and so inhibit-
ing iron outflow from them [16]. There is an association
between elevated hepcidin and transferrin receptors in the
blood and the prognosis of COVID-19. A recently published
study showed a relationship between hyperferritinemia
and COVID-19. Moreover, Sonnweber et al. have shown
a link between elevated ferritin and proinflammatory cyto-
kines mRNA expression in white blood cells in coronavi-
rus affected patients. Also, their study indicated that cases
with severe COVID-19 had higher concentrations of soluble
transferrin receptor and hepcidin. Ehsani et al. have tried to
answer a question about the possible similarity, and an evo-
lutionary association between hepcidin and the viral spike
protein in COVID-19 [17]. Recently, it was suggested that
iron metabolism (lactoferrin and iron chelation, etc.) can
regulate the treatment of COVID-19 [18]. As a result, we
speculated high blood ferritin due to COVID-19-induced
hyper inflammation implies a defective cycle of events,
in which high amounts of ferritin maybe cause additional
lesions in tissues (Fig. 1).

Viral intrusion and iron metabolism

Iron metabolism in an individual includes finely-tuning
regulation of intestinal absorption, storage in the spleen
and liver, transportation in circulation, iron usage (mostly
for erythropoiesis in bone marrow), and recycle of iron by
macrophages. Dietary Iron absorbs in enterocytes of the
duodenum and is released into the blood by ferroportin, an
iron transporter protein. The expression of ferroportin is
done on the basolateral membrane of the duodenum cells,
as well as in tissue-resident macrophages, and manages iron
recycling and release [19]. Ferroportin-hepcidin axis plays
a key role in the homeostasis of systemic iron. Hepatocytes
express and secrete hepcidin that binds to ferroportin as its
sole receptor. Following the binding of hepcidin, the inter-
nalization and degrading of ferroportin is done, resulting in
the suppression of iron uptake in the duodenal cells and a
decrease in the iron release from macrophages [20]. Iron
absorption is happen upon the binding of transferrin-bound
iron (TBI) and transferrin receptor 1(TfR1) [21]. Release of
hepcidin is controlled by the accessibility of systemic iron
(iron overload or deficiency), proinflammatory cytokines
(IL-1B and IL-6), bone morphogenetic proteins (BMP6
and BMP2), as well as erythropoiesis signaling molecules
(GDF15, ERFE, and TWSG1) [21]. Patients infected by
SARS-CoV-2 have high amounts of inflammatory cyto-
kines such as IFN-y and IL1p, IL6, in serum, along with
lung inflammation and considerable pulmonary impair-
ment [22]. The coronavirus infection causes high levels of
IFN-y, IL1-B, interferon-inducible protein 10 (IP10 ), and

monocyte chemotactic protein 1 (MCP1 ) which possibly
induces T-helper-1 cell response [23]. Therefore, stimula-
tion of such cytokines may induce hepcidin synthesis result-
ing in the accumulation of iron in macrophages; however,
more studies are needed in this field. Notably, macrophages
can be affected by coronavirus [24]. So, execs storage of
iron may lead to viral replication within macrophages. Also,
viruses are able to manage other iron-associated proteins to
comfort replication and distribution itself. Regarding human
cytomegalovirus (HCMV) infection HFE (Homeostatic
Iron Regulator), a homeostatic iron regulator protein and an
antagonist of TfR1 for binding to transferrin results in cellu-
lar iron overload [25]. In Human Immunodeficiency Viruses
(HIV-1) infected macrophages the interaction between Nef
(Negative Regulatory Factor) protein and HFE causes cel-
lular iron overload [26]. Also, TfR1 is involved in the entry
of many types of viruses [27].

