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ABSTRACT 
Background: Methotrexate is a first-line disease-modifying drug for rheumatoid arthritis, and is conventionally administered 
as a single weekly oral dose. In clinical practice, the weekly dose is sometimes split over 24 hours to reduce gastrointestinal 
adverse effects, although supporting evidence remains limited. This study aimed to compare the safety and efficacy of a 
single-dose versus a split-dose of oral methotrexate. 
Methods: This open-label interventional study was conducted at the Department of Rheumatology, Sir Ganga Ram Hospital, 
Lahore, Pakistan, between January and August 2025. A total of 56 patients aged 15-70 years fulfilling the ACR/EULAR-2010 
criteria were enrolled. Patients with serious comorbidities, a prior biologic or recent conventional DMARD therapy, or 
pregnancy and lactation were excluded. Patients were allocated using systematic allocation (odd-even method) to receive 
either a single weekly oral dose or a split 24-hour oral dose of methotrexate. Methotrexate was initiated at 10 mg/week and 
increased to 25 mg/week according to response and tolerability. All patients received folic acid supplementation and 
tapering of low-dose prednisolone. Patients were followed for 24 weeks. Disease activity was measured using the Clinical 
Disease Activity Index (CDAI). Remission (CDAI ≤ 2.8) was the primary effectiveness endpoint, and methotrexate-related 
adverse effects were the primary safety outcome. The chi-square test was used to analyze the data, and a p-value <0.05 was 
considered statistically significant. 
Results: Out of 56 patients, 47 completed the study (27.7% males and 72.3% females). Baseline disease activity was mild in 
4.3%, moderate in 21.3%, and severe in 74.5%. Overall remission rates were 6.4% at week 12 and 34.0% at week 24. At 
week 24, remission was significantly higher in the split-dose group compared to the single-dose group (48.0% vs. 18.2%, p-
value = 0.031). The single-dose group had a higher prevalence of nausea (36.4% vs. 12.0%, p-value = 0.049) and dyspepsia 
(31.8% vs. 8.0%, p-value = 0.038). The overall incidence of transaminitis was 25.5%, with no significant intergroup 
difference. 
Conclusion: Splitting the oral dose of methotrexate over 24 hours results in higher remission and improved gastrointestinal 
tolerability compared with a single weekly dose.  
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INTRODUCTION 
Rheumatoid arthritis is one of the most common 
autoimmune diseases, with a worldwide prevalence of 
approximately 0.24%.1 It is a chronic autoimmune 
multisystem inflammatory disease, with synovitis as its  
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main clinical manifestation. Over the years, the 
therapeutic strategies for rheumatoid arthritis have 
continued to evolve with the addition of targeted 
synthetic and biologic disease-modifying anti-rheumatic 
drugs (DMARDs); however, conventional DMARDs 
continue to play an important role, especially in the 
management of early disease and in resource-limited 
settings.2,3 Current therapeutic guidelines for rheumatoid 
arthritis suggest methotrexate as an anchoring drug and 
first-line monotherapy across the entire disease severity 
spectrum.2,3  
 Because of gastrointestinal intolerance and 
saturation of oral absorption at higher doses, most 
clinicians have empirically divided the weekly oral doses 
of methotrexate into 24-hour doses to optimize peak 
plasma concentrations and enhance tolerability. The 
absorption of oral methotrexate is dose-dependent, and 
the bioavailability of oral methotrexate decreases with an 
increase in dose, which serves as a pharmacokinetic 
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explanation of split dosing. Nevertheless, there is limited 
evidence supporting superior clinical outcomes with split 
dosing, and the American College of Rheumatology only 
conditionally recommends the use of split-dosing of 
methotrexate since the certainty of its advantage is very 
low.2,4 Thus, it remains unclear whether weekly single oral 
dosing or 24-hour split dosing is more effective in 
improving tolerability and achieving desirable therapeutic 
effects. 
 Several studies have evaluated the effect of splitting 
the weekly oral methotrexate dose on clinical outcomes in 
patients with rheumatoid arthritis, based on the 
hypothesis that dose fractionation may reduce peak-
related adverse effects and improve drug tolerability.4 The 
randomized and observational studies comparing single 
weekly oral dosing with 24-hour split dosing have 
reported comparable or improved clinical efficacy with 
split dosing, particularly at higher weekly doses.5,6 Some 
trials demonstrated higher remission or response rates 
and improved gastrointestinal tolerability with split 
dosing, which was attributed to reduced peak plasma 
concentrations and improved absorption.6,7 However, 
these findings have not been consistent across all studies, 
and concerns regarding toxicity, particularly elevated liver 
enzymes, have also been reported with split dosing in 
some cohorts.7,8 Other studies have evaluated the safety 
and efficacy of split dosing using different regimens, 
reported better tolerability and efficacy, although 
elevation of liver enzymes was more common in split 
dosing, particularly in patients with psoriasis.9,10  
 Oral methotrexate is preferred by many patients 
because of its low cost, ease of administration, and 
avoidance of injections, especially among patients with 
impaired functional status and lack of physical and social 
support. Therefore, an oral dosing strategy that maintains 
clinical efficacy while minimizing side effects and 
improving tolerability is desirable. The purpose of this 
study was to compare a single once-weekly methotrexate 
regimen with a split 24-hour dosing regimen in terms of 
clinical efficacy and tolerability. 
 
