
The Egyptian Journal of Hospital Medicine (January 2023) Vol. 90, Page 372-378 

 

372 

Received: 7/10/2022 

Accepted: 7/12/2022 

Bone Mineral Density and Bone Markers in Juvenile Idiopathic Arthritis Patients 
Samar G. Soliman1, Alaa A. Labeeb1, Reham S. El Zaiat2, Dalia A. Nofal*1, Dina S. Fotoh 1 

Departments of 1Physical Medicine, Rheumatology and Rehabilitation and  
2Clinical Pathology, Faculty of Medicine, Menoufia University, Egypt 
*Corresponding author: Dalia Ahmed Nofal, Mobile: (+20)1007981362,  

E-mail: doctor.dalia988@yahoo.co.uk, ORCID: 0000-0001-5673-2831 

 

ABSTRACT 

Introduction: One of the most prevalent adolescent chronic inflammatory illnesses, juvenile idiopathic arthritis (JIA), 

is linked to decreased bone mineral density (BMD) and an increased risk of osteopenia and osteoporosis, which raises 

the risk of fractures. 

Objective: The aim of the current work was to determine the relationship between disease activity and BMD and bone 

turnover markers (serum osteocalcin for bone production and C terminal telopeptide of type 1 collagen (CTX) for bone 

resorption) in patients with juvenile idiopathic arthritis. 

Materials and Methods: This study included 50 patients with JIA (female: male 20:30). These patients were diagnosed 

with JIA according to the criteria of classification of the International League of Associations for Rheumatology [ILAR]. 

BMD was measured by Dual-energy X-ray absorptiometry (DEXA) of the lumbar spine using the Z-score. The results 

were correlated with juvenile arthritis disease duration, disease activity, serum level of bone turnover markers, and 

serum level of vitamin D. Clinical disease activity was evaluated by juvenile arthritis disease activity score (JADAS-

27). 

Results: There was a significant negative correlation between BMD (DEXA Z-score) and disease activity (P-value 

<0.001), bone turnover markers (P-value <0.001), and duration of JIA (P-value <0.05). There was a significant 

difference between vitamin D level and DEXA Z-score; DEXA Z-score was lower in vitamin D deficient patients. 

Conclusions: Patients with JIA who have a more active condition are more likely to develop osteopenia and 

osteoporosis. Osteoporosis incidence may be decreased, and bone health may be improved with timely and effective 

JIA treatment and disease activity control.  
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INTRODUCTION  

A child's formative years are crucial for 

developing a robust musculoskeletal system. Genetic 

predisposition, organ function, chronic systemic 

illnesses, drug use, muscle abnormalities, and metabolic 

disorders are all known to affect bone structure and 

quality [1]. One of the most prevalent chronic 

inflammatory illnesses affecting children and teenagers 

under the age of 16 is juvenile idiopathic arthritis (JIA) 
[2]. Both direct and indirect processes may prevent bone 

accretion in JIA patients, as they do in other kids with 

chronic disorders [3]. Reduced BMD in JIA patients is 

caused by the disease itself as well as a number of other 

variables, including limited physical activity, impaired 

joint motility [4], delayed pubertal development, 

malnutrition, early onset of JIA, and JIA medications [5]. 

Reduced BMD is linked to a higher risk of osteopenia 

and osteoporosis, both of which raise the possibility of 

fracture [6]. 

According to the WHO [7], osteoporosis develops 

when the amount of bone resorbed exceeds the amount 

of newly generated bone, resulting in a net loss of bone 

mass. 

Increasing awareness among pediatricians to 

identify risk factors and the clinical conditions or 

diseases that could lead to the development of 

osteoporosis made their screen for the possibility of 

asymptomatic osteoporosis in children with 

rheumatological disease [7]. 

 

 

The most accurate way to quantify BMD in 

children is using dual-energy X-ray absorptiometry 

(DEXA) of the lumbar spine using the Z-score. As bone 

density fluctuates with age, Z-score rather than T-score, 

which is often utilized in adults, is employed in the 

pediatric population, and a Z score of -2 SD is 

considered osteoporosis [7]. Bone remodeling processes 

in terms of bone production and resorption can be 

detected using bone turnover markers [7]. The aim of the 

current work was to determine the relationship between 

disease activity and BMD and bone turnover markers 

(serum osteocalcin for bone production and C terminal 

telopeptide of type 1 collagen (CTX) for bone 

resorption) in patients with juvenile idiopathic arthritis. 

