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ABSTRACT
BACKGROUND: Osteoarthritis, a painful irreversible disabling 
joint disease, and one that predominantly affects the cartilage tissue 
lining freely moving joints is rapidly increasing in prevalence among 
older populations. 
QUESTIONS: This work aimed to critically explore and document 
all published data in the English language pertaining to the questions 
of: 1) Whether vitamin D is an important correlate to consider in the 

context of future attempts to ameliorate or prevent osteoarthritis; 
and 2) Whether applying vitamin D as a supplement can potentially 
ameliorate the many functional problems and pain associated with 
osteoarthritis in some way, where deficiencies of the product are 
evident. 
METHODS: A comprehensive overview of all relevant English 
language research reports published over the last 50 years and 
located in the major data bases of PUBMED, Scopus, and Web of 
Science, was undertaken. Relevant data sought were those addressing 
the questions above and included basic as well as clinical studies, 
regardless of research design. A narrative depiction of the key 
points that emerged from this diverse body of literature was then 
undertaken, rather than any systematic review. 
RESULTS: Findings showed that regardless of study type, no clear 
conclusion can currently be forged with respect to question one. 
However, sufficient data, coupled with prevailing study flaws, imply 
more research in this realm is warranted. 
CONCLUSION: While no consensus prevails concerning any area 
of the research on this topic, more research to delineate the possible 
protective, reparative or aversive role of vitamin D in mediating 
articular cartilage and overall joint status appears highly desirable 
and will likely prove of immense clinical utility in the future. 

Key words: Articular Cartilage; Disability; Intervention; Osteoar-
thritis; Pain; Vitamin D

© 2018 The Author(s). Published by ACT Publishing Group Ltd. All 
rights reserved. 
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INTRODUCTION
Osteoarthritis, a highly prevalent disabling joint disease affecting 
older as well as younger adults produces incalculable personal and 
social costs, including immense pain, job losses or limitations, and 
a wide array of functional and psychosocial challenges. Strongly 
associated with progressive lesions of the cartilaginous tissue lining 
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freely moving joints such as the knee and hip, as well as varying 
degrees of underlying bone pathology, this irreversible progressively 
disabling condition is often accompanied by various degrees 
of joint inflammation, muscle weakness and obesity along with 
cardiovascular and metabolic health comorbidities. In a search for 
strategies to retard, prevent, or ameliorate one or more features of 
osteoarthritis disability, the role of vitamin D, a key mediator of bone, 
and cartilage metabolism, has recently been discussed as a possible 
highly influential factor[1-6], but with no definitive conclusion being 
reached[7].
    Since no prevailing remedy for alleviating osteoarthritis has 
been proven efficacious for effectively treating or preventing 
this condition, and some research favors a role for vitamin D in 
influencing its pathology, it was felt an effort to re-examine the 
potential role of vitamin D in the context of osteoarthritis might yet 
prove valuable. To this end, this present report focuses on conclusions 
by various research groups concerning vitamin D, an hormonal 
compound of high potential relevance in the context of factors that 
could impact directly or indirectly on the onset and progression of 
osteoarthritis disability[8-17]. 
    While only true experiments can provide definitive evidence of 
a causal relationship between the factors of interest, most current 
meta-analyses of these types of studies offer no clear consensus as 
to whether vitamin D levels are definitively related in some way to 
osteoarthritis and its outcomes. Indeed, while some refute a role for 
vitamin D in the osteoarthritis pain cycle, others suggest vitamin D 
supplementation alleviates individual suffering, whereas vitamin D 
deficiencies correlate with greater impairments in overall life quality, 
pain, and functional disability[16]. 
    To better understand if differences in research approaches, as 
well as flaws in these, are likely to explain the present variations 
as to the extent to which vitamin D is relevant in the osteoarthritis 
disability cycle, this present review examined the degree to which 
there is apparent support for a role for vitamin D in predicting 
or influencing the extent or rate of cartilage synthesis and/or 
degradation as is found in osteoarthritis, either directly or indirectly. 
To avoid overlooking salient facts or evidence provided by research 
approaches, other than randomized trials, this present report 
specifically sought to include, rather than omit cross-sectional 
studies and others as some related research questions are clearly 
better addressed by non-experimental designs or may serve as 
templates for future study. 
    In any event, and to avoid any confusion that might arise from 
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in comparing studies due to terminology differences, this review 
employs the term vitamin D, simply as a generic term to describe 
the active form of the vitamin [1,25(OH)2D3]. In consideration of 
the diverse terms used in the prevailing literature in this respect, 
and a general lack of any discernible standardized or universally 
accepted formulaic approaches in this respect, the levels of vitamin 
D sufficiency or deficiency described in this review follow those 
definitions actually used by the individual authors. 

