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Vitamin D deficiency: concern for rheumatoid arthritis and COVID-19?
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Abstract

Vitamin D is an immunomodulatory hormone with an established role in calcium and phosphate metabolism and skeletal
mineralization. Evidence showing its immunological benefits by regulating essential components of the innate and adaptive
immune system is prevalent. Vitamin D deficiency is reported worldwide and is thereby found to be associated with various
immune-related diseases. Rheumatoid Arthritis and COVID-19 are two such diseases, sharing a similar hyperinflammatory
response. Various studies have found an association of lower Vitamin D levels to be associated with both these diseases.
However, contrasting data is also reported. We review here the available scientific data on risk factor association and sup-
plementation benefits of Vitamin D in Rheumatoid Arthritis and COVID-19, intending to critically evaluate the literature.
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Abbreviations

TNF-alpha Tumor necrosis factor-alpha

IL-6 Interleukin 6

IL-8 Interleukin 8

IL-17 Interleukin 17

GM-CSF  Granulocyte—-macrophage-colony stimulating
factor

CCL2 Monocyte chemoattractant protein 1

CXCL10 C-X-C motif chemokine ligand 10

CCL3 Chemokine (C-C motif) ligand 3

VDR Vitamin D receptor

SLE Systemic lupus erythematosus

NET Neutrophil extracellular traps

NOD2 Nucleotide-binding oligomerization domain-
containing protein 2

mTOR Mammalian target of rapamycin

PI3KC3 Class III phosphatidylinositol 3-kinase

RCT Randomized clinical trial

DAS28 Disease activity score 28

VAS Patient global pain score

ESR Erythrocyte sedimentation rate

SIC Swollen joint count
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CRP C reactive protein

ACE2 Angiotensin-converting enzyme 2

ARDS Acute respiratory distress syndrome
MASP2 Mannose-binding lectin (MBL)-associated

serine protease 2
C5 Complement component 5

CAD Coronary artery disease

MKP1 Mitogen-activated protein kinase
phosphatase- 1

Introduction

Vitamin D, a secosteroid, primarily exists in 2 forms, Ergo-
calciferol (vitamin D2) and Cholecalciferol (vitamin D3).
Its deficiency is a common global health concern and con-
tributing factors include diet, geographic location, and eth-
nicity [1]. Generally, vitamin D levels less than 20 ng/ml
are defined as ‘deficient and less than 30 ng/ml as ‘insuf-
ficient. Its key roles include maintaining calcium homeosta-
sis throughout circulation and skeletal mineralization. It is
reported to have an anti-inflammatory role and established
benefits in osteoporosis and osteomalacia [2]. Observational
studies have reported a negative correlation between vitamin
D levels and various diseases such as diabetes, cardiovascu-
lar, autoimmune diseases, and cancer [3]. However, contrast-
ing reports suggesting no association also exist, for example
in a study in CAD patients, no association with angiogenic
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severity was found [4]. Hence, role of vitamin D in various
diseases needs detailed analysis.

Vitamin D deficiency has been associated with incidence
and severity of Rheumatoid Arthritis (RA), an autoimmune
syndrome, and supplementation is also clinically prescribed.
Recently, various reports implicating Vitamin D deficiency as
a possible risk factor for COVID-19 incidence and severity are
also emerging. Both RA and COVID-19 have shared patho-
logical mechanisms. A common pro-inflammatory cytokine
(TNF-alpha, IL-6, IL-8, IL-17, GM-CSF) and chemokine
profile (CCL2, CXCL10, CCL3) is frequently reported [5,
6]. Similar radiological aspects of pneumonia (Ground-glass
opacities and vascular enlargement) are also observed in the
two diseases. Various anti-rheumatic strategies, like IL-6
inhibitor (Tocilizumab) and JAK inhibitor (Baricitinib) are
being investigated for COVID treatment [7—10]. Observa-
tional, meta-analysis and multi-omics approach-based stud-
ies indicate that the autoimmune disease group patients are at
significant risk for COVID-19 infection [11-13] which calls
for the inclusion of adjuvant therapies. In lieu of the above,
we have reviewed here the scientific literature on vitamin D
deficiency as a risk factor and its supplementation benefits in
RA and COVID diseases.