 

PATIENTS AND METHODS  

This observational cross-sectional study included 50 

patients diagnosed and assessed clinically as JIA. They 

were randomly recruited from the Internal Medicine, 

Physical Medicine, Rheumatology, and Rehabilitation 

Clinics, Menoufia University Hospitals during the years 

2020-2022.  

       Patients were diagnosed with JIA according to the 

criteria of classification of the International League of 

Associations for Rheumatology [ILAR] [8], with a 

disease duration of more than one year, all patients are 

under medical treatment for JIA. 
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Inclusion criteria: 

     The study included both sexes. Twenty patients were 

females (40%) and thirty were males (60%). Their age 

ranged from 6 to 16 years. Their disease duration ranged 

from 1.5 to 8 years. 

 Exclusion criteria: 

      Patients with a history of receiving corticosteroids, 

patients receiving concomitant osteotoxic drugs not 

prescribed for JIA and cause affection of bone mineral 

density e.g., heparin, warfarin, anticonvulsants, thyroid 

hormone, and cancer therapy, patients having any other 

autoimmune diseases, patients with a history of other 

chronic diseases causing osteoporosis e.g. (endocrinal, 

hematologic, and renal diseases), and patients with 

neurological disorders e.g., cerebral palsy and 

spasticity. 

Clinical assessment: 

All patients were subjected to demographic data 

recording (age, sex, height, weight, and body mass 

index), history taking, and clinical examination, 

including general examination [9], and local examination 

of joints [10]. 

 

Disease activity and laboratory assessment: 

The juvenile arthritis disease activity score 

(JADAS-27) [11], which consists of the following 4 

elements, physician global assessment of disease 

activity measured on a 0–10 visual analog scale (VAS) 

where 0 = no activity and 10 = maximum activity, 

parent/patient global assessment measured on a 0-10 

VAS where 0 = very well and 10 = very poor, number 

of active joints, and erythrocyte sedimentation rate 

(ESR) normalized to a (0 to 10) scale. 

JADAS 27 = Active joint count + physician 

global + parent global + ESR. The total JADAS score 

range from 0-57 [11].  

Complete blood counts (CBC), erythrocyte 

sedimentation rates (ESR), C- reactive protein (CRP) 

titers, albumin/creatinine ratios, serum calcium (total 

and ionized), phosphorus, magnesium, parathyroid 

hormone, 25-hydroxyvitamin D3, and markers of bone 

turnover (serum osteocalcin for bone formation and C 

terminal telopeptide of type 1 collagen (CTX) for bone 

resorption) were performed for all patients. 

Utilizing a German-made Bio-Rad PR4100 

ELISA reader, a human C-telopeptide of type 1 collagen 

kit that measures by enzyme-linked immunosorbent 

assay (ELISA) was employed. The morning hours were 

used to collect samples for CTX-I while subjects were 

fasting (fasting for 12 hours). In different 

circumstances, CTX-I displays a diurnal pattern in the 

blood that doesn't vary [12]. 

Radiological assessment:  

Dual-energy X-ray absorptiometry (DEXA) 

scan: All the patients underwent a DEXA scan on the 

lumbar spine using the lunar DPX DEXA System 

(analysis version 14.10) manufactured by General 

Electric GE Healthcare from the United States. The 

technologist performing the scan is responsible for 

proper positioning of the patient, selecting regions of 

interest (ROI), and careful evaluation of the DEXA 

results [13]. The reported pediatric DEXA value is 

expressed as a percentile or a standard deviation score, 

the Z- score by the same radiologist. 

For the early detection of vertebral fractures in 

kids and teenagers, radiography is an invaluable 

imaging technique [14]. Latitudinally taken radiographs 

of the thoracic and lumbar spine are the accepted 

approach for determining the height and form of the T4 

to L4 vertebral bodies. The underlying structures, such 

as intra-thoracic organs and the patient's shoulders, 

generate a summation that makes it impossible to 

visualize the vertebral levels from T1 to T3, hence they 

are not included in the standard assessment. The mid-

thoracic vertebrae (T5 to T7) may exhibit typical 

physiological wedging, which should not be 

misconstrued for a fracture [15]. 

 

Interpretation of the clinical and radiological data:  

A Z-score of -2.0 or less is considered to be below the 

expected range for age, while a Z-score of -2.0 or more 

is considered to be within the expected range for age, 

according to the International Society for Clinical 

Densitometry [15]. Osteoporosis can be diagnosed 

clinically in children. Osteoporosis is diagnosed in 

patients with a BMD Z-score of less than or equal to -

2.0 and a clinically significant fracture [16]. 

