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ABSTRACT 

Aim To determine whether demographic data, clinical features, and laboratory variables at disease onset can 

predict the response to methotrexate in juvenile idiopathic arthritis (JIA) patients.  

Methods A cohort of 143 newly diagnosed JIA patients initially treated with methotrexate was enrolled in this 

study. Demographic, clinical, and laboratory parameters were analysed using univariate and multivariate 

logistic regression to identify predictors of response to methotrexate. The variables included erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), platelets, IgA, IgG, the number of active joints and age at 

disease onset. Treatment response was assessed at six months, with patients classified as responders (those who 

achieved clinically inactive disease according to the American College of Rheumatology - ACR criteria) or 

non-responders.  

Results Poor response to methotrexate was associated with the number of active joints (p=0.0001; OR=2.7), 

baseline levels of CRP (p=0.044; OR=1.138), IgA (p =0.004; OR=2.159), and platelet count (p=0.01; 

OR=1.05). IgG level (P=0.236) did not correlate with the treatment response.  

Conclusion We identified widely available and clinically acceptable biomarkers that can be utilized as 

predictive indicators of response to methotrexate in JIA patients. 
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INTRODUCTION 

Juvenile idiopathic arthritis (JIA) is an umbrella term for a 

heterogeneous group of inflammatory joint diseases in child-

hood predominantly affecting musculoskeletal system (bones, 

joints, cartilage, tendons, ligaments, muscles), but could involve 

other organs and tissues (1). The disease targets the synovial 

layer, leading to swelling, pain and stiffness in the joint. This 

process can spread to nearby tissues. Both innate and adaptive 

immune system are involved in autoimmune process in genetical-

ly predisposed patients (2).  

Modern paediatric rheumatology embraces a cutting-edge, 

individualized treatment approach, optimizing medication effica-

cy to achieve inflammation control, inactive disease, and pre-

serve joint function (3). The prognosis for children with JIA has 

significantly improved over the last two to three decades owing 

to expansion of knowledge in the field of paediatric rheumatolo-

gy (4). Effective management requires comprehensive analysis of 

disease severity, likelihood of achieving remission, therapeutic 

resistance, and the risk of relapse. Accurate estimation of these 

factors plays a crucial role in guiding optimal treatment and med-

ication choices, significantly impacting the effectiveness of ther-

apeutic interventions (5).  

Medication modalities include disease modifying agents, 

mostly methotrexate (MTX), leflunomide, and sulfasalazine, as 

well as growing number of biologicals targeting different in-

flammatory mediators (1). Low-dose weekly MTX is one of the 

most commonly used first-line agents in the treatment of JIA (3). 

A treatment decision usually relies on an accurate combined 

clinical, laboratory and radiology assessment of the disease (6).  

There have been various attempts to identify clinical predic-

tors of response to MTX in children with arthritis. In children 

with high disease activity or poor prognostic factors, MTX is 

recommended to be used as a first-line drug with or without a 

biological agent in addition (7). There is considerable variation in 

clinical response to MTX among JIA patients (8). Regardless of 

significant expansion of knowledge, rheumatologist still do not 

know why some patients respond and the others do not respond 

successfully to MTX, pointing to the need of finding a specific 

biomarker. Gene polymorphisms failed to reliably explain the 

treatment response to MTX (9). Ideally, individualized successful 

drug selection early in the course of the disease would result in 

rapid and complete disease control. Early identification of these 

markers can guide the need for more aggressive treatment strate-

gies, including the prompt introduction of biologic agents (5). 
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From both a clinical and public health perspective, it is 

crucial to identify markers linked to poor prognosis and re-

sistance to non-biologic disease-modifying antirheumatic drugs 

(DMARDs) in paediatric JIA patients.   

Numerous studies have delved into predictive models for 

assessing inadequate responses to methotrexate (10), but to the 

best of our knowledge, none have been published on children 

with JIA in B&H. 

The aim of this study was to uncover potential biomarkers 

for MTX response among the demographic, clinical, and labor-

atory parameters collected at the onset of JIA in children in 

Bosnia and Herzegovina. 

