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Abstract
Purpose of Review The coronavirus disease 2019 (COVID-19) pandemic has challenged global health systems and economies 
from January 2020. COVID-19 caused by the infectious severe acute respiratory syndrome coronavirus (SARS-CoV-2) has 
acute respiratory and cardiometabolic symptoms that can be severe and lethal. Long-term physiological and psychological 
symptoms, known as long COVID-19, persist affecting multiple organ systems. While vaccinations support the fight against 
SARS-CoV-2, other effective mechanisms of population protection should exist given the presence of yet unvaccinated and 
at-risk vulnerable groups, global disease comorbidities, and short-lived vaccine responses. The review proposes vitamin  D3 
as a plausible molecule for prevention, protection, and disease mitigation of acute and long COVID-19.
Recent Findings Epidemiological studies have shown that individuals who were deficient in vitamin  D3 had worse COVID-
19 health outcomes and mortality rates. Higher doses of vitamin  D3 supplementation may improve health and survivorship 
in individuals of various age groups, comorbidities, and severity of disease symptoms.
Summary Vitamin  D3’s biological effects can provide protection and repair in multiple organ systems affected by SARS-
CoV-2. Vitamin  D3 supplementation can potentially support disease-mitigation in acute and long COVID-19.
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Introduction

The COVID‑19 Pandemic in Global Perspective

The coronavirus disease 2019 (COVID-19) is an infec-
tious disease caused by the severe acute respiratory syn-
drome coronavirus (SARS-CoV-2) which was declared a 
Public Health Emergency of International Concern by the 
World Health Organization (WHO) on 30 January 2020. 
To date, 29 March 2023, according to WHO, 761,402,282 
cases of SARS-CoV-2 infection have been confirmed, 
and 6,887,000 deaths have been reported due to COVID-
19 [1]. Lockdowns, boarder closures affecting trade and 

travel, morbidity and mortality associated with COVID-
19 have been globally devastating. The International Mon-
etary Fund reported that the global economy contracted by 
3.5% in 2020 alone [2], and 90% of the global economy 
experienced a contraction in per capita GDP [3]. While the 
emotional value of losing a loved one is immeasurable, the 
economic cost using the value per statistical life (VSL) esti-
mate is $10 million per lost life [4]. Long-term economic 
losses remain elusive. While global economic recovery is 
predicted, it is even more important to ensure recovery of 
population health and well-being. Such recovery needs 
to promote lifestyle behaviors that would mitigate future 
risk and burden from newly emergent microbes and pan-
demics of similar public health scale. This continues to be 
pertinent because new SARS-CoV-2 variants continue to 
emerge, and global countries, including China, continue to 
enforce lockdowns to prevent COVID-19 outbreaks when 
needed. Moreover, recent findings indicate that COVID-
19 has novel long-term physiological and psychological 
effects that affect multiple organ systems with observed 
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neurological, inflammatory, metabolic, muscular, repro-
ductive, cardiac, and psychological symptoms, among 
others, which can persist. Such novel manifestations may 
occur in SARS-CoV-2-infected individuals regardless of 
initial disease severity or symptoms. Vaccinations have 
minimized global infection rates of SARS-CoV-2 and 
COVID-19 disease burden, but are inequitably available 
globally, have short-lived efficacy and recently reported 
side effects. Therefore, other effective mechanisms of pop-
ulation protection should exist especially in the presence 
of yet unvaccinated, underprivileged, and at-risk groups, 
and short-lived vaccine responses that require constant 
boosters or have side effects that cause concern. The need 
is pertinent in the presence of highly prevalent metabolic 
disease comorbidities in global populations, such as car-
diovascular disease and obesity, and continuous emergence 
of new variants. Additionally, other previously dormant 
microbes, e.g., monkeypox virus, Marburg virus, and 
Crimean-Congo hemorrhagic fever virus have reemerged 
recently with greater virulence, reminding everyone that 
potential similar public health dangers are always lurking. 
Considering the above, and the enigmatic emergent long 
COVID-19 symptoms, it becomes a public health need to 
present sustainable, accessible, cost-effective health solu-
tions for disease prevention and management.

