
Int J Rheum Dis. 2022;00:1–18.    | 1wileyonlinelibrary.com/journal/apl

Received: 23 June 2022  | Revised: 15 September 2022  | Accepted: 7 October 2022

DOI: 10.1111/1756-185X.14477  

R E V I E W

Vitamin D— A prominent immunomodulator to prevent 
COVID- 19 infection

Sumel Ashique1 |   Kirti Gupta2 |   Gaurav Gupta3,4,5 |   Neeraj Mishra6 |   
Sachin Kumar Singh7,8 |   Sheetu Wadhwa7 |   Monica Gulati7 |   Harish Dureja9 |   
Flavia Zacconi10,11 |   Brian G. Oliver12,13 |   Keshav Raj Paudel14 |   Philip M. Hansbro14 |   
Dinesh Kumar Chellappan15 |   Kamal Dua13,16

1Department of Pharmaceutics, Bharat Institute of Technology (BIT), School of Pharmacy, Meerut, India
2Department of Pharmacology, MM College of Pharmacy, Maharishi Markandeshwar (Deemed to be) University, Ambala, India
3School of Pharmacy, Suresh Gyan Vihar University, Jaipur, India
4Department of Pharmacology, Saveetha Dental College, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chennai, India
5Uttaranchal Institute of Pharmaceutical Sciences, Uttaranchal University, Dehradun, India
6Department of Pharmaceutics, Amity Institute of Pharmacy, Amity University Madhya Pradesh (AUMP), Gwalior, India
7School of Pharmaceutical Sciences, Lovely Professional University, Jalandhar, India
8Faculty of Health, Australian Research Centre in Complementary and Integrative Medicine, University of Technology Sydney, New South Wales, Ultimo, 
Australia
9Department of Pharmaceutical Sciences, Maharshi Dayanand University, Rohtak, India
10Facultad de Química y de Farmacia, Pontificia Universidad Católica de Chile, Santiago, Chile
11Institute for Biological and Medical Engineering, Schools of Engineering, Medicine and Biological Sciences, Pontificia Universidad Católica de Chile, Santiago, 
Chile
12Woolcock Institute of Medical Research, University of Sydney, New South Wales, Sydney, Australia
13School of Life Sciences, Faculty of Science, University of Technology Sydney, 2007, New South Wales, Sydney, Australia
14Centre for Inflammation, Centenary Institute and University of Technology Sydney, Faculty of Science, School of Life Sciences, New South Wales, Sydney, 
Australia
15Department of Life Sciences, School of Pharmacy, International Medical University, Kuala Lumpur, Malaysia
16Discipline of Pharmacy, Graduate School of Health, University of Technology Sydney, New South Wales, Sydney, Australia

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2022 The Authors. International Journal of Rheumatic Diseases published by Asia Pacific League of Associations for Rheumatology and John Wiley & Sons 
Australia, Ltd.

Correspondence
Kamal Dua, School of Life Sciences, 
Faculty of Science, University of 
Technology Sydney, Sydney, NSW 2007, 
Australia.
Email: kamalpharmacist02@gmail.com

Dinesh Kumar Chellappan, Department 
of Life Sciences, School of Pharmacy, 
International Medical University, Bukit 
Jalil 57000, Kuala Lumpur, Malaysia.
Email: dinesh_kumar@imu.edu.my

Abstract
COVID- 19 remains a life- threatening infectious disease worldwide. Several bio- 
active agents have been tested and evaluated in an effort to contain this disease. 
Unfortunately, none of the therapies have been successful, owing to their safety con-
cerns and the presence of various adverse effects. Various countries have developed 
vaccines as a preventive measure; however, they have not been widely accepted as 
effective strategies. The virus has proven to be exceedingly contagious and lethal, so 
finding an effective treatment strategy has been a top priority in medical research. 
The significance of vitamin D in influencing many components of the innate and adap-
tive immune systems is examined in this study. This review aims to summarize the 
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2  |    ASHIQUE et al.

1  |  INTRODUC TION

Genome homology of reports that severe acute respiratory syn-
drome coronavirus 2 (SARS- CoV- 2) uses the cell receptors of dipep-
tidyl peptidase and angiotensin- converting enzyme 2 (ACE2) to gain 
entry into the host cell.1 Similar to severe acute respiratory syn-
drome coronavirus (SARS- CoV) and Middle- East respiratory syn-
drome coronavirus (MERS- CoV), the novel virus SARS- CoV- 2 also 
causes inflammation and releases pro- inflammatory mediators, such 
as tumor necrosis factor- α (TNF- α) and interleukin- 1β (IL- 1 β) and IL- 
6.2 Both innate and adaptive immunity play a significant role in elic-
iting immediate protective immune responses. Several studies have 
revealed the significant role of vitamin D in controlling these innate 
as well as adaptive immune responses concurrently via vitamin D re-
ceptor (VDR) localized in immune cells, including T cells (CD4+ and 
CD8+), B cells, monocytes, neutrophils, macrophages, and dendritic 
cells.3 Individuals who lacked vitamin D had upregulated expres-
sion of IL- 6, where the TNF- α was found to activate phenotypes of 
monocytes.4 Host responses are occasionally altered as the result 
of overexposure to inflammatory mediators, and the apparent “cy-
tokine storm” causes critical complications in SARS- CoV- 2- infected 
patients like those in acute respiratory distress syndrome (ARDS).5 
Immune defenses can be boosted by vitamin D supplementation, 
which balances inflammation versus anti- inflammation. Persistent 
lack of vitamin D is one of the increasing pathological states world-
wide, affecting more than 1 billion of individuals.6 Research has re-
vealed a prospective relationship between insufficient vitamin D 
and the occurrence of systemic infection along with several other 
diseases.7- 9 Vitamin D deficiency alters the body's immunity be-
cause vitamin D is a key player in immune modulation, as it affects 
secretion of antiviral peptides and hence improves innate immunity, 
which is responsible for maintaining mucosal integrity and defense 
mechanisms.10- 12 The current hypothesis states that a lack of vita-
min D could reduce respiratory immune responses and enhance the 
chances of SARS- CoV- 2 infection severity and mortality rate.13,14 
Along with this hypothesis, numerous retrospective studies have 

