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Abstract: Background: Knee osteoarthritis is a prevalent joint disorder characterized by cartilage 
degeneration, pain, and impaired physical function. Vitamin D might be implicated in the 
management of knee osteoarthritis through its effects on bone health, cartilage preservation, 
inflammation modulation, and muscle function. Objectives: This literature review aims to 
synthesize the current state of literature to provide information about the correlation between 
vitamin D and knee osteoarthritis. Methods: We conducted a comprehensive literature search in 
databases such as PubMed, Web of Science, Scopus, and Google Scholar to identify studies 
published in the last ten years investigating the association between vitamin D and knee 
osteoarthritis. Results: Vitamin D deficiency has been linked to cartilage degeneration and more 
severe symptomatology of knee osteoarthritis. Conclusions: The evidence supports an 
association between vitamin D levels and knee osteoarthritis, but with some studies showing 
mixed results, there is a need for further research. 
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1. Introduction 

Osteoarthritis (OA) is a prevalent chronic joint disorder characterized by articular 
cartilage degeneration, subchondral bone sclerosis, and joint space narrowing, leading 
to pain, stiffness, swelling, and functional impairment. The prevalence of OA is rising 
along with the average lifespan, sedentary behavior and obesity [1]. This complex 
disease is considered a significant cause of disability that reduces the quality of life 
among patients and represents a great economic and mental burden. The worldwide 
prevalence of OA has been roughly estimated at 20% [3]; however, till this moment, 
there is no specific treatment to slow the progression of OA. Therefore, there is an 
intense research effort to find effective treatment options for managing the symptoms 
and progression of OA.  

 It is well known that the main role of vitamin D is to regulate calcium and 
phosphate metabolism, which is essential for maintaining optimal bone mineralization 
[4], but vitamin D has been hypothesized to have a contribution in supporting the 
health of several joint structures, including articular cartilage, subchondral bone and 
muscle tissue, all of this being involved in the progression of OA [5,6]. Studies show 
that globally, vitamin D deficiency is a common health problem that affects more than 
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over one billion people, regardless of age or ethnicity [7]. According to a meta-analysis 
on 7.9 million participants, the prevalence of serum levels of 25-hydroxyvitamin D (the 
main indicator of vitamin D serum level) lower than 30 nmol/L (which means severe 
vitamin D deficiency) is 15.7%, and the prevalence below 50 nmol/L (vitamin D 
deficiency) is 47.9% [8]. This pandemic of hypovitaminosis D is influenced by a 
sedentary lifestyle that reduces sun exposure, as well as environmental factors and a 
deficient diet in vitamin D [9].  

Studies have investigated the potential role of vitamin D in managing and treating 
OA, exploring if the adequate level or supplementation treatment with vitamin D can 
reduce the severity of symptoms and the progression of OA or improve the joint 
function. A meta-analysis by Wang et al. [10] published last year suggest that while 
vitamin D supplementation may offer some symptomatic relief in knee OA, particularly 
in patients with low baseline vitamin D levels, its effect on slowing down the 
degenerative progression remains uncertain. Understanding the complex interplay 
between vitamin D and the basis mechanisms of the development of knee OA is a very 
important step for developing effective strategies to prevent the evolution of this 
degenerative joint disease. There is a lack of research evidence linking vitamin D to 
cartilage repair or maintenance, bone changes, muscle strength, and how this influences 
the severity of symptoms in knee OA. 

 This narrative review aimed to explore the current state of literature to investigate 
the potential role of vitamin D in OA, specifficaly regarding its impact on articular 
cartilage, subchondral bone and muscle strength, as well as its effect on the 
symptomatology of knee OA, providing a complete picture of how vitamin D could 
influence the disease. The hypotheses that led us to this comprehensive review were 
that the combined effects of vitamin D on cartilage, bone, and muscle resulted in a 
synergic reduction of symptomatology of knee OA.  
 