Methods
Information source and search keywords

Studies were extracted from the following electronic data-
bases: PubMed, Google Scholar, and Connected Papers. The
search criteria included English language original articles
that were identified using the following keywords “vitamin
D association”, “rheumatoid arthritis”, “vitamin D COVID-
19 association”, “vitamin D supplementation” from 2016

onwards.

Study selection

Titles and abstracts were evaluated for inclusion (English
language original articles from 2016 onwards on vitamin D
association and supplementation in Rheumatoid Arthritis
and COVID-19 infection) or exclusion (studies reporting
mixed reports on vitamin D association, related to other
autoimmune diseases or respiratory infections). If eligible
for inclusion, full-text articles were read and evaluated.

Data collection process

The following data were extracted from the articles: title,
journal, authors, and year of publication, study design,
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sample size, main findings, and limitations. This information
was evaluated and classified accordingly in a tabular form.

Vitamin D: immunomodulatory function

Apart from Vitamin D’s well-known functions in calcium
and bone homeostasis, it exerts substantial immunomod-
ulatory action through transcriptional and epigenetic
mechanisms. This is evident from widespread expres-
sion of Vitamin D Receptor (VDR) in most immune cell
types and their ability to express CYPB21 enzyme, which
metabolizes vitamin D into its active form, 1,25(OH),D;
[14]. Alterations in the VDR gene have been indicated in
several diseases including Diabetes Mellitus [15], Pulmo-
nary Tuberculosis [16], Systemic Lupus Erythematosus
(SLE) [17], and Rheumatoid Arthritis [18].

Vitamin D reduces microbial infection and death
through various mechanisms, including regulating physi-
cal barrier and innate and adaptive immune cells. It also
helps maintain tight junctions, gap junctions and adherent
junctions [19]. It induces various pathways like autophagy
in monocytes [20]; phagocytic ability, ROS production,
chemotaxis, and induction of VDR responsive genes
(e.g.: antimicrobial peptides) in activated macrophages;
increased microbicidal activity and reduced NET forma-
tion in neutrophils. Vitamin D also prevents dendritic cells
from maturing, by reducing their expression of MHC-
classII and costimulatory molecules, resulting in a more
tolerogenic and anti-inflammatory phenotype. Addition-
ally, it is shown to inhibit plasma cell and post-switch
memory B cell formation. It represses Thl cell forma-
tion and stimulates Th2 cells along with the formation of
regulatory T cells [21]. The vitamin D mediated cytokine
regulation through various effectors is shown in Fig. 1.
It regulates the epigenetic programming of immune cells
(mainly monocytes, macrophages, and dendritic cells) dur-
ing immune challenges and thereby affects their immuno-
logical memory and subtype differentiation [22]. It also
stimulates endothelial NOS production and has pleiotropic
effects on the vascular endothelium that are protective
against injury due to inflammation [23].

