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Abstract 
Objective – To evaluate a vitamin D [25-hydroxyvitamin D-25(OH)D] status in children with juvenile idiopathic arthritis (JIA), 
and its association with the activity of arthritis. Materials and Methods – Retrospective-prospective study was conducted at the 
Clinic for Children’s Diseases, University Clinical Center Tuzla in the period from January 2018 to January 2020. The medical re-
cords of 51 children with JIA and 48 healthy children were analyzed. Results – The median serum levels of 25(OH)D in children 
with JIA were 35.4 nmol/L and 62.3 nmol/L in the control group, with a statistically significant difference (P=0.036). 11 of 51 
children with JIA and 8 of 48 in the control group had values 25(OH)D <25nmol/L, while 8 of 51 children with JIA and 14 of 48 
children in the control group had the adequate values of 25(OH)D. 40 of 51 children (median JADAS10 score 6.24) had active 
arthritis; 6 of them with insufficiency and 3 with deficiency of 25(OH)D had moderate disease activity at the time of evaluation. 
The values of 25(OH)D were negatively correlated with arthritis activity (r=-0.36, P=0.02), but no significant correlation between 
arthritis duration and 25(OH)D levels was found. There was significant difference between serum 25(OH)D concentrations and 
the form of arthritis (P<0.0001). Conclusions – Our findings have shown the correlation between serum 25(OH)D concentra-
tions and arthritis activity, however, prospective comprehensive studies are needed to further investigate the relationship between 
vitamin D and disease activity in JIA.
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Introduction

Juvenile Idiopathic Arthritis (JIA) is a group of 
clinically distinguishable subsets that share chronic, 
childhood-onset arthritis of unknown cause, as a 
unifying feature, unclear pathogeneses but likely 
multifactorial etiologies. The immune system is in-
timately involved in pathogenesis of JIA by abnor-
mal immunoregulation, production of cytokine, 
development of inflammation as a hallmark of ar-
thritis. Since vitamin D plays an important role in 
maintaining both skeletal and immune system, it 
has been implicated in the pathogenesis of JIA (1-
4). Beside regulation of calcium homeostasis and 
bone turnover, vitamin D has proven antiprolif-
erative, pro-differentiation, anti-bacterial, immu-

nomodulatory and anti-inflammatory properties 
within the body in various cells and tissues (3-5). 
Cells involved in innate and adaptive immune 
responses such as macrophages, dendritic cells, T 
cells, and B cells express enzymes required to ac-
tivate and respond to vitamin D (3, 6, 7). Since 
vitamin D tends to suppress the immune response, 
consequently low vitamin D concentrations are as-
sociated with an increase in pro-inflammatory me-
diators and more active disease (8, 9). 

The aims of this study were to evaluate a vita-
min D [25-hydroxyvitamin D-25(OH)D] status 
in children with JIA, and also to examine whether 
there was an association between serum levels of 
25(OH)D and activity of arthritis.
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Patients and Methods 

This retrospective-prospective study was conducted 
at the Department of Rheumatology, Immunol-
ogy and Allergology of the Clinic for Children’s 
Diseases, University Clinical Center (UCC) Tuzla 
in the period from January 2018 to January 2020. 
The medical records of 51 children with JIA were 
analyzed. The diagnosis and classification of JIA 
was made based on the classification and diagnos-
tic criteria for JIA 2001 by International League of 
Associations for Rheumatology (ILAR) (10). Exclu-
sion criteria included failure to fulfill the diagnostic 
criteria for JIA, use of supplements containing vi-
tamin D or calcium within the previous 3 months, 
associated chronic diseases (diabetes mellitus type 1, 
inflammatory bowel diseases, celiac disease and im-
munodeficiency disorders) and the parents’ refusal 
for the child to take part in the study. Fifteen chil-
dren met the exclusion criteria (nine used vitamin 
D supplements within the previous 3 months, two 
children had associated diseases, one had diabetes 
mellitus and one had celiac disease; the parents of 
two children refused to give informed consent for 
their children to participate in the study). Fifty-one 
children who met the study criteria were included 
in the study. In the JIA group, one child was taking 
chloroquine, 22 (43.1%) children were using dis-
ease-modifying anti-rheumatic drugs (DMARDs), 
seven (13.7%) children were using biological drugs, 
and no children were receiving glucocorticoids and/
or biphosphonate at the time of evaluation. 

