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Abstract

Background: As Methotrexate (MTX) may induce liver side effects or damage, evaluating the liver of the consumers of this drug by
a noninvasive method, such as FibroScan, may be effective.
Objectives: The present study aimed at evaluating the progression of liver fibrosis and steatosis using the transient elastography
(FibroScan) technique in patients, who are treated with MTX.
Methods: One hundred and one patients, who were treated with MTX because of different rheumatologic diagnosis and/or dermato-
logic disease, were included in the study. Liver stiffness was measured using FibroScan. Hepatic fibrosis was identified by converting
the FibroScan results measured in kPa to the Metavir scale. Also, F0-F4 and steatosis were graded.
Results: The assessment of steatosis using FibroScan showed mild, moderate, and severe stenosis in 15.8%, 13.9%, and 26.7%, respec-
tively. With regards to grading of hepatic fibrosis, 67.0% were graded as F0 to F1, 7.0% as F2, 7.0% as F2 to F3, 2.0% as F3, 11.0% as F3 to
F4, and 6.0% as F4. A significant association was found between body mass index, waist circumferences, and fibrosis. The association
between the severity of hepatic fibrosis and indices of alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT), and
serum albumin was significant. No relationship was revealed between the severity of hepatic fibrosis and MTX dosage as well as
duration of MTX use.
Conclusions: The authors found significant associations between hepatic steatosis and anthropometric parameters, level of albu-
min, drug dosage higher than 10 mg, and cumulative dosage of MTX. The severity of hepatic fibrosis and steatosis induced by MTX
was mainly affected by the patients’ obesity.
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1. Background

Methotrexate (MTX) is an effective therapeutic modal-
ity for treatment of a variety of inflammation-based dis-
orders, such as rheumatoid arthritis, juvenile arthritis, lu-
pus, psoriatic arthritis, myositis, vasculitis, and even some
inflammatory gastrointestinal disorders, such as inflam-
matory bowel disease (1, 2). Regardless of its high effi-
cacy, organic and metabolic toxicity of MTX is also consid-
erable in the clinical setting. In this regard, the effects of
MTX is dose-dependent so that long-term use of this drug
with high dosages may lead to serious complications, such
as bone marrow suppression, mucocutaneous reactions,
pneumonitis, and hepatotoxicity (3, 4). Due to increased

risk of hepatotoxicity following long-term use of MTX, se-
rial monitoring of liver functional parameters is unde-
niable; however, liver tests function alone cannot reflect
the depth of damage and therefore simultaneously apply-
ing other techniques, such as biopsy, may substantially in-
crease diagnostic accuracy (5). Biopsy has remained as the
gold standard for assessment of liver damage despite its
uncomfortable side effects (6), yet it is recommended as
the preferred method of use in most cases. Thus, the ne-
cessity of a rapid and non-invasive method, which has suf-
ficient accuracy and repeatability, has become clear.

FibroScan is a relatively new medical imaging tech-
nique, which can assess liver stiffness through collagen
quantification (7, 8). This method is an accurate non-
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invasive technique that can be used for assessing the rate
of liver fibrosis progression and thus can be widely used for
following drug-induced side effects, such as MTX-induced
side effects (9-11).

2. Objectives

However, a few studies have been published on the ben-
eficial effects of this technique for assessing liver fibrosis
induced by MTX. Hence, the present study aimed to eval-
uate the progression of liver fibrosis using the FibroScan
technique in patients, who are treated with MTX.

3. Methods

3.1. Study Setting and Periods

One hundred and one patients, who were treated with
MTX because of different rheumatologic disorder and/or
dermatologic diseases, such as rheumatoid arthritis, psori-
asis, or psoriatic arthritis, referred to private clinics or Razi
hospital in Rasht in a time period of 18 months, were in-
cluded in the study.

3.2. Study Population and Sampling Technique

The inclusion criteria were the use of MTX in the range
of at least 2 years for any condition or the use of MTX for any
reason and with a minimum cumulative dose of 2 g regard-
less of the duration of use. On admission, baseline charac-
teristics, including demographics, type, history of the dis-
ease, dose of MTX, and duration of disease, were assessed
by interviewing or physical examination.

