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Vitamin D; to Treat COVID-19:

Different Disease, Same Answer
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Biological activity of vitamin D and its metabolites include, among other properties, potent
antimicrobial and anti-inflammatory effects in vitro.1 In animal models, administration of
vitamin D metabolites attenuates a variety of acute organ dysfunction, including acute

lung injury.2 Observational data from patient cohorts support the potential therapeutic
application of these findings.® Specifically, lower circulating levels of vitamin D metabolites
are independently associated with worse outcomes in patients with acute illness, including
patients with coronavirus disease 2019 (COVID-19).4

These multiple lines of evidence in support of a potential therapeutic role for vitamin D
generated enthusiasm over the past decade for testing whether administration of large doses
of vitamin D might improve outcomes in various groups of patients, including those with
critical illness. The Correction of Vitamin D Deficiency in Critically Il Patients (VITdAL-
ICU) study was a multicenter randomized clinical trial that tested the effect of vitamin

D3 administration (540 000 1U) vs placebo in 475 critically ill patients with vitamin D
deficiency, defined as 25-hydroxyvitamin D (25[OH]D) less than or equal to 20 ng/mL.

The primary end point, hospital length of stay, was similar between the groups, although
hospital mortality (a secondary end point) was lower in patients who received vitamin D3 vs
placebo among those with severe vitamin D deficiency (defined as 25[OH]D <12 ng/mL).>
The Vitamin D to Improve Outcomes by Leveraging Early Treatment (VIOLET) trial sought
to examine the effect of the same dose of vitamin D3 (540 000 IU) vs placebo on 90-day
mortality in 3000 critically ill patients with vitamin D deficiency, but was stopped early

for futility after enrollment of 1360 patients demonstrated very low likelihood for benefit.6
Randomized clinical trials testing vitamin D3 administration as a therapeutic strategy for
disease prevention in other settings have yielded similarly null results.”2

The COVID-19 pandemic has spurred renewed interest in vitamin D to address viral
replication and hyperinflammation that have a major role in the pathogenesis of severe
COVID-19. In addition to known antimicrobial and anti-inflammatory effects, vitamin D
metabolites also have direct action on angiotensin-converting enzyme 2 (ACE2), which
serves as the cell surface entry receptor for severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). Vitamin D metabolites upregulate ACE2 expression in pulmonary
microvascular endothelial cells in animal models of acute lung injury.19 Although enhanced
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expression of ACE2 could theoretically increase viral entry into cells, it may paradoxically
have beneficial effects in patients who are already infected because SARS-CoV-2-mediated
downregulation of ACE2 may perpetuate lung injury.11

In this issue of JAMA, Murai et al2 examine the therapeutic efficacy of vitamin D3
administration in patients with COVID-19. The authors enrolled 240 hospitalized patients
with moderate to severe COVID-19 admitted to 2 hospitals in Brazil and randomly assigned
them to receive a single dose of vitamin D3 (200 000 1U) or placebo. Approximately 90%
of the patients in both groups required supplemental oxygen or noninvasive mechanical
ventilation at enrollment, but patients who required invasive mechanical ventilation were
excluded, as were patients admitted to the intensive care unit (as shown in Figure 1

in the article,12 although this exclusion criterion does not appear on ClinicalTrials.gov
[NCT04449718]). The mean time from hospitalization to randomization was 1.4 days,
which is consistent with other inpatient COVID-19 trials that tested early administration

of therapies. The mean 25 (OH)D level at randomization was approximately 21 ng/mL

in both groups, which is considerably higher than the mean 25 (OH)D levels in previous
vitamin D trials.>:6 After treatment with vitamin D3, the mean 25(OH)D level increased to
approximately 44 ng/mL, an appropriate dose response.

The primary end point, hospital length of stay, was not significantly different between the
vitamin D3 group and the placebo group (median [interquartile range] of 7.0 [4.0-10.0] days
vs 7.0 [5.0-13.0] days; log-rank P=.59; unadjusted hazard ratio for hospital discharge,

1.07 [95% Cl, 0.82-1.39]; P=.62). There were no significant differences in the secondary
outcomes between the vitamin D3 group and the placebo group, including in-hospital
mortality (7.6% vs 5.1%; difference, 2.5% [95% CI, —4.1% to0 9.2%]; P=.43), admission

to the intensive care unit, or need for mechanical ventilation. Administration of a high dose
of vitamin D3 also did not appear to improve outcomes in the subgroup of 115 patients with
vitamin D deficiency (25[OH]D <20 ng/mL) at randomization.

