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ABSTRACT 

Introduction: Hepatic magnetic resonance elastography (MRE) allows for noninvasive assessment of liver fibrosis. 
The purpose of this study was to evaluate the usefulness of MRE in detecting and quantifying liver fibrosis in patients 
with rheumatoid arthritis (RA) who have received methotrexate (MTX). Methods: The association between mean liver 
stiffness value as determined by MRE and variables of interest was determined. The decision for a liver biopsy in par-
ticipants with an abnormal liver stiffness was made based on clinical judgment. Results: Sixty-five RA patients were 
enrolled. Mean liver stiffness value by MRE was abnormal in 7 patients, suggestive of hepatic injury. As a result of 
findings from the MRE, biopsies were performed in 5 patients and all correlated with elevated liver stiffness values. 
Elevated mean liver stiffness values were associated with body mass index (BMI) (OR = 1.18 per 1 kg/m2; 95% CI: 
1.03, 1.36; p = 0.017). Neither the total MTX dose nor the duration of MTX treatment was associated with mean liver 
stiffness value (p = 0.51 and P = 0.20, respectively). Conclusion: MRE provides a reliable, non-invasive assessment of 
liver fibrosis in patients with RA receiving MTX. Patients with RA receiving MTX who have an elevated BMI may be 
at increased risk for chronic hepatic injury, regardless of MTX cumulative dose or duration of treatment.  
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1. Introduction 

Methotrexate (MTX) has become the most frequently 
prescribed disease modifying antirheumatic agent (DM- 
ARD) for rheumatoid arthritis (RA) because of its effi-
cacy, low cost and safety [1]. Despite its generally good 
tolerability, hepatotoxicity has remained an ongoing con- 
cern with MTX treatment, prompting development of 
guidelines for laboratory monitoring of liver tests by the 
American College of Rheumatology (ACR) in 1994 [2].  

Aggregate data from several studies reported in the 
guideline recommendations showed that 103/719 (14%) 
and 6/719 (0.8%) of RA patients receiving MTX had 
mild (grade IIIA) and moderate (grade IIIB) fibrosis on 
liver biopsy findings, respectively [2]. Of these, 2/719 
(0.3%) had grade IV cirrhosis. Most of these patients 
were treated on average for less than 5 years. 

Kremer et al. reported that when ≤49% of measured 
aspartate aminotransferase (AST) values were abnormal, 
the specificity of normal (Roenigk) biopsy grade was 

97%. However, a high frequency (≥50%) of abnormal 
AST values was shown to be a poor predictor of abnor-
mal liver histology with a sensitivity of 12% [3]. 

There is considerable variability in the frequency of 
abnormal liver tests in RA patients receiving MTX who 
are monitored per guideline recommendations [4,5]. Over- 
all, abnormal values are most often transient and discon-
tinuation of MTX for this reason was rare, with a discon-
tinuation rate of only 95 patients/10,000 person-years [4]. 
Transient serum liver enzyme abnormalities may be at-
tributed to dose adjustments in response to abnormal 
values [6], though Yaziki et al. showed this to be un-
common [5].  

Early studies of MTX-related hepatotoxicity often at-
tributed liver fibrosis to MTX without full consideration 
of confounding factors, particularly with respect to non- 
alcoholic steatohepatitis (NASH), a condition now more 
widely recognized [7]. Because of the apparently low 
rate of clinically significant, MTX-related hepatotoxicity, 
some have advocated less frequent monitoring of liver 
tests, particularly in the absence of risk factors for liver *Corresponding author. 
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disease.  
There is also uncertainty about whether the risk for 

liver fibrosis is increased with cumulative doses of MTX. 
Some studies have described a dose related effect of 
MTX on development of liver fibrosis [8,9], while others 
have not [10,11]. Overall, few studies have investigated 
the histologic effects of MTX on hepatotoxicity beyond 5 
years of use [12]. In the population of today’s RA pa-
tients, it is not uncommon for RA patients to be treated 
with MTX for periods well in excess of 5 years [13].  

