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Objectives: Vitamin D has been believed to have a bearing in the pathogenesis of knee osteoarthritis (OA).
This study was done to search the literature and review the correlation between vitamin D levels in knee
OA in the adult population and the outcome of vitamin D supplementation in knee OA.
Methods: An exhaustive search of Pub Med and Cochrane library database was done with keywords
vitamin D, knee and osteoarthritis for a period from Jan 2005 to December 2015. All Randomized Control
Trials (RCT), Cohort, Case-control, cross-sectional studies were included in the present systematic review.
Results: The search resulted in a total of 86 studies; out of which 11 studies were included in the current
review. There were two Randomized Control Trial (RCT), one case-control, four cross-sectional and four
cohort studies. These studies comprised of a total of 5137 participants (ranging from 46 to 1248) Our
results suggested there was a moderate evidence of positive association in vitamin D deficiency (VDD)
and progression of radiographic OA (ROA), as assessed by Kellgren and Lawrence (KL) grading. However,
VDD was not associated with the incidence of ROA and MRI-detected change in focal cartilage defect.
However, this study has a limited evidence for a positive correlation in VDD and the cartilage volume loss.
There was also limited evidence showing no role of vitamin D therapy in reducing cartilage volume loss
and knee pain in Knee OA.
Conclusion: The VDD is common and has been associated with knee OA, in an adult population. However,
there is still inconsistent evidence regarding the prevention of incidence and progression of ROA after
vitamin D therapy. There is a need for multicentric and well-conducted randomized studies with larger
samples to conclude the positive effect of Vitamin D therapy.
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1. Introduction

Osteoarthritis (OA) is one of the major contributing factors for
joint pain and impaired mobility, worldwide.! Obesity and aging
population have raised the number of patients with symptomatic
OA.? Knee OA was graded as the 11th highest cause of global
disability. The global age- standardized prevalence of knee OA was
3.8% with no change from 1990 to 2010.2 In the USA, the prevalence
of OA is 13.5% of adults aged 25 yrs and 33.6% for 65yrs of age and
older in 2005.? Vitamin D deficiency (VDD) is highly prevalent, and
the over a billion people worldwide are vitamin D deficient or
insufficient.” Vitamin D reserve in the body decrease with the
aging process and hence elderly women are more susceptible to
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subclinical VDD.® The incidence of VDD in developing country is
rising dramatically and therefore, VDD has gained increasing
interest from the physicians.”

Receptors of Vitamin D have been demonstrated in the human
chondrocytes. Through these receptors, vitamin D may regulate
matrix metalloproteinase and prostaglandin E2 production.®
Vitamin D has been shown to have a direct impact on cartilage
via vitamin D receptors by metabolic transformation, which
stimulates proteoglycan synthesis in mature chondrocytes.®
Vitamin D deficiency inhibits bone remodeling, which may affect
the bone changes, which eventually may evolve into OA by various
pathophysiological processes. Alternately, Vitamin D could help in
the prevention of progression of OA by enhancing bone remodeling
and by reducing the abnormal pathophysiological phenome-
non.m,“

There are several published systematic reviews which have
shown the association of vitamin D and OA, physical activity,
muscle strength, quality of life, obesity, bone density and common
health outcomes.'?~'” However, no reviews have been performed
specifically to investigate between vitamin D level and knee OA in
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the adult population. The aim of this systematic review is to review
the association of vitamin D and knee OA in the adult population
and the effect of vitamin D therapy on progression of knee OA.

2. Methods

We performed a search of the entire database of Pubmed and
Cochrane Library from Jan 2005 to December 2015. Search terms
included were the “Knee”, “Osteoarthritis” and “Vitamin D”. We
included only studies published in English literature. Studies were
included if they were randomized controlled trials, case-control,
cohort and cross-sectional studies showing the association of
vitamin D and Knee OA. The study was excluded if it showed an
association between osteoporosis and any other joint OA, other
than the knee. The level of evidence was further defined using the
criteria employed by Lievense et al and Cao et al'®,'® (Table 1).

