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Abstract Conflicting evidence exists concerning the supplementation of vitamin D in knee osteoarthritis condition.
This systematic literature review was done to explore the
effects of vitamin D supplementation in the management
of knee osteoarthritis. Electronic literature search was
done in databases like P
 ubMed®, Embase®, and Cochrane
CENTRAL from inception to 6th July 2016. The quality of included Randomized Controlled Trials (RCTs) was
assessed using Cochrane risk of bias tool. We considered
change in Western Ontario and McMaster Universities
(WOMAC) index, Visual Analog Scale (VAS) and Functional Pain Score (FPS) as the primary outcome measure.
Change in tibial cartilage thickness, joint space width and
safety profile was considered as secondary outcomes. Participants were randomized either to treatment or placebo
group. Participants received cholecalciferol as an intervention through oral route in the dose range of 800–60,000 IU
except in the one study where participants received ergocalciferol. All included RCTs showed a significant increase
in serum vitamin D level in the treatment group compared
to the placebo group at the end point. No significant reduction in pain and function was reported on WOMAC scale
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except in one study. No significant difference was reported
for WOMAC stiffness in any study. VAS was assessed in
three studies in which two showed statistically significant
improvement in knee pain. Three of the RCTs reported
safety data with one incidence of calculus ureteric and hip
fracture found to be related to the drug. The study found
evidence from RCTs to be insufficient to support the use
of vitamin D supplementation for patients with knee
osteoarthritis.
Keywords Knee osteoarthritis · Systematic review ·
Vitamin D · WOMAC

Introduction
Knee osteoarthritis (knee OA) is a common, progressive
and degenerative musculoskeletal disorder which accounts
for 83% of all type of osteoarthritis [1]. It generally progresses with the age >50 years; however, it can occur in
young people also [2]. Prevalence of knee OA is higher in
females (13%) compared to males (10%) of age ≥60 years
and with increasing life expectancy and aging global population, it is expected to rise further [3]. As per an estimate,
there are >250 million people affected by knee OA worldwide [1]. Knee OA and its associated symptoms such as
pain, swelling, and stiffness imparts a high toll on patients’
health-related quality of life (HRQOL) [4–6] and has substantial direct and indirect economic burden [7–12].
Osteoarthritis is characterized by progressive loss of
cartilage, whereas vitamin D has been shown to reduce
cartilage degradation [13, 14]. Observational studies have
found low levels of vitamin D to be associated with higher
prevalence of knee OA along with increased risk of disease
progression [15–17]. Moreover, one small Randomized
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Controlled Trial (RCT) has reported significant clinical
improvement in patients with knee OA receiving vitamin
D treatment [18]. Findings of Korean National Health
and Nutrition Examination Survey (KNHANES V) states
that maintenance of sufficient levels of vitamin D may be
important to prevent a decline in the HRQOL of elderly
knee OA patient [19]. Wang et al. in an RCT have found the
favorable effects of vitamin D supplementation in delaying
the progression of effusion-synovitis in peoples with an
inflammatory knee OA [20]. Findings of the Amsterdam
osteoarthritis cohort study linked muscle weakness to the
insufficient level of vitamin D in knee OA patients, however, the effect was attenuated once body mass index (BMI)
was added to the model [21]. In Knee OA patients low level
of vitamin D (<10 ng/ml) was also found to be responsible
for the progression of medial femoro-tibial OA [22]. Thus,
supplementing with vitamin D may potentially play a beneficial role in the prevention and progression of knee OA.
However, few RCTs have reported contradicting findings
[13, 23].
Amidst the varying evidence, no systematic review has
been performed to compare the effects of vitamin D supplementation in the patients with knee OA till the time of
our search. Hence, a systematic review was conducted to
evaluate the effect of vitamin D supplementation in the
patients with the knee OA. The therapeutic role of vitamin
D supplementation in reducing structural progression and
improving the management of knee OA was assessed.
Materials and methods
The methodology complies with our registered protocol
at PROSPERO (registration No. CRD42015027920) [24]
and with PRISMA 2009 checklist [25, 26] (Refer Supplementary Table 1).

and assessing full-text of the potentially relevant reports by
two reviewers (SH and AS) independently. Any disagreements about the inclusion were resolved by consensus. If
consensus was not achieved, then the decision was made by
consultation with the third reviewer (AKN).
Reviews, case series, case–control, cohort and crosssectional studies were excluded because this review is limited only to RCTs. We also excluded animal study, genetic
study and letter to the editor.

