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Resumo
Introdução: A deficiência de vitamina D tem sido associada 
ao desenvolvimento e actividade da artrite reumatóide (AR). 
O objetivo deste estudo foi avaliar os níveis de vitamina D em 
doentes com AR e avaliar a sua relação com a dor. 
Métodos: Numa coorte de 45 doentes com AR, foram me-
didos níveis de 25-hidroxivitamina D3 [25 (OH) D3], hormo-
na paratiróide (PTH), proteína C-reativa (CRP) e albumina. 
A atividade da doença foi avaliada pelo cálculo do 28-joint 
Disease Activity Score (DAS28). 
Resultados: Dos doentes 45 foram incluídos no estudo. Dos 
doentes 31 estavam em remissão, 11 doentes apresentavam 
articulações dolorosas, a mediana de dor na escala visual 
analógica (EVA) foi de 30. Dos 45 doentes, 41 tinham níveis 
de vitamina D inferiores a 30 ng / mL. Os níveis de vitamina 
D não estavam associados ao DAS28 (p = 0,59), EVA (p = 
0,55) ou CRP (p = 0,16). Os níveis de PTH estavam associa-
dos positivamente com a CRP (p = 0,01). 
Conclusão: No nosso estudo, a deficiência de vitamina D é 
altamente prevalente em doentes com AR, mas não está as-
sociada à atividade da doença ou à dor. Foi encontrada uma 
associação entre os níveis de PTH e elevação da CRP, esta 
relação pode refletir doença não controlada ou ser um refle-
xo da deficiência fisiológica de vitamina D. A suplementação 
de vitamina D pode ser necessária tanto para a prevenção 
da osteoporose quanto para o melhor controlo da doença 
em doentes com AR e baixos níveis de vitamina D e eleva-
ção da CRP.
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Abstract
Introduction: Vitamin D deficiency has been linked to in-
creased susceptibility to the development of rheumatoid ar-
thritis and with disease activity. The objective of this study 
was to evaluate vitamin D status in patients with RA and to 
assess the relationship between vitamin D levels and pain. 
Methods: In a cohort of 45 patients with RA, 25-hydroxyvita-
min D3 [25(OH)D3] levels, parathyroid hormone, C-reactive 
protein (CRP) and albumin levels were measured. Disease 
activity was evaluated by calculating the 28-joint Disease Ac-
tivity Score (DAS28). 
Results: Forty five patients were included in the study. Thirty 
one patients were in remission, 11 patients had painful joints 
and the median VAS pain score was 30. Out of the 45 pa-
tients, 41 had vitamin D levels below 30 ng/mL. Levels of 
25(OH)D3 were not found to be correlated to the DAS28 
score (p = 0.59), the VAS pain score (p = 0.55) or CRP (p = 
0.16). Parathyroid hormone levels were positively correlated 
to CRP (p = 0.01). 
Conclusion: In our study, it appears that vitamin D deficiency 
is highly prevalent in patients with RA but it is not linked to 
disease severity or pain experienced in RA. PTH levels are 
related to CRP and but not to the number of painful joints 
or VAS pain score. This relationship may reflect uncontrolled 
disease or be a reflection of physiological vitamin deficiency. 
Vitamin D supplementation may be needed both for the pre-
vention of osteoporosis as well as for better disease control 
in patients with RA and low levels of vitamin D and high CRP.
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Introduction
Vitamin D is a secosteroid hormone involved in bone meta-
bolism and the regulation of calcium homeostasis.1 The hor-
mone is synthesized in the skin by the action of ultraviolet 

irradiation. Overt vitamin D deficiency, which is characteri-

zed by hypocalcemia and/or hypophosphatemia and rickets 

in children and osteomalacia in adults, is now uncommon 

in most developed countries. However, subclinical vitamin D 

deficiency occurs even in developed countries and is asso-

ciated with osteoporosis, increased risk of falls, and possibly 

fractures.2

In recent years numerous clinical research articles have 

concluded that large proportions of North American and 

global populations are “deficient” in vitamin D.1 The utility of 
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measurement of parathyroid hormone (PTH) concentrations 
for identifying the optimal level of vitamin D remains contro-
versial; the relationship between serum 25-hydroxyvitamin D3 
levels and PTH is inconsistent, and no clear threshold defi-
ning “sufficiency” has been established.3