The study of MTX induced liver fibrosis is limited by 
the invasiveness of the gold standard for its detection, a 
liver biopsy. For this reason, the development of reliable 
noninvasive techniques to detect liver fibrosis has been 
an area of current interest and research. Hepatic magnetic 
resonance elastography (MRE) is an imaging technique 
that has recently been developed and allows for noninva-
sive assessment of liver fibrosis [14-18]. This technique 
exploits the physical characteristics of liver tissue to as-
sess for organ abnormalities. With fibrosis, the liver be-
comes stiffer. The examination is performed in an MRI 
scanner. A speaker-like device is placed against the body 
wall over the liver to generate low-frequency mechanical 
waves. The propagating waves are imaged in the liver 
using a special MRI technique. The examination typi-
cally requires about one minute of imaging time. The 
information is automatically processed by the scanner to 
generate cross-sectional images called elastograms that 
quantitatively depict the stiffness of tissue. Previous stud- 
ies have shown that MRE has a sensitivity and specificity 
for detecting all grades of liver fibrosis as compared to 
normal liver of 85% - 98% and 91% - 99%, respectively 
[15,18]. Hepatic steatosis does not influence this assess-
ment [15,18]. 

The goal of this study was to develop an initial as-
sessment of the utility of MRE in investigating the pres-
ence and determinants of MTX induced liver fibrosis in 
patients with RA.  

2. Materials and Methods 

This study was approved by the Mayo Clinic Institutional 
Review Board. All subjects gave written informed con-
sent prior to participation in the study. The study design 
is a case series of patients with RA who fulfilled the en-
try criteria, as specified below, and who underwent MRE 
as described below.  

2.1. Patients 

Patients with RA as determined by a board-certified 
rheumatologist receiving treatment with MTX for >5 
years or who had at least one abnormal AST value in the 
two years preceding the MR scan (2007-2008) were eli-
gible and recruited to participate in the study. Recruit-

ment was accomplished by a combination of subject 
identification in the outpatient clinic and by recruitment 
letters mailed to patients receiving laboratory monitoring 
for MTX at our institution. Patients with established 
causes of chronic liver disease including hepatitis B or C, 
hematochromatosis, alpha-antitrypsin deficiency, history 
of alcoholism or alcohol use while taking MTX, treat-
ment with medications which might cause fibrosis, as 
well as patients with contraindications to MR examina-
tion (hardware, claustrophobia), and pregnant women 
were excluded. Initial analysis after 53 patients com-
pleted an MRE scan shows a possible relationship be-
tween elevated BMI and liver stiffness. An additional 12 
patients were then recruited with a BMI of greater than 
30 regardless of duration of methotrexate treatment or 
liver test abnormalities. One patient who consented for 
the study was not able to complete the scan due to claus-
trophobia. 

2.2. Data Collection 

Relevant clinical data were abstracted from the inpatient 
and outpatient clinical record. Variables of interest in-
cluded age, sex, body mass index (BMI), presence of 
rheumatoid factor and/or CCP antibody, duration of RA, 
total cumulative MTX dose, duration of MTX treatment, 
frequency of AST abnormalities while receiving MTX, 
frequency of AST abnormalities in the 2 years preceding 
MR scan, presence/treatment of hyperlipidemia, diabetes 
mellitus (DM) (specifically diagnosed and recorded in 
the medical record and/or receiving insulin or hypergly-
cemic agents), impaired fasting blood glucose (IFG) (100 
- 125 mg/dL and/or specifically diagnosed and recorded 
in the medical record), folate supplementation, and alco-
hol intake (none, one drink monthly, 2 - 4 drinks/month, 
2 - 3 drinks/week, or ≥4 drinks/week). 

