
Vol.:(0123456789)1 3

Aging Clinical and Experimental Research (2021) 33:2393–2403 
https://doi.org/10.1007/s40520-020-01778-8

REVIEW

Does vitamin D improve symptomatic and structural outcomes in knee 
osteoarthritis? A systematic review and meta‑analysis

Zi‑Xia Zhao1 · Yue He2 · Li‑Hui Peng1 · Xiao Luo1 · Mao Liu1 · Cheng‑Song He1 · Jie Chen1

Received: 19 September 2020 / Accepted: 8 December 2020 / Published online: 30 March 2021 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG part of Springer Nature 2021

Abstract
Objective  To provide evidence on the effects of vitamin D supplementation on knee osteoarthritis (KOA) and new targets 
for clinical prevention and treatment of KOA.
Method  The PubMed, Embase, Web of science, Wanfang, CNKI and SinoMed databases were retrieved to investigate 
the effects of vitamin D supplementation on patients with KOA. The search time was from databases establishment to 15 
November 2020. RevMan5.3 software was used for meta-analysis. The results were expressed as standardized mean dif-
ference (SMD) with 95% confidence interval (CI) or weighted mean difference (WMD) with 95% confidence interval (CI).
Results  A total of 1599 patients with osteoarthritis of the knee were included in the study, which involved six articles. 
The results of the meta-analysis showed that vitamin D supplementation is statistically significant for WOMAC score 
(SMD = − 0.67, 95% CI − 1.23 to − 0.12) in patients with KOA, including WOMAC pain score (SMD = − 0.32, 95% CI 
− 0.63 to − 0.02), function score (SMD = − 0.34, 95% CI − 0.60 to − 0.08) and stiffness score (SMD = − 0.13, 95% CI 
− 0.26 to − 0.01). In subgroup analysis, vitamin D supplementation less than 2000 IU was statistically significant for the 
reduction of stiffness score (SMD = − 0.22, 95% CI − 0.40 to − 0.04). Vitamin D supplements can reduce synovial fluid 
volume progression in patients with KOA (SMD = − 0.20, 95% CI − 0.39 to − 0.02). There was no statistical significance 
in improving tibia cartilage volume (SMD = 0.12, 95% CI − 0.05 to 0.29), joint space width (SMD = − 0.10, 95% CI − 0.26 
to 0.05) and bone marrow lesions (SMD = 0.03, 95% CI − 0.26 to 0.31).
Conclusion  Vitamin D supplements can improve WOMAC pain and function in patients with KOA. But there is a lack of 
strong evidence that vitamin D supplementation can prevent structural progression in patients with KOA.
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Introduction

Osteoarthritis of the knee (KOA) is a chronic degenerative 
disease [1]. The most common cause of musculoskeletal dis-
ability and pain worldwide is osteoarthritis (OA) [2]. KOA 
accounts for 83% of all types of osteoarthritis [3]. Degrada-
tion of articular cartilage is a major feature of KOA, includ-
ing cartilage degeneration, joint space changes, synovial 
inflammation and osteophyte formation [4]. Patients with 

KOA not only lack quality of life security, but also have a 
considerable economic and mental burden. Early changes 
in unhealthy lifestyles and exercise patterns, as well as 
enhanced functional training of the surrounding muscles, 
are the main treatments for KOA [5–9]. Studies have shown 
that patients often do not pay so much attention to the joint 
replacement that is usually required in late stages [10].

Vitamin D has been recognized as having a biologi-
cal effect on bone and cartilage [11, 12]. It is known to 
increase bone mass or prevent bone loss [13]. Studies 
have shown that vitamin D deficiency is associated with 
a higher risk of KOA progression [14, 15]. A number of 
studies have shown that vitamin D supplementation can 
reduce pain and improve knee function in patients with 
KOA [2, 16]. Other studies have shown that vitamin sup-
plementation has no significant effect on the prevention of 
tibia cartilage loss or improvement in Western Ontario and 

 *	 Jie Chen 
	 cjlion@qq.com

1	 Department of Rheumatology and Immunology, Affiliated 
Hospital of Southwest Medical University, 1 Xianglin Road, 
Luzhou 646000, Sichuan, China

