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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the latest

coronavirus to be discovered. Corona Virus Disease 2019 (COVID-19) remains a

major threat to global public health. Since the outbreak of the pandemic, we urgently

need to find drugs that can be effective against COVID-19. Vitamin D deficiency is

commonly observed as a common biochemical abnormality among patients with

COVID-19 (1). It is important to emphasize that Vitamin D insufficiency, whether

caused by infection, calcium loss with age or decreased digestion and absorption capacity

and so on, especially in the elderly, is most likely to increase the risk of developing a long-

term disease of COVID-19 (2).

Several clinical studies, such as observational studies and randomized controlled

trials (RCTs) have shown that low Vitamin D levels are independently associated with

poor prognosis in COVID-19 (Tables 1, 2). In the early stages of COVID-19 outbreak,

despite the absence of enough evidence-based medicine research data support, several

scientific societies have already recommended supplementing older adults with Vitamin

D to prevent the onset of COVID-19 (20). Based on this, we intend to study how much

Vitamin D is contributing to prevention and mitigation of COVID-19, combined with

more typical and updated research literature, and comment on the current status of

relevant clinical research. We attach great importance to encouraging continued high-

quality, basic research and clinical studies to explore Vitamin D supplementation options

to lower the risk of severe disease progression of patients with COVID-19.
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Mechanistic studies of vitamin D
in prevention and mitigation
of COVID-19

Why is vitamin D supplementation beneficial for COVID-19?

The clues to whether Vitamin D has a reason to fight SARS-CoV-

2 can be found in a large number of previous studies, although

most of the proofs are circumstantial and associative (21).

As the severity of COVID-19 mainly depends on the presence

of the so-called “cytokine storm”, the supplementation of Vitamin

D could be a relevant therapeutic strategy to manage

hyperinflammation in patients with COVID-19 (22). Since

active Vitamin D is a crucial immunomodulator, Vitamin D

was demonstrated to possess inhibitory effects on pulmonary

inflammation by strongly influencing the functions of

inflammatory cells, including DCs, monocyte/macrophages, T

cells, B cells and the integrity of structural epithelial cells (23).

Moreover, as the main activated form of Vitamin D3, 1,25(OH)2
D3 not only inhibits the secretion of interleukin 12 (IL-12), IL-23,

tumor necrosis factor alpha (TNF-a) and interferon-g (IFN-g),
but also increases the anti-inflammatory cytokine IL-10 and the

number of T cell inhibitory molecule PD-1 (24). Another research

results showing that, patients with COVID-19 were also proved to

have a high-level of interleukin 6 (IL-6) (25). In terms of

regulating immunity, Vitamin D can reduce the risk of viral

infection through many mechanisms such as innate immunity,

adaptive immunity and so on (26). The most common forms of
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vitamin D supplementation are cholecalciferol (Vitamin D3) and

ergocalciferol (Vitamin D2), while 25(OH) D3 is the form of

vitamin D3 present in the body. When infection happened in the

body, the immune system would start recruiting T cells and

neutrophils to the site of infection, while scanty levels of

circulating 25(OH) D3 will debilitate these immunological

reactions (27). Some studies have proved that Vitamin D3 could

contribute to physical barrier to prevention of against trespass of

bacteria both in lung epithelium (28) and gastrointestinal

tract (29).

As an integral part of the renin-angiotensin system (RAS)

pathway, angiotensin-converting enzyme 2 (ACE2) is the host

receptor for SARS-CoV-2 entry into intestinal and alveolar cells

(30). In a study of genomic screens, ACE2 and FURIN were

adopted as baits to build genomic-guides human tissues-tailored

maps of upstream regulatory elements. Following the study of

332 human genes encoding Covid-19 protein targets, they found

that Vitamin D can change 25% of the expression level while

interfering with 70% of the functions of 27 kinds of Covid-19

proteins (31). In an investigation of serum cytokines,

chemokines and growth factors in Covid-19 patients, after

taking Vitamin D during hospitalization (200, 000 IU), the

patients’ granulocyte-macrophage colony stimulating factor

(GM-CSF) levels showed a significant group-by-time

interaction effect. In this sense, it is suggested that the

therapeutic effect of vitamin D may be a result modulation of

adequate innate immune response through decreasing the GM-

CSF upregulation (11).
TABLE 1 Summary of observational study information.