Various anti-inflammatory mechanisms attributed
to vitamin D are, inhibition of Prostaglandin (PG) syn-
thesis, nuclear translocation of NF-kB [24], stress-acti-
vated kinase signaling, and production of inflammatory
cytokines [25]. Prostaglandins are pro-inflammatory mol-
ecules and play important role in mediating cell prolifera-
tion, differentiation, and apoptosis. They are reported to
increase TNF-alpha, IL-6, CXCL1, and COX-2 levels,
mediating the inflammatory cascade [26]. Vitamin D
inhibits PG mediated inflammation through three mecha-
nisms: reduced PG receptor, reduced COX-2 expression
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Fig. 1 Immunomodulatory
Effects of Vitamin D. The figure
describes some of the gene tar-
gets of vitamin D and its effect
on innate as well as adaptive
immune system. Cathelicidin
antimicrobial peptide (CAMP),
Integrin alpha M (ITGAM),
CD93, Nuclear Factor NF-
Kappa-B (NFKB1A), Receptor
Activator of Kappa-B Ligand
(RANKL), Cyclooxygenase-2
(Cox-2)
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and increased 15-PGDH (PG Dehydrogenase) expression
[27]. Studies also reveal inhibitory action of vitamin D on
Lipopolysaccharide (LPS)-induced p38 phosphorylation
along with TNF-alpha and IL-6 expression [28, 29]. Sig-
nificant anti-inflammatory effects of vitamin D were also
observed by inhibiting expression of TNF-alpha, COX-
2, and iNOS (inducible nitric oxide synthase), using the
classical model of inflammation in mice [30].
Antimicrobial and antiviral actions of vitamin D are
mediated through induced expression of peptides such
as Cathelicidin, Beta-defensin 2, Nucleotide-binding
Oligomerization Domain-containing protein 2 (NOD?2).
Cathelicidin induces activation of pro-inflammatory
cytokines, neutrophil chemotaxis, monocytes, and T
cells at the site of infection. Additionally, it blocks
viral entry and suppresses viral replication. Vitamin D
also suppresses bacterial growth through suppression
of Hepcidin, which restricts the export of iron, thereby
increasing intracellular iron. Decreased Hepcidin activ-
ity also promotes activation of Ferroportin, followed by
increased transcellular export of iron. Since iron is one of
the crucial factors for bacterial survival, decreased levels
lead to reduce bacterial growth. Vitamin D also induces
autophagy, by downregulating mTOR pathway and
inducing Beclin 1 and PI3KC3, the key enzymes driving

autophagy. Vitamin D-mediated autophagy is found to
reduce many viral infections like HIV-1, influenza A,
rotavirus and hepatitis C [31].

Vitamin D: role in rheumatoid arthritis

Rheumatoid Arthritis (RA) is a chronic autoimmune con-
dition, resulting in synovial inflammation around joints,
progressively leading to cartilage and bone destruction.
Although the main cause is unknown, various factors are
involved in its pathogenesis, including genetic, environ-
mental, and dietary components.

A large body of epidemiological data demonstrates that
vitamin D insufficiency/deficiency is associated with vari-
ous disease conditions, especially of the musculoskeletal
and autoimmune types. An inverse association between
serum vitamin D levels and RA incidence and disease
activity is widely reported [32-36]. Some reports with
larger sample sizes also have shown similar associations.
Lee used a meta-analysis approach from data of more than
1,100 patients to conclude an inverse association with RA
prevalence and activity [37]. In another cross-sectional
observational analysis of 1413 patients from different
countries across latitudes, similar results were obtained
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[38]. In addition, in treatment-naive RA patients, a signifi-
cant negative association was observed between vitamin
D levels and disease activity parameters [34]. Recently, in
a study with 645 early RA patients, vitamin D deficiency
correlated with more active and severe disease and was
suggested as a useful biomarker to predict disability pro-
gression over one year [39]. However, contrasting data
showing no association is also reported [40, 41]. Reports
demonstrating vitamin D insufficiency to be associated
with RA prevalence along with its immunosuppressive
role have led to further studies evaluating its preventive/
therapeutic supplemental benefit. In a prospective cohort
study of 152 elderly RA women through 11 years of fol-
low-up, total dietary and supplemental vitamin D intake
was found associated with reduced RA risk. However, here
patients were not clinically assessed and sunlight exposure
was not taken into account [42]. In a randomized interven-
tional study on 73 RA patients with low DAS28 scores and
vitamin D levels, a significant improvement in mean scores
was seen with vitamin D supplementation over 3 months
[43]. A randomized trial conducted in 150 patients from
India concluded that weekly supplementation of 60,000 IU
in early treatment-naive RA patients resulted in greater
pain relief [44]. In a meta-analysis of six RCTs with 438
participants, vitamin D complementary therapy resulted
in more beneficial effects on DAS28, ESR. However, no
improvement was observed in other parameters such as
VAS (Patient Global Pain Score), SJIC (Swollen Joint
Count), CRP. Notably, in a subgroup analysis, a signifi-
cantly improved VAS score was observed with vitamin D
supplementation of more than 50,000 IU/week, for more
than 12 weeks [45]. In another small cohort (61) study,
supplementation with 1,00,000 IU/month, resulted in a
significant decline in DAS and VAS scores in only vitamin
D sufficient patients [46]. Another randomized, interven-
tional study evaluating the relationship between vitamin D
deficiency and RA concluded significant improvement in
disease activity after administrating vitamin D in specific
concentrations along with other therapeutic drugs [43].
This suggests that the dose and duration of supplementa-
tion could be a critical determinant of the overall response.
However, few studies found no additional clinical ben-
efit after vitamin D supplementation [47-49]. Also, in a
meta-analysis of 5 studies, no significant association was
observed between vitamin D supplementation and RA
recurrence [50]. Significant studies on the association of
vitamin D with RA incidence/severity and its supplemen-
tal benefit are described in Table 1. Thus, although the
association of vitamin D with incidence and severity of
RA patients is conclusive, there is a lack of robust evi-
dence supporting its supplementation in improving clinical
outcome, due to heterogeneity in dosages and durations
of supplementation. Hence, well-conducted large RCTs
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with rigorous research designs and appropriate clinical
endpoints are required to determine the efficacy of vitamin
D supplementation.

