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Abstract

Osteoarthritis (OA) is a chronic and prevalent joint disease resulting in degenerative changes in the cartilage.
Now-a-days vitamin-D is emerging as an important component which has a wide biological effects. The studies are
evaluating the beneficial effects of vitamin-D in osteoarthritis therefore the present investigation was planned to
analyze i) levels of vitamin-D in selected controls and OA patients, ii) monitor gene expression changes in CYP2R1,
CYP3A4, CYP27B1, CYP24A1 and CYP27A1, whose products are involved in vitamin D metabolism. Our result
shows that there was no significant difference in the vitamin-D levels in OA versus controls. The mean vitamin D
levels in controls was 35.9 ng/ml (3 had ViD<20g/ml) and in OA patients was 35.66 ng/ml (3 had Vit D<20ng/ml).
However gene expression of CYP2R1, CYP3A4 was reduced CYP24A1, CYP27B1 showed no variation in
expression and CYP27A1 was upregulated in OA patients as compared to control. We could not observe significant
difference in the levels of vitamin D in control and patient showing that onset of primary OA may not be because of
vitamin D deficiency or vitamin D may not be responsible for symptoms of OA. However its supplementation may
have therapeutic benefits to all including control and patients as vitamin D levels are not optimum in both. Lower
gene expression of cytochrome p 450 genes suggest some effects on OA patients but these are related to age or
post-menopausal stage or OA is not clear as in our study we were unable to obtain primary OA patients without any
comorbidity with <55 years of age. OA in less than 55 years are mostly associated with comorbid conditions as
diabetes, hypertention, thyroid, obesity, chronic gastrointestinal disturbance, kidney or liver disease, with trauma etc.
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Introduction
Vitamin D has an important role in calcium and bone metabolism.

It is emerging as an important component having diverse biological
actions in a number of target tissues. Vitamin D3 is the endogenous
form produced by humans. Photoisomerisation of 7-
dehydrocholesterol (DHC) by ultraviolet B (UVB) radiation in
cutaneous tissues produces previtamin D [1]. Previtamin D forms
vitamin D3 [cholecalciferol] by thermal-dependent isomerization [2].
This cholecalciferol is biologically inactive and needs two sequential
hydroxylations to achieve its active form. Therefore cholecalciferol
binds to vitamin D binding protein (DBP) and is transported to the
liver.

Main circulating form, 25-hydroxyvitamin D (25-OH-D3) is
produced by sequencial 25-hydroxylations and then 1α,25-
dihydroxyvitamin D3 (1,25-(OH)2D3)[3]. The initial reaction of 25-
hydroxylation is primarily managed by cytochrome P450 enzyme as
CYP2R1 in the liver [4]. Another hydroxyl group is added to the 1st
carbon in kidney as well as other extrarenal sites by CYP27B1 [5-7]
resulting in the production of biologically active 1a,25-
dihydroxyvitamin D3 (calcitrol;1α,25(OH)2D3). The 25(OH)D3 form is
normally measured in serum to determine vitamin D levels in patients.
All of the vitamin D-related CYPs catalyze single or multiple

hydroxylation reactions on specific carbons of the vitamin D substrate
using a transient, heme-bound, oxygenated-iron (Fe-O) intermediate.
Amongst the 25-hydroxylases as CYP2R1, CYP27A1, CYP3A4 and
CYP2D25, the most relevant physiological enzyme is microsomal
CYP2R1 [8]. Microsomal CYPs as CYP2R1 requires a single general-
purpose protein, NADPH-cytochrome P450 reductases.

Osteoarthritis is degenerative and progressive joint disease which
normally affects weight bearing joint [9]. Inflammation is now
emerging as an important factor in the pathogenesis of OA leading to
loss of cartilage [10-11]. Evidences suggest that OA not only affects
articular cartilage but also affects sub chondral bone and synovial
membrane lining in the joint [9].The deficiency of vitamin D and
development and progression of OA is controversial. The literature has
conflicting data with regard to vitamin D deficiency and progression of
OA and vitamin D supplementation and relief from pain in OA
patients. Therefore the present study was undertaken to access the
levels of vitamin D in control and primary OA patients without any
comorbidity and analysis of expression of vitamin D metabolism
related genes.

Materials and Methods

Patient selection for gene expression profiling
The study was started after approval from Institutional Ethical

Committee and written informed consent was obtained from all
participants. 30 patients with OA (15F and 15M) with average age of
59.96 years were recruited from health centres. 30 controls (17F and
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13M) with mean age 50.36 years were selected from neighborhood and
offices who were independent from patients. All the controls and
patients were non-hypertensive (blood pressure 120-130/78-90), non-
diabetic and without anycomorbidity. Of these, 3 patients (all females)
with knee OA and 3 asymptomatic independent controls (all females)
were selected for gene expression analysis.

