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Introduction. Juvenile idiopathic arthritis is a persistent type of arthritis with no defined cause that develops before the 
age of 16 years and lasts for at least 6 weeks. The aim of the study was to evaluate cardiovascular risk factors (homocyste-
ine, total cholesterol, and triglycerides) in juvenile idiopathic arthritis.

Material and methods. The study was carried out in the Rheumatology Department of the Mother and Child Institute, 
Chisinau, Republic of Moldova. The patients’ parents signed the written consent to participate in the study. The study was 
approved by the Ethics Committee of the Nicolae Testemițanu State University of Medicine and Pharmacy. The study includ-
ed 90 children with JIA. The number of painful and swollen joints, the global evaluation of the disease by both the physician 
and patient, as well as the Childhood Health Assessment Questionnaire, were determined. Paraclinical tests included a 
complete blood count, acute-phase markers of inflammation (erythrocyte sedimentation rate, C-reactive protein) and the 
cardiovascular risk factors of interest (homocysteine, total cholesterol, and triglycerides).

Results. Patients with JIA exhibit a relatively higher risk of hyperhomocysteinemia compared to controls. Additionally, 
individuals with JIA display a relatively moderate risk of hypercholesterolemia and a relatively lower risk of hypertriglycer-
idemia. Thus, a correlation was noted between JIA and hypercholesterolemia, with a slight inclination towards increased 
triglyceride levels in these children.

Conclusions. Patients with juvenile idiopathic arthritis are at risk for hyperhomocysteinemia, hypercholesterolemia, and 
hypertriglyceridemia.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Although juvenile idiopathic arthritis is a chronic inflammatory 
disease, the associated cardiovascular risk – particularly related to 
factors such as homocysteine, total cholesterol, and triglycerides – 
is not yet fully understood in children with this condition.
The research hypothesis
Children with JIA have an increased risk of developing abnormali-
ties in cardiovascular risk factors, such as hyperhomocysteinemia, 
hypercholesterolemia, and hypertriglyceridemia.
The novelty added by the manuscript to the already published 
scientific literature 
The study highlights a clear association between JIA and increased 
risks of hyperhomocysteinemia and hypercholesterolemia in chil-
dren, providing local and detailed data that contribute to a better 
understanding of cardiovascular risks in this pediatric population.
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Introduction
Juvenile idiopathic arthritis (JIA), as defined by the Inter-

national League of Associations for Rheumatology (ILAR) 
refers to a persistent type of arthritis with no defined cause, 
beginning before the age of 16 years and lasting for at least 
6 weeks [1]. JIA is the most common rheumatic disease in 
children, and can significantly impair joint function, leading 
to joint deformities, growth failure and persistent active dis-
ease into adulthood. The disease is characterized by chronic 
synovial inflammation, cartilage damage, and bone erosion. 

Chronic inflammatory diseases such as JIA pose a ma-
jor risk of premature coronary heart disease. Dyslipidemia 
plays a crucial role in atherosclerosis, a condition that might 
be associated with autoimmune diseases. The risk of devel-
oping atherosclerosis increases gradually with rising levels 
of total cholesterol and triglycerides [2].

Cardiovascular risk factors undergo changes during pe-
riods of growth and development. Body mass index, systolic 
and diastolic blood pressure, and serum concentrations of to-
tal cholesterol and triglycerides were strongly associated with 
the extent of lesions in the aorta and coronary arteries [3].

Disturbances in the traditional lipid profile are consid-
ered to be associated with subclinical atherosclerosis [4].
Top of Form

Dyslipidemia, which is defined by an increase in total 
cholesterol and/or triglycerides, is one of the most well-
known risk factors in children with JIA. Consequently, in-
creased disease activity is associated with dyslipidemia in 
children with JIA [5, 6]. The impact of cholesterol on athero-
genesis is well-documented, playing a central role in trig-
gering the process [7].

Patients with JIA have an increased risk of developing 
changes in their lipid profile in comparison to those with-
out arthritis. As a result, adults with a history of JIA during 
childhood have a 6-fold increased risk of developing sub-
clinical atherosclerosis, ultimately leading to an increased 
risk of cardiovascular disease over time [2]. Hence, contin-
uous monitoring of the lipid profile could potentially re-
duce morbidity and mortality among adult patients [8]. In 
patients with rheumatoid arthritis (RA), the prevalence of 
dyslipidemia varies between 55% and 65% [6, 9-12].