Vitamin D: role in COVID-19

Coronavirus disease 2019 (COVID-19), is an ongoing
pandemic, caused by a novel beta coronavirus, SARS
CoV-2 [57]. It is found to majorly cause a severe respira-
tory type illness along with direct and indirect effects on
other organs, including neurological and musculoskel-
etal systems. Autopsy reports from severe cases revealed
venous thromboembolism, fibrin deposition, widespread
penetration by immune cells, and excessive alveolar dam-
age. Involved pathologies includes exacerbated systemic
inflammation with infiltration of immune cells, necrosis
and hyperplasia of lung tissue, endothelial dysfunction
and a pro-coagulatory state [58]. Unregulated Complement
activation is considered a key pathological mechanism
[59, 60]. Terminal complement components like C5-9,
MASP2, and CD4 were found to colocalize with the spike
glycoproteins in lung and also found in the microvascula-
ture in COVID patients [61]. Growing evidence suggests
deposition of complement activation products, C5b-9 in
lung, skin and kidney vasculature in COVID patients and
supports targeting of C5 as a possible therapeutic interven-
tion [62, 63].

Vitamin D has long been known for its antiviral effects.
Its deficiency is associated with higher risk of develop-
ing Influenza/respiratory illness, Dengue, Hepatitis, HIV
and other viral diseases. It is known to inhibit production
and secretion of cytokines from bronchial smooth muscle
cells like RANTES, PDGF, MMPs, leading to reduced
smooth muscle proliferation and lung inflammation. As for
COVID-19, vitamin D may regulate the pathophysiology
of the disease by various mechanisms. Most of the mortali-
ties in COVID-19 patients are due to Acute-Respiratory-
Distress-Syndrome (ARDS). ARDS is characterized as a
heightened inflammatory response of lung macrophages.
Certain reports suggest an involvement of vitamin D in the
modulation of macrophage response in COVID-19 [64].
The SARS-CoV-2 virus enters the lung cells through the
ACE2 receptor, and subsequently downregulates these,
leading to an increased risk of pulmonary edema [31].
Vitamin D, on the contrary, upregulates the ACE2 recep-
tors, potentially reversing this effect. Vitamin D deficiency
promotes the Renin-Angiotensin system which may lead
to cardiovascular disease and reduced lung function [65].
Interestingly, DPP-4/CD26 receptor binding is one of the
pathological mechanisms of closely related COVID-MERS
and similar binding of this receptor has been predicted
with the SARS-Cov-2 spike glycoprotein [66]. Vitamin D
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is shown to significantly reduce the expression of DPP-4/
CD26, suggesting its potential for attenuating COVID-19
infection [67]. Studies indicate that vitamin D amelio-
rates the key immunomodulators with prognostic value
in COVID-19, like IL-6 and CRP [68]. Additionally, the
cardiac features and vasculopathies observed in COVID-
19 could also be related to vitamin D deficiency.

