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Abstract: Vitamin D plays an important role in maintaining healthy mineralized skeleton. It is also
considered an immunomodulatory agent that regulate the innate and adaptive immune systems.
Multiple observational studies have demonstrated the association between low level of serum 25-
hydroxyvitamin D [25(OH)D] and presence and severity of several rheumatic diseases, such as
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), spondyloarthropathies and osteo-
arthritis (OA). Nevertheless, the specific benefits of vitamin D supplement for treatment and pre-
vention of rheumatic diseases are less accepted as the results from randomized clinical trials are
inconsistent, although some conceivable benefits of vitamin D for improvement of disease activity
of RA, SLE and OA have been demonstrated in meta-analyses. It is also possible that some individ-
uals might benefit from vitamin D differently from others since inter-individual difference in re-
sponsiveness to vitamin D supplementation has been observed in genomic studies. Although the
optimal level of serum 25(OH)D is still debatable, it is advisable it is advisable that patients with
rheumatic diseases should maintain serum 25(OH)D level at least 30 ng/mL (75 nmol/L) to prevent
osteomalacia, secondary osteoporosis and fracture, and possibly 40 — 60 ng/mL (100 — 150 nmol/L)
to achieve maximal benefit from vitamin D for immune health and overall health.
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1. Introduction

Vitamin D is a steroid hormone responsible for regulation of calcium and phos-
phate metabolism and maintaining a healthy mineralized skeleton [1-3]. In addition, it is
known to exert various non-skeletal actions due to the presence of the vitamin D recep-
tor (VDR) in most tissues including the skin, adipose tissue, skeletal muscle, endocrine
pancreas, immune cells, breast, blood vessels and brain [1,2,4].

In rheumatology, vitamin D supplementation is recommended to prevent glucocor-
ticoid-induced osteoporosis and to reduce the risk of fracture in patients with osteoporo-
sis [5]. It is proposed that improvement of vitamin D status may help protect against the
development and severity of rheumatic diseases given the specific actions of vitamin D
on the skeletal and immune systems [2,6,7]. The purpose of this review is to provide
general concepts of vitamin D for the skeletal and immune health, and summarize the
mechanistic, epidemiological and clinical evidence on the relationship between vitamin
D and several types of rheumatic diseases, including rheumatoid arthritis (RA), systemic

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202107.0579.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

2 of 18

lupus erythematosus (SLE), spondyloarthropathies (SpA), gout and hyperuricemia, oste-
oarthritis (OA) and others.

2. Physiology of Vitamin D

Human gets vitamin D from dietary consumption, supplements and endogenous
synthesis in the skin. The two major forms of vitamin D are vitamin D2 and vitamin Ds.
Vitamin Dz, synthesized from ergosterol, can be found in ultraviolet irradiated and sun-
dried mushrooms, yeasts and plants. Vitamin Ds, synthesized from 7-dehydrocholes-
terol, can be found in animal products such as cod liver oil and oily fish, and is synthe-
sized endogenously in the skin [1-3]. After entering the circulation, vitamin D (D2 and
Ds) is metabolized in the liver by the enzyme vitamin D-25-hydroxylase (CYP2R1) to 25-
hydroxyvitamin D [25(OH)D], which is the major circulating form of vitamin D that is
clinically measured to reflect vitamin D status [1,2,8]. Circulating 25(OH)D is then fur-
ther metabolized by the enzyme 25-hydroxyvitamin D-1a-hydroxylase (CYP27B1) to
1,25-dihydroxyvitamin D [1,25(OH):D], the biologically active form. 1,25(OH):D exerts
its functions in the target tissue by binding to the vitamin D receptor (VDR) in the nu-
cleus where it triggers up- or down-regulation of multitudes of genes [1-3,8].

The main site of conversion of 25(OH)D into the systemically bioavailable
1,25(0OH)2D is the kidneys, where CYP27B1 is expressed and regulated by parathyroid
hormone (PTH) and fibroblast growth factor-23 (FGF-23) [9]. CYP27B1 expressed by
many other tissues (e.g., immune cells, parathyroid glands, microglia, breast, colon, and
keratinocytes) can also convert 25(OH)D into 1,25(OH):D, resulting in intracrine and
paracrine signaling without being regulated by PTH or FGF-23 [10]. Both 25(OH)D and
1,25(0OH)2D are metabolized by the enzyme 24-hydroxylase (CYP24A1) expressed
mainly by the intestine, bone and kidneys into inactive water-soluble carboxylic acids,
which are then excreted in the bile [11].

3. General Concepts of Vitamin D for Skeletal and Immune Health
3.1 Effects of Vitamin D on Bone and Mineral Metabolism

Vitamin D exerts its effects on bone and mineral metabolism mainly by altering the
expressions of several genes in the small intestine, kidneys, parathyroid glands and bone
[2,3]. Activation of VDR by 1,25(0OH):D promotes intestinal calcium and phosphate ab-
sorption and renal tubular calcium reabsorption that help maintain adequate calcium-
phosphate product that crystallizes in the collagen matrix in the bone. 1,25(OH)2D also
has direct effects on the bone by stimulating receptor activator of nuclear factor kappa-B-
dependent bone resorption and inducing the expression of osteocalcin, the major non-
collagenous protein in the skeleton [12-14]. Furthermore, 1,25(OH):D directly inhibits
PTH production, leading to decreased bone resorption, and induces FGF-23 production
by the osteocytes, leading to increased urinary phosphate excretion [9,15,16].

The pathophysiology of vitamin D deficiency causing osteoporosis and osteomala-
cia is mainly mediated by secondary hyperparathyroidism [1,17]. Low level of serum
25(0OH)D results in inadequate intestinal calcium absorption, which, in turn, leads to a
transient decrease in serum ionized calcium. This subsequently results in secondary hy-
perparathyroidism, causing increased bone resorption which precipitates osteoporosis .
Secondary hyperparathyroidism also causes increased urinary phosphate excretion lead-
ing to inadequate calcium-phosphate product, thereby precipitating rickets in children
and osteomalacia in adults [1,17].

3.2 Effects of Vitamin D on the Immune System

Vitamin D is known not only for its functions in maintaining calcium and phos-
phate homeostasis, but also for its immunomodulatory effects on several components of
the innate and adaptive immune systems [6,18]. Evidence on the effects of VDR activa-
tion on the proliferation, differentiation and function of each immune cell type is to be
reviewed in this section, which is summarized in Table 1.
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Table 1 Effects of 1,25-dihydroxyvitamin D on different types of immune cell

Immune cell type Effect of 1,25-dihydroxyvitamin D

Macrophage & monocyte e 1 Proliferation

o 1 Cathelicidins & defensins production
e 1 IL-1B production

e | TLR2 & TLR4 expression

Antigen presenting cell e | Differentiation

e | Antigen presentation

¢ | Co-stimulatory molecules expression

¢ 1 Inhibitory molecules expression (PD-L1, ILT3)
e | CD40, CD80 & CD86 expression

o | IL-12 & IL-23 production

e 1 IL-10 production

NK cell e | TLR4 expression

e | TNF-a & IFN-y production

e 1 Perforin granules depolarization

T lymphocyte e | Proliferation
o | CD4/CD8 ratio
T helper 1 e | Differentiation
e | IL-2, TNF-a & IFN-y production
T helper 2 e 1 Differentiation
o 11IL4,IL-5&IL-13
T helper 9 e | Differentiation
o |IL-5 IL-8 & IL-9
o 11IL-13
T helper 17 ¢ | Differentiation

e |IL-17,1L-21

Regulatory T cell ¢ 1 Differentiation
e 1 FoxP3 & CTLA-4

Cytotoxic T cell e | Proliferation

B lymphocyte & plasma cell e 1 Activated B cell & plasma cell apoptosis
e 1IL-10 & CCR10

¢ | Plasma cell & memory B cell differentiation

o | IgG & IgM production

Abbreviations: CCR10: C-C chemokine receptor type 10; CTLA-4: cytotoxic T-lymphocyte-associated protein 4; FoxP3: Foxhead box
P3; IFN-y: Interferon-y; IgG: Immunoglobulin G; IgM: Immunoglobulin M; IL-1B; Interleukin-1p; IL-2: Interleukin-2; IL-4:
Interleukin-4; IL-5: Interleukin-5; IL-8: Interleukin-8; IL-9: Interleukin-9; IL-10: Interleukin-10; IL-13: Interleukin-13; IL-17:
Interleukin-17; IL-21: Interleukin-21; ILT3: Immunoglobulin-like transcript-3; PD-L1: Programmed death-ligand 1; TNF-a; Tumer
necrosis factor-a; TLR2: Toll-like receptor 2; TLR4: Toll-like receptor 4
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Activated macrophages and monocytes, induced by exposure to inflammatory cy-
tokines (e.g., IFN-Y) and toll-like receptor signaling, express CYP27B1 which converts
25(0OH)D into 1,25(OH):2D that acts in an autocrine and paracrine fashion to regulate the
innate and adaptive immune systems [19]. It has been shown that 1,25(OH)2D stimulates
macrophage proliferation and production of the proinflammatory cytokine interleukin-
13 as well as endogenous antimicrobial peptides, cathelicidins, and defensins [20,21]. In
the presence of granulomatous inflammation (e.g., TB, sarcoidosis, fungal infections and
some lymphomas), an excessive amount of 1,25(OH)2D can be produced by the macro-
phages causing unregulated increased 1,25(OH):D in the systemic circulation that results
in hypercalcemia and hypercalciuria [22].

