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Abstract. Vitamin D has an important immunomodulatory 
effect, but no trial has examined the effect of boosting serum 
levels of 25‑hydroxyvitamin D (25OHD) in individuals with 
juvenile idiopathic arthritis (JIA). The aim of the present 
study was to assess whether vitamin D supplementation 
reduced disease activity and adjusted/maintained bone mass 
in patients with active JIA. A 24‑week randomized trial was 
undertaken at Children's Hospital of Chongqing Medical 
University. Treatment‑naive patients with JIA were randomly 
assigned (1:1) to one of two groups: Standard treatment with 
high dose oral cholecalciferol [2,000 IU per day; experimental 
group (EG)] or without supplementation [control group 
(CG)]. The primary outcomes were the 27‑joint Juvenile 
Arthritis Disease Activity Score (JADAS‑27 score), the 
Z‑score for bone mineral density (BMD), and serum levels of 
25OHD. A per‑protocol analysis set approach was used. The 
Mann‑Whitney U test was the main tool used for data analysis. 
A total of 42 participants were assigned randomly to the EG 
(n=20) or the CG (n=22); of these, 36 (n=18 and n=18, respec-
tively) were included in per‑protocol analysis. After 24 weeks, 
the mean level of 25OHD in the EG was higher than that in 
the CG (P<0.05). At the end of the intervention, there were 
no clear differences between the two groups in terms of BMD 
or JADAS‑27 score (both P>0.05). Cholecalciferol supple-
mentation (2000 IU/day) for 24 weeks raised serum levels of 
25OHD in JIA patients but did not reduce disease activity or 
improve BMD (registration no. ChiCTR‑INR‑16009235; Date 
of Registration: 2016‑10‑12).

Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous group 
of diseases characterized by arthritis of unknown origin 
and disease onset before the age of 16 years; thus JIA causes 
childhood disability (1,2). As a result of chronic inflammation, 
patients with JIA suffer from joint pain, swelling, restricted 
range of motion and joint deformity (1). Severe extra‑articular 
abnormalities may also accompany this disease, including 
uveitis, which occurs more frequently in antinuclear antibody 
(ANA)‑positive patients and can lead to blindness, and macro-
phage activation syndrome (MAS), a complication of sJIA that 
can lead to multi‑organ insufficiency and even mortality (3,4) 

Previous studies indicated that vitamin D played an 
important role in maintaining both the skeletal and immune 
systems (5,6). Vitamin D regulates the innate and adaptive 
immune systems by activating the vitamin D receptor, which 
is distributed widely on immune cells  (7,8). Consequently, 
vitamin D deficiency is associated with autoimmune diseases 
such as diabetes, rheumatoid arthritis, systemic lupus erythe-
matosus, and JIA (9-20). A previous study reported suboptimal 
vitamin D levels in JIA patients (13). Moreover, studies suggest 
that 25‑hydroxyvitamin D (25OHD) is negatively associated 
with JIA disease activity (14,15). Studies in mouse models of 
rheumatoid arthritis confirmed that the vitamin D receptor 
plays an important role in limiting the inflammatory pheno-
type (21), although other studies refute this (16).

Previous work showed that patients with JIA, especially 
those with higher disease activity, have low bone mass (18). 
However, although several studies have examined the role 
of vitamin D in JIA (18‑22), the immunomodulatory effects 
of supplementation with vitamin D have not been previously 
investigated. The aim of the present study was to examine the 
effect of cholecalciferol supplementation on serum vitamin D 
levels, disease activity scores, and bone mineral density in 
patients with JIA.