2	 Department of Ophthalmology, Affiliated Hospital 
of Southwest Medical University, Luzhou, Sichuan, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-020-01778-8&domain=pdf


2394	 Aging Clinical and Experimental Research (2021) 33:2393–2403

1 3

McMaster Universities Osteoarthritic Index (WOMAC) 
knee pain [2]. Furthermore, there is evidence that vitamin 
D supplementation is associated with a smaller increase 
in synovial fluid compared with placebo [17]. However, 
data from some randomized clinical trials suggest that 
vitamin D supplementation have no effect on the assess-
ment of pain and joint space changes [12, 18, 19]. The 
previous research results are controversial and no uniform 
conclusion has been reached. Therefore, we conducted a 
meta-analysis of qualified randomized controlled trials 
(RCTs) to assess the efficacy of vitamin D supplementa-
tion in KOA.

Materials and methods

Literature search and selection

The data in the PubMed, Embase, Web of Science, Cochrane 
Library, Medline, China National Knowledge Infrastructure 
database(CNKI), Wanfang database, China Biological Medi-
cine Database (CBM) and SinoMed databases were retrieved 
for our study (up to 15 November 2020). We searched the 
clinical RCTs of the effect of vitamin D supplementation 
on KOA. The search strategy used was the combination of 
subject words and free word retrieval. The English search 
terms: {“osteoarthritis, knee” (MeSH Terms) OR [“osteo-
arthritis” (All Fields) OR “knee” (All Fields)] OR “knee 
osteoarthritis” (All Fields) OR [“knee” (All Fields) OR 
“osteoarthritis” (All Fields)]} AND [“vitamin D” (MeSH 
Terms) OR “vitamin D” (All Fields) OR “Cholecalcif-
erol” (MeSH Terms) OR “Cholecalciferol” (All Fields) OR 
“ergocalciferols” (MeSH Terms) OR “Ergocalciferols” (All 
Fields)]. The Chinese search terms: “osteoarthritis”, “OA” 
“knee osteoarthritis”, “KOA”, “vitamin D”, “ergocalciferol”. 
The languages were limited to English and Chinese.

Inclusion and exclusion criteria

Inclusion criteria: (1) study design: RCTs; (2) population: 
patients diagnosed with KOA with associated symptoms and 
older than 45; (3) intervention: vitamin D supplements; (4) 
comparison: placebo; (5) outcome index: the main outcome 
indicators were WOMAC scores, volume of tibia cartilage, 
bone marrow lesions, joint space width and synovial fluid 
volume. Serous vitamin D levels as the secondary outcome 
indicators.

Exclusion criteria: (1) observational study follow-up time 
less than 12 months; (2) summarize, summary of meeting, 
cross-sectional study, case report, cohort study, editors and 
letters; (3) the experiment of animals.

Data extraction

We used a pre-designed data table for data extraction. The 
extracted information includes: first author, year of publica-
tion, country, number of patients per group, patient char-
acteristics, serum vitamin D baseline level, intervention 
dose, follow-up time and main results. When the same study 
included different follow-up times, we used the results of 
the study with the longest follow-up time. For those studies 
that did not report standard deviations related to baseline 
changes, we used correlation coefficients based on the meth-
ods described in the Cochrane manual. Correlation coef-
ficients can be calculated from studies reporting detailed 
results.

Risk of bias assessment

The risk of study bias was assessed using the Cochrane 
Handbook for Systematic Reviews. The evaluation criteria 
include: random sequence generation, allocation scheme 
hiding, blinding method, the integrity of the resulting data, 
selective reporting and other bias. There were three risk 
choices that were “high”, “low”, or “unclear” risk of bias 
for each article. Funnel diagrams were used to detect pub-
lication bias.

Statistical analysis

The main outcome indicator of this statistical analysis was 
WOMAC score, synovial fluid volume, tibia cartilage vol-
ume, bone marrow lesions and joint space width. We used 
Review manager 5.3 software for meta-analysis. Standard-
ized mean difference (SMD) and 95% confidence interval 
(CI) were used for the amount of effect that represents the 
same result for different units. We used weighted mean dif-
ference (WMD) for the same unit. We calculated the I2 and 
P values to test the heterogeneity between different studies. 
The fixed effect model was used for statistical analysis, if 
there was no clinical and statistical heterogeneity (P > 0.1, 
I2 < 50%) among the studies. If there was moderate or more 
statistical heterogeneity among the results of the study, but 
there was no clinical heterogeneity (P < 0.1, I2 > 50%), then 
subgroup analysis was performed.

