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ABSTRACT
COVID-19 has caused severe financial, clinical, and sociological consequences besides posing a burden on 
healthcare. Many nutritional approaches have been employed to manage the deleterious consequences 
of COVID-19. Among the several micronutrients, vitamin D deprivation has been linked to an increased 
likelihood of hospitalization of COVID-19 patients. Vitamin D has been reported to be a critical regulator of 
the renin-angiotensin system, which is used by the SARS-CoV-2 to access the host cell. Vitamin D also 
modulates the multiple immune system mechanisms to contain the virus, including the curtailment of the 
viral entry into the host cell. The adequate levels of vitamin D in the host have been associated with the 
reduced release of proinflammatory cytokines, thus lowering the risk of a cytokine storm; increased levels 
of anti-inflammatory cytokines and enhanced secretion of natural antimicrobial peptides. It may also be 
involved in the enhancement of the Th2 immune response and activation of defensive cells such as 
macrophages. Contrary to these findings, several studies have concluded that there is no direct associa-
tion between vitamin D concentrations and poor prognosis of the disease. Hence, this paper aims to 
decipher the immunoregulatory properties of vitamin D and its possible involvement in management of 
COVID-19.
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1. Introduction

Coronavirus disease 2019 (COVID-19) pandemic has 
resulted in more than 5.0 million fatalities globally, besides 
imposing strenuous challenges on health-care facilities and 
medical infrastructure.1,2 This scenario has instigated wide-
spread panic, worldwide threats and financial losses.3,4 

Currently, there are no authorized therapies for the man-
agement of COVID-19; hence, non-pharmaceutical inter-
ventions such as social distancing, public cleanliness, and 
facial masks remain the best available approaches for the 
mitigation of COVID-19. Recent research suggests that 
certain dietary supplements may be beneficial in COVID- 
19 patients. Higher-than-recommended daily dosages of 
nutrients such as vitamins and zinc may have a positive 
impact, perhaps decreasing the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) viral load and 
duration of hospitalization.5,6 These micronutrients have 
been reported to exhibit immunomodulatory activities and 
reduce the deleterious consequences of several ailments. On 
the other hand, imbalances in these nutrients can cause 
immunological dysfunction and increased vulnerability to 
pathogenic infections. Vitamin D deficiency has been 
reported in high-risk categories of COVID-19 patients, 
including the geriatric population, and might be associated 
with increased severity and mortality rates among this age 
group.7

Micronutrient deficiency has been linked to poor clin-
ical outcomes during viral infections. To enhance the 
immune response and strengthen the defense against 
infections, malnourished individuals at risk of or diag-
nosed with COVID-19 may benefit from a daily intake of 
vitamins and trace elements. Recent research revealed the 
vitamin D, zinc, and selenium deficits in COVID-19 
patients with acute respiratory tract infections. Vitamin 
D strengthens the physical barrier against viruses and 
promotes the synthesis of antimicrobial peptides. 
Moreover, vitamin D might have the potential to mitigate 
cytokine storms by reducing the secretion of proinflam-
matory cytokines8 (Figure 1).

To reduce the risk of infection, it is recommended that people 
at risk of influenza and COVID-19 should consider taking 10,000 
IU/d of vitamin D3 for a few weeks to rapidly raise 25(OH)D 
concentrations, followed by 5000 IU/d. The goal should be to raise 
25(OH)D concentrations above 40–60 ng/mL (100–150 nmol/L).7 

Viral infections can be reduced by a number of ways involving 
vitamin D. One of these ways is the induction of cathelicidins and 
defensins, which can reduce viral replication rates as well as 
reduce inflammation that damages the lungs’ lining and causes 
pneumonia. Another way is raising the levels of anti- 
inflammatory cytokines.8,9 Although some observational research 
and clinical trials have found that taking vitamin D supplements 
can lower the chances of getting influenza, others have not found 
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this to be true.10 Consequently, this review would focus on the 
different functions of vitamin D and its potential benefits in low-
ering the risk of COVID-19.