Data extraction
Data were collected independently by the two reviewers (SH and AS) from the selected study in the predesigned
data extraction sheet. Details extracted were: (a) author
name and year, (b) study design including single or multicentre, (c) participant characteristics, (d) intervention given
and its duration, (e) intervention dose and route of administration, (e) follow-up period, (f) primary and secondary
endpoint. Any discrepancies in the data collection were
first tried to resolve by discussion, if not then only the third
reviewer (AKN) consulted.

Assessment of risk of bias
The included articles were assessed for the methodological
quality by two authors (SH and AS) independently using
Cochrane Risk of Bias Tool (CRBT) [27] and the analysis was done using RevMan (v5.3) [28]. The criterion for
the decision included sequence generation, allocation concealment, blinding of participant and personnel, blinding of
the outcome, incomplete outcome data, selective reporting
and other bias.

Search strategy
Summary measures and statistical analysis
®

We searched databases (PubMed , Cochrane CENTRAL,
Embase®), trial registries, and key websites up to 6th July
2016, followed by bibliographic hand searches and contacts with study authors. Databases were searched for articles related to vitamin D and knee OA with suitable keywords (Refer Supplementary Table 2 for the detailed search
string).
Inclusion and exclusion criteria
We included RCTs that compared vitamin D (in any form
and dose) with placebo in patients with knee OA. Only
those articles published in the English language and fulltext were included. Articles were first screened for inclusion by examining title and abstract followed by retrieving
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We considered a change in Western Ontario and McMaster universities (WOMAC) index as the primary outcomes,
which assess knee pain, stiffness, and function [29]. Reduction in Visual Analog Scale (VAS) and Functional Pain
Score (FPS) were also considered under primary outcomes
[18, 23]. Cartilage thickness, joint space width (JSW) and
the safety profile were considered under secondary outcomes [13]. The RTCs included in the systematic review
were not eligible for conducting a meta-analysis pertaining to the heterogeneity across included studies in terms of
forms and doses of vitamin D used, duration of the followup, and patients population. Hence, the data were qualitatively analyzed and presented in the form of a narrative
synthesis [30].
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Results
Search output
The literature search yielded 909 articles, after excluding the duplicates and irrelevant publication based on the
screening of title and review of abstract, 5 articles were
included in the final analysis (Fig. 1). Two of the included
articles were reporting the same study published as fulltext and as a pilot study by the same author, hence the
pilot study was excluded and only the full-text study was
included.

Study description
Intervention In all the studies participants were included
on the basis of American College of Rheumatology (ACR)
diagnostic criteria except in warner et al. [23] study.

Participants were randomized either to treatment or placebo
group. In the treatment group participants received cholecalciferol as an intervention through oral route in the dose
range of 800–60,000 IU except in the warner et al. [23]
study where participants received ergocalciferol.
Study design All the included studies were a singlecenter double-blind randomized controlled trial except Jin
et al. [31] and Arden et al. [32] which was multicentric.
The follow-up duration for the included RCTs ranged from
3 months to 36 months. Characteristics of the included
RCTs are shown in Table 1.
Participants The included RCTs comprise of 1189 participants from five studies (597 in the treatment arm and
592 in the placebo arm) with age 45 years or older [13,
18, 23, 31, 32]. Females were higher in number in both
the groups across all the included studies, furthermore,
the patient population in Warner et al. [23] study included
only females. A comparison was done between the baseline
characteristics of the included studies (Table 2).