1,25(OH):2D regulates the functions and differentiation of antigen-presenting cells
(APCs) by decreasing the antigen presentation and increasing the expression of inhibi-
tory molecules on the cell surface causing the APCs to become tolerogenic and more im-
mature [23-25]. It does so by decreasing the expression of MHC class II and co-stimula-
tory molecules, inhibiting the production of IL-12 and IL-23, and stimulating the produc-
tion of IL-10, a tolerogenic cytokine [23,26,27]. 1,25(OH):D, in addition, is shown to
downregulate the expression of toll-like receptors on the monocytes and inhibit the pro-
duction of proinflammatory cytokines (i.e., IL-2, IL-6 and IL-17) [6,18,28].

1,25(0OH)2D is known to modulate the adaptive immune system by activating the
VDR expressed by the APCs and activated T and B lymphocytes that, in general, results
in a shift of immune status from proinflammatory to tolerogenic state. 1,25(OH):D inhib-
its the proliferation of T lymphocytes and regulates cytokine production and differentia-
tion with various effects on different subgroups of T lymphocytes. It promotes a shift
from T helper 1 (Tu1), T helper 9 (Tu9) and T helper 17 (Tul17) immune profiles to T
helper 2 (Tu2) immune profile and facilitates the differentiation of regulatory T cells
(Treg) [29-31]. Although little is known about the direct effect of 1,25(OH)2D on the cyto-
toxic lymphocytes, it is believed that 1,25(OH):D may suppress the proliferation of cyto-
toxic lymphocytes based on the observation that oral administration of high-dose vita-
min Ds was associated with an increase in CD4/CDS8 ratio [32,33].

Besides its effects on the T lymphocytes, 1,25(OH)2D is shown to have a negative
effect on antibody production by the B lymphocytes when in hyperactive state via multi-
ple mechanisms. It induces apoptosis of activated B cells and plasma cells, thereby inhib-
iting plasma cell formation [34,35]. Furthermore, 1,25(OH):D directly promotes the pro-
duction of anti-inflammatory cytokines such as interleukin-10 and CCR10 and inhibits
the differentiation from mature B cells to memory B cells and plasma cells [36-38]. It is
therefore believed that, by dampening antibody production, 1,25(OH)2D may benefit in
reducing the risk and severity for autoantibody-mediated autoimmune disorders such
as SLE and type 1 diabetes [39,40].

It is important to note that supplementation of vitamin D or raising serum
25(0OH)D is not equivalent to activating the VDR in the immune cells, since circulating
1,25(0OH)2D is regulated by PTH and FGF-23 and patients with low levels of 25(OH)D
may have normal or even high level of circulating 1,25(OH):D due to secondary hy-
perparathyroidism [9,41]. However, it is reasonable to postulate that circulating
25(0OH)D may be converted into 1,25(OH)2D by the enzyme CYP27B1 expressed by the
immune cells where it triggers intracrine and paracrine signaling, since clinical studies
have demonstrated changes in immune profiles in response to vitamin D supplementa-
tion similar to what is expected from treating the immune cells with 1,25(OH):D in vitro
[42,43].

Equally important is the concept of individual responsiveness to vitamin D supple-
mentation as studies have demonstrated high inter-individual difference in genome-
wide expression in human peripheral blood mononuclear cells following vitamin D sup-
plementation. In a recent clinical trial by Shirvani et al. [44], approximately 60% of
healthy adults with vitamin D deficiency or insufficiency [25(OH)D <30 ng/mL or 75
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nmol/L] who received 10,000 IUs per day of vitamin Ds for 6 months had a robust re-
sponse in genome-wide expression compared to the other 40% who had mild to moder-
ate responses although all subjects increased their serum concentrations of 25(OH)D to
the same range of 60-90 ng/mL (150-225 nmol/L). Moreover, they observed that subjects
with robust genomic response to vitamin D supplementation exhibited different patterns
of serum metabolomic profile compared with those with lower degree of responsiveness
[45]. This observation is in line with that of the prior study by Carlberg et al. [46] show-
ing robust changes in broad gene expression in about half of the 71 patients with predia-
betes who were given daily 3,200 IUs of vitamin Ds for 5 months. Therefore, it is reason-
able to postulate that vitamin D may affect the immune system differently among indi-
viduals, which is hypothesized to be due to inter-individual differences in genetic poly-
morphisms associated with vitamin D metabolism and signaling pathway (e.g., genes
encoding VDR, vitamin D binding protein [DBP] and VDR responsive element in the
target genes), as well as some undisclosed epigenetic factors [6].

3.3 Defining Optimal Serum 25-hydroxyvitamin D

It is still controversial as to what concentration of serum 25(OH)D would provide
optimal benefit for bone health and overall health. Serum 25(OH)D concentration of 15
to 20 ng/mL (37.5 — 50 nmol/L) is considered sufficient for prevention of rickets and oste-
omalacia [17]. It is however recommended by the Endocrine Society’s Clinical Practice
Guideline that serum 25(OH)D concentration should be above 30 ng/mL (75 nmol/L) to
maximize the calcemic effects of vitamin D and minimize the risk of secondary hy-
perparathyroidism that predisposes to osteoporosis [8]. According to this guideline, vit-
amin D deficiency and insufficiency are defined as serum 25(OH)D level of <20 ng/mL
(<50 nmol/L) and 20 — <30 ng/mL (50 — <75 nmol/L), respectively [8]. On the other hand,
the Institute of Medicine (IOM) concluded that serum 25(OH)D level of 20 ng/mL was
the level necessary for good bone health for practically all individuals [47]. It is also
worth acknowledging historical evidence to postulate vitamin D status in our hunter-
gatherer ancestors. It has been reported that indigenous populations in East Africa have
serum 25(OH)D in the range of 40 — 60 ng/mL (100 — 150 nmol/L) [48]. This range is con-
sistent with that reported in populational-based studies to be associated with the lowest
risk of chronic diseases and all-cause mortality [49]. However, some studies suggest that
there may be a U-shaped relationship between 25(OH)D and some adverse outcomes
(e.g., mortality, cardiovascular disease, falls, some cancers) at levels higher than 50
ng/mL (125 nmol/L) [50,51].

3.4 Recommended Vitamin D Intake

It is recommended by the Institute of Medicine that one should ingest at least chil-
dren aged 21 year old and adults ingest at least 600 IUs of vitamin D per day to achieve
serum 25(OH)D level of at least 20 ng/mL (50 nmol/L) [47]. The Endocrine Society Clini-
cal Practice Guideline on vitamin D, however, recommended a higher dose of daily vita-
min D intake to achieve the level of serum 25(OH)D of at least 30 ng/mL (children aged 0
— 1 year: 400 — 1,000 IUs, upper limit 2000 IUs; children aged 1 — 18 years: 600 — 1,000 IUs,
upper limit 4,000 IUs; adults aged >18 years 1,500 — 2,000 IUs, upper limit 10,000 IUs) [8].
Some experts also suggested that adults should be on 4,000 - 6,000 IUs to maintain se-
rum 25(OH)D level at the preferred range of 40 — 60 ng/mL (100 — 150 nmol/L) [52]. No-
tably, patients with obesity and intestinal malabsorption require 2 — 3 times higher
amount of vitamin D to maintain the same serum 25(OH)D concentrations [8]. In addi-
tion, patients who receive chronic glucocorticoid therapy need 2 — 3 increased dose of
vitamin D intake since glucocorticoids can cause increased catabolism of both 25(OH)D
and 1,25(OH):D [8].

3.5 Vitamin D from Sunlight Exposure and Diets

Humans get vitamin D from sunlight exposure, diet and supplements. The amount
of vitamin D synthesized by the skin is known to be dependent on the intensity and
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duration of exposure to ultraviolet B radiation at wavelength of 290 — 315 nm and skin
pigmentation. It is estimated that sunlight exposure 1/4 of a minimal erythemal dose
(MED) over 1/4 of body surface area is equivalent to ingestion of oral 1,000 IUs of vita-
min D3 [53]. People living in high-latitude regions are more susceptible to vitamin D de-
ficiency in especially in the wintertime because of the oblique zenith angle of the sun. It
is documented that when living above or below 33° latitude, little or no vitamin D can be
produced in the skin during the winter. During the summertime or near the equator,
vitamin D can be synthesized effectively only during 10 am — 3 pm [1,54]. Given the lim-
ited availability of vitamin D from sunlight exposure, many people would rely on oral
vitamin D intake to achieve vitamin D sufficiency.

It should be noted that only few foods naturally contain vitamin D. These include
oily fish (up to 1,000 IUs of Ds/3.50z), cod liver oil (up to 1,000 IUs of Ds/tsp), sun-dried
or ultraviolet-irradiated mushroom (up to 1000 IUs of D2/3.50z, egg yolk (20 IUs of D2 or
Ds) and meat (variable amount in the form of Ds and 25(OH)Ds). Fortified milk, yogurt
and orange juice in the US contains 100 IUs of vitamin D2 or Ds per serving (8 oz) [1,2].
Taken together, with minimal sunlight exposure, it is difficult to achieve adequate vita-
min D intake solely from foods, and, therefore, many individuals may require vitamin D
supplementation to prevent vitamin D deficiency and insufficiency.