The following were analyzed: gender, age, JIA 
activity and disease type, serum 25(OH)D concen-
trations, erythrocyte sedimentation rate (ESR). The 
level of disease activity was determined by means 
of the Juvenile Arthritis Disease Activity Score 
(JADAS10) (11). The JADAS10 is composed of 
the following four variables: physician global assess-
ment of overall disease activity, parent global assess-
ment of child’s wellbeing, 10-joint reduced active 
joint count, and ESR. The JADAS10 is calculated 
as the sum of the scores of its individual compo-
nents, which yields a global score of 0-40. The par-
ent of each child was asked to make a global assess-
ment of child’s wellbeing on a 21-numbered circle 

visual analog scale-VAS (where 0=very good and 
10=very poor) and to rate the intensity of child’s 
pain on a 21 numbered circle VAS (where 0=no 
pain and 10=very severe pain); ESR ≤15 mm/h 
was considered as normal. Inactive disease (ID) 
is defined if the score is ≤1 in either oligoarthritis 
or polyarthritis. Low (or minimal) disease activity 
(LDA) is defined when JADAS10 is comprised be-
tween 1.1 and 2.0 in oligoarthritis, and between 
1.1 and 3.8 in polyarthritis. 

Moderate disease activity (MDA) is defined 
when the score is comprised between 2.1-4.2 in 
oligoarthritis and 3.9-10.5 in polyarthritis, since 
the state of high disease activity (HAD) is defined 
when the score is >4.2 in oligoarthritis and >10.5 in 
polyarthritis (12, 13). Forty-eight healthy children, 
matched for gender and age to the children with 
JIA, not using supplements containing vitamin D 
or calcium within the past three months, with no as-
sociated chronic diseases, were included as controls. 

The assessment of 25(OH)D levels in serum was 
made, blood was taken by the standard procedure 
and analyzed at the Polyclinic for Laboratory Di-
agnostics of UCC in Tuzla. The blood samples for 
25(OH)D were centrifuged at the speed of 3.000 
turns per minute during a 10-minute period. After 
centrifuging, separated serum was kept in flacons at 
the temperature of -70°C until the procedure of de-
termination. Values of 25(OH)D were determined 
by ADVIA Centaur assay. The values <25 nmol/L 
were considered as insufficiency, 25-50 nmol/L as 
deficiency, 50-75 nmol/L were insufficient values, 
since adequate vitamin D levels were  ≥75 nmol/L.

Ethics Statement

The study protocol was approved by Ethics Com-
mittee of UCC Tuzla, No 01/1-37-473/18. The 
informed consent was signed by parents of all par-
ticipants.

Statistical Analysis 

Statistical data analysis was conducted using the 
biomedical software application “MedCalc for 
Windows, Version 15.11.4” (MedCalc Software, 
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Ostend, Belgium). The variables with distorted 
distribution were shown with a median as a mea-
sure of the central value. The Mann- Whitney and 
Kruskal-Wallis tests were used to test a statistically 
significant difference between the samples. Spear-
man’s correlation coefficient was used to measure 
a correlation between the variables. The difference 
was considered significant when P<0.05. 

Results 

In the period from January 2018 to January 2020, 
51 (10.6%) of 507 children, hospitalized at the 
Department of Rheumatology, Immunology and 
Allergology of the Clinic for Children’s Diseases, 
UCC Tuzla, had JIA. There were 24 boys and 27 
girls with a median age of 9.0 years (IQ range 2.6-
12.6 years). Roughly the same number of children 
had the oligoarticular (2 of them had JIA associated 
uveitis) and polyarticular (2 of them were rheuma-
toid factor – RF positive) form of JIA. The clinical 
characteristics of 51 children with JIA are shown 
in Table 1. 

The control group consisted of 48 healthy chil-
dren (21 boys and 27 girls) with a median age of 
10.6 years (IQ range 3.6-12.2 years). There were no 
statistically significant differences in age (P=0.22) 
or sex (P=0.26) between the children with JIA and 
the control group. The median levels of 25(OH)D 

were significantly lower in children with JIA, 35.4 
nmol/L (IQ range 23.1-78.7 nmol/L), whereas 
those levels were 62.3 nmol/L (IQ range 22.8-
77.2) in the control group, which was a statisti-
cally significant difference (P=0.036). Regarding 
serum 25(OH)D concentrations, it was found that 
11(21.56%) children with JIA and 8(16.6%) chil-
dren in the control group had 25(OH)D values of 
<25nmol/L; the levels of 25(OH)D were compat-
ible with the adequate value in 8 children with JIA 
and 19 children in the control group (Table 2). 