PATIENTS AND METHODS 
This open-label interventional study was conducted at the 
Department of Rheumatology of Sir Ganga Ram Hospital, 
Lahore, Pakistan, from January 23 to August 11, 2025, 
after taking approval from the Ethical Review Committee 
of Fatima Jinnah Medical University, Lahore. Patients aged 
15 to 70 years fulfilling the 2010 European Alliance of 
Associations for Rheumatology (EULAR)/American College 
of Rheumatology (ACR) 2010 classification criteria for 
rheumatoid arthritis with a disease duration of less than 5 
years from the onset of symptoms were enrolled in the 
study.11 Patients suffering from significant hepatic dys-

function (liver cirrhosis on imaging, baseline alanine 
transaminase (ALT), aspartate transaminase (AST) two 
times greater than upper limit of normal, total bilirubin 
greater than upper limit of normal and untreated chronic 
hepatitis B and chronic hepatitis C infections), renal 
dysfunction (serum creatinine >1.5 mg/dL),  cytopenias 
(hemoglobin < 8mg/dl, total leukocyte count <4000 
cells/μL or platelets <100000 cells/μL), moderate to 
severe pulmonary fibrosis, fibromyalgia, extra articular 
manifestations and overlap autoimmune conditions were 
excluded. Patients who had ever taken any biological 
DMARD (including infliximab, etanercept, adalimumab, 
tocilizumab, and rituximab) and those who had received 
any conventional DMARD (including methotrexate, 
leflunomide, hydroxychloroquine, and sulfasalazine) for >1 
month at any time or within the preceding 6 months were 
also excluded. Additionally, patients who did not give 
consent and female patients who were pregnant, 
lactating, or planning a pregnancy were also excluded. A 
total of 56 patients were recruited using non-probability 
consecutive sampling and allocated into two groups using 
systematic random allocation (odd-even method).  
Informed consent was obtained from all enrolled 
participants. Clinical Disease Activity Index (CDAI) was 
chosen as a tool for measuring serial disease activity.12 A 
self-developed case report form was used to collect all the 
relevant data.  
 Patients with odd enrollment numbers were 
assigned to Group 1 and received a once-weekly dose of 
methotrexate, while patients with even numbers were 
enrolled in Group 2 and received a split weekly dose of 
methotrexate over 24 hours. Methotrexate tablets with a 
strength of 2.5 mg were used in the study. The starting 
methotrexate dose was 10 mg for both groups. Dose was 
increased to 15 mg for both groups after 2 weeks and to 
20 mg after 4 to 6 weeks. Patients in Group 1 continued to 
take an increased dose on the same day without splitting.  
 In Group 2, the amount of oral methotrexate 
scheduled per week was split into two equal doses with a 
24-hour interval. Escalation of doses was the same in both 
groups and based on the clinical response and tolerability, 
with a top dose of 25 mg/week. By escalating to 25 
mg/week, Group 2 got 12.5 mg on day 1 and 12.5mg on 
day 2.  Methotrexate was taken in the form of 2.5 mg 
tablets to enable easy division of doses. Folic acid 5 mg 
daily was administered to all patients in both groups on 
two consecutive days, after the administration of 
methotrexate. Furthermore, every patient was given oral 
prednisolone 5-10 mg/day, and a taper was scheduled to 
begin in week 8 and aimed at full withdrawal in week 20. 
The patients were followed up on every two weeks during 
the initial three months and every four weeks to complete 
the total follow-up duration of 24 weeks. On each visit, 
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data regarding disease activity, side effects and tolerabil-