Study Design Participants Conclusion

Ling et al. (3) Multicenter
retrospective
study

986 participants with
COVID-19

Treatment with cholecalciferol booster therapy, regardless of baseline serum 25(OH)D levels, appears
to be associated with a reduced risk of mortality in acute in-patients admitted with COVID-19.

Diaz-Curiel et
al. (4)

Retrospective
observational
study

1549 patients hospitalized
for COVID-19

Vitamin D deficiency in patients with COVID-19 is correlated with an increased risk of hospital
admission and the need for critical care, vitamin D levels do not influence the rate of mortality.

Carpagnano
et al. (2020)
(5)

Retrospective,
observational
study

42 patients with acute
respiratory failure due to
COVID-19

High prevalence of hypovitaminosis D was found in COVID-19 patients with acute respiratory
failure, and severe Vitamin D deficiency significantly related to higher mortality risk.

Subramanian
et al. (6)

Observational
study

472 patients with COVID-19 Extremely low ( < 25 nmol/L) and high (>100 nmol/L) levels of Vitamin D may be associated with
mortality risks of patients with COVID-19.

Luo et al. (7) Cross-sectional
study

335 COVID-19 patients Vitamin D deficiency impacts COVID-19 hospitalization and severity in
the Chinese population.

Charoenngam
et al. (8)

Retrospective
chart review
study

287 COVID-19 patients
aged ≥ 18 year

There was an independent association between Vitamin D sufficiency defined by serum 25(OH)D ≥

30 ng/mL and decreased risk of mortality from COVID-19 in elderly patients and patients without
obesity.

Hernández et
al. (9)

Retrospective
case–control
study

216 COVID-19 patients and
197 control population

The study did not find any relationship between Vitamin D concentrations or Vitamin deficiency
and the severity of the disease.

Vanegas-
Cedillo (10)

– 551 COVID-19 patients Low Vitamin D may contribute to a pro-inflammatory and pro-thrombotic state, increasing the risk
for adverse COVID-19 outcomes.
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TABLE 2 Summary information on randomized controlled trials.

Study Design Participants Intervention Comparisons Results Conclusion

Fernandes
et al. (11)

Multicenter,
double-blind,
placebo-
controlled,
randomized
clinical trial

200
hospitalized
patients with
moderate to
severe COVID-
19

Daily 200,000
IU of Vitamin
(n= 101)

Placebo (n= 99) No significant difference except
GM-CSF.

The findings do not support the use of a single
dose of 200, 000 IU of Vitamin D3 for the
improvement of hospitalized patients with
moderate to severe COVID-19.

Murai et
al. (12)

Multicenter,
double-
blinded,
randomized,
placebo-
controlled
trial

32 hospitalized
patients with
moderate to
severe COVID-
19

200,000 IU
ofVitamin D3
(n=16)

Placebo (n = 16) Not significantly different A dose of 200, 000 IU of Vitamin D3 did not
significantly reduce the length of hospital stay
of patients with severe 25-hydroxyVitamin D
deficiency and COVID-19

Cannata
−Andıá et
al. (13)

Multicentre,
international,
randomised,
open label,
clinical trial

543 patients
with moderate-
severe COVID-
19 disease

Oral bolus of
100,000 IU of
cholecalciferol
at hospital
admission
(n=274)

No treatment
(n=269)

No significant difference The administration of an oral bolus of 100,000
IU of cholecalciferol at hospital admission did
not improve the outcomes of the COVID-19
disease.

Caballero-
Garcıá et
al. (14)

Double-blind
trial

Old patients
after COVID-
19 infection

Daily 2000 IU
Vitamin D
(n=15)

Placebo (n=15) Indicators of muscle damage
decreased

Vitamin D supplementationmay contribute to
improving the health status and quality of life
of COVID-19 patients.

