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Abstract The present study aimed to investigate the vitamin
D status in patients with early inflammatory arthritis (EIA).
We conducted a retrospective study among patients who pre-
sented with EIA at the outpatient rheumatology clinic of a
tertiary referral center between March 2012 and February
2013. In total, 101 subjects with EIA (≥1 swollen joint and
symptom duration of ≤6 months, not explained by another
disease) and 101 healthy controls matched for age, sex, and
the month of serum vitamin D measurements were enrolled.
Serum 25-hydroxy vitamin D (25-OHD) concentrations were
assessed by radioimmunoassay. Vitamin D “deficiency” and
“severe deficiency” were defined as serum 25-OHD levels
<20 and <10 ng/mL, respectively. Among EIA patients, rheu-
matoid arthritis (RA) was classified according to the 2010
American College of Rheumatology/European League
against Rheumatism criteria. Vitamin D deficiency was highly
prevalent among EIA patients, but no significant differences
in the frequency of vitamin D deficiency of EIA patients and
controls were observed (75.2 vs 65.3 %, p=0.106). Addition-
ally, in spring and summer, EIA patients had significantly
lower serum 25-OHD concentrations than controls, but the
opposite trend was observed in autumn. Among 101 EIA
patients, 38 (37.1 %) were classified as having RA. Severe
vitamin D deficiency in EIA patients was significantly

associated with the higher likelihood of being classified as
having RA. In conclusion, the frequency of vitamin D defi-
ciency in EIA patients was comparable to that in controls, but
severe vitamin D deficiency was associated with the presence
of RA among EIA patients.

Keywords Early inflammatory arthritis . Rheumatoid
arthritis . Seasons . VitaminD

Introduction

There is increasing evidence that vitamin D fulfills an immu-
noregulatory role, and in recent years, several studies have
investigated the association between hypovitaminosis D and
the onset as well as severity of rheumatic diseases including
rheumatoid arthritis (RA). Previous studies have reported that
vitamin D deficiency is highly prevalent among patients with
RA [1, 2] and correlates with higher disease activity [1, 3–6],
lower functional status [4, 5], and even increased cardiomet-
abolic risk [7, 8]. However, it is not yet clear whether vitamin
D deficiency is an independent risk factor for the onset of RA,
because studies have reported conflicting results [9, 10]. Al-
though a recent meta-analysis showed that low vitamin D
intake is associated with increased RA incidence [11], many
studies failed to find significant differences in the serum
vitamin D concentrations of RA patients and healthy individ-
uals [3, 5, 12]. Therefore, the true immunomodulating role of
vitamin D in the onset of RA has not been fully elucidated and
it warrants further investigation.

When compared with “established” RA, little attention has
been given to vitamin D deficiency in early inflammatory
arthritis (EIA) or unclassified arthritis, which can lead to the
development of RA.We speculated that knowledge of vitamin
D status among patients with EIA could be valuable for
understanding the role of vitamin D in the onset and
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development of RA. Considering this hypothesis, our study
was designed to compare the serum 25-hydroxy vitamin D
(25-OHD) levels of EIA patients and healthy individuals
matched for age, sex, and sampling month. In addition, we
evaluated the association of vitamin D deficiency and the
likelihood of being classified as having RA among EIA
patients.

Methods

Study design and subjects

We conducted a retrospective study among consecutive pa-
tients who presented with EIA at the outpatient rheumatology
clinic of the Pusan National University Hospital in Busan,
South Korea, between March 2012 and February 2013. Pusan
National University Hospital is a tertiary referral center in
South Korea and Busan is a harbor city with a temperate
climate located in the southeastern part of South Korea at a
latitude of 34 ° north.