represented the interrelationship between vitamin D content and 
the severity of SARS- CoV- 2 infection.15- 20 As a result, enhanc-
ing the immune system by administering vitamin D has become a 
significant factor. However, there are limited data concerning vi-
tamin D and its ability to successfully prevent the infection; there 
is a need for more research about vitamin D supplementation and 
how it can be useful to enhance the immune system and prevent 
further spread of SARS- CoV- 2. Evidence from past literature has 
illustrated the importance of vitamin D in the chronic phase of dis-
eases leading to high mortality rates in patients with coronavirus 
disease 2019 (COVID- 19). Immune responses are well- documented 
as being modulated by vitamin D. There has been a much interest 
in vitamin D's potential to reduce or avoid negative immunological 
reactions caused by the severe effects of COVID- 19 on the immune 
system. A narrative synthesis is necessary to summarize the cur-
rent level of knowledge in this topic because several new studies 
have just been released.21 In order to assess the existing consen-
sus about vitamin D supplementation as a strategy to treat and/or 
prevent the development or progression of COVID- 19, this review 
intends to synthesize the evidence around vitamin D in relation to 
COVID- 19. With reference to significant research and systematic 
reviews that have been published, we provide an overview of the 
current level of knowledge in this field. This review was prepared by 
collecting the relevant scientific information from PubMed, Web of 
Science/Scopus, and Google Scholar using the following phrases in 
all possible combinations: “role of vitamin D in respiratory diseases” 
(292 results), “role of vitamin D in covid- 19” (9 results), “molecular 
mechanisms of vitamin D" (12 results), “role of vitamin D in viral dis-
ease” (5 results). This survey identified a total of 318 published arti-
cles, but after scrutiny only 42 included original research evidence 
focused on the involvement of vitamin D in COVID- 19, published 
between 2019 and 2022. The selected studies tested the role of 
vitamin D in diverse respiratory dysfunctions including in vitro and 
ex vivo findings. Evidence pertaining to the impact of vitamin D in 
comorbidities, other organ injuries, and other viral manifestations 
were excluded from the present review.

research on the use of vitamin D for COVID- 19 treatment and prevention. Vitamin D 
supplementation has now become an efficient option to boost the immune response 
for all ages in preventing the spread of infection. Vitamin D is an immunomodulator 
that treats infected lung tissue by improving innate and adaptive immune responses 
and downregulating the inflammatory cascades. The preventive action exerted by 
vitamin D supplementation (at a specific dose) has been accepted by several obser-
vational research investigations and clinical trials on the avoidance of viral and acute 
respiratory dysfunctions. To assess the existing consensus about vitamin D supple-
mentation as a strategy to treat and prevent the development and progression of 
COVID- 19 disease, this review intends to synthesize the evidence around vitamin D in 
relation to COVID- 19 infection.

K E Y W O R D S
doses, immune system, mechanism, severe acute respiratory syndrome coronavirus 2, vitamin D
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    |  3ASHIQUE et al.

2  |  POTENTIAL MOLECUL AR MECHANISM 
OF VITAMIN D

The three main mechanisms involved in reducing microbial infec-
tion are physically oriented barriers, cellular immunity, and hu-
moral immunity.22 After administration, the binding of vitamin 
D to its receptors in the cell causes the activation of retinoid X 
receptors, resulting in the relocation of the vitamin D receptor 
element. The VDR controls the presence of several host genes, 
such as those for β- defensin and cathelicidin.23 Innate immunity 
of the cell is also enhanced through vitamin D by upregulation 
of human cathelicidin LL- 37, 1,25- di- hydroxy vitamin D, and de-
fensins, and continuing tight junctions, adherens junctions, and 
gap junctions.24- 27 Cathelicidins have direct antipathogenic activ-
ity in response to a broad range of microorganisms, particularly 
bacteria (Gram- positive/Gram- negative), viruses (enveloped/
non- enveloped), and fungi.28 The several functions performed 
by cathelicidin include promoting the triggering of inflamma-
tory cascades and prompting chemotaxis of leukocytes such as 
monocytes, neutrophils, macrophages, and T lymphocytes. This 
further helps to clear pathogens from the respiratory tract by 
persuading apoptotic and autophagic events in epithelial cells 
exposed to the virus.10,29 Vitamin D also impacts Toll- like recep-
tors, which play a significant role in the body's innate immune 
response because they recognize harmful proteins.30 Vitamin D 
regulates several genes, such as defensins, which directly destroy 
virus membrane. When activated, VDR attaches to the VDR ele-
ment of the cathelicidin promoter region, triggering host defense 
against viral infections. The release of nitric oxide is also en-
hanced by vitamin D, which helps in mediating innate immunity. 
This is exhibited primarily by dampening T- cell proliferation and 
the resulting conversion of T helper type 1 (Th1) cells into Th2 
cells.31,32 Vitamin D also impacts the maturation of T cells and 
can further shift Th17 cells toward regulatory T cells, which are 
anti- inflammatory. By following this mechanism, vitamin D down-
regulates pro- inflammatory cytokines such as IL- 1, IL- 6, IL- 12, and 
TNF- α.33- 35 Gene expression associated with anti- oxidation is 
improved through vitamin D intake; as a result, glutathione pro-
duction is enhanced, which shows antimicrobial activities,36- 38 
regulatory T cell- improving features of vitamin D are resolved 
either by direct or indirect signaling pathways that also influence 
tolerogenic dendritic cells.39 Dendritic cells play a key role in vita-
min D- moderated immunoregulation.40 In addition, vitamin D di-
rectly impedes the nuclear factor- κB pathway, therefore lowering 
the generation of pro- inflammatory mediators. Apparently, the 
control of cytokine regulation and differentiation of T cells shows 
the dual role of vitamin D in immunopathological conditions.41 
VDR and CYP27B1 may be significant target tissues for vitamin D 
in the endocrine system. Several studies have reported the down-
regulation of ACE2 receptors by vitamin D, hence preventing the 
manifestations of COVID- 19.42 Figure 1 illustrates how vitamin D 
can boost the immune response.

3  |  INTERPL AY BET WEEN VITAMIN D 
AND ACE2 RECEPTOR

Acute respiratory distress syndrome is mainly due to endothelial de-
fects and enhanced barrier permeability, resulting in increased concur-
rent diseases and death rates in SARS- CoV- 2- infected patients. The 
nutrition D- mediated pathway might also keep away the risk of mild 
respiratory dysfunction. In addition, 1,25(OH)2 D3 is also responsible 
for suppressing renin, ACE, and angiotensin II (Ang II) expression and 
for increasing ACE- 2 in lipopolysaccharide- mediated acute respira-
tory dysfunction. Nutrition D decreased lipopolysaccharide- triggered 
lung injury by various means, including by partially prompting ACE2 
and Ang (1- 7) axis action, resulting in the suppression of renin and the 
ACE and Ang II or angiotensin II receptor type 1 events and drastic ex-
posure of VDR in the lungs. It was concluded that the deactivation of 
VDR led to dyshomeostasis in the renin- angiotensin system. VDR and 
1,25(OH)2 D are also found to attenuate fibrotic cascades in kidneys, 
lungs, and liver through negative feedback of the renin- angiotensin 
system and the hindering of nuclear factor- κB.43 Besides mediating 
these protective functions, VDR also evades sepsis- associated lung 
damage by interfering with the angiopoietin- 2- TEK receptor trig-
gering tyrosine kinase- mediated myosin light- chain kinase events.44 
Vitamin D administration diminishes the acute lung injury by abol-
ishing various pro- inflammatory actions, inhibiting lung epithelium- 
endothelium barrier transfer, and adjusting the renin- angiotensin 
system. The analog of vitamin D (Paricalcitol) prevents alveolar bar-
rier function, alleviating lipopolysaccharide- linked acute lung injury. 
Figure 2 depicts the entry mechanism of SARS- CoV- 2 through host 
ACE2, and Figure 3 shows the impact of vitamin D on ACE2 inhibitors.

4  |  DOES VITAMIN D E XERT ANTI- VIR AL 
POTENTIAL?