Maghbooli
et al. (15)

Multicenter,
Randomized,
Placebo-
Controlled,
Double-
Blinded
Clinical Trial

106
hospitalized
patients who
had a
circulating 25
(OH)D3
concentration
of <30 ng/mL

Daily 25 mg 25
(OH)D3 orally
(n = 53)

Placebo (n = 53) Treatment with oral 25(OH)
D3 was associated with a
significant increase in the
lymphocyte percentage and
decrease in the neutrophil-to-
lymphocyte ratio in the
patients.

The 25(OH)D3 intervention significantly
decreased the NLR in patients with COVID-19
that was associated with improved clinical
outcomes.

Shaun
Sabico et
al. (16)

Multi-center
randomized
clinical trial

69 patients
hospitalized for
mild to
moderate
COVID-19
disease

5000 IU oral
Vitamin D3
(n = 36) for 2
weeks

1000 IU oral
Vitamin D3 for 2
weeks (standard
control) (n = 33)

5000 IU Vitamin D
supplementation for 2 weeks
caused a significant increase in
serum 25(OH)D levels
(adjusted p = 0.003); a shorter
time to recovery (p = 0.039)
and ageusia
(p = 0.035).

A 5000 IU daily oral vitamin D3
supplementation for 2 weeks reduces the time
to recovery for cough and gustatory sensory
loss among patients with sub-optimal vitamin
D status and mild to moderate COVID-19
symptoms.

Karonova
et al., (17)

Randomized
interventional
trial

91 health care
workers

Cholecalciferol
at a dose of
50,000 IU/week
for 2 weeks,
followed by
5000 IU/day for
the rest
(n = 45) for
3months

Daily
cholecalciferol at
a dose of 2000
IU/day for
3months
(n = 46)

No significant differences were
evident in morbidity between
the comparable groups

Neither Vitamin D intake nor Vitamin D
deficiency/insufficiency were associated with a
decrease in SARS-CoV-2 morbidity.

Murai et
al. (18)

Multicenter,
double-blind,
randomized,
placebo-
controlled
trial

240
hospitalized
patients with
moderate to
severe COVID-
19

200,000 IU of
Vitamin D3
(n = 120)

Placebo (n = 120) Not significantly different The findings do not support the use of a high
dose of Vitamin D3 for treatment of moderate
to severe COVID-19.

Torres et
al. (19)

multicenter,
single-blind,
prospective,
randomized
clinical trial

Hospitalized
patients with
COVID-19,
oxygen
saturation
< 94% and 25
(OH)D serum
levels < 30 ng/
ml

10,000 IU/day
of
cholecalciferol
for 14 days
(n=41)

2000 IU/day of
cholecalciferol
for 14 days
(n=44)

The participants with vitamin
D supplementation of 10,000
IU/day for 14 days showed
improved biochemical and
haematological parameters in
plasma.

Administration of high doses of vitamin D3
during hospitalization for COVID-19 may
improve the inflammatory environment and
cytotoxic response against pseudotyped SARS-
CoV-2 infected cells, shortening the hospital
stay and, possibly, improving the prognosis.
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Clinical studies of vitamin D in
prevention and mitigation of
COVID-19: Observational studies

Given the wide spread worldwide prevalence of COVID-19

in the pas t , observa t iona l s tud ies on Vi tamin D

supplementation have been conducted in many countries.

Overall, these studies mainly used the serum 25(OH)D

concentration of COVID-19 patients as an independent

factor to analyse its impact on COVID-19-related indicators,

including the rate of acute respiratory failure and ICU

admission, mortality risk of COVID-19 patients and so on

(4–6). In general, the serum concentration of 25-hydroxy

Vitamin D (25OHD) < 20 ng/mL (50 nmol/L) is defined as

deficiency. For example, in a multicenter retrospective study,

986 COVID-19 patients were divided into Vitamin D levels

sufficiency group (>50 nmol/L), insufficiency group (25-50

nmol/L), and deficiency group (<25 nmol/L). Finally, they

found that high-dose Vitamin D supplementat ion

(approximately≥280,000 IU in a time period of up to 7

weeks) significantly reduced the risk of death in hospitalized

patients with COVID-19, regardless of the patients’ serum

baseline level (3). Some cohort studies and case-control

studies mainly focused on the relationship between different

Vitamin D levels in patients with mortality, mechanical

ventilation, and need for intensive care unit (ICU) care

during COVID-19 infection. A cross-sectional study showed

that individuals with Vitamin D deficiency were more common

among patients with COVID-19 infection and severe illness

(7). When Vitamin D sufficiency was defined by serum 25(OH)