3.3. Data Collection

After completing the patients’ checklists, biochem-
ical parameters, including liver enzymes, serum albu-
min, Apolipoprotein A1 (Apo-A1), coagulation markers, α2-
macro, platelet count, and ferritin were all measured.

Liver stiffness measurement using transient elastogra-
phy (FibroScan; Echosens, Paris, France), which measures
liver stiffness (LS) contingent upon the computation of
liver recurrence versatile wave inside the liver (12), was per-
formed on the right lobe of the liver, in intercostal space
with the patient lying in dorsal decubitus with the right
arm in maximal abduction, as previously described. The
tip of the transducer probe was covered with coupling gel
and placed on the skin, between the rib bones at the level
of the right lobe of the liver. The operator, assisted by
a time-motion ultrasound image, located a liver portion
at least 6-cm thick and free of large vascular structures.
When the target area was located, the operator pressed the

probe button to start the measurements. The measure-
ment depth was between 25 and 65 mm. Then, validated
measurements were performed on each patient. The re-
sults were expressed in kilopascals (kPa). The median value
was considered representative of the elastic modulus of
the liver. Hepatic fibrosis was staged to convert Fibro scan
results measured in (kPa) to the Metavir scoring system as
follows: F0 (no fibrosis), F1 (mild fibrosis without septa), F2
(moderate fibrosis with few septa), F3 (severe fibrosis with
numerous septa without cirrhosis), and F4 (cirrhosis or ad-
vanced scarring of the liver) (10, 11). The steatosis was also
graded as no steatosis (< 11%, S0), mild steatosis (11% to 34%,
S1), moderate steatosis (34% to 67%, S2), and marked to se-
vere steatosis (> 67%, S3) [12].

3.4. Data Analysis

For statistical analysis, Kolmogorov-Smirnov test was
used to check the normality of data. Results were pre-
sented as mean ± standard deviation (SD) for quantita-
tive variables and summarized by absolute frequencies
and percentages for categorical variables. Continuous
variables were compared using one-way analysis of t test
and/or non-parametric Mann-Whitney test whenever the
data did not appear to have a normal distribution. Cate-
gorical variables were compared using Chi-square test or
Fisher’s exact test. For the statistical analysis, the SPSS
statistical software version 16.0 for windows (SPSS Inc.,
Chicago, IL) was used. P values of 0.05 or less were consid-
ered statistically significant.

3.5. Ethical Considerations

The Medical Ethics Committee of Guilan University of
Medical Sciences (GUMS) approved the study design, proto-
cols, and informed consent procedure. All measurements
were performed based on ethical guidelines of the 1975
declaration of Helsinki. Patients were enrolled after writ-
ten informed consent was obtained. All patients consented
to the study. This study was funded by gastrointestinal and
liver diseases research center (GLDRC) of GUMS.