The studies were further filtered using the keywords - “human
studies”, “case-control studies”, “randomized control studies”, and
“cohort studies”. All the studies were further assessed, and data
was extracted including the name of the author, years of
publication, country of origin, the number of participants, gender
ratio, the mean age of participants, baseline Vitamin D levels, study
design, results and conclusion. The results were extracted by two
investigators (PL and VV). The results were cross-checked by the
senior author (RV) (Table 1). The studies were included if they
met all the inclusion criteria and were not blinded regarding their
source, affiliation and funding. The review articles, expert opinion,
and abstracts from scientific meetings were excluded from this
study. The systematic review was done using the PRISMA
guidelines. The primary research question in this present
systematic review was to find out the association of vitamin D
with knee OA.

3. Results
3.1. Prisma chart

Out of 286 search results for OA and knee, 86 articles were
selected. After further application of filters and removal of
duplicates, a total of eleven articles were found to be relevant
and were finally included in the systematic review (Fig. 1).

3.2. Characteristics of studies

There were 11 articles, which included two RCTs and nine
observational studies regarding the vitamin D status and Knee OA.
One article citing an observational study included the combination
of 2 cohort studies.?° Out of a total number of 12 studies, four were
done in the USA, 2 in the UK, one each in Iran, Egypt, Australia,
India, Netherland, and Japan. The total numbers of the participants
were 5137 (ranged from 46 to 1248), with the age ranging from 20
to 73.1 years and the gender ratio, male to female ranging from 0 to

Table 1
Table showing level of evidence and their explanation.

100%. Two studies had all females, and one study has not given any
details about the sex ratio of male to female.

3.3. Diagnosis of knee osteoarthritis

For the diagnosis of knee OA, a radiograph of the knee (Antero-
Posterior view in standing position) was used. Kellgren and
Lawrence (KL) grading, which combines assessments of joint space
narrowing (JSN), osteophytes, sclerosis and deformity with a score
of 0-4, was used for classification of the knee 0A.2°~2%

MRI was used to assess bone marrow lesion and cartilage defect,
cartilage loss.?°,>! Musculoskeletal ultrasonography was used to
determine the distal femur cartilage thickness of both knees in
supine position from the midpoints of the medial condyle (MC),
intercondylar area (IA) and lateral condyle (LC) in one study.?’

3.4. Vitamin D assay

Serum vitamin D level was measured by the iodine-125
radioimmunoassay in 6 studies,’,?8,29393! chemiluminescence
micro particle immunoassay in two studies,??,%” ELISA method in
two studies?* %® and one study each used the TQD triple quadruple
mass spectrometer?> and high-performance liquid chromatogra-

phy (HPLC) method.?®

3.5. Observational studies for the association between vitamin D and
OA

Heidari et al found a significant association (p-value<0.05)
between VDD and knee OA in young patients (aged<60 years) and
suggested to measure serum vitamin D level in any patient with
early knee OA symptoms.® Fevziye et al reported that distal
femoral cartilage is thinner in-patient with low vitamin D level
(<10 ng/ml) when compared to patient with vitamin D level
(>10ng/ml).?” Jansen et al reported 24% prevalence of VDD in
patients with severe knee OA, who were scheduled for TKA.?° Abu
et al concluded that low level of the vitamin was found with newly
diagnosed OA of the knee in postmenopausal Egyptian women
(50-60 yrs).%> Berginik et al concluded that Vitamin D supple-
mentation would prevent the progression of radiological progres-
sion of osteoarthritis (ROA) in an elderly population with low Bone
Mineral Density (BMD).%®

Ding et al found that there is a significant association between
the sunlight exposure and VDD with knee cartilage loss.>!
However, there was no significant association with cartilage
defects in older adult (51-79 yrs.) people. Felson et al included two
longitudinal studies (Framingham and Boston Osteoarthritis of the
Knee Study (BOKS) study) and concluded that Vitamin D was not
related to the joint space narrowing (JSN) and cartilage volume
loss.2° Muraki et al*? also reported that there was no association
between vitamin D level and ROA but had shown the gene
polymorphism in Vitamin D receptor (VDR) was associated with
knee pain (Table 2).

Level of evidence Explanation

Strong evidence (High)

Moderate evidence
(Moderate)

Limited evidence (Low)

Insufficient evidence
(Very low)

No evidence

results).
No studies can be found.

Consistent findings in multiple high-quality cohort studies.

Consistent results in two high-quality cohort studies, or in one high-quality cohort study and two or more high-quality case control/cross-
sectional studies, or in three or more high-quality case-control/ cross-sectional studies.

Consistent findings in a single cohort study, or in two or more case-control/cross-sectional studies.