METHODS
Using the search terms Articular Cartilage and Vitamin D, and 
Osteoarthritis and Vitamin D, accepted sources of information 
included meta-analyses, basic, cross-sectional and prospective 
studies. Databases consulted were PUBMED, Scopus, and the 
Web of Science consolidated data base. To establish the nature of 
any ongoing clinical research projects in this area, current listings 
of clinical trials in progress were sought from the United States 
ClinicalTrials.gov website.
    To ensure a comprehensive report, a very careful search and 
selection process was undertaken, articles selected were read several 
times, and then carefully categorized into basic versus clinical study 
categories. These data were documented in a narrative format, 
rather than by applying any systematic approach, since the literature 
uncovered was extremely broad and highly heterogeneous and 
challenging to effectively aggregate. Readers are referred elsewhere 
for recent systematic reviews on this topic, however[7].
    In this respect and as of January 6, 2018, we found PUBMED 
to house 86 articles dating back to 1963 when applying the terms 
Articular Cartilage and Vitamin D, with 21 being published in the 
last 5 years. Scopus had 135 articles; 27 in the last 5 years and Web 
of Science 214 since 1959. Using the key words Osteoarthritis and 
Vitamin D yielded 345 articles in PUBMED, 153 in last 5 years. 
There were 869 articles in Scopus using these key words; 278 in 
last 5 years. In the Web of Science cumulative data base there were 
920 articles, although many were not relevant. To ascertain trends in 
joints studied over time separate searches were made for joints most 
affected by osteoarthritis.
    After reviewing the possible review material, all data that did not 
address the current review themes in some way were excluded. All 
forms of osteoarthritis were examined collectively given the limited 
data on forms other than the hip and knee joints. Only English based 
articles were deemed acceptable. 

Table 1 Chief features of the various in vitro studies that have attempted to examine vitamin D attributes in the context of osteoarthritis pathology.

Substrate Model Finding

Boyan et al[31] Rat ligament transaction model Protects against OA

Cantona et al[32] Murine + collagen-induced model Prevents progression OA

Castillo et al[28] Rat model Protects against early OA

Chen et al[18] Rat chondrosarcoma chondrocytes Might foster cartilage erosion

Hansen et al[19] Human OA related chondrocytes Yields negative results

Hirota et al[33] Mouse model Influences cartilage formation

Huhtakangas et al[20] OA synovial stromal cells Reduces inflammation 

Li et al[26] Ovariectomized rats Has protective effects

Pascual-Garrido et al[27] Rat model Deficiency has negative effect

Rai et al[29] Swine OA model Attenuates inflammation

Shen et al[25] Murine TMJ model Prevents OA regression

Yamamura et al[34] Murine knee OA model Reduces articular degenertion early on

OA = osteoarthritis.
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RESULTS
Laboratory based studies
Among the diverse strategies employed in the laboratory to examine 
the nature of any possible clinically important association between 
vitamin D and osteoarthritis pathology are cell culture studies, as well 
as explants or various simulations of the osteoarthritis process. As 
outlined in Table 1, which provides but a very brief synopsis of the 
substrate studied and the conclusions reached by the study group, as 
arranged alphabetically, rather than in any hierarchy, it can be seen 
that most found some type of association between the presence or 
absence of optimal vitamin D levels and one or more osteoarthritis 
correlates that could prove of potential clinical import, with the 
exception of Chen et al[18]. Contrary to the findings of most other 
groups, this research group observed that the presence of vitamin D 
stimulated metalloproteinase 3 expression-a pro inflammatory agent- 
in a dose and time dependent manner. It also inhibited type II collagen 
and aggrecan expression, findings that would be contrary to the idea 
that vitamin D supplementation may be beneficial in some way in 
averting or minimizing osteoarthritis degenerative processes. Indeed, 
both the specific form of enzymatic expression, and the decrease in 
aggrecan expression that was observed would be extremely harmful 
to the integrity of articular cartilage, the tissue of most concern in 
osteoarthritis. Hence, contrary to having a favorable therapeutic 
impact, this research implied vitamin D might activate the expression 
of harmful chondrocyte products, rather than any beneficial response, 
a speculation raised by both Chen et al[18] and Hansen et al[19]. 
However, the substrates examined by Chen et al[18] and Hansen et 
al[19], namely, potentially ‘healthy’ dedifferentiated human cartilage 
cells from osteoarthritis cases may not have emulated the in situ 
responses of actual intact osteoarthritic chondrocytes relative to 
vitamin D applications at all adequately. Even if they did, the non 
physiological vitamin D concentrations and unnatural experimental 
situations may have produced or induced the observed destructive 
quality of the vitamin D in the context of the cartilage cells and tissue 
examined, but this was not discussed to any degree.
    These aforementioned results were also diametrically at odds with 
those of others, such as Huhtakangas et al[20] who found 24-48 hour 
cartilage exposures to vitamin D reduced cytokine production and 
synovial cell proliferation significantly. Early work by Corvol[21] in 
the rabbit chondrocyte along with that by Schwartz[22] also found 
vitamin D [24, 25-(OH)2D3] to stimulate proteoglycan synthesis in 
“mature” chondrocytes, while the 1, 25-(OH)2D3 form of vitamin 
D increased chondrocyte DNA polymerase activities during the 
logarithmic division phase.
    As well, Dean et al[23] found that neutral metalloproteinase and 
plasminogen activator activity in cartilage matrix vesicles tended to 
be regulated by vitamin D metabolites in a cell maturation-specific 
manner. Similarly, Malas et al[24] found metalloproteinases, which 
degrade cartilage proteoglycans could be influenced favorably by the 
presence of ‘sufficient levels’ of vitamin D, whereas ‘low vitamin D 
levels’ were likely to increase their deleterious activity.
     In another line of in vitro research, Shen et al[25] who examined 
the role of vitamin D deficiency in the context of temporomandibular 
osteoarthritis using a mouse model, was able to show significantly 
reduced levels of bone mineral density and subchondral bone volume 
in the context of any deficiency of this vitamin in the mandibular 
condyles, often affected by osteoarthritis. In addition, the joint 
surfaces were found to have collapsed, and the vitamin D deficient 
mice displayed an erosive type of osteoarthritis with increased DNA 
damage, cellular senescence, and associated inflammatory cytokines, 