SARS‑CoV‑2, Coronaviruses, and Infectivity

SARS-CoV-2 is a ribovirus member of the Coronaviri-
dae family of viruses. Coronaviruses are zoonotic and 
can infect several species including bats, cats, rodents, 
dogs, pigs, birds, cows, minks, camels, rabbits, and 
humans, all of which are viral reservoirs of transmission 
[5, 6]. SARS-CoV-2 is the 7th coronavirus that is known 
to infect humans. The SARS-CoV-2 virus shares 79% 
genetic homology with SARS-CoV-1 (2002 pandemic), 
50% homology with Middle East respiratory syndrome 
coronavirus (MERS-Co-V) (2012 pandemic) and high 
sequence homology with several other Rhinolophus coro-
naviruses isolated in bats but which have yet not bridged 
from animal reservoirs to infect humans [7].

SARS-CoV-2 is a positive-sense single-stranded RNA-
virus. It has six functional open reading frames (ORFs) coding 
for essential structural proteins that promote viral replication 
and infectivity: replicase, spike (S), envelop, membrane and 
nucleocapsid proteins. Additionally, seven other ORFs encode 
accessory proteins [8]. Viral infection involves the spike viral 
protein subunits S1 and S2 and the Angiotensin Converting 
Enzyme 2 (ACE2) receptors present in human host tissues [9]. 
Several variants of SARS-CoV-2 have been reported especially 
those mutated at the S domain, with six major variants of con-
cern reported to be more infective by WHO [10].

SARS‑CoV‑2 Pathophysiology in the Short  
and Long Term

Infection with SARS-CoV-2 is problematic in the short and 
long term. In the short term, viral infection and ensuing 
‘cytokine storm’ may result in mild to severe physiological 
respiratory, hematological, renal, cardiac, and gastrointestinal 
symptoms that may cause morbidities and mortality [11•]. 
Post infection, over 55 residual long COVID-19 symptoms 
may develop or persist which affect multiple organ systems 
with emergent novel complications. These can include immu-
nological, metabolic, musculoskeletal and nervous system 
disorders such as weakness, fatigue, dyspnea, sarcopenia, 
incontinence, neuropathies, encephalopathies, cerebral strokes 
[12, 13], increase in endocrine disturbances such as new-onset 
diabetes mellitus [14], hair loss, anosmia, dysgeusia, head-
ache, attention disorder, deteriorating brain and cognition 
functions, declining mental health, among other complica-
tions [15, 16, 17•]. Often these symptoms of long COVID-19 
persist up to and over 60 days after disease onset [18]. Increas-
ing age, female sex, white ethnicity, poor pre-pandemic gen-
eral and mental health including metabolic comorbidities, 
immunocompromization, obesity, and asthma, are associated 
with prolonged symptoms [17•, 19, 20, 21•]. Given that the 
SARS-CoV-2 virus has the potential to invade ACE2 receptor-
containing cells and tissues, endothelial cells on vessels and 
organs, leukocytes, and dendritic cells, this implies that poten-
tially there are many effects to the virus that are yet unknown 
and could cause multi-organ system long-term dysfunction. 
Some of these organs and tissues include kidneys, adipose tis-
sues, nerves, heart, pancreas, testes, among others [22]. Given 
SARS-CoV-2’s versatility in infecting multiple organ system 
targets, scientists need to find biological molecules with simi-
lar omnipotent diversity of action that could protect multiple 
organs and mitigate disease burden. These molecules’ actions 
would include priming individuals’ immunity, reducing viral 
replication and infection, attenuating comorbidities’ risk, 
promoting organ repair and recuperation, enhancing baseline 
health, and promoting survival. We propose that vitamin  D3 
could be a cost-effective biological molecule that exerts such 
diverse biological effects on multiple tissues and systems [23], 
and promotes protective and regenerative mechanisms against 
SARS-CoV-2, acute and long COVID-19.