COVID-19 and transferrin receptor

TfR is the main transferrin receptor and is homodimeric.
TfR can facilitate the entrance of iron carried by transfer-
rin into the cells. In general, TfR protein concentration in
the lungs is significantly elevated in viral pneumonia. These
observations may partly explain the vulnerability of lung
tissue against inflammatory insults and can have implica-
tions for the Acute Respiratory Distress Syndrome (ARDS)
pathogenesis, particularly regarding the role of iron [28].
The expression of TfR on cells facilitates the absorption of
iron-loaded transferrin as well as the expression of cellu-
lar apo-ferritin for intracellularly storing iron [28]. At high
levels of cellular iron, provocation of ferritin generation
occurs along with the destabilization of TfR mRNA result-
ing in a decrease in TR synthesis. On the contrary, at high
iron levels, the reverse process is observed. The expression
of proteins engaged in iron metabolism is controlled after
transcription by IRP-1 and IRP-2 (iron regulatory proteins
1 and 2) [29]. Activated IRP is attached to iron-responsive
elements in the noncoding areas of TfR and ferritin mRNA.
IRP activation by ROS and iron signaling-independent
inflammatory mediators are involved in iron regulation.
Theoretically, several molecular mechanisms are involved
in the iron metabolism of Covid-19 that increase ferritin
over-production [30]. Moreover, the TfR is a proper por-
tal for several viruses’ entrance into the cells which may be
also considered in Covid-19 patients. However, in clinical
ARDS, T1R protein levels have shown a significant increase
in the lungs. A similar pathogenesis is expected in Covid-19
pneumonia [29].

In Covid-19 pneumonia, possibly there is a significant
increase in iron levels in the lungs. Hepcidin can coordinate
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the level of iron bound to Tf as well as its amount enter-
ing the circulation[31]. The viral infection causes systemic
iron loading with elevated Tf saturation, hepatic iron and
serum ferritin because of the dysregulation of hepcidin
production by the liver. Therefore, the cells in the reticu-
loendothelial system and the liver can collect iron overload
during inflammation. Ferroportin exports iron from the cell
and hepcidin arranged this process. Also, increased hepci-
din decreases the level of available iron to attach to Tf, and
conversely, a decrease in hepcidin is linked to increased
Tf saturation. Higher hepcidin concentrations are linked to
lower ferroportin concentrations, but the latter increases the
intracellular iron storage of macrophages and hepatocytes
[30]. Also, TfR can be considered as the gate of the virus.
Indeed, blockage of TfR and antibody-mediated neutraliza-
tion against TfR decreases the entry of SARS CoV-2into the
cell [31].

The role of hepcidin in severity and
mortality of COVID-19

The hallmark of the severity of COVID-19 is the activated
innate immune system that is correlated with a hyperco-
agulable condition [32]. The COVID-19 clinical spectrum
ranges from patients with no symptoms to respiratory fail-
ure. Inflammatory cytokines, particularly IL1f3, IL6 and
Tumor Necrosis Factor alpha (TNF-a), affect iron metab-
olism through the generation of hepcidin secreted by the
liver that can limit iron accessibility by blockage of the iron
export channel, ferroportin [33]. Increased hepcidin induced
by inflammation leads to anemia through the reduction in
plasma iron, red blood cell formation and hemoglobin syn-
thesis impairment. [33]. Also, iron deficiency can affect
immune system function and hypoxia sensing. Little is
known about the potential role of disturbing iron homeosta-
sis in COVID-19 [34, 35]. An investigation on 50 COVID-
19 patients has indicated most of them had extremely low
levels of serum iron, which was defined as a predictor of
mortality [34]. Moreover, changes in iron metabolism were
linked to hypoxemia in severe COVID-19 cases in the inten-
sive care unit (ICU) [34, 36]. Hepcidin possibly indicates
the association between COVID-19 severity and iron defi-
ciency. Nonetheless, the role of hepcidin enhancement in
the disruption of iron homeostasis in COVID-19 should be
more studied [37]. In the mentioned study, blood sampling
was done upon admission, followed by retrieving plasma
immediately and freezing until analysis of the levels of iron
and hepcidin as the main controller of iron homeostasis, as
well as proinflammatory markers like ferritin and C-reactive
protein (CRP), and also cytokines associated with hepcidin
modulation like IL1fB, IL6, TNFa and interferon-gamma
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(IFNy). In 93.7% of patients, the iron level was below the
normal range. Conversely, 61.3% of patients were found
with significantly increased hepcidin levels [37]. How-
ever, because hypoferremia inhibits hepcidin expression,
even hepcidin at normal ranges is improperly high in most
patients. In addition, patients with higher hepcidin concen-
trations were markedly older and were found with higher
levels of inflammation (ferritin and CRP) and cell damage
markers. Interestingly, plasma hepcidin concentrations were
associated with those of creatinine because of renal excre-
tion of hepcidin. In general, several patients with severe
COVID-19 have hypoferremia and showed inflammation-
induced hepcidin upregulation [37]. Also, considering seri-
ous patients in ICU, elevated hepcidin levels can predict
mortality, independent of lung function, age, inflammation,
and tissue destruction. In coronavirus disease, hepcidin can
be regarded as a sign of morbidity and severe unhealthy in
patients admitted to ICU [37]. More studies are needed for
verifying whether modulating hepcidin level can affect the
disease consequences.