Osteoarthritis Pain and Joint Structural Damage/Risk of Fracture/Falls

Vitamin D 
Deficiency/
Insufficiency

Decreased Outdoor Mobility

*Articular Cartilage Changes
*Cellular senescence [25]
*DNA damage [25]
*Chronic inflammation [14]

Balance impairments [17]; Pain [76]; Sensory Dysfunction
Bone Volume Loss, Osteoporosis, Deficient Bone Mass/Bone Mineral 

Density [4] +
Suboptimal Muscle Function [69, 80], Muscle Mass Loss [81]
Cardiovascular comorbidities [80]; Obesity; Bone Marrow + 

Intramuscular Adipose Tissue

Figure 1 Hypothethetical link between the impact of vitamin D deficiency/
insufficiency and osteoarthritis showing that there are many pathways 
involved in vitamin D mediated functions that can directly or indirectly 
impact articular cartilage and the overall disease process. Accordingly, 
interventions focusing on vitamin D sufficiency may be necessary for 
optimal prevention and treatment of osteoarthritis.

Table 3 Summary of a PUBMED search conducted January, 2018 showing 
many articles on the topic of vitamin D and osteoarthritis [OA] are 
older than 5 years and that only the knee joint is being studied with any 
intensity. Data below stem from animal models, cell culture studies, and 
various controlled and uncontrolled clinical studies, and surgical studies. 

Key words Number reports 
since 1980 Past 5 yrs

Knee OA + Vitamin D 138 88

Hip OA + Vitamin D 77 20

Spinal OA + Vitamin D 40 11

Lumbar OA + Vitamin D 36 11

Cervical OA + Vitamin D 27 9

Hand OA + Vitamin D 20 8

TMJ OA + Vitamin D   3 1

Shoulder OA + Vitamin D 2 1

Elbow OA + Vitamin D 0

Wrist OA + Vitamin D 1

Thumb OA + Vitamin D 0

Metacarpal/tarsal OA + Vitamin D 

Total of all publications 394 149

and gradual cartilage thinning. In time, these researchers also found 
a decrease in cartilage matrix abundance and eventual erosion of the 
mandibular condyles, implying a vitamin D deficiency can induce the 
onset of an erosive type of osteoarthritis in the context of the mouse 
temporomandibular joint. 
    This result was consistent with that of Li et al[26] who used a rat 
model of osteoarthritis to show that a vitamin D deficient diet could 
aggravate cartilage erosion, while vitamin D supplementation, in 
contrast, could yield a protective effect against cartilage erosion. This 
was a well-designed study with seven comparative groups including 
a sham group comparison, suggesting the findings were reasonably 
robust.
    Another study employing the rat model[27] similarly concluded ‘low 
vitamin D levels’ could produce detrimental changes in the structure 
of articular cartilage. In partial support of this aforementioned finding, 
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Castillo et al[28] who also employed a rat model of osteoarthritis, 
found vitamin D supplementation to initially have a protective effect 
against the disease. Although this effect failed to occur at the later 
disease stages, the application of intra-articular vitamin D injections 
yielded less articular cartilage damage and levels of inflammatory 
mediators for up to 28 days after the articular cartilage damage cycle 
was initiated. 
    Vitamin D supplementation also impacted favorably on cartilage 
loss in the knees of hyperlipidemic microswine, in those microswine 
deemed vitamin D-sufficient or deficient. The vitamin D deficient 
sub-group also developed more adipose cells and their rate of 
proteoglycan expression decreased to a greater degree than the 
vitamin D sufficient group[29]. In addition, adding vitamin D to other 
compounds, has been shown to have significant protective properties 
in the context of joint and bone lesions and related alterations in the 
ovariectomised rat model of osteoarthritis. 
    In sum, among the small array of diverse studies examining the 
association between vitamin D and articular cartilage in various 
target models or tissue derivatives of osteoarthritis, most imply 
some dose-response relationship exists between vitamin D and 
cartilage integrity. The direction or magnitude of this effect is not 
consistent though, and while vitamin D may be deemed beneficial 
in some instances, in others it may prove more deleterious than 
not and facilitate cartilage erosion[28]. With no definitive model, or 
study approach, the observed outcomes may depend on the substrate 
employed, the degree of cell dysfunction present, the measurement 
approaches employed, and durations of exposure among other 
factors. Animal models of osteoarthritis may also lack validity if 
they do not emulate the clinical condition, for example, if muscle 
quality is normal, obesity is not evident, and competing issues such 
as comorbid conditions are not apparent. However, if we believe 
medical science works best from the lab to the bedside, the available 
data are still intriguing (Table 1).

