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Abstract 
Background: Methotrexate (MTX) is the most effective and commonly used 
disease-modifying anti-rheumatic drug in the management of juvenile idi-
opathic arthritis. Several patients develop side effects, which may lead to low 
quality of life and non-compliance to MTX. To reduce MTX-induced side ef-
fects, folic acid supplementation is prescribed by most rheumatologists. Even 
after that, some patients have symptoms while receiving MTX. Objectives: 
To assess the efficacy of folinic acid in comparison to folic acid for reducing 
the side effects of MTX in JIA patients. Material and methods: In this pros-
pective observational study, newly diagnosed cases of JIA who would be get-
ting MTX were included by purposive sampling. Data were collected using a 
predesigned questionnaire. Among 40 patients, 20 received folinic acid (Group 
A), and 20 received folic acid (Group B). Disease activity levels were assessed 
by JADAS-27 (Juvenile Arthritis Disease Activity Score). Contents from the 
MISS (MTX Intolerance severity score) questionnaire were used to assess the 
side effects. All patients were evaluated at baseline, 6th, and 12th weeks. Re-
sults: There were significant differences in the frequency of MTX-related ad-
verse events between folinic acid (Group A) and folic acid (Group B). Group 
A patients only had nausea (10% and 15% in the 6th & 12th week respective-
ly) and vomiting (5% at both follow-ups). On the other hand, in addition to 
nausea (70% and 95% in the 6th & 12th week) and vomiting (20% and 90% in 
the 6th & 12th week), folic acid group patients had restlessness, crying, and 
irritability. Self-discontinuation of MTX was present in the folic acid group 
(5% & 10% in the 6th & 12th week). Improvement of disease activity was more 
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in the folinic acid group. Conclusion: The folinic acid group had significantly 
fewer side effects. Improvement of disease activity was more and compliance 
was also better among them. Methotrexate (MTX) is the most effective and 
commonly used disease-modifying anti-rheumatic drug in the management 
of juvenile idiopathic arthritis. A number of patients develop side effects, 
which may lead to low quality of life and non-compliance to MTX. To reduce 
MTX induced side effects, folic acid supplementation is prescribed by most 
rheumatologists. Even after that, some patients have symptoms while receiv-
ing MTX. 
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1. Introduction 

JIA is the most common chronic rheumatic disease of childhood and a leading 
cause of short- and long-term disability. The etiology and pathogenesis of JIA 
still remain unclear but seem to include both genetic and environmental com-
ponents. Different factors like immunological abnormalities, cytokine produc-
tion, infection triggers probably play role in the pathogenesis of the disease. T 
lymphocytes have a central role in releasing pro-inflammatory cytokines which 
induces inflammatory synovitis in JIA [1]. The goals of treatment of JIA are to 
eliminate active disease, normalize joint function, preserve normal growth, pre-
vent long-term joint damage, and disability [2]. Remarkable advances in the 
treatment of JIA have been made with the advent of new disease-modifying an-
ti-rheumatic drugs (DMARDs). The majority of patients (70% - 80%) with JIA 
benefit significantly from methotrexate (MTX) therapy [2]. Maximum therapeu-
tic effect usually becomes apparent 4 to 6 months after the beginning of treat-
ment [3]. One study in Bangladesh conducted by Islam et al. showed that 92.5% 
of JIA cases had improvement according to ACR-30 criteria after 6 months of 
MTX therapy [4]. 

MTX is an anti-metabolite and a folate analog that competitively inhibits the 
cellular enzyme, dihydrofolate reductase, which is involved in the essential step of 
reducing folate to its biologically active form. This results in a depletion of the 
intracellular stores of “activated” folate and subsequent disruption of cellular me-
tabolism [5]. Gastrointestinal symptoms and an asymptomatic elevation in hepatic 
transaminase levels are the most commonly observed side effects of MTX [6]. 