4. Results

One hundred and one consecutive patients, who were
treated with MTX, between January 2013 and September
2015, were included. The mean age of the subjects was
53.5 years, ranging between 20 and 77 years and 22.7% were
male. Most of the patients (87.1%) were treated because
of rheumatoid arthritis alone, 5.9% because of psoriasis
alone, and 5.9% because of the presence of both diseases.
The weight of the subjects ranged from 60 to 80 kg with
the mean weight being 74.2 ± 4.1 kg. The mean body mass
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index (BMI) was 28.2 ± 5.4 kg/m2; 44.6% were overweight
and 32.7% were obese. History of alcohol use was also re-
vealed in only 3% of the cases. At the time of diagnosis,
6.9% were younger than 20 years and 51.5% were older than
40 years. According to the results of liver function test in
patients treated with MTX, abnormal alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) and alkaline
phosphates (ALP) was found in 11.9%, 19.8%, and 5.0% of
patients, respectively. Also, an abnormal range of biliru-
bin, albumin, haptoglobin, and ApoA1 was also revealed
in 3.0%, 5.0%, 52.5%, and 22.8% respectively. Regarding ab-
normality of coagulation factors, abnormal partial throm-
boplastin time (PTT), prothrombin time (PT), and inter-
national normalized ratio (INR) was shown in 4.0%, 3.0%,
and 2.0% of patients. Moreover, reduced platelet count,
serum hemoglobin, white blood cell count, and ferritin
were found in 2.0%, 45.5%, 0.9%, and 5.0%, respectively. The
cumulative dose of MTX ranged between lower than 2,000
mg in 23.8%, 2,000 to 5,000 mg in 40.6%, and higher than
5,000 mg in 35.6%. Also, the duration of drug use was
lower than 2 years in 5.0%, 2 to 5 years in 19.8%, and higher
than 5 years in 75.2%. About two-thirds of physicians (61.8%)
preferred to prescribe the drug with a weekly dosage of
7.5 to 10.0 mg. The assessment using FibroScan showed
mild, moderate, and severe steatosis in 15.8%, 13.9%, and
26.7% of patients, respectively. With regards to grading
of hepatic fibrosis, 67.0% were graded as F0 to F1, 7.0% as
F2, 7.0% as F2 to F3, 2.0% as F3, 11.0% as F3 to F4, and 6.0%
as F4. With respect to the association between hepatic fi-
brosis and demographic characteristics (Table 1), there was
no relationship between the presence of fibrosis and pa-
tients’ age, age at diagnosis, the presence of underlying
disease, height, and BMI, while the presence of fibrosis was
more commonly found in patients with a body mass index
higher than 30 kg/m2 (P = 0.01) and also in those with waist
circumference > 120 cm (P = 0.05). Also, as shown in Table 1,
the type of rheumatologic disease was not associated with
the presence or absence of hepatic fibrosis.

Regarding the association between hepatic fibrosis
and chemical biomarkers, abnormal levels of ALT, gamma-
glutamyl transpeptidase (GGT), and serum albumin was
more frequent in those with hepatic fibrosis. However, no
relationship was revealed between the groups with and
without hepatic fibrosis, in terms of cumulative dosage of
MTX and duration of drug use, as well as initial and weekly
dosages of the drug (Table 2). More interestingly, no as-
sociation was found between the presence and absence of
hepatic fibrosis and grade of steatosis, where mild, mod-
erate, and severe steatosis was found in 18.2%, 18.2%, and
33.3% of cases in the group with fibrosis and 14.7%, 11.8%,
and 23.5% of cases in the group without fibrosis. Regarding
the association between the grade of steatosis and base-

line variables, there was no association between the grade
of steatosis and patients age and height, whereas severe
steatosis was significantly more prevalent in patients with
body weight higher than 100 kg (P = 0.001), in patients with
BMI > 30 kg/m2 (P = 0.007), and also in those with waist
circumference > 120 cm (Table 3). There was no relation-
ship between grade of steatosis and type of rheumatologic
disease. Among laboratory indices, only the prevalence of
abnormal albumin level was associated with the grade of
steatosis. As indicated in Table 4, administrating higher cu-
mulative dosages of MTX (> 5,000 mg) was associated with
higher grades of steatosis (P = 0.03). As shown in Figure
1, no association was found between the grade of steatosis
and severity of hepatic fibrosis.
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Figure 1. Association Between Severity of Fibrosis and Steatosis Grading

The results of the biopsy in patients were graded based
on the Roenigk scoring system, so 3 were graded as I, 1 was
graded as II, and 3 were graded as III. Among those biopsied
patients, steatosis was found in all patients with grade II or
III, while only in one patient with grade I. Also, hepatic fi-
brosis was revealed in all patients with grade II or III, while
it was not found in any of the patients with grade I (Table
5).