PATIENTS AND METHODS 

Patients and study design 

A retrospective cohort study involving 143 patients with juve-

nile idiopathic arthritis (JIA) was conducted at the Paediatric 

Clinic of the Clinical Centre of the University of Sarajevo from 

April 2019 to March 2023. This patient cohort represents a 

diverse geographic population from across the Federation of 

Bosnia and Herzegovina (FB&H). The diagnosis of JIA was 

confirmed according to the International League of Associa-

tions for Rheumatology (ILAR) criteria (11), which define the 

disease as arthritis persisting for more than six weeks in pa-

tients under 16 years of age, after ruling out all other known 

causes of arthritis, including infections, malignancies, and other 

autoimmune diseases. Arthritis was diagnosed based on the 

presence of at least two of the following criteria: inflammatory 

pain, restricted range of motion, and/or joint swelling (1). Pa-

tients with systemic JIA were not enrolled in the study due to 

severe systemic inflammatory features of the disease and differ-

ent treatment recommendations, which include early introduc-

tion of biologics (12).  

This study was conducted in accordance with the principles 

outlined in the Helsinki declaration. Parents or guardians of all 

research subjects had signed a pre-prepared informed consent 

form before blood samples were taken. 

An ethical approval was granted by the Ethics Committee 

of the Clinical Centre of the University of Sarajevo and the 

Ethics Committee of the School of Medicine of the University 

of Sarajevo. 

Methods 

The study's inclusion criteria were patients treated with MTX 

during the first six months following the diagnosis. This treat-

ment was supplemented with non-steroidal anti-inflammatory 

drugs (ibuprofen, naproxen and indomethacin) and/or a single 

dose of intra-articular steroids (triamcinolone hexacetonide) per 

affected joint. Systemic corticosteroids were restricted to the 

dose of 0.5 mg/kg of body weight, administered exclusively 

during the initial two months of MTX therapy. 

At the onset of the disease, demographic factors (gender 

and age at onset), clinical features (number of active joints), 

and laboratory parameters erythrocyte sedimentation rate 

(ESR), C-reactive protein (CRP), platelets, IgA and IgG were 

recorded. 

After six months of the treatment with MTX all patients under-

went a detailed rheumatologic exam and repeated laboratory 

findings. Based on these assessments, the patients were classi-

fied as responders or non-responders. Responders were defined 

as those who achieved clinically inactive disease according to 

the American College of Rheumatology Provisional Criteria for 

Defining Clinical Inactive Disease and Clinical Remission 

(referred to as the Wallace Criteria) (13). Clinically inactive 

disease was determined by the following criteria: no active 

arthritis, fever, rash, serositis, splenomegaly, or generalized 

lymphadenopathy attributable to JIA; no active uveitis; normal 

ESR or CRP; and a physician global assessment (PhGA) indi-

cating no disease activity, with morning stiffness lasting less 

than 15 minutes. Non-responders were identified as those who 

did not achieve clinically inactive disease after six months of 

treatment and required the addition of either non-biological or 

biological disease-modifying antirheumatic drugs (DMARD). 

Statistical analysis 

Nominal and ordinal variables were analysed using the χ2 test. 

For continuous variables, the symmetry of their distribution 

using the Kolmogorov-Smirnov test was firstly assessed. If the 

distribution deviated statistically significantly (p<0.05) from the 

symmetric (Gaussian) distribution, the median and interquartile 

range to display the mean values and measure of dispersion was 

used, and compared them using non-parametric tests (Mann-

Whitney U test). Otherwise, the independent t-test and present-

ed average values with the arithmetic mean and standard devia-

tion were used. Correlations between variables were assessed 

using Spearman's rho. 

Univariate binary logistic regression was used to examine 

the influence of individual variables on binary prediction (re-

sponse to therapy), specifically the likelihood of a worse thera-

peutic outcome. Variables that showed a statistically significant 

influence in the univariate analysis were then examined using 

multivariate binary logistic regression. The reliability of the 

model was tested with a series of statistical tests: the Hosmer 

and Lemeshow test, Cox & Snell R2, and Nagelkerke R2. The 

threshold for statistical significance was set at α=0.05. Deci-

sions regarding the acceptance or rejection of hypotheses were 

based on the p value (p≥α indicated hypothesis acceptance, p<α 

indicated hypothesis rejection). The results were presented in 

absolute and relative numbers, statistical values with the use of 

statistical indicators, and displayed in simple and comprehensi-

ble tables. 