Folic acid (also known as vitamin B9) is a key factor in the synthesis of nucleic 
acid (DNA and RNA) and performs many biological functions including cell di-
vision, growth and erythropoiesis [7]. Folinic acid (5-formyl tetrahydrofolate) is 
a synthetic form of folate and is designed to bypass the metabolic block. It is 
readily converted to reduced folic acid derivatives and it does not require the ac-
tion of dihydrofolate reductase enzyme for its conversion. Its function as a vita-
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min is unaffected by inhibition of this enzyme by drugs such as methotrexate 
[8]. It is currently used as the antidote for severe methotrexate toxicity and pro-
phylactically to reduce the incidence and severity of adverse reactions when 
intravenous infusions of large doses of methotrexate (0.5 - 10 gram) are em-
ployed to treat certain cancers [5]. 

Despite folic acid use, many JIA patients experience gastrointestinal adverse 
effects, even before MTX intake, while thinking of MTX. Behavioral symptoms 
including restlessness and crying, during MTX intake may also be present [9] 
[10]. It has been reported that folinic acid supplementation may be used to re-
duce the persistent side effects of MTX, which may occur even after folic acid 
supplement [11]. The present study was carried out with the aim to assess the ef-
ficacy of folinic acid supplementation after MTX therapy in comparison to folic 
acid, in reducing the side effects without affecting its efficacy JIA patients.  

2. Materials and Methods 

It was a prospective observational study carried out over a period of 21 months 
from April 2020 to December 2021 in the Department of pediatrics (pediatric 
rheumatology clinic and pediatric inpatient department), Bangabandhu Sheikh 
Mujib Medical University (BSMMU), Dhaka, Bangladesh. A validated question-
naire was prepared and pre-tested prior to starting the research work. Symptoms 
of MTX intolerance were included in the questionnaire from MTX intolerance 
severity score (MISS) questionnaire; a highly sensitive and specific tool for the 
diagnosis of MTX intolerance [11]. But instead of scoring; only frequency of symp-
toms were calculated for both the group. Ethical clearance was taken from the In-
stitutional Review Board of BSMMU (No. BSMMU/2020/4832 Date: 21-03-2020).  

Newly diagnosed JIA patients fulfilling ILAR criteria, between 1 to 16 years of 
age attending pediatric rheumatology clinic and inpatient department of pedia-
trics, BSMMU who would receive treatment with methotrexate (MTX) from the 
attending pediatric rheumatologists were included as study population by pur-
posive sampling. Children who received other DMARDs (disease-modifying an-
ti-rheumatic drugs) with similar side effects before the initial visit, and children 
with any systemic co-morbidities including: chronic liver disease, chronic renal 
disease, tuberculosis, a history of chronic or recurrent serious infective diseases 
and opportunistic infections were excluded from the study.  

Informed written consent was taken from all participants or parents/caregivers 
after an informal assessment in the clinic. Data were collected by using the struc-
tured questionnaire containing demography of the patient, clinical history and 
examination findings, Laboratory investigations and monitoring parameters of 
drug toxicity. 

Forty diagnosed cases of JIA, who were prescribed MTX were divided in 2 
groups alternately (Group A and Group B). MTX was given once weekly, by sub 
cutaneous route at a dose of 15 mg/square meter body surface area to all the pa-
tients (Group A and Group B). Children who received folinic acid were included 
in group A and those who received folic acid were included in group B. Folinic 
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acid (Tablet Biofol 5 mg, Incepta Pharmaceuticals Ltd.) was given orally in a sin-
gle weekly dose (25% - 50% of the MTX dose, corresponding to 2.5 - 7.5 mg) 24 
hours after MTX injection. Folic acid (Tablet Folison 5 mg, Jayson Pharmaceut-
icals Ltd.) was given orally once weekly (not more than 50% of MTX dosing) 48 
hours after MTX. As bridging therapy, naproxen (10 mg/kg/day) was added to 
both the groups along with MTX. 

