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Abstract 

Juvenile Idiopathic Arthritis (JIA) refers to a group of chronic arthritis disorders in children and adolescents. 
Clinically, it is diagnosed in children under 16 years of age who present with arthritis—defined as joint 
swelling, effusion, or both—accompanied by at least one of the following: limited range of motion, warmth, 
pain, tenderness, and stiffness, lasting for a minimum of six weeks. 
This cohort study was conducted between 2020 and 2021 at the in Tehran. The study included boys and girls 
under 16 years of age diagnosed with JIA. Diagnosis was based on the International League of Associations 
for Rheumatology (ILAR) classification of Juvenile Idiopathic Arthritis, considering clinical signs and physical 
examination findings. The sample size was estimated at 80 patients, who reported a 41% prevalence of 
decreased bone density in this population. Based on femoral Z-scores, 31.3% of patients had some degree of 
osteopenia, and based on spinal Z-scores, 16.3% had secondary severe osteopenia, which may predispose 
them to future fractures. Three patients (3.8%) exhibited femoral Z-scores between -1 and -2.5 (secondary 
osteopenia), and fewer than three patients had Z-scores below -2.5 (severe secondary osteopenia). The 
mean spinal Z-score was 1.6 ± 0.34. Based on spinal Z-scores, 67 patients (83.8%) had Z-scores above -1; 9 
patients (11.3%) had Z-scores between -1 and -2.5 (secondary osteopenia), and 4 patients (4%) had Z-scores 
below -2.5 (severe secondary osteopenia). The long-term prognosis of JIA in children remains incompletely 
defined. Early diagnosis and aggressive treatment are key strategies to prevent disease progression. 
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Introduction 

Arthritis is one of the most common chronic 
diseases in children and adolescents and 
represents a major cause of disability in this 
population. The most frequent form is classified 
as Juvenile Idiopathic Arthritis (JIA) [1]. JIA is a 
chronic rheumatic disease in children and a 
significant cause of disability in those under 16 
years of age. Clinically, it is diagnosed based on 
joint swelling, effusion, or both, accompanied by 
at least one of the following: limited range of 
motion, warmth, pain, or tenderness, persisting 
for at least six weeks, after excluding other 
identifiable causes of arthritis. The most widely 
accepted and practical diagnostic criteria are 
provided by the International League of 
Associations for Rheumatology (ILAR) [2]. 

JIA is a broad term that encompasses all forms of 
arthritis of unknown origin that persist for more 

than six weeks and begin before the age of 16. It 
is the most common chronic inflammatory 
rheumatic disease in childhood and the leading 
cause of acquired disability in children [3]. 
Juvenile Psoriatic  

Arthritis (JPsA) is one of the seven ILAR-defined 
categories of JIA. 

The most common extra-articular manifestation 
of JIA is  

chronic anterior uveitis (JIA-U), a non-
granulomatous inflammation of the anterior 
chamber of the eye [4]. The prevalence of JIA-U 
ranges from 11% to 30% of all JIA cases and can 
lead to vision-threatening complications such as 
synechiae, cataracts, glaucoma, and vision loss 
[5]. 

The ILAR classification of JIA defines seven 
categories, accounting for 1–7% of all JIA cases 
worldwide [6,7] (Table 1). 
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Table 1. Global prevalence of ILAR JIA 
categories. 

ILAR JIA Category 
Global 
Prevalence 
(%) 

Systemic Arthritis 4.2 – 33 

Oligoarthritis 10.8 – 56.7 

Polyarthritis, 
Rheumatoid Factor 
Positive 

1.3 – 11.2 

Polyarthritis, 
Rheumatoid Factor 
Negative 

12.7 – 31.5 

Enthesitis-Related 
Arthritis 

5.4 – 29.8 

Psoriatic Arthritis 1.3 – 7.1 

Undifferentiated 
Arthritis 

3.7 – 10.4 

 

Juvenile Idiopathic Arthritis (JIA) is a 
heterogeneous group of inflammatory arthritis of 
unknown origin and is the most common chronic 
autoimmune disease in children [8–10]. 
According to the International League of 
Associations for Rheumatology (ILAR) 
classification, JIA is divided into seven subgroups, 
including polyarticular JIA (pJIA) and enthesitis-
related arthritis (ERA) [11]. Most children with JIA 
experience persistent disease activity [12]. 

