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Abstract In recent years, there has been an increased
recognition that vitamin D is not only a risk factor for poor
musculoskeletal health but also a possible important
contributor in the development of different autoimmune
diseases. This has been linked to multiple immunosuppres-
sive properties of vitamin D. Vitamin D has got pleiotropic
effects and this reflects the wide spread presence of vitamin
D receptors (VDRs) throughout the body. Currently, there is
much ongoing research with regard to its emerging role in
immunopathology. VDR has not only been found in tissues
involved in calcium homeostasis but also in a variety of cell
lines involved primarily in immune regulation, e.g.,
mononuclear cells, dendritic cells, antigen-presenting cells,
and activated B lymphocytes and CD4+ T cells. There have
been several reports linking the presence of low vitamin D
to various autoimmune diseases. However, for autoim-
mune/inflammatory disease outcomes, firm conclusions
regarding cause and effect cannot be based on epidemio-
logical association studies, and prospective, long-term,
well-designed studies, including large intervention trials,
are needed across all life stages. In this paper, we will
describe the evidence base for this potential role of vitamin
D in different aspects of autoimmune diseases. Because of
the enormous breadth of this emerging field, our aim in this
review is not to provide an exhaustive list of all literature
pertinent to vitamin D and immunopathology. Instead, we
will frame the reasons and rationale behind the develop-
ment of several immunoregulatory activities for 1,25(OH)
2D3.
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Most of rheumatic diseases are multifactorial, and Vitamin
D is now known to have a multitude of effects on immune
systems. The role of vitamin D deficiency as a potential
environmental agent in the development of different
autoimmune diseases is exciting and is gaining more and
more recognition. This could be linked to multiple
immunosuppressive properties of vitamin D; as in animal
models, vitamin D supplementation has been found to be of
therapeutic benefit in autoimmune encephalomyelitis [1],
collagen-induced arthritis [2], type 1 diabetes mellitus [3],
inflammatory bowel disease [4], autoimmune thyroiditis
[5], and systemic lupus erythematosus (SLE) [6]. 1,25
(OH)2D3 is the biologically active metabolite, which
requires the hydroxylation of 25(OH)D3 by 25(OH)D3-1-
α-hydroxylase occuring mainly in the proximal convoluted
tubule cells of the kidney. Interestingly, there is widespread
presence of extra-renal source of this enzyme (1α-hydrox-
ylase), which is mainly regulated by immune signals rather
than bone factors [7], and 1,25(OH)2D then acts in a
paracrine manner on immune cells. This supports the
recognition of 1,25 (OH)D as an important modulator of
immune function. Vitamin D mediates its effect through
binding to vitamin D receptor (VDR) and activation of
VDR-responsive genes. There is widespread presence of
VDR in the body, and the VDR gene polymorphism was
found to associate with autoimmune diseases [8].

The immunomodulatory effects of 1,25(OH)2D3 are
mediated mainly through its action on antigen presenting
cells, especially on dendritic cells, where these effects are
most potent and well described [9, 10]. This subsequently
leads to its inhibited differentiation from monocytes or
murine bone marrow-derived precursors and maturation
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and increased apoptosis with resultant inhibition of den-
dritic cell-dependent T-cell activation [11, 12]. Moreover,
1,25(OH)2D3 suppresses autoimmunity by inhibiting pro-
inflammatory Th17 cells, and inducing the T regulatory
cells (Tregs) and natural killer T cells [13]. With sufficient
vitamin D stores, the active form of vitamin D hormone
(1,25-dihydroxy vitamin D3) regulates T helper cell (Th1)
and dendritic cell function. The net result is a decrease in
the Th1-driven autoimmune response through reduced
production of IL-2 and interferon-γ. However, the production
of the Th2-associated cytokine IL4 has been shown to be
upregulated by 1,25(OH)2D3 treatment in vivo. Conversely,
with the inadequate vitamin D levels, the immune system
favors the development of self-reactive T cells and autoim-
munity [7]. Moreover, 1,25(OH)D induces the apoptosis and
suppresses the proliferation and differentiation of activated
B-cells [14]. Vitamin D has also been shown to have potent
anti-inflammatory properties through inhibition of various
inflammatory cytokines such as TNF alpha, interleukins, and
the activity of macrophages [15, 16]. In experimental
models, vitamin D hormone has been shown to suppress
the release of pro-inflammatory cytokine TNF-alpha, and
upregulate the production of anti-inflammatory cytokine,
interleukin 10 [17, 18]. Interestingly, a double-blind,
randomized, placebo-controlled trial has confirmed these
findings by using 2,000 IU of vitamin D supplementation for
9 months [19]. Moreover, two studies have shown a
significant inverse acute phase response and vitamin D
status among patients undergoing uncomplicated orthopedic
surgeries [20, 21].