Finding in single case control or cross-sectional study; conflicting evidence—conflicting findings (i.e., <75% of the studies reported consistent
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Fig. 1. PRISMA chart.

3.6. Randomized controlled trial for the relationship between 25-(OH)
D and OA

Sanghi et al followed up their patients for 12 months and
concluded that vitamin D supplementation had the positive
association in reducing knee pain at 12 months.>* VAS (visual
analogue score) was decreased by 0.26 unit and WOMAC pain by
0.55 unit in the vitamin D group whereas VAS was increased by
0.13 unit and WOMAC by 1.16 unit in the placebo group.

However, McAlindon et al followed up the patient for 24
months and reported that Vitamin D supplementation had no role
in reducing knee pain or cartilage volume loss in symptomatic
knee OA at two years.?! In their study, Vitamin D group had slightly

higher scores for WOMAC pain and WOMAC function and less
femoral cartilage volume, compared to placebo group. Vitamin D
supplementation group had an increase in the mean plasma
vitamin D level from 22.7 to 38.5 ng/mL in 2 yrs., whereas in the
placebo group it had only rose from 21.9 to 24.7. Similarly, knee
pain (WOMAC) was similar in both groups and cartilage volume
loss was also not significant.

3.7. Evidence level of studies for association of vitamin D with knee OA
The standard of evidence of the association between two

parameters was further graded into strong, moderate, mild and
limited levels of evidence.'®



12 R. Vaishya et al./Journal of Clinical Orthopaedics and Trauma 10 (2019) 9-15

Table 2
Observational studies and its characteristics.

Author (Year Number Male :Female Baseline age Baseline 250HD level  Study Results Conclusion

of of (M/F) (ng/ml) design

publication, Sample

country)

Heidari et al 298 NA Knee OA Knee OA : 23.8 +£18.8, case control significant association between Vitamin D was associated with
(2011, 60.2 +12.9 Control Vitamin D deficiency and knee OA knee OA in patients aged <60
Iran)®® years and :34.5. £29.6 ng/ml, inyoung patients (aged<60 years) years.

controls and suggested to measure serum
60.1 +£10.2 vitamin D level in any patient
years with early Knee OA symptoms.

Fang Fang 418 46.6:53.4 614+9.2 26.2+10.3 cohort Participants with low vitamin D  vitamin D deficiency has a
Zhang et al (223/195) [25(0H)D < 15 mg/L] had >2-fold increased risk of knee
(2015 elevated risk of knee osteoarthritis
USA)?® osteoarthritis progression

Fevziye Onsal 80 0:100(0/80) 20 to 45 20 Cross distal femoral cartilage is thinner Vitamin D deficiency is associated
Malas et al sectional in patient with low vitamin D with thinning of distal femoral
(2013, level(<10 ng/ml) when compared cartilage.

UK)?’ to patient with vitamin D level
(>10 ng/ml

JAJansenetal 139 42:58(58/81) 714 40 Cross 24% prevalence of VDD in patients Vitamin D is associated with high
(2013, sectional with severe knee OA who were  prevalence in elderly patients
UK)?° scheduled for knee arthroplasty = with advanced knee

osteoarthritis.

Mohamed A. 46 22:78(10/36) 54.7 +£3.2 25+16 Cross- low level of Vitamin were found Vitamin D deficiency is associated
Abu Maaty sectional with newly diagnosed OA of Knee with new OA knee in post
et al (25) in post menopausal Egyptian menopausal
2013, Egypt women(50-60yrs

Ding C et al 880 50:50(440/ 61 52.8 Cohort No significant association Vitamin D and sunlight exposure
(2009, 440) between vitamin D and sunlight were both associated with
Australia)*! exposure in Knee ROA but reducing knee cartilage loss and

significant association was found concluded that vitamin D had a
between knee cartilage loss and  protective effect in knee cartilage.
VDD.