All study subjects were evaluated by the physician at baseline and subsequent 
follow-ups at the 6th and 12th weeks. The effect of folinic acid to alleviate the 
side effects of MTX was evaluated in each patient by comparing the number of 
episodes of hepatotoxicity and gastrointestinal toxicities at follow up visits and 
compared with baseline. The influence of folinic acid and folic acid on the clini-
cal efficacy of MTX was evaluated in each patient by JADAS 27 [12]. A JADAS-27 
score of more than 8.5 were indicative of high disease activity, 3.9 to 8.4 as mod-
erate and a score below 3.8 indicated low disease activity.  

Blood samples were collected from the patients by venipuncture for the fol-
lowing baseline laboratory tests: Complete Blood Count (CBC) with Erythrocyte 
sedimentation rate (ESR), Serum Alanine aminotransferase (ALT), Serum crea-
tinine, routine and microscopic examination of urine at base line, 6th and 12th 
weeks. Appropriate statistical tests (Chi-square test, t test) were applied for data 
analysis. A P-value less than 0.05 were considered as significant at 95% confi-
dence interval (95%CI). 

3. Result 

A total number of 40 JIA patients were taken as study population in two groups 
(A and B). Age, gender and disease duration were matched between the 2 groups, 
as there was no significant differences among these parameters.  

In Table 1, it is shown that there was significant improvement of total scores 
of JADAS-27 at 6th and 12th weeks from the baseline in both the groups. 

The disease activity was high at baseline and 6th week and moderate at 12th 
week in both the groups. Reduction of disease activity (evidenced by the mean 
JADAS score) was more in Group A, compared to group B at both the visits though 
not significant (Table 2). 

Some of the laboratory parameters improved significantly including hemoglo-
bin percentage and ESR in both the groups and neutrophil and lymphocyte count 
in Group A. Mean Serum ALT decreased from baseline to 12 weeks in both the 
groups but significantly in folic acid group. 

In the Group A, 10% and 15% of patients complained of nausea in the 6th and 
12th week respectively and only 5% of patients had vomiting at both the visits. 
On the other hand, in the group B, significantly higher number of patients (70% 
and 95%) had nausea in the 6th and 12th week respectively. Vomiting was present 
in 20% and 90% of patients in the 6th and 12th week respectively in Group B. 
Restlessness, crying, and irritability was found more in group B at 12 week. All the 
side effects were significantly higher in Group B. Refusal of MTX was observed 
in 5% in 6 weeks and 10% in 12 weeks, only in group B (Table 3, Table 4). 
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Table 1. Changes of JADAS-27 score from baseline to follow up in Group A and Group B (n = 20 + 20). 

 Baseline At 6th week 
Improvement 

(%) 

Baseline vs  
6th week 
(p value) 

At 12th week 
Improvement 

(%) 

Baseline vs  
12th week 
(p value) 

Group A (n = 20) 27.35 ± 9.34 13.58 ± 8.82 50.35% <0.001* 4.48 ± 3.89 83.62% <0.001* 

Group B (n = 20) 27.58 ± 7.72 14.90 ± 7.33 45.98% <0.001* 5.63 ± 5.65 79.59% <0.001* 

Data were expressed as mean ± SD; Paired t-test within groups, *significant; Group-A: Received Tab. Folinic acid once weekly; 
Group-B: Received Tab. Folic acid once weekly.  

 
Table 2. Comparison of JADAS-27 score between Group A and Group B (n = 20 + 20). 

JADAS-27 score Group A (n = 20) Group B (n = 20) p value 

At baseline 27.35 ± 9.34 27.58 ± 7.72 0.934ns 

At 6th week 13.58 ± 8.82 14.90 ± 7.33 0.608ns 

At 12th week 4.48 ± 3.89 5.63 ± 5.65 0.456ns 

Data were expressed as mean ± SD; Unpaired t-test was done, ns= not significant; Group-A: Received Tab. Folinic Acid; Group-B: 
Received Tab. Folic acid. 

 
Table 3. Changes of laboratory findings from baseline to follow up in both groups (n = 20 + 20). 