Bone mass development in these patients is 
suppressed through both direct and indirect 
mechanisms, including disease-related 
inflammation, medication use, and immobility 
[13,14]. Osteopenia and osteoporosis occur in all 
forms of JIA, but they are more frequent in 
systemic and polyarticular subtypes. Reduced 
bone mass is associated with high disease activity 
and involvement of affected joints, leading to 
decreased bone formation in patients with JIA 
[15]. Bone mineral density (BMD) reduction has 
been observed throughout the skeleton in 
children, adolescents, and adults with JIA. Zak et 
al. reported decreased BMD in the spine and hip 
in 41–52% of adult patients with JIA [16]. 
Reduced bone mass increases the risk of 
osteoporosis and fractures later in life [17]. 

Glucocorticoid therapy may further increase the 
risk of osteopenia and osteoporosis. Vertebral 
collapse is more common in children with low 
BMD who have received a cumulative prednisone 
dose of at least 5 g, experienced prolonged bed 
rest, or have low serum 25-hydroxy vitamin D 

levels [18]. 

Osteoporosis diagnosis in children, according to 
the International Society for Clinical 
Densitometry (ISCD) guidelines, is based on two 
criteria [19]: 

1. A history of two or more fractures in the 
upper extremities, at least one fracture in 
the lower extremities, or vertebral 
fractures. 

2. Bone mineral content or BMD below -2 SD, 
adjusted for age, sex, and body size. 

Dual-energy X-ray absorptiometry (DXA) is the 
preferred method for assessing bone mineral 
density in children due to its low radiation 
exposure (3 mrem) and high accuracy [20]. 

Predisposing factors for fractures and 
osteoporosis in JIA patients include prolonged 
prednisone therapy, prior diagnosis of 
osteoporosis, age, underlying disability, disease 
duration, and reduced body bone mass. 
Considering the presence of multiple risk factors, 
bone health assessment is an essential 
component of routine follow-up in pediatric 
rheumatology [21]. 

JIA is the most common pediatric rheumatic 
disease and one of the most prevalent chronic 
diseases in childhood. It includes a group of 
disorders with shared clinical manifestations of 
arthritis and is considered a chronic autoimmune 
condition [22]. JIA is defined as arthritis with 
onset before 16 years of age, persisting for at 
least six weeks, without a known cause [23]. 

Global incidence ranges from 0.8 to 22 per 
100,000 children, with a prevalence of 7 to 400 
per 100,000 children annually. This wide variation 
is attributed to population differences, diagnostic 
challenges, limited epidemiological data, and 
genetic factors [24]. 

Given the large number of children and 
adolescents with JIA referred to the Children’s 
Medical Center in Tehran, bone mineral density 
(BMD) and the prevalence of osteopenia were 
assessed according to age, sex, treatment 
duration, serum 25-hydroxy vitamin D levels, and 
BMI. Their association with potential risk factors 
was evaluated as part of routine bone health 
monitoring between 2020 and 2021. 

 

MATERIALS AND METHODS  

This cohort study was conducted between 2020 
and 2021 at the Children’s Medical Center in 
Tehran. The study included boys and girls under 
16 years of age who were diagnosed with 
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Juvenile Idiopathic Arthritis (JIA) and had no 
underlying systemic diseases. Diagnosis was 
based on the International League of Associations 
for Rheumatology (ILAR) classification criteria for 
JIA, considering both clinical symptoms and 
physical examination findings. The sample size 
was estimated at 80 patients, based on Lein et al., 
who reported a 41% prevalence of decreased 
bone density in this population [25]. 

Bone mineral density (BMD) was assessed using 
dual-energy X-ray absorptiometry (DXA) at the 
lumbar spine and hip in all participants. Data on 
age, sex, disease duration, duration of 
corticosteroid therapy, daily steroid dose, body 
mass index (BMI), and vitamin D supplementation 
were collected from patient medical records 
using a standardized checklist. 