Rheumatoid arthritis (RA) is an autoimmune disease of unk-
nown etiology, and vitamin D deficiency may increase the risk 
for the development of RA.4 The role of vitamin D deficiency in 
the pathogenesis of RA, as well as the relationship between 
vitamin D deficiency and the activity of RA is unclear.5 RA is an 
inflammatory disease characterized by flares and remissions, 
flares are characterized by pain. Vitamin D deficiency is also 
known to be associated with diffuse musculoskeletal pain.2 

Osteomalacia is thought to be the causative factor for the pri-
mary pain mechanism in Vitamin D deficiency. The mecha-
nism involves hydration of the demineralized gelatin matrix 
beneath the periosteum; the hydrated matrix pushes outward 
on the periosteum, causing throbbing, aching pain. Osteo-
malacia can often be diagnosed by using moderate force to 
press the thumb on the sternum or anterior tibia, which can 
elicit bone pain. One study showed that 93% of persons 10 to 
65 years of age who were admitted to a hospital emergency 
department with muscle aches and bone pain and who had a 
wide variety of diagnosis, including fibromyalgia, chronic fati-
gue syndrome, and depression, were deficient in vitamin D.3

The objective of this study was to evaluate the prevalence of 
vitamin D deficiency in patients with RA and to find an associa-
tion with pain control and acute phase inflammatory markers.

Methods
This prospective study was approved by our local Institutio-
nal Review Board (nr 137/13/OP) and informed consent was 
obtained from all patients. Between May 2013 and May 2014, 
all patients followed in our autoimmune outpatient clinic were 
screened for inclusion. The study cohort consisted of 45 pa-
tients with RA. The patients entered the study as they came 
for evaluation at the autoimmune outpatient clinic.

Study investigators collected subject data including demo-
graphic information and standard clinical data with a structu-
red database. 25-hydroxyvitamin D3 [25(OH)D3] levels, para-
thyroid hormone levels, C-reactive protein (CRP) and albumin 
levels were measured in a standardized hospital laboratory.

All patients fulfilled the 2010 American College of Rheuma-
tology/European League Against Rheumatism RA classifica-
tion criteria.6 Disease activity was evaluated by calculating 
the 28-joint Disease Activity Score (DAS28). Additionally, the 
visual analogue scale (VAS) pain score were calculated.

The 25(OH)D3 levels were measured by a chemilumines-
cent microparticle immunoassay using a quantitative delayed 
one-step competitive procedure. First, sample, assay diluent 
and paramagnetic anti-vitamin D coated microparticles are 
combined. 25-OH vitamin D present in the sample is displa-
ced from the vitamin D binding protein and binds to anti-vi-

tamin D coated microparticles, forming an antigen-antibody 
complex. After incubation, a conjugate containing acridinium-
-labeled vitamin D is added to the reaction mixture and binds 
to unoccupied binding sites of the anti-vitamin D coated mi-
croparticles. After further incubation and washing, Pre-Trig-
ger and Trigger Solutions are added to the reaction mixture. 
The resulting chemiluminescent reaction is measured as rela-
tive light units and detected by the optic system. Results are 
calculated automatically based on the previously established 
calibration curve. The measuring interval of the assay is 3.4 
to 155.9 ng/mL (8.5 to 389.8 nmol/L). The sensitivity was 1.6 
ng/mL and the within and between batch precision was less 
than 10%. Parathyroid hormone was measured by a two-step 
sandwich immunoassay using chemiluminescent microparti-
cle technology. The sample, assay diluent, and anti-PTH coa-
ted paramagnetic microparticles are combined. Intact PTH 
present in the sample binds to the anti-PTH coated micro-
particles. After washing, anti-PTH acridinium-labeled conju-
gate is added to create a reaction mixture. Following another 
wash cycle, Pre-Trigger and Trigger Solutions are added to 
the reaction mixture. The resulting chemiluminescent reaction 
is measured as relative light units and detected by the optic 
system. The measuring interval of the assay is 3.0 to 3000.0 
pg/mL. The functional sensitivity was determined to be ≤ 5 
pg/mL and the within batch precision was less than 9%. The 
Albumin BCG procedure is based on the binding of brom-
cresol green specifically with albumin to produce a colored 
complex. The absorbance of the complex at 628 nm is di-
rectly proportional to the albumin concentration in the sample 
and the measuring interval of Albumin BCG is 0.4 to 10.5 g/
dL. The PCR procedure was based in an immunoturbidimetric 
determination with a sensitivity of 0.1 mg/dL and a measuring 
interval of 0.2 to 480 mg/L. 