2. Immunomodulatory roles of vitamin D

One of the most well-known roles of vitamin D is to keep the 
calcium and phosphorus levels balanced in the body and to 
regulate bone metabolism. The deficiency of vitamin D is asso-
ciated with increased inflammation and immune system dys-
regulation in several chronic diseases. Based on such findings, 
it appears that vitamin D plays a crucial role in regulating 
immunological function. Previously, it has been reported that 
the immune cells of both innate and adaptive immune systems, 
such as monocytes, macrophages, dendritic cells, B and 
T lymphocytes, express the vitamin D receptor (VDR). In 
another report, it has been suggested that vitamin D and 
VDR signaling has an anti-inflammatory impact by increasing 
the proliferation of regulatory T cells and dendritic cells and 
decreasing the response of T cells and the release of inflamma-
tory cytokines. Acute respiratory distress syndrome (ARDS) 
caused by excessive secretion of proinflammatory cytokines 
may be the primary reason for the rise in death rates,11,12 and 
vitamin D can be employed to control the excessive release of 
cytokines.

Previous studies have revealed vitamin D’s immunomodu-
latory effects, and it has been found to affect the helper T cell 
responses. Vitamin D has been found to inhibit the Th1 
immune responses13 while increasing the Th2 immunological 
response.14 Th1 cells generate proinflammatory cytokines like 

IFN-ɣ and TNF-β, whereas Th2 cells produce IL-4, IL-5, IL-10, 
and IL-13.15 Vitamin D lowers the Th1 cytokines while 
increasing the Th2 cytokines since it causes a shift from Th1 
to Th2 phenotypes.16 The Th1 immune response has been 
found to be deleterious in the patients with COVID-19; 
hence, vitamin D can be employed to modulate the immune 
response and manage the COVID-19 patients.

In addition, several other recent reports have concluded that 
vitamin D can reduce the excessive release of cytokines in 
patients with COVID-19.17 The SARS-CoV-2 infection leads 
to endothelial and alveolar membrane damage, both of which 
can cause death, and vitamin D has been reported to prevent 
the endothelial damage by reducing the secretion of cytokines. 
Critically ill patients with COVID-19 are more likely to have 
elevated levels of proinflammatory cytokines such as IL-6 
compared to those who have mild symptoms.8,18 Serum SARS- 
CoV-2 nucleic acid detection has been associated with elevated 
levels of IL-6 in severely sick COVID-19 patients.19 TNF-α, IL- 
6, IL-1, IL-12, and IFN-β production may be reduced by 
vitamin D.20–22 (Figure 2). Moreover, the inhibition of nuclear 
factor-kB (NF-kB) activation has been associated with the anti- 
inflammatory effects of vitamin D. Previous studies have 
recorded the interaction of vitamin D receptor with an inhi-
bitor of kB (IkB) kinase beta, which in turn leads to the 
inhibition of NF-kB activation.22

Previously, the anti-inflammatory and immunomodulatory 
capabilities of vitamin D have been utilized in the treatment of 
type 2 diabetes. To reduce the virulence of SARS-CoV-2 and 
limit the illness progression, vitamin D has been proposed as 
an immunomodulation therapeutic approach. Researchers 

Figure 1. Comprehensive range of functions and benefits of vitamin D in lowering the risk of COVID-19. (The figure was created with BioRender.com).
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believe that vitamin D’s anti-inflammatory characteristics can 
help control the cytokine storm in COVID-19.23,24 In addition, 
recently, it has been concluded that vitamin D is an essential 
micronutrient that reduces the intensified inflammatory 
responses by decreasing the proinflammatory cytokines that 
cause ARDS.25–27

3. Vitamin D in the management of COVID-19

Several clinical studies have been conducted to establish the 
protective roles of vitamin D in the management of COVID- 
19. Recently, a study was conducted to check the correlation 
between vitamin D levels in various Asia Pacific countries and 
the morbidity and mortality rates of COVID-19. A significant 
relationship was found between the levels of this vitamin and 
the number of COVID-19 cases, which inturn indicates the 
protective role of vitamin D in COVID-19.28 Another study 
has shown that vitamin D deficiency could be associated with 
COVID-19 positivity and disease severity.29 An elevated level 
of this vitamin could decrease COVID-19 positivity, C-reactive 
protein (CRP) level, and the number of affected lung segments 
in patients with COVID-19, thereby shortening the duration of 
hospital stay. A study of six months duration conducted on the 
children with COVID-19, recorded significantly higher viral 
loads among patients with low vitamin D levels and lower BMI, 
which reflects the impact of nutritional status on the immune 

