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Assessment of Vitamin D in Rheumatoid Arthritis and Its
Correlation with Disease Activity
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Background: Vitamin D is believed to have an immunomodulatory and anti-inflammatory action, and its deficiency has been linked with
several autoimmune disorders, including rheumatoid arthritis (RA). The relationship between the severity of RA and serum levels of Vitamin D
is a subject of immense interest and therapeutic implications. Materials and Methods: This was a prospective, comparative study conducted
on 100 participants, 50 cases of RA and 50 healthy controls, all in the age group of 18-75 years. Serum Vitamin D levels were measured
and compared in cases and controls. Vitamin D levels in RA patients were also assessed in different stages of disease activity to assess
the correlation between the two. Results: Eighty-four percent patients of RA were Vitamin D deficient versus only 34% of controls. The
serum Vitamin D levels were also significantly lower in the RA patients (mean value of 21.05 + 10.02 ng/ml), as compared to the controls
(mean value of 32.87 & 14.16 ng/ml). There was a significant inverse correlation between serum Vitamin D levels and RA disease activity.
The mean serum Vitamin D levels were 35.28 + 9.0 ng/ml, 33.80 £+ 4.1 ng/ml, 22.47 + 6.18 ng/ml, and 14.21 £ 6.97 ng/ml in the remission,
low disease activity, moderate disease activity, and high disease activity groups, respectively. Conclusions: Vitamin D deficiency is more

common in RA patients and may be one of the causes leading to development or worsening of the disease.
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INTRODUCTION

Vitamin D promotes absorption of calcium in the gut
and maintains adequate serum calcium and phosphate
concentrations to enable normal mineralization of bone and
to prevent hypocalcemic tetany. It is also needed for bone
growth and bone remodeling by osteoblasts and osteoclasts.!?!
In addition, Vitamin D has other roles in the body, including
modulation of cell growth, neuromuscular and immune
function, and reduction of inflammation. Many genes encoding
proteins that regulate cell proliferation, differentiation, and
apoptosis are modulated in part by Vitamin D.B4

The role of Vitamin D in modulating immune function is supported
by the discovery of Vitamin D receptors (VDRs) in peripheral
mononuclear blood cells.>®! Vitamin D causes downregulation
of antigen-presenting cells, inhibition of T-cell proliferation, and
decreased production of T helper cell-1 cytokines IL-2, interferon
gamma and tumor necrosis factor-alpha.*! Researchers have
related Vitamin D deficiency with several autoimmune disorders,
including insulin-dependent diabetes mellitus, systemic lupus
erythematosus (SLE), and rheumatoid arthritis (RA).-1?! It has
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been suggested that Vitamin D is an extrinsic factor capable of
affecting the prevalence of autoimmune diseases.'

The immunomodulatory activities of Vitamin D might be
particularly efficient in RA patients and support a therapeutic
role of Vitamin D in these patients.'¥ The VDRs have been
demonstrated in macrophages, chondrocytes, and synoviocytes
in rheumatoid synovium and at sites of cartilage erosion in
RA patients.”315 In RA patients, measurement of Vitamin D
levels is particularly important as its deficiency is highly
prevalent in this group.l'*!® Vitamin D may also have a role
in modulating RA disease activity and is already known to be
important in osteoporosis and falls and fractures, which are
common in RA. The antiproliferative, immunomodulatory, and
anti-inflammatory properties of Vitamin D could be exploited
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to treat a variety of autoimmune rheumatic diseases, from RA
to SLE, and possibly also multiple sclerosis, type 1 diabetes or
inflammatory bowel diseases.!'” The relationship between the
severity of RA and levels of Vitamin D is a subject of immense
interest and therapeutic implications, hence the study was
undertaken to compare the serum levels of Vitamin D in the
healthy population and RA patients and to correlate Vitamin
D levels with the RA disease activity.