D ≥30 ng/mL, the risk of mortality from COVID-19 in elderly

patients and patients without obesity were decreased (8). At the

same time, in correlation studies, Vitamin D deficiency not

only was associated with COVID-19 prognostic outcomes, but

also increased death risk as well as the need for ICU care of

infected individuals. However, for the patient dependent on

mechanical ventilation, the deficiency had little effect on the

risk of treatment (9). Furthermore, in a prognostic correlation

study, Vitamin D deficiency (≤12 ng/ml or <30 nmol/L) may

contribute to a pro-inflammatory and pro-thrombotic state,

increasing the risk for adverse COVID-19 outcomes (10).

As shown in Table 1, we still believe that elevated Vitamin D

levels are beneficial for the treatment of COVID-19. But it

cannot be ignored that the results of cohort studies generally

suffer from insufficient follow-up time and follow-up

completeness and case-control studies cannot control the

influencing factors well. Therefore, correlation in observational

studies cannot be equated with causality in actual clinical trials.
Frontiers in Immunology 04
Clinical studies of vitamin D in
prevention and mitigation of
COVID-19: RCTs

Randomized controlled trials could avoid selection bias,

and enhance component comparability through adequate

random allocation. Although the included patients were all

infected with SARS-CoV-2, there are differences in criteria and

methods of patient enrolment. As shown in Table 2, in the

existing RCTs, patients were randomly assigned to different

doses of Vitamin D to test the efficacy of different Vitamin D

levels. High-dose supplementation regimens include 200,000

IU of Vitamin D3 and 400,000 IU of Cholecalciferol (11, 12).

Limited by different medical conditions, the scale of patients

enrolled in different RCTs varies greatly. In some RCTs,

Vitamin D supplement was observed as a trend of clinical

benefit, but insufficient enrolment of patients was considered

as a reason for the lack of conclusion with statistically

significant difference. This problem may exist in clinical

trials of different scales, whether RCT enrolled as many as

548 COVID-19 patients (13) or only 32 hospitalized

patients (18).

Some RCTs validate the clinical safety of high-dose Vitamin

D supplementation, and benefit was also observed in many

COVID-19 disease outcomes including length of hospital stay,

ICU occupancy rate, mortality, improvement of oxygen

saturation and prognosis after recovery from SARS-CoV-2

infection (indicators of muscle damage decreased in the elders)

(14–16) and protection of health care workers (17). Although

some research results have not been significantly different (13,

18; 17; 12), there are still conclusions support Vitamin D as an

effective supportive treatment (32). The administration of high

doses of Vitamin D3 was observed to improve the inflammatory

environment and cytotoxic response against pseudotyped SARS-

CoV-2 infected cells. At the same time, it also shortens hospital

stay and improves the prognosis possibly of COVID-19

patients (19).

Obviously, due to the characteristics of RCT experiments,

strict patient inclusion and exclusion criteria lead to limitations

in the representativeness bias and external validity

(generalizability) of the research results. For example,

improper selection of control measures, or exposure of

subjects to certain harmful risk factors, will violate the

principles of medical ethics. Obviously, some studies haven’t

set placebo control groups especially among the older patients

with COVID-19. It should be pointed out that the consideration

that the elderly are at risk for Vitamin D deficiency is necessary

during RCT design.
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Brief introduction of comorbidity,
racial disparities and progression
of COVID-19 infection under
vitamin D deficiency