Statistical analyses were performed using SPSS 
version 21, with a significance level of 0.05. 
Quantitative variables were expressed as mean ± 
standard deviation, while categorical variables 
were presented as frequencies and percentages. 

Associations between categorical variables were 
evaluated using the chi-square test or Fisher’s 
exact test, as appropriate. The prevalence of 
reduced BMD, including osteopenia and 
osteoporosis, was determined for the study 
population.  

 

RESULTS AND DISCUSSION  

The mean femoral Z-score was -0.70 ± 0.89. 
Based on femoral Z-scores, 55 patients (68.8%) 
had a Z-score greater than -1, 22 patients (27.5%) 
had a Z-score between -1 and -2.5 (secondary 
osteopenia), and 3 patients (3.8%) had a Z-score 
below -2.5 (secondary severe osteopenia) (Table 
2). 

The mean spinal Z-score was -0.34 ± 1.6. Based 
on spinal Z-scores, 67 patients (83.8%) had a Z-
score greater than -1, 9 patients (11.3%) had a Z-
score between -1 and -2.5 (secondary 
osteopenia), and 4 patients (5%) had a Z-score 
below -2.5 (secondary severe osteopenia). 

 

Table 2. Frequency of femoral and spinal Z-scores in the study population 

Total number Z-score<-2.5 2.5<Z-score<-1 
Z-score>-1 

 
Criterion 
/ Bone 
Type Percentage Number Percentage Number Percentage Number Percentage Number 

100 80 3.8 3 37.5 22 68.8 55 Femur 

100 80 5 4 11.3 9 83.8 67 Spine 

 

Patients were categorized into two groups based 
on femoral Z-scores: normal (Z-score > -1) and 
abnormal (Z-score < -1, including secondary 
osteopenia and severe osteopenia). Patients with 
abnormal Z-scores had significantly higher age (p 
= 0.022) and higher daily steroid dose (p = 0.032) 

compared to those with normal Z-scores. 
However, there were no significant differences 
between the two groups in terms of disease 
duration (p = 0.435) or duration of corticosteroid 
therapy (p = 0.643). 

 

Table 3 Age, disease duration, and corticosteroid treatment duration according to spinal Z-
score categories 

p-value Max Min 
Mean and 
standard 
deviation 

Number 
Spine Z 
score 

 

 

0.034 

 

16 2 3.5 ± 8.88 67 Z-Score>-1 

Age 

16 5 3.53 ± 10.3 9 
2.5<Z-
score<- 1 

15 10 3.5 ± 8.88  
Z-score<-
2.5 

16 2 2.22 ± 13.23 4 
Z-score < -
1 
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132 12 3.25 ± 9.26 80 Total 

0.009 

108 12 28.15 ± 38.27 67 Z-Score>-1 

Duration of 
corticosteroid 
treatment (months) 

156 24 33.33 ± 36.88 9 
2.5<Z-
score<- 1 

156 12 66.16 ± 89.00 4 
Z-score<-
2.5 

144 12 32.88 ± 65.40 80 Total 

0.030 

168 14 28.50 ± 44.20 67 Z-Score>-1 

Disease duration 
(months) 

156 24 48.57 ± 53.55 9 
2.5<Z-
score<- 1 

168 12 69.62 ± 90.00 4 
Z-score<-
2.5 

16 2 34.74 ± 47.55 80 Total 

 

 

Table 4. Age, disease duration, and corticosteroid treatment duration according to femoral 
Z-score categories 

p-value Max Min 
Mean and 
standard 
deviation 

Number 
Femur Z 
score 

 

0.041 

0.041 

0.041 

16 2 3.67 ± 8.65 67 Z-Score>-1 

Age 

15 6 2.9 ± 10.3 22 
2.5<Z-
score<- 1 

14 10 3.5 ± 12.66 3 
Z-score<-
2.5 

16 2 2.22 ± 13.23 4 
Z-score < -
1 

0.40 0.02 3.55 ± 9.26 80 Total 

0.010 

0.80 0.05 
0.7869 ± 
0.1319 

53 Z-Score>-1 

Corticosteroid dose 
(mg/kg/day) 