 Baseline At 6th week P Value At 12th week P Value 

Hemoglobin (g/dl)      

Group A (n = 20) 9.47 ± 1.99 10.34 ± 1.80 0.179 11.00 ± 1.58 0.009* 

Group B (n = 20) 9.79 ± 1.54 10.57 ± 1.47 0.004* 11.13 ± 0.73 0.001* 

ESR (mm in 1st hr)      

Group A (n = 20) 86.50 ± 26.71 54.55 ± 34.00 0.003* 34.80 ± 24.38 <0.001* 

Group B (n = 20) 71.35 ± 35.07 37.85 ± 28.37 <0.001* 27.80 ± 15.36 <0.001* 

Total WBC count (×10⁹/L)      

Group A (n = 20) 14.23 ± 4.05 12.36 ± 5.63 0.094 12.35 ± 7.46 0.162 

Group B (n = 20) 11.61 ± 3.90 10.33 ± 2.71 0.096 16.72 ± 2.56 0.388 

Neutrophil (%)      

Group A (n = 20) 69.00 ± 11.00 60.05 ± 16.79 0.006* 60.70 ± 20.42 0.046* 

Group B (n = 20) 63.00 ± 13.39 60.95 ± 13.60 0.605 54.65 ± 11.82 0.21 
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Continued  

Lymphocytes (%)      

Group A (n = 20) 22.85 ± 7.22 32.70 ± 14.39 0.003* 32.10 ± 17.29 0.014* 

Group B (n = 20) 30.65 ± 11.86 31.40 ± 7.63 0.820 34.50 ± 10.58 0.252 

Platelet count (×10⁹/L)      

Group A (n = 20) 472.45 ± 135.05 605.75 ± 738.83 0.415 436.30 ± 128.05 0.380 

Group B (n = 20) 534.40 ± 194.74 509.00 ± 150.12 0.635 455.72 ± 167.77 0.141 

Serum ALT (U/L)      

Group A (n = 20) 28.95 ± 31.21 50.60 ± 131.77 0.487 15.45 ± 7.90 0.072 

Group B (n = 20) 22.55 ± 15.51 16.35 ± 5.58 0.063 13.45 ± 5.53 0.028* 

Data were expressed as mean ± SD; Unpaired t-test between groups and Paired t-test within groups, *significant. 
 
Table 4. Presence of MTX related side effects between Group A (n = 20) and Group B (n = 20). 

Adverse effects  Group A (n = 20) Group B (n = 20) p value 

Nausea 
6 weeks 2 (10.0%) 14 (70.0%) <0.001* 

12 weeks 3 (15.0%) 19 (95.0%) <0.001* 

Vomiting 
6 weeks 1 (5.0%) 4 (20.0%) 0.151 

12 weeks 1 (5.0%) 18 (90.0%) <0.001* 

Abdominal pain 
6 weeks 0 (0.0%) 1 (5.0%) 0.311 

12 weeks 0 (0.0%) 3 (15.0%) 0.072 

Restlessness 
6 weeks 0 (0.0%) 1 (5.0%) 0.311 

12 weeks 0 (0.0%) 6 (30.0%) 0.008* 

Crying 
6 weeks 0 (0.0%) 3 (15.0%) 0.072 

12 weeks 0 (0.0%) 11 (55.0%) <0.001* 

Irritability 
6 weeks 0 (0.0%) 1 (5.0%) 0.311 

12 weeks 0 (0.0%) 5 (25.0%) 0.017* 

Refusal to MTX 
6 weeks 0 (0.0%) 1 (5.0%) 0.311 

12 weeks 0 (0.0%) 2 (10.0%) 0.147 

Data were expressed as frequency and percentage; Chi-square test was done, * = significant. 
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4. Discussion 

Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease 
in childhood [1]. Treatment with non-steroidal anti-inflammatory drugs, stero-
ids, and disease-modifying anti-rheumatic drugs (DMARD) had been the back-
bone in the management of JIA for many years. Methotrexate (MTX) is current-
ly the most effective and commonly used DMARD in the treatment of JIA. But 
due to its side effects, compliance is often low and thereby improvements of dis-
ease activities are often guarded. It is reported that approximately 37% of adult 
patients with rheumatoid arthritis discontinued treatment with MTX within 1 
year because of its toxicity [13]. For the first time in our country, the present study 
aimed to assess the efficacy of folinic acid in comparison to folic acid in reducing 
the side effects of MTX without affecting its efficacy.  