Vitamin  D3 has Many Health Benefits for Multiple 
Organ Systems and Well‑being

Vitamin  D3 can be synthesized in the human body following 
sun exposure. Synthesis begins via the skin by conversion of 
7-dehydrocholesterol to vitamin  D3 (also termed cholecalcif-
erol). A 15-min half body exposure produces approximately 
10,000 International Units (IU) (250 mcg) to 20,000 IU (500 
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mcg) of vitamin  D3, cholecalciferol. This depends on several 
factors including duration of sun exposure and skin color. 
Upon sun avoidance or low sun exposure due to different 
ecological latitudes, vitamin  D3 may need to be ingested 
from foods such as oily fish, eggs, fortified juice or milk or 
cereals, and a range of animal-based products such as liver. 
Vitamin  D3 synthesized via the skin, is then metabolized in 
the liver to 25-hydroxyvitamin  D3 (25(OH)D3) (termed cal-
cidiol), followed by conversion in the kidneys to the active 
biological form 1,25-dihydroxyvitamin  D3 (1,25(OH)2D3) 
(termed calcitriol). Regular daily sun exposure or supple-
mentation can support reaching physiological vitamin  D3 
sufficiency which is attained with a serum 25(OH)D3 con-
centration at or greater than 30 ng/mL [24•]. The National 
Academy of Sciences, Engineering and Medicine (NASEM) 
(previously Institutes of Medicine (IOM)) recommends a 
somewhat conservative daily recommended dietary allow-
ance (RDA) for vitamin  D3 of 600 IU/day (15 mcg/day). 
The Endocrine Society recommends at least 1500–2000 IU/
day (37.5–50 mcg/day) and up to 4,000 IU/day (100 mcg/
day) for adults, with 10,000 IU/day (250 mcg/day) as upper 
tolerable level (UL). Deficiencies can be treated with sup-
plementation of up to 50,000 IU/week (1,250 mcg/week). 
The above recommendations require revision as studies have 
revealed a requirement for significantly higher vitamin  D3 
concentrations for health maintenance and disease preven-
tion, and adjustment of RDAs and ULs according to indi-
vidual baseline vitamin  D3 concentrations [25•, 26, 27].

Many in vitro, animal model, translational, observational, 
and clinical studies have confirmed a variety of roles for 
vitamin  D3 in maintaining health and preventing disease. 
Vitamin  D3, an important nutrient and hormone exerts its 
biological effects via binding its vitamin D receptor (VDR) 
and modulating downstream gene transcription of hundreds 
of genes in multiple organ systems. Some of vitamin  D3’s 
roles include improvement in brain functions such as cogni-
tion, memory and mood, supporting calcium homeostasis 
and bone remodeling, enhancing cardiometabolic health and 
endothelial function, regulating blood pressure, improving 
insulin secretion [28•] and sensitivity, and supporting pla-
cental function in pregnant women [23].

Vitamin  D3 can modulate both the innate and adaptive 
immune system [29]. At airway epithelia, vitamin  D3 enhances 
secretion of antimicrobial peptides such as β-defensins and 
cathelicidins which inhibit the cellular entry and subsequent 
proliferation of virus particles. Vitamin  D3 induces upregu-
lation of cathelicidin human cationic antimicrobial protein 
(hCAP18), in neutrophils, natural killer cells, monocytes, 
and B-cells. In macrophages, vitamin  D3 enhances autophagy 
through upregulation of calcium and nitric oxide levels, inhibi-
tion of mammalian target of rapamycin (mTOR) thus promot-
ing clearance of virus-infected cells. Vitamin  D3 could there-
fore potentially override the SARS-CoV-2 ORF3a impairment 

of autophagy, and its immune-modulating properties in 
response to SARS-CoV-2 infection should be further studied.

Vitamin  D3 is an effective antioxidant and anti-inflammatory 
agent. Vitamin  D3 sufficiency significantly protects against  
diseases where inflammation is a hallmark of disease  
progression. These include cancer, Alzheimer’s disease, 
Multiple Sclerosis, and rheumatoid arthritis [29]. Vitamin  D3 
can combat the anti-inflammatory ‘cytokine storm’ and fibrotic 
effects associated with COVID-19. Vitamin  D3 upregulates the 
expression of nuclear factor of kappa light polypeptide gene 
enhancer in B-cells inhibitor alpha (IkBα) which inhibits the 
proinflammatory transcription factor nuclear factor kappa light-
chain enhancer of activated B cells (NFkB), resulting in the 
reduced expression of inflammatory genes. In dose and cell-
specific mechanisms, vitamin  D3 can modulate gene expression 
of Interleukins IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, and IL-15, 
Interferon gamma (IFN-γ), Tumour growth factor beta (TGF-
β) and Tumor necrosis factor alpha (TNF-α) in directions that 
promote anti-inflammatory and tissue repair pathways [30, 31].

In the adaptive immune system, the VDR receptor is 
expressed in activated mature T-cells. Immunomodulatory 
effect of 1,25(OH)2D3 on CD4+ T-cells involves suppres-
sion of the proinflammatory Type-1 T helper (Th1) and  
Type-17 T-helper (Th17) subsets that cause tissue damage, 
in favor of activation of the Type-2 T helper (Th2) cells and 
Induced regulatory T-cells (iTreg). This shift towards Th2 
and iTreg subsets favors B-cell activation in humoral immu-
nity, anti-inflammatory effects, and tissue healing pathways 
through dose-dependent TGF-β induction. Studies do not 
show that vitamin  D3 promotes T-cell proliferation from 
naive precursors [32•].