Results

Research selection

The screening process for inclusion in the literature is shown 
in Fig. 1. A total of 1128 articles were retrieved, including 
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615 duplicate articles. There were 26 articles retained after 
viewing the title and eliminating the type of article (sum-
marize, summary of meeting, cross-sectional study, case 
report, cohort study, editors and letters). Finally, there were 
six RCTs left for meta-analysis by looking at the abstract and 
the full text [12, 16–20].

Study characteristics

Tables 1 and 2 listed the basic features and information of 
all subjects studied. All the studies were grouped accord-
ing to the diagnostic criteria of the American College of 
Rheumatology (ACR). Country distribution in these RCTs 
included USA [20], UK [12, 19], Australia [17], India [16] 
and Australia [18]. These studies were published from 2013 
to 2019. Sample sizes included in the study ranged from 103 
to 474. Daily vitamin D supplements included in the study 
ranged from 800 to 6000 IU. There was no difference in 
age, sex ratio, body mass index and serum vitamin D levels 
between the experimental and control groups.

Assessment of risk bias

The results of the quality evaluation included in the study are 
shown in Fig. 2. The evaluation included WOMAC score, 
synovial fluid volume, tibia cartilage volume changes, joint 
space width, bone marrow lesions, serum vitamin D levels 
and adverse reactions. Each study included was high-quality 
studies with low risk of bias.

Fig. 1   Selection of studies for inclusion in the meta-analysis

Table 1   Main features of studies included in the meta-analysis

BMI body mass index, SD standard deviation

Study Country
year

Treatment regimen No. of patient Male
Female

Age 
(mean ± SD, 
year)

BMI 
(mean ± SD, 
kg/m2)

Vitamin D 
(mean ± SD, 
μg/L)

McAlindon T USA
2013

2000 IU daily Vitamin D
Placebo

73
73

24/49
33/40

61.8 ± 7.7
63.0 ± 9.3

30.5 ± 5.0
30.8 ± 6.4

22.7 ± 11.4
21.9 ± 8.3

Ardne NK UK
2016

800 IU daily Vitamin D
Placebo

237
237

93/144
92/145

64.0 ± 8.0
64.0 ± 8.0

30.0 ± 5.0
29.0 ± 5.0

20.7 ± 8.9
20.7 ± 8.1

Jin XZ Australia
2016

5000 IU monthly Vitamin D3
Placebo

209
204

103/106
107/102

63.5 ± 6.9
62.9 ± 7.2

29.6 ± 5.4
29.6 ± 4.6

43.7 ± 11.8
43.8 ± 12.7

Sanghi India
2013

6000 IU daily Vitamin D
Placebo

52
51

16/36
21/30

53.2 ± 9.6
53.0 ± 7.4

25.9 ± 2.5
25.7 ± 2.6

37.0 ± 7.54
37.5 ± 7.53

Wang X Australia
2017

5000 IU monthly Vitamin D3
Placebo

209
204

51/158
50/154

63.6 ± 6.9
62.9 ± 7.2

29.6 ± 5.4
29.6 ± 4.6

43.7 ± 11.8
43.8 ± 12.7

Perry Thomas A UK
2019

800 IU daily Vitamin D
Placebo

24
26

17/7
20/6

63.0 ± 5.8
63.6 ± 7.2

28.2 ± 4.0
29.2 ± 5.6

26.6 ± 8.5
25.3 ± 8.7
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Impact of interventions

