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ABSTRACT 

Osteoarthritis is a degenerative, painful and irreversible disease 
that affects millions of people worldwide. The causes and mecha-
nisms of osteoarthritis have not been fully understood. Vitamin D 
is an essential factor in bone metabolism. Its actions are  
mediated by the vitamin D receptor, a transcription factor that 
controls gene expression, thus maintaining calcium and phos-
phate homeostasis. Vitamin D has been hypothesized to play es-
sential role in a number of  musculoskeletal diseases including 
osteoarthritis, and its deficiency is prevalent among  osteoarthri-
tis patients. A large number of  studies  have been done regarding 
the effects of vitamin D  in pathogenesis and progression of oste-
oarthritis, as well as its use a therapeutic agent. Up to date, stud-
ies have provided controversial results, and no consensus con-
cerning this matter was achieved. With this review, we aim to ex-
plore current data on the possible role of vitamin D and its recep-
tor in pathogenesis of osteoarthritis and assess the efficiency of 
vitamin D supplementation as a therapeutic strategy. 
 
Keywords: Osteoarthritis, vitamin D, vitamin D receptor,  
inflammation.
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INRODUCTION

Osteoarthritis (OA) is progressive and degenerative joint 
disease that affects and causes disability in about 3.3% of 
global population [1]. It starts as an inflammation of the syn-
ovium, followed by degradation and loss of articular carti-
lage, and abnormal subchondral bone growth. The most com-
monly involved joints are on the fingers, at the base of the 
thumb, neck, lower back, knee, and hips. The symptoms in-
clude joint pain, stiffness and swelling, that primarily appear 
sporadically in the morning, progress over the years, causing 
loss of mobility. The etiology, and pathogenesis of OA are 
not completely understood. However, there are known fac-
tors that, when combined, cause damage to the cartilage and 
subsequent bone remodeling. Based on the risk factors OA is 
classified as primary and secondary, both of which have the 
same clinical appearance. Primary OA is caused by, genetic 
predisposition, age (incidence increases among people over 
60), gender (more prevalent in postmenopausal women), 
obesity (affecting large, weight bearing joints such as knee 
and hip), physically demanding work, joint imobility or joint 
injury. Secondary OA  is not age related, and represents 20% 
of the cases. It is associated with congenital diseases such as 
Ehlers-Danlos syndrome, Marfan syndrome, alkaptonuria, 
Wilson's disease, with joint infections, injuries and inflam-
matory diseases [2]. Diagnosis is made based on history and 
clinical examination. On radiography, the severity of joint 
damage can be graded by evaluating typical radiological 
changes: subchondral bone sclerosis, joint space narrowing, 
osteophyte formation, subchondral cyst formation and loss of 
bone contours [3].  

Vitamin D is a steroidal hormone primarily involved in 
calcium homeostasis and bone metabolism. Through binding 
to the vitamin D receptor (VDR), vitamin D regulates absorp-
tion of calcium and phosphate from kidney and the gastroin-
testinal system, thus maintaining blood calcium levels. Along 
with parathyroid hormone (PTH) and calcitonin, vitamin D 
plays the fundamental role in bone mineralization and resorp-
tion [4].  However, vitamin D has a wide range of effects on 
various cell types and has a potential key role in a number of 
common diseases, including OA, various cancer types, and 
autoimmune diseases [3]. As a consequence of crucial role of  
vitamin D on bone metabolism and inflammation, number of 
studies have been conducted to investigate potential role of 
this vitamin in various degenerative conditions of the bones 
and joints. Since no treatment or specific diet has been proven 
for effectively treating or preventing OA, various studies  
explores the vitamin D suplementation as potential treatment.   

Vitamin D Biology 

Vitamin D in humans has two forms, dietary form vitamin 
D2 or ergocalciferol, and endogenous form vitamin D3 or 
cholecalciferol. Major dietary sources of vitamin D2 are fatty 
fish, such as salmon and tuna, egg yolks, cheese, as well as 
food fortified with vitamin D. Cholecalciferol is endoge-
nously synthesized by the skin upon to sunlight exposure. 