OA patients were screened according to radiological grading [12].
VAS score and ACR classification was followed for classification of OA
[13]. Patients with OA were included who had grade II-III OA, knee
pain (asymmetrical) of more than 6 months, stiffness (from 5-15 min),
swelling, crepitation, tenderness on medial side of joint, X-ray had
>1/3 decrease in joint space and/or presence of osteophytes and
decreased range of motion in their knee joint. Their ligament stability
(anterior cruciate, posterior cruciate) was normal. The participants
who had comorbidty (trauma, any other disease of joint, smokers and
obese) were excluded. Participants were matched for sex, weight and
height (body mass index). None of the controls and patients had any
comorbid disease.

Vitamin D (25-hydroxy vitamin D) was analyzed by ELISA on
luminometer using commercial kits.

RNA extraction and microarray analysis
Total RNA was extracted from whole blood with Qiagen RNA

extraction kit according to manufacturer’s instructions. Concentration
of RNA was measured spectrophotometrically and its integrity was
checked by agarose gel electrophoresis. This was used as a starting
template to synthesize double-stranded cDNA with random hexamers
tagged with T7 promoter sequence.

The fragmented DNA was labeled and used for overnight
hybridization with Gene ST 1.0 arrays, followed by washing staining
and scanning.

Microarray analysis was done by using Affymetrix Human Gene
1.0 ST arrays. The data QC and RMA normalization was performed for
the arrays as recommended by Affymetrix. A f o ld c h an g e o f ± 1 was
used to select up and down regulated probe sets. The QC analysis was
carried out using Affymetrix Expression Console (EC). The statistical
analysis was performed using R-programming language and the
biological analysis was carried out using GenowizTM software.

Results
Vitamin D is emerging as a potential component affecting

functioning of many metabolic pathways, thus has important role in
various diseases.

Control

(N=30)

Osteoarthritis patient

(N=30)

Age 50.36 ± 0.63 59.96 ± 0.79

M/F 13/17 15/15

BMI 23.14 ± 0.66 23.6 ± 0.83

Vitamin D (ng/ml) 35.9 ± 2.22 35.66 ± 2.00

Table 1: Shows the demographic parameters studied and vitamin D
levels in control and patients. There is no significant difference in
vitamin D level in control versus OA group. (N-number of
participants; M-Males; F-Females; BMI-Body mass index).

In our study the mean serum levels of Vitamin D were 35.66ng/ml
in OA patients and the levels were 35.9 ng/ml in controls. Only 3 OA
patients and controls had vitamin D level <20ng/ml.

The minimum and maximum value of Vitamin D in controls ranged
from 12 to 55 respectively whereas OA patients had values from 18-50.
In our study we could not find significant difference in vitamin D
levels in controls and patients (p>0.05) (Table 1).

The gene expression of CYP2R1, which is microsomal CytP450 in
liver and testis is Vit D3-25 hydroxylase is downregulated in OA as
compared to control (Figure 1). CYP3A4 expression whose protein
product -24 and -25 hydroxylate Vit D2 more efficiently than D3
substrates is also downregulated. The expression of other
cytochromeP450 enzymes as CYP27B1 and CYP24A1 were not altered
in OA patients as compared to control (Table 2 and figure 1).
Significantly upregulated gene expression was observed for CYP27A1
which is liver mitochondrial cytP450 and is better cholesterol 26-
hydroxylase.

Genes Gene symbol Accession number Fold change

Cytochrome P450 CYP2R1 NM_024514 -0.94

CYP3A4 NM_017460 -0.70

CYP24A1 NM_000782 0.0

CYP27A1 NM_00784 +2.53*

CYP27B1 NM_000785 0

Table 2: Shows the gene expression of cytochrome p450 genes involved
in vitamin D biosynthetic pathway along with their excession numbers
and fold change expression.* represent significant change (p<0.05)

Figure 1: The figure shows the fold change in expression of genes
involved in vitamin D metabolism in osteoarthritis versus control.
CYP2R1, CYP3A4, CYP24A1 and CYP27A1 are 25-hydroxylases
while CYP27B1 is 1-hydroxylase. CYP2R1 and CYP3A4 are non
significantly down regulated. There is no change in the expression
of CYP24A1 and CYP27B1 whereas significantly high gene
expression was observed in CYP27A1 (p<0.05) in OA patients as
compared to control.