In total, 101 subjects with EIA, as well as 101 healthy
controls, matched for age (±1 year), sex, and the month of
serum 25-OHD measurement were enrolled; none of the par-
ticipants were receiving vitamin D supplementation. “EIA”
was defined as follows: ≥1 swollen joint, with a symptom
duration of ≤6 months, which could not be attributed to
another disease. Healthy controls were randomly selected
from individuals who underwent annual health check-ups at
the same hospital, and none of them had a history of rheumatic
and musculoskeletal diseases. Serum 25-OHD levels at the
initial visit were available for all study subjects. Further, all
subjects were naïve to disease-modifying anti-rheumatic
drugs (DMARDs) including hydroxychloroquine,
sulfasalazine, methotrexate, and leflunomide, and none of
them had a history of chronic kidney disease or were taking
medications that could have affected vitamin D metabolism
including vitamin D, calcium, glucocorticoids, bisphospho-
nate, or thyroxine. The procedures of our study were approved
by the Research and Ethical Review Board of the Pusan
National University Hospital, which waived informed patient
consent.

Assessment

The medical records including clinical and laboratory param-
eters of all participants were reviewed. Serum 25-OHD levels
were assessed by radioimmunoassay. Vitamin D “deficiency”
and “severe deficiency” were defined as serum 25-OHD
levels <20 and <10 ng/mL, respectively [2, 13]. The month
of serum 25-OHD measurement was further classified as
spring (March to May), summer (June to August), autumn

(September to November), and winter (December to Febru-
ary) [14].

For patients with EIA, clinical parameters including swol-
len joint count (SJC), tender joint count (TJC), and symptom
duration, as well as their assessment of general health and
physical function, were obtained and recorded. General health
was assessed using a visual analog scale (VAS) that was rated
from 0–100 and physical function was assessed using the
Korean version of health assessment questionnaire (K-HAQ)
[15]. For each EIA subjects, disease activity score assessed by
using 28-joint counts for swelling and tenderness (DAS28)-
erythrocyte sedimentation rate (ESR) score was calculated by
the following formula: DAS28-ESR score =[0.56×√(TJC 28)]+
[0.28×√(STC 28)]+[0.70×lnESR]+[0.0014×VAS] [16]. We
also reviewed the following laboratory parameters of EIA sub-
jects, including serum ESR, C-reactive protein (CRP), immuno-
globulin M—rheumatoid factor (RF), and anti-cyclic
citrullinated peptide (CCP) antibody. CRP was measured by
particle-enhanced immunoturbidimetric assay (Tina-quant C-
reactive protein, Roche Diagnostics, Switzerland) using a
P-800 Modular (Roche, Switzerland). RF was assessed by
particle-enhanced immunoturbidimetric assay (range 0–14 IU/
ml) and anti-CCP was measured using chemiluminescent micro-
particle immunoassay (range 0–5 U/mL).

Patients with EIAwere classified at their initial visit by one
rheumatologist (Lee) as rheumatoid arthritis (RA) and non-
RA. The criteria for the 2010 American College of
Rheumatology/European League against Rheumatism
(ACR/EULAR) criteria were used for this classification [17].
Non-RA subjects were further categorized by the same rheu-
matologist as having osteoarthritis (OA), undifferentiated in-
flammatory arthritis (UIA), or other rheumatic or musculo-
skeletal diseases.

Statistical analysis

Descriptive statistics included means and standard deviations
(with normal distribution) and medians and interquartile
ranges (with non-normal distribution) for continuous variables
and number of cases with percentages for categorical vari-
ables. Kolmogorov-Smirnov tests were used to evaluate the
normal distribution of data. For group comparisons, we used
the two-tailed Student’s t tests or the Mann-Whitney U tests
for continuous variables and the χ2 analysis or the Fisher’s
exact tests for categorical variables, as appropriate.
Spearman’s analysis was used to evaluate the correlations
between serum 25-OHD levels and other clinical and labora-
tory parameters in EIA patients. We used multivariable logis-
tic regression analyses with backward model selection of
demographic variables such as age and gender as well as
variables that had p≤0.1 in univariable analysis, to assess
the relationship between serum 25-OHD deficiency and the
higher likelihood of EIA subjects being classified as having
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RA. Odds rations (ORs) with 95% confidence intervals (95 %
CI) were calculated to assess the association between vari-
ables and the presence of RA. p Value less than 0.05 was
considered statistically significant and all statistical analyses
were carried out using PASW 18.0 for windows (Chicago, IL,
USA) and STATA 11.0 for windows (StataCorp LP, College
Station, TX, USA).