Biosynthesis begins with the photoisomerisation of 7-dehy-
drocholesterol by UVB radiation to form previtamin D in the 
skin. Subsequently, previtamin D undergoes thermal-de-
pendent isomerization to form vitamin D3 [5]. After two hy-
droxylations biologically inactive lipophilic cholecalciferol 
reach its active form. First hydroxylation occurs in the liver, 
creating calcidiol (25-hydroxyvitamin D3, 25(OH)D3), which 
can be measured in the serum. An additional hydroxylation 
occurs in tubules of the kidney, osteoblasts and osteoclasts, 
generating the most active form dihydroxyvitamin D3 calcit-
riol (1,25(OH)2D3 ) [3,6]. 

Vitamin D Receptor 

 Vitamin D receptor (VDR) is a transcription factor lo-
cated in the nuclei of target cells in various organs, including 
bones, brain, heart, skin, gonads, prostate, and breast. The 
binding of vitamin D to the VDR allows the VDR’s rapid 
binding to regulatory regions of target genes, including the 
transport proteins involved in calcium absorption in the  
intestine [3]. VDR also regulates gene networks involved in 
bile acid metabolism in the colon, the differentiation of 
keratinocytes in the skin, the development and cycling of der-
mal hair follicles, and the functions of key cell types involved 
in both innate and adaptive immunity [7]. Chondrocytes, os-
teoblasts and osteocytes express VDR, indicating that these 
cells could be potential targets for vitamin D signalling and 
suplementation in OA.  

Activation of VDR in osteoblasts, leads to synthesis of 
non-collagen proteins, osteocalcin and osteopontin, that are 
components of the bone organic matrix. Binding of active 
form 1,25(OH)2D3 stimulates  osteoblasts and osteocytes to 
produce Fibroblast growth factor 23 (FGF23) [7] FGF23  
together with PTH from the thyroid glands, and vitamin D,  
regulate the intestinal absorption and renal excretion of cal-
cium and phosphate, as well as the storage and removal of 
these key minerals from the skeleton. [8] FGF23 produced in 
osteocytes has systemic as well as local effects that influence 
mineralization. Osteocytes directly affect bone remodeling 
by inhibiting or stimulating osteoblast and osteoclast activity 
in order to maintain bone homeostasis, therefore all of these 
functions are partly affected by 1,25(OH)2D3 [3]. FGF23 
lowers phosphate levels by downregulating phosphate  
co-transporters in the kidney, thus reducing the phosphate  
reabsorption. It also downregulates the hydroxylase, an  
enzyme in the kidney which converts the precursor of  
25-hydroxyvitamin D3 into its active form 1,25(OH)2D3. 
FGF23 also induces the expression of 24-hydroxylase, an  
enzyme that catabolizes 1,25(OH)2D3 and reduces its action. 
1,25(OH)2D3  is the primary factor for increasing FGF23 
production and  FGF23 self-regulates its production with this 
negative feedback. Other factors, such as PTH and serum 
phosphate may stimulate FGF23, but vitamin D3 is its most 
significant regulator [7,9].    
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The physiological function of VDR in osteocytes is ques-
tionable under the normal dietary calcium intake. In one 
study, VDR-ablated mice were fed diet enriched with cal-
cium and phosphorus, and did not show alterations in bone 
mineral density or bone histology until the old age [10]. In 
another study, genetic ablation of the VDR in osteocytes 
showed no effect on bone and mineral homeostasis. How-
ever, 1,25(OH)2D3-induced inhibition of bone mineraliza-
tion in osteoblasts /osteocytes was shown to be important for 
maintaining calcium homeostasis when vitamin D levels are 
upregulated due to increased calcium demand [11].   