For all JIA categories, the disease activity score 

(JADAS 27) had a cutoff score of 1, and the cutoff 

points for the classification of minimum disease activity 

for oligoarticular JIA and polyarticular JIA were 1:2 and 

1:3.8, respectively. The polyarthritis group of children 

includes those with systemic rheumatoid arthritis, RF-

positive polyarthritis, RF-negative polyarthritis, or 

prolonged oligoarthritis. Patients with persistent 

oligoarthritis were included in the oligoarthritis group.  

In accordance with the number of joints afflicted 

throughout the course of the disease (>4 or 4, 

respectively), patients with JIA classified in the 

remaining ILAR categories were either placed in the 

polyarthritis or oligoarthritis category. values greater 

than the thresholds for categorising a disease state as 

active (JADAS >3.2 and >5.2 for oligoarticular and 

polyarticular JIA, respectively) [17, 18]. 

 

Ethical approval: 

The Institutional Review Board of the Faculty of 

Medicine at Menoufia University gave its ethical 

approval to this study (IRB approval no. 

19519INTPH48). All participants gave their written 

consent after being fully informed. In accordance 

with the Declaration of Helsinki, the study was 

carried out. 

Statistical analysis 

    Statistical Package for the Social Sciences (SPSS) 

version 23 was used on an IBM-compatible personal 

computer to collect, tabulate, and statistically analyze 
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the data. Quantitative data were expressed as mean (X2), 

standard deviation (SD), and range, and qualitative data 

were expressed as number (N) and percentage (%) 

(minimum-maximum). 

 Mann-Whitney and Kruskal Wallis tests were applied 

to quantitative data. Two continuous non regularly 

distributed variables were correlated using Spearman 

correlation. Results from significant tests were 

presented as two-tailed probability. The acquired results 

were considered significant at the 5% level (P 0.05). 

 

RESULTS 

This study included 50 patients, 20 (40%) were 

females and 30 (60 %) were males. The mean age was 

12.81±3.15 years, ranging from 6-16 years. 

According to this study, DEXA of the lumbar spine 

revealed that 36% of patients had poor BMD (Z-score 

2) and 64% of patients had normal BMD (Z-score > -2). 

However, no patient received an osteoporosis diagnosis 

(BMD Z-score -2 with a substantial fracture history), 

and all of the patients' lumbar spine x-rays were normal 

(Table 1). 

 

Table (1): Radiological parameters in the patients (N=50)  

Radiological parameters Distribution 

DEXA Z-score (lumbar spine): 
Range 

Mean ± SD  

 

-1.3 - -3.8 

-1.94 ± 0.69 

Classification of BMD according to Z-score: 

Low BMD (Z-score <-2) 

Normal (Z-score > -2) 

N 

18 

32 

% 

36 

64 

X-ray (lumbar spine):  
Normal 

N 
50 

% 
100 

 

Regarding vitamin D classification, 40% of patients had a normal level, 34% of patients had an insufficient level and 

26% of patients had a deficient level of vitamin D (Table 2). 

Table (2): Vitamin D level in patients (N=50)  

Vitamin D Distribution 

Vitamin D (ng/ml): 

Range 

Mean ± SD 

 

10-32.8 

25.19±6.24 

Vitamin D classification: 

Normal (>30 ng/ml) 

Insufficient (21-29 ng/ml) 

Deficient (<20 ng/ml) 

N 

20 

17 

13 

% 

40 

34 

26 

 

There was a highly significant difference between types of JIA and DEXA Z-score; DEXA Z-score was lower in 

enthesitis-related and polyarticular RF +ve types. It also showed a significant difference between vitamin D level and 

DEXA Z-score; DEXA Z-score is lower in vitamin D deficient patients (Table 3). 

Table (3): Comparison between bone mineral density (DEXA Z-score) versus types of juvenile idiopathic arthritis 

(JIA), and vitamin D level  

 DEXA Z-score 

Mean ± SD Range Test of 

significance 

P-value 

Type of JIA: 

Polyarticular rheumatoid factor (RF) 

+ve 

Polyarticular RF -ve 

Systemic onset 

Oligoarticular 

Enthesitis related 

 

 

-2.60±0.12 

-1.60±0.09 

-1.36±0.05 

-1.51±0.09 

-2.53±1.07 

 

 

-2.4_ -2.7 

-1. 5_ -1.7 

-1.3_ -1.4 

-1.4_ -1.6 

-1.6_ -3.8 

 

 

K-W= 39.459 

 

 

<0.001** 

Vitamin D: (ng/ml) 

Normal 

Insufficient 

Deficient 

 

-1.64±0.35 

-2.059±0.52 

-2.25±1.04 

 

-1.3_ -2.4 

-1.5_ -2.7 

-1.3_ -3.8 

 

K-W= 6.017 

 

0.049* 

K-W: Kruskal wallis test, U: Mann whitney test, *Significant (p <0.05), **Highly significant (p <0.001) 
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       Disease activity (JADAS-27) and bone turnover indicators (serum osteocalcin with P-value 0.05 and serum CTX 

with P-value 0.001) showed a strong positive connection (Table 4, figure 1). Additionally, this study demonstrated a 

strong inverse relationship between vitamin D level and disease activity (JADAS-27; P 0.05) (Table 4). 