Fig. 1  PRISMA flow diagram showing study selection process
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IU international unit, Knee OA knee osteoarthritis

No. of withdrawal (treatment/ 3/5
placebo)

None

Other endpoint

9/13

Cholecalciferol
Placebo
Oral 2000 IU
2000 IU initially with alteration in dose at the 4, 8, and
12 months to elevate serum
25-hydroxyvitamin D level
between 36 and 100 ng/mL
24 months
Knee pain severity and cartilage volume loss
Knee function, cartilage thickness, bone marrow lesions,
and radiographic joint space
width

Ergocalciferol
Placebo
Oral 50,000 IU
Once weekly, 3 months

3 months
VAS and FPS

73/73

Duration of follow-up
Primary endpoint

Participants (treatment/
placebo)
Treatment arm
Control arm
Doses
Duration of intervention,
months

United States
NCT00306774
Single centre, Randomized,
double-blind
Aged >45 years and fulfilling
the ACR criteria for Knee
OA

McAlindon et al. [13]

25/25

United States
NA
Single centre, Randomized,
double-blind
Rheumatologist diagnosed

Country
Study identifier
Method

Participant inclusion criteria

Warner et al. [23]

Characteristics

Table 1  Study design characteristics

1/2

Biomarker

12 months
Knee pain and function

Cholecalciferol
Placebo
Oral 60,000 IU
60,000 IU each day for
10 days followed by
60,000 IU/monthly for
12 months

53/53

India
NA
Single centre, Randomized,
double-blind
Aged >50 years and fulfilling
the ACR criteria

Sanghi et al. [18]

Cholecalciferol
Placebo
Oral 800 IU
800 IU of oral cholecalciferol
daily

237/237

United Kingdom
ISRCTN94818153
Multicentre, Randomized,
double-blind
Aged >50 years, ambulatory,
had radiological evidence of
Knee OA

Arden et al. [32]

28/45

39/49

24 months
36 months
Knee pain and change in carti- Radiological progression of
lage volume
Knee OA
Rate of change in joint space
Cartilage defects and bone
marrow lesions
width, WOMAC-VAS scores

Cholecalciferol
Placebo
Oral 50,000 IU
50,000 IU once monthly for
24 months

Australia
NCT01176344
Multicentre, Randomized,
double-blind
Aged ≥50 years fulfilling
the ACR criteria and fall in
either I, II or III functional
class
209/204

Jin et al. [31]
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NR

NR

NR

NR

58.0 ± 7.3
0/22
NR
NR
NR
NR
NR
71.9 ± 17.7
2.64 ± 0.51
16.8 ± 2.9

56.7 ± 11.3
0/20
NR
NR
NR
NR
NR
63.3 ± 25.7
2.45 ± 0.66
15.9 ± 3.6

61.8 ± 7.7
24/49
30.5 ± 5.0
NR
6.9 ± 3.8
22.7 ± 12.3
NR
NR
NR
22.7 ± 11.4

53.00 ± 7.44
21/30
25.65 ± 2.58
37.06 ± 9.06
10.64 ± 2.82
23.61 ± 6.51
2.52 ± 1.30
NR
NR
37.52 ± 7.53

PL

5.1 ± 1.7

5 ± 1.8

NR

NR

NR

53.24 ± 9.64
16/36
25.86 ± 2.46
35.53 ± 8.43
10.94 ± 2.63
21.97 ± 6.33
2.38 ± 1.25
NR
NR
37.03 ± 7.54

CCF

Sanghi et al. [18]

1147.8 ± 472.8 1010 ± 437 NR

63.0 ± 9.3
33/40
30.8 ± 6.4
NR
5.8 ± 3.4
18.5 ± 11.7
NR
NR
NR
21.9 ± 8.3

CCF

PL

PL

ECF

McAlindon et al. [13]

Warner et al. [23]

NR

3640 ± 1036

62.9 ± 7.2
102/102
29.6 ± 4.6
664.7 ± 390.8
134.7 ± 83.4
467.6 ± 292.8
61.7 ± 40.1
46.4 ± 20.5
NR
43.8 ± 12.7

PL

Jin et al. [31]