Iron and COVID-19 pathogenesis

Changed iron homeostasis followed by inflammation and
oxidative stress is associated with COVID-19 pathogen-
esis [38], which indicates the possible role of changed iron
homeostasis (characterized by hyperferritinemia) in the
pathogenesis and management of COVID-19. Iron, as an
essential trace element, is involved in oxygen transference
and plays the role of an acceptor or electron giver in several
biological functions. Ferritin is the main site of iron storage
in the cell primarily in its ferric state (Fe3™). Ferritin is able
to carry a maximum of 4500 iron molecules in its core [39].
In general, systemic inflammations are linked to elevated
blood ferritin amounts. In a high-inflammation condition
cytokines especially IL6 induces ferritin and hepcidin gen-
eration [40].

Lots of iron in the cell can interact with molecular oxy-
gen, producing ROS [39], which causes oxidative dam-
age to cellular components of many organs, like the liver,
lungs, kidney, and heart. Increased ferritin concentrations
are associated with different inflammatory pathologies,
like cardiovascular events [41]. Also, a complex interac-
tion between iron metabolism and reactive sulfur species
(RSS) and reactive nitrogen species (RNS) besides ROS
indicates the interplay between iron metabolism and reac-
tive species interactome (RSI) [42]. Interestingly, in inflam-
matory diseases, ferroptosis as a type of programmed cell
death is promoted by excess iron-dependent lipid peroxida-
tion [43], affecting many organs including the liver, kidney,
heart and lung [43]. Ferroptosis is involved in neurological
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disturbances, like cognitive impairment, anosmia and
ageusia (taste and smell loss) as regular manifestations
of COVID-19 [44]. Iron chelators as well as ferroptosis
inhibitors showed protective effects through the inhibition
of intracellular iron-related lipid peroxidation [38]. Iron
overload is strongly involved in mitochondrial dysfunction
[45] and microbiota dysbiosis (gut and lungs) [46]. Also,
serum coagulability is highly considered in COVID-19 and
is accredited as the main health threat in prone cases [47].
Regarding cellular iron overload, coagulopathy is a marker
of iron poisoning. Oxidized iron can accelerate blood coag-
ulation through interaction with proteins of the coagulation
cascade. Coagulation and increased cardiac biomarkers in
COVID-19 patients indicate high systemic inflammation
with coagulation activation and vascular endothelial dys-
function which are determinants of mortality [48, 49]. Acute
generation of large vessel strokes occurs in young adults
with COVID-19 [50]. The inflammation in the blood vessel
walls as well as changes in platelets mitochondria cab be
driving thrombosis generation [47].