Discussion
In our study 25-hydroxylases as CYP2R1 and CYP3A4 were non-

significantly downregulated. CYP2R1 is the important 25-hydroxylase.
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CYP3A4 has been shown to be selectively induced by 1,25-(OH)2D3 in
the intestine [14-16]. It 23R- and 24S- hydroxylates the already existing
25-hydroxyltes 1,25-(OH)2D3[14]. CYP3A4 was reported in drug-drug
interactions involving Vit-D, in which coadministered drug causes
accelerated degradation of Vitamin D2 over D3. These are involved in
25-hydroxylation of vitamin D. The expression of another 25-
hydroxylase CYP27A1 was significantly higher. There may be a
possibility that if one of the prime 25-hydroxylase is compromised, the
alternative hydroxylase as CYP27A1 is higher. CYP27A1 which was
highly upregulated in OA was considered to be D-25-hydroxylase [17],
however it was found to be controversial as purified liver enzyme
seemed to be better cholesterol-26-hydroxylase than VitD-25-
hydroxylase and was proposed as bifunctional enzyme involved in bile
acid and vitamin D metabolism [18]. CYP27A1 seems to be involved
in the metabolism of Vit-D compounds as 1α-OH-D3 and 1α-OH-D2,
when present at high concentration. The gene expression of CYP27B1
and CYP2D25 were not affected in OA as compared to control.

 There could be another possibility that all patients choosen for
gene expression study were elderly post-menopausal females. The exact
involvement of hormones as estrogen and menopausal stage on OA
and vitamin D needs to be established. An Egyptian study on newly
diagnosed post-menopausal women showed lower 25(OH)D3 in their
serum and was associated with knee OA when compared to healthy
males [19]. The patients choosen in our study were only those who had
only osteoarthritis without any co-morbid conditions. OA in less than
55 years are mostly associated with comorbid conditions as diabetes,
hypertention, thyroid, obesity, chronic gastrointestinal disturbance,
kidney or liver disease, with trauma etc and were therefore excluded
from the study.

Blood concentrations of vitamin D over the range of 30 to 50
nmol/L are required for optimal bone health [20]. In the few studies
that prospectively examined predictors of change in 25(OH)D,
predictors included measures of body size [21,22], physical activity
[21], vitamin D intake and exogenous estrogen dose [23]. Studies
suggest that vitamin D may have implication on the radiographic
manifestations of OA [24,25] or cartilage loss in knee joint [26].
Vitamin D have been shown to be associated with progression of knee
OA [25,27].

A Framingham study25 has shown that people with low and
suboptimum vitamin D levels have 3 fold increased risk of developing
progressive knee OA whereas females are more likely to develop severe
OA than males [28]. The increased incidence of OA in females during
pre-post menopause has led researchers to speculate the role of
estrogen however, conflicting results are obtained by observational
studies with endogenous or exogenous estrogen on OA [29-31]. The
study by Sanghi et al. [32] suggest that there is small statistically
significant clinical benefit to vitamin D treated patients with knee OA.
However their study was done on patients who had vitamin D
deficiency. A study in UK reported that 24% of elderly OA patients had
deficient vitamin D levels (<40nmol/L (~16ng/ml) according to the
National Diet and Nutrition Survey definition) [33]. Ireland study
showed 70% vitamin D deficient (<21 ng/mL) and 26% severely
deficient (<12 ng/mL) patients in rheumatology outpatient [34].

An important observation is that different cell types present inside
osteoarthritic joint may experience negative effects at increased
sensitivity to vitamin D[9]. Vitamin D is known to play a crucial role in
the behaviour of metabolic processes in bone on which it has a range
of effects in the pathophysiology of OA [9]. OA osteoblast proliferation
is positively affected by vitamin D treatment [35]. However as there is

no difference in the vitamin D level in control and patients therefore it
is difficult to establish role of vitamin D in onset or progression of OA.
A 22 year follow up study of 805 Finns revealed that serum levels of
25(OH)D3 were not associated with hip or knee OA incidences [36]
supporting an earlier study where low vitamin D was not found to
increase the risk of developing knee OA [25]. Konstari et al. studied a
large cohort of 5,274 OA-free participants over a period of 10 years and
observed that low serum 25(OH)D3 levels were not associated with
higher risk of developing OA of knee or hip OA [37]. However,
contrasting results are reported where low serum vitamin D was found
to be associated with OA. Part study of Osteoporosis Fractures in Men
in the US observed a high prevalence of vitamin D deficiency in
patients with OA of hip and concluded that they were twice as likely to
have hip OA [38]. An Iranian study also reported a stronger
association between knee OA and serum 25(OH)D3 in younger
participants and positive association in patients under 60 years of age
[39]. Patients having lower vitamin D levels and low BMD were
associated with increased radiographic knee OA incidences [27]. Cao
et al. performed systemic review analysis and found 15 studies
providing strong evidence for an association between vitamin D levels
and cartilage loss in knee joint and moderate evidences in favor of
positive association between 25(OH)D3 and radiographic changes in
knee OA [26]. Low dietary and low serum vitamin D levels may be
associated with the progression of OA of knee [25,27]. Ding et al. in
their study as part of the Tasmanian Older Adult Cohort Study found
both sunlight exposure and vitamin D levels to be associated with
decreased knee cartilage loss [40]. Felson et al. found no association
between worsening of joints affected with OA and lower vitamin D
levels by magnetic resonance imaging done on two longitudinal studies
with [41].