3.6 Screening for Vitamin D Status

The Endocrine Society Clinical Practice Guideline on vitamin D recommended that
screening for vitamin D deficiency should be performed in individuals who are at risk
for vitamin D deficiency such as older adults with history of falls or fracture, patients
with chronic illnesses, obesity, intestinal malabsorption, or individuals taking medica-
tions that interfere vitamin D metabolism (e.g., glucocorticoids, antiepileptics, antiretro-
virals and antifungals) [8]. Nonetheless, the US Preventive Services Task Force reported
that the evidence on the benefits of screening for vitamin D deficiency in general popula-
tion is still lacking [55]. It is however advisable that patients with chronic inflammatory
disorders with or without corticosteroid therapy should be screened and treated for vita-
min D deficiency and supplemented with adequate calcium and vitamin D to prevent
further bone resorption on top of chronic inflammation-associated bone loss.

4. Evidence on Vitamin D for Prevention and Treatment of Rheumatic Diseases
4.1 Rheumatoid Arthritis

RA is a chronic inflammatory disease characterized by synovial inflammation caus-
ing symmetrical polyarthritis affecting approximately 4 cases per 10,000 person-years
[56]. RA was classically considered a Tul-mediated disease [57]. However, recent studies
have suggested that increased Tu17 and Tu22 activities and dysfunctional Trg also play a
role in the pathogenesis of RA [58,59]. Individuals with certain genetic variations of the
human leukocyte antigen (HLA) genes are known to be susceptible to RA, while the
only well-established environmental risk factor of RA is cigarette smoking [60].

Vitamin D is believed to play a role in modulating the pathogenesis and disease
activity of RA based on the actions of 1,25(0OH):2D on the adaptive immune response that
suppresses the proliferation and activity of Tul and Tu17 and enhances Treg activity [61].
Furthermore, genomic studies have shown that certain polymorphisms of the gene en-
coding VDR and DBP were associated with susceptibility to RA, suggesting that vitamin
D signaling pathway may be involved in the pathogenesis of RA [62,63].

Multiple observational studies have shown the association of vitamin D status or
intake with incidence and severity of RA [64]. For example, in a prospective cohort
study by Merlino et al., women in the highest tertile of vitamin D intake had a lower risk
for RA by 33% compared those in the lowest tertile [65]. In the COMOrbidities in Rheu-
matoid Arthritis (COMORA) study consisting of 1,413 patients with RA from 15 coun-
tries, serum level of 25(OH)D was inversely correlated with disease activity assessed by
the Disease Activity Score-28 (DAS28) after adjusting for potential confounders [66].
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Although the observed association between vitamin D status and RA incidence and
severity, like in other diseases, could be partly explained by confounders such as limited
physical outdoor activities and sunlight exposure, results from clinical trials have sug-
gested that giving vitamin D to patients with RA may help mitigate the disease activity.
In a meta-analysis of 6 studies including 438 RA patients, vitamin D supplementation
results in a significant improvement in the DAS28 (weighted mean difference [WMD] -
0.41, 95%CI: -0.59 — -0.23), erythrocyte sedimentation rate (WMD -3.40, 95%CI: -6.62 — -
0.18) and tender joint count (WMD -1.44, 95%ClI: -2.74 — -0.14) but not in pain visual ana-
log scale [67]. It should however be noted that most of the individual studies included in
this meta-analysis did not show statistically significant benefit of vitamin D supplemen-
tation. This could be due to difference in patient characteristics, dosing regimen of vita-
min D and limited statistical power due to small sample size.

In addition, some studies have also shown that giving 1,25(OH):D can also help
improve the outcomes of RA. In an open-labeled randomized clinical trial by Gopinath
et al. [68], 59 RA patients who received 1,25(OH)2Ds along with disease-modifying anti-
rheumatic drugs (DMARDs) and calcium demonstrated a significantly higher pain relief
compared with 62 patients receiving DMARDs and calcium alone. Another phase II clin-
ical trial by Li et al. [69] gave 22-oxa-1,25(OH)2Ds or 1,25(OH)2Ds or placebo to 369 RA
patients and observed a significant reduction in swollen joints and improved Health As-
sessment Questionnaire Disease Activity Index scores in the groups receiving two active
treatment compared with the placebo group.

In summary, there is suggestive observational evidence that increasing vitamin D
intake to raise serum 25(OH)D may reduce the risk of developing RA. However, there is
no demonstration from a clinical trial that vitamin D supplementation can reduce the
risk of incident RA. There is moderate evidence that vitamin D supplement or oral ad-
ministration of 1,25(OH)2D can mitigate the disease severity of RA. Further large-scale of
randomized clinical trials are required before any form of vitamin D or 1,25(0OH)2D can
be recommended as an adjunctive treatment for RA in clinical practice.

4.2 Systemic Lupus Erythematosus

SLE is an autoimmune disorder with a broad variety of clinical presentations in-
cluding but not limited to constitutional symptoms, arthralgias, arthritis, glomerulone-
phritis, serositis, vascular phenomenon, skin rashes and hematologic cytopenias [70].
The reported incidence of SLE ranges from 0.3/100,000 person-years in Africa to
23.2/100,000 person-years in North America [71]. The pathogenesis of SLE is not fully
understood, but it is hypothesized to involve genetic predisposition and environmental
predisposing factors such as cigarette smoking, Ebstein-Barr virus infection and silica
exposure [72]. Patients with SLE have been shown to have dysregulated the immune
profiles characterized by increased Tu17 and decreased Treg activities with variable Tul
and Tu2 activities as well as development of autoantibodies (e.g., ANA, anti-Sm/RNP,
anti-Ro/La, anti-dsDNA, etc.) [73-76].

Low level of serum 25(OH)D has been shown to be associated with presence of SLE
in several case-control studies [77,78]. In addition, there is evidence from population
genetic studies that individuals carrying some genetic polymorphisms of VDR (i.e., Bsml
and FoklI polymorphic variants) were at an increased risk for SLE [79]. It has also been
shown that expression of VDR in 20 renal biopsy specimens was negatively associated
with the Systemic Lupus International Collaborating Clinics (SLICC) renal activity
scores and the SLE disease activity index scores (SLEDAI) [80]. Therefore, it can be pos-
tulated that activation of vitamin D signaling pathway may help mitigate the autoin-
flammatory process in SLE and lupus nephritis via its immunomodulatory effects on
Tu17, Treg and B cells and possibly the direct effects on renal tissue.

Nevertheless, in the Nurses’ Health Studies I and II of 186,389 women and 190 inci-
dent SLE cases, there was no association between vitamin D intake and risk of incident
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SLE, indicating that the association between vitamin D status/intake and SLE may not be
causal as no temporal association was demonstrated [81]. On the other hand, evidence
on the benefit of vitamin D for alleviating disease activity of SLE seems to be more rec-
ognized as low levels of 25(OH)D have been shown to be associated with disease activ-
ity of SLE indicated by the SLE disease activity index scores (SLEDAI), anti-dsDNA pos-
itivity and rate of remission [78]. Moreover, in a meta-analysis of 5 randomized con-
trolled trials with a total of 490 patients with SLE, vitamin Ds supplementation was
found to decrease the fatigue severity scale scores in patients with SLE (2 trials with 79
patients; standard mean difference -1.179, 95% CI: -1.90 — -0.46), although no significant
changes in the SLEDAI and positivity of anti-dsDNA was observed [82].

Taken together, it is well-documented that low level of 25(OH)D is associated with
SLE occurrence and disease severity. There is evidence from a few clinical trials that vit-
amin D supplement may improve disease activity in SLE patients. However, whether
improving vitamin D status/intake can reduce the risk of developing SLE needs further
investigation.

4.3 Spondyloarthropathies

SpA are a family of autoinflammatory diseases that share certain genetic predispos-
ing factors and clinical characteristics [83]. These include ankylosing spondylitis (AS),
reactive arthritis, psoriatic arthritis (PsA), inflammatory bowel disease (IBD) and undif-
ferentiated spondyloarthropathy. These diseases are grouped based on their association
with the human leukocyte antigen-B27 (HLA-B27) gene and presence of enthesitis as a
common clinical feature. Other clinical features include dactylitis, back pain, uveitis and
skin rash [83]. The pathogenesis of SpA is still poorly understood; however, it is hypoth-
esized to involve nonantigen-presenting properties of HLA-B27, self- or bacterial-de-
rived antigenic peptides and gut dysbiosis that trigger autoimmunity [84].

Low levels of serum 25(OH)D have been observed in patients with AS [85], PsA
[86] and IBD [87] compared with healthy individuals. Moreover, vitamin D insufficiency
[25(OH)D <30 ng/mL] and deficiency [25(OH)D <20 ng/mL] have been found to predict
all-cause mortality among patients with AS in a populational based study of 919 Israeli
patients [88]. It is also worth noting that vitamin D supplementation has been shown in
randomized clinical trials to improve outcomes in patients with IBD and alter the com-
position of gut microbiota towards genera associated lower inflammatory burden
[89,90]. Thus, vitamin D is believed to play a role in modulating the disease severity of
SpA by its effects not only on the immune cells but also on gut microbiota, which is
thought to play a role in the pathogenesis of SpA. Nevertheless, clinical trials investigat-
ing the effect of vitamin D supplementation in patients with SpA are still lacking.