 

Table (4): Correlation between juvenile arthritis disease activity score (JADAS-27) versus laboratory parameters  

Laboratory parameters JADAS-27 

rrho P-value 

Vitamin D (ng/ml) -0.428 0.002* 

Bone turnover markers: 

Serum osteocalcin (ng/ml) 

Serum CTX (ng/ml) 

 

0.389 

0.702 

 

0.005* 

<0.001** 

CTX: C terminal telopeptide of type 1 collagen, *Significant (p <0.05), **Highly significant (p <0.001). 

 

 

 
 

Figure (1): Correlation between the JADAS and the indicators of bone turnover (osteocalcin for bone growth and CTX 

for bone resorption). 

      

        Bone mineral density (DEXA Z-score), disease activity (JADAS-27), and bone turnover indicators all showed a 

highly significant negative connection with the duration of JIA (P-value 0.05), disease activity (P-value 0.001), and 

bone turnover markers (P-value 0.001) (Table 5). 

 

Table (5): Correlation between bone mineral density (DEXA Z-score) versus bone turnover markers and 

clinical parameters 

 DEXA Z-score 

rrho P-value 

Bone turnover 

markers 

Serum osteocalcin (ng/ml) -0.488 <0.001** 

CTX (ng/ml) -0.843 <0.001** 

Clinical parameters 
Duration of JIA (years) -0.384 0.006* 

Disease activity (JADAS-27) -0.864 <0.001** 
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DISCUSSION 

Children with JIA frequently have low BMD, 

which is linked to an elevated risk of osteopenia and 

osteoporosis and, ultimately, an elevated risk of 

fracture. The most accurate way to quantify BMD in 

children is using dual-energy X-ray absorptiometry 

(DEXA) of the lumbar spine using the Z-score. Bone 

remodeling processes in terms of bone production and 

resorption can be detected using bone turnover markers 
[7]. 

In this study, bone turnover markers—serum 

osteocalcin for bone production and C terminal 

telopeptide of type 1 collagen (CTX) for bone 

resorption—as well as bone mineral density (BMD) in 

patients with juvenile idiopathic arthritis were 

evaluated. 50 JIA patients with a mean age of 

12.81±3.15 and a mean disease duration of 3.63±2.11 

years were included in the current study. The 

International League of Associations for 

Rheumatology's [ILAR] classification standards were 

used to select the patients [8]. 

According to the study's findings, a DEXA scan 

of the lumbar spine revealed that 36% of patients had 

poor BMD (Z-score ≤ 2) and 64% of patients had 

normal BMD (Z-score > -2). However, no patient 

received a diagnosis of osteoporosis (BMD Z-score -2 

and a significant history of fractures), and all patients' 

lumbar spine x-rays were normal. 

However, Zavala et al. [19] shown in an 

observational cross-sectional research of Spanish JIA 

patients aged 5 to 16 that the community prevalence 

estimate of low BMD was less than 5% and concluded 

that low BMD prevalence in JIA patients was low in 

their population. This discrepancy might be brought on 

by the differing dietary preferences of Egyptians, their 

lack of exercise, and their exposure to the sun.  

In this study there was a highly significant 

difference between types of JIA and DEXA Z-score, 

DEXA Z-score was lower in enthesitis-related types 

with a mean -2.53±1.07 and polyarticular RF +ve type 

with a mean -2.60±0.12. The mean Z- score in other 

types of JIA was -1.60±0.09 in polyarticular RF -ve 

type, -1.36±0.05 in systemic-onset type, and -1.51±0.09 

in oligoarticular type. This means that the polyarticular 

RF +ve type has the highest score putting them at high 

fracture risk. 

This was in line with a research by Kuntze et al. 

[20], which found that patients with polyarticular JIA and 

those who had spondyloarthropathy had considerably 

lower Z scores. 

In contrast, a study by El Badri et al. [21] found 

a statistically significant association between the bone 

mineral density Z score in the lumbar spine and the 

systemic subtype of JIA. Additionally, individuals with 

systemic JIA showed reduced BMD values, according 

to Shin et al. [4]. Additionally, Hassan et al. [22] study's 

found that children with JIA who have oligoarticular 

and systemic onset of JIA patients are more likely to 

have poor BMD. The disparities in our findings could 

be attributed to the small patient populations in some of 

the subgroups. 