Serum 25-hydroxyvitamin D3 are suggested to be associated with
progression of knee osteoarthritis as it plays an important role in
maintaining quality of bone [24,25] as persistent deficiency may
change line of force leading to deformity and probably plays a role in
development of OA. Vitamin D, calcium and physical activity are
considered to be the major contributors to bone health for individuals
of all ages In our results we found that there is no statistical significant
difference in vitamin D levels in control and OA suggesting that
vitamin D deficiency may not be responsible for onset of OA, however
control group who had lesser vitamin D levels reported pain in spine
and hands, probably due to decrease in bone quality. Though reports
suggest that nearly 1 billion people have vitamin D deficiency and
insufficiency[20] but association of vitamin D with OA remains
controversial [20,25,27,39,42]. Another interesting fact is the
percentage of population which is deficient in vitamin D may not
develop OA. Another important observation in our study was while
recruiting patients only with knee OA the younger patients (age 40-55
years) had some or the other comorbid condition (as described in
materials and methods). In only older patients (>55years) primary OA
without any comorbidity was observed therefore we excluded the
patients where OA was present with any other comorbid condition.
These all studies suggest that initial vitamin D deficiency may not lead
to onset or progression of OA but lead to problems in bone quality,
multiple joint movement, knee alignment and laxity but in long run
persistent deficiency of vitamin D may result in onset of OA in the
weight bearing joint due to sub-optimal bone quality. The existence of
any other clinical condition and vitamin D deficiency may trigger the
onset of OA but vitamin D deficiency as the only confounding factor
for development of OA needs to be analyzed in controlled randomized
trials with huge selected cohort.

Citation: Chand V, Prakash J, Ashraf T, Gupta V (2017) Can Vitamin D Slow Progression of Osteoarthritis? J Arthritis 6: 232. doi:
10.4172/2167-7921.1000232

Page 3 of 5

J Arthritis, an open access journal
ISSN:2167-7921

Volume 6 • Issue 1 • 1000232



References
1. MacLaughlin AJ, Anderson RR, Holick MF (1982) Spectral character of

sunlight modulates photosynthesis of previtamin D3 and its
photoisomers in human skin. Science. 216: 1001-1003.

2. Battault S, Whiting SJ, Peltier SL, Sadrin S, Gerber G, et al. (2013) Vitamin
D metabolism, functions and needs: from science to health claims.
European Journal of Nutrition . 52: 429-441.

3. DeLuca HF (1974) Vitamin D: the vitamin and the hormone. Fed Proc.
33: 2211-2219.

4. Ponchon G, Deluca HF (1969) Metabolites of vitamin D3 and their
biologic activity. J Nutr. 99: 157-167.

5. St-Arnaud R, Messerlian S, Moir JM, Omdahl JL, Glorieux FH, et al.
(1999) The 25-hydroxyvitamin D 1-α-hydroxylase gene maps to the
pseudovitamin D-deficiency rickets (PDDR) disease locus. J. Bone Miner.
Res. 12: 1552-1559.

6. Takeyama K, Kitanaka S, Sato T, Kobori M, Yanagisawa J, et al. (1997) 25-
Hydroxyvitamin D31α-hydroxylase and vitamin D synthesis. Science .
277: 1827-1830.

7. Nelson DR (2009) The cytochrome P450 homepage. Hum. Genomics . 4:
59-65.

8. Cheng JB, Levine MA, Bell NH, Mangelsdorf DJ, Russell DW (2004)
Genetic evidence that the human CYP2R1 enzyme is a key vitamin D 25-
hydroxylase. Proc. Natl. Acad. Sci. USA. 101: 7711-7715.

9. Mabey T , Honsawek S (2015) Role of Vitamin D in Osteoarthritis:
Molecular, Cellular, and Clinical Perspectives. International Journal of
Endocrinology. 383918.

10. Mishra R, Singh A, Chandra V (2012) A comparative analysis of
serological parameters and oxidative stress in osteoarthritis and
rheumatoid arthritis. Rheumatol Int . 32: 2377-2382.

11. Chand V, Patel SL, Mishra R (2015) Molecular signatures in peripheral
blood mononuclear cells with osteoarthritis. International Journal of
Clinical Rheumatology .

