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Abstract

Aggressive inflammatory response leading to hypercoagulability has been found to be associated with disease severity in
COVID-19 patients and portends bad treatment outcome. A state of acute disseminated intravascular coagulation (DIC), along
with pulmonary embolism and/or deep vein thrombosis, has been observed in critically ill ICU patients. Autopsy reports
of COVID-19 patients demonstrated microthrombi in lungs and in other organs, as well as marked inflammatory changes,
characteristic clinicopathological features that exacerbate disease severity. Vitamin D supplementation was recommended by
many clinicians across the globe to improve clinical symptoms of COVID-19 patients, mainly because of its immunomodu-
latory roles on immune cells. Furthermore, vitamin D and its associated molecules are also known to directly or indirectly
regulate various thrombotic pathways. We propose that vitamin D supplementation not only attenuates the risk of Acute
Respiratory Disease Syndrome (ARDS) but it also may have a role in reducing coagulation abnormalities in critically ill
COVID-19 patients. The overarching goal of this review is to discuss the effects of vitamin D on coagulation pathways and
other intertwined processes leading to thrombosis. Many clinical trials are currently investigating the efficacy of vitamin D
supplementation in reducing the risk of COVID-19 infection. However, randomized placebo control clinical trials are also
necessary to ascertain the effect of vitamin D supplementation on reducing the risk of coagulopathy in COVID-19 patients.
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Introduction

The COVID-19 pandemic is not only different from earlier
Severe Acute Respiratory Syndrome (SARS) or Middle East
Respiratory Syndrome (MERS) in terms of sheer number of
fatalities, but COVID-19 is also fascinating because of the
wide spectrum of clinical symptoms it manifests. Progres-
sive hypoxemia, respiratory failure, ARDS, and multi-organ
failure have all been identified as major causes of mortality
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due to COVID-19. Abnormal coagulation parameters such
as elevated level of circulating D-dimer and fibrinogen [1]
are commonly observed in critically ill COVID-19 patients,
indicating hypercoagulability as a poor prognosis of the
disease [2-5]. Inflammation as part of innate and adaptive
immunity during an infection triggers activation of coagula-
tion. Activation of coagulation, in turn, markedly affects the
inflammatory activity [6]. Extensive crosstalk between the
two systems is associated with the formation of microvas-
cular thrombi often leading to organ dysfunction in severe
sepsis [7].

Inflammation-induced activation of coagulation is oper-
ated through three main mechanisms—tissue factor (TF)-
mediated thrombin generation, downregulation of antico-
agulant pathways, and impairment of fibrinolytic system [6].
More and more TF is released in circulation when vessel
wall is disrupted by infection. Concurrently, endothelial cells
and monocytes also start expressing TF in response to vari-
ous proinflammatory cytokines (such as TNF-a, IL-1, IL-6,
IL-8, and MCP-1). Once TF is exposed to blood, coagulation
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is initiated to produce thrombin, fibrinogen, and fibrin.
Thrombin is involved in the feedback activation of coagula-
tion by stimulating coagulation factors V, VIII, XI, and XII.
It also activates platelet causing platelet aggregation and
clot formation. Activated coagulation factor X and thrombin
along with fibrin and fibrinogen, on the other hand, induce
the synthesis and release of inflammatory cytokines (IL-6
and/or IL-8) enabling activation of inflammatory system.
The coagulation-induced inflammation, again, impairs the
anticoagulant pathway leading to a coagulant—anticoagu-
lant imbalance and enhances the risk of thrombosis. The
coordinated activation of inflammatory and hemostatic
responses, termed thromboinflammation [8], is well charac-
terized for viral, bacterial or fungal infection. The increased
level of IL-6 along with D-dimer and fibrinogen in severely
ill COVID-19 patients reported by different groups confirms
the occurrence of thromboinflammation in SARS-CoV-2
infection as well, suggesting hypercoagulability driven by
the cytokine storm and associated hypoxemia leads to severe
thromboembolic complications in COVID-19 [9-11]