All participants underwent hepatic MRE using the 
technique as previously described [17,18] with the fol-
lowing parameters: MR scanner = 1.5 T (GE, Wisconsin, 
USA); sequence = GREMRE; mechanical frequency = 
60 Hz; phase offsets = 4; Motion encoding sensitivity 
(MENC) = 32 μm/(pi radian); imaging plane = axial; 
motion sensitizing direction = axial; Field of view (FOV) 
= 32 - 44 cm; matrix = 256 × 96; fractional phase FOV = 
0.75 - 1; flip angle = 30˚; Number of excitation (NEX) = 
1; Bandwidth = 31.25 kHz; TE/TR = 24.5/50 msec; slice 
thickness = 10 mm; number of slices = 2; scan time = 4 
breath-holds (4 × 17 sec). Mean liver stiffness values 
were reported in the region of interest (ROI) drawn on 
the liver region of the elastogram where wave SNR was 
high, avoiding large blood vessels found in the MRE 
magnitude images and severe wave interferences found 
in wave images. Prior analyses have shown that a diag-
nostic cut-off value of 2.9 kilopascals (kPa) can predict 
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all stages of liver fibrosis when compared to normal liver 
with a sensitivity and specificity of 98% and 99%, re-
spectively [18]. Those with an abnormal scan (>2.9 kPa) 
were offered a consultation in the hepatobiliary clinic 
and the decision for a liver biopsy was based on clinical 
judgment. This included taking into account the total 
MTX dose, risk factors for NASH, and abnormal labora-
tory values (AST, albumin). 

2.3. Statistical Analysis 

Patient characteristics were summarized as mean and 
standard deviation or number and percentage, as appro-
priate. Logistic regression and linear regression models 
with and without adjustment were used to assess the as-
sociation between mean liver stiffness value by MRE and 
variables of interest. Results of logistic regression mod-
els were presented as odds ratios with 95% confidence 
intervals. The confidence intervals were estimated as-
suming the log odds ratio was approximately normally 
distributed. Statistical analysis was performed using SAS, 
version 9 (SAS Institute, Inc., Cary, NC). 

3. Results 

A total of 65 patients underwent hepatic MRE scanning. 
MRE scan examples are shown in Figure 1 (normal) and 
Figure 2 (abnormal). Patient demographic and clinical 
data are contained in Table 1.  

Neither the total cumulative MTX dose nor the dura-
tion of MTX treatment was associated with mean liver 
stiffness value in unadjusted linear regression (p = 0.51 
and P = 0.20, respectively).  

The continuous mean liver stiffness value (in kPa) was 
significantly associated with BMI (p = 0.015, r-square = 
0.09) on linear regression. Using logistic regression ana- 
lyses, having a mean liver stiffness value > 2.9 kPa was 
associated with increased BMI (OR = 1.18 per 1 kg/m2; 
95% CI: 1.03, 1.36; p = 0.017). A plot of liver stiffness 
by MRE vs. body mass index is provided in Figure 3. 
BMI remained significantly associated with mean liver 
stiffness value following adjustment for MTX dose or 
MTX duration. Mean liver stiffness value was not sig-
nificantly associated with age, sex, or duration of RA. 

The association between elevated mean liver stiffness 
value and BMI remained significant (OR: 1.24; 95% CI: 
1.04, 1.48; p = 0.019) after adjustment for DM, IFG and 
hyperlipidemia. Only 2 patients had DM. Patients with 
DM were somewhat more likely to have higher mean 
liver stiffness values, but this association was not sig- 
nificant (OR: 9.5; p = 0.13). Twelve patients had IFG 
(including the 2 DM patients). IFG was not associated 
with abnormal mean liver stiffness values (p = 0.37). 
Twenty-one patients had hyperlipidemia, patients with 
hyperlipidemia were somewhat more likely to have ab-  

 
(a) 

 
(b) 

 
(c) 

Figure 1. An example of normal MRE scan. (a) Anatomic 
image; (b) MRE wave image; (c) MR elastogram. Liver 
stiffness (Mean ± SD) = 2.07 ± 0.30 kPa. This patient was 70 
year old, female; height = 1.63 m, weight = 64 kg, BMI = 
24.1 kg/m2. RA was diagnosed in 1970. At the time of MRE 
scan, the patient was on MTX for almost 24 years. The total 
dose of MTX was 18,468 mg.  

normal mean liver stiffness values, but this association 
was not significant (OR: 1.7; p = 0.53). Eleven patients 
reported using alcohol more than once a month. Alcohol 
use was not associated with abnormal mean liver stiff-
ness values (p = 0.96). 

