
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ORIGINAL ARTICLE 

 

Abstract 
 

Background: Methotrexate (MTX) is one of the most commonly used disease-modifying antirheumatic drugs in the treatment of 

rheumatoid arthritis (RA) which can be associated with toxic effects on different organs. This study was designed to investigate the 
hepatotoxic effects in RA patients treated with MTX. 

Methods: In this cross-sectional observational study, RA patients who received standard dose regimen of methotrexate (7.5-15 
mg/week) for a minimum of 3 months were included. Liver function parameters including serum alanine aminotransferase (ALT), 

aspartate aminotransferase (AST) and albumin as well as prothrombin time (PT) were assessed for all patients. The patients were 

divided into two groups according to the MTX dose received: (1) low-dose group (≤ 7.5 mg/week) and (2) high-dose group (> 7.5 
mg/week).  

Results: One-hundred patients (64% women) with mean age of 45.8 ± 7.5 years were studied. Eighty patients (80%) received low-
dose MTX and the rest received high-dose MTX. Mean values of AST (P = 0.004), ALT (P = 0.001) and PT (P = 0.014) were 

significantly higher in patients receiving high-dose MTX compared with those who received low-dose MTX. Mean serum albumin 
was significantly lower in high-dose MTX receiving patients (P = 0.014). Moreover, elevated AST (RR (95% CI): 4.3 (2.1-8.7), P < 

0.001), increased ALT (RR (95% CI): 4.9 (2.4-9.9), P < 0.001), and hypoalbuminemia (RR (95% CI): 2.3 (1.1-4.7), P = 0.030) were 
significantly more common in patients treated with high-dose MTX. The liver parameters restored to normal values after 

discontinuation of the treatment. 
Conclusion: MTX therapy especially in doses higher than 7.5 mg/week can be associated with increased risk for hepatotoxic effects. 

Regular monitoring for patients under MTX treatment is necessary.  
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(5-10). This study was designed to investigate the hepatotoxic 

effects in RA patients treated with MTX. 

 

 

In this cross-sectional observational study carried out in 

March 2011 to December 2012, newly diagnosed patients 

with active RA according to American College of 

Rheumatology criteria for at least 6 months who received 

standard dose regimen of methotrexate (7.5-15 mg/week) for 
a minimum of 3 months were included. The treatment for the 

patients also included combination regimen of sulfasalazine 

(1-2 g/day), hydroxychloroquine (400 mg/day) in addition to 

oral corticosteroids (≤ 10 mg/day of prednisone or similar 

equivalents). Supplemental therapy with folic acid (5 mg/day) 

or folinic acid (15 mg/day) was given to the patients as well. 

Exclusion criteria comprised patients with severe RA 

according to Disease Activity Score 28 (DAS28 > 5.1), 
_______________ 

 

 

Rheumatoid arthritis (RA) is a chronic multisystem 

autoimmune disease with yet unfolded pathogenesis (1,2). 
The prevalence of RA is globally estimated to be around 1% 

of the general population; however, in Asian Pacific 

countries, it is lower than this rate (3). In Iran, 0.37% of urban 

population is involved with RA (3). Women are affected 

approximately three times more often than men. The 

prevalence increases with age, and sex differences diminish 

in the older ages.  

MTX is one of the most commonly used disease-

modifying antirheumatic drugs in the initial treatment and as 

the main drug in combination therapies for RA (4,5). Despite 

being well tolerated, long-term use of MTX in recommend 
dose regimens might be associated with toxic effects 

especially on bone marrow, liver and gastrointestinal system  
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history of hepatitis B or C infection, history of malignancies 

within the past 5 years, history of hepatic failure and recent 

treatment with non-steroidal anti-inflammatory drugs before 

inception of MTX therapy. Moreover, patients with 

hemoglobin level of less than 10 g/dL, platelet count below 

150,000/mm3, serum aspartate aminotransferase (AST) or 

alanine aminotransferase (ALT) levels higher than the upper 

limit of normal (ULN) based on gender, increased 

prothrombin time (PT) with respect to the reference 

laboratory (> 13.5 sec), reduced serum albumin level (< 3.4 

g/dL) and increased serum creatinine (based on gender), prior 
to starting the MTX therapy were excluded. Serum levels of 

AST, ALT and albumin were assessed using standard kits. 

After receiving 3 months of MTX therapy (in the context of 

the combination regimen), the patients' samples were 

obtained in one occasion 3 days after the final dose. The 

patients were divided into two groups according to the MTX 

dose received: (a) low-dose group (≤ 7.5 mg/week) and (b) 

high-dose group (> 7.5 mg/week).  