5. Discussion

In the present study and by applying FibroScan, the
presence and severity of hepatic fibrosis were assessed in
patients, who were treated with MTX, and no significant
association was shown between the grade of steatosis and
severity of hepatic fibrosis. For the first time and in a
prospective study in 2006, the effectiveness of FibroScan
as a noninvasive diagnostic method for assessing hepatic
fibrosis was assessed in patients with hepatitis C or HIV in-
fection (13). They showed that compared with other non-
invasive methods, FibroScan had reliable and acceptable
results (14-16). Following an initial assessment, a study in
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Table 1. The Association Between Hepatic Fibrosis and Demographic Characteristicsa

Subgroup Characteristics Groupwithout Fibrosis (n =
68)

Groupwith Fibrosis (n = 33) P Value

Age, y

< 20 3 (9.1) 7 (10.3)

NS20 - 40 21 (63.6) 46 (67.6)

> 40 9 (27.3) 15 (22.1)

Height group, cm

< 155 8 (24.2) 17 (25.0)

NS155 - 170 23 (69.7) 43 (63.2)

> 170 2 (6.1) 8 (11.8)

Bodyweight, kg

< 60 3 (9.1) 12 (17.6)

0.01
60 - 80 16 (48.5) 43 (63.2)

80 - 100 11 (33.3) 13 (19.2)

> 100 3 (9.1) 0 (0.0)

BMI, kg/m2

< 25 6 (12.5) 15 (21.9)

NS25 - 29 16 (46.9) 30 (46.9)

≥ 30 14 (40.6) 20 (31.2)

Waist circumference, cm

< 80 3 (9.1) 5 (7.4)

0.05
80 - 99 14 (42.4) 39 (57.4)

100 - 120 10 (30.3) 22 (32.4)

> 120 6 (18.2) 2 (2.8)

Type of disease

Rheumatoid arthritis 31 (94.0) 57 (83.7)

NS
Psoriasis 1 (3.0) 5 (7.4)

Psoriatic arthritis 1 (3.0) 5 (7.4)

Systemic lupus
erythematosus

0 (0.0) 1 (1.5)

Age at diagnosis, y

< 20 3 (9.1) 4 (5.8)

NS20 - 40 13 (39.4) 29 (42.6)

> 40 17 (51.5) 35 (51.6)

aValues are expressed as No. (%).

2006 showed rare hepatic fibrotic involvement in patients
with Crohn’s disease that were treated with high-dose MTX
and it was finally concluded that Fibro Scan technique can
be used for ruling out hepatic fibrosis in these patients (17).
In this regard, it has been recommended that Fibro Scan
should be used only in patients with positive Fibro Scan,
especially in the presence of abnormal liver function test.
As another finding, among baseline variables, only body
weight and waist circumference were associated with hep-
atic fibrosis. In parallel with the current study, in a study by
Laharie et al. (7) in 2006, it was shown that among patients
with hepatic fibrosis, who were treated with methotrex-
ate because of different inflammatory disorders, only 8.5%
had severe hepatic fibrosis. Among baseline characteris-
tics in their study, obesity and alcohol use affected the ap-

pearance of hepatic fibrosis, which was consistent with the
current findings. It seems that among patients’ character-
istics, the use of MTX in combination with obesity could
increase the risk of hepatic fibrosis and steatosis. The re-
searchers also showed no association between the pres-
ence of hepatic fibrosis and steatosis and other variables,
including gender, age, age at diagnosis, as well as the type
of disease that was similar to a recent study on patients
with IBD treated with MTX. Also, the current study could
not demonstrate the effect of drug cumulative dosages and
also the duration of drug use on severity of hepatic fibrosis,
which was similar to the study of Laharie et al. (7). This find-
ing was also confirmed by other similar studies, however,
contrary to the current study, Menter et al. (18) and Curtis
et al. (19) showed a direct association between cumulative
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Table 2. The Association Between Hepatic Fibrosis and How to Use Druga

Characteristics Groupwithout Fibrosis (n = 68) Groupwith Fibrosis (n = 33) P Value

Cumulative dosage,mg

< 2000 16 (23.5) 8 (24.3)

NS2000 - 5000 27 (39.7) 14 (42.4)

> 5000 25 (36.8) 11 (33.3)

Duration of use, y

< 2 5 (7.4) 0 (0.0)

NS2 - 5 14 (20.5) 6 (18.2)

> 5 49 (72.1) 27 (81.8)

Used dosage,mg

2.5 4 (5.9) 3 (9.1)

NS

5 3 (4.4) 2 (6.1)