The incidence of co-infections could be up to 94.2% in COVID-

19 cases (33). Both the studies of Vitamin D on the mechanism of

action and observational studies had offered evidences that Vitamin

D could diminish the risk of acute respiratory tract infections and

COVID-19 (34) via disrupting the survival and replication of

viruses, reducing risk of inflammatory cytokine production,

increasing ACE2 concentrations, and maintaining endothelial

integrity. Besides, the co-morbid disorders (e.g., diabetes,

hypertension, obesity, cancer and HIV) of COVID-19 patients

may affect the severity and progression of the SARS-CoV-2

infection (35–39). Comorbidities such as diabetes, obesity,

hypertension and so on may also be connected with Vitamin D

deficiency (40), while obesity and diabetes are key to possibly

promoting exacerbation of COVID-19 infection (41).

Available literature suggests that oral supplementation with

vitamin D and GSH precursor (L-cysteine) to increase circulating

levels of 25(OH)D may help prevent or reduce the adverse effects

of COVID-19 infection, with potential benefits for the African

Americans (AA) population (42). Vitamin D supplementation

combined with L-cysteine (a GSH precursor) or N-acetylcysteine

maybe more effective than supplementation with Vitamin D alone

which could prevent cellular damage caused by cytokine storm in

SARS-CoV2-infected individuals with comorbid systemic

inflammation such as diabetes, obesity and hypertension (43, 44).

There are also racial disparities and inequities associated

with Vitamin D insufficiency, and this could exert an effect on

COVID- 19 infection (45). AA are more likely to have

inadequate or deficient levels of 25(OH)D due to their

increased skin pigmentation compared to other races, reducing

the skin’s ability to produce vitamin D from sun exposure (43).
Conclusion

There has been a certain scale of clinical trial studies on the

benefits of Vitamin D supplementation in the prevention and

mitigation of COVID-19, covering a variety of research types

such as cohort studies, case-control studies, and randomized

controlled trials. We can believe that more rigorous and effective

clinical research data will continue to confirm the exact effect of

Vitamin D supplementation for COVID-19. The clinical

application of Vitamin D supplementation will play an

important role in the prevention and mitigation of COVID-19

disease. Most of the research results proved that Vitamin D

supplementation would bring clinical benefits to COVID-19

patients of prevention and treatment (hospital length,
Frontiers in Immunology 05
mortality, improvement of blood oxygen saturation, prognosis

recovery).

It is worth pointing out that the high risk of increased mortality

of older patients may due to their potentially severe acute and chronic

diseases but not the Vitamin D deficiency. The evidence from cohort

studies for clinical decision-making is still somewhat insufficient, but

the randomization method in the design of RCTs prevents selection

bias, and has good comparability between groups (randomization,

external environment), and its measurement and analysis results are

more realistic and reliable. Compared with observational studies,

positive conclusions with statistically significant differences are still

scarce in RCTs of Vitamin D supplementation against COVID-19.

Due to its good clinical evidence value, more rigorous and large-

sample, multi-center, high-quality RCTs deserve be carry on to

provide more stronger evidence support of Vitamin D

supplementation against COVID-19.

We have reason to highlight that the screening and

enrollment of patients in clinical trials need to take into account

of the influence of various factors, and the correction of co-morbid

illnesses of enllored patients clinical trials may be necessary.
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14. Caballero-Garcıá A, Pérez-Valdecantos D, Guallar P, Caballero-Castillo A,
Roche E, Noriega DC, et al. Effect of vitamin d supplementation on muscle status in
old patients recovering from COVID-19 infection. Medicina (Kaunas Lithuania)
(2021) 57(10):1079. doi: 10.3390/medicina57101079

15. Maghbooli Z, Sahraian MA, Jamalimoghadamsiahkali S, Asadi A, Zarei A,
Zendehdel A, et al. Treatment with 25-hydroxyvitamin D3 (Calcifediol) is
associated with a reduction in the blood neutrophil-to-Lymphocyte ratio marker
of disease severity in hospitalized patients with COVID-19: A pilot multicenter,
randomized, placebo-controlled, double-blinded clinical trial. Endocr Pract: Off J
Am Coll Endocrinol Am Assoc Clin Endocrinologists (2021) 27(12):1242–51.
doi: 10.1016/j.eprac.2021.09.016
16. Sabico S, Enani MA, Sheshah E, Aljohani NJ, Aldisi DA, Alotaibi NH, et al.
Effects of a 2-week 5000 IU versus 1000 IU vitamin D3 supplementation on
recovery of symptoms in patients with mild to moderate covid-19: A randomized
clinical trial. Nutrients (2021) 13(7):2170. doi: 10.3390/nu13072170