25(OH)D levels were analyzed with regard to 
gender, and it was found that the girls and the 
boys in both groups had deficiency of 25(OH)D, 
(Table 3). No statistically significant difference in 
the 25(OH)D concentration between the girls and 
boys were noticed, P=0.37 and P=0.13, respectively. 
There was a negative, moderate, statistically signifi-
cant correlation between the age of children with 
JIA and the levels of 25 (OH)D (r=-0.36, P=0.004; 
95%CI: -0.58-0.09), while the correlation between 
the age and serum 25(OH) D concentrations 
was not observed in the control group (r=-0.10, 
P=0.23; 95%CI: 0.38-0.18). The median dura-
tion of arthritis was 2.1 years (IQ range 9 months 
to 3.2 years); and looking into the correlation be-
tween arthritis duration and 25(OH)D serum lev-
els in children with JIA, the negative but statisti-
cally nonsignificant correlation was found (r=-0.21, 

Table 1. Clinical Characteristics of 51 Children with JIA* Included in the Study

Children’s characteristics N (%)

Gender
Male 24 (47,06)

Female 27 (52.94)

Form of  JIA*

Olygoarticular 22 (43.14)

Polyarticular Rf +† 2 (3.92)

Polyarticular Rf - 18 (35.3)

ERA‡ 7 (13.73)

sJIA§ 2 (3.92)

Disease activity 

ID|| -

LDA¶ 39 (76.47)

MDA** 12 (23.53)

HDA†† -

*Juvenile idiopathic arthritis; †Rheuma factor; ‡Enthesitis related arthritis; §Systemic juvenile idiopathic arthritis; ||Inactive disease; ¶Low disease 
activity; **Moderate disease activity; ††High disease activity.
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P=0.15; 95%CI: 0.15-0.29). Analyzing 25(OH)
D status with regard to the JIA form, significantly 
different serum concentrations were observed. The 
children with oligoarticular form had the lowest 
levels, while the children with ERA had the high-
est levels, although these levels were within the do-
main of inadequate levels (Table 3). There was a 
statistically significant correlation between the JIA 
form and 25(OH)D serum concentrations (r=0.31, 
P=0.032; 95%CI: 0.53-0.026). Forty out of fifty-
one (78.43%) children with JIA were considered to 
have an active disease if the median JADAS10 score 
was 6.24 (IQ range 1.4 to 7.1), thus 11 children 
with oligoarticular and 6 with polyarticular form 
had LAD; six children had MDA, there were five 
children with oligoarticular and polyarticular form 
of JIA, and 2 with ERA. There were no children 
with ID or HAD. Six children with insufficiency 
and 3 children with deficiency of 25(OH)D had 
MDA disease at the time of evaluation. There was 

a significant negative correlation between serum 
25(OH)D levels and arthritis activity (r=-0.36, 
P=0.02; 95%CI: -0.009-0.50).

Discussion

Interest and knowledge about defining the role of 
vitamin D in pathogenesis, activity and treatment 
of JIA has been increased, and the data indicate sub-
optimal vitamin D status in children with chronic 
arthritis (1). Also, recent meta-analysis, which in-
cluded 19 papers reporting on values of 25(OH)D 
in JIA, could not find evidence to link vitamin D 
deficiency with JIA due to a lack of agreed defini-
tion of vitamin D deficiency in pediatric popula-
tion (14). Nevertheless, it is an important and use-
ful overview and provides further evidence of the 
relatively high prevalence of vitamin D deficiency 
in JIA children. 

Table 2. Serum 25(OH)D Levels in Children with JIA* and Children of Control Group

Serum 25(OH)D levels Children with JIA*

N (%)
Children of control group
N (%)

Insufficiency <25nmol/L 11 (21.56) 8 (16.67)

Deficiency 25-50 nmol/L 15 (29.42) 7 (14.58)

Inadequate  levels 50-70nmol/L 17 (33.34) 14 (29.17)

Adequate levels ≥75 nmol/L 8 (15.68) 19 (39.58)

*Juvenile idiopathic arthritis.