MareriaLs AND METHODS

This was a prospective comparative study conducted in the
department of Medicine of a tertiary care teaching hospital of
Punjab, India. A total of 100 participants were included, and
they were divided into 2 groups. Group I included 50 cases of
RA and Group II included 50 healthy controls, all participants
were in the age group of 18—75 years. Permission was sought
from the institutional ethics committee and written informed
consent was taken from each participant before enrolling
him/her for the study. The data were collected by the first
author as per the detailed questionnaire.

Inclusion criteria

Both males and females in the age group of 18-75 years
having RA according to the American College of
Rheumatology-European League Against Rheumatism 2010
criteria®”! were enrolled in this study.

Exclusion criteria

Patients with malnutrition, hepatic and renal dysfunction,
hyperparathyroidism, hyperthyroidism, diabetes mellitus, and
patients on Vitamin D supplementation in the past 6 months
or on medications that can affect bone and Vitamin D
metabolism (anticonvulsants, diuretics, and thyroxin) were
excluded from this study.

All participants were interviewed regarding personal details,

and detailed history was taken from cases regarding age at

onset of symptoms, the progression of disease and pattern

of joint involvement, the presence of any swelling and pain

in the joints, and drug history (if any). Disease activity score

of 28 joints (DAS28) of RA patients was calculated as per

the guidelines of American College of Rheumatology, which

indicated the disease severity, that is, low-, moderate-, and

high-disease activity. Calculation of DAS28 score was done

by following measures

1. Counting the number of swollen joints (out of 28)

2. Counting the number of tender joints (out of 28)

3. Taking blood to measure the erythrocyte sedimentation
rate (ESR)

4. Asking the patient to make a “global assessment of
health” (indicated by marking on a 10 point line between
very good and very bad).

These results were incorporated into a mathematical formula
to produce the overall disease activity score:*!!

DAS28 = 0.56\(28TJC) + 0.28V(28SJC) + 0.70 Ln (ESR) +
0.014VAS

(Here TJC = Tender joint count, SJC = Swollen joint count,
Ln = log, VAS = Visual analog scale)

Disease severity was assessed according to the value of DAS28
score as follows

*  Remission: DAS28 <2.6

*  Low disease activity: 2.6 <DAS28 <3.2

*  Moderate disease Activity: 3.2 <DAS28 <5.1

*  High disease Activity: DAS28 >5.1.

The investigations carried out in all the participants participating
in this study were ESR, RA factor, anti-citrullinated cyclic
peptide antibody (wherever required), Vitamin D3 level,
complete blood count, renal function tests, serum uric acid,
liver function tests, urine examination, and electrocardiogram.
X-rays of involved joints and X-ray chest were done if needed.

25(0OH)-Vitamin D Xpress ELISA Kit was used for the
quantitative measurement of Vitamin D3 {25 (OH)-D3} in
serum. The estimation process was done in Biotek ELX-800
autoanalyzer. The assay utilized a competitive ELISA
technique with a selected monoclonal antibody recognizing
25(0OH)-Vitamin D. Normal serum Vitamin D levels were taken
as 30-70 ng/ml or 75—175 nmol/L. Observed values of Vitamin
D levels were recorded and analyzed in both the groups and
correlated with the disease activity of RA. Statistical analysis
was done to know the significance of this relationship.
Statistical analysis was performed using GraphPad InStat
software (version 3.05 for Windows, SanDiego, CA, USA). At
95% confidence interval, P <0.05 was considered statistically
significant.

ResuLts

The mean age of patients in the RA group was 44.92+13.06 years,
whereas the mean age of participants in the control group was
44.02 + 11.65 years. Among the 50 patients in the RA group,
7 (14%) were male and 43 (86%) were female. Among the
50 participants in the control group, 8 (16%) were male and
42 (84%) were female. The mean serum calcium levels were
8.54 £ 0.62 mg/dl in the RA group and 9.01 + 0.59 mg/dl in
the control group [Table 1]. This difference was statistically
significant (P < 0.05). Forty-two patients (84%) belonging
to the RA group had serum Vitamin D levels <30 ng/
ml, that is, they were Vitamin D deficient, whereas only
17 participants (34%) belonging to the control group had
Vitamin D deficiency. The mean serum Vitamin D levels were
21.05 + 10.02 ng/ml in patients of RA and 32.87 + 14.16 ng/
ml in the control group [Table 1, Figure 1]. This difference
was also statistically significant (P < 0.05).