FelsonDTetal 992 Framingham: Framingham Framingham study: 2 No significant association Vitamin D was not related to the
(2007, 46.9:53.1 study: 53.1 19.7 &+ 7.4; BOKS prospective between vitamin D and ROA and joint space narrowing(JSN) and
USA)*! BOKS 8.7 radiographic follow cohort Knee cartilage loss cartilage volume loss in

radiographic  BOKS with up:20.2 + 8.3; BOKS studies Frangminham(mean age 53.1 yrs)
follow-up: radiographic ~ with MRI follow up: and BOKS(mean age 66.2yrs)
58.6:41.4 follow-up: 203 +8.3
BOKS MRI 66.2 (9.3);
follow-up: BOKS
61.6:38.4 with MRI

follow-up:

66.5

(9.6)

Muraki S et al 787 49:51 (388/ 65.6+2.7 425 cross No significant association of VDD is not associated with
(2011, 399) sectional polymorphism of VDR with radiographic Knee OA but is
Japan)*? radiological OA but low tertile associated with knee pain and

level vitamin D is associated with association between genetic
knee pain than high tertile of polymorphism of VDR and knee
vitamin D level pain were very weak evidence.

Bergink AP 1248 58:42(728/ 66.2 (6.7) 26.4 (10.8) cohort Significant association between  Low vitamin D intake increases
et al (2009, 520) JSN and Knee ROA progression the risk of progression of knee
Netherland)?® with low tertile vitamin D. ROA particularly in subjects with

low baseline BMD

3.7.1. Vitamin D and prevalence of symptomatic OA

Four studies reported on the association of vitamin D with
symptomatic OA. Three studies reported on osteoarthritis using a
questionnaire for symptoms of knee OA. One study used the Knee
Society score (KSS) for studying the association of vitamin D and
symptomatic OA. All these studies showed a positive association
between the two factors. There was moderate evidence of
association between VDD and prevalence of symptomatic osteo-
arthritis (1 case control/2 cross-sectional studies).??,2°,%°

3.7.2. Vitamin D and prevalence of ROA

There were three studies (all cross-sectional studies), which
tried to associate vitamin D with the prevalence of radiographic
osteoarthritis. Two studies??,®! suggested there was no significant
association between OA and prevalence of ROA using KL and

presence of osteophytes and one study®! which used joint space

narrowing as radiological evidence of OA suggested there was a
positive relationship between the VDD and prevalence of ROA.
There was limited level of evidence for the prevalence of knee OA.

3.7.3. Vitamin D and incidence of ROA

Two studies?!,?® reported on the incidence of ROA using the KL
grading (one cohort?® and one RCT?®). They reported no associa-
tion between the two and the level of evidence was moderate. Only
a single cohort study reported on the positive association between

VDD and incidence of JSN but the level of evidence was limited.

3.7.4. Vitamin D and thickness of cartilage

The level of evidence was limited since there is the only single
retrospective study to demonstrate that VDD had a negative
correlation with the thickness of distal femoral cartilage using
ultrasonography.?’
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3.7.5. Vitamin D and progression of OA

Two studies used the KL grading for studying the progression of
OA (one cohort study'® and one RCT?’), and both reported an
association between low vitamin D levels and radiographic
progression of OA. The level of evidence was moderate (two
high-quality studies - 1 cohort and 1 RCT to demonstrate the
positive association between VDD and progression of ROA assessed
by KL. Three studies reported the progression by the presence of
osteophytes (all cohort studies).??,>! One study reported positive
association and two negative associations but overall the level of
evidence was conflicting. One cohort study reported a positive
association of progression of joint space narrowing (JSN), but the
level of evidence was limited.?>

3.7.6. Vitamin D and focal cartilage defect progression and volume loss

The level of evidence was moderate (two high-quality cohort
studies’,*°) to suggest that VDD was not associated with focal
cartilage defects but limited evidence for cartilage volume loss

using MRI.?®
4. Discussion

Recently, vitamin D has been related to the possibility of
changing disease course in some systemic diseases.” Although
there have been some studies, the results have been ambiguous.
Since vitamin D plays a pivotal role in the bone and cartilage
metabolism, it seems logical to correlate that it may have an
association with incidence and progression of arthritis of all the
joints in general and the weight bearing joints like knee and hip, in
specific. The purpose of the present systematic review was to
review the literature for the association of vitamin D with knee OA.

In the present review, there was moderate evidence of the
prevalence of symptomatic OA of the knee in VDD patients in three
studies®®,>3,%° (Table 3). Hedari et al reported that VDD prevalence
is higher in younger adults, and there was a significant positive
association with knee OA in younger patients with age <60 yrs.?®
They did not perform X-rays of asymptomatic patients and
included all of them in the control group. This may skew the
results as asymptomatic patients may also have OA. There is also a
possibility that asymptomatic patients may have a low vitamin D
level, and hence, this might decrease the difference in the mean
value of the study and the control group.