12. Kellgren JH, Lawrence JS (1957) Radiological assessment of Osteo-
arthrosis. Ann. rheum. Dis .16: 494-502.

13. Altman R, Asch E, Bloch D, Bole G, Borenstein D, et al. (1986)
Development of criteria for the classification and reporting of
osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and
Therapeutic Criteria Committee of the American Rheumatism
Association. Arthritis Rheum . 29:1039-1049.

14. Xu Y, Hashizume T, Shuhart MC, Davis CL, Nelson WL, et al. (2006)
Intestinal and hepatic CYP3A4 catalyze hydroxylation of 1α,25-
dihydroxyvitamin D3: implications for drug-induced osteomalacia. Mol.
Pharmacol. 69: 56-65.

15. Thummel KE, Brimer C, Yasuda K, Thottassery J, Senn T, et al. (2001)
Transcriptional control of intestinal cytochrome P-4503A by 1alpha,25-
dihydroxy vitamin D3. Mol. Pharmacol. 60: 1399-1406.

16. Thompson PD, Jurutka PW, Whitfield GK, Myskowski SM, Eichhorst KR,
et al. (2002) Liganded VDR induces CYP3A4 in small intestinal and
colon cancer cells via DR3 and ER6 vitamin D responsive elements.
Biochem. Biophys. Res. Commun. 299: 730-738.

17. Cali JJ, Russell DW (1991) Characterization of human sterol 27-
hydroxylase. A mitochondrial cytochrome P-450 that catalyzes multiple
oxidation reaction in bile acid biosynthesis. J. Biol. Chem. 266:
7774-7778.

18. Ohyama Y, Masumoto O, Usui E, Okuda K (1991) Multi-functional
property of rat liver mitochondrial cytochrome P-450. J. Biochem. 1991:
389-393.

19. Abu El Maaty AA, Hanafi RS, Badawy SE, Gad MZ (2013) Association of
suboptimal 25-hydroxyvitamin D levels with knee osteoarthritis
incidence in post-menopausal Egyptian women. Rheumatology
International . 33: 2903-2907.

20. Holick MF (2007) Vitamin D deficiency. N. Engl. J. Med. 357: 266-281.
21. Jorde R, Sneve M, Hutchinson M, Emaus N, Figenschau Y, et al. (2010)

Tracking of serum 25-hydroxyvitamin D levels during 14 years in a

population-based study and during 12 months in an intervention study.
Am J Epidemiol. 171: 903-908.

22. Ding C, Parameswaran V, Blizzard L, Burgess J, Jones G, et al. (2010) Not
a simple fat-soluble vitamin: changes in serum 25-(OH)D levels are
predicted by adiposity and adipocytokines in older adults. J Intern Med.
268: 501-510.

23. Nelson ML, Blum JM, Hollis BW, Rosen C (2009) Supplements of 20
mg/d cholecalciferol optimized serum 25-hydroxyvitamin D
concentrations in 80% of premenopausal women in winter. J Nutr.
540-546.

24. Lane NE, Gore LR, Cummings SR (1999) Serum vitamin D levels and
incident changes of radiographic hip osteoarthritis: a longitudinal study.
Study of osteoporotic fractures research group. Arthritis and
Rheumatism .42: 854-860.

25. McAlindon TE, Felson DT, Zhang Y (1996) Relation of dietary intake and
serum levels of vitamin d to progression of osteoarthritis of the knee
among participants in the framingham study. Annals of Internal
Medicine .125: 353-359.

26. Cao Y, Winzenberg T, Nguo K, Lin J, Jones G , et al. (2013) Association
between serum levels of 25-hydroxyvitamin D and osteoarthritis: a
systematic review. Rheumatology .52: 1323-1334.

27. Bergink AP, Uitterlinden AG, van Leeuwen (2009) Vitamin D status, bone
mineral density, and the development of radiographic osteoarthritis of
the knee: the rotterdam study. Journal of Clinical Rheumatology .15:
230-237.

28. Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, et al. (2005)
A meta-analysis of sex differences prevalence, incidence and severity of
osteoarthritis. Osteoarthritis Cartilage. 13: 769-81.

29. Wluka AE, Cicuttini FM, Spector TD (2000) Menopause, oestrogens and
arthritis. Maturitas. 35: 183-199.

30. Hannan MT, Felson DT, Anderson JJ, Naimark A, Kannel WB, ET AL
(1990) Estrogen use and radiographic osteoarthritis of the knee in
women. The Framingham Osteoarthritis Study. Arthritis Rheum. 33:
525-532.

31. Nevitt MC, Cummings SR, Lane NE (1996) Association of estrogen
replacement therapy with the risk of osteoarthritis of the hip in elderly
white women. Study of Osteoporotic Fractures Research Group. Arch
Intern Med. 156: 2073-2080.