Several groups have reported that increased vitamin D
level plays a beneficial role in the recovery of COVID-19
patients. Vitamin D, a steroid hormone, exists in our body
in two different forms: vitamin D2 and vitamin D3. Both
forms get metabolized first to 25 hydroxyvitamin D [25(OH)
D], and then to 1,25-dihydroxyvitamin D [1,25(OH),D], to
become active. It has been observed that vitamin D3 is more
efficacious at raising concentrations of serum 25(OH)D than
D2. The active forms of vitamin D bind to vitamin D bind-
ing protein (VBP) and get transported to the required organs
to be presented as a natural ligand to vitamin D receptors
(VDR). VDR is a member of a nuclear hormone recep-
tor family and is widely distributed across all the tissues
controlling hundreds of genes responsible for the regula-
tion of cellular proliferation, differentiation, apoptosis, and
angiogenesis [12]. Therefore, apart from its traditional role
in maintaining skeletal health and calcium and phospho-
rous homeostasis, the active metabolites of vitamin D are
believed to regulate diverse biological processes. Various
vitamin D analogs are used to treat hyperproliferative dis-
orders such as psoriasis and cancer, secondary hyperpar-
athyroidism accompanying renal failure, immunological
disorders, etc.

The protective role of vitamin D against COVID-19
disease severity has been attributed mostly to the impact
it has on the immune system. Vitamin D restricts the pro-
duction of inflammatory cytokines and inhibits the prolif-
eration of proinflammatory cells, both of which are crucial
for the pathogenesis of inflammatory diseases. Vitamin
D was also reported to enhance the ratio of angiotensin-
converting enzyme 2 (ACE2) to ACE and thereby reducing
the level of angiotensin II level by hydrolyzing the enzyme
[13]. Altogether these effects are indicative of beneficial
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effects of vitamin D supplementation in decreasing the risk
and adverse outcomes of acute lung injury associated with
COVID-19. Interestingly, vitamin D and its associate mol-
ecules also have a substantial effect on coagulation pathways
attenuating thrombosis [14]. Therefore, we hypothesize that
vitamin D could be considered as a crucial nutrient in reduc-
ing thromboinflammation associated with COVID-19 and
thus may expedite the recovery from the disease. The current
review will discuss the potential role of vitamin D to combat
coagulopathy, a defining hallmark leading to severity of the
disease due to SARS-COV-2 infection.

Vitamin D and COVID-19

It has been suggested by several studies that vitamin D
deficiency can contribute to the severity and mortality of
SARS-CoV 2 infection. The fatality of the disease increases
with increasing age and comorbidity (diabetes, renal disor-
der, hypertension) of the infected person [15-17], both of
which can be associated with vitamin D deficiency [18-20].
Deficiency of vitamin D is generally observed in individuals
above 70 years due to decreased sun exposure and subcu-
taneous synthesis. Several studies have also reported that
people with chronic diseases have lower 25(OH)D concen-
trations than it is in healthy people. Although there is no
consensus on the optimal level of vitamin D, the European
Calcified Tissue Society Working Group has defined severe
vitamin D deficiency as a serum 25(OH) D level lower than
30 nmol/L [21]. A study in Italy reported that male chronic
obstructive pulmonary disease patients had a mean 25(OH)
D concentrations of 16 (95% CI 13-18) ng/mL, whereas
female patients had concentrations of 13 (95% CI 11-15) ng/
mL [22]. A study in South Korea reported that community-
acquired pneumonia (CAP) patients had a mean 25(OH)D
concentration of 14 4+ 8 ng/mL at hospital admission [23]. A
study in Iran reported that hypertensive patients had lower
25(OH)D concentration [24].

