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Abstract We aimed to describe the serum levels of
25-hydroxyvitamin D (250HD) in juvenile idiopathic
arthritis (JIA) patients living in a low-latitude (3°43’S)
region. Fifty JIA patients, 31 (62 %) female, seen between
May 2012 and April 2013 in the northeast of Brazil had
clinical data and serum collected for determination of
250HD and parathyroid hormone (PTH) using a chemi-
luminescent ELISA; 20 age- and sex-matched controls
were used for comparison. Mean age was 13.4 & 4 years.
Twenty-five (50 %), 15 (30 %), 4 (8 %), 4 (8 %), and 2
(4 %) patients were of the polyarticular, oligoarticular,
systemic, enthesitis-related, and undifferentiated cat-
egories, respectively. Mean 250HD was 31.6 £ 10 and
30.4 £ 5.7 ng/mL in patients and controls (P > 0.05),
respectively; PTH was normal in JIA and controls; 250HD
was similar regardless of JIA category, disease activity,
or severity measured by JADAS-27, CHAQ, or presence
of joint deformities. Twenty-six (52 %), 20 (40 %), and
4 (8 %) patients were considered to have optimal, suffi-
cient, and deficient 250OHD levels, respectively, whereas 11
(52 %) and 10 (48 %) controls had optimal and sufficient
250HD. Ethnicity, body mass index, seasonal variation,
and use of steroids did not influence 250HD levels. This is
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the first study on 250HD levels in JIA patients living in a
low-latitude region, showing the lowest prevalence of vita-
min D deficiency ever reported. Serum 250HD was similar
in JIA and controls and did not vary regardless of JIA cat-
€gory or severity.
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Introduction

Juvenile idiopathic arthritis (JIA) is the most frequent
chronic arthropathy in childhood, affecting one or more
joints in children <16 years old, being more common
among girls. JIA prevalence in white Caucasians varies
from 0.07 to 4.01/1000 children [1]. In Sdo Paulo, Brazil,
JIA accounts for more than 30 % of new cases seeking
pediatric rheumatologists [2], and JIA prevalence was esti-
mated at 0.34/1000 children [3].

There is controversy as to whether serum vitamin
D levels influence both the prevalence and outcome
of JIA [4, 5]. Low vitamin D has been associated with
an increased risk of osteoporosis-related fractures
[6] as well as with increased prevalence and/or sever-
ity of multiple sclerosis [7], rheumatoid arthritis (RA)
[8—10], and systemic lupus erythematosus [11]. The
mechanisms of action of vitamin D are multiple and
include modulation of transcription pathways leading
to cytokine production, regulation of the expression of
cyclooxygenase 2, and lipoxygenase genes, and it may
directly interfere with cytokine gene expression and
signaling, favoring a change from a T helper (Th)-1 into
a Th-2 cytokine profile, as well as a decrease in Th-17
response [12].
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Since there are no clearly defined normal vitamin D
levels for children, cutoff levels proposed for adults have
been used in studies with children. With this strategy, up
to 82 % of JIA children were reported to have insufficient
vitamin D and an association with disease outcome could
not be found [13]. A previous study conducted in JIA
children from Boston, MA, found low vitamin D in over
50 % of the patients. In that study, age, ethnicity, body
mass index (BMI), and seasonal variation were shown to
influence serum vitamin D, but there was no association
with disease activity [14]. In JIA children from Morocco,
hypovitaminosis D, which was found in 75 % of the
patients, was also not associated with disease activity
[15].

In adult patients with inflammatory polyarthritis,
higher vitamin D metabolite levels were associated
with a decreased Health Assessment Questionnaire
(HAQ) score [16]. Despite finding similar levels in RA
patients and controls, another study reported an inverse
association of 25-OH vitamin D levels and RA disease
activity [17]. A recent study with RA patients from
China living in a 32° latitude region found not only
lower serum vitamin D levels, as compared to controls,
but also a negative association of vitamin D with RA
disease activity and serum levels of the interleukin
17/23 cytokines [9].