Although this is an important contribution as the largest published randomized, double-
blind, placebo-controlled trial of vitamin D3 administration among hospitalized patients
with COVID-19 to date, several limitations should be considered. First, the study was
underpowered. The authors state that the number of participants was chosen on the basis

of feasibility, and that with 208 participants they would have 80% power to detect a 50%
difference in hospital length of stay, which is a highly improbable result. Second, the
authors excluded patients who required invasive mechanical ventilation and those admitted
to the intensive care unit, and less than 15% of patients required noninvasive ventilation.
Accordingly, most of the patient population would be considered moderately ill and the
results cannot be generalized to critically ill patients, who were excluded. This is important
because the benefit of other anti-inflammatory therapies among patients with COVID-19
(eg, dexamethasone, tocilizumab) is highly dependent on severity of illness, with moderately
ill patients receiving little or no benefit and severely ill patients receiving a substantial
benefit.13-15 Third, only 115 study participants (48.3%) had vitamin D deficiency (25[OH]D
<20 ng/mL), and only about one-fourth of the patients had severe vitamin D deficiency
(25[0OH]D <12 ng/mL) (based on Figure 3 in the article12). Fourth, although the authors
demonstrated that circulating levels of 25(OH)D increased in the patients who received
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vitamin D3, they did not measure circulating levels of 1,25-dihydroxyvitamin D, the active
form of vitamin D. Accordingly, it is unclear whether patients were able to efficiently
convert 25(OH)D to 1,25-dihydroxyvitamin D, because this conversion is inhibited by the
osteocyte-derived hormone fibroblast growth factor 23, which is elevated in acutely ill
patients.16

When this clinical trial is taken is isolation, the findings may appear ambiguous; that is, the
findings do not exclude clinically important benefit (or harm) from high-dose vitamin D3
administration in hospitalized patients with moderate to severe COVID-19. In addition, this
study did not address the use of vitamin D for patients with mild (outpatient) COVID-19
who are early in their symptom course or for use as prophylaxis against COVID-19.
Therapeutic agents, such as monoclonal antibodies, also have demonstrated divergent results
across settings.17:18 Clinicaltrials.gov lists at least 30 studies of vitamin D interventions

in COVID-19, globally and across the spectrum of disease. Based on experience in the
pandemic, it seems likely that many of these studies will be underpowered or will not
achieve target enrollment.

Given the lack of highly effective therapies against COVID-19, except perhaps for
corticosteroids, it is important to remain open-minded to emerging results from rigorously
conducted studies of vitamin D (despite smaller sample sizes and important limitations of
some studies). However, taken together with existing randomized clinical trials of vitamin
D administration in hospitalized patients with respiratory infection and critical illness, the
results reported by Murai et al'2 do not support routine administration of vitamin D in
hospitalized patients with moderate to severe COVID-19.

Conflict of Interest Disclosures:

Dr Leaf is supported by grants from the National Institutes of Heath (RO1HL144566 and RO1DK125786). Dr Ginde
reported receiving grants from the National Institutes of Health (U01HL123010, RO1HL544166, RO1HL149422,
10T2HL156812, 3UL1TR002243), the Centers for Disease Control and Prevention (contract 75D30120R67837),
and the US Department of Defense (contracts BA190054, MTEC-19-08-MuLTI-0043, JW190515, BA190049,
FA8650-20-2-6227) outside the submitted work.

REFERENCES

1. Liu PT, Stenger S, Li H, et al.Toll-like receptor triggering of a vitamin D-mediated
human antimicrobial response. Science. 2006;311(5768): 1770-1773. doi:10.1126/science.1123933
[PubMed: 16497887]

2. Kong J, Zhu X, Shi Y, et al. VDR attenuates acute lung injury by blocking Ang-2-Tie-2 pathway and
renin-angiotensin system. Mol Endocrinol. 2013;27 (12):2116-2125. doi:10.1210/me.2013-1146
[PubMed: 24196349]

3. Zhang YP, Wan YD, Sun TW, Kan QC, Wang LX. Association between vitamin D deficiency
and mortality in critically ill adult patients: a meta-analysis of cohort studies. Crit Care. 2014;18
(6):684. doi:10.1186/513054-014-0684-9 [PubMed: 25498305]

4. Ali NRole of vitamin D in preventing of COVID-19 infection, progression and severity. J Infect
Public Health. 2020;13(10):1373-1380. doi:10.1016/j.jiph.2020.06.021 [PubMed: 32605780]

5. Amrein K, Schnedl C, Holl A, et al.Effect of high-dose vitamin D3 on hospital length of stay in
critically ill patients with vitamin D deficiency: the VITdAL-ICU randomized clinical trial. JAMA.
2014; 312(15):1520-1530. doi:10.1001/jama.2014.13204 [PubMed: 25268295]

JAMA. Author manuscript; available in PMC 2021 September 02.


http://Clinicaltrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leaf and Ginde

10

11.