Due to its crucial role in vitamin D signalling, the VDR 
gene and its corresponding protein have been investigated in 
many diseases including OA. Genetic polymorphisms in the 
VDR gene have been investigated using restriction fragment 
length polymorphism, which employs restriction enzymes to 
cut DNA at specific sequence sites, and polymorphisms are 
named by the restriction enzymes used to identify them. 
Among others, three single nucleotide polymorphisms 
(SNPs) located near the 3’ un-translated region (3′UTR) 
TaqI, BsmI, and ApaI have been investigated for possible in-
volvement in the OA [3,12]. Although not functional, these 
SNPs are associated with a poly (A) repeat in the 3′UTR that 
could influence the stability of the VDR mRNA. Another 
SNP, FokI is a functional polymorphism of the VDR gene 
which results in different translation initiation sites on VDR. 
Finnish study discovered that genetic polymorphisms may be 
associated with an increased susceptibility to bilateral hand 
OA in females [13]. In 2009, Lee et al. Conducted a meta-
analysis of 10 studies into the association of the TaqI, BsmI, 
and ApaI polymorphisms with OA [14]. The analyyed stud-
ies had investigated various OA sites: knee, lumbar spine, 
hand and hip. No evidence was found to support an associa-
tion between any of the polymorphisms and susceptibility to 
OA. This conflicts with a more recent meta-analysis in which 
a statistically significant association was found between the 
ApaI polymorphism and OA in Asian populations, but the 
association was not observed in Europeans [15]. Investiga-
tions into relationships between VDR polymorphisms and 
different aspects of OA, like joint space narrowing, osteo-
phyte formation or inflammation will be valuable in the fu-
ture.  

Role of Vitamin D in OA 

Tissue changes in OA like aberrant bone remodeling,  
sclerosis, and osteophyte formation are caused by three main 
cell types: osteoblasts, osteoclasts and chondrocytes. Vitamin 
D has a range of effects on these cells in osteoarthritis 
affected joints.  

Vitamin D, specifically 1,25(OH)2D3 stimulates osteo-
blastic bone mineralization by activating the VDR. Study 
with cell culture of OA osteoblasts showed increased cell 
proliferation after vitamin D treatment  compared  to healthy 
osteoblasts. After vitamin D treatment, production of oste-
ocalcin and alkaline phosphatase, two proteins crucial for 
bone mineralization was also significantly higher in OA 

osteoblasts compared to healthy and osteoporotic ones [16]. 
Another study found that 1,25(OH)2D3 induced a signifi-
cantly higher production of osteocalcin in OA osteoblast-like 
cells compared to controls [17]. These findings propose that 
OA osteoblasts, when induced by vitamin D, increase bone 
formation. That could lead to an explanation of subchondral 
sclerosis and osteophyte formation in advanced OA.  

During the pathogenesis of OA, an extensive vascular  
network develops in  synovium, menisci, pannus, osteo-
phytes, and osteochondral junction within affected joints. 
Vascular growth is associated with the loss of structural  
integrity of the cartilage, and progression of pain  through  the 
extension of sensory nerves [18]. The level of vascular endo-
thelial growth factor (VEGF), main angiogenic cytokine, is 
associated with the severity of OA. The expression of VEGF 
is partially regulated by 1,25(OH)2D3, thus linking vitamin D 
to the progression of the disease [19]. 

Osteoclasts are specialized macrophages, involved in 
bone resorption. However, they do not express VDR, and vit-
amin D is thought to affect them indirectly through osteo-
blastic activity [20].                        

Chondrocytes are responsible for the production and 
maintenance of the extracellular matrix in cartilage. In OA 
there is an imbalance between anabolic and catabolic pro-
cesses that leads to the destruction and loss of articular carti-
lage. Osteoarthritic chondrocytes have a higher VDR expres-
sion than healthy cells. The VDR expression is associated 
with the expression of matrix metaloproteinases, specifically 
MMP-1, MMP-3, and MMP-9, enzymes that degrade bone 
and cartilage, which worsens OA [21]. 1,25(OH)2D3 and  
inorganic phosphate are involved in the hypertrophy  and  
defective minrealization  in osteoarthritic chondrocytes 
through FGF-23 signalling [22] suggesting that vitamin D 
has a negative effect on cartilage in OA.  