Latitude differences, sunshine exposure, diet, BMI, and
use of dietary supplements influence serum vitamin D
[11, 18, 19]. A previous study that collected data from all
continents but Africa showed a large variation of vitamin
D levels across different countries [19]. However, in that
study, the Latin-American region was represented solely
by Mexico and Argentina, although the mileage distance of
their capitals is around 4600 miles. In fact, less exposure to
sunlight in the extreme south of Argentina was associated
with lower vitamin D3 levels and rickets, and the in vitro
photoconversion of provitamin D3 to previtamin D3 was
absent during winter in southern latitudes in Argentina, as
compared to the same levels obtained in Buenos Aires [20].

We live in Fortaleza, capital of the state of Ceard, Brazil,
with a low-income population of 8,779,000 inhabitants in
the state and 3,597,000 living in Fortaleza. Our geographic
coordinates are 3°43’S and 38°32'W. According to the offi-
cial Brazilian tourism agency, among the largest cities in
Brazil, Fortaleza is the one with more sunny days with a
mean of 239 days per year (http://en.wikipedia.org/wiki/
Fortaleza#Climate). To our knowledge, there are no stud-
ies evaluating the possible influence of vitamin D in auto-
immune diseases in children from a region as close to the
equator line. Our aim was to report serum vitamin D levels
in JIA patients living in the state of Ceard as well as its pos-
sible association with JIA categories and disease activity.
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Methods

Patients with a diagnosis of JIA according to the Interna-
tional League of Associations for Rheumatology (ILAR)
[21] seen at the rheumatology outpatient clinics of the
Hospital Universitdrio Walter Cantidio of the Faculty of
Medicine of the Universidade Federal do Ceard and Hospi-
tal Geral de Fortaleza, between May 2012 and April 2013,
comprising 50 children, were cross-sectionally evaluated.

Considering that deficient vitamin D levels were found
in up to 82 % of JIA patients [13] and a conservative esti-
mation of a 60 % prevalence of deficient vitamin D levels
in our JIA sample with 5 % level of significance, the sam-
ple size had to be of at least 41 participants.

The clinical protocol was submitted and approved by
our local ethics regulatory committee that follows the rules
of the Brazilian National Ethics Committee on Clinical
Research (CONEP). All patients or their responsible rela-
tives signed an informed consent before any intervention.

A clinical chart was filled for each patient registering
demographic data, clinical evaluation, and current treat-
ment. A complete physical examination was performed,
and samples collected for blood cell counts, biochemistry
(glucose, creatinine, urea, aspartate aminotransferase, ala-
nine aminotransferase), C-reactive protein and erythrocyte
sedimentation rate (ESR), and type I urinalysis. Testing for
the presence of rheumatoid factor using nephelometry and
anti-nuclear antibodies using indirect immunofluorescence
was also done.

Vitamin D levels were measured as the serum concen-
tration of 25-hydroxyvitamin D (250HD), in addition to
serum calcium and phosphate, alkaline phosphatase, and
parathyroid hormone (PTH) levels; 250HD and PTH lev-
els were determined using a chemiluminescence ELISA
(Immulite 2000 system analyzer™), as instructed by the
manufacturer (normal range for PTH = 12-65 pg/mL;
(Siemens Ltda., SP, Brazil™). The intra- and inter-assay
coefficients of variation (CV) were 9.7 and 14.7 % for
250HD and 3 and 4 % for PTH, respectively. Most stud-
ies have a special attention to seasonal variations regard-
ing determination of serum vitamin D levels. However,
our low latitude means no defined seasons across the year.
Therefore, we collected serum samples regardless of the
month of the year. Exclusion criteria were history or pre-
sent evidence of any other disease, including bone-related
diseases, but JIA. There were no pregnancies during the
study period. Patients on medications for osteoporosis,
except for calcium supplements, were excluded. No patient
was on vitamin D supplementation. BMI was calculated
as weight/squared height (kg/m?). A group of 20 age- and
sex-matched healthy individuals seen in our institutions for
non-inflammatory musculoskeletal complaints, used as a
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Table 1 Demographic, cl.inical, Characteristic Patients Controls P
and laboratory data of patients
with juvenile idiopathic arthritis Gender
Male 19 (38) 9 (45) 0.589
Female 31 (62) 11 (55)
Age (years) 134+44 11+£4 0.057
Age at diagnosis (years) 83+43 - -
Disease duration (years) 55+43 N -
Anti-nuclear antibody positivity 4(8) - -
Rheumatoid factor positivity 9 (18) -
Patients with deformities 15 (30) - -
JADAS27 9.1 £10.7 - -
CHAQ 0.35 +0.59 - -
Height 1.48 £0.17 1.46 £ 0.13 0.692
Weight 458 £ 159 417+ 11.1 0.291
BMI 20.14 £ 0.49 19.1 £ 1.75 0.264
JIA category - -
Oligoarticular persistent 9 (18)
Oligoarticular extended 6 (12)
Polyarticular rheumatoid factor negative 9 (18)
Polyarticular rheumatoid factor positive 16 (32)
Enthesitis related 4(8)
Systemic 4 (8)
Undifferentiated 24
Vitamin D 31.6+£ 10 304 +£5.7 0.649
PTH 429 +17.7 39.5+49 0411