32. Sanghi, D, Mishra, Sharma A, A.C (2013) Clin Does Vitamin D Improve
Osteoarthritis of the Knee: A Randomized Controlled Pilot Trial Orthop
Relat Res. 471: 3556.

33. Jansen JA , F. S. Haddad (2013) “High prevalence of vitamin D deficiency
in elderly patients with advanced osteoarthritis scheduled for total knee
replacement associated with poorer preoperative functional state,” Annals
of the Royal College of Surgeons of England .95: 569-572.

34. Haroon M, Bond U, Quillinan N, Phelan MJ, Regan MJ (2011) The
prevalence of vitamin D deficiency in consecutive new patients seen over
a 6-month period in general rheumatology clinics. Clinical
Rheumatology. 30: 789-794.

35. Corrado A, Neve A, Macchiarola A, Gaudio A, Marucci A, et al. (2013)
RANKL/OPG ratio and DKK-1 expression in primary osteoblastic
cultures from osteoarthritic and osteoporotic subjects. The Journal of
Rheumatology . 40: 684-694.

36. Konstari S, Paananen M, Heliövaara M (2012) Association of 25-
hydroxyvitamin D with the incidence of knee and hip osteoarthritis: a 22-
year follow-up study. Scandinavian Journal of Rheumatology. 41:
124-131.

37. Konstari S, Kaila-Kangas L, Jaaskelainen T (2014) Serum 25-
hydroxyvitamin D and the risk of knee and hip osteoarthritis leading to
hospitalization: a cohort study of 5274 Finns. Rheumatology. 53:
1778-1782.

38. Chaganti RK, Parimi N, Cawthon P, Dam TL, Nevitt MC, et al. (2010)
Association of 25-hydroxyvitamin D with prevalent osteoarthritis of the
hip in elderly men: the osteoporotic fractures in men study. Arthritis &
Rheumatism . 62: 511-514.

Citation: Chand V, Prakash J, Ashraf T, Gupta V (2017) Can Vitamin D Slow Progression of Osteoarthritis? J Arthritis 6: 232. doi:
10.4172/2167-7921.1000232