Deficiency of Vitamin D in OA 

Hypovitaminosis is defined as 25(OH)D3, levels under 
20ng/mL. It is prevalent among older population since, the 
capacity of skin to produce vitamin D decreases with old age.  
It frequently coexists with OA, and a large procent of  rheu-
matology patients are vitamin D deficient [23, 24]. However, 
the effect of hypovitaminosis D on the development and pro-
gression of OA is still unclear. Up to date, there are many 
studies with conflicting results.                                  

Felson et al. used 2 different longitudinal studies of knee 
OA, to reevaluate 25(OH)D3  levels and their association 
with knee OA worsening (consisting of disease incidence and 
progression). In one study the association of 25(OH)D levels 
with joint space loss over time was examined in cohort  
selected without regard to the presence of knee OA. In the 
second study, they examined the cohort of patients who had 
symptomatic knee OA. They evaluated the association of 
25(OH)D levels with loss of joint space seen on radiographs 
and with cartilage loss as seen on magnetic resonance imag-
ing (MRI). Examining knee OA, no association was found 
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between vitamin D levels and structural disease worsening, 
defined as joint space loss on radiography or cartilage loss on 
MRI [25]. These findings were supported by large cohort 
study of 5,274 OA-free participants in Finland. The study 
found no association between low serum 25 (OH)D3  levels 
and increased risk of developing hip or knee OA over a 10-
year period [26]. Neither of these studies support the hypoth-
esis that high levels of 25(OH)D protect against knee and hip 
OA [27]. Contrary to these studies, there are those that 
demonstrate an association between low 25 (OH)D3  levels 
and OA. A prospective cohort study of 5,995 men in the US 
found a high prevalence of vitamin D insufficiency or defi-
ciency in hip OA patients and found that these patients were 
twice as likely to have radiographic hip OA than the men with 
normal 25(OH)D3 levels [28]. Bergink et al. conducted pro-
spective cohort study of 1248 cases of knee OA. They con-
cluded that low dietary vitamin D intake increases the risk of 
progression of knee OA. Improving the vitamin D status in 
the elderly could protect against the development and wors-
ening of knee OA, especially in those with low bone mineral 
density [29]. In Egypt, research into postmenopausal women 
found lower serum 25(OH)D3 was associated with knee OA, 
when compared to healthy males [30]. A systematic review 
performed by Cao et al. analyzed 15 studies. They found 
strong evidence for an association between 25(OH)D3 and 
cartilage loss in knee joints. The authors also observed mod-
erate evidence to support a positive connection between low 
levels of vitamin D and radiographic knee OA [31]. 

The differences in study results may be related to differ-
ing effects of serum vitamin D in bone and cartilage metabo-
lism. Vitamin D influences the mineralization of bone matrix, 
and low serum levels of vitamin D may result in poorly min-
eralized bone that might alter forces across the joint and  
reduce joint deterioration [28]. However, low levels of vita-
min D may also alter chondrocyte metabolism and augment  
degeneration [32]. Additional studies are warranted to deter-
mine what role vitamin D might have on the development and 
progression of OA.  

The most recent overview of research published over the 
last 50 years in English language found no consensus on this 
topic [33]. Clinical studies, as well as laboratory based stud-
ies were reviewed. In sum, among the various laboratory 
studies examining the association between vitamin D and  
articular cartilage in diverse models of OA most imply some 
relationship between vitamin D and cartilage integrity. While 
vitamin D may be considered beneficial in some instances, in 
others it may prove to facilitate cartilage erosion [34]. With 
no definitive model, or study approach, the observed out-
comes may depend on the substrate employed, the measure-
ment approaches employed, and durations of exposure. Ani-
mal models of osteoarthritis may also lack validity if they do 
not replicate the clinical conditions: if muscle quality is nor-
mal, obesity is not evident, comorbid conditions are not ap-
parent. Reviewing clinical studies, Marks found that there is 
no consensus regarding vitamin D and OA due to many fac-
tors. Studies have different results since they also have dif-
ferent durations, age cut-off or inclusion points, sample 