In studies on RNA stranded viruses such as Respiratory 
Syncytial Virus, H9N2 Influenza virus, rotavirus, Human 
Immunodeficiency Virus, vitamin  D3 demonstrated anti-
viral activity, reduction of viral load, select modulation of 
viral gene transcription, or protection of cells against virus-
induced cell death. However, vitamin  D3 effects on different 
classes of DNA and RNA viruses remain to be examined in 
big clinical trials as its effects are currently contradictory 
depending on the virus types and severity of infection [30, 
33]. Vitamin  D3 needs to be studied for its potential anti-
viral effects against SARS-CoV-2.

Vitamin  D3 Supplementation Mitigates COVID‑19 
Disease Severity, Morbidity and Improves Survival 
in Different Age Groups

Several epidemiological studies have explored the link 
between vitamin  D3 and SARS-CoV-2 or COVID-19. While 
heterogenous in type, criteria, and results, collectively these 
studies showed that vitamin  D3 deficiency or insufficiency 
were associated with increased risk of SARS-CoV-2 infec-
tion and COVID-19 severity [34]. In a matched retrospective 
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case-control study on 464,383 participants in two matched 
case-control groups of individuals for which 25(OH)D3 
concentrations and body mass index (BMI) were available 
before the pandemic, results showed that individuals with 
very low 25(OH)D3 concentrations (< 30 nmol/L) had the 
highest risks for SARS-CoV-2 infection, and for COVID-19 
severity when infected; Odds Ratio (OR) were 1.246 [95% 
Confidence Interval (CI): 1.210–1.304] and 1.513 [95% CI: 
1.230–1.861], respectively [35]. In a retrospective observa-
tional study of 191,779 participants in the USA, Kaufman 
et al. showed that SARS-CoV-2 infection incidence was 
higher in individuals with lower serum 25(OH)D3 concen-
trations. The SARS-CoV-2 positivity rate was higher in the 
39,190 individuals with 25(OH)D3 deficiency (< 20 ng/mL) 
[12.5%, 95% C.I. 12.2–12.8%] than in the 27,870 individu-
als with sufficient serum 25(OH)D3 concentrations (30–34 
ng/mL) [8.1%, 95% C.I. 7.8–8.4%] and in the 12,321 indi-
viduals with serum 25(OH)D3 ≥ 55 ng/mL [5.9%, 95% C.I. 
5.5–6.4%]. This association held true for individuals across 
geographical latitudes, ethnicities, sexes and age groups [36].

In a study of 70-year-old elderly individuals hospitalized 
for COVID-19, Sulli et al. showed that 25(OH)D3 serum 
deficiency was associated with more severe lung involve-
ment, longer disease duration, and risk of death. In these 
elderly participants, 25(OH)D3 levels were significantly 
lower compared to controls, (median 7.9 vs. 16.3 ng/mL, 
respectively, p = 0.001). Lower 25(OH)D3 serum concentra-
tions were significantly correlated with elevated D-Dimer 
and C-reactive proteins concentrations, two important indi-
cators of coagulopathy and inflammation. A negative cor-
relation was observed between 25(OH)D3 serum concentra-
tions and severity of radiologic pulmonary involvement and 
mortality during hospitalization. Higher 25(OH)D3 serum 
concentrations were associated with improved pulmonary 
parameters such as partial oxygen pressure  (PaO2) (p = 
0.03), oxygen saturation  (sO2) (p = 0.05), and the ratio of 
arterial oxygen partial pressure  (PaO2 in mmHg) to frac-
tional inspired oxygen  (PaO2/FiO2) (p = 0.02). Elderly indi-
viduals with low 25(OH)D3 had multiple lung consolidations 
with diffuse severe interstitial lung involvement compared to 
those with higher 25(OH)D3 concentrations who had milder 
lung symptoms. These studies above and other similar inves-
tigations suggest that maintaining higher Vitamin  D3 status 
prior to infection could be protective and reduce the severity 
of COVID-19-induced organ injury [37].