Clinical studies
As with the aforementioned preclinical studies that have examined 
vitamin D in the context of osteoarthritis, a fair array of quite diverse 
clinical approaches prevail. However, unlike the prevailing laboratory 
studies, a cursory examination of those representative clinical studies 
depicted in Table 2 shows an array of non uniform approaches, as 
well as inconsistent conclusions and findings.
    For example, while some analyses imply supplementary vitamin 
D is ineffective for treating osteoarthritis[35], and that vitamin D 
supplementation does not slow the rate of joint space narrowing or 
reduce pain, stiffness, or functional losses[36], and can increase the 
risk of hip arthroplasty[37], or heighten pain[38], others imply a high 
percentage of patients with hip or knee osteoarthritis are likely to be 
vitamin D deficient[39], even if they live in sunny climates[40]. Others 
report adverse associations between vitamin D deficiencies and 
femoral cartilage thickness[24], serum leptin levels-a possible market 
of osteoarthritis pathology[41], the risk for osteoarthritis progression[42], 
osteoarthritis disability, and pain[38,43], even though others have failed 
to support a link between vitamin D and the disease progression[44,45].   
    However, as per findings of Wang et al[46], and consistent with 
some laboratory findings, vitamin D can significantly allay the 
progression of joint swelling in cases with knee osteoarthritis if given 
in the form of monthly exposures of 50,000 IU. In contrast, men with 
hip osteoarthritis are more likely than not to be vitamin D deficient[47], 
and those with insufficient vitamin D levels[5], may suffer increased 
rates of disease progression[48]. 
    As well, Lane et al[49] confirmed that low levels of vitamin D 

may provoke incident changes of radiographic hip osteoarthritis 
as characterized by joint space narrowing, as did Bergink[50]. 
Importantly, even though association does not prove causation, 
McAlindon et al[43] found low serum vitamin D levels also predicted 
the extent of any cartilage loss, as assessed by the magnitude of 
prevailing joint space narrowing and osteophyte growth. 
    Ding et al[51] likewise found sunlight exposure and baseline 
serum vitamin D and the extent of knee cartilage loss as assessed 
by radiograph or magnetic resonance imaging to be associated. In 
particular, using a broad range of vitamin D levels, rather than any 
predefined cut-off points, they were able to conclude that achieving 
vitamin D sufficiency may prevent and/or retard cartilage loss in 
knee osteoarthritis. However, while this conclusion was recently 
supported by Chaghanti et al[47], Yoshimura et al[52] observed no 
clinically relevant linkage between vitamin D levels and those knee 
osteoarthritis variables they assessed. 
    Moreover, adding to the list of competing conclusions are 
those of Grazio et al[53] who compared vitamin D serum levels 
among differing rheumatic disease patients, and found an apparent 
association between having higher levels of vitamin D and their 
measures of disease activity and function. As well, Zheng et al[54] 
found the maintenance of vitamin D sufficiency correlated with 
improved structural and symptomatic knee osteoarthritis outcomes, 
even though vitamin D levels when measured did not correlate with 
radiographic measures[49], nor disease activity, regardless of summer 
or winter seasons[55].
    Manoy et al[56] on the other hand found vitamin D supplementation 
of 40,000 IU per week for six months decreased pain, and improved 
physical performance and life quality among osteoarthritis cases. In 
addition, a fairly strong evidence base exists to support a number 
of different mechanisms whereby osteoarthritis and deficient 
vitamin D levels are linked[57] such as bone mineralization and 
cell differentiation, pain sensitization[14], muscle strength[5,58], 
inflammation[46,59], and outcomes after joint replacement surgery[60]. 
Vitamin D is also likely to: enhance falls prevention efforts[61], 
reduce the risk of depression[62] and balance problems that can lead 
to physical activity declines and an increased risk of joint attrition 
(Figure 1). In addition, Lazlett et al[63] concluded that the presence of 
a moderate vitamin D deficiency can independently predict incident, 
or worsening knee pain over a five year period and, possibly, hip 
pain over a two and a quarter year period, even though Felson et al[64] 
observed no major impact of vitamin D deficiency over time, among 
osteoarthritis cases.
    This finding of Felson et al[64] failed to concur with observations 
of Bassiouni et al[65] in a prospective study of cases with knee 
osteoarthritis, and Alkan and Gokhan[67] who conducted a 
comparative study of knee osteoarthritis cases with and without 
vitamin D deficiency, however. In the study by Bassiouni et al[65] a 