In the present study, the mean hemoglobin concentration at baseline was less 
than 10 g/dl in both the Groups. Presence of anemia in all the cases may be ex-
plained by the fact that most of the JIA cases in this cohort were sJIA and po-
lyarticular JIA, with high disease activity. And anemia is common in both the 
sub-types. In the 6th and 12th weeks, mean hemoglobin increased significantly 
in both groups as the disease activity decreased.  

Acute-phase reactant like ESR refers to proteins synthesized in the liver that 
increase in plasma during inflammatory conditions like JIA. In the present study, 
mean ESR was high in both the groups at the initial visit and decreased signifi-
cantly at subsequent follow-ups. These results support the strong association of 
ESR with JIA disease activity. Our results are consistent with the studies done by 
Wu et al., where the higher disease activity state of JIA patients had higher ESR 
[14]. 

A raised S.ALT level reflects hepatic dysfunction which is an important indi-
cator of MTX toxicity. In this study, significant elevations of transaminase levels 
were not observed in any group. Rather, S ALT decreased in both the groups at 
12th week which was significant in Group B. A similar study done in the Neth-
erlands did not find any significant difference in ALT values between folinic and 
folic acid groups [15]. 

The result of our prospective study suggests that folinic acid supplementation 
significantly reduces the frequency of MTX related side effects in comparison to 
folic acid. Therapeutic benefits of MTX were also more in folinic acid group 
than folic acid group. Different studies focusing on adult rheumatoid arthritis 
patients found variable results [16] [17] [18] [19] [20]. 

Ravelli et al. in a retrospective, non-controlled study in Italy, enrolling 43 JIA 
patients aged 1.2 - 16 years, found folinic acid supplementation led to a signifi-
cant reduction in the most common side effects of MTX including hepatic and 
gastrointestinal toxicity, without affecting the clinical efficacy of MTX [6]. Ravelli 
et al. used a lower dose of folinic acid which was about 25% - 50% of that of MTX, 
given 24 hours after MTX therapy. Our protocol was similar to that of Ravelli et 
al. Fisher et al. in Denmark suggested from their study that folinic acid may be 
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considered, when side effects of MTX in routine care cannot be managed effec-
tively with folic acid supplementation [10]. 

All the study participants in this cohort had severe disease activity at the ini-
tial visit and 6th week due to severe manifestations at presentation. Islam et al. in 
their study also reported severe manifestations of disease by JIA patients at 
presentation from our country [21]. Patients in both the groups had moderate 
disease activity at 12th week. There was significant improvement in the 6th and 
12th weeks from the baseline in both the group and improvement was more in 
group A compared to group B.  

The most common side effects of MTX are nausea, vomiting, irritability, and 
abdominal pain. In the present study, Group A children had only nausea and vo-
miting. Additionally, Group B cases complained of crying, irritability, restlessness, 
abdominal pain and refusal to take MTX. Significant differences were found in 
symptoms including nausea, vomiting, restlessness, crying and irritability in 
between the 2 groups. More side effects were observed in the folic acid group 
which indicates folinic acid worked more effectively in reducing the toxicity of 
MTX. 

In the present study, though not significant but higher number of patients in 
group A (25%) did not have any disease activity at the 12th week of follow up 
than group B (15%). This result may indicate that folinic acid is more efficacious 
in reducing the side effects of MTX and thereby improving the compliances. Fo-
linic acid causes no potential side effects. 