Results

Clinical characteristics of subjects with EIA and healthy con-
trols are summarized in Table 1. Of note, the majority of
subjects, both EIA patients and healthy subjects, were vitamin
D deficient (75.2 and 65.3 % of EIA and healthy subjects,
respectively).We found no significant differences between the
serum 25-OHD levels or the proportion of vitamin D deficient
subjects and severely vitamin D deficient subjects in the two
groups. In addition, the serum 25-OHD levels of EIA and
healthy subjects did not differ according to sex (data not
shown). In spring and in summer, the serum 25-OHD levels
of EIA subjects were significantly lower than those of healthy
controls (12.7 (8.9–15.6) vs 15.5 (10.7–22.3), p=0.039, for
spring and 13.7 (11.1–19.2) vs 20.0 (16.5–26.2), p=0.047, for
summer, respectively). In contrast, in autumn, serum 25-OHD
levels of EIA subjects tended to be higher than that of healthy
controls (19.0 (14.0–33.3) vs 14.8 (11.0–22.3), p=0.056), but

statistical significance was not reached (Fig. 1). We found no
difference in serum 25-OHD levels between the two groups in
the winter months and our findings suggest that there could be
seasonal variation in the differences of serum 25-OHD levels
between patients with EIA and healthy individuals.

As shown in Table 1, among 101 patients with EIA, 38
patients (37.6 %) were classified as having RA and all but two
patients with RA tested positive for RF or anti-CCP antibody.
Among EIA subjects, there were no seasonal differences in
the proportion of subjects classified as having RA (54.5 % in
spring, 30.4 % in both summer and autumn, and 27.3 % in
winter, p=0.109). All subjects with RAwere treated with one
or more DMARDs after their initial visit, based on the deci-
sion of the rheumatologist (Lee). After considering the clinical
and radiological finding at the initial visit, the remaining 63
subjects (62.4 %, non-RA patients) were categorized as hav-
ing OA (n=37, 36.6 %), UIA (n=24, 23.8 %), peripheral
spondyloarthritis (n=1, 1.0 %) and dermatomyositis (n=1,
1.0 %). Of the 24 subjects with UIA, DMARD treatment
was initiated in 16 subjects within 1 year of their initial visit,
and all of them had negative results for both RF and anti-CCP
antibody at their initial visit. There were no significant differ-
ences in the frequency of vitamin D deficiency and serum 25-
OHD levels between subjects who started the DMARD treat-
ment within 1 year (n=54) and those who had never received
this treatment until the end of study (n=47, data not shown).

Spearman’s correlation analyses showed that in EIA sub-
jects, the serum 25-OHD levels were significantly negatively
correlated with TJC, RF titer, patient’s VAS, and DAS-ESR
scores (Table 2). Lower serum 25-OHD levels in subjects with
EIA tended to be associated with higher CRP, anti-CCP titer
andK-HAQ score, but statistical significancewas not reached.

In our subgroup analysis of EIA subjects, those classified
as having RA had significantly higher ESR, CRP, SJC, TJC,
RF, and anti-CCP antibody titers than did non-RA subjects
(Table 3), these clinical markers were included in the catego-
ries of the 2010 ACR/EULAR classification criteria for RA.
In addition, RA patients had significantly higher DAS 28-ESR
scores than did non-RA patients. Of interest, serum 25-OHD
levels in subjects with RAwere significantly lower than those
in non-RA subjects.