The timing of vitamin  D3 administration may also be asso-
ciated with improved health outcomes. A quasi-experimental 
study in Italy compared the effects of vitamin  D3 cholecal-
ciferol administration on improving survival outcomes in  
elderly hospitalized individuals. Participants were divided 
into three groups, Group 1 administered vitamin  D3 for the 
year preceding infection and hospitalization (bolus included 
the doses of 50,000 IU vitamin  D3 per month, or the doses 

of 80,000 IU or 100,000 IU vitamin  D3 every 2–3 months), 
Group 2 administered an oral supplement of 80,000 IU vita-
min  D3 within a few hours of the diagnosis of COVID-19, and 
a third no-supplementation reference Group 3. Survival of 
participants were, in Group 1 (93.1%), Group 2 (81.2%) and 
Group 3 (68.7%) respectively, (p = 0.02 between groups 1 
and 3). After correction for any confounding variables, using 
Group 3 as reference hazard ratio (HR) = 1, the adjusted HR 
for 14-day mortality was HR = 0.07 (p = 0.017) for Group  
1 and HR = 0.37 (p = 0.28) for Group 2. Group 1 had longer 
survival time than Group 3 (log-rank p = 0.015), although 
there was no survival difference between Groups 2 and 3 (log-
rank p = 0.32). Group 1, but not Group 2 (p = 0.40), was 
associated with improved clinical outcomes using an ordinal 
scale for clinical improvement (OSCI). These findings show 
that regular bolus vitamin  D3 supplementation as a preventive 
habit or lifestyle before viral infection was associated with 
better outcome and survival in frail elderly individuals [38, 
39]. This finding consolidates data from other studies which 
show that individuals who have sufficient concentrations of 
25(OH)D3 in their blood stream due to previous adequate vita-
min  D3 intake or sun exposure have a much higher survival 
rate that those who are deficient in vitamin  D3. This implies 
that maintaining vitamin  D3 sufficiency in individuals before 
infection can have preventive value and public health benefits. 
Sustained supplementation with vitamin  D3 should be consid-
ered, and further population studies should be performed to 
verify supplementation needs, doses, and regimen.

A randomized open-label, double-masked clinical trial 
examined the effect of administering cholecalciferol to hos-
pitalized individuals in addition to the best available therapy 
present at the time, namely hydroxychloroquine or azithro-
mycin. Upon randomization in ratio 2:1 cholecalciferol to no-
cholecalciferol respectively, cholecalciferol was given orally 
as 0.532 mg (21,280 IU) upon admission, then 0.266 mg 
(10,640 IU) on day 3 and 7, and then weekly until discharge 
or Intensive Care Unit (ICU) admission. From the 50 partici-
pants on cholecalciferol treatment, only 1 required ICU admis-
sion (2%), none died, and all were discharged without major 
complications. In the 26 control/no-cholecalciferol treatment 
participants, 13 (50%) required ICU admissions, two of whom 
died. When adjusting for comorbidities, hypertension and type 
2 diabetes mellitus, the OR for ICU admission in the chole-
calciferol treatment versus controls was OR = 0.03 [95% CI: 
0.003–0.25]. None of the treated participants suffered any side 
effects from the higher dose cholecalciferol [40].

In contrast, Abroug et al. showed in a randomized con-
trolled trial (RCT) that if a single vitamin  D3 treatment  
of 200,000 IU was given to individuals with moderate to 
severe SARS-CoV-2 infection but after 14 days after initial 
diagnosis, such a treatment does not appear to have a signifi-
cant effect on shortened recovery time in vitamin D-treated 
individuals compared to participants given a placebo [41].
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In a double-blind RCT conducted in Brazil, Murai et al. 
investigated the effects of a single oral dose of treatment 
with 200,000 IU of vitamin  D3 versus placebo on the clini-
cal outcomes of 240 individuals hospitalized with moderate 
to severe COVID-19 symptoms. Analysis of the RCT data 
showed that there were no significant differences between 
individuals in the vitamin  D3 treated group versus the pla-
cebo group in the need for mechanical ventilation (7.6% ver-
sus 14.4%; difference, -6.8% [95% CI, -15.1% to 1.2%]; p = 
0.09), admission to ICU (16.0% versus 21.2%; difference, 
-5.2% [95% CI, -15.1% to 4.7%]; p = 0.30), mean length 
of hospital stay (7.0 [4.0–10.0] days versus 7.0 [5.0–13.0] 
days; log-rank p = 0.59), and in-hospital mortality (7.6% 
versus 5.1%; difference, 2.5% [95% CI, -4.1% to 9.2%]; p = 
0.43). The high dose treatment successfully elevated serum 
25(OH)D3 concentrations with no noteworthy adverse events 
reported. The findings may imply that treatment with vita-
min  D3 after the onset of moderate to severe short COVID-
19 cascade of symptoms may not be so effective at improv-
ing clinical outcomes and survival [42].