In this study, out of 50 patients of RA, 6 patients (12%)
were in the remission group (DAS28 score <2.6),
3 (6%) in the low disease activity group (DAS28 score
2.7-3.2), 19 (38%) in the moderate disease activity
group (DAS28 score 3.3-5.1), and 22 patients (44%)
in the high disease activity group (DAS28 score >5.1).
The mean serum calcium levels were 8.96 + 0.75 mg/dl,
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8.83+£0.05 mg/dl, 8.76 £ 0.60 mg/dl, and 8.19 + 0.47 mg/dl in
the remission, low disease activity, moderate disease activity,
and high disease activity groups, respectively [Table 2]. These
differences were statistically significant (P < 0.05). The mean
serum Vitamin D levels were 35.28 £ 9.0 ng/ml, 33.80 + 4.1 ng/
ml, 22.47 + 6.18 ng/ml, and 14.21 + 6.97 ng/ml in the
remission, low disease activity, moderate disease activity, and
high disease activity groups, respectively [Table 2, Figure 2].
These differences were also statistically significant (P <0.05).

Discussion

RA is a chronic inflammatory disease of unknown etiology
marked by asymmetric, peripheral polyarthritis. Etiology of RA
is still unknown, and many environmental and genetic factors
play a role in the development of this disease.

Various studies done so far suggest that Vitamin D deficiency
increases the risk of developing autoimmune diseases such as
multiple sclerosis, inflammatory bowel disease, Type I diabetes
mellitus, SLE, and RA. Vitamin D has immunoregulatory
activity which is mediated through VDRs present on antigen
presenting cells, activated T-lymphocytes, and activated
B-lymphocytes. Vitamin D seems to interact with the immune
system through its actions on the regulation and differentiation
of cells such as lymphocytes, macrophages, and natural killer
cells, besides interfering in the production of cytokines.

In this study, Vitamin D levels were measured in 50 patients
with RA and compared with an equal number of age- and
sex-matched controls. Vitamin D levels in RA patients were
also assessed in different stages of disease activity to assess
the correlation between the two. The mean age of patients in
the RA group was 44.92 + 13.06 years, and the majority (86%)
were female, whereas the mean age of participants in the
control group was 44.02 + 11.65 years and 84% were females.

Table 1: Mean serum calcium and vitamin D levels in the
study groups

Group Number Mean serum Mean serum P
calcium vitamin D
(mg/dl) (ng/ml)
Rheumatoid arthritis 50 8.54+0.62 21.05+£10.02  <0.05
Controls 50 9.01+0.59  32.87+14.16

Table 2: Mean serum calcium and vitamin D levels in
rheumatoid arthritis patients according to their disease
activity

Group Number Mean serum Mean serum P
(according to calcium vitamin D

disease activity) (mgy/dI) (ng/ml)

Remission 8.96+0.75 3528+9.0  <0.05
Low 3 8.83+0.05 33.80+4.1

Moderate 19 8.76+0.60 22.47+6.18

High 22 8.19+0.47 14.21+6.97

Eighty-four percent patients of RA enrolled for this study were
Vitamin D deficient, whereas only 34% of control participants
had deficiency of Vitamin D. The serum Vitamin D levels
were significantly lower in the RA group (mean value of
21.05 + 10.02 ng/ml, as compared to the control group (mean
value of 32.87 + 14.16 ng/ml) [Table 1, Figure 1]. RA disease
activity was assessed according to the value of DAS28 score.
There was a significant inverse correlation between serum
Vitamin D levels and RA disease activity. The mean serum
Vitamin D levels were 35.28 + 9.0 ng/ml, 33.80 + 4.1 ng/ml,
22.47 £ 6.18 ng/ml, and 14.21 + 6.97 ng/ml in the remission,
low disease activity, moderate disease activity, and high
disease activity groups, respectively [Table 2, Figure 2]. These
differences were statistically significant (P < 0.05).