system.30 An investigation comparing the influence of a single 
high dose of vitamin D3 (200 000 IU) on the duration of 
hospital stay of patients with mild to extreme COVID-19 
(N = 120) found no clinically significant variations among 
the groups examined in terms of duration of hospital stay, 
referral to ICU (intensive care unit), or requirement for artifi-
cial ventilation.31 In addition, researchers also suggest that 
vitamin D enhances the concentration of Angiotensin convert-
ing enzyme (ACE) and reduces the Angiotensin converting 
enzyme 2 (ACE2) expression, which may help to protect 
against the COVID-19. However, even while it is an intriguing 
theory, there is no clinical evidence to back it up just yet.32

According to some research, vitamin D supplementation 
may benefit patients with COVID-19, particularly those with 
a proven deficiency and other risk factors, including obesity, 
aging, dark skin tone, and geographical location.33 Researchers 
also believe that supplementing with 25(OH)D at levels above 
50 ng/ml may help reduce the incidence and symptoms of viral 
diseases like COVID-19, along the lines of its protective effects 
in several other diseases like cardiovascular disease, diabetes, 
cancer, respiratory infections, and hypertension.33 COVID-19 
infection risk has been found to be associated with the incidence 
of vitamin D insufficiency in an extensive Israeli observational 
population research involving 200 communities. Around 52,000 
patients were included in this study, possibly the most extensive 
study to find the association of vitamin D and COVID-19. It has 

Figure 2. Schematic representation of immunomodulatory actions of Vitamin D. Vitamin D induces the proliferation of Th2 type cells and increases the production of 
anti-inflammatory cytokines such as IL-4, IL-5, IL-19, and IL-13. Further, anti-inflammatory cytokines inhibit the action of inflammatory cytokines such as IL-6, IL-2, TNF-α, 
and IFN-ɣ, which help control the excessive release of cytokines, also known as a cytokine storm. Moreover, in the deficiency of vitamin D the hyperactivation of Th1 and 
Th17 immune response has been postulated, which leads to cytokine storm. (The figure was created with BioRender.com).
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been concluded that there is a significantly strong link between 
low levels of vitamin D and an increased chance of acquiring 
COVID-19, with the risk being highest in those with a severe 
deficit.34 Moreover, several researchers have underlined the 
need for prophylactic usage of vitamin D in COVID-19 
therapy.35,36 Hence, supplementation of vitamin D can be con-
sidered as one of the preventive measures to reduce the fatality 
rates among the risk-possessing population.

4. Conclusions and Future Perspectives

While the so-called COVID-19 pandemic grips the entire 
world, the lack of viable medicines necessitates intense study 
into drug repurposing. Notwithstanding the scarcity of reliable 
drug candidates against COVID-19, a strong link between 
vitamin D deficiency and severe viral infections, including 
COVID-19, suggests that a simple remedy could be helpful in 
the management of COVID-19. Furthermore, vitamin D’s 
possible involvement in regulating the immunological 
response to viral infections has bolstered its relevance in the 
present pandemic scenario. Considering the earlier work in the 
domain, there is a compelling case for investigating whether 
vitamin D can help prevent COVID-19. Along this line, several 
studies have established the protective roles of vitamin D in the 
management of patients with COVID-19, atleast in reducing 
the time of hospitalization and mortality rates. However, there 
is still inadequate data to substantiate a link between vitamin 
D levels, severity, and death associated with COVID-19. To 
address this question, randomized controlled trials and large- 
scale cohort studies are required. Experimental models should 
be applied in future research to deduce if vitamin D can inhibit 
viral replication, suppress proinflammatory cytokines, or have 
other impacts on SARS-CoV-2 pathogenesis. Extensive epide-
miological studies may also be conducted to see if the vitamin 
D levels are linked to the chances of becoming infected with 
SARS-CoV-2 and the severity of accompanying illness.
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