vitamin D deficiency was associated with meniscal deterioration, 
and in the study by Alkan and Gokhan[67], those with vitamin D 
deficiencies had more pain and dysfunction than those with sufficient 
levels. This finding by Felson et al[64] also failed to concur with that 
of Abu El Maaty et al[6], who concluded vitamin D increases nitric 
oxide production and inducible nitric oxide synthase expression in 
osteoarthritic chondrocytes, possibly leading to a protective effect. 
Indeed, despite possible research shortcomings, Heidari et al[5] found 
that ‘correcting’ a vitamin D deficiency over a two month period 
yielded a highly beneficial effect on knee strength and pain in patients 
with knee osteoarthritis. 
    In sum, while several researchers imply there is no added value 
to recommending vitamin D supplementation in the context of 
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A B
osteoarthritis pathology if vitamin D levels are deficient, and that 
such an approach may even do more harm than good, this conclusion 
is not universal. On average, however, even if this is only due to 
publication bias, the number of important clinically relevant findings 
that do exist tend to outweigh the negative or null results that prevail. 
In addition, unlike many areas of osteoarthritis intervention research, 
a fairly strong rationale and body of evidence prevails to support 
hypothesizing a contributory, moderating or mediating association 
between vitamin D and osteoarthritis joint damage. Indeed, even 
though very few joints have been studied as a whole, this linkage 
between vitamin D and some aspect of the osteoarthritis pain cycle 
is hard to refute based on preclinical studies reported in Table 1, 
along with the observation of a small number of potentially valuable 
clinically relevant outcomes shown in Table 2.
    However, results may well vary across studies since their durations, 
age cut-off or inclusion points, sample inclusion criteria, and type 
and extent of disease entity are often quite disparate. In particular, 
what constitutes optimal versus insufficient serum levels of vitamin 
D is not uniform, nor standardized, with some believing 600 IU of 
vitamin D per day is too low, while others feel a ‘safe’ daily vitamin 
D dose is 4000IU[11]. Similarly, the additional categorical definitions 
of deficient versus sufficient serum vitamin D levels are clearly not 
governed in this present body of research by any universal or agreed 
upon standard. For example, serum vitamin D ‘deficiencies’ have 
been conceptualized as present if serum levels are found to be ≤20 
ng/ml[5,48], ≤10 ng/ml[24,65], ≤40 nmol/l[66], or ≤15 ng/mL[47]. Adding 
further confusion to this topic is the fact that ‘sufficient’ levels of 
circulating vitamin D have been categorized as ranging from 20 ng/
mL[24,36,65], to 30 ng/mL[40,48], and even 40 nmol/L[66]. 
    In addition to the above factors that may confound the development 
of a consensus regarding vitamin D and osteoarthritis, the methods of 
assessing serum vitamin D may vary, with one measure being more 
sensitive than another, the nomenclature used for describing vitamin 
D may similarly vary, as may the extent of any dietary or vitamin D 
supplementation intake along with sunlight exposure. Numbers of 
applied vitamin D units in supplementation studies, plus the duration 
and frequency of application, may also vary. 
    Finally, no presently reviewed report examined whether any 
osteoarthritis case in any clinical study was possibly exposed 
to hypervitaminosis, and other potentially confounding clinical 
correlates of osteoarthritis, such as age, gender, ethnicity, body mass, 
comorbid health conditions, and inflammation, among other factors 
were not well documented, categorized, or considered of import in 
most studies.
    Other issues tending to preclude consensus on this present topic 
of interest are: (1) Discrepant and/or seemingly arbitrary chosen 
assessment periods in prospective studies; (2) Failure to control for 
presence, number, and type of chronic conditions; (3) Unknown 
medication usage rates, and types of medication usage; (4) Numbers 
and types of affected osteoarthritic joints; (5) Extent of and type 
of any co-interventions; (6) Disparate and/or insensitive outcome 
assessment measures; (7) Limited attempts to assess biomechanical 
disease correlates objectively. 
    In addition, very few studies sought to examine the presence 
or change in any associated joint inflammation or effusion, 
the prevailing sleep quality of the individual, the extent of any 
centralized pain, depression, muscle or balance problems, or obesity, 
and falls history as possible explanatory correlates of the observed 
study outcomes. 
    In sum, and in accord with Sowers and Lachance [57], the 
aforementioned studies, while not all in concordance, implicate four 