Circumstantial evidence also points to the association of
vitamin D levels with COVID outcomes. The spread of the
virus began in the northern hemisphere during the end of
winter (2019) when the vitamin D levels are already low.
The burden of mortality has been similarly higher in the
northern hemisphere. Various retrospective studies have also
found a positive correlation of vitamin D levels with severity
and mortality in COVID patients [69—71]. However, there
are contradictory reports as well. In a UK Biobank analysis
of 449 COVID-positive patients, no association was found
between vitamin D levels and COVID incidence after adjust-
ing for potential cofounders [72]. However, their samples
were not representative of the general population. A pro-
spective observational study provided primary evidence for
disturbed parathyroid hormone (PTH)—vitamin D levels in
severe cases of COVID-19, however, a definitive association
of low vitamin D levels with disease severity and symptoms
such as impaired pulmonary function testing could not be
obtained [73].

Various ongoing trials are evaluating Vitamin D sup-
plementation for its prophylactic and therapeutic benefit
for COVID. An ongoing phase IV trial is investigating the
efficacy of its supplementation in reducing disease sever-
ity and elucidating anti-inflammatory response in older
COVID patients (> 50 years) (NCT04482673). Compari-
son of Standard (50,000 IU) and High Dose (4,00,000 IU)
one time vitamin D supplementation is also ongoing in a
multicentric superiority high-risk COVID Phase III trial
(CoVitTrial, NCT04344041) [74]. Additionally, Vitamin D
supplementation as a prophylactic intervention is also being
explored in healthcare workers (NCT04535791). A clinical
case series of 4 COVID patients is reported wherein vitamin
D deficient patients showed clinical improvements upon sup-
plementation. Increased levels of vitamin D in blood serum
after administration resulted in a significant decrease in IL-6
levels, providing insights into the mechanism of action in
COVID patients [75]. Results obtained are limited to an
extremely small number of patients and to validate the effi-
cacy of vitamin D supplementation, randomized clinical
trials are again required. A planned pragmatic, randomized,
double-blind trial (VIVID) to assess the effect of vitamin
D supplementation for early treatment and post-exposure
prophylaxis of COVID-19 patients is ongoing. The study
population consists of 1500 newly diagnosed individuals
receiving a daily dose of 3200 IU vitamin D3 (9600 IU
vitamin D3 on the first 2 days) or placebo (for the control

group) for four weeks [76]. Key studies exploring associa-
tion of Vitamin D deficiency and its supplementation ben-
efit in COVID patients are summarized in Table 2. Hence,
although there is not enough evidence to conclude a strong
association of vitamin D deficiency with COVID incidence
or severity, randomized controlled trials and cohort studies
with larger sample sizes are required to prove this.

Discussion

A significant proportion of the population worldwide is vita-
min D deficient. However, there is no formal universal con-
sensus on circulating serum levels of 25(OH)D, which define
deficiency and various definitions exist. Data from animal
studies suggest that vitamin D suppresses arthritis [85]. Vari-
ous prospective studies also indicate vitamin D deficiency to
be associated with RA incidence. However, its dietary sup-
plemental benefit is not yet clearly established. Hence larger
randomized trials with clearly defined clinical outcomes,
which take into account sunlight exposure and include meas-
urement of serum 25(OH)D levels, are required. In addition,
potential limitations of accounting for confounding factors
and reverse casualty need to be addressed in study designs.
For instance, old-age RA patients with restricted mobility
and requiring repeated hospitalization would be spending
lesser time in the sunlight, leading to vitamin D deficiency,
rather than the reverse. Moreover, vitamin D deficiency is
also found to correlate with various chronic conditions of the
kidney and heart, and hence it is unclear if the deficiency is
the cause or effect of the disease.