Muraki et al reported that vitamin D status had no association
with radiographic knee OA but was associated with knee pain.??
There was a weak level of evidence for an association between the

genetic polymorphism of vitamin D receptors and knee OA pain. It
may be because they did not correlate JSN or osteophyte with
Vitamin D or Vitamin D receptor polymorphisms.

Mohamed et al studied the prevalence of vitamin D in newly-
diagnosed knee OA in postmenopausal women and reported a sex-
specific difference because only female patients were selected.?”
Healthy male participant’s vitamin D level is not comparable to
that of the female patients as the clothing habits, and outdoor
activity levels are different. Jenson et al concluded that there is a
high prevalence of VDD with advanced knee OA in elderly patients
scheduled for knee arthroplasty however in their total sample size
of 139, only 33 had low VDD and remaining patients had normal
vitamin D, hence there is only 24% prevalence of VDD.?° One study
has reported that VDD was related to quadriceps weakness, which
leads to the knee pain.>'

Ding et al concluded that VDD was not associated with ROA in a
knee.>! The mean vitamin D level (52.8 mol/liter) was higher in
their study than other baselines and hence may be a source of
potential bias. Moreover, the radiographs of the knee were not
obtained at the first follow-up hence; the correlation of vitamin D
with the change in osteophytes was not reported. Mala et al had
shown a negative association of VDD in distal femoral cartilage
thickness using ultrasound.?’ Since they included only females so
their results cannot be extrapolated to males and the evidence is
limited. There is moderate evidence showing the progression of
ROA changes with low vitamin D level. Berginik et al*® and Mc
Alindon et al’’ have shown the positive association with
progressing of KL scoring in knee OA with low vitamin D, however
conflicting evidence regarding the osteophyte progression in the
knee was reported in Felson et al in their study.?’

Framingham et al reported that those with VDD had a modest
decreased risk of ROA changes than those with sufficient levels of
vitamin D, but the result was not significant (Table 3).2° In the
BOKS et al, there was no association of VDD with osteophyte
progression (Table 3).>° The radiograph of the knee without
fluoroscopy guidance is not an acceptable method of defining the
ROA progression.>> It may be because the radiographs used were
full extension AP view of the knee by BOKS et al and were
fluoroscopy guided in Framingham study, that the two studies
showed the difference in their results.'®,?°

In Ding et al’s study no significant association was reported
between VDD and increased cartilage defects of the knee or an
increase in total knee cartilage volume loss.>! However in BOKS
et al, there was a lower risk of cartilage loss with sufficient Vitamin
D level (9.9%) when compared to VDD (13.1%) and concluded that

Table 3
Randomized control trial studies for the association between 25-(OH) D and OA.

Author (Year Number Male :Female Baseline age Baseline 250HD Study Results Conclusion

of of (M/F level (ng/ml design

publication, Sample

country)

Timothy 146 0:100(0/146) 62.4 placebo:37.52 £ 7.53 RCT knee pain and function worsened, Vitamin D supplementation had no role
McAlindon vitamin D group cartilage volume decreased in both in reducing knee pain or cartilage volume
et al (2013 37.03 +£7.54 groups loss in symptomatic knee OA at 2 years
USA)?°

Divya sanghi 103 Placebo Males Placebo placebo:37.52 £ 7.53 RCT Vitamin supplementation is vitamin D supplementation had positive
et al (2013, 21 (40.6%) 53.00 &+ 7.44 vitamin D group associated with reducing knee pain association in reducing knee pain at 12
India)** Females 30 (40-74) 37.03 +£7.54 and function and not significant in months

(59.4%) Vitamin D ROA
Vitamin D group

group Male 16 53.24 +9.64

(30.3%) (40-70)

Female 36

(69.7%)
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Evidence level for VD Association with Knee OA.