The pathogenesis of dyslipidemia and cardiovascular 
risk in patients with JIA has not been fully elucidated. Cho-
lesterol plays a crucial role in triggering endothelial dys-
function by activating endothelial and muscle cells, as well 
as secreting inflammatory mediators such as proinflamma-
tory cytokines [13-14].

Although hypercholesterolemia is significant in approx-
imately 50% of patients with cardiovascular disease, it is 
crucial to consider other contributing factors as well [15]. 
Atherosclerosis is undoubtedly an inflammatory disease 
and does not solely result from lipid accumulation.

Homocysteine (Hcy) is a sulfur-containing amino acid 
derived from the essential amino acid methionine during 
its conversion to cysteine [16-18]. Its plasma concentra-
tion depends on various factors such as age, sex, lifestyle 
(including coffee consumption, smoking, physical activity, 

and alcohol consumption), genetic mutations that result 
in significantly reduced activity of the enzymes involved in 
homocysteine catabolism, medications, and diseases that 
interfere with its metabolism. The most significant factor 
influencing homocysteine levels is the intake of B vitamins 
[16-19]. For instance, decreased folate concentrations can 
lead to hyperhomocysteinemia, which is defined by plasma 
homocysteine concentrations ≥ 15 μM [20].

Hyperhomocysteinemia (HHcy) is a well-known cardio-
vascular risk factor both in the general population and in 
patients with inflammatory conditions [18, 21-23]. Consid-
ering the cardiovascular risk associated with RA and chron-
ic systemic inflammation, it is essential to implement an-
ti-inflammatory strategies, as well as interventions aimed 
at lowering homocysteine levels, in this patient population.

Throughout life, serum homocysteine levels gradually 
increase until puberty. Normal values of serum homocyste-
ine in children and adolescents range from 5 to 15 µmol/L. 
During puberty, the serum level of homocysteine typically 
falls within the range of 6 to7 µmol/L; while in adulthood, it 
varies between 10 and 11 µmol/L. Hyperhomocysteinemia 
is defined as serum homocysteine levels exceeding 12-15 
µmol/L, with the following grades distinguished: mild (15-
30 µmol/L), moderate (30-100 µmol/L), and severe (> 100 
µmol/L) [16, 24-25].

Mild hyperhomocysteinemia is often detected in healthy, 
asymptomatic individuals as well [21, 26].

Elevated serum homocysteine levels contribute to endo-
thelial dysfunction and promote platelet aggregation. This 
initiates an inflammatory response that directly contributes 
to the development of atherosclerosis, establishing homo-
cysteine as an independent risk factor in the initiation of 
atherosclerotic processes. Therefore, circulating homocys-
teine is considered a sensitive marker associated with  in-
flammation and endothelial dysfunction[7, 21, 27-30].

Currently, there is a lack of data on the effectiveness of 
homocysteine-lowering strategies for cardiovascular dis-
ease (CVD) prevention in this population. However, almost 
all prospective studies have clearly demonstrated a reduc-
tion in morbidity and mortality attributed to methotrexate 
treatment, partially due to folic acid supplementation re-
ducing methotrexate-induced HHcy [31].

It is worth mentioning that patients with RA have a 60% 
increased risk of death from myocardial infarction and 
stroke compared to the general population, along with a 
48% increased risk of incident myocardial infarction [32]. 
Therefore, homocysteine-lowering strategies might be suit-
able for reducing CVD risk in RA populations.

Homocysteine (Hcy) plays a primary role in the onset of 
early endothelial dysfunction. It participates in the oxida-
tion process of low-density lipoproteins, the proliferation of 
smooth muscle cells, and the activation of platelets. Elevated 
Hcy concentrations in both children and adults have direct 
and indirect toxic effects on the vascular endothelium, pos-
ing an additional risk factor for cardiovascular damage and 
early cerebrovascular accidents, especially when associated 
with other risk factors such as hypercholesterolemia [4].
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Children with chronic rheumatic diseases exhibit an in-
creased prevalence of accelerated atherosclerosis in adult-
hood. Therefore, it is crucial to identify childhood risk fac-
tors to prevent cardiovascular manifestations in adulthood 
[33].

The aim of the study was to evaluate certain cardiovas-
cular risk factors (homocysteine, total cholesterol, and tri-
glycerides) in juvenile idiopathic arthritis.