2. Materials and Methods 
 

Regarding this topic, we structured the review in two parts, first by exploring how 
vitamin D impacts articular cartilage, subchondral bone and muscle strength and after 
by analyzing the clinical studies in order to determine what is the impact of vitamin D 
levels in knee OA symptomatology. We searched in different databases such as 
PubMed, Web of Science, Scopus and Google Scholar by using the next keywords: 
“vitamin D”, “25 hydroxyvitamin D”, “osteoarthritis”, “articular cartilage”, 
“subchondral bone”, “muscle strength”, “osteoarthritis severity”, “joint pain”. We 
selected only articles written in English and published in the last ten years. We 
included clinical studies, studies carried out on animals, in vitro and in vivo studies, 
that evaluate the effect of vitamin D on articular cartilage, subchondral bone, muscle 
strength and knee OA symptomatology. We didn’t take in consideration another 
reviews, case reports, books or editorial articles. We identified 15 eligible studies 
conducted in the last ten years that we included in our review (Table 1). 

 

 Table 1 – Studies conducted in the last ten years on the effect of vitamin D in osteoarthritis 
 

Authors Country Year No. of patients 

Szychlinska et al. [18]    Italy 2019 12 

Chen et al. [19] China 2022 Not mentioned 

Malas et al. [20] Turkey 2014 80 

Veronese et al. [21] Italy 2018 783 

Zheng et al. [22] Australia 2017 413 
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Conzade et al. [31] Germany 2019 1079 

Anari et al. [32] Iran 2019 158 

Bassiouni et al. [33] Egypt 2017 35 

Naik et al. [34] India 2021 80 

Kadijani et al. [35] Iran 2021 116 

Zhang et al. [36] USA 2014 418 

Javadian et al. [38] Iran 2017 92 

Koeckhoven et al. [39] Amsterdam 2016 319 

Barker et al. [40] USA 2014 56 

Kim et al. [44] Korea 2015 2165 
 

 
3. Results and Discussion 

3.1 Vitamin D metabolism and mechanism of action  
Vitamin D exists in two forms: vitamin D3 or cholecalciferol which is mainly 

synthesized in the skin following the action of solar ultraviolet B radiation (UVB) on 7-
degydrocholesterol (7-DHC) and vitamin D2 or ergocalciferol obtained from food 
sources. Due to the difficulty of meeting the European Food Safety Authority’s 
recommendations of daily intake of 15 µg of vitamin D through diet [11], the main 
natural source of vitamin D synthesis is sun exposure, which is influenced by a number 
of individual and environmental factors such as age, skin pigmentation, obesity, 
latitude, season, air pollution, use of sunscreen lotions [12]. 

Regardless of the source, both vitamin D3 and vitamin D2 are biologically inactive 
metabolites and require two enzymatic hydroxylation to become active. The first 
hydroxylation occurs in the liver under the action of 25-hydroxylase enzyme also 
known as cytochrome P450 2R1 (CYP2R1), resulting in 25-hydroxy vitamin D (25-(OH) 
D) or calcidiol. After this process, 25-(OH)D require an additional hydroxylation in the 
kidneys by 1α- hydroxylase (CYP27B1) to produce the biologically active form, 1,25- 
dihydroxy vitamin D (1,25-(OH)2D) or calcitriol. This active form functions like a 
hormone, binding by vitamin D binding protein (DBP) to the vitamin D receptor 
(VDR), which is a part of the nuclear receptor family of ligand regulated transcription 
factors [4]. The fact that vitamin D receptors are found in multiple tissue like bone, 
skeletal muscle, kidney, intestines and chondrocytes, strengthens the idea of the 
various roles of vitamin D in the body [13,14]. The complex 1,25-(OH)2D-VDR attached 
to retinoid X receptor (RXR) [15] and after this, it is transported to the nucleus where 
1,25-(OH)2D-VDR-RXR binds to vitamin D response elements (VDRE) in the DNA 
which results in activation of transcription [16]. 