Association of VDD to OA knee

Study

Effective Evidence level

Types of studies

SOA prevalence

ROA Prevalence

ROA Incidence

Distal femoral cartilage thickness
ROA Progression

cartilage defect Progression

Questionnaire

KSS score
KL
Osteophytes
JSN

KL

JSN
Ultrasonography
KL

Osteophytes

JSN

Muraki S et al +
Heidari et al +
Mohamed A.Abu +
Ja jenson et al +
Muraki S et al(-)
Ding C. et al(-)
Ding C. et al(+)
Berginik AP. et al(-)
Mc Alindon et al(-)
Bergnik AP. et al (+)

Fevziye Unsal Malas et al (+)

Bergnik AP. et al (+)
Mc Alindon et al (+)
Mc Alindon et al (+)

Felson DT. et al (Framingham)(-)

Felson DT et al (BOKS) (-)
Fang fang et al (+)
Felson DT et al BOKS (-)

Moderate (4+)

Limited 1-
limited 1-
limited1+
Moderate 2- /

Limited 1+
Limited 1+
Moderate (2+

Conflicting (2-and 1+))

1case control/3cross-sectional)

cross-sectional study
cross-sectional study
cross-sectional study
1Cohort study

1RCT

Cohort study
retrospective study
1Cohort

1RCT

Cohort studies

Ding C. et al(-)

cartilage volume loss Progression Ding C. et al(+)

Limited 1+ Cohort studies
Moderate 2- Cohort studies
1+ Cohort studies

Table 5

Table summarizing the association of Vitamin D deficiency with osteoarthritis knee.

Association of VDD to OA knee Types of studies

Type of association with vitamin D deficiency

1case control
3cross-sectional

SOA prevalence
ROA Prevalence
ROA Incidence 1Cohort study
1RCT

Cohort study
Distal femoral cartilage thickness
ROA Progression 2Cohort

1RCT

2 Cohort studies
Cohort studies
Cohort studies

Cartilage defect Progression
Cartilage volume loss Progression

2 cross-sectional studies
1 cross-sectional study

Retrospective study

Positive

Negative
Negative
Negative

Positive
Positive
Positive

Negative
Negative
Positive

Abbreviations - osteoarthritis - OA; SOA - symptomatic osteoarthritis; ROA - radiological osteoarthritis.

vitamin D plays a protective role in cartilage volume loss
(Table 3).2° This may be attributed to the fact that Ding et al
measured the tibial plateau to gauge the cartilage of the knee joint
rather than tibiofemoral cartilage for knee joint cartilage loss.>!
The role of vitamin D and its association with quadriceps weakness
has also been studied and found to have a positive association.>? It
is possible that VDD is associated differently with femoral cartilage
and tibial cartilage.*®> In BOKS et al, MRl measurement of
tibiofemoral cartilage was scored on all five plates (both tibia
and femoral cartilage planes) in both the medial and lateral
tibiofemoral joints." Therefore, MRI results of the two studies
cannot be compared significantly to conclude the effect of vitamin
D on cartilage defect or volume loss in the knee joint.

There was a moderate evidence showing the prevalence of
symptomatic OA in VDD and limited evidence showing a decrease
in Knee Society Score with VDD. There was moderate evidence
showing that prevalence of radiographic OA (joint space narrowing
and osteophytes) was not associated with VDD. However,
moderate evidence supported the “progression” of radiographic
OA; it is an association with VDD and that vitamin D supplemen-
tation can decrease the progression of ROA. There is conflicting
evidence showing the association of progression of osteophytes
(ROA) with VDD. There is limited evidence regarding the
progression of JSN and Vitamin D supplementation (Table 3).

There was moderate evidence showing that progression of MRI
detected cartilage defect is not associated with VDD, but there is

limited evidence showing the progression of MRI detected
cartilage volume loss in low vitamin D levels (Table 3). There is
limited evidence which suggests showing the distal femoral
cartilage thickness is inversely proportional to the VDD using the
musculoskeletal ultrasonography (Table 3). There is conflicting
evidence indicating the role of vitamin D in decreasing subjective
knee pain (Table 4).

There were some limitations in our study. Firstly, the study
samples were few; only 11 studies were included relevant to Knee
OA because of few high-quality article relating particularly to knee
OA and vitamin D and secondly meta- analysis was not performed
due to the heterogeneity of the studies. However, most studies
which were included in this systematic review were high-quality
samples >200.

In summary, the VDD is common and has been associated with
knee OA, in the adult population. However, there is still
inconsistent evidence regarding the association of VDD and knee
OA and its effect (Table 5). There is a need for multicentric and
well-conducted randomized studies with larger samples to
conclude the positive effect of Vitamin D supplementation.
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