Table 4 shows the relationship between serum 25-OHD levels
and the presence of RA in subjects with EIA. As serum 25-OHD
levels declined, the possibility of having RA tended to increase,
but statistical significance was not reached in univariable and
multivariable logistic regression analyses (p=0.054). In
univariable analysis, severe vitamin D deficiency (<10 ng/mL)
was significantly associated with a higher likelihood of being
classified as having RA. This association remained significant
after adjusting for confounding factors, including age, sex, K-
HAQ score, and sampling season (Table 4). Interaction between
severe vitamin D deficiency and sampling season did not show
statistical significance in our logistic regression models and

Table 1 Demographics and disease characteristics of patients with early
inflammatory arthritis and healthy controls

Variables EIA
(n=101)

Controls
(n=101)

p value

Age, years 56.5±12.2 56.6±12.1 0.949

Female, n (%) 86 (85.1) 86 (85.1) 1.000

Serum 25-OHD, ng/mL 14.2 (10.9–20.3) 16.3 (11.5–23.3) 0.299

Vitamin D deficiency
(<20 ng/mL), n (%)

76 (75.2) 66 (65.3) 0.166

Severe vitamin D
deficiency
(<10 ng/mL), n (%)

18 (17.8) 15 (14.9) 0.704

Classification

RA, n (%)a 38 (37.6)

Non-RA, n (%) 63 (62.4)

OA, n (%) 37 (36.6)

UIA, n (%) 24 (23.8)

Other, n (%) 2 (2.0)

Values are mean±SD, median (interquartile range) and number (percent-
age) for counts

EIA early inflammatory arthritis, 25-OHD 25-hydroxy vitamin D, RA
rheumatoid arthritis, OA osteoarthritis, UIA undifferentiated inflammato-
ry arthritis, ACR/EULAR American College of Rheumatology/European
League Against Rheumatism
a RAwas classified as 2010 ACR/EULAR criteria
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vitamin D deficiency (<20 ng/mL) was not correlated with the
presence of RA (data not shown). In multivariable regression
models, neither K-HAQ score nor sampling season remained
statistically significant.

Discussion

In the present study, vitamin D deficiency was highly preva-
lent among subjects with EIA. Although the 25-OHD levels of
EIA subjects were comparable to those of healthy controls, we
found significant seasonal variation in serum 25-OHD levels
between the two groups. EIA subjects classified as having RA
according to criteria of the 2010 ACR/EULAR classification
had significantly lower serum 25-OHD levels than those

classified as non-RA. Further, in EIA subjects, severe vitamin
D deficiency (<10 ng/mL) was independently associated with
a higher likelihood of being classified as having RA in EIA
patients, while low-serum 25-OHD levels had a weak associ-
ation with the presence of RA (p=0.054). These findings
suggest that hypovitaminosis D contributes to the presence
of RA in patients who initially present with EIA.

Fig. 1 Comparisons of serum 25-
hydroxy vitamin D in patients
with early inflammatory arthritis
and healthy controls according to
sampling season based on the
definition of spring (March to
May), summer (June to August),
autumn (September to
November), and winter
(December to February) *p<0.05.
25-OHD 25-hydroxy vitamin D,
HC healthy controls, EIA early
inflammatory arthritis

Table 2 Correlation of serum 25-hydroxy vitamin D levels with clinical
parameters in patients with early inflammatory arthritis

Spearman’s correlation coefficient p value

Age, years 0.047 0.638

ESR, mm/hr −0.160 0.101

CRP, mg/dL −0.191 0.055

SJC −0.149 0.101

TJC −0.214 0.031

RF, IU/mL −0.196 0.049

Anti-CCP antibody, U/mL −0.194 0.052

Patient VAS scale −0.202 0.043

K-HAQ −0.177 0.077

DAS 28-ESR −0.224 0.024

ESR erythrocyte sedimentation rate,CRPC-reactive protein, SJC swollen
joint count, TJC tender joint count, RF rheumatoid factor, CCP cyclic
citrullinated peptide, VAS visual analogue scale, K-HAQ Korean version
of health assessment questionnaire, DAS 28 disease activity score 28