Similar findings were reported by Cen et al.?! in their study,
wherein the mean serum Vitamin D level was significantly
lower in RA patients (35.99 + 12.59 nmol/L) as compared to
the normal participants (54.35 = 8.20 nmol/L).

Merlino ef al. demonstrated an inverse association between
greater intake of Vitamin D and RA risk. They analyzed data
from a prospective cohort study of 29,368 women without
a history of RA at study baseline, and through 11 years of
follow-up, 152 cases of RA were diagnosed. Greater intake of
Vitamin D was inversely associated with risk of RA.['4

Another study with 100 RA patients and 100 controls, not on
Vitamin D supplements, noticed that patients with high disease
activity had the lowest Vitamin D levels (18.25 + 8.3 nmol/L)
compared to patients with moderate (35.13 = 15.2 nmol/L), and
low (38.05 + 7.3 nmol/L) disease activity. Serum Vitamin D
was negatively correlated with DAS28, which was statistically
significant. Significantly lower Vitamin D values were found
in patients who were poorly responding to treatment, and were
not in a state of disease remission.*]

Sabbagh et al. also found inadequate Vitamin D status in patients
with systemic autoimmune rheumatic diseases (SARDs), along
with considerably strong association with disease activity in
RA cases. This study indicated the need for proper evaluation
of Vitamin D status in these patients to ensure the intake of
the recommended amount of Vitamin D.24

Studies conducted by Ibrahim et al.,*! Yagiz et al.% and
Kareem et al.*” found significantly lower Vitamin D levels in
patients with RA, SLE, ankylosing spondylitis, and Behcet’s
disease as compared to control population thus supporting the
possible role of Vitamin D in the pathogenesis, activity and
treatment of various autoimmune diseases.

A recent Indian study found that 90% of RA patients were
either Vitamin D deficient or insufficient. The mean serum
Vitamin D level of RA patients was significantly low in
comparison to healthy controls. Levels of Vitamin D in
patients with high disease activity were significantly lower
compared to those in patients with moderate- and low-disease
activity and Vitamin D level had significant negative
correlation with DAS28 score.?!

56 Journal of Natural Science, Biology and Medicine | Volume 9 | Issue | | January-June 2018 -




Meena, et al.: Vitamin D in rheumatoid arthritis

w
wv

w
o

N
wv

N
o

@ Mean serum vitamin D
(ng/ml)

[
wv

[
o

wv

MEAN SERUM VITAMIN D (ng/ml)

o

RHEUMATOID
ARTHRITIS

CONTROLS

Figure 1: Mean serum Vitamin D levels in rheumatoid arthritis patients
and controls

Studies by Yassin et al.?’ and Azzeh and Kensaral®® observed
the same results in Egyptian and Saudi patients with RA and
concluded that Vitamin D insufficiency is highly prevalent and
linked to disease severity in patients with RA.

Recent meta-analysis of 1,143 RA patients and 963 controls
showed that the prevalence of Vitamin D deficiency was
significantly higher in the RA group than in the control
group (55.2% vs. 33.2%; P = 0.023), and the mean serum
Vitamin D level in the RA group was also significantly lower
than that in the control group. This meta-analysis also showed
a significant inverse correlation between the Vitamin D levels
and DAS28.B1

A recent review by Braqazzi et al., however, pointed out
that the potential role of Vitamin D supplementation in
preventing the manifestations of RA is unclear in view of
studies showing contrasting findings with regards to the
association between Vitamin D levels and RA. Therefore,
further research is essential to confirm the relationship
between RA susceptibility and Vitamin D deficiency and to
ascertain whether Vitamin D plays a role in preventing the
manifestation of RA.B?