Material and methods
A prospective clinical study was conducted at the Rheu-

matology Department of the Mother and Child Institute, 
Chisinau, Republic of Moldova, between 2014 and 2019. 
The study aimed to evaluate cardiovascular risk factors in 
children diagnosed with juvenile idiopathic arthritis (JIA). 
The project was approved by the Research Ethics Commit-
tee of Nicolae Testemițanu State University of Medicine and 
Pharmacy (Minutes №49, dated June 8, 2015), and written 
informed consent was provided by parents or guardians of 
all participants.

Study population. The study enrolled a total of 215 chil-
dren, including 90 children diagnosed with JIA (Group 1 – 
study group) and 125 healthy controls (Group 2 – control 
group). Diagnosis of JIA was established according to the 
classification criteria adopted by the International League 
of Associations for Rheumatology (ILAR, 1997).

Inclusion criteria for the JIA group were as follows:
◾◾ Age between 2 and 18 years,
◾◾ Clinical diagnosis of JIA,
◾◾ Informed consent from parents or legal guardians.

Exclusion criteria included:
◾◾ Presence of other chronic rheumatic diseases such 
as systemic lupus erythematosus (SLE), systemic 
scleroderma, juvenile dermatomyositis, or systemic 
vasculitis,

◾◾ Refusal of participation by parents or patients.
Children in the control group were healthy individuals 

matched for age and sex, randomly selected from the gener-
al population, with similarly obtained consent .

Data collection and clinical assessment
Clinical evaluation included:

◾◾ Number of painful joints (NPJ),
◾◾ Number of swollen joints (NSJ),
◾◾ Physician Global Assessment (PhGA) and Patient 
Global Assessment (PGA),

◾◾ Physical function assessed using the Childhood 
Health Assessment Questionnaire (CHAQ), a validat-
ed tool comprising 13 items recommended by the 
American College of Rheumatology.

Disease activity was further quantified using the Disease 
Activity Score in 28 joints (DAS28).

Laboratory assessments
Paraclinical investigations included:

◾◾ Complete blood count,
◾◾ Acute-phase inflammatory markers: erythrocyte sed-
imentation rate (ESR) and C-reactive protein (CRP),

◾◾ Biochemical analysis of homocysteine, total choles-
terol (TC), triglycerides (TG), and total lipids.

Blood samples were collected in the morning following 
an overnight fast. Homocysteine was measured using enzy-
matic ELISA techniques from plasma obtained after centrif-
ugation within 30 minutes of collection (EDTA tubes used). 
Total lipids, cholesterol, and triglycerides were quantified 
enzymatically by spectrophotometry (cholesterol oxidase/
peroxidase method) using the Cobas C 311 biochemical an-
alyzer.

Reference pathological values were defined as:
◾◾ Total cholesterol ≥ 5.2 mmol/L,
◾◾ Triglycerides > 1.7 mmol/L,
◾◾ Homocysteine > 12 μmol/L.

Statistical analysis. Data were processed and analyzed 
using IBM SPSS Statistics version 20 and Microsoft Excel 
2010. Qualitative variables were summarized in contingen-
cy tables, and associations were tested by the Chi-square 
(χ²) test. The Student’s t-test was applied for comparison 
of means between two groups, while analysis of variance 
(ANOVA) was used for comparisons involving three or more 
groups. Correlations between quantitative variables (e.g., 
anthropometric, hemodynamic, biochemical, and ultra-
sound parameters) were evaluated using Pearson’s correla-
tion coefficient (r), interpreted according to Hopkins’ scale:

◾◾ r < 0.1: negligible correlation,
◾◾ 0.1 ≤ r < 0.7: moderate correlation,
◾◾ 0.7 ≤ r < 0.9: strong correlation,
◾◾ r ≥ 0.9: very strong/almost perfect correlation.

Statistical significance was set at p < 0.05, with further 
gradations for high significance (p < 0.01 and p < 0.001).

Risk assessment. Relative risk (RR) and odds ratio (OR) 
were calculated to estimate the association between JIA and 
cardiovascular risk factors, specifically hyperhomocystein-
emia, hypercholesterolemia, and hypertriglyceridemia.