WOMAC score

All the studies included used WOMAC scores for pain 

assessment, but the scale was different, so we used SMD to 
evaluate the impact of the results. Effects of vitamin D sup-
plementation on KOA WOMAC score are shown in Figs. 3 
and 6. We can see from Fig. 3 that vitamin D supplementa-
tion is statistically significant for pain relief in patients with 
KOA (SMD = − 0.32, 95% CI − 0.63 to − 0.02). But there is 
obvious heterogeneity in the subjects (P = 0.0007, I2 = 82%). 
Therefore, we conducted a sensitivity analysis. At the same 
time, we conducted subgroup analysis according to the sup-
plemental dose of vitamin D. In subgroup analysis, the pain 
score of knee joint patients was not affected by low vitamin 
D (SMD = − 0.12, 95% CI − 0.28 to 0.04) or high vitamin D 
(SMD = − 0.57, 95% CI − 1.14 to 0.27). Figure 4 shows that 
vitamin supplementation D has statistical significance for 
the WOMAC stiffness score of KOA (SMD = − 0.13, 95% 
CI − 0.26 to − 0.01), and there is no significant heterogene-
ity between studies (P = 0.28, I2 = 21%). Subgroup analysis 
showed that vitamin D less than 2000 IU reduced WOMAC 
stiffness score (SMD = − 0.22, 95% CI − 0.40 to − 0.04). 
The estimates summarized in Fig. 5 suggest that vitamin D 
supplementation is associated with WOMAC function scores 
in patients with knee osteoarthritis (SMD = − 0.34, 95% CI 
− 0.60 to − 0.08). Figure 6 is a summary estimate of the 
effect of vitamin supplementation D on the WOMAC total 
score. The results show that vitamin D is statistically signifi-
cant in reducing the WOMAC total score (SMD = − 0.67, 
95% CI − 1.23 to − 0.12) but there is significant heterogene-
ity between studies (P < 0.00001, I2 = 94%).

Synovial fluid volume

Figure 7 shows the effect of vitamin D supplementation on 
the volume of synovial fluid volume. Since the two studies 
included used different measurement methods and units, we 
used SMD to evaluate the impact of the results. We can see 
that vitamin D supplements are statistically significant for 

Table 2   Baseline information of studies included in the meta-analysis

Study Research technique Follow time 
(month)

Main Outcome indicators Secondary outcome indicators

McAlindon T Single Centre
Double-blind

24 m WOMAC pain
Tibia cartilage volume

Bone marrow lesion
Joint space width

Ardne NK Multi Centre
Double-blind

36 m Radiographic feature WOMAC pain
Joint space width

Jin XZ Multi Centre
Double-blind

24 m WOMAC pain
Tibia cartilage volume

Bone marrow lesion

Sanghi Single Centre
Double-blind

12 m WOMAC pain Biological tag

Wang X Multi Centre
Double-blind

24 m Synovial fluid volume Vitamin D levels

Perry Thomas A Multi Centre
Double-blind

24 m Synovial fluid volume
Bone marrow lesion

Vitamin D levels

Fig. 2   Assessment of risk of bias among included studies
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relieving synovial fluid volume progression in patients with 
KOA (SMD = − 0.20, 95% CI − 0.39 to − 0.02). There was 
no heterogeneity in the studies (P = 0.38, I2 = 0%).

Tibia cartilage volume

Effects of vitamin D supplements on volume of tibia car-
tilage are shown in Fig. 8. In terms of statistical results, 

vitamin D supplementation was not statistically significant 
in improving the volume of tibia cartilage (SMD = 0.12, 
95% CI − 0.05 to 0.29). Similarly, the two articles included 
were not heterogeneous (P = 0.66, I2 = 0%).

Fig. 3   Vitamin D supplementa-
tion for KOA WOMAC pain 
score

Fig. 4   Vitamin D supplementa-
tion for KOA WOMAC stiffness 
score
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Joint space width

The effect of vitamin D supplements on the joint space 
width is shown in Fig. 9. We used SMD and random effect 
models for statistical analysis. The effect of vitamin D 

supplementation on joint space was not statistically sig-
nificant (SMD = − 0.10, 95% CI − 0.26 to 0.05). What’s 
more, there were moderately heterogeneous in included 
studies (P = 0.12, I2 = 59%).

Fig. 5   Vitamin D supplementa-
tion for KOA WOMAC func-
tion score

Fig. 6   Vitamin D supplementation for KOA WOMAC total score
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Bone marrow lesions

From Fig. 10, we can see the assessment of the effect of 
vitamin D supplementation on bone marrow lesions. The 

improvement of bone marrow lesions by vitamin D sup-
plementation was not statistically significant (SMD = 0.03, 
95% CI − 0.26 to 0.31), and the included studies were not 
heterogeneous (P = 0.12, I2 = 59%).