Page 4 of 5

J Arthritis, an open access journal
ISSN:2167-7921

Volume 6 • Issue 1 • 1000232

http://science.sciencemag.org/content/216/4549/1001.short
http://science.sciencemag.org/content/216/4549/1001.short
http://science.sciencemag.org/content/216/4549/1001.short
http://link.springer.com/article/10.1007/s00394-012-0430-5
http://link.springer.com/article/10.1007/s00394-012-0430-5
http://link.springer.com/article/10.1007/s00394-012-0430-5
http://europepmc.org/abstract/med/4372106
http://europepmc.org/abstract/med/4372106
https://www.cabdirect.org/cabdirect/abstract/19701404858
https://www.cabdirect.org/cabdirect/abstract/19701404858
https://dx.doi.org/10.1359/jbmr.1997.12.10.1552
https://dx.doi.org/10.1359/jbmr.1997.12.10.1552
https://dx.doi.org/10.1359/jbmr.1997.12.10.1552
https://dx.doi.org/10.1359/jbmr.1997.12.10.1552
http://science.sciencemag.org/content/277/5333/1827.short
http://science.sciencemag.org/content/277/5333/1827.short
http://science.sciencemag.org/content/277/5333/1827.short
http://www.pnas.org/content/101/20/7711.short
http://www.pnas.org/content/101/20/7711.short
http://www.pnas.org/content/101/20/7711.short
http://dx.doi.org/10.1155/2015/383918
http://dx.doi.org/10.1155/2015/383918
http://dx.doi.org/10.1155/2015/383918
https://dx.doi.org/10.1007/s00296-011-1964-1
https://dx.doi.org/10.1007/s00296-011-1964-1
https://dx.doi.org/10.1007/s00296-011-1964-1
http://onlinelibrary.wiley.com/doi/10.1002/art.1780290816/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780290816/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780290816/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780290816/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.1780290816/abstract
https://dx.doi.org/10.1124/mol.105.017392
https://dx.doi.org/10.1124/mol.105.017392
https://dx.doi.org/10.1124/mol.105.017392
https://dx.doi.org/10.1124/mol.105.017392
http://molpharm.aspetjournals.org/content/60/6/1399.short
http://molpharm.aspetjournals.org/content/60/6/1399.short
http://molpharm.aspetjournals.org/content/60/6/1399.short
http://www.sciencedirect.com/science/article/pii/S0006291X02027420
http://www.sciencedirect.com/science/article/pii/S0006291X02027420
http://www.sciencedirect.com/science/article/pii/S0006291X02027420
http://www.sciencedirect.com/science/article/pii/S0006291X02027420
http://link.springer.com/article/10.1007/s00296-012-2551-9
http://link.springer.com/article/10.1007/s00296-012-2551-9
http://link.springer.com/article/10.1007/s00296-012-2551-9
http://link.springer.com/article/10.1007/s00296-012-2551-9
http://www.nejm.org/doi/full/10.1056/NEJMra070553
file:///C:/Users/rishu-b/Desktop/VARSHA%20INDIA/Tracking%20of%20serum%2025-hydroxyvitamin%20D%20levels%20during%2014%20years%20in%20a%20population-based%20study%20and%20during%2012%20months%20in%20an%20intervention%20study
file:///C:/Users/rishu-b/Desktop/VARSHA%20INDIA/Tracking%20of%20serum%2025-hydroxyvitamin%20D%20levels%20during%2014%20years%20in%20a%20population-based%20study%20and%20during%2012%20months%20in%20an%20intervention%20study
file:///C:/Users/rishu-b/Desktop/VARSHA%20INDIA/Tracking%20of%20serum%2025-hydroxyvitamin%20D%20levels%20during%2014%20years%20in%20a%20population-based%20study%20and%20during%2012%20months%20in%20an%20intervention%20study
file:///C:/Users/rishu-b/Desktop/VARSHA%20INDIA/Tracking%20of%20serum%2025-hydroxyvitamin%20D%20levels%20during%2014%20years%20in%20a%20population-based%20study%20and%20during%2012%20months%20in%20an%20intervention%20study
https://dx.doi.org/10.1111/j.1365-2796.2010.02267.x
https://dx.doi.org/10.1111/j.1365-2796.2010.02267.x
https://dx.doi.org/10.1111/j.1365-2796.2010.02267.x
https://dx.doi.org/10.1111/j.1365-2796.2010.02267.x
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj-_f3ThvTRAhUOUI8KHXeCAhAQFggbMAA&url=http%3A%2F%2Fjn.nutrition.org%2Fcontent%2F139%2F3%2F540.full.pdf&usg=AFQjCNHQOSaITTP1GllkiWMyz_bOeeS3CQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj-_f3ThvTRAhUOUI8KHXeCAhAQFggbMAA&url=http%3A%2F%2Fjn.nutrition.org%2Fcontent%2F139%2F3%2F540.full.pdf&usg=AFQjCNHQOSaITTP1GllkiWMyz_bOeeS3CQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj-_f3ThvTRAhUOUI8KHXeCAhAQFggbMAA&url=http%3A%2F%2Fjn.nutrition.org%2Fcontent%2F139%2F3%2F540.full.pdf&usg=AFQjCNHQOSaITTP1GllkiWMyz_bOeeS3CQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj-_f3ThvTRAhUOUI8KHXeCAhAQFggbMAA&url=http%3A%2F%2Fjn.nutrition.org%2Fcontent%2F139%2F3%2F540.full.pdf&usg=AFQjCNHQOSaITTP1GllkiWMyz_bOeeS3CQ
https://dx.doi.org/10.1002/1529-0131(199905)42:5%3C854::AID-ANR3%3E3.0.CO;2-I
https://dx.doi.org/10.1002/1529-0131(199905)42:5%3C854::AID-ANR3%3E3.0.CO;2-I
https://dx.doi.org/10.1002/1529-0131(199905)42:5%3C854::AID-ANR3%3E3.0.CO;2-I
https://dx.doi.org/10.1002/1529-0131(199905)42:5%3C854::AID-ANR3%3E3.0.CO;2-I
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://annals.org/aim/article/709914/relation-dietary-intake-serum-levels-vitamin-d-progression-osteoarthritis-knee
http://journals.lww.com/jclinrheum/Abstract/2009/08000/Vitamin_D_Status,_Bone_Mineral_Density,_and_the.5.aspx
http://journals.lww.com/jclinrheum/Abstract/2009/08000/Vitamin_D_Status,_Bone_Mineral_Density,_and_the.5.aspx
http://journals.lww.com/jclinrheum/Abstract/2009/08000/Vitamin_D_Status,_Bone_Mineral_Density,_and_the.5.aspx
http://journals.lww.com/jclinrheum/Abstract/2009/08000/Vitamin_D_Status,_Bone_Mineral_Density,_and_the.5.aspx
https://dx.doi.org/10.1016/j.joca.2005.04.014
https://dx.doi.org/10.1016/j.joca.2005.04.014
https://dx.doi.org/10.1016/j.joca.2005.04.014
http://www.sciencedirect.com/science/article/pii/S0378512200001183
http://www.sciencedirect.com/science/article/pii/S0378512200001183
http://onlinelibrary.wiley.com/doi/10.1002/art.1780330410/full
http://onlinelibrary.wiley.com/doi/10.1002/art.1780330410/full
http://onlinelibrary.wiley.com/doi/10.1002/art.1780330410/full
http://onlinelibrary.wiley.com/doi/10.1002/art.1780330410/full
http://jamanetwork.com/data/Journals/INTEMED/17501/archinte_156_18_009.pdf
http://jamanetwork.com/data/Journals/INTEMED/17501/archinte_156_18_009.pdf
http://jamanetwork.com/data/Journals/INTEMED/17501/archinte_156_18_009.pdf
http://jamanetwork.com/data/Journals/INTEMED/17501/archinte_156_18_009.pdf
doi:10.1007/s11999-013-3201-6.
doi:10.1007/s11999-013-3201-6.
doi:10.1007/s11999-013-3201-6.
http://publishing.rcseng.ac.uk/doi/abs/10.1308/rcsann.2013.95.8.569
http://publishing.rcseng.ac.uk/doi/abs/10.1308/rcsann.2013.95.8.569
http://publishing.rcseng.ac.uk/doi/abs/10.1308/rcsann.2013.95.8.569
http://publishing.rcseng.ac.uk/doi/abs/10.1308/rcsann.2013.95.8.569
http://link.springer.com/article/10.1007/s10067-010-1659-0
http://link.springer.com/article/10.1007/s10067-010-1659-0
http://link.springer.com/article/10.1007/s10067-010-1659-0
http://link.springer.com/article/10.1007/s10067-010-1659-0
http://www.jrheum.org/content/40/5/684.short
http://www.jrheum.org/content/40/5/684.short
http://www.jrheum.org/content/40/5/684.short
http://www.jrheum.org/content/40/5/684.short
http://www.tandfonline.com/doi/abs/10.3109/03009742.2011.617314
http://www.tandfonline.com/doi/abs/10.3109/03009742.2011.617314
http://www.tandfonline.com/doi/abs/10.3109/03009742.2011.617314
http://www.tandfonline.com/doi/abs/10.3109/03009742.2011.617314
http://rheumatology.oxfordjournals.org/content/53/10/1778.short
http://rheumatology.oxfordjournals.org/content/53/10/1778.short
http://rheumatology.oxfordjournals.org/content/53/10/1778.short
http://rheumatology.oxfordjournals.org/content/53/10/1778.short
https://dx.doi.org/10.1002/art.27241
https://dx.doi.org/10.1002/art.27241
https://dx.doi.org/10.1002/art.27241
https://dx.doi.org/10.1002/art.27241