The RR was computed based on the 2x2 contingency table:
Outcome+ Outcome- Total

Exposed (JIA) a b a+b
Unexposed c d c+d

Risk in exposed (JIA) group: P1 = a/a+b
Risk in unexposed (control) group: P0 =c/c+d
Relative Risk (RR): RR=P1/P10=a/a+b/c/c+d= a(c+d)/ 

c(a+b)

Confidence intervals (CI) for the relative risk (RR) were 
calculated using the formula:

CI=RR×(1±z⋅SE)
where:

◾◾ RR= relative risk,
◾◾ z=1.96 for 95% confidence,
◾◾ SE = standard error of the RR, which was derived 
from the chi-square distribution or 2×2 table counts.

Interpretation criteria were:
◾◾ RR > 1 with CI excluding 1 indicates a positive associ-
ation (risk factor),

◾◾ RR = 1 suggests no effect,
◾◾ RR < 1 with CI excluding 1 indicates a protective factor,
◾◾ If CI includes 1, the factor is considered indifferent.
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Odds ratios were interpreted as follows:
◾◾ OR ≈ 1 indicates no association,
◾◾ OR > 1 indicates a positive correlation, suggesting 
causality,

◾◾ OR < 1 indicates a protective effect.
The required sample size was calculated using the for-

mula incorporating expected prevalence rates (Po = 45% 
from literature, P1 = 80% anticipated in study), power 
(90%), significance level (95%), and an estimated 10% at-
trition rate.

Results
Participant demographics. The study population of 

children with juvenile idiopathic arthritis (JIA) was strat-
ified by age and gender to better characterize the sample 
distribution. Among the 90 children with JIA, the following 
distribution was observed:

◾◾ Ages 6-8 years: 2 girls (4.4%) and 3 boys (6.6%),
◾◾ Ages 9-11 years: 4 girls (9%) and 4 boys (9%),
◾◾ Ages 12-17 years: 24 girls (53.3%) and 8 boys 

(17.7%).
This indicates a higher prevalence of older girls (12-17 

years) in the JIA cohort, consistent with known gender and 
age patterns in autoimmune diseases, where adolescent fe-
males are often more affected.

Dyslipidemia as a cardiovascular risk factor in JIA. 
Dyslipidemia, characterized by abnormalities in lipid me-
tabolism, is a well-recognized cardiovascular risk factor and 
was assessed through comprehensive lipid profiling (lipi-
dogram) in all participants. The lipidogram included mea-

surements of total cholesterol (TC) and triglycerides (TG), 
performed on both the JIA group (n = 90) and the control 
group (n = 125).

Total cholesterol levels. Children diagnosed with JIA 
exhibited significantly elevated total cholesterol levels com-
pared to control group:

◾◾ The mean total cholesterol concentration in the JIA 
group was 5.3 ± 0.11 mmol/L, with values ranging 
from 3.2 mmol/L to 7.9 mmol/L.

◾◾ In contrast, the control group had a mean total cho-
lesterol level of 4.7 ± 0.05 mmol/L, with a range of 
3.47 mmol/L to 6.10 mmol/L.

The difference between these groups was statistically 
significant (F = 28.286, p < 0.001), indicating that children 
with JIA have a higher burden of hypercholesterolemia. The 
threshold for elevated cholesterol was set at >5.2 mmol/L, 
consistent with clinical guidelines for cardiovascular risk.

Triglyceride levels. In contrast to total cholesterol, no 
statistically significant difference was observed in triglycer-
ide levels between children with JIA and the control group:

◾◾ The mean triglyceride level in the JIA group was 1.38 
± 0.05 mmol/L, with individual values ranging from 
0.57 mmol/L to 3.97 mmol/L.

◾◾ The control group had a mean triglyceride level of 
1.41 ± 0.02 mmol/L, ranging from 0.75 mmol/L to 
2.15 mmol/L (Tab.1). 

Statistical analysis yielded a non-significant p-value (p 
> 0.05), indicating comparable triglyceride levels between 
the two groups.

Table 1. Mean lipidogram values in children with JIA (group 1), compared to the control group (group 2)

Indices
Group 1 (90 children) Group 2 (125 children)

F p
Mean value ± SD Variation 

intervals Mean value ± SD Variation 
intervals

Total cholesterol, mmol/l 5.34 ± 0.11 3.20-7.90 4.70 ± 0.05 3.47-6.10 28.286 <0.001**
Triglycerides, mmol/l 1.38 ± 0.05 0.57-3.97 1.41 ± 0.02 0.75 – 2.15 0.169 > 0.05
Note: JIA – Juvenile Idiopathic Arthritis, Values are presented as mean ± standard deviation for numerical data; SD – standard deviation; **- p<0.001 – considered 
significant; p>0.05 – considered insignificant

These findings suggest that total cholesterol, but not tri-
glycerides, is significantly elevated in children with JIA com-
pared to healthy peers, highlighting hypercholesterolemia 
as an important cardiovascular risk factor in this popula-
tion. This elevation may contribute to the increased cardio-
vascular morbidity associated with chronic inflammation in 
JIA, necessitating regular lipid monitoring and early inter-
ventions targeting cholesterol management.