The study has been approved by the institutional review 

board and all patients gave informed consent before entering 

the study. Comparison of the prevalence of liver function 
abnormalities between the two MTX dosage groups was 

analyzed with chi-squared test and the relative risk (RR) is 

shown with 95% confidence interval (95% CI). Comparison 

of mean values of liver function parameters between the two 

groups was analyzed with Student’s t-test. Probability values 

of less than 0.05 were considered significant. 

 

 

General profile of patients  

One-hundred RA patients with mean (± SD) age of 45.8 ± 

7.5 years were studied. Most patients were women (64%). 
The patients were treated with mean MTX dose of 8.1 ± 1.3 

mg per week. Eighty patients (80%) received low-dose MTX 

and the rest received high-dose MTX.  

Mean levels of liver function markers including AST, 

ALT, serum albumin and PT were 29.1 ± 18.9 IU/L, 35.3 ± 

25.8 IU/L, 3.6 ± 0.4 g/dL and 14.0 ± 0.9 sec, respectively. 

Increased AST was found in 16% of patients, increased ALT 

in 17% of patients, hypoalbuminemia in 22% of patients and 

increased PT in 16% of patients. AST and ALT elevations 

greater than twice the ULN was seen in 5% and 12% of 

____________ 

patients, respectively.  

Comparison of liver function parameters between study 

groups 

Mean values of AST (P = 0.004), ALT (P = 0.001) and PT 

(P = 0.014) were significantly higher in patients receiving high-

dose MTX compared with those who received low-dose MTX 

(Table 1). Moreover, mean serum albumin was significantly 

lower in high-dose MTX receiving patients (P = 0.014).  

Elevated AST was significantly more common in high-

dose MTX treated patients compared with low-dose treated 

patients (45% vs. 8.8%, P <0.001). Likewise, increased ALT 
was significantly more common in high-dose MTX treated 

patients (50% vs. 8.8%, P < 0.001). Furthermore, over two 

fold increase in AST and ALT levels were significantly more 

common in high-dose MTX group (P = 0.001, < 0.001, 

respectively). Hypoalbuminemia was more commonly seen 

in high-dose MTX group (P = 0.030). Although increased PT 

was more frequent in high-dose MTX treated patients, the 

difference between the two groups was not statistically 

significant and it was only close to the level of significance 

(Table 2).  

After discontinuation of MTX in patients with liver 
function abnormalities, the liver function parameters restored 

gradually to normal limits within 4-6 weeks. 

 

 

In this study, we found that MTX doses over 7.5 mg per 

week were associated with higher risks for liver function 

abnormalities. Moreover, mean values of liver transaminases 

and PT were more significantly higher and mean level of 

serum albumin was significantly lower in patients treated 

with over 7.5 mg/week MTX compared to patients treated 

with lower than this dose.  
MTX is a well-known cause of hepatic enzyme elevations 

(6). It has been ascertained that chronic low to moderate dose 

of MTX therapy can lead to liver enzyme abnormalities in 15 

to 50% of patients (6,7,11-14). Fournier et al in a 

retrospective study on inflammatory bowel disease (IBD) 

patients, found that 24% of the patients with previously 

normal baseline aminotransferases developed abnormal 

hepatic aminotransferases after starting MTX therapy. In 

addition, they observed exacerbation of these abnormalities 

in patients with abnormal baseline aminotransferases (12). 

 

 

 

 RESULTS 

Table 1. Analysis of mean levels of liver parameters according to study groups 

 Total Methotrexate dose P value* 

  High dose Low dose  

AST (IU/L); mean ± SD 29.1 ± 18.9 46.4 ± 28.9 24.8 ± 12.2 0.004 

ALT (IU/L); mean ± SD 35.3 ± 25.8 63.1 ± 38.4 28.5 ± 15.4 0.001 

Serum albumin (g/dL); mean ± SD 3.6 ± 0.4 3.4 ± 0.5 3.6 ± 0.3 0.014 

PT (sec); mean ± SD 14.0 ± 0.9 14.7 ± 1.3 13.9 ± 0.7 0.014 

AST: Aspartate aminotransferase 
ALT: Alanine aminotransferase 
PT: Prothrombin time 
* Analyzed with Student’s t-test 
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Te et al showed 30% of IBD patients treated with MTX had 

liver enzymes elevations (13). In another study, 

Sotoudehmanesh et al found transaminitis in 23.7% of 286 

RA patients treated with over 7.5 mg MTX for an average of 

3.5 years (14). Besides, according to different estimates and 

reports, 1-5% of patients treated with MTX may develop 

liver enzymes elevations twice the ULN (6,7,11). Similarly, 

in the present study, more than two-fold increase in liver 
transaminases (both AST and ALT) was seen in 5% of 

patients.  