RESULTS 

The studied population consisted of 143 JIA patients, 80 (56%) 

were girls and 63 (44%) were boys; the average age was 

9.2±4.6 years.  

The most prevalent subtype of JIA was oligoarticular arthri-

tis, 65 (45.5%), followed by polyarticular rheumatoid factor (RF) 

negative JIA, 44 (30.8%), enthesitis related arthritis, 24 (16.8%) 

and polyarticular RF positive JIA, seven (4.9%), while psoriatic 

arthritis was detected in three (2.1%) patients (Table 1). 

After six months of initial treatment, the patients were di-

vided into two groups based on their therapeutic response: the 

first group consisted of 71 children who achieved inactive dis-

ease, while the second group included 72 patients who re-

mained with active disease despite MTX treatment. 
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Table 1.Demographic data and subtypes of juvenile idiopathic 

arthritis (JIA) 

Variable No (%) of children 

Female/male (N=143) 56 (80)/44 (63) 

Median age disease onset (years) 9,2±4,6 

Subtypes of JIA (n=143) 

oJIA 65 (45.5) 

pJIA RF- 44 (30.8) 

pJIA RF+ 7 (4.9) 

ERA 24 (16.8) 

psJIA 3 (2.1) 

oJIA, oligoarticular juvenile idiopathic arthritis; pJIA, polyarticular juvenile 

idiopathic arthritis; RF -,  rheumatoid factor negative; RF +,  rheumatoid factor 

positive;  ERA, enthesitis related arthritis; psJIA,  psoriatic juvenile idiopathic 

arthritis 

 

Univariate regression analysis revealed no significant pre-

dictive effect of the patient’s age on the treatment outcome 

(p=0.452; OR (95% CI) 0.973 (0.907-1.045). Similarly, gender 

did not demonstrate a statistically significant influence on ther-

apeutic outcomes (p=0.150; OR (95% CI) 0.150 (0.838-3.171). 

ESR was a significant predictor of treatment outcome 

(0.0001); for every 10 mm/h increase in ESR, the likelihood of 

not responding to initial therapy rises 1.6 times (OR=1.6). Ele-

vated CRP level was associated with a poorer response 

(p=0.044); a 10 mg/L increase in CRP level correlated with 

14% higher likelihood of inadequate response to MTX 

(OR=1.138). Platelet count emerged as a statistically significant 

predictor of therapeutic outcome (p=0.01); each 10-unit in-

crease in platelet count raises the chance of non-response by 

5% (OR=1.0). There was a statistically significant difference in 

serum IgA level between the two patient groups (p=0.004); an 

increase of one unit in IgA level was associated with a twofold 

increase in the likelihood of not responding to MTX 

(OR=2.159). IgG level did not exhibit a statistically significant 

effect on therapeutic outcome (p=0.236) (Table 2).  

 
Table 2.Predictive value of erythrocyte sedimentation rate (ESR), 

C-reactive protein (CRP), platelets count, IgA and IgG on treat-

ment response 

OR, odds ratio; CI, confidence interval 

 

In the responder group, 36 patients had arthritis in one 

joint, 24 in two joints, eight in three joints, and four patients in 

four joints. None of the patients in this group had arthritis af-

fecting five or more joints. Conversely, in the non-responder 

group, eight patients had arthritis in one joint, 23 in two joints, 

17 in three joints, five in four joints, and eight patients had 

arthritis affecting five or more joints. 

The number of affected joints demonstrated a statistically 

significant impact on therapeutic outcome (p=0.0001). For each 

additional affected joint, the likelihood of not responding to 

MTX increases nearly threefold (OR = 2.7). 

DISCUSSION 

Modern rheumatology treatments aim to optimally control 

inflammation, achieve complete disease remission, and main-

tain full functional capacity and productivity. These advance-

ments have significantly improved the prognosis for children 

with JIA. Effective strategic decision-making in the treatment 

of juvenile idiopathic arthritis (JIA) is vital for ensuring suc-

cessful outcomes (14). Methotrexate is a cornerstone in the 

initial treatment of JIA, known for its excellent safety profile 

and cost-effectiveness (15).  

The aim of this study was to determine whether demo-

graphic data and clinical and laboratory variables at disease 

onset can predict the response to MTX in patients with JIA.  