Vitamin D metabolites have been shown to have anti-
viral effects ranging from the release of antimicrobial pep-
tides and autophagy. However, there is limited preclinical
data available exploring vitamin D's role in SARS-CoV-2
infection. Few epidemiological studies have revealed a link
between circulating levels of vitamin D and the severity of
COVID-19 infection. However, contrasting reports showing
no such association are also available. These studies have
limitations because of the use of previously measured vita-
min D levels, which may not reflect the status at the time of
infection. Also, other confounding effects may be present.
There are several ongoing trials for assessing the supple-
mentary benefit of vitamin D in COVID patients. Such sup-
plementation studies are also challenging because patients
present to hospitals in the hyperinflammatory stage, which
may be too late for any benefit, and also because it would
be difficult to assess the advantage of a micronutrient in
presence of a strong anti-inflammatory agent such as Dexa-
methasone. Hence, a population-based trial on prophylactic
benefits of vitamin D in mitigating COVID-19 infections
may be more befitting.
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8 3 Recently, evidence suggesting association of severe
5 8 COVID-19 infection with reduced Vitamin D levels is grow-
ﬁ ) 53 g ing. In a meta-analysis, Bassatne et al. found no significant
- - 2 association between low Vitamin D levels and COVID-
) qg g g § 19-related outcomes. However, they noticed a positive trend
B=1 72} <
4 % 3 e 9 E t; 8 between low serum 25(OH)D levels (<20 ng/ml) and mor-
- el Q . . . . . ..
; s & g g - = § g tality, ICU admission, ventilation, and SARS-CoV-2 positiv-
B & 3 £ 22 g B a ity. They observed significantly reduced serum vitamin D
5 = 2 £ 2 = . g .
2 8 S oG & & 29 g levels in COVID-positive patients [86]. In a first retrospec-
B g E. 28¢5 &2 E P P P
L E0 g 23 de= S tive study on children and adolescents, vitamin D deficienc
@ = ® o y y
R=RE] =& 228 g5 8 kS . . .. .
.| £8% é g £ ZE B & g b (<12 ng/ml) was found associated with clinical severity
8|S &5 §S 88538 u ©E 5 and inflammatory markers [87]. They also propose the need
Sl >0 = 7% 8 ag BaAS3 =] y y prop
Z|18€E° S22 €32 = € 52 z for vitamin D supplementation as a prophylactic measure
El2 27 e L£HE83 58 g . . o
S| e . o . o = in adolescents. Hence, vitamin D supplementation is now
5 . g being widely suggested as a rational approach to reduce
=Q g o ; % ;__‘3 E) risk of COVID-19 infections and deaths [75]. For deficient
o = s = o . . . . ..
ES 3 g ; *g 5 s population and those in high-risk category, it is §uggesteq to
% B3 2 g ) 2 take 10,000 IU/day of vitamin D supplementation (loading
= ?l) S & 5] Q < . . . .
o 0SE T3 5 © dose) for a few weeks with an aim to quickly achieve target
=% S8 = =
% § % § 5 g e % g serum levels of 40-60 ng/ml (100-150 nmol/L), followed by
5] B=1 = o .
éﬁ 2 '% 5 . E) = g 3 & S dose of 5000 IU/day for few weeks [88]. Thus, practical and
& - QL = @ ) e @ . . . .
2182 é = = §E 3 Qg = safe dosing guidelines for supplementation should be drafted
S Z] = =] o . . . . . .
E “ﬁ; : < = g n § £ ‘g E = and implemented in deficient populations, enabling slowing
Q & - = O s 5 = . . . .
é %"é’ 5w E £8 2 < i g down of pandemic and improved quality of life.
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