In a prospective observational study conducted on 410 
subjects affected by COVID-19 in India, Jevalikar et al. 
found no association between baseline 25(OH)D3 and 
severity of COVID-10 symptoms or survival rates. The 
investigators compared two groups of participants; Group 
1 had participants who had vitamin  D3 deficiency (VDD) 
with 25(OH)D3 < 20 ng/ml versus Group 2 which included 
participants who did were not classified as vitamin  D3 defi-
cient. Jevalikar et al. showed that the proportion of severe 
cases (13.2% vs.14.6%), mortality (2% vs. 5.2%), oxygen 
requirement (34.5% vs.43.4%), and ICU admission (14.7% 
vs.19.8%) was not significantly different between individu-
als with or without VDD, respectively. A limitation of this 
study lies in the fact that participants with VDD were sig-
nificantly younger and had lesser comorbidities, which may 
have influenced some of the outcomes and findings [43], in 
contrast to several other studies that reported an association 
with vitamin D deficiency and disease severity [44•].

In a multicenter non-randomized cohort study, 537 par-
ticipants who were hospitalized in 5 hospitals in Spain 
were administration capsules of the active metabolite cal-
cifediol, 25(OH)D3 upon entry and throughout a 30-day 
hospitalization period. The dose per capsule was 0.266 
mg/capsule and administered as 2 capsules on entry and 
then one capsule on day 3, 7, 14, 21, and 28. Participants 
receiving 25(OH)D3 had lower comorbidity and score of 
pneumatic severity (including blood pressure measures, 
urea, respiratory distress), lower C-reactive protein indica-
tive of lower inflammation, lower rates of chronic kidney 
disease and blood urea nitrogen. In the group that received 
the 25(OH)D3, mortality rate was 5% compared to 20% in 
the no-treatment group with OR = 0.22 in these 25(OH)D3 
recipients compared to controls [95% CI, 0.08 to 0.61] [45].

The COvid19 and VITamin D TRIAL (COVIT-TRIAL), 
a multicentered, open-label RCT conducted in France 
tested whether a single high oral dose of vitamin  D3 chole-
calciferol of 400,000 IU administered within 72 h after 
SARS-CoV-2 infection could improve overall 14-day sur-
vival of elderly participants compared to standard-dose, 
50,000 IU participants. Fourteen days following infection, 
participants allocated to higher dose cholecalciferol suf-
fered fewer deaths (6%) compared to participants on lower 
dose (11%), adjusted HR = 0.39 [95% CI: 0.16 to 0.99] 
(p = 0.045). This protective effect was not sustained for 
28-day survival. Higher dose cholecalciferol did not result 
in more frequent adverse effects compared to the standard 
dose [38, 46].

In a study on 78 healthcare workers infected by SARS-
CoV-2, supplementation of vitamin  D3 resulted in milder 
symptoms and clinical features. Two groups were treated 
for three months. Group 1 participants received supple-
mentation of 50,000 IU/week for two weeks followed by 
daily doses of 5,000 IU/day, while participants in Group 
2 were supplemented with 2,000 IU/day for three months. 
Normalization of serum 25(OH)D3 concentrations was 
achieved in 53% of those on the higher dose of vitamin  D3 
supplementation. Vitamin  D3 serum concentrations could 
not be correlated in this small size study with reduced 
morbidity. However, data showed that participants receiv-
ing higher dose of 5,000 IU/day vitamin  D3 supplementa-
tion had milder to no symptoms of SARS-CoV-2 compared 
to participants on lower 2,000 IU/day suggesting potential 
protective effects against severity of symptoms of COVID-
19. Neither vitamin  D3 intake nor vitamin  D3 deficiency 
or insufficiency were associated with a decrease in SARS-
CoV-2 - associated morbidity [47]. The above studies col-
lectively suggest that supplementation with higher doses 
of vitamin  D3 could support reduction in COVID-19 dis-
ease severity and symptoms, and a moderate improvement 
in survival, by promoting earlier and faster recovery mech-
anisms. The timing of vitamin  D3 administration appears 
to be important. Several studies suggest that maintaining 
vitamin  D3 sufficiency before infection or disease symp-
toms, or supplementing with vitamin  D3 at early stages 
of disease progression may achieve significantly reduced 
symptoms and improved clinical outcomes in individuals 
with COVID-19 [44•, 48•].