Table 3. Serum 25(OH)D Levels in Children with JIA* According to a Form and Disease   Activity

Children’s characteristics Serum 25(OH)D levels (nmol/L; mean (IQ range)

Gender
Male 47.3 (22.3-78.2)

Female 44.5 (21.6-76.2)

Form of JIA*

Oligoarticular 38 (22.6-52.50)

Polyarticular Rf+† 42 (24.3-42.9)

Polyarticular Rf- 46.6 (22.2-77.3)

ERA‡ 59.4 (24.5-78.8)

JIA§ 50 (24.1-52.0)

Disease activity 

ID|| -

LDA¶ 45.2 (24.2-78.8)

MDA** 33.1 (20.1-41.5)

HDA†† -

*Juvenile idiopathic arthritis; †Rheuma factor; ‡Enthesitis related arthritis; §Systemic juvenile idiopathic arthritis; ||Inactive disease; ¶Low disease 
activity; **Moderate disease activity; ††High disease activity.
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We found insufficiency of vitamin D in 21.6% 
children and deficiency in 29.4% children with 
JIA, which was similar to findings of other authors 
(15-17). The high percentage of children with 
pediatric rheumatic diseases has a vitamin D de-
ficiency or insufficiency that might correlate with 
the disease outcome and flare-ups (18). Bouaddi et 
al. (15) reported that 52.5% of children with JIA 
were considered to have an active disease (48% of 
children with HDA), and 75% of those children 
had hypovitaminosis 25(OH)D. They emphasized 
that there was a strong inverse association between 
baseline levels of both serum 25(OH)D and dis-
ease activity. According to our results 78.43% of 
children had active arthritis, 13 children (25.5%) 
had MAD, but 6 of them had insufficiency and 3 
children were with deficiency of 25(OH)D at the 
time of evaluation.  

We also noticed the negative and statistically 
significant correlation (r=-0.36) between serum 
25(OH)D concentrations and arthritis activity. Sta-
gi et al. (18) noticed significantly reduced 25(OH)
D levels in children with JIA who had an active dis-
ease and/or frequent relapses in comparison with 
children with JIA who had an inactive disease and 
infrequent flare-ups (P<0.005). Similarly, Çomak et 
al. (16) also emphasized a significant correlation be-
tween serum 25(OH)D concentrations and disease 
activity. There are some other reports on the rela-
tionship between serum 25(OH)D concentrations 
and disease activity. For instance, Dagdeviren-Çakir 
et al. (19) did not find any significant differences 
in serum 25(OH)D concentrations in children with 
JIA during active and remission periods of disease. 
Also, other authors did not notice reduced 25(OH)
D values in children with active arthritis (16, 20). 
Analyzing serum 25(OH)D concentration values in 
newly diagnosed children with JIA, Pelajo et al. (21) 
found a negative but not significant correlation with 
disease activity. We noticed a significant difference 
between serum 25(OH)D concentrations and the 
form of arthritis (P<0.0001). 

However, we did not find any correlation be-
tween serum 25 (OH)D and disease duration 
(P=0.032 and P=0.15). This result was unexpected 

taking into account effects of vitamin D on the 
modulation of the immune system. The average du-
ration of arthritis in children included in our study 
was approximately two years, 43.1% of children 
received DMARDs, 13.7% biological, no children 
received glucocorticoids and/or biphosphonate at 
the time of evaluation. However, our results were 
in accordance with the results acquired by other 
authors (16, 17). They demonstrated that serum 
25(OH)D was significantly correlated with disease 
activity in children with JIA but independent of 
age, gender, JIA subtype or medications (16). It is 
also important to emphasize that vitamin D defi-
ciency is a current public health issue that is in-
creasing, including healthy individuals of all ages in 
developed and developing countries (22, 23, 27). 

In addition, many researchers assessing 25(OH)
D status in children with JIA found lower values 
in healthy children included in control groups (18, 
19, 25, 26). Our findings were similar to those – a 
decrease in vitamin D status was observed in both 
groups, but the median of serum 25(OH)D con-
centration was significantly lower in children with 
JIA than in the control group (P=0.036). Never-
theless, such low levels of vitamin D in the group 
of healthy children was not an unexpected result, 
since vitamin D deficiency has been recognized as a 
global health problem and now can be detected in 
children of all ages (27). 

The Limitations of the Study 

Our study had several limitations including the 
small sample size, lack of available information 
about diet and sun exposure which may have in-
fluenced the serum 25(OH)D levels, but also a lack 
of dynamic monitoring of serum 25(OH)D con-
centrations. 

Conclusion 

Our findings have shown the correlation between 
serum 25(OH)D concentrations and arthritis ac-
tivity, however, prospective comprehensive studies 
are needed to further investigate the relationship 
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between vitamin D and disease activity in JIA. 
Considering the impacts of vitamin D on the mod-
ulation of the immune system, clinicians should be 
aware of vitamin D deficiency in this group of pa-
tients. It remains to be elucidated whether vitamin 
D supplementation in children with JIA might pre-
vent relapses or diminish disease activity.
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