12.

13.

14.

15.

16.

17.

18.

Page 4

. Ginde AA, Brower RG, Caterino JM, et al.; National Heart, Lung, and Blood Institute PETAL

Clinical Trials Network. Early high-dose vitamin D3 for critically ill, vitamin d-deficient patients. N
Engl J Med. 2019;381(26):2529-2540. doi:10.1056/NEJM0a1911124 [PubMed: 31826336]

. Manson JE, Cook NR, Lee IM, et al.; VITAL Research Group. Vitamin D supplements and

prevention of cancer and cardiovascular disease. N Engl J Med. 2019;380(1):33-44. doi:10.1056/
NEJMo0al809944 [PubMed: 30415629]

. Bischoff-Ferrari HA, Vellas B, Rizzoli R, et al.; DO-HEALTH Research Group. Effect of vitamin

D supplementation, omega-3 fatty acid supplementation, or a strength-training exercise program
on clinical outcomes in older adults: the DO-HEALTH randomized clinical trial. JAMA. 2020;
324(18):1855-1868. doi:10.1001/jama.2020.16909 [PubMed: 33170239]

. Okereke Ol, Reynolds CF 111, Mischoulon D, et al.Effect of long-term vitamin D3 supplementation

vs placebo on risk of depression or clinically relevant depressive symptoms and on change in mood

scores: a randomized clinical trial. JAMA. 2020;324 (5):471-480. doi:10.1001/jama.2020.10224

[PubMed: 32749491]

. Xu J, Yang J, Chen J, Luo Q, Zhang Q, Zhang H. Vitamin D alleviates lipopolysaccharide-induced
acute lung injury via regulation of the renin-angiotensin system. Mol Med Rep. 2017;16(5): 7432—
7438. doi:10.3892/mmr.2017.7546 [PubMed: 28944831]

Imai Y, Kuba K, Rao S, et al. Angiotensin-converting enzyme 2 protects from severe acute lung
failure. Nature. 2005;436(7047):112-116. doi:10.1038/nature03712 [PubMed: 16001071]

Murai IH, Fernandes AL, Sales LP, 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.
Published online February 17, 2021. doi:10.1001/jama.2020.26848

Horby P, Lim WS, Emberson JR, et al.; RECOVERY Collaborative Group. Dexamethasone
in hospitalized patients with Covid-19: preliminary report. N Engl J Med. 2020.
doi:10.1101/2020.06.22.20137273

Salama C, Han J, Yau L, et al.Tocilizumab in patients hospitalized with Covid-19 pneumonia. N
Engl J Med. 2021;384(1):20-30. doi:10.1056/NEJM0a2030340 [PubMed: 33332779]

The REMAP-CAP Investigators. Interleukin-6 receptor antagonists in critically ill

patients with Covid-19: preliminary report. MedRxiv. Preprint posted January 7, 2021.
doi:10.1101/2021.01.07.21249390v1. 2021.

Leaf DE, Siew ED, Eisenga MF, et al.Fibroblast growth factor 23 associates with death in critically
ill patients. Clin J Am Soc Nephrol. 2018;13(4):531-541. doi:10.2215/CJN.10810917 [PubMed:
29519954]

Lundgren JD, Grund B, Barkauskas CE, et al.; ACTIV-3/TICO LY-CoV555 Study Group.

A neutralizing monoclonal antibody for hospitalized patients with Covid-19. N Engl J Med.
Published online December 22, 2020. doi:10.1056/NEJM0a2033130

Gottlieb RL, Nirula A, Chen P, et al.Effect of bamlanivimab as monotherapy or in combination
with etesevimab on viral load in patients with mild to moderate COVID-19: a randomized clinical
trial. JAMA. 2021. doi:10.1001/jama.2021.0202

JAMA. Author manuscript; available in PMC 2021 September 02.



	References