Acute Respiratory Distress Syndrome (ARDS)
of COVID-19 and iron

ARDS is a hazardous lung disorder and a common compli-
cation of severe viral pneumonia, such as pneumonia due to
SARS-CoV-2 [51]. This condition prevents adequate oxy-
gen supply to the lungs leading to high mortality because
of acute lung injury and respiratory disorders [52]. In fatal
cases of human MERS-CoV, SARS-CoV-2 and SARS-
CoV infections, patients show severe respiratory distress
and need mechanical ventilation, and their histopathology
findings also support ARDS[4]. Genetic susceptibility and
inflammatory cytokines are associated with ARDS[53].
More than 40 candidate genes, such as IL-10, TNF, Angio-
tensin-converting enzyme 2 (ACE2) and vascular endo-
thelial growth factor (VEGF) are linked to the outcome or
development of ARDS[52]. High levels of serum IL6 and
IL8 are associated with adverse outcomes of ARDS. These
biomarkers propose a molecular elucidation for the severe
ARDS as well as a potential treatment for ARDS after coro-
navirus infection [54].

High levels of iron in the lung are linked to a high risk of
pulmonary injury [S5]. Both acute and chronic lung injury
disrupts the iron regulatory state in the lungs [56]. Altera-
tions in oxygen saturation levels (hypoxia and hyperoxia)
change the iron metabolic process and damage the lungs
because the organs are very vulnerable to metal-related
oxidative stress [55]. In lung injury, serious hypoxemia,
elevated endothelial and epithelial permeability, high cyto-
kine concentrations in the lungs, and alveolar neutrophil

infiltration are observed [57]. ARDS is characterized by
lung damage through endothelial activation as well as capil-
lary membrane damage leading to a leak of proteins [58].
Iron can intensify this inflammatory lung injury through
the combination of hydrogen peroxide and superoxide
from ARDS with the ability of iron for catalyzing more
toxic ROS [55]. Elevated serum ferritin is linked to ARDS
progression[59]. After an increase in iron levels, ferritin
enhances isolating reactive iron. Also, the production of fer-
ritin (an acute reactive protein) is increased in the inflamma-
tory response, which is owing to high tissue destruction and
lysis [59]. Lavage fluid from ARDS patients has exhibited
a high concentration of total and non-heme iron and also
cellular content of transferrin and ferritin [60], indicating
disrupted pulmonary iron homeostasis in ARDS [55].

COVID-19 and hyperferritinemia

Several COVID-19 patients with high plasma ferritin levels
(>300 pg/l) had a nine-fold further chance of death prior to
discharge [7]. Hyperferritinemia is an index of the “hyper-
ferritinemia syndromes” and occurred in severe COVID-19.
Hyperferritinemia syndromes characterize many autoim-
mune diseases [61] and because of its immunomodulatory
effects possibly play a pathogenic role. High circulating
ferritin displays an acute phase response and is crucial to
inflammation [56]. Ferritin is a crucial iron storage pro-
tein in the cell that has two subunits of H and L and their
ratio are different by tissue type and cell physiological sta-
tus. [62]. The origin of ferritin in the inflammatory state is
unknown but in-vitro studies indicated that it is secreted by
hepatocytes[63] and macrophages through the non-conven-
tional pathway [64] which indicates the possible effect of
ferritin elevation via macrophage activation in “hyperfer-
ritinemic syndromes” [3]. Also, in ARDS ferritin serum lev-
els are associated with disease activity and also macrophage
activation. a cohort study on 39 COVID-19 patients with
elevated blood ferritin concentration showed a significant
correlation with disease severity [51]. The death of hepatic
cells is another main trait of a high level of serum ferritin in
addition to its secretion during an inflammatory response.
Following secretion, serum ferritin loses part of its iron
content, leading to increased amounts of free iron[65]. The
excess free iron in severe inflammatory conditions is deteri-
orative of the inflammatory reaction and especially induces
a marked pro-coagulant state [65]. Coronavirus can display
effects similar to hepcidin, resulting in high ferritin levels
independent of the inflammatory reaction and increased risk
of coagulation [66].
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Iron and thrombosis

Lipinski and Pretorius reported that the free iron levels in
the serum are associated with the nonenzymatic production
of parafibrin [67]. Parafibrin is similar to fibrin and is an
insoluble biomaterial that can promote inflammatory reac-
tions in the arteries following deposition. Free iron in the
blood can produce hydroxyl radicals for converting fibrino-
gen into fibrin clots; thus, iron is a key factor in different
facets of pathological thrombosis, such as oxidative stress,
thrombocytosis, and high erythrocytes viscosity [13]. A
prior study reported excess iron is linked to a high risk of
venous thromboembolism [68]. According to these studies,
it is suggested that overburdened iron triggers hypercoagu-
lation in patients with severe COVID-19.