Data are n (%) and mean + SD, JADAS Juvenile Arthritis Disease Activity Score, CHAQ Childhood Health
Assessment Questionnaire, BMI body mass index, PTH parathyroid hormone

control, was specifically evaluated for BMI and determina-
tion of serum 250HD and PTH levels.

Since there are no defined 250HD normal levels for
children, we considered values higher than 30 ng/mL as
optimal, those between 20 and 30 ng/mL as sufficient, and
levels below 20 ng/mL as deficient [22].

Disease activity measurement was done using the Juve-
nile Arthritis Disease Activity Score (JADAS)-27 [23] that
considers physician global assessment of disease activ-
ity [(0-10 cm visual analog scale (VAS)], parent global
assessment of child’s well-being (0—10 cm; VAS), number
of joints (0-27) with active disease, and ESR, providing a
total score of 0-57 where high scores mean high disease
activity. A Portuguese version of Childhood Health Assess-
ment Questionnaire (CHAQ) was used for evaluation of
functional status [24].

Patients were considered to have clinically inactive dis-
ease if the following was achieved, as described previously:
(1) no joints with active arthritis; (2) no fever, rash, serosi-
tis, splenomegaly, or generalized lymphadenopathy attrib-
utable to JIA; (3) no active uveitis; (4) ESR in the normal

range; and (5) a physician’s global assessment of disease
activity score of zero [25]. Using recent previously defined
cutoff levels, JIA patients with the oligoarticular and pol-
yarticular presentations were defined as having high dis-
ease activity if JADAS-27 > 4.2 and 8.5, respectively [26].
The number of children with joint deformities, defined
as an irreversible damage to the anatomic structure and/
or function that interfered with joint range of motion that
could be attributed to the JIA, was also recorded.

Statistics used descriptive analysis for demographics
and outcomes using mean £ SD or medians, as appropri-
ate. Assessment of normality of continuous data was done
using the Kolmogorov—Smirnov test. Dichotomous vari-
ables were expressed as absolute and percent values. Dif-
ferences between means were evaluated using Student’s “t”
test; dichotomous data were evaluated using Chi-square or
Fisher’s exact (when needed) tests. Pearson’s correlation
coefficient was applied for variables with normal distribu-
tion. The level of significance was set at 0.05. Sample size,
entering of data, and data analysis were done using SPSS
v17, SPSS Inc.
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Results

Demographic data are given in Table 1. Among the 50
patients included, 31 (62 %) were of the female gender.
The mean (SD) age was 13.4 £ 4 years, and the mean
(SD) age at diagnosis was 8.3 & 4.3 years. Mean disease
duration was 5.5 years, and there were 15 (30 %) patients
with joint deformities. Among those, 10 (20 %) were of
the polyarticular, 3 (6 %) oligoarticular, and one (2 %)
each of the systemic and undifferentiated categories. The
polyarticular presentation was the most common category,
representing 25 (50 %) patients comprising 16 (32 %) and
9 (18 %) that were positive and negative for the rheuma-
toid factor, respectively. All patients that tested positive for
the rheumatoid factor had the polyarticular presentation.
Among the 15 (30 %) patients classified with the oligoar-
ticular presentation, 9 (18 %) were considered as persis-
tent and 6 (12 %) as extended. Four (8 %) had the systemic
presentation, 4 (8 %) others were classified as enthesitis
related, and 2 (4 %) were considered undifferentiated.
Four (8 %) patients, two each of the polyarticular and oli-
goarticular categories, tested positive for the presence of
anti-nuclear antibodies (dense fine speckled pattern).