Forty-five patients had at least one abnormal AST 
value during treatment with MTX. There was no associa-
tion between having ever had any abnormal AST during 
MTX treatment and abnormal mean liver stiffness values 
(p = 0.39), however, there was a significant association 
between elevated mean liver stiffness and frequency of 
abnormal AST values for the duration of methotrexate 
treatment and in the preceding 2 years prior to the scan (p 
= 0.035 and p = 0.31, respectively). Characteristics of the 
patients with an abnormal mean liver stiffness values and 
results of subsequent liver biopsy are contained in Table 
2.  
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(a) 

 
(b) 

 
(c) 

Figure 2. An example of abnormal MRE scan (patient #2). 
(a) Anatomic image; (b) MRE wave image; (c) MR elasto-
gram. Liver stiffness (Mean ± SD) = 3.46 ± 0.59 kPa. This 
patient was 65 year old, female; height = 1.57 m, weight = 
94 kg, BMI = 37.9 kg/m2. RA was diagnosed in 1985. At the 
time of MRE scan, the patient was on MTX for 3.3 years. 
The total dose of MTX was 2950 mg. Liver biopsy was per-
formed after MRE scan: Mild reactive hepatitis with mild 
portal fibrosis (stage 1 of 4).  

All but 1 of the 7 patients with an abnormal mean liver 
stiffness had a BMI > 30 kg/m2, and of those with high 
BMI, patients #1, #4, and #7 had several abnormal AST 
values in the 2 years prior to the scan. Five of these 7 
patients subsequently underwent liver biopsy. Histopa-
thological examination revealed evidence of steatohepa-
titis in all 5, and all but 1 had evidence for fibrosis. Due 
to the severity of findings on liver biopsy, patient #4 
discontinued MTX. The remaining patients with an ab- 
normal liver biopsy remained on MTX as it was deter-
mined that findings on liver biopsy were not clinically 
significant. It was recommended that these patients mod-
ify risk factors for NASH, continue laboratory monitor-
ing of liver tests, and to undergo repeat MRE within the 
next few years to reduce the likelihood of liver disease 
progression. 

Table 1. Demographic and clinical features of 65 patients 
with rheumatoid arthritis receiving methotrexate who un-
derwent hepatic magnetic resonance elastography (MRE) 
scanning.  

Variable N 
N (%) or  

mean ± s.d. 

Age (years) 65 61.7 ± 11.0 

Female sex 65 50 (77%) 

Duration RA (years) 65 15.2 ± 10.7 

BMI (kg/m2) 65 30.1 ± 6.5 

RF positivity 63 46 (73%) 

CCP antibody positivity 37 15 (41%) 

Cumulative MTX dose (mg) 65 6551.1 ± 3493.5

MTX treatment duration (months) 65 112.1 ± 59.9 

Folate supplementation 65 64 (98%) 

Mean liver stiffness (kPa) 65 2.30 ± 0.43 

AST value ever abnormal 63 45 (71%) 

>50% of AST values abnormal ever 65 4 (6%) 

>50% of AST values abnormal 2007-2008* 65 1 (2%) 

Hyperlipidemia 65 21 (32%) 

Diabetes mellitus 65 2 (3%) 

Impaired fasting blood glucose 62 12 (19%) 

Alcohol use > 1 X/month 60 11 (18%) 

*2007-2008 corresponds to 2 years prior to MRE scan. Abbreviations: AST 
= aspartate aminotransferase; BMI = body mass index; MTX = methotrexate; 
kPa = kilopascal; RA = rheumatoid arthritis; RF = rheumatoid factor; CCP = 
anti-citrullinated protein antibody. 

 Body Mass Index, kg/m2 

Figure 3. Plot of liver stiffness by magnetic resonance elas-
tography vs body mass index. Solid line shows the trend 
with smoothing. Dashed line shows the cutpoint for abnor-
mal liver stiffness (2.9 kPa). 

Patient #5 had an abnormal AST of up to twice normal 
at the time of the MRE scan. This patient was seen in 
hepatology consultation shortly thereafter; repeat AST at 
that point was normal. Therefore, in view of lack of risk 
factors for NASH or other chronic liver conditions and 
the decision to discontinue MTX due to aphthous ulcers, 
this patient did not undergo a liver biopsy. Rather, a re-  
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Table 2. Abnormal hepatic magnetic resonance elastography (MRE) scans in patients receiving methotrexate for treatment of 
rheumatoid arthritis. 