17. Karonova TL, Chernikova AT, Golovatyuk KA, Bykova ES, Grant WB,
Kalinina OV, et al. Vitamin d intake may reduce SARS-CoV-2 infection morbidity
in health care workers. Nutrients (2022) 14(3):505. doi: 10.3390/nu14030505

18. Murai IH, Fernandes AL, Sales LP, Pinto AJ, Goessler KF, Duran C, et al.
Effect of a single high dose of vitamin D3 on hospital length of stay in patients with
moderate to severe COVID-19: A randomized clinical trial. JAMA (2021) 325
(11):1053–60. doi: 10.1001/jama.2020.26848

19. Torres M, Casado G, Vigón L, Rodrıǵuez-Mora S, Mateos E, Ramos-Martıń
F, et al. Changes in the immune response against SARS-CoV-2 in individuals with
severe COVID-19 treated with high dose of vitamin d. Biomed Pharmacother =
Biomed Pharmacother (2022) 150:112965. doi: 10.1016/j.biopha.2022.112965

20. World Health Organization. Clinical management of severe acute respiratory
infection (SARI) when COVID-19 disease is suspected coronavirus disease (COVID-
2019) R&D (2020). WHO. Available at: https://www.who.int/teams/blueprint.t/
covid-19 (Accessed 12 May 2020).

21. Xu Y, Baylink DJ, Chen CS, Reeves ME, Xiao J, Lacy C, et al. The importance
of vitamin d metabolism as a potential prophylactic, immunoregulatory and
neuroprotective treatment for COVID-19. J Trans Med (2020) 18(1):322.
doi: 10.1186/s12967-020-02488-5

22. Hu B, Huang S, Yin L. The cytokine storm and COVID-19. J Med Virol
(2021) 93(1):250–6. doi: 10.1002/jmv.26232

23. Kakavas S, Karayiannis D, Mastora Z. The complex interplay between
immunonutrition, mast cells, and histamine signaling in COVID-19. Nutrients
(2021) 13(10):3458. doi: 10.3390/nu13103458

24. Penna G, Adorini L. 1 Alpha,25-dihydroxyvitamin D3 inhibits
differentiation, maturation, activation, and survival of dendritic cells leading to
impaired alloreactive T cell activation. J Immunol (Baltimore Md.: 1950) (2000) 164
(5):2405–11. doi: 10.4049/jimmunol.164.5.2405

25. Coomes EA, Haghbayan H. Interleukin-6 in covid-19: A systematic review
and meta-analysis. Rev Med Virol (2020) 30(6):1–9. doi: 10.1002/rmv.2141

26. Ul Afshan F, Nissar B, Chowdri NA, Ganai BA. Relevance of vitamin D3 in
COVID-19 infection.Gene Rep (2021) 24:101270. doi: 10.1016/j.genrep.2021.101270

27. Hewison M. Vitamin d and the intracrinology of innate immunity.Mol Cell
Endocrinol (2010) 321(2):103–11. doi: 10.1016/j.mce.2010.02.013

28. van der Does AM, Bergman P, Agerberth B, Lindbom L. Induction of the
human cathelicidin LL-37 as a novel treatment against bacterial infections. J
Leukocyte Biol (2012) 92(4):735–42. doi: 10.1189/jlb.0412178

29. Kong J, Zhang Z, Musch MW, Ning G, Sun J, Hart J, et al. Novel role of the
vitamin d receptor in maintaining the integrity of the intestinal mucosal barrier.
Am J Physiol Gastrointest Liver Physiol (2008) 294(1):G208–16. doi: 10.1152/
ajpgi.00398.2007

30. Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS. Angiotensin-converting
enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular mechanisms and potential
therapeutic target. Intensive Care Med (2020) 46(4):586–90. doi: 10.1007/s00134-
020-05985-9

31. Glinsky GV. Tripartite combination of candidate pandemic mitigation
agents: Vitamin d, quercetin, and estradiol manifest properties of medicinal
agents for targeted mitigation of the COVID-19 pandemic defined by genomics-
guided tracing of SARS-CoV-2 targets in human cells. Biomedicines (2020) 8
(5):129. doi: 10.3390/biomedicines8050129

32. Benskin LL. A basic review of the preliminary evidence that COVID-19 risk
and severity is increased in vitamin d deficiency. Front Public Health (2020) 8:513.
doi: 10.3389/fpubh.2020.00513

33. Hoque MN, Akter S, Mishu ID, Islam MR, Rahman MS, Akhter M, et al.
Microbial co-infections in COVID-19: Associated microbiota and underlying
mechanisms of pathogenesis. Microb Pathogen (2021) 156:104941. doi: 10.1016/
j.micpath.2021.104941

34. Mercola J, Grant WB, Wagner CL. Evidence regarding vitamin d and risk of
COVID-19 and its severity. Nutrients (2020) 12(11):3361. doi: 10.3390/nu12113361
frontiersin.org

https://doi.org/10.1007/s12020-020-02383-5
https://doi.org/10.1007/s12020-020-02383-5
https://doi.org/10.1080/10408398.2020.1841090z
https://doi.org/10.3390/nu12123799
https://doi.org/10.1016/j.jsbmb.2021.105928
https://doi.org/10.1007/s40618-020-01370-x
https://doi.org/10.1093/ajcn/nqac027
https://doi.org/10.1093/ajcn/nqac027
https://doi.org/10.1093/jn/nxaa332
https://doi.org/10.1016/j.eprac.2021.02.013
https://doi.org/10.1210/clinem/dgaa733
https://doi.org/10.3389/fnut.2022.813485
https://doi.org/10.3389/fnut.2022.813485
https://doi.org/10.1093/ajcn/nqab426
https://doi.org/10.6061/clinics/2021/e3549
https://doi.org/10.1186/s12916-022-02290-8
https://doi.org/10.3390/medicina57101079
https://doi.org/10.1016/j.eprac.2021.09.016
https://doi.org/10.3390/nu13072170
https://doi.org/10.3390/nu14030505
https://doi.org/10.1001/jama.2020.26848
https://doi.org/10.1016/j.biopha.2022.112965
https://www.who.int/teams/blueprint.t/covid-19
https://www.who.int/teams/blueprint.t/covid-19
https://doi.org/10.1186/s12967-020-02488-5
https://doi.org/10.1002/jmv.26232
https://doi.org/10.3390/nu13103458
https://doi.org/10.4049/jimmunol.164.5.2405
https://doi.org/10.1002/rmv.2141
https://doi.org/10.1016/j.genrep.2021.101270
https://doi.org/10.1016/j.mce.2010.02.013
https://doi.org/10.1189/jlb.0412178
https://doi.org/10.1152/ajpgi.00398.2007
https://doi.org/10.1152/ajpgi.00398.2007
https://doi.org/10.1007/s00134-020-05985-9
https://doi.org/10.1007/s00134-020-05985-9
https://doi.org/10.3390/biomedicines8050129
https://doi.org/10.3389/fpubh.2020.00513
https://doi.org/10.1016/j.micpath.2021.104941
https://doi.org/10.1016/j.micpath.2021.104941
https://doi.org/10.3390/nu12113361
https://doi.org/10.3389/fimmu.2022.967215
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.967215
35. Aluganti Narasimhulu C, Singla DK. Mechanisms of COVID-19
pathogenesis in diabetes. Am J Physiol Heart Circulatory Physiol (2022) 323(3):
H403–20. doi: 10.1152/ajpheart.00204.2022

36. Jedrzejak AP, Urbaniak EK, Wasko JA, Ziojla N, Borowiak M. Diabetes and
SARS-CoV-2-Is there a mutual connection? Front Cell Dev Biol (2022) 10:913305.
doi: 10.3389/fcell.2022.913305