Serum calcium, phosphorus, and alkaline phos-
phatase were within normal limits in all patients (data not
shown). Mean serum 250HD was 31.6 &+ 10 ng/mL in JIA
patients (Table 1). There was no difference when com-
paring 250HD levels among the various JIA categories
(Fig. 1). Specifically, mean 250HD levels in JIA patients
of the polyarticular category (31.9 & 8.2 ng/mL) were very
similar to those of patients categorized as oligoarticular
(33.17 £ 11.3 ng/mL) (Fig. 1). As shown in Fig. 2, 250HD
levels were similar in patients of the polyarticular and oli-
goarticular categories considered to be on high or not-high
disease activity level.

Twenty-six (52 %), 20 (40 %), and 4 (8 %) JIA patients
were considered to have optimal, sufficient, and deficient
250HD levels, respectively, whereas 11 (52 %) and 10
(48 %) controls had optimal and sufficient 250HD levels,
respectively, meaning no difference among those groups
(P = 0.649). Nobody in the control group and only 4 (8 %)
JIA patients had deficient (<20 ng/mL) 250HD levels.
Serum PTH was 42.9 + 17.7 and 39.5 £ 4.9 pg/mL in JIA
patients and controls, respectively, so that all samples had
normal PTH levels (Table 1).

The mean JADAS-27 score was 9.1 &+ 10.7. Having a
4.2 or 8.5 JADAS-27 score, as said above, was considered
a minimum for a high disease activity for the oligoarticular
and polyarticular JIA categories, respectively [26]. Using
those cutoff values, 22 (44 %) patients were considered
with high activity, comprising 14 (28 %) polyarticular and
8 (16 %) oligoarticular. Table 2 illustrates the data of JIA
patients concerning the presence of deformities. Those with
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Fig. 1 Serum levels of 25-hydroxyvitamin D in JIA patients accord-
ing to categories
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Fig. 2 25-hydroxyvitamin D levels in JIA patients according to dis-
ease activity and presence of deformities

deformities had a significantly higher CHAQ, whereas the
number of active joints at the time of evaluation was simi-
lar between both groups. Those with deformities also had
a tendency to display a higher JADAS-27, although not
reaching statistical significance (Table 2).

Twenty-three (46 %) patients were using either ibu-
profen (65 %) or naproxen (35 %) as non-steroidal anti-
inflammatory drugs (NSAIDS). Fourteen patients (30 %)
were using low-dose oral steroids, comprising 8 (16 %), 4
(8 %), and 2 (4 %) of the polyarticular, oligoarticular, and
systemic categories, respectively, with a 0.16 mg/kg mean
daily prednisone dose. There was one patient of the sys-
temic category on a 1 mg/kg prednisone daily dose due to
disease exacerbation. Forty-one (82 %) patients were using
non-biologic DMARDS (Table 3). Methotrexate, combined
or isolated, was being used in 38 (76 %) children, lefluno-
mide in 10 (20 %), comprising seven (14 %) combined to
methotrexate, 2 (4 %) as isolated, and 1 (2 %) combined
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Table 2 Comparison of JIA patients considering the presence of
deformities

Characteristic No deformity Deformity P
Active joints 2.54 £1.16 353 £1.19 0.3
JADAS-27 7.59 +£1.88 12.54 £2.29 0.067
CHAQ 0.22 +0.08 0.68 +0.19 0.005

Data are mean + SD, JADAS Juvenile Arthritis Disease Activity
Score, CHAQ Childhood Health Assessment Questionnaire

Table 3 Drugs used in JIA patients

Drugs N (%)
Non-steroidal anti-inflammatory 23 (46)
Ibuprofen 15 (30)
Naproxen 8 (16)
Corticosteroids 15 (30)
Non-biologic DMARD 41 (82)
Oral methotrexate (MTX) 38 (76)
MTX isolated 31(62)
Leflunomide 10 (20)
Azathioprine 2(4)
Biologic DMARD 23 (46)
Etanercept 16 (32)
Adalimumab 4(8)
Infliximab 1(2)
Tocilizumab 12
Abatacept 1(2)