The prevalence of hypercholesterolemia was significant-
ly higher in in children with JIA than in the control group: 58 
children (64.4%) vs. 36 children (28.8%), χ2 = 27.019, gl = 
1, p<0.001 (Fig.1).

Increased TG values (TG > 1.9 mmol/l) were observed 
in 13 children (14.4%) from the JIA group and in 9 children 
(7.2%) from the control group (p > 0.05).

Approximately 50% of patients with cardiovascular dis-
ease exhibit hyperhomocysteinemia [37]. Therefore, the 
study aimed to analyze homocysteine as a non-traditional 

Fig. 1 Lipidogram results in children with JIA compared 
to the control group

Note: JIA – Juvenile Idiopathic Arthritis Group 1 – children with juvenile id-
iopathic arthritis; Group 2 – children from the control group; **- p<0.01, sta-
tistically significant value
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cardiovascular risk factor. Hcy levels were assessed in 90 
children with JIA and in 95 children from the control group. 
The mean value of hyperhomocysteinemia in children 
with JIA was 14.69 ± 0.61 mmol/l (minimum value – 2.50 

mmol/l, maximum value – 29.50 mmol/l) and 9.43 ± 0.29 
mmol/l (minimum value – 2.50 mmol/l, maximum value – 
16.20 mmol/l) in control group (Tab. 2).

Table 2. Mean values of homocysteine in children with JIA compared to the control group

Parameter
Group 1 (90 children) Group 2 (95 children)

F p
Mean value ± SD Variation intervals Mean value ± SD Variation intervals

Homocysteine,
mmol/l

14.69 ± 0.61 2.50-29.50 9.43 ± 0.29 2.50-16.20 61.889 < 0.001**

Note: JIA – Juvenile Idiopathic Arthritis, values are presented as mean ± standard deviation for numerical data; ** - p<0.01, considered statistically significant; 
SD – standard deviation; Group 1 – children with juvenile idiopathic arthritis; Group 2 – children from the control group

In children with JIA, significantly increased values of ho-
mocysteine (Hcy > 12 mmol/l) were found in 61 children 
(67.7%), compared to only in 15 children (15.78%) from 
the control group (where χ2 = 51.328, gl = 1, p< 0.001).

Among the children included in the study, hyperhomo-
cysteinemia was observed in 67.8% of cases (61 children), 
with 40 (65.6%) being girls and 21 (34.4%) being boys, 
compared to 32.2% of cases (29 children) with normal ho-
mocysteine values (Fig. 2).

Following this analysis, it can be concluded that patients 
with JIA exhibit an increased risk of hyperhomocysteinemia 
compared to the control group. 

Fig. 2 Comparative analysis of homocysteine in children 
with JIA and the control group

Note: JIA – Juvenile Idiopathic Arthritis, Group 1 – children with juvenile id-
iopathic arthritis; Group 2 – children from the control group; ** - p<0.001, 
statistically significant value

It was also essential to calculate the Odds Ratio (OR) be-
tween the rate of disease in those exposed (children with 
JIA) and the rate of disease in unexposed ones (healthy chil-
dren). In this case, OR was 11.2, indicating that children’s 
exposure to JIA influences hyperhomocysteinemia. An OR 
value significantly greater than 1 suggests a strong associa-
tion between the exposure and the outcome.

Table 3. Assessment of the risk of hyperhomocysteinemia in children 
with JIA compared to unexposed children

Children with JIA Children from 
the control group Total

Exposed 61 15 76
Unexposed 29 80 109
Total 90 95 185
Note: JIA – Juvenile Idiopathic Arthritis, exposed, unexposed, increased risk 
identified

The relative risk (RR) was also calculated for hypercho-
lesterolemia. Based on the obtained results, patients with 
JIA, have a 2.3-fold increased risk of developing hypercho-
lesterolemia compared to the unexposed ones (RR = 2.3).