Patient 
Age 

(years) 
Sex

BMI 
(kg/m2) 

Total MTX 
dose (mg) 

Frequency abnormal AST 
2 years prior to MRE 

Mean liver  
stiffness value (kPa)

Liver biopsy findings 

1 71 F 31.1 14,235 4/9 3.36 
Mildly active (grade 1 of 3) steatohepatitis with focal. 
pericellular fibrosis and mild portal fibrosis (stage 1 of 4).

2 65 F 37.9 2950 1/13 3.46 
Mild reactive hepatitis with mild portal fibrosis (stage 1 
of 4). 

3 57 F 42.1 11,880 0/15 3.23 Mildly active steatohepatitis without fibrosis. 

4 46 F 44.9 6875 5/7 2.92 
Moderately active steatohepatitis, grade 2 (of 3) with 
portal, periportal, and pericellular fibrosis, stage 2 (of 4).

5 65 F 27.4 6340 1/8 3.26 
Not pursued; repeat MRE showed results within a normal 
range. 

6 66 M 37.3 3680 0/10 3.13 Mild fatty change with mild portal fibrosis. 

7 62 F 31.8 9295 7/17 3.15 Discontinued MTX; no biopsy performed. 

Abbreviations: AST = aspartate aminotransferase; BMI = body mass index; MTX = methotrexate; kPa = kilopascal.  

peat MRE scan was performed approximately 4 months 
after the initial scan, and this revealed normalization of 
the mean liver stiffness value. 

Of the 7 patients with abnormal mean liver stiffness 
values, none reported drinking greater than 1 alcohol 
containing drink per month. 

4. Discussion 

Findings of our cross sectional study indicate that neither 
MTX cumulative dose nor treatment duration correlated 
with mean liver stiffness values. BMI is associated with 
hepatic inflammation and fibrosis as assessed by MRE, 
independent of MTX cumulative dose or treatment dura-
tion. The finding of an abnormal AST value at some 
point while on MTX for RA is not uncommon, and is not 
associated with hepatic inflammation in our study. 
However, the frequency of AST abnormalities ever and 
in the preceding 2 years prior to the scan were associated 
with elevated mean liver stiffness values. 

There have been inconsistent findings reported in the 
literature regarding whether total cumulative dose of 
MTX is associated with the presence of fibrosis in pa-
tients receiving this drug for the treatment of RA [12]. 
Our findings on MRE in this study did not support such 
an association. In agreement with our findings, a recent 
study performing transient elastography for the non-in- 
vasive assessment of liver fibrosis in RA patients and did 
not detect an association between abnormal scans and 
total cumulative dose of MTX [19]. Such conflicting data 
may be due to lack of full consideration of confounding 
factors, including those associated with NASH. 

Much of the histologic data for liver fibrosis in RA pa-
tients receiving MTX comes from studies prior to the 
development of MTX laboratory monitoring guidelines 

in 1994, when routine biopsies were performed for as-
sessment of liver damage. Although many studies have 
not taken into account confounding factors for liver dis-
ease, some risk factors for liver fibrosis identified have 
included excessive alcohol intake, older age, and diabetes 
mellitus [8,9,20,21]. Consistent with our findings, obe-
sity has been reported as a risk factor by others [8,9,22].  

Obesity is a major underlying determinant of non-al- 
coholic fatty liver disease (NAFLD). The prevalence of 
NAFLD is estimated to be 30% [23], and may be in-
creasing with the current obesity epidemic. Although 
NAFLD a benign entity, up to one-quarter may progress 
to NASH, which has important clinical implications, as it 
can lead to end stage liver disease [24].  

Some risk factors for MTX toxicity parallel those of 
NAFLD and NASH, such as diabetes mellitus and obe-
sity [25]. It may also be that liver test abnormalities are 
detected more frequently in RA patients receiving MTX 
who have known NASH because these patients may un-
dergo more frequent liver test monitoring out of height-
ened clinician concern for hepatotoxicity in these patients 
[4]. Some authors have questioned whether the apparent 
increase in hepatic toxicity with MTX use in patients 
with psoriasis is a result of NASH, as there seems to be a 
higher prevalence of metabolic syndrome in these pa-
tients [26].  