156 24 
0.2057 ± 
0.2332 

22 
2.5<Z-
score<- 1 

0.80 0.02 
0.6429 ± 
0.1533 

3 
Z-score<-
2.5 

16 2 
0.1338 ± 
0.1613 

78 Total 

 

Table 5. Vitamin D supplementation according to femoral and spinal 
Z-score categories in the study population 

P-value 

Total 
patient
s / % 

 

n / (%) 
Z-score<-
2.5 

Score<-
1 

Z-
Score>-1 

 

0.349 
80 
(100%) 

13 
(16.3%) 

1 (25%) 0 (0%) 
12 
(17.9%) 

n / 
(%) 

No 
Vitamin 
D 
supple
mentat
ion 

Spine 
67 
(83.8%) 

3 (75%) 
9 
(100%) 

55 
(82.1%) 

n / 
(%) 

Yes 

0.349 
80 
(100%) 

13 
(16.3%) 

1 (33.3%) 
5 
(22.7%) 

7 
(12.7%) 

n / 
(%) 

No 
Vitamin 
D 
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supple
mentat
ion 

 

Fem
ur 67 

(83.8%) 
2 (66.7%) 

17 
(77.3%) 

48 
(87.3%) 

n / 
(%) 

Yes 

 

CONCLUSION 

In the present study, back pain and vertebral 
fractures were not specifically assessed. 
However, based on femoral Z-scores, 31.3% of 
patients, and based on spinal Z-scores, 16.3% of 
patients had varying degrees of secondary 
osteopenia and severe osteopenia, which may 
predispose them to future bone fractures. 

The findings of this study are consistent with the 
results reported by Charuvanij et al. [26] in 2022 
regarding the prevalence of reduced bone 
density. Additionally, our results align with those 
of Stagi et al. [27], who reported the prevalence 
of decreased spinal bone mineral density in 2010. 

Although the sample size in the present study 
was relatively small, which may partly explain the 
lower observed prevalence, differences in 
diagnostic methods could also influence reported 
prevalence rates. 

When patients were categorized based on 
femoral Z-scores (Z-score < -2.5, -2.5 < Z-score < -
1, Z-score > -1), older patients had significantly 
lower Z-scores (p = 0.012). Furthermore, daily 
steroid doses differed significantly among the 
three groups (p = 0.01), with the highest doses 
observed in patients with Z-scores between -1 
and -2.5, followed by those with Z-scores < -2.5 
and > -1. 

In the analysis based on spinal Z-scores (Z-score < 
-2.5, -2.5 < Z-score < -1, Z-score > -1), patients 
with higher age (p = 0.034), longer disease 
duration (p = 0.03), and longer corticosteroid 
treatment (p = 0.009) had lower spinal Z-scores. 

Methylprednisolone, a corticosteroid, has been 
widely used for decades due to its therapeutic 
effects in various diseases [28,29]. Given the 
critical role of the immune system in the 
pathophysiology of JIA—where monocytes 
produce inflammatory cytokines alongside B and 
T cells—corticosteroids are effective because 
they inhibit both innate and adaptive immune 
responses, including phagocytic functions, 
making them essential in the treatment of 
inflammatory and autoimmune diseases [30]. 

A study conducted in 2024 by Aleo Ede, Michael 
Shishov, and colleagues [31] in the Caucasus on 
58 patients reported that the most common JIA 
subgroups were persistent oligoarticular JIA 

(19/58 patients, 32.8%) and polyarticular JIA 
(12/58 patients, 20.7%). In that study, 20 patients 
(34.5%) were treated with methotrexate, 20 
patients (34.5%) with adalimumab, and 6 patients 
(10.3%) with tocilizumab. 

In the present study, vitamin D supplementation 
was analyzed according to sex in the examined 
groups, but no significant differences were 
observed. Since this study was conducted during 
the COVID-19 pandemic, lower vitamin D levels 
may be attributed to reduced outdoor activity 
and decreased sun exposure, which requires 
further investigation. 
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