Patients and methods 

The present study was a randomized, comparative, 
monocentric tr ial (Chinese Clinical Trial Registry 
no.  ChiCTR‑INR‑16009235) conducted at the Children's 
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Hospital of Chongqing Medical University (Chongqing, 
China). From October 20, 2016 to February 15, 2018, 42 treat-
ment‑naive JIA patients diagnosed at the Rheumatology 
and Immunology Inpatient Department and followed at the 
Outpatient Clinic, Children's Hospital of Chongqing Medical 
University, were enrolled. All participants (6.9±3.1 years), or 
their guardians, provided written informed consent. The study 
was approved by the Institutional Review Board at Children's 
Hospital of Chongqing Medical University. Patients were 
selected using a table of random numbers. All patients met the 
2001 International League of Associations for Rheumatology 
classification criteria (23). Participants were randomized into 
two parallel groups using a random number table: i) Vitamin 
D (Xiamen Lipin Pharmaceutical Co., Ltd.) supplementation 
[2000 IU per day; experimental group (EG)]; and ii) no treatment 
[control group (CG)]. Both groups received standard therapy 
[glucocorticoids (0.5‑1 mg/kg/d), non‑steroidal anti‑inflamma-
tory drugs (30‑40 mg/kg/d), methotrexate (10‑15 mg/m2/w), or 
sulfasalazine (30‑50 mg/kd/d)]. None of the patients had taken 
vitamin D for at least 3 months prior to entry into the study. 
Exclusion criteria were as follows: A history of kidney stones, 
hypercalciuria, intestinal malabsorption, primary cardiovas-
cular disease, lung disease, blood disease, liver disease, a 
history of using drugs that inhibit bone resorption, a history 
of allergy to vitamin D, and refusal to participate in the study. 
Patients treated with methylprednisolone, biological agents, 
or cyclophosphamide were also excluded. Demographic 
data, disease duration, findings upon physical examination, 
erythrocyte sedimentation rates, parathyroid hormone levels, 
disease activity, bone mineral density (BMD), and serum 
25OHD levels were evaluated. The 27‑joint juvenile arthritis 
disease activity score (JADAS‑27) (24) was used as a measure 
of disease activity. Venous blood was collected (5 ml) at room 
temperature and centrifuged for 10 min at 1409 x g, and the 
serum was separated from the hemocytes. A blood sample 
of 150 µl was taken. Deproteinization was performed with 
saturated zinc sulfate solution (CAS: 7733‑02‑0; Shanghai 
Jingke Scientific Instrument Co., Ltd.), acetonitrile (CAS: 
75‑05‑8; Tokyo Chemical Industry UK Ltd.) and dehydrated 
alcohol. 25OHD extraction from the serum was conducted 
with hexane, and the hexane was evaporated using nitrogen 
gas, then it was dissolved by methanol solution and detected 
using high‑performance liquid chromatography apparatus 
(APS80‑16D; AUPOS), with a flow rate of 0.5 ml/min. The 
Z‑score, calculated from dual‑energy X‑ray absorptiometry, 
was used as a measure of bone mineral density (BMD; 
Delphi‑A system; Hologic, Inc.). The normal vitamin D range 
is 75 to 250 nmol/l. Vitamin D insufficiency was defined as 
serum levels between <75 nmol/l and 50 nmol/l. Levels lower 
than 50 nmol/l were classified as vitamin D deficiency (25). 
The cumulative doses of glucocorticoids were also compared 
in 6 months of each group to identify differences. The primary 
outcomes were evaluated at weeks 0, 12, and 24. Safety and 
tolerability were also assessed at every visit.

Statistical analysis. Student's t-test was used to analyze 
parametric data and the Mann‑Whitney U test was used for 
non‑parametric data. The one‑sample Kolmogorov‑Smirnov 
test was used to check data distribution. Differences within 
each group were compared using one‑way analysis of variance 

(parametric data) or related‑samples Friedman's two‑way 
analysis of variance by rank (non‑parametric data). Multiple 
comparison between the groups was performed using the 
Friedman two‑way analysis of variance (ANOVA) by Ranks 
Test. Statistical analysis was performed using SPSS version 
23.0 for Mac OS (IBM Corp.). P<0.05 was considered to 
indicate a statistically significant difference. Continuous 
variables with a normal distribution are reported as the mean 
± standard deviation  (SD) and non‑normally distributed 
variables are reported as the median (interquartile range). 