NR

3466 ± 1038

63.5 ± 6.9
103/106
29.6 ± 5.4
687.3 ± 426.3
137.9 ± 88.8
487.9 ± 318.1
61.5 ± 41.5
48.7 ± 21.4
NR
43.7 ± 11.8

CCF

3.58 ± 1.47k and
5.42 ± 1.87l

NR

64 ± 8
92/145
29 ± 5
35 ± 19
33 ± 18
36 ± 21
47 ± 24
NR
NR
20.7 ± 8.1

PL

Arden et al. [32]

Serum 25-hydroxyvitamin D expressed in ng/ml in Warner et al. and McAlindon et al. while Sanghi et al. and Jin et al. expressed vitamin D level in nmol/L

Joint space width

Medial JSW index knee (mm)

Lateral JSW index knee (mm)

j

k

l

g

Tibial cartilage volume expressed in m
 m3

FPS expressed in the scale of 1–4

f

i

VAS expressed in the range of 0–100

e

h

WOMAC function expressed in the range of 0–68 in McAlindon et al. and Sanghi et al. while 0–1700 in Jin et al.

WOMAC stiffness expressed in the range of 0–8 in Sanghi et al. and 0–200 Jin et al.

d

Total WOMAC expressed in the range of 0–96 in Sanghi et al. and 0–2400 Jin et al.

WOMAC pain expressed in the range of 0–20 in Sanghi et al. and 0–500 in Jin et al.

c

Participants age is expressed in years and BMI expressed in kg/m2

a

b

All data are mentioned in [mean ± standard deviation (SD)]

#

PL placebo, ECF ergocalciferol, CCF cholecalciferol, NR not reported, VAS Visual Analog Scale, FPS Functional Pain Score, JSW joint space width

JSWj

Agea
Gender (M/F)
BMIa
Total WOMACb
WOMAC painc
WOMAC functiond
WOMAC stiffnesse
VASf
FPSg
Serum 25-hydroxyvitamin Dh
Tibial cartilage
volumei

Baseline
characteristics#

Table 2  Baseline characteristics of patients included in studies

3.49 ± 1.48k and
5.27 ± 1.95l

NR

64 ± 8
93/144
30 ± 5
36 ± 19
31 ± 19
35 ± 20
43 ± 24
NR
NR
20.7 ± 8.9

CCF
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Risk of bias The risk of bias assessment of the five
included studies is presented in Fig. 2. The majority of
these studies were of low risk of bias based on selection
bias and performance bias while the high risk of bias was
observed in blinding of outcome assessment and selective reporting in Sanghi and Jin et al. [18, 31] study,
respectively.
Effect of intervention All the studies presented the data
in the form of tables. The comparison was made in all the
included studies between the vitamin D group and placebo
group after the scheduled treatment period (Table 3).
Primary outcome measure
Assessment of knee pain was done in all the studies. Measures taken into consideration for the assessment were
serum 25-hydroxy vitamin D level, WOMAC index, VAS
score and FPS score. The WOMAC index was assessed
as the primary outcomes in all the studies except in Arden
et al. [32] which assessed it under secondary outcomes.
Serum 25-hydroxy vitamin D Vitamin D deficiency
was defined as serum 25-hydroxyvitamin D levels below
<20 ng/ml in all the studies [13, 18, 23, 31, 32]. Participants
were vitamin D deficient in each of the included studies at
baseline. A significant increase was observed in serum vitamin D level in the treatment group as compared to placebo