3.2 Evidence regarding the impact of vitamin D on articular cartilage, subchondral bone and 
muscle strength 

Studies have explored the complex relationship between vitamin D status and 
articular cartilage in order to find a potential impact on the progression of OA. 
Articular cartilage degenerates in OA due to a complex interplay of mechanical stress, 
genetic factors, biochemical imbalances between degradation and synthesis of the 
extracellular matrix components mediated by growth factors and cytokines, 
chondrocytes senescence and oxidative stress [17]. 
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3.2.1 Studies carried out on animals  
In our narrative review, we included two studies on animal subjects, specifically on 

rats.  
In 2019, Szychlinska et al. [18] demonstrated that vitamin D supplementation with 

diet can increase the thickness and structure of articular cartilage in arthritic rat 
models, compared to those with vitamin D restriction for ten weeks. The study used a 
young, healthy, sedentary, male rat model. They were divided into a a group that 
received a vitamin D based experimental diet and a control group. They evaluated the 
morphology thickness and expression of collagen type II/X, vitamin D receptor and 
lubricin on rat tibial cartilage samples [18]. The research findings suggested that ten 
weeks of vitamin D restriction led to lower cartilage thickness, reduced proteoglycans 
in the extracellular matrix, decreased collagen II and increased collagen X expression 
compared to normal and supplemented diets [18]. On the other hand, vitamin D 
supplementation resulted in higher cartilage thickness, increased extracellular matrix 
proteoglycan deposition, and elevated lubricin expression compared to the restricted 
and normal diets [18]. These finding suggest a positive effect of vitamin D 
supplementation on articular cartilage by enhancing thickness, lubrication, and 
extracellular matrix fiber deposition in young healthy sedentary rats [18].  

In a study published in 2023, Chen et al. analyzed the influence of 1,25 (OH)2D 
deficiency on the progression of aging-related OA in mice [19]. The study specifically 
examined how this deficiency impacted the expression of Sirt1, a protein involved in 
cellular regulation and aging [19]. Mice with 1,25 (OH)2D deficiency presented more 
severe cartilage degeneration than the control group suggesting an acceleration of OA. 
The results found that the mice with vitamin D deficiency had a significantly reduced 
expression of Sirt1 which was associated with increased levels of matrix 
metalloproteinases (MMPs) and inflammatory cytokines. It was also found that VDR 
knockout mice exhibited knee OA phenotypes indicating the importance of VDR in 
OA prevention [19]. 

 
3.2.2 Clinical studies  
An article published by Malas et al. in 2014 focused on the effect of vitamin D level 

on the distal femoral cartilage thickness in healthy subject measured by 
musculoskeletal ultrasound. The study found out that severe vitamin D deficiency 
affect the articular cartilage thickness in patients [20].  

Another article by Veronese et al. published in 2018, investigated if a higher intake 
of vitamin D from diet or from oral supplementation was associated with a better 
architecture of the cartilage of the knee, assessed by MRI. They concluded that there is 
an association between a higher intake of vitamin D and a better architectural structure 
of the cartilage of the knee [21]. 

In 2017, a post-hoc analysis of a multicenter randomized, double-blind placebo-
controlled clinical trial on 340 patients with symptomatic knee OA by Zheng et al. 
measured knee cartilage volume, bone marrow lesions and effusion-synovitis volume 
using MRI at baseline and after 24 months since the participants finished the first study. 
The authors measured 25-(OH)D at baseline, month 3 and 24 and grouped the patients 
as consistently insufficient (<50 nmol/L at month 3 and 24), fluctuating (>50 nmol/L at 
one point) and consistently sufficient (>50 nmol/L at month 3 and 24) [22]. Those who 
maintained a vitamin D sufficient status during the study had beneficial effects on 
cartilage loss, effusion-synovitis and physical function [22].  

Another role of vitamin D is in muscle cell differentiation and function through 
genomic and no-genomic pathways mediated by vitamin D receptor which is localized 
both in cytoplasm and in the nucleus of muscle fibers [23-25]. Vitamin D deficiency can 
lead to myopathy which is characterized by persistent inflammation and infiltration of 
immune and inflammatory cells into skeletal muscle, degeneration and fibrosis of 
myofibers and clinically by weakness and decreased effort tolerance [26,27]. Studies 
revealed that increased expression of VDR after muscle injury positively impacts 
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mitochondrial health, while vitamin D deficiency adversely affects mitochondrial 
function by decreasing ATP production and increasing oxidative stress, as 
demonstrated in VDR knockout myoblasts [28,29].  