37. Yamazaki O, Shibata S . Severe COVID-19 and preexis t ing
hypertension: a matter of age? Hypertension Res (2022) 45(9):1523–5.
doi: 10.1038/s41440-022-00978-1

38. Theoharides TC, Conti P. COVID-19 and multisystem inflammatory
syndrome, or is it mast cell activation syndrome? J Biol Regul Homeost Agents
(2020) 34(5):1633–6. doi: 10.23812/20-EDIT3

39. Gatechompol S, Avihingsanon A, Putcharoen O, Ruxrungtham K,
Kuritzkes DR. COVID-19 and HIV infection co-pandemics and their impact:
a review of the literature. AIDS Res Ther (2021) 18(1):28. doi: 10.1186/s12981-
021-00335-1

40. Briceno Noriega D, Savelkoul H. Vitamin d: A potential mitigation tool for
the endemic stage of the COVID-19 pandemic? Front Public Health (2022)
10:888168. doi: 10.3389/fpubh.2022.888168
Frontiers in Immunology 07
41. Prendergast H, Tyo C, Colbert C, Kelley M, Pobee R. Medical complications
of obesity: heightened importance in a COVID era. Int J Emergency Med (2022) 15
(1):29. doi: 10.1186/s12245-022-00431-7

42. Jain SK, Parsanathan R, Levine SN, Bocchini JA, Holick MF, Vanchiere JA.
The potential link between inherited G6PD deficiency, oxidative stress, and vitamin
d deficiency and the racial inequities in mortality associated with COVID-19. Free
Radic Biol Med (2020) 161:84–91. doi: 10.1016/j.freeradbiomed.2020.10.002

43. Jain SK, Parsanathan R. Can vitamin d and l-cysteine Co-supplementation
reduce 25(OH)-vitamin d deficiency and the mortality associated with COVID-19
in African americans? J Am Coll Nutr (2020) 39(8):694–9. doi: 10.1080/
07315724.2020.1789518

44. Jain SK, Micinski D, Parsanathan R. L-cysteine stimulates the effect of
vitamin d on inhibition of oxidative stress, IL-8, and MCP-1 secretion in high
glucose treated monocytes. J Am Coll Nutr (2021) 40(4):327–32. doi: 10.1080/
07315724.2020.1850371

45. Grosicki GJ, Bunsawat K, Jeong S, Robinson AT. Racial and ethnic
disparities in cardiometabolic disease and COVID-19 outcomes in white, Black/
African American, and latinx populations: Social determinants of health. Prog
Cardiovasc Dis (2022) 71:4–10. doi: 10.1016/j.pcad.2022.04.004
frontiersin.org

https://doi.org/10.1152/ajpheart.00204.2022
https://doi.org/10.3389/fcell.2022.913305
https://doi.org/10.1038/s41440-022-00978-1
https://doi.org/10.23812/20-EDIT3
https://doi.org/10.1186/s12981-021-00335-1
https://doi.org/10.1186/s12981-021-00335-1
https://doi.org/10.3389/fpubh.2022.888168
https://doi.org/10.1186/s12245-022-00431-7
https://doi.org/10.1016/j.freeradbiomed.2020.10.002
https://doi.org/10.1080/07315724.2020.1789518
https://doi.org/10.1080/07315724.2020.1789518
https://doi.org/10.1080/07315724.2020.1850371
https://doi.org/10.1080/07315724.2020.1850371
https://doi.org/10.1016/j.pcad.2022.04.004
https://doi.org/10.3389/fimmu.2022.967215
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Could vitamin D supplementation play a role against COVID-19?
	Introduction
	Mechanistic studies of vitamin D in prevention and mitigation of COVID-19
	Clinical studies of vitamin D in prevention and mitigation of COVID-19: Observational studies
	Clinical studies of vitamin D in prevention and mitigation of COVID-19: RCTs
	Brief introduction of comorbidity, racial disparities and progression of COVID-19 infection under vitamin D deficiency
	Conclusion
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