Fig. 2  a Risk of bias graph. b Risk of bias summary
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group post-treatment in all the studies (P = <0.001). Target to achieve vitamin D level was varying as per the study.
For instance, vitamin D target level was set at ≥20 ng/ml
in Warner et al. [23]; >50 nmol/L in Sanghi et al. [18];
36–100 ng/ml in McAlindon et al. [13]; and greater than
60 nmol/L in Jin et al. study [31]. In Warner et al. [23] 98
and 50% patient achieve the target in the treatment and placebo group, respectively. In McAlindon et al. [13] 61.3 and
8.3% patient achieve the target in the treatment and placebo
group, respectively. In Jin et al. [31] 79 and 43% patient
achieve the target in the treatment and placebo group,
respectively.
WOMAC index WOMAC index is a scale which measures the pain, stiffness, and function in a patient with knee
OA.
WOMAC pain It was assessed in all the studies except
Warner et al. [23] study. WOMAC pain expressed in the
range of 0–20 in McAlindon et al. [13] and Sanghi et al.
[18], while in Jin et al. [31] it is expressed in the range of
0–500. In Sanghi et al. [18] study pain was reduced by 0.55
unit (95% CI −0.07 to 1.02) in the vitamin D group in contrary to this it increased in the placebo group by 1.16 units
(95% CI 0.82–1.49). Significant differences were observed
between the groups, −1.70 on WOMAC pain (95% CI
−2.28 to 1.12) at P < 0.001. Knee pain was reduced by two
units in both the treatment group and in the placebo group
in McAlindon study [13]. The treatment effect was nonsignificant in reducing pain after treatment [−2.31 for the
vitamin D group vs −1.46 for the placebo group; betweengroup difference, −0.87 (95% CI (−2.12 to 0.38));
P = 0.17]. In Jin et al. [31] study total WOMAC pain
was reduced in both the group after treatment, but no significant difference was observed in treatment and placebo
groups [−49.9 for the vitamin D group vs −35.1 for the
placebo group; between-group difference, −14.8 (95% CI
−32.5 to 2.9); P = 0.10]. Arden et al. [32] study reported
an increase in WOMAC pain in the placebo group and the
small decrease was noticed in the treatment group. No significant reduction in pain was reported (P = Not reported).
WOMAC stiffness This parameter was reported by three
studies namely Sanghi et al., Jin et al. and Arden et al.
[18, 31, 32]. No significant change was noted in stiffness
score post vitamin D intervention in the study findings of
Sanghi et al. [18] [0.15 for the vitamin D group vs 0.09
for the placebo group; between-group difference, 0.06
(95% CI −0.15 to 0.26); P = 0.58]. Similar (non-significant) findings were reported by Jin et al. [31] in post hoc
analysis [−0.19.7 for the vitamin D group vs −15.4 for
the placebo group; between-group difference, −4.2 (95%
CI −12.5 to 4.0); P = 0.31]. In Arden et al. [32] findings,
reduction in WOMAC stiffness was reported for both the
group. No significant improvement was reported (P = Not
reported).
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Table 3  Change in clinical profile after treatment
Parameter

Mean (95% CI)
Vitamin D

Between-group difference

P value

Placebo

a

Total WOMAC

Sanghi et al. [18]
Jin et al. [31]*
Arden et al. [32]

−2.12 (−2.82 to −1.43)

−239.2 (−290.5 to −188.0)

0.11

1.41 (0.95 to 1.86)
−147.8 (−200.8 to −94.9)

0.84

WOMAC painb
McAlindon et al. [13]
Sanghi et al. [18]
Jin et al. [31]
Arden et al. [32]
WOMAC functionc
McAlindon et al. [13]
Sanghi et al. [18]
Jin et al. [31]*
Arden et al. [32]

−2.31 (−3.24 to −1.38)

−0.55 (−0.07 to 1.02)

−49.9 (−62.2 to −37.6)

−0.08

−6.97 (−9.76 to −4.18)

−1.36 (−1.87 to −0.85)

−170.2 (−207.4 to −133.0)

0.42

−1.46 (−2.33 to −0.60)

1.16 (0.82 to 1.49)

−35.1 (−47.8 to −22.4)

0.71

−3.82 (−5.96 to −1.68)

0.69 (−0.03 to 1.41)

−97.3 (−135.7 to −58.8)

1.07

WOMAC Stifnessd

−3.53 (−4.39 to −2.71)

−91.4 (−165.1 to −17.7)

−0.72 (−1.92 to 0.48)

−0.87 (−2.12 to 0.38)

−1.70 (−2.28 to 1.12)