Vitamin D deficiency was defined as a 25-hydroxyvitamin 
D level of less than 20 ng per milliliter and Vitamin D insuffi-
ciency was defined as a 25-hydroxyvitamin D level between 
21 and 30 ng per milliliter. PTH level was defined as normal 
between 10 and 65 pg/mL. Death or osteoporotic fractures 
were ascertained by review of electronic medical records 36 
months after inclusion.

STATISTICAL ANALYSIS
Continuous variables are presented as median (interquarti-
le range), and categorical variables as absolute and relative 
frequencies. Comparisons between groups of quantitative 
and qualitative variables were performed using Pearson test, 
Spearman test and Mann–Whitney tests. Before variance 
analysis, tests of normality and homogeneity of variance were 
applied. Mann–Whitney U tests were used if the normality 
and homogeneity of variance assumptions were not satisfied. 
Data handling and analysis were performed with the Statisti-
cal Package for Social Sciences version 24 (SPSS Inc., Chi-
cago, IL).
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Results
Data are presented as median (interquartile range) or fre-
quency (%). Forty-five patients were included in the study. 
The characteristics of the 45 included patients are summari-
zed in Table 1. The sample was mostly female (68.8%) with a 
median age of 60 (55 - 70) years old.

Briefly, the number of patients in remission was 31 (68.8%). 
Eleven patients (24.4%) had painful joints and median VAS 
pain score was 30 (10 – 50).

Concerning 25(OH)D3 levels out of the 45 patients, 8 
(17.7%) met the criteria for deficiency, 33 (73%) met the crite-
ria for insufficiency and four (9%) patients had normal 25(OH)
D3 level. Four patients had elevated PTH levels.

In our sample levels of 25(OH) D3 were not found to be 
correlated to the DAS28 score (r = -0.083, n = 44, p = 0.59), 
the VAS pain score (r = 0.096, n = 42, p = 0.55) or CRP (r = 
-0.214, n = 43, p = 0.16). Splitting the sample into two groups 
depending on remission and non-remission and rerunning 
the analysis for each group results followed the same pattern, 
and no significant correlations between the variables and 
25(OH)D3 level were found.

Parathyroid hormone levels, on the contrary were found to 
be correlated to CRP (r = -0.385, n = 44, p = 0.01) but not to 
the to the DAS28 score (r = 0.030, n = 45, p = 0,84) or the VAS 
pain score (r = -0.153, n = 43, p = 0.33). A Mann-Whitney test 
indicated that the parathyroid hormone levels weren’t signi-
ficantly greater in those with one or more painful joint (mean 
rank = 26.7) than for those with no painful joint (mean rank 
= 21.8), U = 146.5, p = 0.285. Moreover, when splitting the 
sample into two groups depending on remission and non-re-
mission, a Mann-Whitney test indicated similar results.

Albumin levels were found to be correlated with the VAS 
pain score (r = -0.385, n = 43, p = 0.01). A Mann-Whitney 
test indicated that albumin levels were significantly greater in 
those with remission (mean rank = 26.6) than in those with no 
remission (mean rank = 14.5), U = 104.5, p = 0.006. Albumin 
level was also found to be significantly greater in those with 
no painful joints (mean rank = 26.2) than in those with one or 
more painful joints (mean rank = 13.1), U = 78.5, p = 0.003.

After a mean follow-up of 36 months there were three ca-
sualties (lung adenocarcinoma, cytomegalovirus enterocolitis 
and one septic arthritis) and six osteoporotic related frac-
tures. A Spearman’s correlation was run to assess the rela-
tionship between levels of 25(OH)D3 and death or osteoporo-
tic fractures. There was no correlation found to be statistically 
significant, rs = -0.181, p = 0.239 and rs = -0.130, p = 0.399 
respectively. Osteoporotic fractures were associated with RA 
disease activity as assessed by the DAS28 activity score (rs 
= 0.332, p = 0.003).