Several research and review studies have investigated if vitamin 
D can lower the chances of microbial infections.45 A current review 
also described the active contribution of vitamin D supplementation 
in patients with COVID- 19, thereby reducing the mortality rate.46 As 
observed in several rodent and human cell lines, lymphopenia is a com-
mon and significant complication in critically affected SARS- CoV- 2 
patients. Vitamin D can provide a protective mechanism for experi-
mental interstitial pneumonitis.47 Vitamin D therapy has been proven 
in a number of in vitro experiments to play a crucial role in maintaining 
local respiratory homeostasis, mainly via dual pathways: stimulation of 
the expression of antimicrobial peptides or by direct proliferation of 
the respiratory infection causing virus.48 Several investigations have 
found that vitamin D has antiviral properties, mostly against enveloped 
viruses. In respiratory viral infections, vitamin D regulates the immune 
system by raising the number of CD8+ T cells that are virus- specific 
(such as against influenza and Epstein- Barr viruses). Vitamin D also en-
hances macrophage development and oxidative burst capability while 
decreasing autophagy (linked to viral replication).
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4  |    ASHIQUE et al.

5  |  THE L ACK OF VITAMIN D IN COVID - 19 
PATIENTS

Lips and co- workers report that vitamin D levels are continuing to 
rise in the populations of around 40 nations. However, more than 
50% deficiency is reported among elderly patients. Vitamin D de-
ficiency is found worldwide and is a major undiagnosed and un-
treated dietary deficiency (with more than 1 billion people being 
deficient).49 It was reported that human dipeptidyl peptidase- 4/
CD26 has a link between the S1 domains of the SARS- CoV- 2 spike 
glycoprotein, which may act as an ideal virulence feature in this 
infection.50 This appearance of the dipeptidyl peptidase- 4/CD26 
receptor can be minimized by administering careful vitamin D sup-
plementation. It was also stated that adjusting vitamin D supple-
mentation could decrease the adverse downstream immunological 
sequelae, such as an increase in IL- 6, and late interferon- γ response 
in the infected victims. A recent study demonstrated the direct as-
sociation between vitamin D scarcity and the SARS- CoV- 2- infected 
population.51 It showed that those who were given the most vitamin 
D were at lower risk for SARS- CoV- 2 infection. An additional study 
found that 84.6% of critically ill COVID- 19 patients in intensive care 
units (ICUs) were vitamin D deficient (12 ng/mL), compared with 

only 57.1% of patients in medical wards.52 Also, COVID- 19 patients 
in ICUs had lower 25(OH)D serum concentrations than non- ICU pa-
tients, verified in a study of 34 SARS- CoV- 2- infected patients.53 In 
addition, another study found a link between noninvasive breathing 
assistance and dependence unit admission (P = 0.042), with older 
affected individuals having worse consequences.54 Several studies 
have found that low vitamin D levels are linked to hospitalization 
of SARS- CoV- 2- infected patients. Moreover, serum vitamin D levels 
lower than 16 ng/mL have been associated with an enhanced threat 
of sepsis among critically ill patients.55 The deficiency of vitamin D 
concentrations in serum concentrations quadrupled the likelihood of 
hospitalization owing to SARS- CoV- 2 infection according to a large 
Israeli study cohort. A retrospective case study indicated that the 
serum concentrations of vitamin D among COVID- 19 patients were 
lower in critical cases compared with acute cases.56 Not only defi-
ciency factors but also several key parameters are responsible for 
the severity of infections in the elderly population, including ethnic-
ity, male sex, socioeconomic factors, and concurrent diseases such 
as obesity, diabetes mellitus, and hypertensive states.57 A pilot in-
vestigation (randomized clinical trial) stated in October 2020 that 
higher doses of Calcifediol (25(OH)D) can considerably decrease the 
viral load of ICU patients58 and a clinical case series concluded that 

F I G U R E  1  Representation of dual role of vitamin D on the immune system and inflammation. Vitamin D has the potential to alter 
expression of several genes, showing increased innate immune response and reduced acquired immune response. UV, ultraviolet rays; VDR, 
vitamin D receptor
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    |  5ASHIQUE et al.

those who took high doses of vitamin D showed enhanced clinical 
recovery, lower oxygen requirement, and fewer days in hospital.52 
In addition, a study with realistic trial design analyzed in parallel the 
vitamin D3 states in the early stages of infection. The main motive 
of vitamin D (1,25(OH)2D3) supplementation is to boost the immune 
defense mechanism by decreasing pro- inflammatory cytokine pro-
duction.59 Approximately 24% of US citizens and 37% of Canadians 
were found to be suffering from vitamin D deficiency.60 Systematic 
reviews and meta- analyses have illustrated that vitamin D can pre-
vent respiratory infections. A retrospective multicenter study has 
reported that patients with vitamin D deficiency usually had worse 
results than patients with high vitamin D concentrations.61

6  |  REGUL ATION OF AUTOPHAGY BY 
VITAMIN D

Autophagy is an essential role of the immune system because it safe-
guards against viral infections.62 1,25(OH)2D3 influences autophagy 
by modulating various approaches, including the generation of ap-
optogenic molecules such as Bcl- 2 along with cell regulatory mecha-
nisms including the mammalian target of rapamycin pathway, class 
III phosphatidylinositol 3- kinase complex (an enzyme involved in cel-
lular growth proliferation and differentiation), and cathelicidin bio-
synthesis. As a result, it accelerates virus clearance and diminishes 
the viral burden. Vitamin D suppresses SARS- CoV- 2 replication by 

F I G U R E  2  Entry mechanism of severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) through host angiotensin- converting 
enzyme 2 (ACE2). SARS- CoV- 2 binds to the surface of host cells via several receptors (ACE2, neuropilin- 1, AXL, and antibody- Fcγ receptor 
complexes). The spike (S) protein goes through conformational transition from prefusion to postfusion by using proteases (furin, TMPRSS2, 
and cathepsins). SARS- CoV- 2 attaches with the cell receptor ACE2, which comprises integral membrane protein, and moves to the surface of 
cells after transcription with its N- terminal signal peptide and binds by C- terminal transmembrane domain. When receptor- binding domain 
starts binding with the tips of one lobe of ACE2 the viral entry initiates
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6  |    ASHIQUE et al.

increasing autophagy in macrophages.63 Resistance to SARS- CoV- 2 
may indeed be established with VDR and enough vitamin D.29

7  |  IMMUNOMODUL ATORY FUNC TION 
OF VITAMIN D: IMMIGR ATION OF 
NEUTROPHIL S

Patients infected with SARS- CoV2 frequently display a change in 
neutrophil percentage. Neutrophils are specialized cells that cause 
phagocytosis to protect early responses towards invading patho-
gens.64 Microbicidal processes, phagocytic pathways, degranula-
tion, and transfer of extracellular traps in neutrophils contribute to 

strengthening innate immune responses against infectious illnesses. 
Because neutrophil extracellular traps include specialized proteo-
lytic enzymes that can degrade bacterial virulence factors, they have 
antibacterial activity. Neutrophil extracellular traps defend the host 
by increasing IL- 1 and interferon- γ in activated neutrophils.65

8  |  VITAMIN D DEFICIENCY: EFFEC TS ON 
OXIDATIVE AND NITR ATIVE STRESS

The inhibition of oxidative stress provides a promising effect against 
antiviral infection. Moreover, excessive induction of the oxidative me-
diators is linked to pathophysiology and tissue damage mechanisms.66 

F I G U R E  3  Vitamin D functions in the severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) response after angiotensin- 
converting enzyme (ACE). The ACE converts Ang I into Ang II. Vasoconstriction, inflammation, and apoptosis are caused by Ang II binding 
to the Ang II type 1 receptor. Ang (1- 7) counteracts Ang II's effects. As a result, the equilibrium between ACE and ACE2 levels affects the 
endogenous content of Ang II and Ang (1- 7) 8. Additionally, vitamin D also reduces RAS activity by diminishing renin
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    |  7ASHIQUE et al.