Low levels of vitamin D had been also associated with sarcopenia [30]. Conzade et 
al. investigated the relationship between baseline 25-(OH)D levels and changes in 
muscle parameters [31]. The results revealed that the participants with reduced 
baseline levels of 25-(OH)D were more likely to have sarcopenia and vitamin D 
deficiency was associated with lower grip strength, slower gait speed and longer times 
in the Timed Up and Go test [31]. After three years of follow-up they did a prospective 
analysis showing that participants with low baseline 25-(OH)D had 0.94% greater 
annual decrease in muscle mass index and a 3.06% greater annual increase in time to 
complete their TUG test [31]. 

3.3 Studies regarding the association between vitamin D levels and OA 
In 2019, Anari et al. investigated if there is an association between vitamin D 

deficiency and a higher risk of knee OA. They recruited 158 patients and divided them 
in two groups: a case group with clinical and radiographic criteria for knee OA and a 
control group. They measured 25-(OH)D in the participants and classified them into 
sufficient, insufficient and deficient. There was a statistically significant association 
between low serum vitamin D levels and the prevalence and severity of knee OA. Also 
patients with lower vitamin D levels tend to have a higher radiological grade of knee 
OA [32].  

In 2017, Bassiouni et al. compared serum level of 25-(OH)D between individuals 
diagnosed with medial femuro-tibial knee OA and controls in order to assess changes 
in knee OA over time in relation to baseline serum vitamin D levels. They divided the 
patients according to 25-(OH)D level in two groups and the progression of knee OA 
was evaluated through MRI at baseline and after 12 months. The results revealed that 
the patients with knee OA had 25-(OH)D levels significantly decreased and the 
patients with vitamin D deficiency less than 10 ng/mL had significant deterioration of 
the medial meniscus, suggesting an increasing risk of exacerbation of the degenerative 
processes [33].  

In a cross-sectional study of 80 subjects published in 2021, Naik et al. measured the 
serum levels of osteoprotegerin (OPG), receptor activator of nuclear kappa K ligand 
(RANKL) and vitamin D serum level in patients with different stages of knee OA, in 
order to assess the correlation of these biomarkers that play an important role in bone 
metabolism and immune regulation with the severity of OA. The study results pointed 
out significantly higher levels of vitamin D in group one (early knee OA) compared to 
group two (advanced knee OA), therefore decreased vitamin D levels accelerated the 
advance stage of knee OA. Regarding the serum level of OPG, it was found to be 
increased in the early stage of OA compared to the advanced stage of knee OA. RANK-
L level increased with the severity of OA and the RANKL/OPG ratio was significantly 
correlated with disease severity [34].  

In another cross-sectional study published also in 2021, Kadijani et al. investigated 
the correlation between vitamin D level and serum cytokines level on 116 patients with 
symptomatic primary knee OA. Even though vitamin D was not associated with OA 
either radiological or clinical point of view, they showed a negative correlation 
between vitamin D level and higher release of IL-6, which was significantly higher in 
advanced degrees of OA [35].  

A study by Zhang et al. published in 2014, aimed to explore if there is any 
association between serum level of 25-(OH)D, PTH and progression of OA, evaluated 
radiographic by joint space narrowing grade (JSN) (0-3). The findings of the study 
revealed that individuals with vitamin D levels below 15 µg/L had a higher risk of knee 
OA progression, highlighting the impact of vitamin D in the advancement of knee OA. 
Additionally, the study pointed out that participants with both low vitamin D and 
elevated PTH level have an increased risk of knee OA progression [36].  
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 Vitamin D plays a crucial role in maintaining musculoskeletal health, which is 
particularly relevant in the context of knee OA, where muscle strength directly 
influences joint stability and function. A review by Rosu et al. [37] highlighted that 
vitamin D supplementation should be considered in athletes with vitamin D 
deficiency. While this research primarily focuses on healthy and physically active 
populations, the findings may have important implications for individuals with 
degenerative conditions such as knee OA.  