Coronavirus proteins, iron dysregulation and
hepcidin

The coronaviruses envelope commonly consists of three
proteins including the membrane protein (M), the envelope
protein (E), and the spike protein (S). M and E proteins are
involved in virus assembly, while the S protein that com-
posed of two subunits (S1 and S2) plays a key role in pen-
etrating host cells and initiating infection via binding to host
ACE2 receptors (S1) and membrane fusion (S2) [69, 70].
In addition to these structural proteins, at least eleven viral
accessory proteins in coronavirus have roles during infec-
tion which aren’t still completely known. Some accessory
proteins like ORF3b, ORF6, ORF7a, and ORFS8 have been
indicated to be important IFN-I inhibitors causing a distur-
bance in the patient immune response. Moreover, ORF3a is
engaged in apoptosis while others like ORF9b and ORF9c
affect cellular organelles resulting in the prevention of the
antiviral response in infected cells [71].

So far, limited studies have been performed on the role of
coronavirus proteins in iron disturbances. A proposed theory
expresses that coronavirus proteins have direct interaction
with hemoglobin (Hb) and simplify iron separation from
the heme prosthetic group resulting in the loss of functional
hemoglobin, and iron accumulation. This opinion suggests
ORF1lab, ORF10, and ORF3a are evolved from infected
blood cells and work in harmony to eliminate heme from
the beta chain of hemoglobin, dissociate iron from heme,
and detach the resulting iron-free protoporphyrin IX (PPIX)
[72].

Besides the above-mentioned roles of excess iron in oxi-
dative damage and acute inflammation, iron is a key cofac-
tor for multiple proteins and enzymes which have a role in
the basic functions of viruses in the cells such as energy
production, DNA replication and transcription. Coronavirus
needs iron as regards it needs the patient metabolic systems

@ Springer

to replicate its genome and produces mRNAs for their trans-
lation into functional viral proteins. So, while cellular iron
repletion can enhance viral replication and propagation, the
deficit of iron can disturbs the viral life cycle [73, 74].

Ehsani has indicated a unique sequence similarity
between SARS-CoV-2 S protein and mature hepcidin and
suggested that this similarity can be a potential indication
for the probable iron disturbance in COVID-19 patients
[17]. Coronavirus spike protein has hepcidin-like action,
namely, the virus can directly increase ferritin amounts
independent of the inflammatory effect. Hepcidin-mimetic
action of SARS-CoV-2 may induce ferroportin blockade,
which leads to progressive anemia and hyperferritinemia
[75].

On the other hand, primary findings on hepcidin have
shown its inhibitory effect on the binding affinity of the S
protein toward the ACE2 protein [76]. Therefore, in addi-
tion to its role in regulating iron levels (which through this
reduces inflammatory reactions), hepcidin can directly
reduce coronavirus infectivity by inhibiting its entry into the
cell and so ameliorate the complications of infection with
the virus.

Although these findings are in preliminary stages can
provide a perspective for studies in the coronavirus research
field with respect to prior-confirmed investigations on
the collaboration of coronavirus proteins, iron regulation,
inflammatory processes, pulmonary infections and the hep-
cidin protein.