Ilie et al. [25] found a crude association between the
mean vitamin D levels in various European countries with
COVID-19 cases and COVID-19 mortality. Laird et al.
[26] demonstrated that the correlation between 25(OH)D
concentration and COVID-19 mortality rate is statistically
significant (P =0.046) by Spearman’s Rank Correlation.
Rastogi et al. conducted a randomized placebo-controlled
study on hospitalized COVID-19 patients to evaluate the
effect of vitamin D (cholecalciferol) supplementation on
disease severity [27]. A significant proportion of COVID-
19-infected patients were tested RNA negative after the
cholecalciferol dose. Fibrinogen level was also observed
to be decreased for them. In another pilot study, Castillo
et al. showed that administration of high dose of calcife-
diol to the patients reduced the need for ICU treatment
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appreciably [28]. Brigham and Women’s Hospital along
with Harvard Medical school and other collaborators is
conducting a nationwide randomized clinical trial (Clin-
ical Trials.gov Identifier: NCT04536298) in 2700 U.S.
men and women to investigate whether taking a daily die-
tary supplement of vitamin D for 4 weeks reduces the risk
of hospitalization and/or death in participants newly diag-
nosed with COVID-19. The study, which is supposed to
be completed in March 2021, will also examine whether
the vitamin dose reduces the risk of infection with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in their closest household contacts. Phase 3 randomized
controlled trial with 6200 enrolled participants is also
going on to check the effect of Vitamin D Supplemen-
tation to Reduce Risk and Severity of COVID-19 and
Other Acute Respiratory Infections in the UK (Clinical
Trials.gov Identifier: NCT04579640). These studies posit
crucial role of vitamin D in reducing the risk COVID-19
severity and many countries are actually recommending
vitamin D supplementation. World Health Organization
recommends a daily intake of 5 ug (200 IU) for adults and
15 pg (600 IU) for individual over 65 years. A high-dose
(250,000 or 500,000 IU) vitamin D3 trial conducted dur-
ing 2011-2014 on ventilated intensive care unit patients
reported an increase in plasma vitamin D level and a
reduction in the length of hospital stay for the patients
without altering other clinical outcomes [29]. Currently,
more clinical trials are needed to determine the safety and
efficacy of optimum high dose, since high dose of vita-
min D may also result in significantly lower bone mineral
density [30].
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Fig.1 Vitamin D as an anti-inflammatory and anti-thrombotic agent.
Active metabolite of vitamin D (a) suppresses the inflammatory
response of T-effector cell by inhibiting the maturation and activity of
DCs in VDR-dependent manner; (b) activates the production of anti-
inflammatory IL-10 in B cell; (c) downregulates TNF, IL-6, NFkB,
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Vitamin D and inflammation

As mentioned earlier, the possible link between vitamin D
deficiency and COVID-19 is being attributed, by and large,
to the impact it has on the inflammatory response (Fig. 1).
CYP27B1, the key enzyme involved in the conversion of
vitamin D to its active form, and VDR are both expressed
in macrophages, dendritic cells (DC), and T lymphocytes.
These cells are involved in mediating key immune/inflam-
matory response, which provides the biological basis for the
role of vitamin D in inflammatory diseases [12]. In mac-
rophages, activation of the toll-like receptor (TLR1/2) het-
erodimer results in the upregulation of VDR and CYP27B1,
leading to induction of the antimicrobial peptide catheli-
cidin. Cathelicidin exhibits direct antimicrobial activity
against a spectrum of microbes, including enveloped and
non-enveloped viruses [31]. Thus, vitamin D can potentiate
the cellular innate immunity.

Both forms of vitamin D—1,25(0OH),D and 25(OH)
D—have been found to block LPS-induced p38 signaling to
deactivate cytokine (IL-6 and TNF o) production in mono-
cytes/macrophages [32]. The active form of vitamin D or its
analogs have been shown to reduce MCP-1 and IL-6 expres-
sion by blocking the activation of NF-kB in macrophages
[33]. Moreover, vitamin D is a natural endoplasmic reticu-
lum stress reliever, and can selectively suppress key effector
functions of interferon (IFN)-y-activated macrophages [34,
35]. 1,25(0OH),D inhibits the differentiation, maturation,
and immunostimulatory capacity of human antigen present-
ing DC in a VDR-dependent manner causing the induction
of T-regulatory cells, a critical event for suppressing the
inflammatory response of T-effector cells. It has also been
revealed that 1,25(OH),D inhibited the production of pro-
inflammatory cytokines, including IFNy, IL-17, and IL-21