Table I. One‑sample Kolmogorov‑Smirnov test parameters at 
baseline, week 12, and week 24.

A, Baseline

Parameter	 Mean	 SD	 P‑value

Experimental group (n=18)	
  25OHD, nmol/l	 33.29	 12.87	 0.200
  JADAS‑27	 16.19	 9.57	 0.048
  Z‑score 	‑ 1.10	 1.48	 0.200
Control group (n=18)
  25OHD, nmol/l	 51.60	 34.77	 0.041
  JADAS‑27	 14.31	 6.22	 0.200
  Z‑score 	‑ 1.15	 0.96	 0.200

B, Week 12

Parameter	 Mean	 SD	 P‑value

Experimental group (n=18)
  25OHD, nmol/l	 65.19	 15.52	 0.200
  JADAS‑27	 4.56	 5.89	 0.022
  Z‑score	‑ 0.68	 1.47	 0.200
Control group (n=18)
  25OHD, nmol/l	 43.46	 15.60	 0.200
  JADAS‑27	 5.51	 7.51	 0.012
  Z‑score	‑ 0.95	 0.77	 0.200

C, Week 24

Parameter	 Mean	 SD	 P‑value

Experimental group (n=18)
  25OHD, nmol/l	 69.25	 15.52	 0.200
  JADAS‑27	 0.94	 2.31	 0.000
  Z‑score 	‑ 0.61	 1.29	 0.200
Control Group (n=18)
  25OHD, nmol/l	 38.83	 13.12	 0.040
  JADAS‑27	 1.06	 2.82	 0.000
  Z‑score	‑ 0.97	 0.84	 0.200

Null‑hypothesis = normal distribution. BMD, bone mineral density; 
JADAS‑27, 27‑joint Juvenile Arthritis Disease Activity Score; 
25OHD, 25‑hydroxyvitamin D.
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Results 

Forty‑four subjects met the inclusion criteria. Two of these 
refused assignment to the EG. The remaining patients were 
assigned randomly to the CG (n=22) or the EG (n=20). A total 
of six patients withdrew for personal reasons or were lost to 
follow‑up. Finally, 36 subjects completed the trial and were 
included in the analysis (n=18 per group). 

Data were collected at baseline and at week 12 and 
24. All outcome measures, except the Z‑score for BMD, 
showed a non‑normal distribution (Table I); therefore, the 
Mann‑Whitney U test was the main tool for data analysis. 

25OHD. The baseline data for both groups are presented in 
Table II. The anthropometric, clinical disease parameters 
were similar for both groups (all P>0.05). The mean serum 
level of 25OHD in the EG at baseline was 33.29 nmol/l vs. 
51.60 nmol/l in the CG (P=0.15). Overall, the prevalence 
of vitamin D insufficiency/deficiency in all JIA patients at 
baseline was 89.9%. 

After 12 and 24 weeks of supplementation, serum 25OHD 
levels in EG patients were higher than those in CG patients 
(week 12: 65.19 vs. 43.46, respectively; P<0.05; week 24: 
69.25 vs. 38.83, respectively; P<0.05). After 24 weeks, 39.9% 
of patients in the EG had serum 25OHD levels >75 nmol/l; 
by contrast, 0% of patients in the CG (P<0.05) reached these 
levels. Moreover, only 18.75% of patients in the CG reached 
25OHD levels >50 nmol/l, compared with 88.89% in the EG 
after 24 weeks (Fig. 1). 

JADAS‑27 score. The JADAS‑27 score for 18 patients who 
received vitamin D supplementation was no better than that in 
the CG at week 12 or at the end of the study [week 12: 4.56 vs. 
4.56, respectively, P>0.05; week 24: 0.94 vs. 1.06, respectively; 
P>0.05]. They all exhibited good outcomes in terms of clinical 
characteristics as 38.89% of the patients in the EG recorded a 

JADAS‑17 score of 0 at week 12, whereas 83.33% achieved 
this score at week 24; and percentages in the CG were 37.50 
and 83.33%, respectively (Fig. 2).