Strength of the study

This study highlights the high prevalence of hypovitaminosis D in
RA and thus the possible immunomodulatory role of Vitamin D
in the development of RA and other autoimmune diseases. This
study also emphasizes the inverse relationship between Vitamin
D levels and the severity of disease activity in RA.

Limitations of the study
This was a single-center study with a small sample size.

CoNCLUSIONS

Vitamin D deficiency is more common in RA patients and may
be one of the causes leading to development or worsening of RA.
In RA, as the disease activity increases, the serum Vitamin D
levels tend to decrease. There is a need for proper evaluation
of Vitamin D status in all RA patients to ensure the intake of
the recommended amount of Vitamin D. Further research is
required so that the antiproliferative, immunomodulatory, and
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Figure 2: Mean serum Vitamin D levels in rheumatoid arthritis patients
according to their disease activity

anti-inflammatory properties of Vitamin D could be exploited
to treat a variety of autoimmune rheumatic diseases.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Holick MF. Resurrection of Vitamin D deficiency and rickets. J Clin
Invest 2006;116:2062-72.

2. Brunette MG, Chan M, Ferriere C, Roberts KD. Site of 1,25(0OH)2
Vitamin D3 synthesis in the kidney. Nature 1978;276:287-9.

3. Holick MF. Vitamin D. In: Shils ME, Shike M, Ross AC, Caballero B,
Cousins RJ, editors. Modern Nutrition in Health and Disease. 10" ed.
Philadelphia: Lippincott Williams & Wilkins; 2006.

4. Norman AW, Henry HH. Vitamin D. In: Bowman BA, Russell RM,
editors. Present Knowledge in Nutrition. 9" ed. Washington, DC: ILSI
Press; 2006.

5. Cantorna MT, Zhu Y, Froicu M, Wittke A. Vitamin D status,
1,25-dihydroxyvitamin D3, and the immune system. Am J Clin Nutr
2004;80:1717S-20S.

6. Deluca HF, Cantorna MT. Vitamin D: Its role and uses in immunology.
FASEB J 2001;15:2579-85.

7. Tetlow LC, Smith SJ, Mawer EB, Woolley DE. Vitamin D receptors in
the rheumatoid lesion: Expression by chondrocytes, macrophages, and
synoviocytes. Ann Rheum Dis 1999;58:118-21.

8. Cantorna MT, Hayes CE, De Luca HF. 1,25 dihydroxyvitamin D
prevents and ameliorates symptoms in two experimental models of
human arthritis. J Nutr 1998;128:68-72.

9. Jones BJ, Twomey PJ. Issues with Vitamin D in routine clinical practice.
Rheumatology (Oxford) 2008;47:1267-8.

10. Cantorna MT. Vitamin D and autoimmunity: Is Vitamin D status an
environmental factor affecting autoimmune disease prevalence? Proc
Soc Exp Biol Med 2000;223:230-3.

11. Kamen DL, Cooper GS, Bouali H, Shaftman SR, Hollis BW,
Gilkeson GS, ef al. Vitamin D deficiency in systemic lupus
erythematosus. Autoimmun Rev 2006;5:114-7.

12. Lips P. Which circulating level of 25-hydroxyvitamin D is appropriate?
J Steroid Biochem Mol Biol 2004;89-90:611-4.

13. Cantorna MT, Mahon BD. Mounting evidence for Vitamin D as an
environmental factor affecting autoimmune disease prevalence. Exp
Biol Med (Maywood) 2004;229:1136-42.

14. Merlino LA, Curtis J, Mikuls TR, Cerhan JR, Criswell LA, Saag KG,
et al. Vitamin D intake is inversely associated with rheumatoid
arthritis: Results from the lowa women’s health study. Arthritis Rheum
2004;50:72-7.

.Journal of Natural Science, Biology and Medicine | Volume 9 | Issue 1 | January-June 2018 57




20.

21.

22.

23.