39. Heidari B, Heidari P, Hajian-Tilaki K (2011) Association between serum
vitamin D deficiency and knee osteoarthritis. International Orthopaedics
35: 1627-1631.

40. Ding C, Cicuttini F, Parameswaran V, Burgess J, Quinn S , et al. (2009)
Serum levels of vitamin D, sunlight exposure, and knee cartilage loss in
older adults: the Tasmanian older adult cohort study. Arthritis and
Rheumatism . 60: 1381-1389.

41. Felson DT, Niu J, Clancy M (2007) Low levels of vitamin D and
worsening of knee osteoarthritis: results of two longitudinal studies.
Arthritis & Rheumatism . 56: 129-136.

42. Hunter DJ, Hart D, Snieder H, Bettica P, Swaminathan R, et al. (2003)
Evidence of altered bone turnover, vitamin D and calcium regulation with
knee osteoarthritis in female twins. Rheumatology . 42: 1311-1316.

 

Citation: Chand V, Prakash J, Ashraf T, Gupta V (2017) Can Vitamin D Slow Progression of Osteoarthritis? J Arthritis 6: 232. doi:
10.4172/2167-7921.1000232

Page 5 of 5

J Arthritis, an open access journal
ISSN:2167-7921

Volume 6 • Issue 1 • 1000232

https://dx.doi.org/10.1007/s00264-010-1186-2
https://dx.doi.org/10.1007/s00264-010-1186-2
https://dx.doi.org/10.1007/s00264-010-1186-2
https://dx.doi.org/10.1002/art.24486
https://dx.doi.org/10.1002/art.24486
https://dx.doi.org/10.1002/art.24486
https://dx.doi.org/10.1002/art.24486
https://dx.doi.org/10.1002/art.22292
https://dx.doi.org/10.1002/art.22292
https://dx.doi.org/10.1002/art.22292
https://dx.doi.org/10.1093/rheumatology/keg373
https://dx.doi.org/10.1093/rheumatology/keg373
https://dx.doi.org/10.1093/rheumatology/keg373

	Contents
	Can Vitamin D Slow Progression of Osteoarthritis?
	Abstract
	Keywords:
	Abbreviations:
	Introduction
	Materials and Methods
	Patient selection for gene expression profiling
	RNA extraction and microarray analysis

	Results
	Discussion
	References