Regarding the symptomatology of OA, there are studies that focus on the functional 
part of the disease in order to find a method to improve the patient’s quality of life. A 
study by Javadian et al. investigated the relationship between quadriceps muscle 
strength (QMS), serum vitamin D levels and knee pain in 92 patients with knee OA. 
The results of the study showed a positive correlation between QMS and 25-(OH)D 
and a negative correlation between QMS and knee pain. The findings also suggest that 
there is no correlation between 25-(OH)D and pain. The study wants to point out that 
vitamin D deficiency influence QMS which is important for the maintenance of the 
stability of the knee and also for the management of the knee pain, being positive 
correlated with it [38].  
 A cross-sectional study by Koeckhoven et al. analyze the relationship between 
serum 25-(OH)D level and muscle strength of the upper limb in patients with knee 
osteoarthritis. They found a significant association between low serum 25-(OH)D level 
and muscle weakness. The researchers adjusted the results with body mass index 
(BMI) of the patients and the association was no longer significant which means that 
BMI can influence both vitamin D metabolism and muscle strength [39]. Another study 
by Barker et al. investigates the impact of vitamin D deficiency on muscle strength in 
individuals with knee OA. The results suggested that vitamin D levels were negatively 
correlated with pain and physical function indicating an improvement in knee pain 
and physical function with an increase in vitamin D concentrations [40].   
 A cross-sectional study investigated the association between vitamin D 
status and health related quality of life measured by standardized instrument for 
general health status in adults diagnosed with knee OA based on radiographic changes 
defined as Kellgren-Lawrence from grade 2. The study found a significant association 
between vitamin D deficiency and low health related quality of life. The results of the 
study highlighted that adequate vitamin D levels may play a role in mitigating the 
negative impact of knee OA on quality of life [41-45].  

 While the animal studies suggest promising results for using vitamin D in OA 
management, further research on human is crucial to establish its efficacy in clinical 
practice. In the animal studies, vitamin D supplementation was shown to increase the 
thickness and improve the structure of articular cartilage [18,19]. These findings 
suggest that vitamin D might have a protective effect in humans as well, but we must 
take into account the fact that animals are kept in controlled environments, which may 
not reflect the variability in human lifestyles, diet and sun exposure, all of these 
influencing vitamin D levels. In clinical studies, vitamin D deficiency was shown to 
negatively impact the thickness of articular cartilage, as measured by musculoskeletal 
ultrasound or by MRI [20-22].  

 Several studies suggested a significant association between low serum of vitamin 
D levels and the prevalence and severity of knee OA [32-34]. This suggests that vitamin 
D deficiency could be a risk factor for degenerative processes of the knee joint, possibly 
by promoting inflammatory pathways [35] and reducing the structural integrity of 
cartilage.    

While many studies show that there is a correlation between vitamin D levels and 
various aspects of knee joint, there are inconsistencies results that could be due to 
differences in study design, population characteristics, baseline vitamin D levels, 
dosage of vitamin D used and the duration of supplementation.  
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Limitations of the current narrative review 

 In this review, we have synthesized the current literature on the link between 
vitamin D and knee OA. However, several limitations should be acknowledged. First, 
the selection of studies was not based on a systematic search strategy. The included 
studies varied in their design, populations studied and methods for assessing 
osteoarthritis outcomes. As this is a narrative review, we did not conduct a quantitative 
data synthesis. These limitations suggest that while the review provides a broad 
overview of the current evidence, more research and future systematic reviews are 
essential to determine the benefits of vitamin D in knee OA.  

5. Conclusions 

In conclusion, the review highlights an association between vitamin D deficiency 
and various adverse outcomes in knee OA, including reduced articular cartilage 
thickness, increased severity and progression of OA, reduced muscle strength, and 
physical function. Despite the overall positive findings, some studies found no 
significant relationship between vitamin D levels and OA outcomes, either 
radiologically or clinically. These inconsistencies could be from various reasons, such 
as study design, population characteristics, or vitamin D assessment methods. Further 
research is essential to confirm these findings and to elucidate the underlying 
mechanisms by which vitamin D influences cartilage health.  
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