The Odds Ratio (OR) between the odds of disease in 
exposed children (JIA patients) and the odds of disease in 
unexposed individuals was found to be 4.5. Thus, it can be 
concluded that children’s exposure to JIA influences the in-
crease in total cholesterol (hypercholesterolemia), showing 
a moderate correlation trend between them (Tab. 4).

Table 4. Assessment of the relative risk of hypercholesterolemia in chil-
dren with JIA vs. unexposed children.

Children with JIA Children from 
the control group

Total

Exposed 58 36 94
Unexposed 32 89 121
Total 90 125 215
Note: JIA – Juvenile Idiopathic Arthritis, exposed, unexposed, increased risk 
identified

The relative risk (RR) was also calculated for hypertri-
glyceridemia for the exposed subjects (children with JIA) 
and unexposed subjects (control group). The calculations 
yielded a relative risk of 1.5, indicating that patients with 
JIA have a relatively low risk of developing hypertriglycer-
idemia compared to unexposed subjects. However, there is 

The relative risk (RR) was calculated for the following pa-
rameters: homocysteine, total cholesterol, and triglycerides, 
using the “2x2 Table” and calculating the required indica-
tors with the interpretation of the obtained results.

According to the study results, a relative risk (RR) of 3.0 
was obtained. When the relative risk has values greater than 
1, it indicates a correlation between the risk factor and the 
occurrence of the disease. This suggests that the risk fac-
tor could be a cause of the disease onset in those exposed 
rather than in unexposed individuals. Therefore, it can be 
concluded that patients with juvenile idiopathic arthritis 
have a threefold increased risk of hyperhomocysteinemia 
compared to subjects in the control group (Tab. 3).
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a slight trend of correlation between JIA and increased tri-
glyceride values.Top of Form

Furthermore, similar results were also obtained after 
calculating the Odds Ratio between the rate of disease in 
exposed children (JIA patients) and the rate of disease in 
unexposed individuals, where the Odds Ratio was found to 
be 4.5. Thus, it can be concluded that children’s exposure 
to JIA slightly influences the increase in triglycerides (hy-
pertriglyceridemia), showing a slight correlation tendency 
between them (Tab. 5).

Table 5. The relative risk of hypertriglyceridemia in children with JIA 
versus unexposed children

Children with JIA Children from the control 
group

Total

Exposed 13 9 22
Unexposed 77 115 192
Total 90 124 214
Note: JIA – JIA – Juvenile Idiopathic Arthritis, exposed, unexposed, slight 
correlation

Discussion
The present study contributes to the growing body of 

evidence indicating that children with juvenile idiopathic 
arthritis (JIA) may present with dysregulation of lipid me-
tabolism. Our results demonstrated elevated levels of total 
cholesterol (TC) and a trend toward increased triglycerides 
(TG) in JIA patients compared to healthy controls. These 
findings are consistent with previous studies, such as those 
by Urban et al. [34] and Goncalves et al. [27], which also re-
ported increased concentrations of TC and TG in children 
with JIA at disease onset. These alterations in lipid profile 
occurred despite the absence of clinical signs of obesity, 
suggesting that systemic inflammation may independently 
influence lipid metabolism in pediatric rheumatic diseases.

Conversely, not all studies have reported consistent 
findings. Bakkaloglu et al. [35] identified elevated TC levels 
without a corresponding increase in TG, while Maher et al. 
[11] did not observe significant lipid abnormalities in JIA 
patients. These discrepancies could be attributed to hetero-
geneity in study populations, disease duration, treatment 
regimens, or methodological differences. Moreover, Semb et 
al. and Skare et al. [36, 37] reported that lipid profile chang-
es may be modulated by disease activity, highlighting the 
importance of considering inflammatory status when inter-
preting metabolic parameters.

The study also assessed plasma homocysteine (Hcy) 
levels, given the well-documented role of hyperhomocys-
teinemia as an independent cardiovascular risk factor. Our 
findings revealed elevated Hcy levels in children with JIA 
compared to controls, supporting earlier observations by 
Huemer et al. [31]. Elevated plasma Hcy concentrations 
have been associated with endothelial dysfunction, smooth 
muscle cell proliferation, oxidative stress, and thrombo-
genesis – all of which contribute to the pathogenesis of 
atherosclerosis [25, 38]. Meta-analyses have shown that a 
5 μmol/L increase in plasma Hcy may result in a 60-80% 