Discussion
Our findings suggest hypovitaminosis D is common in RA 

patients. Over 90% had vitamin D levels below the currently 
accepted threshold of sufficiency (i.e. 30 ng/mL). In spite of 
the high number of patients with low vitamin D levels we only 
found 4 patients with hyperparathyroidism, this can identi-
fies a distinct group of patients with hypovitaminosis D and 
a blunted PTH response as reported by Sahota et al.7 Others 
have also reported high prevalence rates of vitamin D defi-
ciency in RA and in a recent meta-analysis, Lee et al reported 
a significantly higher prevalence of vitamin D deficiency in the 
RA group than in the control group (55.2% vs 33.2%).8

Contrary to other reports no significant associations were 
evident between vitamin D levels and disease activity scores 

Table 1: Baseline characteristics of the 45 included patients

Age – years 60 (55 – 70)

Female sex 31 (67)

DAS 28 score 2 (1.4 – 2.9)

VAS pain score (mm) 30 (10 - 50)

Painful joints (n)

0 34 (74)

1 2 (4)

 >1 9 (20)

Swollen joints (n)

0 36 (78)

1 3 (7)

>1 6 (13)

25(OH)D3 (ng/mL) 17 (11 – 23)

iPTH (pg/mL) 35 (27 – 45)

Albumin (g/dL) 4 (4 – 5)

CRP (mg/L) 5 (2 – 11)

Calcium (mg/dL) 10 (9 – 10)

Remission 31 (69)

Follow-up

Death 3 (6.6)

Osteoporotic fracture 6 (13)

Data are median (IQR) or frequency (%)
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or pain. This may be related to the very high prevalence of 
vitamin D deficiency and insufficiency present in our sample 
(91.1%).8,9

Concerning albumin levels, we observed a strong negative 
association with tender joint count and VAS pain score.

In contrast to Oelzner et al10 that reported a negative corre-
lation in RA patients between disease activity and parathyroid 
hormone levels, we have not found such an association. Ins-
tead, we found a positive association between parathyroid 
hormone level and CRP levels. Interestingly, this association 
was also present in patients in remission, which can represent 
subclinical disease activity. Parathyroid hormone stimulates 
interleukin-6 (IL-6) production by osteoblasts and liver ce-
lls.11,12 In turn, IL-6 may modulate acute-phase protein syn-
thesis in the liver.13 This relationship may reflect uncontrolled 
disease or reflect physiological vitamin D deficiency.

These results may have therapeutic implications, vitamin 
D supplementation may be needed for the prevention of os-
teoporosis and better disease control in RA patients with low 
levels of D3 [25(OH)D3] and high CRP despite remission as 
assessed by the DAS28 score.

The Women’s Health Initiative study showed that serum le-
vels of 25-hydroxyvitamin D had little effect on the risk of frac-
ture when levels were 26 ng per milliliter (65 nmoL per liter) or 
less. However, women who were taking calcium and vitamin 
D3 had a 29.0% reduction in hip fracture.3,14 In our study af-
ter a mean follow-up of 36 months, low levels of D3 [25(OH)
D3] were not associated to mortality or osteoporotic related 
fractures. One possible explanation for this can be the lack of 
information related to the evolution of vitamin D status during 
the follow-up period, namely the vitamin D supplementation 
done during this period.

There were several limitations in our study. This is a small 
study, and certainly future studies may be warranted to confirm 
our results in larger, more representative populations. Additio-
nal information including use of vitamin D agonists, associa-
tions with BMI and osteoporosis would have been desirable.

In conclusion, vitamin D deficiency appears to be com-
mon in RA even in a southern European country. Parathyroid 
hormone levels appear to be associated with inflammation, 
and either the parathyroid hormone levels directly impact RA 
symptoms and disability, or the reverse may be true. Larger 
prospective cohort and interventional studies are required to 
explore these relationships. As vitamin D deficiency is ea-
sily corrected in most individuals, clinicians should consider 
screening RA patients to identify and address suboptimal vi-
tamin D levels and elevated Parathyroid hormone levels.
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