−14.8 (−32.5 to 2.9)

−0.79 (−2.31 to 0.74)
−3.11 (−6.52 to 0.30)

−2.05 (−2.92 to −1.19)

−72.9 (−126.4 to −19.4)

−0.65 (−2.09 to 0.79)

<0.001
0.02
NR
0.17
<0.001
0.10
NR
0.07
<0.001
0.008
NR

Sanghi et al. [18]

0.15 (0.03 to 0.27)

0.09 (−0.07 to 0.26)

0.06 (−0.15 to 0.26)

0.580

Jin et al. [31]*

−19.7 (−25.4 to −13.9)

−15.4 (−21.3 to −9.5)

−4.2 (−12.5 to 4.0)

0.31

Arden et al [32]
VASe
Warner et al. [23]
Sanghi et al. [18]
Jin et al. [31]*
FPSf
Warner et al. [23]
Serum 25-hydroxyvitamin Dg
Warner et al. [23]
McAlindon et al. [13]

−2.02

−7.1 (−16.1 to 1.8)

−0.26 (−2.82 to −1.43)

−0.50

−9.7 (−22.3 to 2.9)

0.13 (−0.03 to 0.29)

−1.52 (−3.24 to 0.21)

NR

NR

0.727

−0.39 (−0.71 to −0.08)

0.020

−14.8 (−18.5 to −11.1)

−9.4 (−13.3 to −5.6)

−5.4 (−10.7 to −0.1)

0.05

−0.04 (−0.37 to 0.28)

−0.28 (−0.43 to −0.13)

NR

0.175

31.2 ± 6.2

38.5 ng/mL

19.3 ± 6.5

24.7 ng/Ml

NR

<0.001

NR

<0.001

Sanghi et al. [18]

45.70 (39.29 to 52.12)

2.12 (−0.04 to 4.28)

43.58 (36.85 to 50.312)

<0.001

Jin et al. [31]

Increase by 40.6 nmol/L

Increased by 6.7 nmol/L

NR

<0.001

Tibial cartilage volumeh
McAlindon et al. [13]
Jin et al. [31]
JSWi
McAlindon et al. [13]
Arden et al. [32]j
Arden et al. [32]k

2.28 (−9.99 to 14.55)

0.71

−242.6 (−294.6 to −190.6)

−39.38 (−47.76 to −31.00)

−301.4 (−254.7 to −248.0)

58.8 (−13.9 to 131.4)

0.11

−0.35 (−0.54, −0.15)

−0.22 (−0.42, −0.03)

−0.12 (−0.38, 0.14)

0.35

0.08 (−0.14 to 0.29)

NR

−0.11

−0.18

0.07 (−0.19 to 0.33)

NR

−0.01

−41.66 (−51.02 to −32.29)

−0.08

VAS Visual Analog Scale, FPS Functional Pain Score, JSW joint space width
*Represents the post hoc end point findings
a

Total WOMAC expressed in the range of 0–96 in Sanghi et al. and 0–2400 in Jin et al.

b

WOMAC pain expressed in the range of 0–20 in Sanghi et al. and 0–500 in Jin et al.

c

WOMAC function expressed in the range of 0–68 in McAlindon et al. and Sanghi et al. while 0–1700 in Jin et al.

d

WOMAC stiffness expressed in the range of 0–8 in Sanghi et al. and 0–200 Jin et al.

e

VAS expressed in the range of 0–100

f

FPS expressed in the scale of 1–4

g
Serum 25-hydroxyvitamin D expressed in ng/ml in Warner et al. and McAlindon et al. while Sanghi et al. and Jin et al. expressed vitamin D
level in nmol/L
h