—— upregulation
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MCP-1 and activates the antimicrobial peptide cathelicidin in mac-
rophages; (d) downregulates IFNy, IL-17, and IL-21 in T lympho-
cytes; (e) upregulates the natural anticoagulants TM and TFPI and
deactivates TF and thereby reduces hypercoagulability
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[36]. Notably, while decreasing the expression of proinflam-
matory cytokines in airway SMCs, vitamin D has been found
to increase the production of IL-10, an anti-inflammatory
cytokine, thereby, minimizing the deleterious effects of
inflammatory cytokines [37]. Further, vitamin D also helps
to maintain tight junctions, gap junctions, and adherent junc-
tions, which are often disrupted by different virus and other
pathogens increasing the extent of infection [38].

Regulation of thrombotic disorders
by vitamin D

Vitamin D metabolites have emerged as an effective antico-
agulant as is reflected in its ability to regulate different pro-
and anti-thrombotic agent of coagulation cascade (Fig. 1). It
upregulates antigen expression, activity, and mRNA levels
of an anticoagulant, thrombomodulin (TM), and downregu-
lates antigen expression, activity, and mRNA levels of the
crucial prothrombotic factor, TF, that initiates the activa-
tion of coagulation [39]. Similar regulatory effects on TF
and TM were also reported for KY3 and 22-oxacalcitriol,
two synthetic analogs of the active vitamin D metabolites,
mediated through VDR [40]. These agents could be used as
a potential therapeutics for the treatment of atherosclerotic
and other cytokine-mediated thrombotic diseases. Addition
of vitamin D molecule calcitriol (1,25(OH),D3) and pari-
calcitol (19-nor-1,25-(OH),D2) has been found to reduce
TNF-a-induced expression and activity of TF in vascular
smooth muscle cells by downregulation of NF-«B signaling

and PAR-2 expression [41]. This was accompanied by
the upregulation of tissue factor pathway inhibitor (TFPI)
expression and restoration of VDR level. A separate study
also reported a significant positive correlation between TFPI
level and serum 25(OH)D3 level [42].

The anti-thrombotic property of vitamin D was further
substantiated by several clinical studies that correlated vita-
min D deficiency with thrombosis (Table 1). Low levels
of 25(OH)D were found to be associated with idiopathic
lower-extremity deep vein thrombosis (DVT) as observed
in a group of 82 patients [43]. Sub-physiological levels of
vitamin D were also predictive of DVT in patients with
ischemic stroke [44]. A study from Switzerland reported
a reduction in thrombin generation and decreased clot den-
sity with high-dose cholecalciferol supplementation, with-
out any change in fibrinolytic times for patients with severe
vitamin D deficiency [45]. Beer et al. [46], in a placebo-con-
trolled randomized trial of the high-dose of 1,25(OH),D3,
showed significantly reduced numbers of thrombotic events
in cancer patients. In order to explain the seasonal varia-
tion of risk of VTE (risk is greater in winter than summer),
Lindqvist et al. [47] sought a possible correlation between
sun exposure habits and occurrence of VTE. The cohort
study, comprising 40,000 women followed for~ 11 years,
revealed intriguing aspects about the link between vitamin
D and thrombosis; Swedish women having greater exposure
of sun were at 30% lower risk of VTE than those who did
not. Data looked statistically significant even after account-
ing for demographic variables. Greater sun exposure must
have improved the vitamin D status which was manifested

Table 1 Clinical trials correlating vitamin D deficiency with elevated risk of thrombosis