The phosphatidyl inositol 3- kinase signaling cascade decreases reac-
tive oxygen species (ROS) and inducible nitric oxide synthase (iNOS) 
in immune cells, including monocytes and macrophages. The ele-
gance III phosphatidylinositol 3- kinase complex is an important sign-
aling pathway regulated by 1,25(OH)2D3. As a result, 1,25(OH)2D3 
plays a function in redox homeostasis in ROS and iNOS induction to 
improve antiviral activity and anti- oxidative hindrance of iNOS, and 
induction of ROS scavenging pathways to block immunopathology.32

9  |  THER APEUTIC EFFEC TS OF VITAMIN 
D IN COVID - 19 PATIENTS

Age, genetic predispositions, and pre- existing chronic diseases 
are also responsible for the respiratory diseases associated with 
COVID- 19.13 Vitamin D deficiency is also more common among the 
elderly and in communities receiving a low amount of vitamin D be-
cause of reduced vitamin D uptake and metabolism, mainly in African 
Americans.67 Similarly, inadequate vitamin D levels are also prevalent 
in prolonged incurable diseases such as cardiovascular disease and 
hyperglycemia, leading to a possible indirect connection between vi-
tamin D inadequacy and high risk of COVID- 19.68 The previous study 
has also revealed that SARS- CoV- 2- infected patients living in South 
Asia and Switzerland have respiratory complications due to their vita-
min D- deprived state.69 Another association was observed between 
vitamin D and SARS- CoV- 2, where enhanced mortality rates were ob-
served in northern US states that received less UVB compared with 
southern regions. Similarly, global data have shown greater rates of 
mortality where only an average vitamin D supplement is taken.70 
Vitamin D insufficiency is linked to several infections, including 
human immunodeficiency virus, tuberculosis, dengue, malaria, lep-
rosy, as well as multiple sclerosis, inflammatory bowel disease, and 
cancer.71 Low levels of vitamin D are also linked to hepatitis C and liver 
fibrosis.72 Two randomized controlled trials (RCTs) report that proper 
supplementation of vitamin D can provide beneficial results against 
seasonal influenza.73 A few limitations were seen in the RCTs, which 
included various individuals vaccinated against influenza who were 
given vitamins but showed no beneficial effect.74 Levels of vitamin D 
above 50 ng/mL (125 nmoL/L) might be promising in decreasing the 
severity of COVID- 19.75 Malek et al describe the role of vitamin D in 
the modulation of the detrimental endocrine renin- angiotensin sys-
tem and downregulated renin synthesis. It seems to restrict renin and 
the ACE axis, thus improving the expression of ACE2, Mas receptor 
(MasR), and Ang (1- 7) concentration, that play an important role in 
the amelioration of acute lung injury. Therefore, vitamin D could be a 
promising advance in the treatment of COVID- 19 and ARDS.76 It can 
influence the activity of the ACE2/Ang (1- 7)/MasR and ACE2/Ang (1- 
7) axes. It appears that vitamin D prophylaxis (avoiding overdosing) 
could help to lessen severity of COVID- 19, particularly in cases of vi-
tamin D insufficiency.77 Tsujino et al demonstrated that in lung tissue, 
activation of vitamin D3 results in a protective action against intersti-
tial lung disease.78 Martineau et al47 also showed that a regular dose 
of approximately 2000 IU/day with no additional bolus requirement 
showed safe and protective action against the virus.

9.1  |  Function and outcomes of vitamin D in SARS- 
CoV- 2 infections in other studies

Several clinical trials and cohort studies indicate the beneficial con-
tribution made by vitamin D in SARS- CoV- 2 infection. However, a 
few retrospective observational studies suggest an inter- relationship 
between vitamin D and the associated SARS- CoV- 2 infection. For ex-
ample, a retrospective study conducted on SARS- CoV- 2 among 212 
patients from three different hospitals in South Asia that evaluated 
the vitamin D levels in collected serum samples concluded that the 
level of vitamin D was significantly different in four conditions; mild 
(78 nmol/L), ordinary cases (68.5 nmol/L), severe cases (53 nmol/L), 
and critically affected COVID- 19 patients, where the level was too 
low. The authors of this study indicated the significant correlation 
among clinical outcomes (P < 0.001) underlying vitamin D status. In 
Singapore, a small cohort study was conducted79 among 43 SARS- 
CoV- 2- positive patients who were given a combination therapy of 
oral vitamin D dose of 1000 IU, magnesium (150 mg), and vitamin B12 
(500 μg) and essential oxygen compared with a control group (3 out 
of 17 vs 16 out of 26; P = 0.006). The findings concluded that the 
combination treatment of vitamin D, magnesium, and vitamin B12 
exerted a considerable defense against clinical pathophysiology due 
to infection (P = 0.041). Decrease in vitamin D concentration was 
also observed in critically ill COVID- 19 patients with a pre- existing 
medical history.80 In one of the retrospective observational studies 
conducted among 186 SARS- CoV- 2- positive survivors of COVID- 19, 
vitamin D levels were found to be significantly lower (P = 0.0016) 
when compared with the control group. Another study collected data 
sets from various regions of the world and reported a 15% decrease in 
disease rate after taking vitamin D supplementation.81 In Indonesia, 
a retrospective cohort study was performed among 780 patients and 
found a higher death rate in patients with low levels of vitamin D.82 
Another retrospective study from the USA concluded that sunlight 
and vitamin D might reduce the risks of SARS- CoV- 2 infection.83

10  |  BENEFICIAL EFFEC TS OF VITAMIN D 
UPTAKE

According to previous evidence, no data indicates that supplement-
ing vitamin D can minimize the relative severity and high mortal-
ity rate of COVID- 19. Very few randomized clinical trials have been 
registered on the SARS- CoV- 2- infected population that compare 
their vitamin D levels. A small cohort study was conducted that vali-
dated the promising results of vitamin D in combination with vita-
min B12 and magnesium among the SARS- CoV- 2 infected patients. 
Regarding respiratory tract infection prevention, a meta- analysis 
demonstrated that dietary vitamin D administration is a safe and ro-
bust agent against SARS- CoV- 2 infections.84 In addition, the study 
concluded that those with lower levels of vitamin D took the most 
advantage from this supplementation. In another identical study, 
subgroup evaluation specified that each daily or weekly consump-
tion of dietary vitamin D (not more than extra bolus doses) could pro-
tect from acute upper respiratory infection, specifically in patients 
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8  |    ASHIQUE et al.