increased risk of coronary heart disease [39, 40].
Despite the clear association between Hcy and cardio-

vascular risk in adults, its relevance in pediatric autoim-
mune diseases remains under investigation. In our study, 
no significant correlations were found between Hcy and 
inflammatory markers, disease activity, or lipid parame-
ters – findings that align with those of Goncalves et al. [27] 
and Friso et al. [41]. However, other studies have reported 
differing associations; for instance, Chiang et al. [42] found 
a positive correlation between erythrocyte sedimentation 
rate (ESR) and Hcy, while Annan et al. [43] reported an asso-
ciation between Hcy and TG, but not TC. These inconsisten-
cies underscore the multifactorial etiology of hyperhomo-
cysteinemia, which is influenced by genetic predisposition 
(e.g., MTHFR polymorphisms), drug therapy (notably meth-
otrexate), diet, and systemic inflammation [18, 32].

Treatment with methotrexate (MTX), a cornerstone in 
JIA management, has been implicated in elevated Hcy levels. 
Van Ede et al. [44] demonstrated that MTX therapy may in-
crease plasma Hcy concentrations, and Goncalves et al. [27] 
observed elevated Hcy in four out of five children undergo-
ing MTX treatment. These findings raise important consid-
erations regarding the balance between therapeutic efficacy 
and cardiovascular risk, especially in long-term treatment 
regimens.

While some studies suggest that hyperhomocysteinemia 
may be a consequence of chronic inflammation, others pro-
pose that it may actively contribute to the inflammatory 
process [45, 46]. This bidirectional relationship could ac-
count for the complex and often contradictory findings in 
the literature. Furthermore, the role of exogenous factors 
such as reduced mobility, nutritional deficiencies, and pro-
longed disease course cannot be overlooked.

Importantly, several interventional studies have demon-
strated that folic acid supplementation can effectively re-
duce plasma Hcy levels and improve endothelial function 
in patients with hyperhomocysteinemia [47, 48]. This posi-
tions folic acid as a potential preventive strategy in JIA pa-
tients at elevated cardiovascular risk, although large-scale, 
longitudinal trials are required to establish definitive clini-
cal guidelines.

This study has several limitations that should be ac-
knowledged. First, its cross-sectional design precludes 
conclusions regarding causality or temporal relationships 
between inflammation, lipid metabolism, and homocyste-
ine levels. Second, genetic factors such as MTHFR polymor-
phisms were not assessed, which may influence individual 
susceptibility to hyperhomocysteinemia. Third, dietary in-
take, physical activity, and nutritional status were not con-
trolled, potentially introducing confounding variables. Fur-
thermore, the sample size may have limited the statistical 
power to detect subtle associations or stratify findings by 
disease subtype or treatment exposure.

Future research should aim to address these limitations 
through well-designed, multicenter, longitudinal studies 
that include genetic profiling, dietary assessments, and 
standardized disease activity scores. Investigations into the 
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impact of folic acid and vitamin B supplementation on car-
diovascular markers in JIA are also warranted. Additionally, 
advanced imaging techniques, such as carotid intima-me-
dia thickness and endothelial function testing, may offer 
further insight into the subclinical cardiovascular changes 
associated with hyperhomocysteinemia and dyslipidemia 
in this population.

The present study adds to the growing evidence that chil-
dren with JIA are at increased risk for metabolic alterations, 
including dyslipidemia and hyperhomocysteinemia, which 
may contribute to long-term cardiovascular morbidity. Al-
though some inconsistencies exist in the literature, the find-
ings support the need for early cardiovascular risk assess-
ment and consideration of nutritional interventions. Further 
research is needed to clarify the mechanisms linking chronic 
inflammation, homocysteine metabolism, and lipid abnor-
malities, and to develop evidence-based strategies for cardio-
vascular risk reduction in pediatric rheumatology.

Conclusions
This study reinforces the association between juvenile 

idiopathic arthritis (JIA) and alterations in lipid metabo-
lism and homocysteine levels, underscoring the potential 
cardiovascular risk in affected children. While variability 
exists across published findings, our results support the hy-
pothesis that systemic inflammation and treatment-related 
factors may contribute to metabolic disturbances in JIA. The 
added value of this research lies in its integrated evaluation 
of both lipid profile and homocysteine levels in a pediatric 
inflammatory context, highlighting the importance of ear-
ly cardiovascular risk assessment and the need for tailored 
preventive strategies in clinical practice.
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