ity, including subjective complaints and laboratory values 
of complete blood count, ALT and creatinine, were noted. 
The main outcome variable of effectiveness was the 
disease activity, and the measurement level was the 
Clinical Disease Activity Index (CDAI). CDAI was measured 
at the baseline and at the follow-up visit (every 2 weeks 
during the first 12 weeks and every 4 weeks after that up 
to the 24 weeks). Clinical remission was defined as a CDAI 
score of <2.8, which was used as the primary safety and 
tolerability variables12, both subjective and laboratory-
based. Adverse effects (e.g., nausea, dyspepsia, intoler-
ance) were assessed subjectively by interviewing the 
patients during each follow-up visit on a case report form. 
Complete blood count, CRP, alanine transaminase (ALT), 
and serum creatinine were the variables of laboratory 
safety, which were measured at baseline and at each 
follow-up. The safety variable that was specifically 
followed was transaminitis, which was determined as an 
elevation of ALT greater than the upper limit of normal in 
the group of patients with normal baseline ALT, or an 
increase greater than 10 IU/L over baseline in the group of 
patients with elevated baseline ALT. Data was entered in 
Statistical Package for Social Sciences (SPSS) software 
version 26 for grouping and analysis. Qualitative variables 
like gender and side effect profile were presented as 
frequencies and percentages. Quantitative variables like 
age, C-reactive protein (CRP), and CDAI score were 
presented as mean ± standard deviation. Data were 
stratified for dosing regimen. Post-stratification Chi-square 
test was applied to check the significance with a p-value ≤ 
0.05 as significant. The primary end point of effectiveness 
was taken as remission, defined by CDAI score ≤ 2.8 by 
week 24. Secondary end points include remission as 

defined by CDAI score ≤2.8 by week 12 and complete 
discontinuation of steroids by a maximum of week 20 
without subsequent increase in disease activity. The 
primary safety endpoint was taken as the development of 
any of the side effects of the therapy. 
 
RESULTS 
A total of 56 patients fulfilling the inclusion criteria were 
enrolled in the study. Among them, 5 patients were lost to 
follow-up, and 4 were excluded for non-adherence to the 
research protocol. A total of 47 patients completed the 
study. Of these, 13 patients were male (27.7%), and 34 
were female (72.3%). Twenty-two (46.8%) patients were 
in Group 1 and received a single-dose regimen, while 25 
(53.3%) were in Group 2 and received a split-dose 
regimen. Other patient demographics and characteristics 
are summarized in Table 1. 
 At the start of the study, patients with mild, 
moderate, and severe disease activity were 2 (4.3%), 10 
(21.3%), and 35 (74.5%), respectively. By week 12 of 
methotrexate treatment, only 3 (6.4%) patients achieved 
remission, which increased to 16 (34%) at week 24, with a 
mean CDAI reduction of 18.2. At week 12, remission was 
achieved by 1 (4.5%) patient in Group 1 and 2 (8%) 
patients in Group 2 (p-value = 0.629). At week 24, 
remission was achieved by 4 (18.2%) patients in Group 1 
and 12 (48%) patients in Group 2 (p-value = 0.031). At 
week 20, steroids were completely discontinued in 1 
(4.5%) patient in Group 1 and 4 (20%) in Group 2 (p-value 
= 0.121). Nausea developed in 8 (36.4%) patients in Group 
1 and 3 (12%) patients in Group 2 (p-value = 0.049). 
Dyspepsia developed in 7 (31.8%) patients in Group 1 and 
2 (8%) patients in Group 2 (p-value = 0.038). A total of 12 
patients (25.5%) developed transaminitis as defined by 