The association of elevated BMI and abnormal mean 
liver stiffness values independent of MTX dose or dura-
tion suggests that NASH likely is in part responsible for 
hepatic inflammation and/or fibrosis found in the RA 
patients in this study. The degree to which MTX contrib-
utes to hepatic damage is unclear. Histologic findings 
attributed to MTX are non-specific and resemble those of 
NASH [25].  

Abnormal liver tests are not uncommon in patients re-
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ceiving MTX, consistent with our findings, in which 
45/65 (71%) of patients had an abnormal value during 
their treatment course. An abnormal AST while receiving 
MTX at some point was not associated with an elevated 
mean liver stiffness value in our study. There was, how-
ever, a significant association for frequency of abnormal 
AST values during MTX treatment and in the preceding 
2 years prior to the scan and an elevated mean liver 
stiffness value.  

Current guidelines suggest further evaluation including 
liver biopsy based on the frequency of abnormal AST 
values during one year (5/9) [2]. In our study, of the four 
patients with an abnormal mean liver stiffness value and 
biopsy findings of hepatic inflammation and fibrosis, 
only two were monitored every 2 months, on average, 
and the other two, less frequently. Whether those who 
were monitored less frequently would have ultimately 
had ≥50% abnormal AST per year is uncertain, though 
the two patients monitored regularly had few abnormal 
AST values. Liver fibrosis would not have been sus-
pected or found without the MRE scan in these patients. 
The finding of fibrosis by MRE lead to a change in 
clinical management in some patients: in one, MTX was 
discontinued, and in the others, risk factor modification, 
particularly in the form of weight loss, was advised on 
the basis of the high likelihood of NASH in these patients. 

This is the first study to use MRE for assessment of 
liver fibrosis patients in RA patients receiving MTX. 
Strengths of the study include the use of this reliable 
non-invasive methodology which has the advantage of 
assessing the entire liver to provide an estimate of likeli-
hood of disease, in contrast to the more limited assess-
ment possible on liver biopsy or ultrasonographic tran-
sient elastography. Unlike transient elastography, MRE 
is not influenced by BMI, ascites or body habitus [15,18]. 
Though there was a wide range, the average MTX treat-
ment duration in this study group was 9.3 years, which is 
longer than the less than 5 years of treatment in patients 
who constituted the cohort upon which much of the his-
tologic data for monitoring guidelines was obtained. 

Limitations of this study included its cross-sectional 
design limiting the ability to make causal inferences. 
Second, our sample size was relatively small, with rela-
tively few abnormal tests, limiting its statistical power. 
Third, clinical variables were obtained through retro-
spective review of the clinical record. Fourth, though the 
standard laboratory monitoring for patients on MTX in-
cludes obtaining an AST value every 6 - 8 weeks, some 
patients may have had more or less frequent monitoring.  

5. Conclusion 

The results of our study suggest that patients with RA 
receiving MTX who have elevated BMI are at increased 

for hepatic inflammation, regardless of MTX cumulative 
dose. This may be ascribed to NASH. Hepatic MRE may 
provide a reliable, non-invasive assessment of liver fi-
brosis in patients with RA receiving MTX who are at risk 
for NASH. Further investigation in a greater number of 
obese RA patients with MRE may clarify these findings. 
Investigation of the utility of MRE in patients with pso-
riasis or psoriatic arthritis receiving MTX may also be 
particularly fruitful, as present dermatology guidelines 
still suggest routine liver biopsies in these patients [27]. 

6. Future Perspective 

Noninvasive monitoring for liver fibrosis with hepatic 
MRE will likely emerge as a robust imaging method. It 
has the capability to enhance the detection of liver dam-
age in a variety of different clinical scenarios including 
those related to concerns regarding methotrexate induced 
liver toxicity. 
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MRE = Magnetic resonance elastography; 
RA = Rheumatoid arthritis; 
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kPa = Kilopascals; 

AST = Aspartate transaminase; 
BMI = Body mass index; 
NASH = Nonalcoholic steatohepatitis; 
DM = Diabetes mellitus; 
IFG = Impaired fasting glucose. 
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