Interestingly, DBP gene polymorphisms have been shown to be associated with the
development of peripheral arthritis and uveitis in 223 Korean patients with AS [91].
There is also a case report of a patient who had concomitant homozygous deletion of the
DBP and deliberating AS with relatively mild disruption of bone metabolism [92]. Pro-
vided the evidence that DBP has pleiotropic functions in sequestration of actin and a
variety of less-defined roles in modulating immune responses [93], DBP may be a more
significant mediator of the disease and that the observed association between AS and
vitamin D is, in fact, due to the variation in circulating DBP that is correlated with meas-
ured serum 25(OH)D.

4.4 Gout and Hyperuricemia

Gout is a systemic disease characterized by the deposition of monosodium urate
crystals in tissues. This condition requires increased serum uric acid above a specific
threshold to form uric acid crystals [94]. Although hyperuricemia is the major predispos-
ing factor in gout, only about 5% of individuals with hyperuricemia above 9 mg/dL de-
velop gout [94]. In a meta-analysis of 7 cross-sectional studies, individuals with vitamin
D deficiency [25(OH)D <20 ng/mL] and insufficiency [25(OH)D 20 — <30 ng/mL] have
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been shown to have increased serum uric acid in a dose-dependent manner compared
with vitamin D-sufficient individuals (pooled mean differences 0.45 and 0.33 mg/dL,
respectively) [95]. The association is thought to due not only to the fact that both vitamin
D deficiency/insufficiency and hyperuricemia share common comorbidities such as obe-
sity and metabolic syndrome, but also a direct causal association between the two condi-
tions. This is supported by the study of 71 patients with prediabetes who were random-
ized to receive weekly doses of 20,000 IUs of vitamin D2, 15,000 IUs of vitamin Ds or no
vitamin D that vitamin D supplementation was associated with a reduction in mean se-
rum uric acid level by 0.6 mg/dL in those with baseline uric acid level of >6 mg/dL [96].
It has been suggested that the mild uric-lowering effect of vitamin D is mediated by sup-
pression of PTH, which is known to downregulate the ATP-binding cassette transporter
G2 (ABCG2) in the kidneys, leading to a reduction in renal clearance of uric acid [97,98].
Furthermore, studies have shown that patients with primary hyperparathyroidism had
increased serum uric acid [99] and that those who underwent parathyroidectomy had
decreased serum uric acid levels postoperatively [100,101], indicating a significant effect
of PTH on serum uric acid. However, there has been no demonstration if vitamin D sup-
plementation can reduce urinary uric acid excretion. Despite the causal link between
vitamin D and uric acid, vitamin D status was not found to be associated with gout in
the populational-based data from the US National Health and Nutrition Examination
Survey (NHANES) [102].

Based on the current evidence, correcting vitamin D deficiency/insufficiency has a
mild uric-lowering effect (~ 0.3 — 0.6 mg/dL), which is thought to be mediated by sup-
pression of PTH. However, no direct association between vitamin D and gout has been
demonstrated.

4.5 Osteoarthritis

OA is the most common degenerative joint disease and a major cause of pain and
disability affecting more than 25% of adults aged 65 years or more [103]. The interplay-
ing mechanisms of OA include articular cartilage degradation, osteophyte formation,
subchondral sclerosis and synovial hyperplasia [104]. Risk factors of OA include joint
injury, aging, obesity and genetics [105].

Given that low level of serum 25(OH)D has been shown in some studies to be asso-
ciated with presence and severity of knee osteoarthritis in both younger and older indi-
viduals [106,107], it is estimated that vitamin D may affect the development and pro-
gression of OA due to its impacts on not only bone quality but also pain reduction due
to reduced inflammation and improved skeletal muscle function of the lower extremi-
ties. This can be supported by the evidence from clinical trials showing the benefit of
vitamin D for improvement of muscle strength, body sway and physical performance,
which is thought to be due to the genomic and non-genomic actions of 1,25(OH):D on
energy metabolism and function of the skeletal muscle [108,109].

A randomized controlled trial by Sanghi et al. [110] in 107 patients with knee OA
demonstrated that giving daily 60,000 IUs followed by monthly 60,000 IUs of oral vita-
min Ds for 12 months results in a significant decrease in visual analog scale pain (be-
tween-group mean difference [MD] -0.39, 95%CI: -0.71 — -0.08) and total Western Ontario
and McMaster Universities Arthritis Index (WOMAC) (MD -3.53, 95%CI: -4.39 — -2.71)
compared with placebo. In a study by Jin et al. [111], 413 patients with knee OA were
randomized to receive either 50,000 IUs of vitamin D3 per month or placebo for 2 years.
Compared with the placebo group, the group receiving vitamin Ds was found to have
significantly decreased WOMAC function (MD -72.9, 95%CI: -126.4 — -19.4) and total
WOMAC (MD -91.4, 95%CI: -165.1 — -17.7). However, no significant difference between
groups in tibial cartilage volume or WOMAC pain was observed in this study. In other
clinical trials no significant effect of vitamin D on outcomes of knee OA was observed
[112,113]. In sum, vitamin D supplement may have modest effect on improving pain and
function in patient with knee OA; however, it does not reverse the disease process.
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4.6 Other Rheumatic Diseases

Multiple observational studies have revealed association between low level of se-
rum 25(OH)D and presence and/or severity of several rheumatic diseases, including sys-
temic sclerosis, inflammatory myopathies and vasculitis [114-118]. However, evidence
from clinical trials demonstrating the impact of any form of vitamin D on most of these
diseases is still lacking. It is therefore still unclear if the association between vitamin D
and these conditions is causal or more likely explained by confounders and reverse cau-
sation such as limited physical activity or corticosteroid use. In a pilot clinical trial of 20
patients with localized scleroderma, 9-month oral calcitriol therapy (0.75 pg/day for 6
months followed by 1.25 ug/day for 3 months) was not more effective than placebo in
improvement of skin score [119]. It should be noted that patients presenting with
chronic widespread pain due to osteomalacia caused by vitamin D deficiency can often
fulfill the clinical criteria for diagnosis fibromyalgia [120]. This may partially explain the
observed pain reduction benefit of vitamin D in some but not all clinical trials [121] as
some of the patients who had osteomalacia mimicking fibromyalgia might have been
treated.

5. Conclusion

Vitamin D plays an essential role in not only maintaining healthy mineralized skel-
eton but also modulating the innate and adaptive immune systems in a way that is
thought to benefit as an adjunctive treatment for many immune-mediated diseases. Low
level of 25(OH)D is associated with presence and severity of most if not all rheumatic
diseases, such as RA, SLE, SpA and OA. However, the benefits of vitamin D supplement
for treatment and prevention of these diseases are relatively unclarified as the results
from existing clinical trials are inconsistent. Many of them are small in sample size and
likely underpowered; however, when those results were pooled in meta-analyses, there
were conceivable signals of benefits of vitamin D for improvement of disease activity,
especially in RA and SLE. It is also worth noting that, based on recent genomic studies
on vitamin D, there might be inter-individual difference in responsiveness to vitamin D
supplementation that needs further investigations, suggesting that some individuals
might be able to benefit from vitamin D more or less than others. Regardless of the evi-
dence on disease-specific benefit of vitamin D, it is advisable that patients with rheu-
matic disease with or without corticosteroid therapy should have sensible sunlight expo-
sure and adequate vitamin D intake to maintain serum 25(OH)D level at least 30 ng/mL
(75 nmol/L) in order to prevent osteomalacia, secondary osteoporosis and fracture, and
possibly 40 — 60 ng/mL (100 — 150 nmol/L) to achieve maximal benefit from vitamin D
for immune health and overall health.

Author Contributions: For research articles with several authors, a short paragraph specifying their

individual contributions must be provided. The following statements should be used “Conceptual-
ization, N.C.; data curation, N.C.; writing, N.C.

Funding: None

Institutional Review Board Statement: Not applicable
Informed Consent Statement: Not applicable

Data Availability Statement: Not applicable
Acknowledgments: None

Conflicts of Interest: The author declares no conflict of interest.

1. Charoenngam, N.; Shirvani, A.; Holick, M.F. Vitamin D for skeletal and non-skeletal health: What we should know. ] Clin
Orthop Trauma 2019, 10, 1082-1093, doi:10.1016/j.jcot.2019.07.004.


https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

11 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Holick, M.F. Vitamin D Deficiency. New England Journal of Medicine 2007, 357, 266-281, d0i:10.1056/NEJMra070553.

Nair, R.; Maseeh, A. Vitamin D: The "sunshine" vitamin. | Pharmacol Pharmacother 2012, 3, 118-126, doi:10.4103/0976-
500X.95506.

Pike, ].W.; Meyer, M.B.; Lee, S.-M.; Onal, M.; Benkusky, N.A. The vitamin D receptor: contemporary genomic approaches
reveal new basic and translational insights. | Clin Invest 2017, 127, 1146-1154, doi:10.1172/JCI88887.

Buckley, L.; Guyatt, G.; Fink, H.A.; Cannon, M.; Grossman, J.; Hansen, K.E.; Humphrey, M.B.; Lane, N.E.; Magrey, M.; Miller,
M., et al. 2017 American College of Rheumatology Guideline for the Prevention and Treatment of Glucocorticoid-Induced

Osteoporosis. Arthritis & Rheumatology 2017, 69, 1521-1537, doi:https://doi.org/10.1002/art.40137.

Charoenngam, N.; Holick, M.F. Immunologic Effects of Vitamin D on Human Health and Disease. Nutrients 2020, 12,
do0i:10.3390/nu12072097.