possible pathways of influence on osteoarthritis pathology, including: 
(1) modulation of pain and inflammation; (2) favorable cartilage 
impacts; (3) positive impacts on bone and muscle; (4) and the 
immune system[68].
    Conversely, deficient or insufficient vitamin D levels can be 
hypothesized to have widespread negative joint and general health 
implications as per Figure 1.
    Other possible linkages may not have been studied or validated 
because reports on various forms of osteoarthritis and vitamin D as 
listed below are very limited in number and scope (Table 3).

DISCUSSION
Osteoarthritis, the most prevalent form of arthritis remains a major 
progressive disabler of older adults. A disease with no known 
cure, it has been proposed that the properties of vitamin D, in 
the form of vitamin D3, a fat-soluble steroid hormone involved 
in fostering multiple functions related to the musculoskeletal 
system might be harnessed to ameliorate some of this pathology. 
Conversely, insufficient levels of vitamin D may raise the risk for 
perpetuating or causing osteoarthritis due it its well known impact 
on bone structure and function. However, this hypothesis has been 
repeatedly disputed[83,84], notwithstanding a reasonably strong set of 
preclinical evidence as well as clinical evidence that vitamin D may 
be implicated in some way in the osteoarthritis pain cycle, and the 
finding that older cases with knee osteoarthritis are more likely to 
report problems with mobility, self-care, and usual activities if they 
are vitamin D deficient[85]. But what accounts for this discrepancy? 
What benefits can be re-examined? What should researchers consider 
in the future in this sphere?
    First, to account for the discordant observations that prevail, careful 
analysis shows many possible explanatory factors prevail. These 
include but are not limited to: the study design, the limited samples 
studied, undocumented comorbid disease-associated features, 
somewhat arbitrary assessment points and follow-up periods, and 
the much neglected issue of co-interventions. Other potentially 
confounding factors when trying to aggregate the prevailing data 
are the oftentimes differing vitamin D terminologies, measurement 
approaches, modes and duration of exposure, and assumptions 
supplementation is optimal and safe in intervention studies. Failure 
to account for history, maturation, or cross-contamination effects 
are additional challenges. Moreover, limited attention to age, gender 
and ethnicity mediating or moderating effects within and across 
most clinical studies further confounds the acquisition of any robust 
independent set of conclusions or unity among the current body of 
prevailing research. 
    As well, no study to date truly took into account that the lifetime 
of vitamin D is probably between 2-5 hours, such that if it is 
used as a therapeutic agent, it may be better to administer this 
frequently in small doses, rather than mega doses. Whether optimal 
supplementation was achieved in related studies shown in Table 
2 cannot be verified because vitamin D outcomes may depend on 
many factors such as how and when vitamin D is administered[86], 
and assessed[88], the extent of muscle atrophy that prevails[89], blood 
calcium levels[86], plus the activity and health status of the sample 
studied, especially the presence of any gastro-intestinal or renal 
disorder, and whether these variables are measured or not. 
    Small, possibly underpowered studies, supplementation studies 
with final comparable vitamin D levels across groups[34], semi-
quantitative MRI scaling, large sample losses in follow-up study[64], 
assumptions that 20ng/ml vitamin D are non-deficient levels of the 



vitamin[64] are further possible confounders.
    Unknown or inaccurate assumptions about vitamin D 
supplementation adherence rates, unknown dietary and sunlight 
derived vitamin D exposure rates in supplementation studies, 
assumptions there is no change in an individual’s health regimen 
or status, along with differing definitions of vitamin D sufficiency 
versus deficiency, and seasonal fluctuations in vitamin D serum 
levels[89] must also surely be considered as additional possibly 
confounding study variables. Moreover, rather than a lack of efficacy, 
or any seemingly relevant association between vitamin D serum 
levels and the prevailing degree of osteoarthritis pathology in some 
studies, findings may reflect suboptimal or harmful supplementation 
approaches, vitamin D fluctuations due to poor patient adherence, 
as well as differences in joint and mobility, alterations in health and 
mental health status[90]. 
    In light of the importance of averting a type II error and 
discarding a possibly useful clinical idea that might ameliorate 
some of the osteoarthritis burden, it appears concerted efforts to 
conduct rigorously controlled studies that employ comparable and 
agreed upon vitamin D criteria, supplementation and measurement 
approaches, studies of comparable duration, follow-up schedules, and 
outcome approaches are highly desirable. Examining the reasons for 
the disconnect between results of negative studies and those studies 
that show vitamin D is able to favorably influence bone and muscle 
health[80], attenuate oxidative stress in paraspinal muscles in low back 
pain patients[91], improve or impact favorably on articular cartilage 
status[31,54] and gait parameters post-hip surgery[92], among other 
benefits, is also surely indicated. 
    As well, to minimize confusion, research to rule out other 
explanations for positive and negative findings may help to answer 
the question of whether vitamin D can be optimally harnessed to 
positively affect osteoarthritis pain[76] and surgery outcomes[60], while 
reducing the onset of an erosive form of osteoarthritis[25]. Since more 
careful study of the association between structures implicated in 
osteoarthritis, such as muscle and bone, and inflammatory processes, 
and vitamin D deficiency[29], or effective supplementation[26], may 
prove especially insightful, planning to pursue these lines of research 
should also receive due consideration. As outlined by Diao et al[43], at 
the very least, “longer-term clinical trials with rigorous measurement 
of symptom and radiologic changes are required to further clarify the 
effect of vitamin D supplementation in patients with symptomatic 
knee OA and low serum 25(OH)D levels” (p. 1312).
    However, the will of researchers to pursue this line of inquiry is 
very imperative because despite the immense economic and social 
importance of this topic, resolution of most of the confounding 
factors discussed in the aforementioned issues, does not seem to be 
occurring to any concerted degree, other than possibly with respect 
to knee osteoarthritis. Indeed, if the United States ClinicalTrials.gov 
data base is carefully examined, it seems that much needed research 
is not being proposed or funded or both. As of December 2017, this 
website showed only two active vitamin D related trials, but these 
are not osteoarthritis specific, and one that has not yet commenced 
recruitment, is about nutrition, in general, rather than the role of 
vitamin D in the osteoarthritis pathological cycle. Another to be 
completed in 2018 does not test vitamin D efficacy, but gives both 
study arm members 1000 IU units per day vitamin D supply for 
the two year intervention duration, while another gives both arms 
calcium/vitamin D supplementation, even though this has been 
disputed as efficacious. 
    This limited number of questionable approaches is not consistent 
with the possible potential of vitamin D as a therapeutic analog or as a 