with a lack of dietary vitamin D. Vitamin D administration enhanced 
gene expression associated with anti- oxidation (glutathione reduc-
tase modifier subunit).85 Indeed, treatment of adults with vitamin 
D (100 μg/day) is safe.36,86 The heterogeneity of the population and 
the dose regimens of vitamin D must be considered in the preven-
tion of SARS- CoV- 2 infections. Checking the influence of nutrition D 
administration in RCTs, and a serious serum- based study of 25(OH)D 
instead of administered vitamin D dose are suggested.87

11  |  VITAMIN D AND COVID - 19: 
SUMMARY OF THE E VIDENCE

11.1  |  Overview

The alleged function of vitamin D in the management or therapy of 
COVID- 19 is dynamic and complex. As previously mentioned, vita-
min D has the ability to modulate various components of immunity, 
potentially affecting the severity and consequences of COVID- 19. 
Downregulation of ACE2 brought on by SARS- CoV- 2 infections 
results in toxic Ang II build- up, which in turn causes ARDS. It has 

been discovered that vitamin D reduces the consequences of these 
interactions between SARS- CoV- 2 and the renin- angiotensin- 
aldosterone system (RAAS).88 Vitamin D can activate the vasore-
laxant ACE2/Ang (1- 7)/Mas receptor axis, a negative endocrine 
regulator on the RAAS that guards against acute lung injury and 
ARDS (Figure 4). By attaching to the VDR and suppressing the ex-
pression of renin- producing enzymes and proteins, vitamin D inhib-
its the manufacture of renin.89 It has also been demonstrated that 
vitamin D promotes ACE2 expression. Data suggest that differing 
expressions of ACE2, which generate a heightened and more robust 
immunological response in females, may be the reason for the differ-
ential presentation of COVID- 19 between male and female patients 
(higher likelihood of ICU admissions and death in males).90 Because 
males express ACE2 at higher levels than females, its impact on 
the severity of COVID- 19 has been assessed.91 A study employing 
an animal model discovered that females following oophorectomy 
showed higher ACE2 activity compared with before, demonstrating 
that many of these alterations can be linked to the presence of es-
trogen.92 In essence, COVID- 19 is more severe in men because they 
express ACE2 more and do not benefit from estrogen's cardioprotec-
tive effects. Although intricate mechanisms for the cardiovascular 

F I G U R E  4  Possible methods by which adequate serum vitamin D levels could protect against COVID- 19 and acute lung injury, whereas 
vitamin D deficiency might cause a faulty immunological response to COVID- 19, leading to increased severity and/or fatality. Arrows 
pointing up or down denote a rise or reduction, respectively
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    |  9ASHIQUE et al.

TA B L E  1  Characteristics of studies examining the links between vitamin D and COVID- 19

Study design Sample size Main findings References

Correlation analysis of 
data

88 countries Countries lying near to the equator had fewer COVID- 19 fatalities than those 
lying farther away; latitude accounted for 16% of this difference

103

Cohort study 105 Lack of vitamin D was linked to increased care requirements and the 
development of cytokine storms

104

Retrospective cohort 
study

107 SARS- CoV- 2- positive individuals showed lower levels of 25(OH)D 105

Retrospective cohort 
study

4314 A higher risk of COVID- 19 was associated with inadequate vitamin D levels 106

Retrospective study 185 Lack of vitamin D was linked to an increased risk of invasive mechanical 
ventilation or death

107

Randomized 
prospective open- 
label study

87 In people with hypovitaminosis D, vitamin D supplementation reduced 
inflammatory markers

108

Retrospective cohort 
study

56 A lack of vitamin D in patients with COVID- 19 reported greater levels of 
inflammatory markers along with considerably reduced level of hemoglobin 
and lymphocyte counts

52

Parallel pilot 
randomized open- 
label trial

76 In patients who needed to be admitted to the ICU, high dosage calcifediol 
lessened the severity of COVID- 19

109

Multi- center parallel 
double- blind RCT

240 When compared with placebo, a single high dose of cholecalciferol had no effect 
on hospital stay, death, ICU admission, or the need for ventilation

110

RCT 40 A higher percentage of asymptomatic or slightly symptomatic patients on high 
dosage vitamin D— 25(OH)D >50 ng/mL achieved a negative SARS- CoV- 2 
RNA at less than 21 days— than those with vitamin D deficiency

111

Quasi- randomized trial 66 In an elderly population, vitamin D administration before or after COVID- 19 
decreased disease severity and fatality rates

112

Systematic review and 
meta- analysis

6 retrospective 
articles

A helpful prognostic indicator of COVID- 19 results could be vitamin D levels 113

Living Cochrane 
systematic review

3 RCTs The available information is insufficient to definitively determine the advantages 
or disadvantages of vitamin D supplementation as a COVID- 19 treatment

114

Open- label, 
multicenter, 
superiority RCT

NA In SARS- CoV- 2- positive patients exhibiting at least one symptom of elevated 
risk, a single dose of 50 000 IU of vitamin D was compared with a single dose 
of 200 000 IU of vitamin D. Incomplete results

115

Quasi- experimental 
study

77 Before COVID- 19, regular vitamin D administration decreased mortality in 
elderly individuals at the 3- month follow up

116

Systematic review and 
meta- analysis

21 studies Low vitamin D levels are correlated with severe COVID- 19 illness, which may 
be explained by the fact that 25(OH)D is inversely correlated with pro- 
inflammatory cytokines like interleukin- 6, an increase in C- reactive protein, 
and cardiac insufficiency, which are related to the severity of COVID- 19 and 
its unfavorable outcomes. A 25(OH)D shortage and sensitivity to infection 
by COVID- 19 have not been linked causally, despite a linkage between 
higher vitamin D levels, immunological responses, and a better prognosis 
in other viral infections, according to testing and blood vitamin D tests in 
SARS- CoV- 2 patients

62,117,118

Cohort study 43 If they did not need oxygen therapy, patients were given 500 μg/day of vitamin 
B12, 150 mg/day of magnesium, and 1000 IU/day of vitamin D3 (DMB) 
when they were admitted. Patients who received DMB had much less 
deterioration to the point of needing oxygen therapy or intensive care 
support, even after adjusting for demographics and hypertension

119

Retrospective cohort 
study

499 The incidence of COVID- 19 was associated with vitamin D deficiency status 
in addition to age and non- white race. The likelihood of testing positive for 
COVID- 19 was not substantially associated with the amount of vitamin D 
supplementation

120

Retrospective 
observational 
analysis

191 779 Patients with inadequate 25(OH)D scores had a greater incidence of SARS- 
CoV- 2 than patients with sufficient values and those with levels under 55 ng/
mL

121

(Continues)
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10  |    ASHIQUE et al.