Yang, C.-Y.; Leung, P.S.C; Adamopoulos, LE.; Gershwin, M.E. The implication of vitamin D and autoimmunity: a
comprehensive review. Clin Rev Allergy Immunol 2013, 45, 217-226, doi:10.1007/s12016-013-8361-3.

Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M.;
Endocrine, S. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab 2011, 96, 1911-1930, doi:10.1210/jc.2011-0385.

Blau, J.E.; Collins, M.T. The PTH-Vitamin D-FGF23 axis. Reviews in Endocrine and Metabolic Disorders 2015, 16, 165-174,
doi:10.1007/s11154-015-9318-z.

Adams, J.S.; Rafison, B.; Witzel, S.; Reyes, R.E.; Shieh, A.; Chun, R.; Zavala, K,; Hewison, M.; Liu, P.T. Regulation of the
extrarenal CYP27B1-hydroxylase. | Steroid Biochem Mol Biol 2014, 144 Pt A, 22-27, d0i:10.1016/j.jsbmb.2013.12.009.

Jones, G.; Prosser, D.E.; Kaufmann, M. 25-Hydroxyvitamin D-24-hydroxylase (CYP24A1): Its important role in the
degradation of vitamin D. Archives of Biochemistry and Biophysics 2012, 523, 9-18, doi:https://doi.org/10.1016/j.abb.2011.11.003.
Baldock, P.A.; Thomas, G.P.; Hodge, ] M.; Baker, S.U.; Dressel, U.; O'Loughlin, P.D.; Nicholson, G.C.; Briffa, K.H.; Eisman,

J.A.; Gardiner, E.M. Vitamin D action and regulation of bone remodeling: suppression of osteoclastogenesis by the mature
osteoblast. | Bone Miner Res 2006, 21, 1618-1626, doi:10.1359/jbmr.060714.

Bikle, D.D. Vitamin D and bone. Curr Osteoporos Rep 2012, 10, 151-159, doi:10.1007/s11914-012-0098-z.

Takahashi, N.; Udagawa, N.; Suda, T. Vitamin D endocrine system and osteoclasts. Bonekey Rep 2014, 3, 495-495,
doi:10.1038/bonekey.2013.229.

Bikle, D.D. Vitamin D metabolism, mechanism of action, and clinical applications. Chem Biol 2014, 21, 319-329,
doi:10.1016/j.chembiol.2013.12.016.

Charoenngam, N.; Rujirachun, P.; Holick, M.F.; Ungprasert, P. Oral vitamin D3 supplementation increases serum fibroblast
growth factor 23 concentration in vitamin D-deficient patients: a systematic review and meta-analysis. Osteoporos Int 2019,
30, 2183-2193, d0i:10.1007/s00198-019-05102-7.

Holick, M.F. Resurrection of vitamin D deficiency and rickets. | Clin Invest 2006, 116, 2062-2072, doi:10.1172/JCI129449.
Martens, P.-J.; Gysemans, C.; Verstuyf, A.; Mathieu; Chantal. Vitamin D's Effect on Immune Function. Nutrients 2020, 12,
1248, d0i:10.3390/nu12051248.

Adams, ].S.; Ren, S.; Liu, P.T.; Chun, R.F.; Lagishetty, V.; Gombart, A.F.; Borregaard, N.; Modlin, R.L.; Hewison, M. Vitamin
d-directed rheostatic regulation of monocyte antibacterial responses. | Immunol 2009, 182, 4289-4295,
doi:10.4049/jimmunol.0803736.

Verway, M.; Bouttier, M.; Wang, T.-T.; Carrier, M.; Calderon, M.; An, B.-S.; Devemy, E.; McIntosh, F.; Divangahi, M.; Behr,
M.A,, etal. Vitamin D induces interleukin-1( expression: paracrine macrophage epithelial signaling controls M. tuberculosis

infection. PLoS Pathog 2013, 9, €1003407-e1003407, d0i:10.1371/journal.ppat.1003407.


https://doi.org/10.1002/art.40137
https://doi.org/10.1016/j.abb.2011.11.003
https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

12 of 18

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gombart, A.F. The vitamin D-antimicrobial peptide pathway and its role in protection against infection. Future Microbiol
2009, 4, 1151-1165, doi:10.2217/fmb.09.87.

Tebben, P.J.; Singh, R.J.; Kumar, R. Vitamin D-Mediated Hypercalcemia: Mechanisms, Diagnosis, and Treatment. Endocr
Rev 2016, 37, 521-547, doi:10.1210/er.2016-1070.

Szeles, L.; Keresztes, G.; Torocsik, D.; Balajthy, Z.; Krenacs, L.; Poliska, S.; Steinmeyer, A.; Zuegel, U.; Pruenster, M.; Rot, A.,
etal. 1,25-dihydroxyvitamin D3 is an autonomous regulator of the transcriptional changes leading to a tolerogenic dendritic
cell phenotype. J Immunol 2009, 182, 2074-2083, doi:10.4049/jimmunol.0803345.

Adorini, L.; Penna, G. Induction of tolerogenic dendritic cells by vitamin D receptor agonists. Handb Exp Pharmacol 2009,
10.1007/978-3-540-71029-5_12, 251-273, d0i:10.1007/978-3-540-71029-5_12.

Piemonti, L.; Monti, P.; Sironi, M.; Fraticelli, P.; Leone, B.E.; Dal Cin, E.; Allavena, P.; Di Carlo, V. Vitamin D3 affects
differentiation, maturation, and function of human monocyte-derived dendritic cells. | Immunol 2000, 164, 4443-4451,
doi:10.4049/jimmunol.164.9.4443.

Urry, Z.; Xystrakis, E.; Richards, D.F.; McDonald, J.; Sattar, Z.; Cousins, D.J.; Corrigan, C.J.; Hickman, E.; Brown, Z,;
Hawrylowicz, C.M. Ligation of TLR9 induced on human IL-10-secreting Tregs by 1alpha,25-dihydroxyvitamin D3 abrogates
regulatory function. | Clin Invest 2009, 119, 387-398, doi:10.1172/JCI32354.

Jeffery, L.E.; Burke, F.; Mura, M.; Zheng, Y.; Qureshi, O.S.; Hewison, M.; Walker, L.S.; Lammas, D.A.; Raza, K.; Sansom, D.M.
1,25-Dihydroxyvitamin D3 and IL-2 combine to inhibit T cell production of inflammatory cytokines and promote
development of regulatory T cells expressing CTLA-4 and FoxP3. | Immunol 2009, 183, 5458-5467,
doi:10.4049/jimmunol.0803217.

Dickie, L.J.; Church, L.D.; Coulthard, L.R.; Mathews, R.J.; Emery, P.; McDermott, M.F. Vitamin D3 down-regulates
intracellular Toll-like receptor 9 expression and Toll-like receptor 9-induced IL-6 production in human monocytes.
Rheumatology (Oxford) 2010, 49, 1466-1471, d0i:10.1093/rheumatology/keq124.

Lemire, J.M.; Archer, D.C,; Beck, L.; Spiegelberg, H.L. Immunosuppressive Actions of 1,25-Dihydroxyvitamin D3:
Preferential Inhibition of Th1 Functions. The Journal of Nutrition 1995, 125, 1704S-1708S, doi:10.1093/jn/125.suppl_6.1704S.
Boonstra, A.; Barrat, F.J.; Crain, C.; Heath, V.L.; Savelkoul, H.E.].; O’Garra, A. 1a,25-Dihydroxyvitamin D3 Has a Direct
Effect on Naive CD4&lt;sup&gt;+&lt;/sup&gt; T Cells to Enhance the Development of Th2 Cells. The Journal of Immunology
2001, 167, 4974, doi:10.4049/jimmunol.167.9.4974.

Kongsbak, M.; Levring, T.B.; Geisler, C.; von Essen, M.R. The vitamin d receptor and T cell function. Front Immunol 2013, 4,
148, doi:10.3389/fimmu.2013.00148.

Eckard, A.R.; O'Riordan, M.A.; Rosebush, J.C.; Lee, S.T.; Habib, ].G.; Ruff, ].H.; Labbato, D.; Daniels, J.E.; Uribe-Leitz, M.;
Tangpricha, V., et al. Vitamin D supplementation decreases immune activation and exhaustion in HIV-1-infected youth.
Antivir Ther 2018, 23, 315-324, d0i:10.3851/IMP3199.

Stallings, V.A.; Schall, J.I; Hediger, M.L.; Zemel, B.S; Tuluc, F.; Dougherty, K.A.; Samuel, J.L.; Rutstein, R.M. High-dose
vitamin D3 supplementation in children and young adults with HIV: a randomized, placebo-controlled trial. Pediatr Infect
Dis ] 2015, 34, e32-e40, doi:10.1097/INF.0000000000000483.

Lemire, J.M.; Adams, ].S.; Sakai, R.; Jordan, S.C. 1 alpha,25-dihydroxyvitamin D3 suppresses proliferation and
immunoglobulin production by normal human peripheral blood mononuclear cells. | Clin Invest 1984, 74, 657-661,
doi:10.1172/JCI111465.

Rolf, L.; Muris, A.-H.; Hupperts, R.; Damoiseaux, J. Illuminating vitamin D effects on B cells--the multiple sclerosis
perspective. Immunology 2016, 147, 275-284, d0i:10.1111/imm.12572.