Hepcidin levels and diabetes mellitus

The association between inflammation and Fe stores in dia-
betics was evaluated. High levels of hsCRP and ferritin in
diabetics were found. Ferritin is a protein reflecting body
iron stores and is an acute-phase protein with high levels
in inflammatory conditions [77]. Increased level of ferri-
tin is a component of the IR syndrome and are associated
with the onset of diabetes [78]. High ferritin concentrations
can reflect high circulating Fe levels. High levels of Fe can
change hepatic insulin clearance, leading to hyperinsu-
linemia which in turn induces a decrease in insulin secretion
of the pancreas [79]. B cells’ hyperactivity finally leads to
their apoptosis [80]. Disturbed Fe status besides increased
Oxidative stress (OS) levels is a risk factor for T2DM devel-
opment and is involved in the onset of its complications.
High ferritin and TBARS concentrations, and increased
hepcidin expression can increase the risk of diabetes devel-
opment. However, inflammation in diabetics is indepen-
dent of adiposity, thus, the origin of inflammation can be
owing to high levels of glucose and/or OS in diabetics [78].
In addition, high mortality due to COVID-19 infection is
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linked to diabetes, high BMI, age and hypertension. Iron and
hepcidin play an important role in these conditions indicat-
ing their potential as targets for therapy [81]. Also, Battaille
et al. have declared elevated blood ferritin associated with
the infection, even in patients with no symptoms and nega-
tive CRP, suggesting this factor as an appropriate marker
for coronavirus disease [82]. In the same direction, Con-
nelly et al. reported elevated blood ferritin concentrations
as a predictor of ARDS as one of the major complications
of COVID-19 [83]. Dixon in 2012 described ARDS as “Fer-
roptosis happens” [84], and recently Abbas et al. assessed
this phenomenon in COVID-19 patients and as a result, they
suggested iron chelation as an appropriate adjunctive ther-
apy for treating these patients [85]. This can be considered
a new type of cell death that varies from necrosis, apopto-
sis, or autophagy and results from iron-dependent lipid per-
oxidation. It is determined by mitochondrial shrinkage due
to excess iron in cells, which is associated with hepcidin
expression.

Also, Huang et al. declared very high ischemia-related
redox-active iron mobilization in lung injury is of accu-
mulation of the intracellular iron in the vascular space
[86]. Excess iron in the vascular space can increase the
production of devastating extracellular ROS. Cao (2018)
announced the suppression of the ferroptosis process by
regulating TLR4 as the main factor linked to hepcidin gen-
eration. Also, Sauler reported that ferroptosis is associated
with iron presence [87]. Iron affects pulmonary injury in
lung transplantation, and using iron-depleting therapy is a
potential preventive measure for lung allograft [88]. Lagan
proposed a distinction in genetics in ferritin light-chain gene
genotype, which confers vulnerability to ARDS, whereas
introducing the hemeoxygenase-2 (HO-2) haplotype as
a preventive one [89]. Accordingly, we can consider the
opinion suggesting that free iron can bind to oxygen, in an
oxidoreductase reaction leading to a decrease in the arterial
oxygen pressure. Some studies introduced deferoxamine as
a possible therapy for coronavirus disease [90] because of
the evidence regarding its effect on enterovirus-71 (EV-71)
infection [91] through enhancing B-cell concentrations and
fatality in infected mice. Therefore, COVID-19 affects iron
through the hepcidin pathway. Hepcidin overexpression and
iron overload are important in COVID-19 and can be pos-
sible targets for treatment. Hepcidin can be regarded as a
biomarker for measuring the efficacy of treatment and mod-
ulating iron homeostasis as the final goal. Thus, in diabetes,
many factors operate indirectly or directly on hepcidin lev-
els and can affect the effectiveness of present therapies.