to a biologic DMARD. Two patients (4 %) that presented
liver enzyme alterations while on methotrexate were also
using azathioprine. Twenty-three (46 %) patients were
using biologic DMARDs (Table 3) as follows: Etanercept
was used in 16 (32 %), adalimumab in 4 (8 %), and inf-
liximab in 1 (2 %) patient. Two patients classified as sys-
temic received tocilizumab and abatacept each. We should
mention that 9 (56 %) out of the 16 patients that received
biologic DMARDs had deformities, meaning refractory
severe disease. The mean JADAS-27 and CHAQ scores
in those patients with deformities were 10.6 &+ 12.1 and
0.49 % 0.69, respectively. Eleven (69 %) patients on etaner-
cept used it combined to methotrexate, 3 (19 %) as mono-
therapy, and 2 (12 %) combined to leflunomide.

Discussion

Our data show that mean serum 250HD levels in a
cohort of JIA patients living in a low-latitude region are
within normal limits and similar to those found in a con-
trol disease-free population. Different from what has been

published so far in this issue, the majority (52 %) of our
JIA patients had 250HD levels considered optimal, another
major part, comprising 40 % of our patients, had sufficient
vitamin D levels, and a minority (8 %) of our JIA patients
had what has been currently considered deficient 250HD
serum levels [13]. A recent systematic literature review and
meta-analysis focusing on 14 reports that measured 250HD
levels in JIA patients, as done in our study, revealed a mean
of 24.56 ng/mL (range 11.5-56.4 ng/mL) level in 529 chil-
dren, being thus lower as compared to 31.5 £ 10.1 ng/mL
mean levels in our patients [13]. Two more recent studies,
not included in that meta-analysis, found mean vitamin D
levels of 21.8 £ 0.8 ng/mL and 22.1 &£ 10.87 ng/mL in JIA
patients living in Florence, Italy, and Rabat, Morocco [15,
27]. It has to be pointed out that all those studies were done
in high latitudes, including those on Florence and Rabat,
meaning 42° and 32°N [15, 27], respectively, as compared
to the present study. Perhaps more striking, with regard to
the importance of geographical variation, 250HD levels in
children from the state of Sdo Paulo, Brazil (23°S), were
reported as 25.7 & 8.65 ng/mL [28] that are also lower to
those found in our study, focusing on people living in a 4°S
region of Brazil.

Blood samples in the present study were collected
throughout the year, as opposed to all those studies, with
samples collected at the end of the winter or in spring, as
a strategy to minimize bias associated with less sun expo-
sure. Hence, mean serum vitamin D levels in those stud-
ies, if collected throughout the year, could possibly be even
lower to the values reported. This aspect further strengthens
the importance of geographical variation when analyzing
serum vitamin D levels [5, 19].

As we mentioned above, there are no defined normal
parameters of serum 250HD for children. Thus, similar to
what was done in all previous studies, we used adult levels
in our data. However, guidelines from the American Acad-
emy of Pediatrics defined the minimum required 250HD
level in infants and children as 20 ng/mL [29]. If we were
to use that cutoff level, only 3 (6 %) out of our 50 patients
could be considered as presenting deficient 250HD.

Mean serum PTH levels in our sample were also simi-
lar to PTH levels in our controls. In the meta-analysis
mentioned above, mean PTH in JIA patients of the pauci-
articular, polyarticular, and systemic categories were 26.28
(range 20.6-52 pg/mL), 28.7 (range 14.5-77 pg/mL), and
20.3 (range 14.4-51 pg/mL), respectively [13], whereas in
the Italian study, mean PTH levels were 46.8 + 26.9 pg/
mL [27]. Attempts to associate 250HD levels to markers
of bone metabolism, mostly PTH, do not completely rule
out controversies regarding what can be considered nor-
mal. This inconsistency does also hold true for adults [12,
17, 22]. The fact that our PTH levels were similar to those
of JIA patients from higher latitudes despite our patients
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presenting an apparently lower prevalence of 250HD defi-
ciency lead us to question the use of increased PTH as an
indication of 250HD deficiency.

Serum 250HD levels did not vary across different JIA
categories in our patients, which is similar to what has been
reported in most studies [13]. Moreover, using recently
proposed cutoff levels for definition of high activity in
JIA [26], there was no difference of 2SOHD levels in our
patients, regardless of being considered with high activity.
Likewise, levels were similar both in those with or without
joint deformities and with active/inactive JIA, strongly sug-
gesting a lack of association between serum 250HD and
disease outcome even in the long term.