Table 3 Comparisons of clinical characteristics of patients with early
inflammatory arthritis according to the presence or absences of rheuma-
toid arthritis

Non-RA (n=63) RA (n=38) p value

Age, years 56.1±12.1 57.3±12.6 0.616

Female, n (%) 54 (85.7) 32 (84.2) 0.837

Serum 25-OHD,
ng/mL

15.5 (12.4–22.3) 12.1 (8.2–16.8) 0.046

ESR, mm/hr 13.0 (7.0–25.0) 45.5 (24.0–75.8) <0.001

CRP, mg/dL 0.05 (0.03–0.14) 0.8 (0.2–2.64) <0.001

SJC 2 (2–3) 4 (2–7) <0.001

TJC 4(2–7) 6 (5–11) 0.001

RF, IU/mL 7.4 (7.0–11.2) 61.2 (28.8–143.0) <0.001

Anti-CCP antibody,
U/mL

0.5 (0.5–0.8) 79.0 (9.4–200.0) <0.001

Disease duration,
month

4.0 (2.0–6.0) 3.5 (1.0–6.0) 0.647

K-HAQ 0.25 (0–0.75) 0.5 (0–1) 0.053

DAS 28-ESR 3.4±0.9 4.7±0.9 <0.001

Values are mean±SD, median (interquartile range) and number (percent-
age) for counts

25-OHD 25-hydroxy vitamin D, ESR erythrocyte sedimentation rate,
CRP C-reactive protein, SJC swollen joint count, TJC tender joint count,
RF rheumatoid factor, CCP cyclic citrullinated peptide, K-HAQ Korean
version of health assessment questionnaire,DAS 28 disease activity score
28
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Although the vitamin D status of patients with
“established” RA has been studied extensively, knowledge
regarding vitamin D deficiency in patients presenting with
EIA is sparse. In the present study, more than 70% of subjects
with EIA were vitamin D deficient (<20 ng/mL). Our results
are similar to those of previous reports, which estimated the
prevalence of vitamin D deficiency in RA patients to be
between 50 and 84 % [1, 2, 6, 18]. It can therefore be
presumed that vitamin D deficiency is an increasingly com-
mon problem in rheumatology clinics.

Although we did not find a significant difference in the
serum 25-OHD levels of EIA subjects and healthy controls in
our study, Heidari et al. found that patients with UIA had
significantly lower serum 25-OHD levels than did healthy
individuals (25.1 vs 33.2 ng/mL, p=0.04) [19]. We propose
that the difference between our results and those of Heidari
et al. could partly be due to the variations in characteristics of
study subjects enrolled in the two studies. For instance,
Heidari et al. defined UIA as an inflammatory arthritis or
inflammatory joint disease in one or more joints, which after
clinical, radiological, and laboratory examination, did not
fulfill definite diagnostic criteria [19]. EIA subjects in our
study had various rheumatic diseases, including RA, OA,
and UIA. Symptom duration in EIA subjects in our study
was ≤6 months, but there were no information about disease
duration in the UIA patients included in the study by Heidari
et al. Further, we recruited controls that matched for age, sex,
and the month of sampling; therefore, we believe that results
of our study provide accurate information on the vitamin D
status of patients with “early” inflammatory joint diseases.
However, further research is clearly needed to determine
whether EIA patients have lower serum 25-OHD than healthy
individuals.

We found significant differences in seasonal variation of
serum 25-OHD levels in EIA subjects and healthy controls
(Fig. 1). In spring and in summer, EIA subjects had signifi-
cantly lower serum 25-OHD levels than controls, whereas the
opposite trend was observed in autumn. A possible hypothesis

for this finding is that there were differences in vitamin D
metabolism in patients with rheumatic diseases and in healthy
individuals, as suggested by Azali et al. [20]. In contrast to our
study, previous studies found similar pattern of seasonal var-
iations in serum vitamin D levels in patients with RA [3] and
idiopathic inflammatory myopathies [20] when compared
with healthy individuals. However, in patients with EIA, the
pattern and clinical implication of seasonal variation in vita-
min D have not yet been fully elucidated.