Meena, et al.: Vitamin D in rheumatoid arthritis

. Armnson Y, Amital H, Shoenfeld Y. Vitamin D and autoimmunity:

New aectiological and therapeutic considerations. Ann Rheum Dis
2007;66:1137-42.

. Als OS, Riis B, Christiansen C. Serum concentration of Vitamin D

metabolites in rheumatoid arthritis. Clin Rheumatol 1987;6:238-43.

. Oelzner P, Miiller A, Deschner F, Hiiller M, Abendroth K, Hein G,

et al. Relationship between disease activity and serum levels of
Vitamin D metabolites and PTH in rheumatoid arthritis. Calcif Tissue
Int 1998;62:193-8.

. Kroger H, Penttild IM, Alhava EM. Low serum Vitamin D metabolites

in women with rheumatoid arthritis. Scand J Rheumatol 1993;22:172-7.

. Adorini L, Penna G. Control of autoimmune diseases by the Vitamin D

endocrine system. Nat Clin Pract Rheumatol 2008;4:404-12.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3,
et al. 2010 rheumatoid arthritis classification criteria: An American
College of Rheumatology/European league against rheumatism
collaborative initiative. Arthritis Rheum 2010;62:2569-81.

Prevoo ML, van ‘t Hof MA, Kuper HH, van Leecuwen MA,
van de Putte LB, van Riel PL, et al. Modified disease activity scores
that include twenty-eight-joint counts. Development and validation in
a prospective longitudinal study of patients with rheumatoid arthritis.
Arthritis Rheum 1995;38:44-8.

Cen X, Liu Y, Yin G, Yang M, Xie Q. Association between serum
25-hydroxyvitamin D level and rheumatoid arthritis. Biomed Res Int
2015;2015:913804.

Attar SM. Vitamin D deficiency in rheumatoid arthritis. Prevalence and
association with disease activity in Western Saudi Arabia. Saudi Med J
2012;33:520-5.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sabbagh Z, Markland J, Vatanparast H. Vitamin D status is associated
with disease activity among rheumatology outpatients. Nutrients
2013;5:2268-75.

Ibrahim MH, Bakheet MS, Sater KA, Shakoor MA. Relationship
between Vitamin D and disease activity in some rheumatic diseases.
Wyno Acad J Med Sci 2013;2:52-6.

Yagiz AE, Ustun N, Paksoy H, Ustun I, Mansuroglu A, Guler H, et al.
Association of Vitamin D with disease activity in rheumatoid arthritis
and ankylosing spondylitis. J Clin Anal Med 2015;6:486-9.

Kareem MI, Mohammed RH, Abozaid HS, Rayan MM, Mohamed AM,
Fathi NA. Hypo-vitaminosis D in patients with rheumatoid arthritis,
systemic lupus erythematosus and ankylosing spondylitis. J Clin Cell
Immunol 2015;6:1-6.

Sharma R, Saigal R, Goyal L, Mital P, Yadav RN, Meena PD, et al.
Estimation of Vitamin D levels in rheumatoid arthritis patients and
its correlation with the disease activity. J Assoc Physicians India
2014;62:678-81.

Yassin A, Gareeb H, Mohamed NA, Samy C. The relationship between
Vitamin D and disease activity in Egyptian patients with rheumatoid
arthritis. Int Trends Immun 2014;2:122-7.

Azzeh FS, Kensara OA. Vitamin D is a good marker for disease activity
of theumatoid arthritis disease. Dis Markers 2015;2015:260725.

Lee YH, Bae SC. Vitamin D level in rheumatoid arthritis and its
correlation with the disease activity: A meta-analysis. Clin Exp
Rheumatol 2016;34:827-33.

Bragazzi NL, Watad A, Neumann SG, Simon M, Brown SB,
Abu Much A, et al. Vitamin D and rheumatoid arthritis: An ongoing
mystery. Curr Opin Rheumatol 2017;29:378-88.

Journal of Natural Science, Biology and Medicine | Volume 9 | Issue 1 | January-June 2018 -