Tibial cartilage volume expressed in m
 m3

i

JSW express in millimeter (mm)

j

Medial JSW index knee (mm/year)

k

Lateral JSW index knee (mm/year)
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WOMAC function Except warner et al. [23] all the
studies have reported WOMAC function score [13, 18,
31, 32]. At baseline, knee function was poor in the vitamin D group, but no significant change was noticed posttreatment [−6.97 for the vitamin D group vs −3.82 for
the placebo group; between-group difference, −3.11
(95% CI −6.52 to 0.30); P = 0.07] in findings reported
by McAlindon et al. [13]. In Sanghi et al. [18] study,
Knee function score was reduced by 1.4 units while an
increment of 0.7 units was noted in the placebo group.
Significant improvement in knee function score was
observed in the study [−1.36 for the vitamin D group vs
0.69 for the placebo group; between-group difference,
−2.05 (95% CI −2.92 to −1.19); P = <0.001]. Improvement in knee function was also reported by Jin et al.
[31] in the post hoc analysis. In Arden et al. [32] study
increase in WOMAC function was reported for both
the groups, but no statistical significance was observed
(P = Not reported).
Total WOMAC Total WOMAC was presented in three
studies in 993 participants [18, 31, 32]. Total WOMAC
was expressed in the range of 0–96 in Sanghi et al. [18]
and 0–2400 in Jin et al. [31] study. WOMAC scores were
significantly reduced by 2 units in vitamin D group and
1.5 units in the placebo group; −2.12 in the vitamin D
group vs 1.41 in the placebo group with a between-group
difference of −3.53 (95% CI −4.39 to −2.71) at P value
<0.001 in Sanghi et al. [18]. In Jin et al. [31] study, a significant reduction in WOMAC score was reported; post
hoc analysis result showed that −239.2 in the vitamin D
group vs −147.8 in the placebo group with a betweengroup difference of −91.4 (95% CI −165.1 to −17.7)
at P value 0.02. No significant improvement in total
WOMAC score was observed in Arden et al. [32] findings
(P = Not reported).
VAS VAS represents the intensity of pain. VAS score was
assessed in 569 patients in three studies [18, 23, 31] except
for McAlindon [13] and Arden et al. [32]. The increase in
VAS score represents worsening of knee pain. No significant difference was observed on VAS score in Warner et al.
[23] study as compared to placebo and no positive association was observed between vitamin D level and VAS score
(r = 0.038). A significant reduction was observed in knee
pain as demonstrated on VAS score by Sanghi et al. [18]
(P = 0.020) and Jin et al. [31] (P = 0.05).
FPS FPS score represents the effect of pain on daily
activities. Higher the score more severe the problem. FPS
score was reported only by Warner et al. [23] among 50
patients. A significant reduction was reported on FPS
score (P = 0.05), but it supports the placebo and no positive correlation was observed for pain on FPS score. So,
overall no significant reduction was observed during
the treatment period. In the subgroup of patients having
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vitamin D ≤ 20 ng/mL significant increase in FPS score
was observed (P = 0.04).
Secondary outcome measures
Tibial cartilage volume There was no significant difference
reported in tibial cartilage volume over the treatment period
in McAlindon et al. [13] and Jin et al. [31] study in comparison to treatment and placebo groups.
JSW JSW is a parameter for determining the cartilage
thickness and helpful in assessing knee cartilage disease.
JSW is reported among 192 patients by McAlindon et al.
[13] and Arden et al. [32]. No significant difference was
reported between the treatment and the placebo groups in
both the studies.
Adverse event Safety profile was assessed only in three
studies. In McAlindon et al. [13] study a total of 16 patients
experienced adverse events in treatment as well as in placebo group. No drug-related adverse event was reported
except hip fracture in one patient. Endocrine (6 vs 1) and
musculoskeletal (41 vs 30) event were higher in the treatment group as compared to placebo group. In Jin et al. [31]
study, 27 and 18% patient in the treatment group and placebo group experienced at least one adverse event. Serious
Adverse Event (SAEs) were reported among 11 patients
in vitamin D group and 7 patients in the placebo group.
In Arden et al. [32] study no significant difference was
observed in terms of the SAEs between treatment and placebo group. None of SAEs were reported to be drug-related
except one calculus ureteric in vitamin D group and pancreatitis in the placebo group.