To the best of our knowledge, no trials has been done in our country, com-
paring the efficacy of folic and folinic acid in reducing MTX toxicity. This pio-
neer study, found that children in the folinic acid group had significantly fewer 
side effects, suggesting that folinic acid supplementation can be more effective in 
reducing side effects of MTX than folic acid, without influencing the therapeutic 
benefit and helps in better compliance, and thereby reduces disease activity. The 
cost ratio of folic acid: folinic acid varies in different countries. In our country, 
cost of folic acid is much lower to that of folinic acid (BDT 0.50 Vs. BDT 9.0; 1 
USD = BDT 100 roughly). But benefits in reducing side effects and thereby bet-
ter compliance resulting to decrease in disease activity might over weigh the cost. 
So, folinic acid may be supplemented in routine care with MTX or it may be 
considered when side effects cannot be managed effectively with folic acid sup-
plementation. 

5. Conclusion 

The present study shows, children in the folinic acid group had only nausea and 
vomiting which was also significantly lower than folic acid group. On the other 
hand, the folic acid group, in addition to nausea and vomiting had other symp-
toms including restlessness, crying, irritability, abdominal pain, and refusal to 
MTX. So, it may be concluded that folinic acid supplementation is more effective 
in reducing side effects of MTX than folic acid without influencing the therapeu-
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tic benefit which might help in better compliance, and thereby reduced disease 
activity. So, folinic acid may be supplemented in routine care with MTX or it 
may be considered when side effects cannot be managed effectively with folic 
acid supplementation. 

6. Recommendations 

Though limitations of the present study including small sample size, short dura-
tion and single centered study were there, however, from the results and obser-
vation of this study, following recommendations can be made: 

1) Further study should be done with larger sample size, involving multiple 
centers for giving definite recommendations. 

2) Longer duration study should be undertaken to assess sustained remission 
and further side effects.  

3) A cross over study may be done by giving folinic acid in patients who com-
plain of vomiting in spite of getting folic acid. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

Funding 

The study was partly supported by BSMMU authority. 

References 
[1] Ravelli, A. and Martini, A. (2007) Juvenile Idiopathic Arthritis. The Lancet, 369, 

767-778. https://doi.org/10.1016/S0140-6736(07)60363-8 

[2] Petty, R.E., Laxer, R.M. and Wedderburn, L.R. (2021) Juvenile Idiopathic Arthritis. 
In: Petty, R.E., Laxer, R.M., Lindsley, C.B. and Wedderburn, L.R., Eds., Textbook of 
Pediatric Rheumatology, 8th Edition, Elsevier Saunders, Philadelphia, 209-215. 

[3] Giannini, E.H., Brewer, E.J., Kuzmina, N., Shaikov, A., Newman, A.J., Cassidy, J.T. 
et al., (1992) Resistant Juvenile Rheumatoid Arthritis—Results of the U.S.A.-U.S.S.R. 
Double-Blind, Placebo-Controlled Trial. The New English Journal of Medicine, 326, 
1043-1049. https://doi.org/10.1056/NEJM199204163261602  

[4] Islam, M.I., Hossain, M. and Rahman, S.A. (2008) Performance of the Preliminary 
Definition of Improvement in Juvenile Idiopathic Arthritis Patients Treated with Me-
thotrexate: Experience from Bangladesh. International Journal of Rheumatic Dis-
eases, 11, 241-245. https://doi.org/10.1111/j.1756-185X.2008.00372.x 

[5] Jolivet, J., Cowan, K.H., Curt, G.A., Clendeninn, N.J. and Chabner, B.A. (1983) The 
Pharmacology and Clinical Use of Methotrexate. The New England Journal of Medi-
cine, 309, 1094-1104. https://doi.org/10.1056/NEJM198311033091805  

[6] Ravelli, A., Migliavacca, D., Viola, S., Ruperto, N., Pistorio, A. and Martini, A. (1999) 
Efficacy of Folinic Arid in Reducing Methotrexate Toxicity in Juvenile Idiopathic 
Arthritis. Clinical and Experimental Rheumatology, 17, 625-627. 