 
Table 1: Demographics and baseline characteristics of patients 

Characteristics Group 1 
(Single-dose group) 

Group 2 
(Split-dose group) 

Total 

Mean age (years) 47.6 ± 11.9 43.8 ± 9.1 45.5 ± 10.6 

Gender 

Males 8 (36.4 %) 5 (20%) 13 (27.7%) 

Females 14 (63.6%) 20 (80%) 34 (72.3%) 

Mean duration since symptom onset (months) 24.2 16.0  

Rheumatoid factor (RF)   

Positive 18 (81.8%) 21 (84%) 39 (83%) 

Negative 4 (18.2%) 4 (16%) 8 (17%) 

Anti-citrullinated peptide antibodies (ACPA)   

Positive 8 (36.4%) 13 (52%) 21 (44.7%) 

Negative 6 (27.3%) 5 (20%) 11 (23.4%) 

Not available 8 (36.4%) 7 (28%) 15 (31.9%) 

Mean initial C-reactive protein (CRP) (mg/l) 30.4 (5-83) 24.9 (3.5-90) 27.5 (3.5-90) 

Mean CDAI at start 30.3 (8-72) 31.4 (12-61) 30.9 (8-72) 

Disease activity at start   

Low 2 (9.1%) 0 2 (4.3%) 

Moderate 5 (22.7%) 5 (20%) 10 (21.3%) 

High 25 (68.2%) 20 (80%) 35 (74.5%) 
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Table 2: Comparison of effectiveness and safety parameters among study groups 

Outcome Group 1 
(Single dose group, n=22) 

Group 2 
(Split dose group, n=25) 

p-value 

Efficacy outcomes    

Remission at 24 weeks 4 (18.2%) 12 (48.0%) 0.031 

Remission at 12 weeks 1 (4.5%) 2 (8.0%) 0.629 

Steroids discontinued by week 20 21 (95.5%) 20 (80.0%) 0.113 

Adverse effects    

Anxiety 0 (0%) 1 (4.0%) 0.343 

Dizziness 1 (4.5%) 1 (4.0%) 0.926 

Increase in nodules 0 (0%) 0 (0%) NA 

Dyspepsia 7 (31.8%) 2 (8.0%) 0.038 

Alopecia 6 (27.3%) 3 (12.0%) 0.184 

Rash 0 (0%) 0 (0%) NA 

Glossitis 3 (13.6%) 0 (0%) 0.056 

Anorexia 4 (18.2%) 4 (16.0%) 0.843 

Gingivitis 0 (0%) 0 (0%) NA 

Oral ulcers 1 (4.5%) 1 (4.0%) 0.926 

Diarrhea 0 (0%) 3 (12.0%) 0.093 

Nausea 8 (36.4%) 3 (12.0%) 0.049 

Vomiting 0 (0%) 0 (0%) NA 

Transaminitis 3 (13.6%) 9 (36.0%) 0.079 

Dyspnea 0 (0%) 0 (0%) NA 

 
elevation of ALT above normal if initial ALT was normal or 
an absolute increase of ≥10 IU/L from baseline if initial ALT 
was more than the upper limit of normal. With this 
criterion, transaminitis developed in 3 (13.6%) patients in 
Group 1 and 9 (36%) patients in Group 2 (p-value = 0.79). 
Other side effects are summarized in Table 2. 
 