disease precursor, and an osteoarthritis disease correlate. In particular, 
even if diseased cartilage is not always directly responsive to vitamin 
D supplementation, it is possible that its thoughtful application may 
yet impact specific osteoarthritis correlates such as inflammation, 
pain, excess dysfunction and low life quality, regardless of disease 
stage and site. Alternately, identifying the presence of vitamin D 
deficiencies and rectifying these across the lifespan earlier rather 
than later, may yet prove to be a highly efficacious cost-effective 
form of minimizing excess joint disability in later life. By contrast, 
a failure to act in a timely way may exacerbate the development of 
osteoarthritis, along with the patient’s pain experience and degree 
of dysfunction[67], rate and degree of cartilage erosion[35], excess 
bone loss and muscle weakness, bone fracture risk, and ability to 
remain independent and socially connected, as may excess delivery 
of vitamin D supplementation-a little studied topic, albeit a highly 
important one. 
    In the meantime, areas of great promise do exist[93], studies on 
animal models are largely supportive of a vitamin D-osteoarthritis 
linkage, as are more rather than less observational and prospective 
clinical studies, hence rather than discounting the importance of past 
efforts, as proposed by Cianforroti et al[94], examining the impact and 
role of vitamin D in the context of this intractable widespread highly 
disabling human condition of osteoarthritis appears highly desirable 
and should continue. In particular, it is especially important to stress 
this given that despite concerted efforts for several decades to reduce 
the osteoarthritis burden, no true progress in more than 30 years or 
more can be detected except for the realm of surgical replacements[95]. 
Emerging evidence in this realm however, surely shows that patients 
undergoing joint revision surgery for end-stage osteoarthritis who 
have low vitamin D levels at that time are more likely to experience 
90-day complications as well as periprosthetic joint infections after 
surgery than those with adequate levels[60,78], and this finding may be 
more universal, rather than isolated, as it may affect up to 84% of 
surgical cases[26]. 
    Accordingly, Traven et al[78] specifically recommended that 
preoperative vitamin D levels be considered a modifiable risk 
factor for complications following revision arthroplasty as have 
others[60,73,92], suggesting even in later disease phases a role for 
vitamin D should not be overlooked.	
    As well, Rai et al[29] intimated that either directly, or indirectly 
through its influence on muscle and bone, other body systems, 
inflammation and obesity[11] the presence of ‘sufficient’ vitamin D 
serum levels may help reduce the chances of excess suffering and 
joint dysfunction in cases of osteoarthritis, regardless of disease 
stage[97]. Indeed, early and timely administration of vitamin D 
supplements in those with deficiencies, along with ensuring vitamin 
D levels are optimal among young adults during their annual check-
ups alone may yet prove extremely valuable in later years, even if 
this has not truly been examined. Moreover, ensuring vitamin D 
levels are adequate, but not excessive, may be the key to helping 
to prevent the spread of osteoarthritis from one joint to the next, 
even in cases where only a single joint is affected. In addition to 
muscle related benefits[5,20], vitamin D may help prevent the onset of 
osteoporosis[98] that can precede, magnify, or accompany articular 
cartilage degeneration. Even if the rate of disease progression 
remains static in the face of vitamin D supplementation, conceivably 
this alone could be deemed to be a positive result in the context of 
this progressive degenerative disease. In addition to reducing pain 
sensitivity[5], enhancing life quality[48], and mobility, vitamin D may 
be key to reducing the risk of obesity, a common determinant or 
outcome of osteoarthritis[96]. 
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    Other benefits may include a lower falls prevalence rate that can 
lead to secondary osteoarthritis, and bone fractures, along with a 
lower likelihood of ensuing outdoor activity and sunlight exposure. It 
is also possible too that further research will reveal that osteoarthritis 
exacerbates the availability of vitamin D due to its impact on weight 
gain and subsequent obesity where fat cells are found to attract 
vitamin D, thus reducing its availability in the serum[29]. Obesity, 
plus associated low levels of vitamin D, may in turn, promote, 
rather than inhibit inflammation, pain, and muscle weakness, thus 
producing more unwarranted and extensive progression of any 
prevailing cartilage and bone damage[11]. For similar reasons, it may 
be shown that adults with osteoarthritis who live in climates that are 
quite sunny, may still be vitamin D deficient in the event their pain 
and disability renders them sedentary and home bound. Low levels 
of vitamin D are also linked to cardiovascular related syndromes, 
that can further preclude outdoor activities for protracted periods, 
and muscle weakness, which may limit mobility, thus reducing the 
circulation of vitamin D within the body. Those who are advised to 
use sunscreen, or wear braces, or splints, or use wheelchair devices, 
or protective clothing might also be subject to lower than desirable 
vitamin D sunlight exposure[16], and its potential for adverse muscle 
and bone health consequences. 
    Consequently, even if vitamin D has no direct role in producing 
osteoarthritis, and cannot alter the radiographic structure of an 
osteoarthritic joint readily, suboptimal serum levels of vitamin D may 
still be instrumental in increasing the magnitude of the disability, 
including the intensity of knee and hip pain[27], and the negative 
effects of mechanically loading the diseased joint[96]. Conversely, 
even if vitamin D measures take time, and are not favored by all, 
more specific attention by practitioners to routinely assess their 
patient’s prevailing serum vitamin D status is expected to be more 
helpful than not in efforts to attenuate a measurable degree of their 
musculoskeletal disability[99], and possibly even to their reduced 
consumption of analgesics as proposed by Anthony and Ding[100]. 
In particular, older persons with comorbid conditions that involve 
the kidneys, liver, skin, and gastrointestinal pathways who may 
be at higher risk than younger persons with no similar comorbid 
conditions, and unresponsive to recommended levels of oral vitamin 
D or sunlight exposure might be preferentially targeted. In addition, 
inquiring whether they are likely to be exposed to sunlight or not, 
whether they are able to obtain vitamin D food related levels of 
the vitamin, and efforts to stress the importance of consistent daily 
exposure or optimal vitamin D supplementation will also be more 
helpful than not in all likelihood, as may the delivery of optimal 
methods of vitamin D supplementation, and periodic serum vitamin 
D level assessments. 
    In the meantime, acknowledging the existence of many possible 
confounding factors in the current body of clinical research, such 
as the extent of outdoor activity and general nature of a patient’s 
overall daily physical activities, climate and seasonal issues, 
nutritional practices, overlapping supplementation intake from 
multivitamins, sunscreen usage, comorbid conditions that affect 
vitamin D efficacy, or are impacted as a consequence of vitamin D 
deficiency is paramount in efforts to ascertain the facts pertaining to 
this current topic in our view.. At the same time, special attention to 
the extent of any prevailing biomechanical derangement, injurious 
work related activities and others, along with other factors that 
may obviate positive responses in prospective supplementation and 
other related studies, such as intractable pain, should be considered 
carefully noted. As well, careful efforts to monitor adherence to 
intervention regimens, and the deployment of high performance 