Fig. 7   Vitamin D supplementa-
tion for Synovial fluid volume 
progression in KOA

Fig. 8   Vitamin D supplementa-
tion for Tibia cartilage volume 
progression in KOA

Fig. 9   Vitamin D supplemen-
tation for Joint space width 
progression in KOA
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Sensibility analysis

We used one-by-one method to exclude individual studies 
for sensitivity analysis. The results showed that the hetero-
geneity did not change, and the combined effect was still 
statistically significant, which indicated that the results were 
robust.

Publication bias

Because of the small number of studies included, which did 
not reflect the publication bias of the results, we did not 
conduct a statistical test of publication bias.

Discussions

In this meta-analysis, we evaluated the effect of vitamin D 
supplementation on pain and joint structure in patients with 
KOA. The results showed that vitamin D supplementation 
was statistically significant for pain and function improve-
ment in patients with KOA. From the results, we can see 
that vitamin D supplementation could effectively delay the 
progression of synovial fluid volume, but there was no ben-
eficial effect on the changes of tibia cartilage volume, bone 
marrow lesion and joint space.

Our study suggests that vitamin D supplementation is 
beneficial for WOMAC pain and functional improvement 
in patients with KOA. In addition, subgroup analysis showed 
that vitamin D supplementation with less than 2000 IU doses 
was statistically significant in reducing stiffness and total 
WOMAC score in KOA patients. However, the results of 
subgroup analysis have some heterogeneity. To this end, 
we performed sensitivity analysis. The sensitivity analy-
sis showed that the heterogeneity did not change after the 
removal of individual studies. Therefore, we consider that 
the reason for this result may be related to the follow-up 
time and sample size. At the same time, we cannot rule out 
the impact of the results on the statistical capacity of the 
system. Due to the limited number of literatures included in 
this meta-analysis, no regression analysis was carried out.

In previous high-quality epidemiological studies, low-
serum vitamin D levels are closely related to the occurrence 
and development of knee osteoarthritis [21, 22]. But some 
studies have come to the opposite conclusion [23–26]. The 
latest cohort study in India showed that vitamin D supple-
ments significantly improved pain scores in OA patients 
[27]. The reasons for the different results may be related 
to differences in research methods, inclusion and exclusion 
criteria, and sample size. In addition, observational studies 
are subject to inherent bias and confounding factors such as 
physical activity and sun exposure [2, 15, 21, 27].

Based  on the controversial role of vitamin D in the 
pathogenesis of patients with KOA. Some randomized 
controlled trials have also been designed to demonstrate 
the effect of vitamin D supplementation on knee bone and 
joint patients. The reason for this may be the difference in 
statistical methods and the possibility that the article con-
siders statistical significance without mentioning clinical 
benefits. Our study included a high-quality, double-blind, 
placebo-controlled randomized controlled trial for analysis. 
In four studies on the effects of vitamin D supplementa-
tion on pain in patients with KOA, the majority of studies 
have shown that vitamin D supplementation has no effect 
on pain and function improvement in patients with KOA 
[2, 18, 19]. Only one study has shown that vitamin D sup-
plementation is statistically significant for pain and function 
improvement in patients with KOA [16]. This positive result 
may be affected by sample size and follow-up time. Small 
incremental benefits could take more time to accrue into a 
measurable outcome. At the same time, it is possible to be 
affected by human diversity. In addition, most of the findings 
were negative, probably because everyone had a different 
response index to vitamin D and the study did not have suf-
ficient follow-up time. Additional possible explanations for 
negative outcomes may be vitamin D rich in individuals in 
source populations [19].

For the effect of vitamin D on the structure of KOA, there 
is evidence from prospective studies that low-serum vitamin 
D may be linked with structural change in the knee [12]. 
Data from the Framingham study suggest that low-serum 
vitamin D is associated with increased odds of radiographic 