The analysis of the demographic characteristics revealed 

that neither the children’s age at JIA diagnosis nor the gender 

significantly influence the occurrence of therapeutic resistance 

in our study, which is consistent with findings from previous 

studies (16). 

Our analysis indicated that ESR was a significant predictor 

of poor therapeutic response. Elevated inflammation, as reflect-

ed by ESR, is linked to higher disease activity and serves as an 

effective indicator of poor outcome to initial immunomodulato-

ry therapy, such as methotrexate (17–19). 

The American College of Rheumatology includes C-

reactive protein (CRP), an acute-phase protein, alongside with 

ESR in its recommendations for monitoring disease activity in 

JIA (13). Our study confirms that elevated CRP levels were 

linked to therapeutic resistance, aligning with findings from 

previous research (20). During systemic inflammation, the liver 

produces pro-inflammatory cytokines that stimulate megakar-

yocytes in the bone marrow, leading to an increased release of 

platelets (21). Prior studies have demonstrated that in patients 

with rheumatoid arthritis, platelets infiltrate the synovial fluid 

(22). Reactive thrombocytosis, a common symptom of inflam-

mation in JIA, is often associated with more severe inflammato-

ry processes, particularly in polyarticular and systemic forms of 

the disease (23). Given the established role of platelets in in-

flammatory arthritis, our results indicated that platelet count can 

be a valuable marker for predicting poor therapeutic responses. 

This finding aligns with the study by Vakiloi et al (24). 

At the time of the JIA diagnosis, IgA levels were notably 

higher in patients who required an aggressive immunomodula-

tory therapy after six months of treatment, indicating therapeu-

tic resistance. This finding aligns with previous research on the 

correlation between IgA level and therapeutic response (25,26). 

IgG level increased during the active phase of JIA, with notable 

differences observed between active and inactive disease states 

(27). In our cohort, IgG level did not significantly influence 

treatment outcome, which is inconsistent with the findings of 

Stoll et al. (28). Our study further highlights that the degree of 

therapeutic resistance is closely associated with the number of 

affected joints, demonstrating a statistically significant correla-

tion; the patients with a higher number of joints exhibiting signs 

of arthritis were more likely to be non-responders to MTX. Our 

results are in accordance with previous studies (3,6,29),  

In developing countries, where access to treatment varies 

widely, identifying affordable and accessible indicators of dis-

Variable OR (95% CI) p 

ESR 1.649 (1.294-2.100) 0.001 

CRP 1.138 (1.003-1.291) 0.044 

Platelets 1.052 (1.012-1.094) 0.010 

IgA 2.159 (1.274-3.661) 0.004 

IgG 1.057 (0.964-1.159) 0.236 
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ease prognosis is crucial. These parameters can guide therapeu-

tic decisions and ensure that all children receive the best possi-

ble care. 

With ongoing advancements in molecular biology and bi-

omarker research, we anticipate the development of algorithms 

capable of predicting individualized risks related to the disease 

progression, complications, and joint damage. Such advance-

ments are expected to optimize the treatment process for each 

JIA patient, enabling more precise and effective management 

and improving their overall quality of life (30). 

A major limitation of the study was that we did not com-

pare treatment responses across different JIA subtypes. Future 

research should focus on monitoring therapeutic responses to 

MTX within each specific JIA group. 

Assessing patients as having more severe form of JIA using 

simple parameters is crucial for ensuring timely and effective 

treatment, especially at the primary care level. Early interven-

tion, such as prompt treatment of infections and regular check-

ups, are vital for these patients, who, due to systemic inflamma-

tion and immunosuppressive therapy, are at a higher risk of 

infections. This study aims to provide valuable insights not only 

for rheumatologists but also for primary care physicians, high-

lighting the importance of a serious and informed approach to 

managing JIA patients. 

In conclusion, our research suggests that poor response to 

methotrexate among JIA patients is associated with the number 

of active joints, baseline levels of CRP, level of IgA and platelet 

count. Categorizing patients with more MTX- resistant forms of 

JIA based on easily accessible analyses is crucial for ensuring 

timely and effective treatment. Further prospective studies with 

a larger cohort of patients across different JIA subtypes are 

necessary to validate our findings. 
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