Discussion
Osteoarthritis is the most common form of joint diseases
and the knee is most commonly affected joint. Osteoarthritis of knee is a degenerative musculoskeletal disorder
usually, manifests after the 45 years of age. Studies have
demonstrated the negative impact of vitamin D deficiency
in many disease conditions including musculoskeletal
disorder ranging from knee OA to back pain [33, 34]. In
present systematic review, we identified five RCTs evaluating the role of vitamin D supplementation in patients with
knee OA. The result demonstrated no significant improvement in the patients with knee OA receiving vitamin D
supplementation.
All included RCTs showed a significant increase in
serum vitamin D level in the treatment group compared to
the placebo group at endpoint. WOMAC pain was assessed
among 1139 patients and found no significant reduction in
pain post-treatment in all the included studies [13, 23, 31,
32] which assessed this parameter except in Sanghi et al.
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which shows the significant effects of vitamin D in reducing pain [18]. One possible reason for this difference could
be the short duration of follow-up and presence of high
concentration of vitamin D level at the baseline in Sanghi
et al. study [18]. No significant difference was reported by
Sanghi et al. [18], Jin et al. [31], and Arden et al. [32] for
WOMAC stiffness score as compared to pre and post vitamin D treatment. No significant difference was reported for
WOMAC stiffness in any of the studies. WOMAC function which was assessed in all the studies [13, 18, 31, 32]
except warner et al. [23], and was improved in almost all
the studies but none of the study showed statistically significant improvement post-treatment except Sanghi et al. [18].
WOMAC total score was significantly reduced in Sanghi
et al. [18] and Jin et al. study [31] while no significant
reduction was reported by Arden et al. [32]. The treatment
effects of vitamin D supplementation compared to placebo
on WOMAC total, pain, physical function, and stiffness
were statistically non-significant and unlikely to be clinically relevant. Though, WOMAC total, pain, and function
scores showed a slight improvement in one of the studies
included [18].
Knee pain assessed on VAS score significantly improved
in Sanghi et al. and Jin et al. study [18, 31], but no significant reduction in pain was observed in Warner et al. study
[23]. Reduction in FPS score was also found to be nonsignificant in warner et al. findings [23]. The possible reason behind this could be due to the limited sample size and
short duration of follow-up (3 months) and female gender.
No significant reduction was observed in tibial cartilage
volume and JSW in any study. Moreover, other outcomes
such as: knee pain as measured on VAS, tibial cartilage volume, and JSW also did not result in significant improvement as compared to placebo.
Safety assessment was done in three studies involving
1033 patients [13, 31, 32]. No drug-related SAEs were
reported except calculus ureteric in vitamin D group and
pancreatitis in the placebo group in Arden et al. study and
hip fracture in McAlindon et al. study [13, 32].
Consistent with findings of this systematic review, most
of the published clinical (RCTs and observational studies) that evaluated vitamin D in patients with knee OA
have reported no or little benefits in FPS, improvement in
knee pain, JSW and change in cartilage volume [13, 23,
35–39]. However, few studies confirmed the improvement
in WOMAC total score, WOMAC function, and VAS Score
[18, 31, 33] in patients with knee OA receiving vitamin D
supplementation. Notably, these studies comprise small
sample size, short follow-up period and lack of patients’
reported outcomes.
The strengths of the present systematic review include
an exhaustive search of published trials; inclusion of all
the primary outcome data reported in the included trials

for evaluation; and transparent evaluation of the quality of
evidence. The main weakness of this systematic review is
that we were not able to retrieve all of the existing gray-literature and unpublished information since literature search
was only performed in PubMed, EMBASE, and Cochrane
CENTRAL.
High-quality evidence from well-designed, RCTs with
longer follow-up duration and large sample size is needed
to further clarify on the present findings.
In conclusion, this systematic review suggests the lack
of evidence to support Vitamin D supplementation for
reducing structural disease progression and improving the
management of knee OA. Hence these findings do not support the use of vitamin D supplementation for patients with
knee OA. Few of the existing guidelines recommend vitamin D as a medication for this condition; however, these
results call for a reconsideration of these recommendations.
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