DISCUSSION 
Methotrexate has been in use for rheumatoid arthritis 
since the 1980s.13 Since then, several studies have 
demonstrated superior bioavailability of subcutaneously 
administered methotrexate compared with oral 
administration.4,5,14 However, most of these studies 
predominantly addressed the pharmacokinetics of the 
drug rather than looking into clinical response in patients. 
While subcutaneous methotrexate is widely advocated 
worldwide, split-dose methotrexate is at least as effective 
as subcutaneous administration.8 Therefore, oral split 
dose of methotrexate seems a reasonable choice of 
dosing regimen for patients in whom side effects limit 
single weekly dosing or where subcutaneous mode of 
administration is not available or acceptable. This study 
has demonstrated clear effects of splitting the 
methotrexate dose over 24 hours on its clinical 
effectiveness in patients with rheumatoid arthritis. These 
results resonate with the outcomes of pharmacologic 
studies on methotrexate, in which a single dose above 15 
mg was associated with blunted absorption and, 
theoretically, should lead to a suboptimal clinical 
response.5,14 The mean bioavailability of the methotrexate 
split dose is reported as 28% higher than that of a single 

dose.14 Thus, splitting the dose of methotrexate is a better 
option for improved clinical response.  
 In this study, 34% of patients achieved remission by 
24 weeks, consistent with the methotrexate response rate 
reported in previous studies of rheumatoid arthritis using 
different disease activity measures.15,16 It is lower than the 
42.7% reported in an earlier study, where CDAI at 6 
months was 42.7%.17 However, the conventional group in 
that study also contained patients who were taking a 
methotrexate-based combination drug treatment. It 
should be noted that the response rate at 3 months was 
only 6.4%, despite a higher initial prednisolone dose. It 
could be due to the initial low starting dose of 
methotrexate of 10 mg compared with the initial higher 
dose of up to 15 mg used in other studies.17,18  
 With respect to the safety profile in terms of side 
effects, nausea and dyspepsia were more common with 
single-dose methotrexate. Transaminitis was more 
common with the split dose than with the single dose 
(36% vs. 13.6%), but did not reach statistical significance 
(p-value = 0.079). The overall percentage of transaminitis 
is similar to that previously reported in other studies 
(7.5% to 26%) using different criteria.19 No drug 
discontinuation was needed for any of the patients, and 
no patient developed an ALT level above twice the normal 
limit. The clinical significance of such elevated liver 
enzymes depends on the duration of enzyme elevation; a 
study in rheumatoid arthritis patients reported a positive 
correlation with hepatic fibrosis on liver biopsy, whereas 
another study in psoriatic arthritis failed to demonstrate 
such an association. 20,21 
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 This study has several limitations. First, methotrexate 
serum levels were not assessed, which would have 
provided a more objective pharmacokinetic account of the 
discrepancy in efficacy and adverse effects between the 
different dosing regimens. Second, the sample size was 
small, which could limit the generalizability of the results. 
Third, the follow-up time was 24 weeks, which was 
insufficient to evaluate the long-term performance, safety, 
and long-term remission. 
 
CONCLUSION 
Split dosing of oral methotrexate over 24 hours in patients 
with rheumatoid arthritis was more likely to be clinically 
effective, with better remission rates than a dose of 1 mg 
weekly. The split-dose form of the medication was also 
better tolerated in the gastrointestinal tract, with fewer 
cases of nausea and dyspepsia, but close laboratory 
monitoring is necessary. These results suggest that split 
dosing can be an effective approach to maximize the 
effect of methotrexate therapy in carefully selected 
patients, but further research with extended follow-up is 
necessary to confirm these findings and evaluate the long-
term safety of this treatment. 
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