Low molecular weight heparin (LMWHs)

Heparin and low molecular weight heparins (LMWHs) have
been applied to prevent and treat thromboembolic disorders
[92]. Besides their anticoagulant properties, during the last
ten years, the non-anticoagulant application of heparins
has been considered for treating disorders that are outside
thrombolytic diseases [93]. Their generic mechanism can
be their capability of regulating inflammations [94]. The
non-anticoagulant impacts of heparins offer opportunities to
develop new heparin-based agents for treating several disor-
ders. The main disadvantage of heparins is their pleiotropic
effects. Also, LMWHs are characterized by a longer half-
life, more favorable bio-availability, and a more pharma-
cokinetic response compared to Ultra Fractionated Heparin
(UFH) [95]. LMWHsS are able to reduce problems caused
by full-length heparin and can be used in non-anticoagulant
clinical settings. Both animal and human investigations
have indicated that commercially existing LMWHs show
remarkable antimetastatic [96], anti-inflammatory [97], and
anti-fibrotic effects [98]. Clinical trials propose LMWHs as
an appropriate candidate for different inflammatory disor-
ders. For instance, pediatric and diabetic patients subjected
to cataract surgery were given LMWHs to decrease the risk
of inflammatory syndrome [99]. In cases with stable chronic
obstructive pulmonary disease (COPD), LMWHs as an add-
on therapy could improve dyspnea and blood gas tension,
and also decreased salbutamol dosage [100]. Low levels
of cytokines were found in cases treated with LMWHs. In
clinical trials, LMWHs were effective in disorders with a
complex pathology, such as lichen planus and diabetic foot
ulcers [95, 101].

Antifibrotic effects of LMWHs

Fibrogenesis as a progressive and dynamic process involves
complex cellular and molecular mechanisms related to
inflammation, such as inflammatory damage, matrix depo-
sition, iterative injury, and excessive tissue repair [102].
LMWHs play different roles in chronic liver fibrosis. They
interact with profibrogenic and pro-inflammatory media-
tors and develop fibrosis [103]. LMWHSs interact with
platelet-derived growth factor (PDGF) that is released from
aggregated platelets resulting in more tissue damage. They
also interfere in the interaction between VEGF receptor 2
(VEGFR-2) and vascular endothelial growth factor (VEGF)
in the angiogenesis process. They also prevent fibrosis
by inhibiting the production of inflammatory cytokines,
like HIF-1, TGF-1, and VEGF [104]. Through targeting
such mechanisms involved in the development of fibrosis,
LMWHs inhibit or delay the activation/proliferation of
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fibroblasts [105]. In contrast to other fibrogenesis diseases,
liver fibrosis has an intrinsic capacity for remodeling and
recovery. LMWHs can upregulate the hepatocyte growth
factor leading to increasing hepatic repair, as well as reduc-
ing hepatic fibrogenesis [95, 106].

Dalteparin as anti -hepcidin

Dalteparin (Fragmin) is heparin with a low molecular weight
that has several biological activities in addition to its anti-
coagulant effects, such as anti-inflammatory, antitumor and
anti-hypertensive, effects [107, 108]. Heparin suppresses
in-vitro and in-vivo hepcidin expression [109]. Heparin and
its derivates (UFH and LMWH) have anti-inflammatory
effects and reduce pro-inflammatory cytokines such as IL1
and IL6. IL6 regulates hepcidin synthesis, and dalteparin is
able to suppress IL-6 concentrations in inflammatory condi-
tions leading to a decrease in the elevated hepcidin. There
is an increase in both local and/or systemic hepcidin during
inflammation that results in iron overload [110]. Hepcidin
can act as a double-edged sword by reducing intercellular
iron overload via iron transportation into intracellular space
to combat inflammation[111].

Conclusions

Diabetes is linked to the severity and mortality of COVID-
19. The effects of diabetes on viral entry into cells and
inflammatory reaction against the infection have been
reported. Similar to most viral infections, COVID-19 can
act differently in the iron-hepcidin pathway. The complex
interplay among hepcidin, iron, and other related molecules
should be evaluated to clarify the relationship between the
coronavirus and this process. Excess iron due to hepcidin
overproduction is involved in COVID-19 disease, and such
overexpression is harmful instead of protective and can be
the etiology of many coronavirus symptoms. Blood hepci-
din and ferritin measures can be regarded as an indicator of
the intensity of infection, and iron modulation via hepcidin
reduction can be a key path for improving complications of
diabetics with coronavirus disease.
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