In our study, there was an inverse relationship between
serum 25-OHD levels and disease activity in EIA subjects
(Table 2). Hypovitaminosis D was associated with higher TJC
(p=0.031), CRP (p=0.055), and patient VAS scores (p=
0.043); all of these markers contributed to higher disease
activity in our EIA subjects. Similar findings were also ob-
served in a previous study that included patients with early
inflammatory polyarthritis [21]. Taken together, these findings
support the notion that serum 25-OHD are influenced by the
acute-phase response [22]. Previous studies have shown that
in RA patients, vitamin D deficiency is related to higher
disease activity [1, 3–6], but contradicting data also exists
[18, 23, 24]. Differences in the relationship between vitamin
D levels and inflammatory status may well be explained by
variations in the vitamin D status of patients with early arthri-
tis and in those with longstanding disease. The EIA subjects
enrolled in the present study were not previously exposed to
DMARDs or vitamin D supplementations. Therefore, our
results are not affected by the effect of drugs on vitamin D
status.

We found a weak inverse association between serum 25-
OHD levels and RF as well as anti-CCP antibody titer in our
EIA subjects (Table 2). Kerr et al. also reported that in patients
with RA, anti-CCP antibody positivity is related to a twofold
increase in the risk of 25-OHD insufficiency (<30 ng/mL) [6].
Taken together, hypovitaminosis D is seems to be associated
with autoantibody production in RA. Experimental data
showing the inhibitory effect of 1,25-hydroxy vitamin D
(1,25 OH2D) on the in vitro synthesis of immunoglobulin

Table 4 Association between
serum 25-hydroxy vitamin D
levels and the presence of rheu-
matoid arthritis in early inflam-
matory arthritis

K-HAQ Korean version of health
assessment questionnaire
a Estimated using multivariable
logistic regression analyses with
backward selection, adjusted for
age, sex, K-HAQ, and sampling
season

Variables Crude OR

(95 % CI)

p value Adjusted OR

(95 % CI)

p value

Severe vitamin D deficiency (<10 ng/mL) 3.26 (1.14–9.34) 0.028 3.26 (1.14–9.34)a 0.028

Age, years 1.00 (0.98–1.04) 0.612

Female (ref. male) 0.89 (0.29–2.73) 0.837

K-HAQ 1.85 (0.96–3.53) 0.064

Season

Spring 1.0

Summer 0.37 (0.12–1.12) 0.078

Autumn 0.37 (0.12–1.12) 0.078

Winter 0.31 (0.10–1.00) 0.050
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[25–27] may support this notion. However, in some studies,
the relationship between vitamin D deficiency and RA-
specific autoantibody production could not be corroborated
[12, 28]. Differences in study population, study design, and
assaymethods for serum 25-OHDmay have contributed to the
seemingly contradictory results. Nonetheless, the role of
hypovitaminosis D in autoantibody production in rheumatic
diseases deserves greater attention in future research.

Interestingly, in our subgroup analysis of EIA subjects,
severe vitamin D deficiency (<10 ng/mL) was associated with
a higher probability of meeting the criteria of the 2010 ACR/
EULAR classification for RA and low-serum 25-OHD levels,
per se, were weakly associated with the presence of RA
among EIA patients (p=0.054). Therefore, vitamin D defi-
ciency appears to be a risk factor for the onset of RA in
subjects who present with EIA. Our results should be
interpreted with caution. Low-serum 25-OHD levels were
associated with a higher TJC, higher acute-phase reactant
levels, and increased RF and anti-CCP titers, which are all
subcategories of the 2010 ACR/EULAR classification criteria
for RA. Therefore, vitamin D deficiency can act as a mediator
or surrogate marker of RA, thus merely reflecting the degree
of inflammation or the autoantibody titer levels, rather than
being an independent cause of RA. Further, only a few of our
subjects had severe vitamin D deficiency, and the OR for the
presence of RA in this group varied considerably. Therefore,
extrapolating the results to a larger population might not be
valid. Nonetheless, the association between hypovitaminosis
D and the higher likelihood of EIA subjects being classified as
having RAwas noticeable.