Vitamin  D3 Could Improve Brain Function 
in Individuals Affected by Long COVID‑19

COVID-19 can cause physiological and cognitive abnormali-
ties in acute and long COVID-19 [49]. The acute underly-
ing causes of brain dysfunction due to the SARS-CoV-2 
may involve inflammatory damage in the brain both in the 
neurons and the endothelial vasculature, instigated by viral 
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infiltration and endothelial cell activation. Leaky endothe-
lium would enable complement and immune cell infiltration 
of the protective blood brain barrier [50]. In addition to the 
ensuing hypercoagulation or hyperinflammation, the virus 
interferes with neurological functions which may explain 
the brain’s long COVID-19 symptoms of fatigue, brain fog, 
loss of focus, memory deficit, and other cognitive abnormali-
ties. Vitamin  D3 potentially could abrogate these symptoms, 
protect brain function, and promote reparative healing even 
after infection. Both 25(OH)D3 and 1,25(OH)2D3 can cross 
the blood brain barrier. In stroke patients, vitamin  D3 has a 
protective and reparative effect on neuronal damage espe-
cially in ischemic stroke symptoms [51•]. Vitamin  D3 plays 
an integral role in maintaining brain plasticity, enabling pro-
ficient cognitive function, and preventing neurodegeneration. 
Vitamin  D3 deficiency is associated with developmental neu-
ronal functional abnormalities in growing fetuses, poor mem-
ory and concentration in adults, lower cognitive function, 
reduced brain volume and hippocampus function in adults, 
as well as neurodegenerative or psychological diseases such 
as Alzheimer’s, Multiple Sclerosis, and depression [52–54]. 
The association with low vitamin  D3 and worse cognitive 
performance is more pronounced in women with depression 
[53]. Interestingly, more women than men are affected by the 
brain cognitive dysfunction associated with long COVID-
19. Apropos, the repletion, sufficiency, and administration of 
vitamin  D3 to protect against the long COVID-19-associated 
brain abnormalities should be considered and further studied.

Vitamin  D3 Could Improve Muscle Regeneration 
and Repair in Individuals with Long COVID‑19

Many individuals experiencing long COVID-19 symptoms 
present with fatigue, weakness, and myalgia for reasons 
that remain to be elucidated. Lessons from diseases such as 
Chronic obstructive pulmonary disease (COPD) allude to 
the possibility that vitamin  D3 is a feasible option to improve 
disease-associate muscle function. In COPD, obstructive 
lung disease of the peripheral airways occurs, and is asso-
ciated with inflammation, hypertension, diabetes mellitus, 
skeletal muscle dysfunction, and osteoporosis. Obstruction 
and limitations of airflow in patients reduces oxygen sup-
ply, produces a decline in aerobic capacity and increases the 
generation of reactive oxygen species that cause oxidation, 
chronic inflammation, and destruction of type I muscle fib-
ers, muscle wasting, loss of muscle strength and fatigue. 
In extreme cases, this can cause sarcopenia and cachexia. 
Vitamin  D3 supplementation in such individuals ameliorates 
inflammation, improves lung function, promotes mitochon-
drial repair, hence improves muscle regeneration and rebuild 
over time [55]. A meta-analysis examining individuals with 
vitamin  D3 deficiency (25(OH)D3 ≤ 25 nmol/l) showed  
that supplementation with different vitamin  D3 doses (from 

4,000 to 60,000 IU per week) significantly improved upper 
and lower muscular body strength. This meta-analysis 
examined 7 RCTs including 310 adults, 67% of whom were 
females, ages ranging 21.5–31.5 years [56•]. The regenera-
tive mechanisms rely on vitamin  D3’s ability to enhance 
mitochondrial function, increase satellite muscle stem cell 
recruitment, and promote myogenic repair [57]. In long 
COVID-19, such musculoskeletal complaints exist and are 
more prevalent in young female adults. This same argument 
for using vitamin  D3 supplementation in improving mito-
chondrial function, myogenic repair, enhancing muscular 
body strength, ameliorating inflammation or reperfusion 
injury muscle dysfunction, and hence treating individuals 
with long COVID-19-associated muscle fatigue should be 
examined in future RCTs.