[7] Shea, B., Swinden, M.V., Ghogomu, E.T., Ortiz, Z., Katchamart, W., Rader, T., 
Bombardier, C., Wells, G.A. and Tugwell, P. (2014) Folic Acid and Folinic Acid for 

https://doi.org/10.4236/ojped.2023.132022
https://doi.org/10.1016/S0140-6736(07)60363-8
https://doi.org/10.1056/NEJM199204163261602
https://doi.org/10.1111/j.1756-185X.2008.00372.x
https://doi.org/10.1056/NEJM198311033091805


S. Islam et al. 
 

 

DOI: 10.4236/ojped.2023.132022 179 Open Journal of Pediatrics 
 

Reducing Side Effects in Patients Receiving Methotrexate for Rheumatoid Arthritis. 
The Journal of Rheumatology, 41, 1049-1060.  
https://doi.org/10.3899/jrheum.130738 

[8] Goldman, I.D. and Matherly, L.H. (1987) Biochemical Factors in the Selectivity of 
Leucovorin Rescue: Selective Inhibition of Leucovorin Reactivation of Dihydrofo-
late Reductase and Leucovorin Utilization in Purine and Pyrimidine Biosynthesis by 
Methotrexate and Dihydrofolate Polyglutamates. NCI Monographs, 5, 17-26. 

[9] Van der Meer, A., Wulffraat, N.M., Prakken, B.J., Gijsbers, B., Rademaker, C.M.A. 
and Sinnema, G. (2007) Psychological Side Effects of MTX Treatment in Juvenile 
Idiopathic Arthritis: A Pilot Study. Clinical and Experimental Rheumatology, 25, 
480-485.  

[10] Fischer, E.A., Hetland, M.L. and Krabbe, S. (2020) Folinic Acid Alleviates Side Ef-
fects of Methotrexate in Arthritis Patients with Side Effects Despite Folic Acid Sup-
plementation: An Observational Cohort Study. Rheumatology, 59, 3566-3568.  
https://doi.org/10.1093/rheumatology/keaa277 

[11] Bulatović, M., Heijstek, M.W., Verkaaik, M., van Dijkhuizen, E.H., Armbrust, W., 
Hoppenreijs, E.P., Kamphuis, S., Kuis, W., Egberts, T.C., Sinnema, G., Rademaker, 
C.M. and Wulffraat, N.M. (2011) High Prevalence of Methotrexate Intolerance in 
Juvenile Idiopathic Arthritis: Development and Validation of a Methotrexate Into-
lerance Severity Score. Arthritis and Rheumatism, 63, 2007-2013.  
https://doi.org/10.1002/art.30367 

[12] Mcerlane, F., Beresford, M.W., Baildam, E.M., Chieng, S.A., Davidson, J.E., Foster, 
H.E., Gardner-Medwin, J., Lunt, M., Wedderburn, L.R., Thomson, W. and Hyrich, 
K.L. (2013) Validity of a Three-Variable Juvenile Arthritis Disease Activity Score in 
Children with New-Onset Juvenile Idiopathic Arthritis. Annals of the Rheumatic 
Diseases, 72, 1983-1988. https://doi.org/10.1136/annrheumdis-2012-202031 

[13] Manfredi, A., Sebastiani, M., Iannone, F., Gremese, E., Bortoluzzi, A., Favalli, E., 
Gorla, R., Salaffi, F., Fusaro, E., Foti, R., Cantarini, L., Caporali, R., Cauli, A., Ali-
vernini, S., Cantatore, F.P., Carletto, A., Conti, F., D’Angelo1, S., Epis, O., Ramonda 
R, Marchesoni A., Ferraccioli. G. and Lapadula, G. (2019) Factors Predicting Early 
Discontinuation of Methotrexate as a First-Line Treatment for Rheumatoid Arthri-
tis in Italy: Results from the GISEA Registry. Indian Journal of Rheumatology, 14, 
271-276. https://doi.org/10.4103/injr.injr_60_19 

[14] Wu, J.F., Yang, Y.H., Wang, L.C., Lee, J.H., Shen, E.Y. and Chiang, B.L. (2007) 
Comparative Usefulness of C-Reactive Protein and Erythrocyte Sedimentation Rate 
in Juvenile Rheumatoid Arthritis. Clinical and Experimental Rheumatology, 25, 
782-785.  