The present study showed that 40 % of patients 

have normal vitamin D levels (>30 ng/ml), 34% have an 

insufficient level (21-29 ng/ml) and 26 % have deficient 

vitamin D levels (<20 ng/ml). 

A deficit of 25-OH-vitamin D (<10 ng/ml) was 

discovered in 4 (10%) patients, according to El Badri et 

al. [21] findings. Although JIA patients' vitamin D levels 

were normal in other studies [23-25], These discrepancies 

can be brought about by an inadequate evaluation of the 

impact of nutrition and the research participants' 

exposure to the sun. 

 

Vitamin D levels and DEXA Z-score differed 

significantly in the current study; vitamin D deficient 

individuals had lower DEXA Z-scores, with a mean of 

-2.25±1.04 

In a different study conducted by El Badri et al. 

[21], 75% of the patients had poor BMD and had vitamin 

D deficiency (<10 ng/ml). 

In the current investigation, there was a highly 

significant positive correlation (P-value 0.001) between 

serum CTX and disease activity (JADAS-27), and a 

substantial positive correlation (P-value 0.05) between 

serum osteocalcin and disease activity (JADAS-27).  

This is consistent with a research by Janicka-

Szczepaniak et al. [26], which found that patients with a 

positive JADAS27 score, or higher disease activity, had 

higher CTX concentrations. 

According to our findings, vitamin D levels and 

disease activity differ significantly (JADAS). As a 

result, vitamin D deficiency was associated with 

increased disease activity. 

This was in line with a research by ÇOmak et 

al. [27], in which JADAS-27 was used to determine 

disease activity. Between vitamin D levels and disease 

activity, there was a significant inverse relationship 

(p=0.01). A possible modifiable risk factor for JIA 

disease activity has been suggested to be vitamin D 

deficiency [27]. 

In a similar vein, Janicka-Szczepaniak et al. [26] 

came to the conclusion that lower levels of 25(OH) D 

were linked to increased JIA disease activity. 

Additionally, Rudenko et al. [28] observed that patients 

with early inflammatory polyarthritis showed a 

correlation between serum 25(OH) D and disease 

activity. In keeping with this, Mouterde et al. [29] 

observed that 25(OH) D levels were inversely related to 

disease activity and disability ratings. 

Bone turnover indicators and bone mineral 

density (DEXA Z-score) had a significant negative 

connection in the current study (P-value 0.001). 

Additionally, Zavala et al. [19] reported that 

patients with lower BMD values experienced an 

increase in bone turnover. 

The results of DEXA, on the other hand, were 

not associated with indicators of bone turnover, 
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according to Janicka-Szczepaniak et al. [26]. 

Additionally, Qu et al. [30] reported that osteoprotegerin 

levels and BMD were positively correlated in JIA 

patients. These variations from our findings could be 

attributed to the substantial biological and circadian 

variability of the indicators of bone turnover. 

In this study, there was a significant negative 

correlation between bone mineral density (DEXA Z-

score) and duration of JIA, and this is explained by that 

the more disease duration the more chance for high 

disease activity with higher inflammatory markers, and 

long periods of immobility and decreased physical 

activity.  

This was consistent with research by Hassan et 

al. [22], which found that individuals who had JIA for a 

longer time at the time of diagnosis had higher 

osteopenia and osteoporosis than those who had the 

disease for a shorter time. Additionally, another study 

by Islam et al. [31] found a link between reduced BMD 

and disease duration in JIA patients. 

This study found a significantly significant 

negative connection between the juvenile arthritis 

disease activity score and bone mineral density (DEXA 

Z-score).  

This was consistent with research by Dey et 

al.[32], which found a weak negative connection between 

BMD and indicators of disease activity, such as the 

active joint count, JADA score, ESR, and CRP. 

Additionally, Sumi et al. [33] found in another study that 

low bone formation is associated to the severity of the 

disease and lower bone mineralization in JIA. Patients 

who had a high disease activity level had considerably 

reduced BMD [32]. 

 

CONCLUSION 

Patients with JIA who have a more active 

condition are more likely to develop osteopenia and 

osteoporosis. The DEXA Z-score is a practical 

noninvasive method to evaluate bone mineral density in 

JIA patients. It will improve diagnostic precision and 

offer priceless resources for comparing various 

treatments. Osteoporosis incidence may be decreased 

and bone health may be improved with timely and 

effective JIA treatment and disease activity control. 
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