Fig. 10   Vitamin D supplemen-
tation for Bone marrow lesions 
progression in KOA
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KOA progression [15]. Osteoarthritis Initiative (OAI) study 
also supports an association between low-serum vitamin D 
and an increased risk of radiographic progression in symp-
tomatic KOA [25]. However, data from some RCTs showed 
that vitamin D supplementation had no effect on the assess-
ment of narrowing of the joint space in patients with osteoar-
thritis by ordinary radiographs [18, 19]. An epidemiological 
statistical analysis of vitamin D and osteoarthritis suggests 
that studies do not provide evidence of an independent asso-
ciation between 25(OH) vitamin D serum levels with hip or 
hand OA. When analyzing subgroups of KOA, significant 
associations of low-vitamin D levels with prevalent knee 
JSN were observed [28]. Most of the literatures included 
in the meta-analysis were of low quality and were observa-
tional studies. Another statistical analysis of the association 
between vitamin D and osteoarthritis was included in the 
adult RCTs, cohort study, case–control study and cross-
sectional study. The result displays that 25-(OH)-D appears 
to be implicated in structural changes of KOA rather than 
the symptoms [29]. The results were inconsistent, probably 
because of differences in design. Our combined effects are 
consistent with previous randomized controlled experi-
ments and statistical analysis that vitamin D did not work on 
changes in the volume of tibia cartilage and the joint space 
width [2, 18, 19]. However, this result may be influenced by 
the measurement method, and the best method of cartilage 
measurement is still the topic of research and discussion 
[19, 25]. In addition, we also performed statistical analy-
sis of bone marrow lesions and synovial fluid volume. The 
statistical results for bone marrow lesions were consistent 
with previous RCTs [2, 12, 19]. In terms of synovial fluid 
volume, our results are consistent with previous randomized 
controlled experiments that Vitamin D supplementation is 
ineffective for synovial fluid volume [17, 30, 31]. But both 
the studies were measured using magnetic resonance imag-
ing (MRI). The data, however, were obtained using non-con-
trast images—such images are less sensitive in distinguish-
ing effusion from underlying synovitis. Research from UK 
VIDEO shows the opposite [12]. Although the study used a 
more accurate measurement tool that was contrast-enhanced 
magnetic resonance imaging (CE MRI), the sample size was 
too small (n = 24) and fewer patients with KOA who lacked 
vitamin D in the study itself. Therefore, we cannot obtain 
sufficient evidence to demonstrate the effect of vitamin D 
supplementation on the volume of synovial fluid.

On the management treatment of KOA, the European 
Society for Clinical and Economic Aspects of Osteoporo-
sis (ESCEO) issued management advice on knee OA in the 
form of treatment algorithm. Among the latest algorithms, 
the use of background pharmacological therapy for OA is 
recommended background drug therapy for slow-acting 
drugs [32]. ESCEO especially recommended the use of 

pharmaceutical-grade prescription glucosamine sulfate 
(pCGS) and chondroitin sulfate, for which the evidence 
base is unequivocal and there are no safety issues [33–35]. 
They advanced pharmacological treatment of oral NSAID 
as step 2 is recommended. Another study suggests that 
drug-grade chondroitin sulfate can be used as a therapeutic 
option for patients with mild to moderate KOA [36]. Fug-
gle et al. reviewed alternative therapies for osteoarthritis. 
They recommend vitamin D supplements for KOA patients 
with evidence of vitamin D deficiency. According to their 
study, the problem of study design limits the extent to 
which symptomatic OA clinical outcomes can be inferred, 
so further design of appropriate, large, blind randomized 
controlled trials is needed [37]. The latest systematic 
review and network meta-analysis of 80 RCT mentioned 
that vitamin D can relieve pain and improve function in 
patients with knee OA [38], which is consistent with our 
results. The lack of endogenous vitamin D, which can be 
compensated for by circulating low levels of 25 OH of 
vitamin D, is associated with the onset and progression of 
knee OA, the literature also mentions.

Of course, our meta-analysis also has some flaws. For 
example, the failure to obtain the raw data of the experi-
ment can only summarize the results of the study, and 
the time of follow-up of the intervention included in the 
study is inconsistent, which will make the results of the 
experiment different. Furthermore, because of the limited 
inclusion studies, no further regression analysis was car-
ried out, and the studies on the volume of tibia cartilage, 
joint space width, bone marrow lesions and synovial effu-
sion were limited, which had a certain effect on statistical 
efficacy.

In conclusion, our statistical analysis shows that vita-
min D supplements are beneficial for WOMAC pain and 
functional improvement in patients with KOA. But there is 
a lack of strong evidence that vitamin D supplementation 
can prevent structural progression in patients with KOA.
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