liquid chromatography assays as the gold standard, is also arguably 
of high importance in efforts to solidify this body of knowledge. 
	

CONCLUSION
A hypothesized role for vitamin D, while theoretically plausible 
and supported by preclinical and other studies in the context of the 
osteoarthritis process remains non-conclusive at best, despite quite a 
number of research efforts extending over three decades. 
    However, due to multiple methodological issues, design and 
interpretation limitations, attempts to aggregate the available data 
base have produced conflicting conclusions. 
    To establish the facts concerning this topic, which shows fair 
promise as an important correlate in ameliorating and understanding 
selected aspects of the disease process, carefully controlled 
longitudinal studies with agreed upon criteria for what constitutes 
vitamin D sufficiency or insufficiency, plus careful efforts to monitor 
vitamin D intake or vicarious exposure over time, and adequate 
samples with varying degrees of pathology and affected joint sites 
and prevalence of vitamin D deficiencies appear warranted.
    As well, the use of validated markers of cartilage pathology, 
biomechanical measures, as well as functional status applied at 
regular intervals may help to examine important related-yet often 
overlooked factors- of muscle strength and structure, balance 
capacity, functional gait attributes, and whether correcting ‘deficient’ 
vitamin D levels yields changes in one or more of these osteoarthritis 
correlates. What modes of delivery are most likely to yield 
adequate vitamin D levels, and how often these should be applied 
clearly also warrants attention, as does some concerted universal 
consensus across or within countries, and Health Agencies, along 
with agreement on what constitutes the best method of measuring 
vitamin D intake and presence and desired retesting duration[28]. In 
addition, comorbid conditions that might affect vitamin D absorption, 
and changes to or reduced function of the vitamin D receptors that 
regulate vitamin D uptake and signaling should be acknowledged in 
any future exploration as noted by Brennan-Speranza et al[101]. 	
    Deleterious or null outcomes of intervention studies and 
their causes should be carefully examined as well, and counter-
hypotheses generated and tested, especially in studies where very 
high supplementary vitamin D doses are administered on a single 
occasion. Determining how long it would take to impact any aspect 
of osteoarthritis pathology, and applying different supplementary 
doses, over varying time periods, followed by salient outcome tests 
may be especially helpful as well.
    In the interim, notwithstanding the highly commendable recent 
attempts to examine vitamin D as a correlate of osteoarthritis, as 
articulated by Mabey and Honsawek[102] and Cao et al[103] conducting 
further research mindful of the limitations of individual studies and 
meta-analyses[104] can potentially help to establish if vitamin D status 
is a clinically relevant correlate or mediating factor of osteoarthritis 
outcomes or not. Moreover, since only the knee joint has been studied 
to any degree, the question of how vitamin D interacts with other 
forms of osteoarthritis, requires study to eliminate misconceptions 
that could be costly eg benefits are overlooked, or harm is caused 
inadvertently. Crafting more comparable adequately powered 
research studies across different laboratories and settings, especially 
the community setting, may greatly help to uncover important 
clinically relevant intervention and prevention implications. In 
addition, more basic research that examines the impact of vitamin D 
on osteoarthritis joint structures other than articular cartilage, along 
with trials that examine varying degrees of structural integrity and 



how the degree of pathology influences the findings, may help clarify 
the importance of vitamin D across the various stages of the highly 
debilitating osteoarthritis pain and disability cycle, or explain the 
reasons for failure as well as successes in supplementation studies. 
In closing the words of Vaishya et al[105] resonate with the findings 
of this report and are highly relevant in the present context where 
similarly we believe “it would not be wrong to label vitamin D 
as one of the most important vitamin involved in the metabolism 
of the musculoskeletal system and any clinician, especially the 
orthopaedician, should be well versed with its overall mechanism and 
roles in the human body [especially in efforts to understand cartilage 
and joint biology in health and disease]”[105, p.173], and the limitations 
in the literature should be highlighted rather than unsubstantiated 
conclusions as discussed very eloquently by George[106] and Hussein 
et al[107]. 
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