Chen, S.; Sims, G.P.; Chen, X.X.; Gu, Y.Y.; Chen, S.; Lipsky, P.E. Modulatory effects of 1,25-dihydroxyvitamin D3 on human
B cell differentiation. | Immunol 2007, 179, 1634-1647, d0i:10.4049/jimmunol.179.3.1634.


https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

13 of 18

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Heine, G.; Niesner, U, Chang, H.D.; Steinmeyer, A.; Zugel, U, Zuberbier, T.; Radbruch, A.; Worm, M. 1,25-
dihydroxyvitamin D(3) promotes IL-10 production in human B cells. Eur | Immunol 2008, 38, 2210-2218,
doi:10.1002/eji.200838216.

Shirakawa, A.K.; Nagakubo, D.; Hieshima, K.; Nakayama, T.; Jin, Z.; Yoshie, O. 1,25-dihydroxyvitamin D3 induces CCR10
expression in terminally differentiating human B cells. | Immunol 2008, 180, 2786-2795, doi:10.4049/jimmunol.180.5.2786.
Yamamoto, E.A.; Nguyen, ].K; Liu, J.; Keller, E.; Campbell, N.; Zhang, C.J.; Smith, H.R.; Li, X.; Jorgensen, T.N. Low Levels
of Vitamin D Promote Memory B Cells in Lupus. Nutrients 2020, 12, doi:10.3390/nu12020291.

Infante, M.; Ricordi, C.; Sanchez, J.; Clare-Salzler, M.].; Padilla, N.; Fuenmayor, V.; Chavez, C.; Alvarez, A.; Baidal, D.;
Alejandro, R, et al. Influence of Vitamin D on Islet Autoimmunity and Beta-Cell Function in Type 1 Diabetes. Nutrients 2019,
11,2185, doi:10.3390/nu11092185.

Kennel, K.A.; Drake, M.T.; Hurley, D.L. Vitamin D deficiency in adults: when to test and how to treat. Mayo Clin Proc 2010,
85, 752-758, d0i:10.4065/mcp.2010.0138.

Schleithoff, S.S.; Zittermann, A.; Tenderich, G.; Berthold, H.K,; Stehle, P.; Koerfer, R. Vitamin D supplementation improves
cytokine profiles in patients with congestive heart failure: a double-blind, randomized, placebo-controlled trial. The
American Journal of Clinical Nutrition 2006, 83, 754-759, d0i:10.1093/ajcn/83.4.754.

Haddad Kashani, H.; Seyed Hosseini, E.; Nikzad, H.; Soleimani, A.; Soleimani, M.; Tamadon, M.R.; Keneshlou, F.; Asemi,
Z. The Effects of Vitamin D Supplementation on Signaling Pathway of Inflammation and Oxidative Stress in Diabetic
Hemodialysis: A Randomized, Double-Blind, Placebo-Controlled Trial. Front Pharmacol 2018, 9, 50,
doi:10.3389/fphar.2018.00050.

Shirvani, A.; Kalajian, T.A.; Song, A.; Holick, M.F. Disassociation of Vitamin D's Calcemic Activity and Non-calcemic
Genomic Activity and Individual Responsiveness: A Randomized Controlled Double-Blind Clinical Trial. Sci Rep 2019, 9,
17685, d0i:10.1038/s41598-019-53864-1.

Shirvani, A.; Kalajian, T.A.; Song, A.; Allen, R.; Charoenngam, N.; Lewanczuk, R.; Holick, M.F. Variable Genomic and
Metabolomic Responses to Varying Doses of Vitamin D Supplementation. Anticancer Res 2020, 40, 535-543,
doi:10.21873/anticanres.13982.

Carlberg, C.; Seuter, S.; de Mello, V.D.; Schwab, U.; Voutilainen, S.; Pulkki, K.; Nurmi, T.; Virtanen, J.; Tuomainen, T.P,;
Uusitupa, M. Primary vitamin D target genes allow a categorization of possible benefits of vitamin D(3) supplementation.
PLoS One 2013, 8, €71042, doi:10.1371/journal.pone.0071042.

Ross, A.C.; Manson, J.E.; Abrams, S.A.; Aloia, ].F.; Brannon, P.M.; Clinton, S5.K.; Durazo-Arvizu, R.A.; Gallagher, J.C.; Gallo,
R.L,; Jones, G,, et al. The 2011 Dietary Reference Intakes for Calcium and Vitamin D: what dietetics practitioners need to
know. ] Am Diet Assoc 2011, 111, 524-527, d0i:10.1016/j.jada.2011.01.004.

Luxwolda, M.F.; Kuipers, R.S.; Kema, L.P.; van der Veer, E.; Dijck-Brouwer, D.A.; Muskiet, F.A. Vitamin D status indicators
in indigenous populations in East Africa. Eur | Nutr 2013, 52, 1115-1125, d0i:10.1007/s00394-012-0421-6.

Dudenkov, D.V.; Mara, K.C.; Petterson, T.M.; Maxson, J.A.; Thacher, T.D. Serum 25-Hydroxyvitamin D Values and Risk of
All-Cause and Cause-Specific Mortality: A Population-Based Cohort Study. Mayo Clin Proc 2018, 93, 721-730,
doi:10.1016/j.mayocp.2018.03.006.

Amrein, K.; Quraishi, S.A.; Litonjua, A.A.; Gibbons, F.K,; Pieber, T.R.; Camargo, C.A., Jr.; Giovannucci, E.; Christopher, K.B.
Evidence for a U-Shaped Relationship Between Prehospital Vitamin D Status and Mortality: A Cohort Study. The Journal of
Clinical Endocrinology & Metabolism 2014, 99, 1461-1469, doi:10.1210/jc.2013-3481.

Aleksova, A.; Beltrami, A.P.; Belfiore, R.; Barbati, G.; Di Nucci, M.; Scapol, S.; De Paris, V.; Carriere, C.; Sinagra, G. U-shaped
relationship between vitamin D levels and long-term outcome in large cohort of survivors of acute myocardial infarction.

International Journal of Cardiology 2016, 223, 962-966, d0i:10.1016/j.ijcard.2016.08.322.


https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

14 of 18

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Hossein-nezhad, A.; Holick, M.F. Vitamin D for health: a global perspective. Mayo Clin Proc 2013, 88, 720-755,
doi:10.1016/j.mayocp.2013.05.011.

Dowdy, J.C.; Sayre, R.M.; Holick, M.F. Holick's rule and vitamin D from sunlight. ] Steroid Biochem Mol Biol 2010, 121, 328-
330, doi:10.1016/j.jsbmb.2010.04.002.

Wacker, M.; Holick, M.F. Sunlight and Vitamin D: A global perspective for health. Dermatoendocrinol 2013, 5, 51-108,
doi:10.4161/derm.24494.

Force, U.S.P.S.T. Screening for Vitamin D Deficiency in Adults: US Preventive Services Task Force Recommendation
Statement. JAMA 2021, 325, 1436-1442, doi:10.1001/jama.2021.3069.

Myasoedova, E.; Crowson, C.S.; Kremers, H.M.; Therneau, T.M.; Gabriel, S.E. Is the incidence of rheumatoid arthritis rising?:
results from Olmsted County, Minnesota, 1955-2007. Arthritis Rheum 2010, 62, 1576-1582, doi:10.1002/art.27425.
Schulze-Koops, H.; Kalden, J.R. The balance of Th1/Th2 cytokines in rheumatoid arthritis. Best Practice & Research Clinical
Rheumatology 2001, 15, 677-691, doi:https://doi.org/10.1053/berh.2001.0187.

Paradowska-Gorycka, A.; Wajda, A.; Romanowska-Préchnicka, K.; Walczuk, E.; Kuca-Warnawin, E.; Kmiolek, T.; Stypinska,
B.; Rzeszotarska, E.; Majewski, D.; Jagodzinski, P.P., et al. Th17/Treg-Related Transcriptional Factor Expression and
Cytokine Profile in Patients With Rheumatoid Arthritis. Frontiers in Immunology 2020, 11, 3189.

Zhang, L.;Li, Y.-g.; Li, Y.-h.; Qi, L.; Liu, X.-g.; Yuan, C.-z.; Hu, N.-w.; Ma, D.-x.; Li, Z.-f.; Yang, Q., et al. Increased Frequencies
of Th22 Cells as well as Th17 Cells in the Peripheral Blood of Patients with Ankylosing Spondylitis and Rheumatoid Arthritis.
PLOS ONE 2012, 7, €31000, doi:10.1371/journal.pone.0031000.

Aho, K.; Heliovaara, M. Risk factors for rheumatoid arthritis. Ann Med 2004, 36, 242-251, d0i:10.1080/07853890410026025.
Aslam, M.M.; John, P.; Bhatti, A.; Jahangir, S.; Kamboh, M.I. Vitamin D as a Principal Factor in Mediating Rheumatoid
Arthritis-Derived Immune Response. Biomed Res Int 2019, 2019, 3494937-3494937, doi:10.1155/2019/3494937.
Bagheri-Hosseinabadi, Z.; Imani, D.; Yousefi, H.; Abbasifard, M. Vitamin D receptor (VDR) gene polymorphism and risk of
rheumatoid arthritis (RA): systematic review and meta-analysis. Clin Rheumatol 2020, 39, 3555-3569, doi:10.1007/s10067-020-
05143-y.

Rozmus, D.; Ciesielska, A.; Plominski, J.; Grzybowski, R.; Fiedorowicz, E.; Kordulewska, N.; Savelkoul, H.; Kostyra, E.;
Cieslinska, A. Vitamin D Binding Protein (VDBP) and Its Gene Polymorphisms-The Risk of Malignant Tumors and Other
Diseases. Int ] Mol Sci 2020, 21, doi:10.3390/ijms21217822.