Study design Sample size Main findings References

Observational study 154 Patients who were asymptomatic had mean vitamin D levels that were 
noticeably higher than patients who were gravely unwell. In people who 
were extremely unwell, vitamin D deficiency was more common. 90 out 
of 154 patients had vitamin D deficiency (29 asymptomatic; 61 severely 
ill). Patients with vitamin D deficiency had greater levels of inflammatory 
markers, an inflammatory response, and a higher mortality rate in their 
serum (21% vs 3.1%). Patients with severe COVID- 19 had noticeably low 
levels of vitamin D

122

Retrospective 
observational study

42 Patients with severe vitamin D deficiency had a 50% chance of dying after 
10 days in the hospital, whereas those with insufficiency or moderate 
deficiency had a 5% chance. Hypovitaminosis D was found to be highly 
prevalent in 19 patients with acute respiratory failure who were receiving 
treatment in the ICU, which was associated with a significant mortality risk

123

Observational study NA Government statistics data on mortality were inversely associated with the 
mean vitamin D levels reported in various states and territories

124

Retrospective 
observational study

444 A lower incidence of COVID- 19 mortality was associated with the administration 
of cholecalciferol booster

125

Retrospective 
observational trial

186 Independent of age, chronic lung illness, and the severity score from the chest 
computed tomography, vitamin D deficiency at admission was linked to 
mortality

126

Retrospective 
observational study

149 A lower level of serum 25(OH)D was linked to higher mortality in COVID- 19 
patients

127

Retrospective 
observational study

464 After sex was ruled out as a factor in COVID- 19 severity or fatality, levels of 
25(OH)D <12 ng/mL were found to be strongly associated with an elevated 
risk of fatal disease and severe sickness

128

Cohort study 646 There is no proven link between low vitamin D levels and COVID- 19 severity or 
fatality

129

Observational cohort 
study

445 There was a link between hypocalcemia and the severity of COVID- 19, but there 
was no linkage between vitamin D and the severity or advancement of the 
disease. It is also accepted that calcium and vitamin D interact

130

Retrospective 
observational study

1549 But not mortality, hospital admission and critical care were associated with low 
vitamin D levels

131

Retrospective cohort 
study

144 The level of serum vitamin D was negatively linked with hospital mortality and 
the requirement for mechanical ventilation

132

Prospective 
observational study

410 There is no link between a vitamin D deficiency and the prevalence of severe 
COVID- 19, a rise in oxygen use, hospital admissions, or death. There was no 
appreciable change in the outcome in vitamin D- deficient patients treated 
with cholecalciferol

133

Retrospective, 
multicenter, non- 
randomized cohort 
study

537 After COVID- 19 diagnosis, calcifediol medication was significantly linked to a 
lower 30- day mortality rate

134

Observational study 157 It was discovered that vitamin D supplementation had an adverse relationship 
with mortality in COVID- 19 patients

135

Cohort study 1486 The incidence of COVID- 19 was higher in patients with Parkinson's disease 
who were younger, heavier, and had chronic obstructive pulmonary 
disease. Patients who took vitamin D supplements had a lower likelihood of 
developing it

136

Retrospective study 91 In patients with comorbidities, two doses of 200 000 IU of vitamin D given on 
consecutive days can enhance outcomes (ICU admission, mortality)

137

Case- control study 60 039 Statins that raised levels of 25(OH)D, such as rosuvastatin, were the only ones 
to have a protective effect in COVID- 19

138

Retrospective survival 
study

16 401 Following the administration of vitamin D (calcifediol) 15- 30 days before 
hospitalization, there was a significant decrease in mortality

139

TA B L E  1  (Continued)

 1756185x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1756-185X

.14477 by IN
A

SP - N
E

PA
L

, W
iley O

nline L
ibrary on [29/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  11ASHIQUE et al.

consequences of COVID- 19 have been put forward,93 it is appar-
ent that damage has been done.94 ACE2 and the RAAS have been 
linked in the process by which COVID- 19 substantially increases the 
strain on the cardiovascular system, and individuals who already 
have cardiovascular morbidities are more susceptible to problems 
and mortality. In a case study of 43 patients in China, it was discov-
ered that men were more likely than women to have more severe 
COVID- 19.95 This was also found in the USA and Europe.96 Different 
amounts of 1,25(OH)2D3 and VDR expression may have a role in 
the disparities between males and females, according to other ob-
servational research.97 Beyond the mechanistic explanation of how 
1,25(OH)2D3 signaling modifies the immune response, women also 
benefit from vitamin D's synergistic action with estrogen in CD4+ T 
cells, which inhibits an autoimmune response.98 However, it might 
be an oversimplification to attribute gender variations in COVID- 19 
to ACE2 or vitamin D. This could be explained by fewer morbidities, 
in a manner that may be very varied because of individual variations, 
as estrogen confers a protective effect on cardiovascular and im-
mune health.99 It is likely that low vitamin D levels cause cytokine 
storms, poor defense against epithelial cell death, and inadequate 
epithelial cell repair, ultimately leaving the lungs susceptible to cata-
strophic immune system dysregulation. It is expected that vitamin D 
is a more effective immune system modulator than antibody treat-
ment for halting the function of cytokines like IL- 6.100 The action of 
the TMPRSS2 is likely to be inhibited by vitamin D and its physiologi-
cally active hydroxy derivatives.101 As a result, the fusion of the viral 
spike protein and ACE2, which is necessary for viral entry into the 
host cell, is blocked. The physiologically active compounds that stop 
the serine proteases from interacting with each other are involved 
in a variety of biological processes. The involvement of vitamin D 
in COVID- 19 has also been verified by research employing genom-
ics guided tracing to identify the targets of SARS- CoV- 2. Glinsky102 
investigated vitamin D as a putative inhibitor of ACE2 expression 
and discovered that vitamin D appears to decrease ACE2 expression 
by way of the VDR and other transcription factors in human bron-
chial smooth muscle cells. Vitamin D influences expression levels of 

84 of the 332 SARS- CoV- 2 prey protein- coding genes (25%). These 
prey proteins perform a variety of cellular processes that are inter-
fered with by infection. This shows that vitamin D has the ability to 
interfere with the function of 19 out of 27 (or 70%) of the SARS- 
CoV- 2 proteins, in addition to blocking the production of ACE2. 
Mechanistic investigations using transcriptome or metabolomic 
analysis are eagerly awaited to validate the involvement of vitamin D 
in SARS- CoV- 2 infections. However, numerous observational stud-
ies and open- label, RCTs have demonstrated a substantial relation-
ship between vitamin D and COVID- 19 (Table 1).52,59,62,67,103,104,105,  

106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,  

127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143

11.2  |  Observational studies

There have been various observational studies looking into the 
role that vitamin D plays in SARS- CoV- 2 infections. A significant 
cross- sectional study that looked at the geographic distribution of 
COVID- 19 in the USA discovered associations between outcomes 
including illness severity and COVID- 19 deaths and sunlight expo-
sure as a proxy for vitamin D.103 In a cohort study of an elderly popu-
lation, it was found that patients with COVID- 19 who were admitted 
to a hospital in the UK had lower serum levels of vitamin D compared 
with healthy controls, and that there was a pronounced correlation 
between vitamin D deficiency and needing more care or ventila-
tion. Additionally, Baktash et al,104 reported that a lack of vitamin 
D is linked to a higher frequency of cytokine storms. Similarly, those 
who tested positive for SARS- CoV- 2 were more likely to have lower 
circulating 25(OH)D concentrations in two trials involving 107 and 
4314 patients in Switzerland and Chicago, respectively.107 Others 
have discovered links between having enough vitamin D and a lower 
incidence of COVID- 19, but not in terms of what happens following 
infection. Some research, however, has presented contradictory, un-
favorable findings. Overall, the data point to the significance of the 
association between vitamin D and COVID- 19, an association that 