Criticism to the cross-sectional analysis done in our
study can be minimized since the presence of joint deform-
ities would reflect more severe and long-standing disease.
Further, CHAQ values, which reflect ongoing disease
severity at various domains, were also similar regardless of
serum 250HD levels in our patients. In fact, despite having
an increased proportion of polyarticular category patients,
who are believed to carry a risk of worse prognosis, as
compared to the more prevalent oligoarticular presentation
in other studies in Caucasians [30], CHAQ values in our
patients reveal an apparently milder disease. For instance,
in the Italian study mentioned above, there were 63.2 %
oligoarticular and 23 % polyarticular patients, with a mean
CHAQ-DI of 0.71 £ 0.58, as compared to 30 and 50 %
patients in those categories, respectively, in our cohort,
with a considerably lower CHAQ (0.35 &+ 0.59).

Low-income populations are expected to display more
severe disease that can be related to less access to medical
treatment [31] as well as to an increased prevalence of the
polyarticular category [30]. More than 90 % of our patients
have a family (mean 6 people/family) monthly income of
<U$ 900.00 (data not shown). Although we have no limi-
tations concerning prescription of high-cost medications
in our reference services, difficulties of patients to attend
the outcare clinic, irregular adherence to prescriptions, and
very limited access to non-pharmacological therapy may
adversely impact disease severity [31, 32]. We cannot rule
out that underdiagnosis of less severe oligoarticular presen-
tations accounts for our low numbers of this JIA category
[5]. However, despite the economic burden, our patients
had an apparently less than expected joint damage in the
long term. Coupled to a greater prevalence of polyarticular
patients, the low CHAQ, vis-a-vis other series from devel-
oped countries, lead us to speculate that normal or near-
normal 250HD levels increased prevalence in our region
could positively influence the evolution of JIA.

Among the factors that could influence serum 250HD
levels, we may include ethnicity, seasonal variation, BMI,
and medications [5, 11]. As said above, samples were col-
lected throughout the year, as the number of sunny days in

@ Springer

our region is very stable, thus virtually ruling out this varia-
tion as an influence to our data. BMI can also be excluded as
a relevant variable since it was normal in the whole majority
of both our JIA patients and in all controls so that there were
no underweight or obese patients, and only 8 % of our JIA
patients were classified as mildly overweight. Prednisone
use has been associated to reduction in serum vitamin D
[11], but the fact that all but one of our patients used very
low-dose prednisone makes this possibility as influencing
our results very unlikely. Ethnic variation is also not a major
issue in our sample. Our local population is mostly formed
from native Brazilian and white Portuguese descendants, as
neither did we receive significant number of Africans during
the period of black slavery in Brazil nor white people from
other regions but Portugal, which is different from southern
regions of Brazil.

Limitations of our study include the relatively low num-
ber of patients, as compared to other previous reports. In
fact, this limitation could have influenced our finding of no
differences regarding 250HD levels among patients in the
various JIA categories in our sample. However, the inclu-
sion of 50 patients was more than what was required for the
sample size, based on a conservative estimation of a 60 %
worldwide prevalence of deficient 250HD levels. Although
we did not analyze dietary vitamin D intake related to
regular food ingestion, we should stress that our patients
were not taking vitamin D supplementation. Thus, the low
prevalence of 250HD deficiency is probably associated
with increased sun exposure, as compared to people living
in higher latitudes. The cross-sectional nature of the study
precludes analyzing the effect of 250HD in long-term dis-
ease activity. However, the relatively low CHAQ values
obtained despite a predominance of patients of the polyar-
ticular category argues for a better disease outcome in our
cohort. In keeping with this assumption, we have recently
shown that up to two-thirds of our JIA patients, despite the
social economic burden and the more prevalent polyarticu-
lar presentation, achieve clinical disease control without
the use of biological DMARDs [33].

Taken together, we report a series of JIA patients living
in a low-latitude region that presents the lowest prevalence
of serum 250HD deficiency yet published, thus strengthen-
ing the relevance of geographical variation when analyzing
serum 250HD levels.
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