Vitamin  D3 Reduces Risk in COVID‑19 Individuals 
Who Have Metabolic Comorbidities

Vitamin  D3 promotes cardiometabolic health benefits. Vita-
min  D3 is important in blood pressure regulation, insulin 
sensitivity, downregulation of inflammatory responses, 
and reduction of risk for cardiometabolic diseases [28•]. 
COVID-19 complications include blood pressure abnormali-
ties, new-onset diabetes mellitus and COVID-19-associated 
β-cell dysfunction [14], abnormal coagulopathy, and hyper-
inflammation associated with an inflammatory ‘cytokine 
storm’ [11•]. Endothelial damage either by hyperinflamma-
tion, oxidative stress, or metabolic irregularities e.g., hyper-
leptinemia, hyperinsulinemia or hyperglycemia exacerbate 
this risk. Many of the at-risk COVID-19 affected individuals 
suffer from comorbidities cardiovascular diseases, diabetes 
mellitus, hypertension, and obesity [12, 20]. Knowing the 
beneficial effects of vitamin  D3 in attenuating cardiometa-
bolic risk factors presents Vitamin  D3 as a plausible biologi-
cal agent to mitigate COVID-19 disease burden.

In a study of 43 individuals infected with SARS-CoV-2, 
Tan et al. examined the benefits of administering a combina-
tion therapy of vitamin  D3, magnesium and vitamin  B12 on 
severe outcome progression in older individuals above the 
age of 50 most of whom suffered from diabetes mellitus or 
hypertension. The SARS-CoV-2 infected individuals were 
given a combination treatment made up of 1,000 IU vitamin 
 D3, 150 mg magnesium oxide, and 500 mcg vitamin  B12 daily 
for up to 14 days compared to controls. Individuals given the 
combination treatment had fewer requirements for oxygen 
therapy during hospitalization in ICU or on ward (17.6% vs. 
61.5%, respectively, p = 0.006). Additionally, combination 
treatment was associated with a lower likelihood for intensive 
care support. In multivariate analysis after adjusting for age 
and hypertension risk factors, participants given the combi-
nation treatment still had a lower need for oxygen therapy and 
intensive care support OR = 0.20 [95% CI:0.04 -0.93; p = 
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0.04] compared to controls. This suggested that vitamin  D3 
in combination treatment can have a beneficial and protective 
survival effects on older at-risk individuals with COVID-19 
who had pre-existing comorbidities. The combination treat-
ment may have metabolic and immunomodulatory effects, 
with vitamin  D3 and magnesium exerting anti-inflammatory, 
anti-hypertensive, anti-thrombotic and broncho-dilatory 
effects, while vitamin  D3 and vitamin  B12 supporting gut 
microbiome development and priming innate and adaptive 
immune responses. While the study’s sample size is small 
it does incentivize investigating such combination nutrient 
treatments, including vitamin  D3 supplementation, in at-risk 
individuals with comorbidities [58].

Conclusion

Maintaining vitamin  D3 sufficiency prior to infection 
appears to be important in reducing risk and severity of 
COVID-19 in individuals of all ages. Furthermore, given 
vitamin  D3’s well-known protective and regenerative physi-
ological effects in multiple organ systems, administration 
of vitamin  D3 to individuals infected with SARS-CoV-2 
may promote faster recovery times and improved survival. 
Specific vitamin  D3-induced mechanisms of action in indi-
viduals suffering from short or long COVID-19 need to 
be clearly elucidated, and supplementation studies con-
solidated. Nonetheless, cumulative evidence increasingly 
supports a potential role for the use of vitamin  D3 in miti-
gating acute and long COVID-19 symptoms and disease 
burden, and in repairing disease-associated organ damage. 
No side effects have been reported following higher vitamin 
 D3 intake as seen in epidemiological studies on individuals 
affected by COVID-19. Apropos, vitamin  D3 supplementa-
tion, study design, and dosing regimens need to be revised 
to include higher doses of vitamin  D3 in future studies, 
compared to current practices [46, 59•]. This is especially 
pertinent in at-risk subgroups, such as the elderly and indi-
viduals with obesity, who may benefit from higher-dose 
supplementation for various physiological reasons [60, 61]. 
Vitamin  D3's potential as a cost-effective candidate in the 
management and mitigation of COVID-19 disease burden 
warrants further investigation given vitamin  D3's multipo-
tent diverse mechanistic actions in maintaining health and 
preventing disease.
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