[15] van Ede, A.E., Laan, R.F., Rood, M.J., Huizinga, T.W., van de Laar, M.A., van Den-
deren, C.J., Westgeest, T.A., Romme, T.C., de Rooij, D.J., Jacobs, M.J., de Boo, T.M., 
van der Wilt, G.J., Severens, J.L., Hartman, M., Krabbe, P.F., Dijkmans, B.A., 
Breedveld, F.C. and van de Putte, L.B. (2001) Effect of Folic or Folinic Acid Sup-
plementation on the toxicity and Efficacy of methotrexate in Rheumatoid Arthritis: 
A Forty-Eight Week, Multicenter, Randomized, Double-Blind, Placebo-Controlled 
Study. Arthritis & Rheumatology, 44, 1515-1224.  
https://doi.org/10.1002/1529-0131(200107)44:7<1515::AID-ART273>3.0.CO;2-7 

[16] Hanrahan, P.S. and Russell, A.S. (1988) Concurrent Use of Folinic Acid and Me-
thotrexate in Rheumatoid Arthritis. The Journal of Rheumatology, 15, 1078-1080. 

[17] Tishler, M., Csapi, D., Fishel, B. and Yaron, M. (1988) The Effects of Leucovorin 
(Folinic Acid) on Methotrexate Therapy in Rheumatoid Arthritis Patients. Arthritis 
& Rheumatology, 31, 906-908. https://doi.org/10.1002/art.1780310712 

https://doi.org/10.4236/ojped.2023.132022
https://doi.org/10.3899/jrheum.130738
https://doi.org/10.1093/rheumatology/keaa277
https://doi.org/10.1002/art.30367
https://doi.org/10.1136/annrheumdis-2012-202031
https://doi.org/10.4103/injr.injr_60_19
https://doi.org/10.1002/1529-0131(200107)44:7%3C1515::AID-ART273%3E3.0.CO;2-7
https://doi.org/10.1002/art.1780310712


S. Islam et al. 
 

 

DOI: 10.4236/ojped.2023.132022 180 Open Journal of Pediatrics 
 

[18] Buckley, L.M., Vacek, P.M. and Cooper, S.M. (1990) Administration of Folinic Acid 
after Low Dose Methotrexate in Patients with Rheumatoid Arthritis. The Journal of 
Rheumatology, 17, 1158-1161. 

[19] Joyece, D.A., Will, R.K., Hoffman, D.M., Laing, B. and Blackburn, S.J. (1991) Ex-
acerbation of Rheumatoid Arthritis in Patients Treated with Methotrexate after 
Administration of Folinic Acid. Annals of Rheumatic Diseases, 50, 913-914.  
https://doi.org/10.1136/ard.50.12.913 

[20] Shiroky, J.B., Neville, C., Esdaile, J.M., et al. (1993) Low-Dose Methotrexate with 
Leucovorin (Folinic Acid) in the Management of Rheumatoid Arthritis. Arthritis & 
Rheumatology, 36, 795-803. https://doi.org/10.1002/art.1780360609 

[21] Islam, M.I., Sonia, S.P., Haque, M., Laila, K., Talukder, M.K., Islam, M.M. and 
Rahman, S.A. (2022) Disease Activity States of Juvenile Idiopathic Arthritis in a Re-
ferral Centre in Bangladesh: Disease Activity States of JIA Patients. Bangladesh 
Medical Research Council Bulletin, 48, 41-47.  
https://doi.org/10.3329/bmrcb.v48i1.60659 

 
 

https://doi.org/10.4236/ojped.2023.132022
https://doi.org/10.1136/ard.50.12.913
https://doi.org/10.1002/art.1780360609
https://doi.org/10.3329/bmrcb.v48i1.60659

	Efficacy of Folinic Acid in Comparison to Folic Acid for Reducing Side Effects of Methotrexate in Children with Juvenile Idiopathic Arthritis
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Result
	4. Discussion
	5. Conclusion
	6. Recommendations
	Conflicts of Interest
	Funding
	References