inclusion criteria, type and extent of disease, numbers and 
types of affected joints, presence, number, and type of other 
chronic conditions and interventions, and unknown medica-
tion usage rates. Optimal versus insufficient serum levels of 
vitamin D are not uniform, nor standardized  as well [33]. 

Therapeuthic possibility of Vitamin D in OA  

Since there is no consistent data on the role of vitamin D 
as a precursor of OA, there is no consensus on its use as a  
therapeutic agent. In a double-blind, randomized placebo-
controlled trial, Arden et al. showed that there was no signif-
icant difference in the rate of joint space narrowing in the 
medial compartment of knees due to vitamin D supplemen-
tation [35]. While vitamin D may have little effect on carti-
lage loss, it is possible that vitamin D deficiency could im-
portantly affect other elements of disease, including pain and 
weakness, which are critical to a patient’s experience with 
OA. Low vitamin D levels have been shown to be associated 
with muscle weakness  and with an increased risk of pain 
[36,37]. In a double-blind study with 103 knee OA patients, 
patients receiving vitamin D oral supplements had slightly 
less pain compared with those receiving placebos after a  
1-year follow-up. These patients, however, were not as phys-
ically capable as their placebo counterparts [38]. Addition-
ally, 787 members of the Hertfordshire Cohort Study in the 
United Kingdom took part in a cross-sectional study that 
found no association between vitamin D levels and radio-
graphic knee OA, but did suggest a significant association 
between vitamin D and knee pain [39]. On the other hand,  in 
a 2-year study in which symptomatic knee OA patients were 
given oral doses of cholecaliciferol, to raise serum levels of 
vitamin D, there was no reduction in knee pain scores [40]. 

Despite  efforts for several decades to reduce the osteoar-
thritis burden, no true progress in more than 30 years can be  
detected except in the realm of surgical replacements [41]. 
Evidence shows that patients undergoing joint revision sur-
gery for end-stage OA, who have low vitamin D levels, are 
more likely to experience 90-day complications as well as  
periprosthetic joint infections after surgery, than those with 
adequate levels, and this finding may affect up to 84% of sur-
gical cases [42,43]. Because of that,  Traven et al. [42] sug-
gest considering preoperative vitamin D levels as a risk factor 
for complications, and to treat it accordingly. Various authors 
concluded that, either directly or indirectly through its influ-
ence on muscle and bone, inflammation and obesity [44,45], 
the presence of 'sufficient' vitamin D serum levels may help 
reduce the pain and joint dysfunction in cases of osteoarthri-
tis, regardless of disease stage [30,36,37]. Even if the disease  
progression remains static in the presence of vitamin D sup-
plementation, this alone could be regarded as a positive result 
in the context of this progressive degenerative disease.  

CONCLUSION 

Vitamin D through its receptor, is one of the most im-
portant factors involved in the function, development as well 
as the pathology of the musculoskeletal system. Further 
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studies are required to settle the debate over the role of Vita-
min D in the development and progression of OA. Random-
ized-controlled trial is considered to be the most rigorous 
way of determining the effects of vitamin D supplementation 
on the development of osteoarthritis. Even if it has not been 
truly examined, vitamin D supplementation in OA patients, 
as well as in OA “risk groups” may prove to be of value. 
Thoughtful application of vitamin D may impact OA corre-
lates such as inflammation, pain, joint dysfunction and low 
quality of life. Identifying the presence of vitamin D deficien-
cies and correcting them across the lifespan earlier rather than 
later, may prove to be an efficacious cost-effective form of 
minimizing joint disability in later life. 
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