Study design Sample size Main findings References

RCT 69 For 2 weeks, patients with mild to severe symptoms of COVID- 19 required less 
time to recover when given 5000 IU of vitamin D daily rather than 1000 IU. 
Over time, the interleukin- 6 and body mass index levels in both groups 
decreased

140

Population- based 
cohort study

108 343 Infection rates were more likely to increase with lower serum 25(OH)D levels 
than disease severity or mortality. Patients with COVID- 19 who received 
vitamin D supplements compared with those who did not receive any 
supplements

59

Clinical case series 4 Treatment with calcifediol significantly decreased mortality and ICU admission 
in hospitalized COVID- 19 patients

141

Observational study 838 Treatment with calcifediol significantly decreased mortality and ICU admission 
in COVID- 19 patients who were hospitalized

142

Prospective study 8297 A decrease in COVID- 19 incidence was associated with routine vitamin D intake 67

Abbreviations: COVID- 19, coronavirus disease 2019; RCT, randomized controlled trial; SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2.

TA B L E  1  (Continued)

 1756185x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1756-185X

.14477 by IN
A

SP - N
E

PA
L

, W
iley O

nline L
ibrary on [29/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12  |    ASHIQUE et al.

calls for further research through large- scale, nationally representa-
tive investigations. There are obviously many confounding variables 
in observational data, and up to this point, there have not been any 
randomized controlled studies to determine whether vitamin D spe-
cifically has a role in COVID- 19 susceptibility and consequences. 
Notably, this narrative review presents some recent associative evi-
dence on the relationship between vitamin D and COVID- 19. One 
questionnaire- based study of 1486 Parkinson's patients from Italy 
found that those who used vitamin D supplements had a lower risk 
of having COVID- 19.144 Patients who tested positive for SARS- CoV- 2 

by polymerase chain reaction had decreased serum levels of vitamin 
D, according to a second small Italian investigation (n = 107).143 The 
chance of testing positive for COVID- 19 rose when vitamin D levels 
were low, according to a third study from the USA (n = 4314).119

11.3  |  Clinical trials

In addition to receiving normal therapy, supplementing with vitamin 
D significantly reduced the inflammatory markers in 87 patients with 
COVID- 19 and hypovitaminosis D, according to a randomized pro-
spective open- label study conducted in India.108 In comparison to 
individuals receiving no supplements, levels of C- reactive protein, 
lactate dehydrogenase, IL- 6, ferritin, and neutrophil to lymphocyte 
ratios significantly decreased in the patients receiving 60 000 IU 
of vitamin D supplementation daily for 8 days. A retrospective co-
hort research that included COVID- 19 patients who were vitamin 
D deficient found that they had considerably lower lymphocyte and 
hemoglobin counts and higher levels of inflammatory markers, such 
as C- reactive protein.52 In addition, patients with vitamin D deficien-
cies were more likely to need oxygen therapy and were more likely 
to develop pneumonia if their vitamin D levels had not been raised 
6 months before being infected by SARS- CoV- 2. The effectiveness 
of oral calcifediol, azithromycin, and hydroxychloroquine in treating 
COVID- 19 was examined in an RCT in Spain. They reported that ad-
equate vitamin D levels brought on by calcifediol supplementation 
were the most obvious determinant in determining disease progno-
sis, even when hydroxychloroquine and azithromycin were given in 
accordance with standard of care treatment. In an RCT conducted 
in India by Rastogi et al,110 it was discovered that asymptomatic or 
mildly symptomatic patients could achieve a negative SARS- CoV- 2 
RNA by day 21 when given high- dose vitamin D (60 000 IU of daily 
cholecalciferol for 7 days), achieving a therapeutic target of 25(OH)
D greater than 50 ng/mL. In contrast, a different RCT in Brazil found 
that among 240 hospitalized COVID- 19 patients, a single high dose 
of 200 000 IU of cholecalciferol had no difference from placebo in 
terms of reducing hospital length of stay, in- hospital mortality, ad-
mission to the intensive care unit, or need for mechanical ventilation. 
It should be emphasized that individuals in this trial were given a va-
riety of concurrent drugs and vitamin D after a considerable amount 
of time had passed since the onset of symptoms (mean 10.3 days). 
Therefore, it is uncertain if the delayed results may be to blame and 
whether early or preventive vitamin D treatment may be helpful 
in treating mild or moderate COVID- 19. In fact, it was found that 
vitamin D administration during or immediately before COVID- 19 
was related to less severe disease and reduced mortality rates in 66 
elderly residents of a French nursing home participating in quasi- 
randomized research looking into possible infection prevention.111 
The National Institute for Health and Care Excellence assessment 
includes 12 observational studies examining relationships between 
serum vitamin D concentrations and the occurrence or treatment of 
COVID- 19, one small RCT of vitamin D as a therapy, and no trials of 
vitamin D as a preventive measure.145

TA B L E  2  Recommended vitamin D dose

S. No Suggested doses

1. With the slight increase in serum concentration of 
25(OH)D, the degree of protection also increases; 
however, the optimal range lies between 40- 
60 ng/mL (100- 150 nmol/L). To gain these levels, 
approximately 2000- 5000 IU/day of vitamin D intake 
is required in 50% of the population145

2. To sustain 30 ng/mL of the serum concentration of 
25(OH)D, administration of several loading doses 
is needed. One study employed a dose of 100 000- 
200 000 IU weekly for 8 consecutive weeks (1800 or 
3600 IU/day)146

3. Clinical evidence suggests that either weekly or daily 
consumption of vitamin D is more efficacious than 
bolus doses in patients experiencing lung infections. 
Still, a substantial intake of vitamin D can indeed be 
deleterious and toxic147,148

4. To avoid infection, some studies suggest taking a high 
amount of vitamin D once a day149

5. High doses (600 000 IU administered orally once) should 
therefore be avoided because they significantly 
increase the chance of toxicity

6. According to the previous research, taking 10 000 IU 
every day for 1 month will enhance serum 25(OH)
D concentrations into the ideal range of 40- 60 ng/
mL.150 To maintain that level, the dose is lowered to 
2000- 3000 IU/day after the first month

7. Patients hospitalized with COVID- 19 should have 
initial basal serum 25(OH)D amounts evaluated and 
supplemented to a level of approximately 30 ng/
mL (ideally 40- 60 ng/mL), specifically if the baseline 
level is far less than 10 ng/mL, as this deficit is 
substantially more prevalent in male patients151

8. In SARS- CoV- 2- infected patients with 25(OH)D serum 
concentrations <20 ng/mL, the suggested dose is 
6000- 7000 oral IU/day for 6- 8 weeks. For protection, 
the dose may vary from 2000- 3000 oral IU/day 
depending on the age and clinical situation

9. Vitamin D administration is required when the baseline 
plasma concentrations of SARS- CoV- 2- infected 
hospitalized patients are <30 ng/mL (optimal 40- 
60 ng/mL), especially when the baseline level is 
10 ng/mL

10. While baseline 25(OH)D concentrations in infected 
patients cannot be determined, 2000- 3000 oral IU 
per day is suggested
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    |  13ASHIQUE et al.