In addition to liver enzymes, other liver function parameters 

including serum albumin and coagulation factors can be 

affected by MTX-induced hepatotoxicity (15,16). In the 

present study, hypoalbuminemia was significantly more 

common among patients treated with higher doses of MTX. 

Clegg et al similarly reported this complication in long term 

MTX treatment (17). We also found that increased PT was 

more frequent in patients treated with higher doses of MTX. 

Totan et al, likewise, showed impairment in coagulation 
cascade (prolonged prothrombin time and activated partial 

thromboplastin time and decreased fibrinogen) and coagulation 

inhibitors in 20 patients treated with high dose MTX (16).  

The question of what is the exact underlying mechanism 

for MTX-induced hepatotoxicity is still unanswered. Some 

tentative hypotheses have been suggested in this regard. In 

one theory, the direct effect of MTX, especially 

polyglutamated forms of MTX, which inhibit DNA synthesis 

in all cells including normal liver cells, has been proposed to 

trigger hepatic cell damage and degeneration (6,18). In 

another theory, prolonged MTX-induced activation of Ito 
cells has been suggested to result in transformation of these 

cells to myelofibroblasts and consequently produce hepatic 

fibrosis in the long run (6,18). Nonetheless, in several 

studies, liver biopsies of MTX treated patients revealed mild 

or non-significant hepatocellular changes (6,15,19-21), a fact 

that weakens the latter theory.    

The good news for MTX users is that liver function 

__________ 
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abnormalities are mostly self-limiting especially in case of 
discontinuation of the drug or reduction of the dose 

(6,7,11,22). Our findings confirm this fact. Moreover, folate 

supplementation markedly diminishes liver toxicity as 

evidenced in several studies (22-24). Nonetheless, the 

treating physician should always be cautious about the 

potential threat of acute hepatic insufficiency and irreversible 

liver damages in their RA patients, and so, as directed by 

international guidelines, folate supplementation and regular 

monitoring of liver function status should be considered for 

all patients under treatment of MTX (25). Accordingly, liver 

transaminase profile should be monitored every 2-4 weeks 

for the first 3 months after initiation (or increasing the dose) 
of MTX, and for the next 3 months should be monitored 

every 8-12 weeks and beyond the first 6 months of therapy 

should be monitored every 12 weeks (25).    

 

 

The relatively small sample size of this study can be a 

limitation of this study. Moreover, in our analysis, the 

contributing effects of other drugs in the combination 

regimen given to our patients (i.e. sulfasalazine, 

hydroxychloroquine and low-dose prednisolone) could not 

be controlled. Liver injuries due to hydroxychlorquine and 
prednisolone are very rare and only reported in isolated cases 

(4,26,27). Although sulfasalazine has been recognized for 

causing liver injury, the incidence rate of sulfasalazine-

induced liver injury is relatively low (1 per 1000 users) (28). 

Hence, the contributing role of sulfasalazine to the liver 

abnormalities of our patients is perhaps limited.    

In the present study, newly diagnosed mild to moderate 

(DAS28 ≤ 5.1) RA patients were included. It should be noted 

that very chronic uncontrolled RA patients may develop liver 

damages by the disease itself or as a result of amyloidosis 

secondary to RA (29). Hence, we can assume that the liver 

function abnormalities detected in our patients can be 
majorly attributed to the MTX.   

 

Table 2. Analysis of frequency of impaired liver parameters according to study groups 

 Total Methotrexate dose RR (CI 95%) P value* 

  
High dose 
(n = 20) 

Low dose 
(n = 80) 

  

Increased AST; n (%) 16 (16.0) 9 (45.0) 7 (8.8) 4.3 (2.1-8.7) < 0.001 

Increased AST > 2 × ULN; n (%) 5 (5.0) 4 (20.0) 1 (1.3) 4.1 (1.9-8.5) 0.001 

Increased ALT; n (%) 17 (17.0) 10 (50.0) 7 (8.8) 4.9 (2.4-9.9) < 0.001 

Increased ALT > 2 × ULN; n (%) 12 (12.0) 10 (50.0) 2 (2.5) 7.3 (3.9-13.9) < 0.001 

Hypoalbuminemia; n (%) 22 (22.0) 8 (40.0) 14 (17.5) 2.3 (1.1-4.7) 0.030 

Increased PT; n (%) 16 (16.0) 6 (30.0) 10 (12.5) 2.4 (1.0-5.8) 0.056 

AST: Aspartate aminotransferase 
ALT: Alanine aminotransferase 
ULN: Upper limit of normal 

PT: Prothrombin time 
* Analyzed with chi-squared test 
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MTX therapy especially in doses higher than 7.5 mg/week 

can be associated with increased risk for hepatotoxic effects. 

Regular monitoring for patients under MTX treatment is 

necessary.  
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