BMD. The one‑sample Kolmogorov‑Smirnov test revealed 
that BMD data showed a normal distribution. The one‑way 
analysis of variance and related‑samples Friedman's two‑way 
ANOVA by rank tests showed no significant differences in the 
Z‑score for BMD in either group at week 24 (P>0.05). There 
were no significant differences between the EG and CG at 12 
or 24 weeks (‑0.68 vs. ‑0.95, respectively; P>0.05, at week 12; 
‑0.61 vs. ‑0.97, respectively; P>0.05, at week 24; Fig. 3).

In the present study, five patients with systemic JIA 
(nEG=3, nCG=4) were treated with glucocorticoids (Table III). 
The cumulative doses of glucocorticoids in 6  months 
showed no significant differences between the two groups 
(2249.17 vs. 2117.50, respectively; P>0.05)

Figure 1. Serum 25OHD levels in the EG and CG. After 12 and 24 weeks of 
supplementation, serum 25OHD levels in EG patients were higher than those 
in CG patients (P<0.05). 25OHD, 25‑hydroxyvitamin D; CG, control group; 
EG, experimental group; *P<0.05; EG vs. CG after 12 weeks; **P<0.05; EG 
vs. CG after 24 weeks.

Table II. Baseline parameters of JIA patients according to treatment group.

Parameter	 Experimental group n=18	 Control group n=18	 P‑value

Age, years	 7.6 (4.3)	 6.3 (2.9)	 0.31
Season 			   0.66
  Summer (%)	 22	 11	
  Other (%)	 78	 89	
Type			   0.71
  SJIA (%)	 27	 33	
  Non‑SJIA (%)	 73	 67	
Sex			   0.49
  Male (%)	 44	 28	
  Female (%)	 56	 62	
25OHD, nmol/l	 33.29 (12.87)	 51.60 (34.77)	 0.15
JADAS‑27	 16.19 (9.57)	 14.31 (6.22)	 0.84
Z‑score	‑ 1.10 (1.48)	‑ 1.15 (0.96)	 0.94

Data are expressed as the mean (± SD) or %. BMD, bone mineral density; JADAS‑27, 27‑joint Juvenile Arthritis Disease Activity Score; 
25OHD, 25‑hydroxyvitamin D.
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Above all the patients, only 4 patients' serum 25OHD 
concentrations of <80 nmol/l; half of these (n=2) showed a 
significant benefit in terms of BMD (P<0.05).

Supplementation was well tolerated, with no safety issues 
for either group. No serious adverse events were recorded, and 
no patients had kidney calculi, liver damage, hypercalcemia, 
or gastrointestinal symptoms. 

Discussion 

Taken together, the findings presented above suggest that chole-
calciferol supplementation (2,000 IU per day) for 24 weeks led 
to a significant increase in serum 25OHD levels in JIA patients 
but did not reduce disease activity or improve BMD. 

The number of participants was small. Only 60 patients 
with JIA are diagnosed at the Children's Hospital of 
Chongqing Medical University each year, and the number of 

treatment‑naive patients is even lower than this. A single‑center 
study may also suffer from selection bias. Despite these limita-
tions, to the best of our knowledge, the present work is the first 
to examine the outcomes of cholecalciferol supplementation 
(2,000 IU per day) in Southwestern China. The results of the 
present study revealed that 2,000 IU per day of vitamin D 
supplementation was safe. Future work examining the effects 
of high dose supplementation will be needed to clarify the 
relationship between JIA and vitamin D.