Study Sample size Clinical feature/ coagulation  Findings Conclusions
parameter
Blondon et al. (2019) [41] 48 Prothrombotic profile Vitamin D supplementa- Severe vitamin D deficiency
tion resulted in decrease in might be associated with a
thrombin generation potentially reversible pro-
thrombotic profile
Wu et al. (2018) [40] 180 DVT in patients with history ~ Serum vitamin D levels were =~ Low vitamin D level is inde-
of ischemic stroke significantly lower in the pendent predictor of DVT
DVT group than in the non-
DVT group
Khademvatani et al. (2014) 275 DVT 68.3% population in DVT Vitamin D deficiency is associ-
[39] group was vitamin D defi- ated with idiopathic lower-
cient extremity DVT
Lindqvist et al. (2009) [43] 40,000 VTE Women with greater exposure  Greater exposure of sunlight
of sun have 30% lower risk improves vitamin D status
of having VTE of a person resulting in the
enhancement of anticoagulant
property
Beer et al. (2006) [42] 250 Thrombosis in cancer patients Events of thrombosis was only High dose of vitamin D reduced

2 in patients given calcitriol
compared to 11 in placebo-
treated control

thrombosis in cancer patients
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in the reduced risk of VTE. Moreover, a pilot clinical trial
reported an enhancement of anticoagulant effect of warfarin
by vitamin D supplementation [48].

Considerable amount of clinical and experimental data
indicated the potential role of vitamin D in reducing the risk
of inflammatory diseases and coagulopathy. Therefore, it
became evident that intake of vitamin D could be beneficial
in reducing the severity of COVID-19 infection not only due
to its anti-inflammatory property but also due to its antico-
agulant property.

Future perspective

The deleterious effect of so-called “cytokine storm” and
hypoxia causes an increased incidence of venous thrombo-
embolism (VTE) due to induction of COVID-19-associated
coagulopathy in ICU patients [49, 50]. Therefore, all con-
firmed or suspected COVID-19 patients admitted to the
hospital are advised to be treated with pharmacologic VTE
prophylaxis, given the high inflammatory state, unless there
are specific contraindications [4]. So far, no specific antiviral
therapy is available to combat the underlying infection caus-
ing hypercoagulability. Notably, increased survival benefit
of systematic anticoagulant therapy in severe COVID-19
patients has been reported by many groups [51, 52]. Low
molecular weight heparin (LMWH), fondaparinux, nadropa-
rin, warfarin, etc. were frequently used to mitigate hyperco-
agulability. However, the risk of bleeding episodes remains
a concern and patients require constant monitoring [53].

Connors et al. [4] suggested that dose of anticoagulant
therapy for COVID-19 patients should be decided after care-
fully assessing the bleeding risk for each patient. This hem-
orrhagic complications of anticoagulant therapy could be
avoided using a lower dose of anticoagulant supplemented
with vitamin D. Vitamin D could be an effective agent in
reducing bleeding disorders in patients receiving anticoagu-
lant therapy. Hejazi et al. [48] showed that vitamin D sup-
plementation begat the possibility of lower dosing regimen
of warfarin and was associated with less adverse reaction
in patients with thromboembolism. However, the authors
concluded that due to small sample size of the study popula-
tion, their expected clinical endpoint did not meet statistical
significance.

Notably, Lemke et al. [51] argued that the abnormal
coagulation in severe COVID-19 patients is “consumptive”.
The authors also suggested that along with the depletion
of important coagulation factors, clinical manifestation of
abnormal clotting in many critical COVID-19 patients also
consumes an essential anticoagulant, protein S. Indeed, in
a cohort study performed in Colentina University Hospital,
Romania, protein S level was observed to be decreased in
COVID-19 patients [54]. Therefore, any augmentation of

anticoagulant effect by vitamin D should have a favorable
outcome in those patients. It would be interesting to initiate
clinical trials of COVID patients on anticoagulant therapy
with and without vitamin D supplementation to tease out
the subtle efficacy of vitamin D in such treatment setting.

Conclusion

The current review therefore concludes that inclusion of
vitamin D supplementation along with prophylactic dose of
anticoagulant has a tremendous potential as a combinatorial
treatment regimen to treat COVID-19-associated coagulopa-
thy. Double-blinded randomized placebo-controlled clinical
trial is warranted to explore the efficacy of vitamin D supple-
mentation in reducing severity and mortality of COVID-19
due to thrombotic complications.
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