Lee, Y.H.; Bae, S.C. Vitamin D level in rheumatoid arthritis and its correlation with the disease activity: a meta-analysis. Clin
Exp Rheumatol 2016, 34, 827-833.

Merlino, L.A.; Curtis, J.; Mikuls, T.R.; Cerhan, J.R.; Criswell, L.A.; Saag, K.G.; lowa Women's Health, S. Vitamin D intake is
inversely associated with rheumatoid arthritis: results from the Iowa Women's Health Study. Arthritis Rheum 2004, 50, 72-
77, doi:10.1002/art.11434.

Hajjaj-Hassouni, N.; Mawani, N.; Allali, F.; Rkain, H.; Hassouni, K.; Hmamouchi, I.; Dougados, M. Evaluation of Vitamin D
Status in Rheumatoid Arthritis and Its Association with Disease Activity across 15 Countries: "The COMORA Study". Int |
Rheumatol 2017, 2017, 5491676-5491676, d0i:10.1155/2017/5491676.

Guan, Y.; Hao, Y.; Guan, Y.; Bu, H.; Wang, H. The Effect of Vitamin D Supplementation on Rheumatoid Arthritis Patients:
A Systematic Review and Meta-Analysis. Front Med (Lausanne) 2020, 7, 596007-596007, doi:10.3389/fmed.2020.596007.
Gopinath, K.; Danda, D. Supplementation of 1,25 dihydroxy vitamin D3 in patients with treatment naive early rheumatoid
arthritis: a randomised controlled trial. International Journal of Rheumatic Diseases 2011, 14, 332-339,
doi:https://doi.org/10.1111/j.1756-185X.2011.01684.x.

Li, C; Yin, S; Yin, H,; Cao, L.; Zhang, T.; Wang, Y. Efficacy and Safety of 22-Oxa-Calcitriol in Patients with Rheumatoid
Arthritis: A Phase II Trial. Med Sci Monit 2018, 24, 9127-9135, d0i:10.12659/MSM.911628.



https://doi.org/10.1053/berh.2001.0187
https://doi.org/10.1111/j.1756-185X.2011.01684.x
https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

15 of 18

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Lam, N.C; Ghetu, M.V.; Bieniek, M.L. Systemic Lupus Erythematosus: Primary Care Approach to Diagnosis and
Management. Am Fam Physician 2016, 94, 284-294.

Rees, F.; Doherty, M.; Grainge, M.].; Lanyon, P.; Zhang, W. The worldwide incidence and prevalence of systemic lupus
erythematosus: a systematic review of epidemiological studies. Rheumatology (Oxford) 2017, 56, 1945-1961,
doi:10.1093/rheumatology/kex260.

Barbhaiya, M.; Costenbader, K.H. Environmental exposures and the development of systemic lupus erythematosus. Current
opinion in rheumatology 2016, 28, 497-505, doi:10.1097/BOR.0000000000000318.

Suarez-Fueyo, A.; Bradley, S.J.; Tsokos, G.C. T cells in Systemic Lupus Erythematosus. Curr Opin Immunol 2016, 43, 32-38,
doi:10.1016/j.c0i.2016.09.001.

Han, S.; Zhuang, H.; Shumyak, S.; Yang, L.; Reeves, W.H. Mechanisms of autoantibody production in systemic lupus
erythematosus. Frontiers in immunology 2015, 6, 228-228, doi:10.3389/fimmu.2015.00228.

Postal, M.; Peligari, K.O.; Sinicato, N.A.; Marini, R.; Costallat, L.T.L.; Appenzeller, S. Th1/Th2 cytokine profile in childhood-
onset systemic lupus erythematosus. Cytokine 2013, 61, 785-791, doi:https://doi.org/10.1016/j.cyto.2012.11.023.

Muhammad Yusoff, F.; Wong, KK.; Mohd Redzwan, N. Thl, Th2, and Th17 cytokines in systemic lupus erythematosus.
Autoimmunity 2020, 53, 8-20, doi:10.1080/08916934.2019.1693545.

Islam, M.A.; Khandker, S.S.; Alam, S.S.; Kotyla, P.; Hassan, R. Vitamin D status in patients with systemic lupus
erythematosus (SLE): A systematic review and meta-analysis. Autoimmun Rev 2019, 18, 102392,
doi:10.1016/j.autrev.2019.102392.

Sahebari, M.; Nabavi, N.; Salehi, M. Correlation between serum 25(OH)D values and lupus disease activity: an original
article and a systematic review with meta-analysis focusing on serum VitD confounders. Lupus 2014, 23, 1164-1177,
doi:10.1177/0961203314540966.

Monticielo, O.A.; Teixeira, T.d.M.; Chies, ].A.B.; Brenol, ].C.T.; Xavier, R M. Vitamin D and polymorphisms of VDR gene in
patients with systemic lupus erythematosus. Clinical Rheumatology 2012, 31, 1411-1421, doi:10.1007/s10067-012-2021-5.

Sun, J.; Zhang, S.; Liu, ].S.; Gui, M.; Zhang, H. Expression of vitamin D receptor in renal tissue of lupus nephritis and its
association with renal injury activity. Lupus 2019, 28, 290-294, doi:10.1177/0961203319826704.

Costenbader, K.H.; Feskanich, D.; Holmes, M.; Karlson, E.W.; Benito-Garcia, E. Vitamin D intake and risks of systemic lupus
erythematosus and rheumatoid arthritis in women. Ann Rheum Dis 2008, 67, 530-535, doi:10.1136/ard.2007.072736.

Zheng, R.; Gonzalez, A.; Yue, J.; Wu, X,; Qiu, M,; Gui, L.; Zhu, S; Huang, L. Efficacy and Safety of Vitamin D
Supplementation in Patients With Systemic Lupus Erythematosus: A Meta-analysis of Randomized Controlled Trials. Am |
Med Sci 2019, 358, 104-114, doi:10.1016/j.amjms.2019.04.020.

Kataria, R.K.; Brent, L.H. Spondyloarthropathies. Am Fam Physician 2004, 69, 2853-2860.

Sharip, A.; Kunz, ]. Understanding the Pathogenesis of Spondyloarthritis. Biomolecules 2020, 10, 1461,
doi:10.3390/biom10101461.

Cai, G,; Wang, L.; Fan, D.; Xin, L.; Liu, L.; Hu, Y.; Ding, N.; Xu, S.; Xia, G.; Jin, X., et al. Vitamin D in ankylosing spondylitis:
review and meta-analysis. Clin Chim Acta 2015, 438, 316-322, d0i:10.1016/j.cca.2014.08.040.

Petho, Z.; Kulcsar-Jakab, E.; Kalina, E.; Balogh, A.; Pusztai, A.; Gulyas, K.; Horvath, A.; Szekanecz, Z.; Bhattoa, H.P. Vitamin
D status in men with psoriatic arthritis: a case-control study. Osteoporosis International 2015, 26, 1965-1970,
doi:10.1007/s00198-015-3069-2.

Del Pinto, R.; Pietropaoli, D.; Chandar, A.K.; Ferri, C.; Cominelli, F. Association Between Inflammatory Bowel Disease and
Vitamin D Deficiency: A Systematic Review and Meta-analysis. Inflamm Bowel Dis 2015, 21, 2708-2717,
doi:10.1097/MIB.0000000000000546.


https://doi.org/10.1016/j.cyto.2012.11.023
https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

16 of 18

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Ben-Shabat, N.; Watad, A.; Shabat, A.; Bragazzi, N.L.; Comaneshter, D.; Cohen, A.D.; Amital, H. Low Vitamin D Levels
Predict Mortality in Ankylosing Spondylitis Patients: A Nationwide Population-Based Cohort Study. Nutrients 2020, 12,
1400, d0i:10.3390/nu12051400.

Guzman-Prado, Y.; Samson, O.; Segal, ].P.; Limdi, ].K.; Hayee, B.H. Vitamin D Therapy in Adults With Inflammatory Bowel
Disease: A Systematic Review and Meta-Analysis. Inflamm Bowel Dis 2020, 26, 1819-1830, doi:10.1093/ibd/izaa087.
Charoenngam, N.; Shirvani, A.; Kalajian, T.A.; Song, A.; Holick, M.F. The Effect of Various Doses of Oral Vitamin D3
Supplementation on Gut Microbiota in Healthy Adults: A Randomized, Double-blinded, Dose-response Study. Anticancer
Res 2020, 40, 551-556, d0i:10.21873/anticanres.13984.

Jung, K.H.; Kim, T.H.; Sheen, D.H.; Lim, M.K;; Lee, S.K,; Kim, ]J.Y.; Park, H.; Chae, S.C.; Shim, S.C. Associations of vitamin
d binding protein gene polymorphisms with the development of peripheral arthritis and uveitis in ankylosing spondylitis.
] Rheumatol 2011, 38, 2224-2229, d0i:10.3899/jrheum.101244.

Henderson, C.M.; Fink, S.L.; Bassyouni, H.; Argiropoulos, B.; Brown, L.; Laha, T.J.; Jackson, K.J.; Lewkonia, R.; Ferreira, P;
Hoofnagle, A.N,, et al. Vitamin D-Binding Protein Deficiency and Homozygous Deletion of the GC Gene. New England
Journal of Medicine 2019, 380, 1150-1157, doi:10.1056/NEJMoa1807841.