A previous study showed that the immunomodulatory 
effects of cholecalciferol were only observed in individuals 
for whom the 25OHD increased to more than 100 nmol/l 
and any beneficial effect disappeared when serum levels 
dropped below 100 nmol/l (26). Other reports revealed that the 
anti‑inflammatory benefits of vitamin D were due to increased 
expression of toll‑like receptor 2 (TLR2) by peripheral blood 
mononuclear cells and reduced TLR2‑mediated production of 
tumor necrosis factor‑α, interleukin‑6, and interferon‑γ. These 
cytokines promoted local inflammation, leading to tissue 
damage and expression of auto‑antigens, which then triggered 
autoreactive immune responses in JIA (1,27,28). 

In China, the daily amount of vitamin D recommended 
by the Chinese Nutrition Society is 400 IU/d (10 µg/d) (29); 
the tolerable upper intake level is 1800 IU/d (45 µg/d). In the 
present study a safe oral dose was defined as 2,000 IU/d (30). 
Therefore, after week 24 of supplementation, serum 25OHD 
reached 100 nmol/l only in one patient. This result may be due 
to insufficient vitamin D supplementation. This is supported 
by a study of systemic lupus erythematosus patients who 
received 50,000 IU/week (19).

The lack of change in BMD noted between the groups may 
be because serum 25OHD levels were below the functional 
threshold. According to some reports, serum 25OHD concen-
trations of more than 80 nmol/l facilitate calcium absorption 
in the intestine (31,32). In the present study, only four patients 
reached this level; half of these (n=2) showed a significant 
benefit in terms of BMD (P<0.05). 

Disease activity in each group decreased significantly after 
12 weeks, but differences of JADAS‑27 between and within the 
two groups were not clear. The plasma half‑life of 25OHD is 
3 weeks (33). Plasma levels of 25OHD stabilize after three to 

Table III. Glucocorticoid therapy of JIA patients according to 
treatment group.

		  Cumulative dose mg, 
Number	 Group	  (6 months)

1	 EG	 1617.5
2	 EG	 2850
3	 EG	 2280
4	 CG	 3132.5
5	 CG	 2585
6	 CG	 1215
7	 CG	 1537.5

EG: Experimental Group, CG: Control Group, Cumulative dose: 
Cumulative dose of glucocorticoids in 6 months.

Figure  3. Z‑scores for bone mineral density for the EG and CG. There was 
no significant difference in the Z‑scores for either group after 12 and 24 
weeks of supplementation with 25OHD. 25OHD, 25‑hydroxyvitamin D; CG, 
control group; EG, experimental group. 

Figure 2. JADAS‑27 scores for the EG and CG. There was no significant 
difference in the JADAS‑27 scores for the two groups after 12 or 24 weeks 
of supplementation with 25OHD. 250HD, 25‑hydroxyvitamin D; CG, con-
trol group; EG, experimental group; JADAS‑27, 27‑joint Juvenile Arthritis 
Disease Activity Score.
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four half‑lives (about 12 weeks); however, it was not possible to 
reduce the follow‑up period in the present study to detect poten-
tial differences before this time. A tool that can measure disease 
activity more accurately may be needed for future studies.

It is important not to ignore the fact that Glucocorticoids/ 
methylprednisolone used in systemic JIA may affect the 
outcome of the present study. Because JIA is a heterogeneous 
group of diseases, usually only glucocorticoids/methylpred-
nisolone are used for the treatment of systemic JIA, which 
resembles more an auto‑inflammatory disease than an autoim-
mune disease (34). Treatment may have a strong effect on BMD 
and JIA disease activity indexes. However, in the present study, 
five patients with systemic JIA (nEG=3, nCG=4) were treated 
with glucocorticoids still showed no statistically significant 
difference (2249.17 vs. 2117.50, respectively; P>0.05)

High dose, randomized, double‑blinded, controlled studies 
with a greater number of subjects are required to fully examine 
the benefits of vitamin D and it's in vivo role in JIA patients. It 
would be interesting to examine serum levels of 25OHD and 
disease activity changes in patients with JIA during and after 
pregnancy (35).
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