12  |  RECOMMENDED DOSE

Several recommended doses have been approved depending 
on various circumstances. Table 2 describes the probable doses
.13,146,147,148,149,150,151

13  |  LIMITATIONS AND FUTURE 
DIREC TIONS

The rapid evolution of SARS- CoV- 2 and its newly appearing, little 
known impacts on the immune system severely restrict the field's 
ability to advance. Re- examining what little is known is necessary 
in the light of this phenomenon where more infectious or virulent 
virus strains result in negative effects even in younger populations 
that are considered to be more immune- resilient. Even though the 
evidence now available strongly supports the concept that vitamin D 
plays a role, it is not conclusive; and some studies have found no con-
nection between vitamin D and COVID- 19 when other confounding 
variables are taken into account.152 Furthermore, the underlying eti-
ology of the vitamin D deficiency, and consequently, the immunolog-
ical dysfunction identified in COVID- 19, are still up for debate. It has 
also been suggested that, rather than a shortage of vitamin D itself, 
diabetes and obesity (both of which are accompanied by vitamin D- 
deficient states) are to blame for the rise in COVID- 19 mortality.153 
Others make the case for the “healthy user effect,” which states that 
people with healthy diets and regular exercise spend more time out-
side and have better vitamin D levels as a result. This demonstrates 
associations, and not causalities, between vitamin D insufficiency 
and poor COVID- 19 outcomes. Taken together, these differences 
make it impossible to draw firm conclusions and emphasize the ne-
cessity of well thought out, appropriately powered experiments to 
ascertain the function of vitamin D in COVID- 19. There are currently 
21 active trials that could provide some insight into this subject in 
the near future, according to a recent Cochrane review. Vitamin D 
deficiency has also been advised to be treated preventatively as it 
lessens the severity of disease following infection. This needs to be 
taken into account and needs further examination in light of other 
risk factors like aging and age- related health degradation.19 Overall, 
there is still much left to be done to assess the immunological im-
plications of the mutant SARS- CoV- 2 strains. Additionally, more re-
search has to be done on the mechanistic processes underpinning 
the cellular and molecular activities of vitamin D concentrations in 
the context of COVID- 19.

14  |  SIGNIFIC ANCE OF THE VITAMIN D 
AND SARS-  COV- 2 STUDIES

There has been plenty of discussion on the effect of vitamin D on 
SARS- CoV- 2 infection, hospitalization, and mortality rates. Vitamin 
D deficiency is likely to be a significant factor in transmission and 
complications, according to a large body of evidence, including 

known COVID- 19 immunity pathways, vitamin D physiology and its 
effects on the immune system, and population- based studies linking 
vitamin D levels to respiratory infections.154 Observational studies 
comparing outcomes across nations show an inverse relationship be-
tween vitamin D status and the severity of COVID- 19 disease and 
its associated mortality, suggesting that vitamin D may influence 
the immune system's response to infection.155 In particular, Spain 
and Italy have recorded the highest rates of COVID- 19 infection and 
deaths worldwide, as well as high rates of vitamin D insufficiency. 
In contrast, the Nordic nations have a lower incidence of COVID- 19 
infection and death as well as higher levels of vitamin D due to sys-
tematic dietary fortification. Other statistics, however, cast doubt 
on such a connection. For instance, Brazil, a country on the equator, 
has high rates of both cases and mortality from COVID- 19, whereas 
Greece, a country with a prevalence of vitamin D deficiency (25(OH)
D 20 ng/mL) of at least 50% over a wide age range,156 is among the 
nations with the lowest numbers of confirmed COVID- 19 cases and 
deaths. The results of well- conducted RCTs demonstrating the im-
pact of vitamin D on COVID- 19 clinical outcomes should be awaited 
by the entire world. It is only reasonable to wonder if vitamin D 
could prevent COVID- 19 given that the earlier research studies have 
shown that it could prevent acute respiratory infection. This topic 
was covered by Rhodes et al in a narrative review that was published 
in the Journal of Internal Medicine.157 The authors compared the 
mortality of COVID- 19 in relation to the latitude of various nations 
in order to first establish a definitive association between vitamin 
D levels and COVID- 19. After adjusting for age, they discovered a 
4.4% rise in mortality for every degree of latitude north of 28°. This 
finding suggests that indirect vitamin D from UV light may have a 
role in COVID- 19 protection. Furthermore, they draw attention to 
the fact that risk variables for vitamin D insufficiency overlap with 
those linked to COVID- 19 death (old age, ethnicity, male sex, obesity, 
diabetes, and hypertension). The “healthy user effect,” which states 
that healthier people just spend more time outside and eat more 
than people who are less healthy, may entirely explain this overlap, 
despite the fact that it is striking and merits further study. Although 
there is no direct evidence linking vitamin D levels to the occurrence 
or results of COVID- 19, there is indirect evidence that vitamin D has 
an immunomodulatory role in respiratory infections. The similarity 
of the risk variables for severe COVID- 19 and vitamin D deficiency, 
including older age, obesity, and minority ethnicity, constitutes ad-
ditional indirect evidence. In high- latitude nations, there is a link be-
tween the seasonal drop in vitamin D serum concentrations and a 
larger burden of COVID- 19.158 Together, the available data make a 
strong justification for additional studies.

15  |  CONCLUSION

It has been observed that supplementation of vitamin D plays a 
major role in the prevention of infections. The defensive role of 
vitamin D against infections related to the respiratory system has 
been proven in various randomized clinical trials and meta- analyses. 
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It has been suggested that vitamin D supplementation be admin-
istered in the current pandemic situation to sustain the optimal 
levels of 25(OH)D circulating in the body (75- 125 nmol/L). Several 
studies indicate the association of COVID- 19 cases with abnormal 
vitamin D levels. Maintaining vitamin D serum concentrations (40 
and 60 ng/mL) over the year may decrease the risk of respiratory 
tract infections and SARS- CoV- 2 infections. Depending on the 
pandemic wave, large- scale clinical trials may provide a more ac-
curate picture of the relation between vitamin D deficiency and 
SARS- CoV- 2. More studies are needed to study the role of vitamin 
D on the replication of SARS- CoV- 2 and the inflection of ACE2. 
Immune responses against the virus can be achieved by regulating 
the vitamin D- dependent mucosal microbiota, particularly in cystic 
fibrosis cases. Vitamin D is proven to possess multiple immune- 
modulating actions, so it seems crucial to consider the prophylactic 
supplementation and co- administration of vitamin D to invoke an 
effective therapeutic benefit in the modulation of the immune sys-
tem and reduce the severity of SARS- CoV- 2 infection, especially in 
elderly patients. Yet, more clinical research, including randomized 
and controlled clinical trials and large- scale cohort investigations, 
are essential to further understand the therapeutic mechanisms of 
vitamin D in COVID- 19.
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