Latitude-related prevalence of autoimmune diseases is
one of the strong arguments in the favor of pathogenic role
of vitamin D in different autoimmune conditions. Epidemi-
ological studies widely support this hypothesis; however,
interventional studies have provided mixed results, largely
not that convincing. We, the authors, put forward a
plausible explanation that vitamin D has a role in setting
off the inflammatory and/or autoimmune cascade of events,
followed by many autocrine and paracrine factors leading
to a vicious circle of autoimmunity. At the stage when
autoimmune disease is established, vitamin D replacement
will not have much therapeutic benefit. Our hypothesis has
been shared by a very recent study, which has attempted to
examine the role of low vitamin D levels on autoantibody
production. This study has revealed that ANA-positive
healthy controls and patients with SLE are significantly
more likely to be deficient in vitamin D than ANA-negative
healthy controls; moreover, it was noted that SLE patients
with vitamin D deficiency has high B-cell activity and
serum IFNα activity [22].

A 2004 prospective cohort study, with an 11 years
follow-up, has shown an association between greater intake
of vitamin D and the lower risk of development of

rheumatoid arthritis [23]. Another study has revealed a
significant negative correlation of 25(OH)D values with RA
clinical status (DAS28) in both North and South European
RA patients, suggesting possible effects of vitamin D
among other factors on disease activity [24]. A more recent
study has shown an inverse relationship between 25(OH)D
levels and the tender joint count, DAS28 score, and HAQ
scores [25]. However, two previous studies have shown no
association between 25(OH)D and the CRP level or the
ESR [26, 27], but no measurement was made of the joint
counts or HAQ scores. Among African Americans with a
recent onset of RA, no association was observed between
vitamin D levels and the pain, swollen joints or the disease
activity scores — DAS28 [28]. A more recent study has
observed a surprisingly high incidence of vitamin D
deficiency in inflammatory joint disease patients in a sunny
Mediterranean country; however, no correlation was found
between vitamin D status and the disease activity indices
[29].

Multiple studies have confirmed that significant majority
of patients with lupus suffer from vitamin D insufficiency
or deficiency, even after taking vitamin D supplementation
[30, 31]. The data from a single centre registry of lupus
patients in Hungary has revealed a significant association of
reduced vitamin D levels with pericarditis, deep venous
thrombosis, neuropsychiatric symptoms, severity of disease
measured by SLEDAI, disease-specific antibodies (anti-
double-stranded DNA antibodies and anti-smith antigen),
complement levels, and serum immunoglobulin levels [32].
Two previous largest studies to date have also showed a
significant correlation between higher disease activity and
lower 25(OH)D [33, 34]. Apart from the known risk factors
playing a key role in SLE (e.g., ethnicity and avoidance of
sun), there are some other emerging risk factors, such as,
medications. For example, corticosteroids accelerate the
catabolism of 25(OH)D and 1,25(OH)2D [35]. Very low
levels of vitamin D have also been reported in patients with
systemic sclerosis, along with its significant association
with inflammatory markers, disease duration, disease
severity, and end organ involvement [36]. Similarly, low
levels of vitamin D have been reported in patients with
mixed connective tissue disease, undifferentiated connec-
tive tissue disease, Bechet’s disease and anti-phospholipid
antibody syndrome [37–40]. Given a large variation on the
methodological quality of studies and relatively small
number of patients examined, let us look at the one recent
meta-analysis and one systematic review to help us find
patterns across those studies which have examined vitamin
D in rheumatic diseases. VDR polymorphism in a meta-
analysis has been linked with the susceptibility to RA in
Europeans population, and SLE along with lupus nephritis
in Asians [41]. A systematic review has examined the
epidemiological evidence linking vitamin D to human
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autoimmune disease risk [42]. This paper acknowledges the
potential role of vitamin D in autoimmune disease preven-
tion; however, the paucity of prospective interventional
evidence in humans was noted.

There is a clear theoretical basis for an immunomodulatory
role of vitamin D, and there are breaths of epidemiological
studies to support this. However, several confounding factors
should be bore in mind; for example, obesity, smoking,
alcohol consumption, low socioeconomic class, which are
known independent risk factors for both rheumatoid arthritis
disease activity and low vitamin D levels [43, 44]. Similarly,
as low vitamin D levels have been shown to inversely
associate with disease activity, the potential of reverse
causality is another plausible explanation given the patients
with active disease spend more time indoors and have low
activity levels [45].

Conclusion

Immunoregulatory effects of vitamin D are well-described
on cellular and cytokine levels, and there is mounting
evidence that low vitamin D levels contribute to mortality
and morbidity in different autoimmune diseases. Exactly,
how low vitamin D levels exerts its immunomodulatory
effects is not clear. For autoimmune/inflammatory disease
outcomes, firm conclusions regarding cause and effect
cannot be based on epidemiological association studies,
and prospective, long-term, well-designed studies, includ-
ing large intervention trials, are needed across all life
stages.

Disclosures None.
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