Kew, R.R. The Vitamin D Binding Protein and Inflammatory Injury: A Mediator or Sentinel of Tissue Damage? Front
Endocrinol (Lausanne) 2019, 10, 470, doi:10.3389/fend0.2019.00470.

Ragab, G.; Elshahaly, M.; Bardin, T. Gout: An old disease in new perspective - A review. | Adv Res 2017, 8, 495-511,
doi:10.1016/j.jare.2017.04.008.

Charoenngam, N.; Ponvilawan, B.; Ungprasert, P. Vitamin D insufficiency and deficiency are associated with a higher level
of serum wuric acid: A systematic review and meta-analysis. Mod Rheumatol 2020, 30, 385-390,
doi:10.1080/14397595.2019.1575000.

Nimitphong, H.; Saetung, S.; Chailurkit, L.O.; Chanprasertyothin, S.; Ongphiphadhanakul, B. Vitamin D supplementation
is associated with serum uric acid concentration in patients with prediabetes and hyperuricemia. | Clin Transl Endocrinol
2021, 24, 100255, doi:10.1016/j.jcte.2021.100255.

Ponvilawan, B.; Charoenngam, N. Vitamin D and uric acid: Is parathyroid hormone the missing link? Journal of Clinical &
Translational Endocrinology 2021, 25, 100263, doi:https://doi.org/10.1016/j.jcte.2021.100263.

Sugimoto, R.; Watanabe, H.; Ikegami, K.; Enoki, Y.; Imafuku, T.; Sakaguchi, Y.; Murata, M.; Nishida, K.; Miyamura, S,;

Ishima, Y., et al. Down-regulation of ABCG2, a urate exporter, by parathyroid hormone enhances urate accumulation in

secondary hyperparathyroidism. Kidney International 2017, 91, 658-670, doi:https://doi.org/10.1016/j.kint.2016.09.041.

Ponvilawan, B.; Charoenngam, N.; Ungprasert, P. Primary hyperparathyroidism is associated with a higher level of serum
uric acid: A systematic review and meta-analysis. Int | Rheum Dis 2020, 23, 174-180, doi:10.1111/1756-185X.13740.

Ishay, A.; Herer, P.; Luboshitzky, R. Effects of Successful Parathyroidectomy on Metabolic Cardiovascular Risk Factors In
Patients =~ With  Severe Primary = Hyperparathyroidism. Endocrine  Practice 2011, 17, 584-590,
doi:https://doi.org/10.4158/EP10321.0OR.

Broulik, P.D.; Broulikova, A.; Adamek, S.; Libansky, P.; Tvrdon, ].; Broulikova, K.; Kubinyi, J. Improvement of hypertension
after parathyroidectomy of patients suffering from primary hyperparathyroidism. Int | Endocrinol 2011, 2011, 309068-309068,
doi:10.1155/2011/309068.

Al-Nageeb J, S.M., Dye B, Jeranko M. Association of Gout with Vitamin D: A Population-Based Study Arthritis Rheumatol.
2019, 71.

Neogi, T. The epidemiology and impact of pain in osteoarthritis. Osteoarthritis Cartilage 2013, 21, 1145-1153,
doi:10.1016/},joca.2013.03.018.


https://doi.org/10.1016/j.jcte.2021.100263
https://doi.org/10.1016/j.kint.2016.09.041
https://doi.org/10.4158/EP10321.OR
https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

17 of 18

104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Chen, D.; Shen, J.; Zhao, W.; Wang, T.; Han, L.; Hamilton, J.L.; Im, H.-J. Osteoarthritis: toward a comprehensive
understanding of pathological mechanism. Bone Res 2017, 5, 16044-16044, doi:10.1038/boneres.2016.44.

Shane Anderson, A.; Loeser, R.F. Why is osteoarthritis an age-related disease? Best Pract Res Clin Rheumatol 2010, 24, 15-26,
doi:10.1016/j.berh.2009.08.006.

Bergink, A.P.; Zillikens, M.C.; Van Leeuwen, ].P.T.M.; Hofman, A.; Uitterlinden, A.G.; van Meurs, ].B.J. 25-Hydroxyvitamin
D and osteoarthritis: A meta-analysis including new data. Seminars in Arthritis and Rheumatism 2016, 45, 539-546,

doi:https://doi.org/10.1016/j.semarthrit.2015.09.010.

Tripathy, S.K.; Gantaguru, A.; Nanda, S.N.; Velagada, S.; Srinivasan, A.; Mangaraj, M. Association of vitamin D and knee
osteoarthritis in younger individuals. World | Orthop 2020, 11, 418-425, doi:10.5312/wjo.v11.i110.418.

Rejnmark, L. Effects of vitamin d on muscle function and performance: a review of evidence from randomized controlled
trials. Ther Adv Chronic Dis 2011, 2, 25-37, doi:10.1177/2040622310381934.

Dzik, K.P.; Kaczor, J.J. Mechanisms of vitamin D on skeletal muscle function: oxidative stress, energy metabolism and
anabolic state. Eur ] Appl Physiol 2019, 119, 825-839, d0i:10.1007/s00421-019-04104-x.

Sanghi, D.; Mishra, A.; Sharma, A.C; Singh, A.; Natu, SM.; Agarwal, S.; Srivastava, R.N. Does vitamin D improve
osteoarthritis of the knee: a randomized controlled pilot trial. Clin Orthop Relat Res 2013, 471, 3556-3562, doi:10.1007/s11999-
013-3201-6.

Jin, X;; Jones, G.; Cicuttini, F.; Wluka, A.; Zhu, Z.; Han, W.; Antony, B.; Wang, X.; Winzenberg, T.; Blizzard, L., et al. Effect
of Vitamin D Supplementation on Tibial Cartilage Volume and Knee Pain Among Patients With Symptomatic Knee
Osteoarthritis: A Randomized Clinical Trial. JAMA 2016, 315, 1005-1013, d0i:10.1001/jama.2016.1961.

Arden, N.K; Cro, S.; Sheard, S.; Doré, C.J.; Bara, A.; Tebbs, S.A.; Hunter, D.J.; James, S.; Cooper, C.; O'Neill, T.W., et al. The
effect of vitamin D supplementation on knee osteoarthritis, the VIDEO study: a randomised controlled trial. Osteoarthritis
Cartilage 2016, 24, 1858-1866, d0i:10.1016/j,joca.2016.05.020.

Warner, A.E.; Arnspiger, S.A. Diffuse Musculoskeletal Pain Is Not Associated With Low Vitamin D Levels or Improved by
Treatment With Vitamin D. JCR: Journal of Clinical Rheumatology 2008, 14.

Robinson, A.B.; Thierry-Palmer, M.; Gibson, K.L.; Rabinovich, C.E. Disease activity, proteinuria, and vitamin D status in
children with systemic lupus erythematosus and juvenile dermatomyositis. ] Pediatr 2012, 160, 297-302,
doi:10.1016/j.jpeds.2011.08.011.

Azali, P.; Barbasso Helmers, S.; Kockum, L; Olsson, T.; Alfredsson, L.; Charles, P.J.; Piehl Aulin, K;; Lundberg, I.E. Low
serum levels of vitamin D in idiopathic inflammatory myopathies. Ann Rheum Dis 2013, 72, 512, doi:10.1136/annrheumdis-
2012-2018409.

An, L,; Sun, M.-H.; Chen, F.; Lj, J.-R. Vitamin D levels in systemic sclerosis patients: a meta-analysis. Drug Des Devel Ther
2017, 11, 3119-3125, doi:10.2147/DDDT.S144860.

Alibaz-Oner, F.; Asmaz-Haliloglu, 0, Gogas-Yavuz, D.; Can, M.; Haklar, G.; Direskeneli, H. Vitamin D Levels in Takayasu's
Arteritis and a Review of the Literature on Vasculitides. | Clin Lab Anal 2016, 30, 529-533, doi:10.1002/jcla.21898.

Kriegel, M.A.; Manson, J.E.; Costenbader, K.H. Does vitamin D affect risk of developing autoimmune disease?: a systematic
review. Seminars in arthritis and rheumatism 2011, 40, 512-531.e518, doi:10.1016/j.semarthrit.2010.07.009.

Hulshof, M.M.; Bavinck, ].N.B.; Bergman, W.; Masclee, A.A.M.; Heickendorff, L.; Breedveld, F.C.; Dijkmans, B.A.C. Double-
blind, placebo-controlled study of oral calcitriol for the treatment of localized and systemic scleroderma. Journal of the
American Academy of Dermatology 2000, 43, 1017-1023, doi:10.1067/mjd.2000.108369.

Hauser, W.; Perrot, S.; Sommer, C.; Shir, Y.; Fitzcharles, M.-A. Diagnostic confounders of chronic widespread pain: not

always fibromyalgia. Pain Rep 2017, 2, €598-e598, d0i:10.1097/PR9.0000000000000598.


https://doi.org/10.1016/j.semarthrit.2015.09.010
https://doi.org/10.20944/preprints202107.0579.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2021 d0i:10.20944/preprints202107.0579.v1

18 of 18

121. Yong, W.C.; Sanguankeo, A.; Upala, S. Effect of vitamin D supplementation in chronic widespread pain: a systematic review

and meta-analysis. Clinical Rheumatology 2017, 36, 2825-2833, d0i:10.1007/s10067-017-3754-y.


https://doi.org/10.20944/preprints202107.0579.v1