Although our results cannot fully demonstrate the
hypothesis that hypovitaminosis D is a risk factor for
initiating RA, vitamin D deficiency could mechanistical-
ly play a role in the ongoing development and worsen-
ing of RA. 25-OHD, which is recognized as an indica-
tor for “vitamin D status,” is converted to active 1,25-
OH2D by 1-α-hydroxylase. After binding vitamin D
receptor (VDR), 1,25-OH2D exerts its physical role.
The immunomodulatory effect of vitamin D is mediated
by VDR expressed on immune cells including mono-
cytes and dendritic cells. By decreasing interleukin 6
and increasing interleukin 10 production in monocytes,
1,25 OH2D could induce dendritic cells with tolerogenic
properties as well as modulate T cell response [29].
Recently, Feng et al. showed that 1,25 OH2D could
upregulate the osteoprotegerin/receptor activator of nu-
clear factor κB ligand ratio and mediate the anti-
inflammatory effect in an inflammatory milieu of
synoviocyte, which suggests the inhibitory effect of
vitamin D on inflammation induced osteoclastogenesis
in RA [30]. Thus, further research is needed to explore
the association between vitamin D and progression of
RA.

Nearly all vitamin D metabolites circulate bound to the
vitamin D binding protein (DBP). [31]. As DBP-bounded
vitamin D metabolites have a limited access to target cells,
DBP is a key factor in regulating the availability of serum 25-
OHD [32]. In addition, because DBP is a highly polymorphic
protein, DBP phenotype is important to determine the serum
levels of vitamin D metabolites [33]. Therefore, at a given
level of serum 25-OHD, DBP concentration and phenotype
could influence a biological response of vitamin D in immune
system. Several studies showed the association between DBP
phenotype and susceptibility of diseases such as tuberculosis
[34] and RA [35]. Thus, it would be interesting to investigate
whether DBP concentration and phenotype vary between
subjects with EIA and health controls.

Our study had several potential limitations. First, we did
not record the sun exposure time of study subjects. Sun
exposure time is an established risk factor for vitamin D
deficiency and the association between serum 25-OHD levels
and clinical markers may be confounded by the differences in
the sun exposure time of study subjects. In addition, sun
exposure time can be influenced by various factors such as
lifestyle and climate. In particular, subjects with EIAwho have
low functional capacity are prone to have insufficient sun
exposure time, eventually leading to vitamin D deficiency.
In this light, we could not fully adjust confounding factors that
can affect serum 25-OHD levels. Second, because of our
retrospective design, causality between vitamin D and diag-
nostic outcome in EIA patients should be interpreted with
caution. Although the present study does not establish that
vitamin D deficiency is an independent risk factor for the
presence of RA or a reflection of inflammation or autoanti-
body titers, it provides a “snapshot” of the status of vitamin D
in subjects who present with EIA. Longitudinal studies are
needed to determine the role of vitamin D in the initiation of
RA. Lastly, we recruited all our study subjects at a single
tertiary hospital, which could have resulted in a selection bias.

In summary, similar to RA patients and those with other
rheumatic diseases, vitamin D deficiencywas highly prevalent
among subjects who initially presented with EIA. We there-
fore suggest that in clinical practice, rheumatologists and other
treating doctors should pay special attention to patients who
have hypovitaminosis D. Although the frequency and magni-
tude of hypovitaminosis D in EIA patients were similar to
those in healthy controls, seasonal variation was apparent in
serum 25-OHD levels between the two groups. In addition,
severe vitamin D deficiency (<10 ng/mL) in EIA patients was
associated with a higher probability of being classified as
having RA. This finding suggests a potential role of
hypovitaminosis D in the initiation of RA.
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