7.5 19 (27.9) 5 (15.1)

10 26 (38.3) 12 (36.3)

12.5 1 (1.5) 3 (9.1)

15 12 (17.6) 6 (18.2)

17.5 1 (1.5) 0 (0.0)

20 2 (2.9) 2 (6.1)

Initial dosage,mg

0.65 0 (0.0) 1 (3.0)

NS

2.5 5 (7.4) 3 (9.1)

5 6 (8.8) 2 (6.1)

7.5 26 (38.3) 7 (21.2)

10 17 (25.0) 11 (33.3)

12.5 1 (1.5) 0 (0.0)

15 9 (13.2) 7 (21.2)

20 2 (2.9) 2 (6.1)

22.5 2 (2.9) 0 (0.0)

aValues are expressed as No. (%).

dose of MTX and severity of hepatotoxicity.

For determining the association between the level of
hepatic fibrosis and abnormality of laboratory biomark-
ers, the authors also measured the serum biomarkers, si-
multaneously. According to the current findings, among
all study biomarkers, abnormality in ALT, GGT, and serum
albumin was related to fibrosis severity. In other similar
studies, low serum albumin level was associated with fi-
brosis severity and thus it was recommended to use liver
biopsy in patients that received MTX with serum albumin
less than 3 mg/dL (20). In conclusion, it seems that the oc-
currence of liver fibrosis following the use of MTX could
significantly alter liver functional indices, including liver
enzymes. In a similar study on cancer patients, the use
of MTX led to an increase in ALT in 14% and AST in 8%
of patients, although by discontinuing drug use within
1 month, the level of liver enzymes could return to the
normal range (21). In the present study, no association

was revealed between the grade of steatosis and severity
of hepatic fibrosis that was also previously indicated in
some studies (22-26). Overall, it could be concluded that Fi-
broScan is a useful technique for assessing hepatic fibrosis
in patients, who receive MTX. According to the current ob-
servation, the severity of both hepatic fibrosis and steato-
sis could be influenced by obesity, yet may not be affected
by other demographic characteristics as well as by the dose
and duration of MTX use. In contrary to the initial expecta-
tion, the severity of hepatic fibrosis was not related to the
grade of steatosis assessed by FibroScan. In this study, the
duration of MTX use was < 2- > 5. As, continuing the drug
for more than 5 years may cause more liver damage, it is
recommended to study this group separately in the future.

Implication for health policy mak-
ers/practice/research/medical education:

Transient elastography in combination with liver func-
tion tests could be useful tools for assessment of MTX hep-
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Table 3. The Association Between Grading of Steatosis and Demographic Characteristicsa

Subgroup Characteristics S0 (n = 44) S1 (n = 16) S2 (n = 14) S3 (n = 27) P Value

Age, y

< 20 6 (13.6) 1 (6.2) 0 (0.0) 3 (11.1)

NS20 - 40 27 (61.4) 8 (50.0) 11 (78.6) 21 (77.8)

> 40 11 (25.0) 7 (43.8) 3 (21.4) 3 (11.1)

Height, cm

< 155 11 (25.0) 6 (37.5) 4 (28.6) 4 (14.8)

NS155 - 170 29 (65.9) 8 (50.0) 9 (64.3) 20 (74.1)

> 170 4 (9.1) 2 (12.5) 1 (7.1) 3 (11.1)

Bodyweight, kg

< 60 13 (29.5) 0 (0.0) 0 (0.0) 2 (7.4)

0.001
60 - 80 28 (63.6) 13 (81.2) 7 (50.0) 11 (40.7)

80 - 100 3 (6.9) 3 (18.8) 7 (50.0) 11 (40.7)

> 100 0 (0.0) 0 (0.0) 0 (0.0) 33 (11.2)

BMI, kg/m2

< 25 14 (30.9) 2 (12.5) 0 (0.0) 5 (18.5)

0.00725 - 29 23 (52.3) 8 (50.0) 8 (57.1) 7 (25.9)

≥ 30 7 (15.8) 6 (37.5) 6 (42.9) 15 (55.6)

Waist circumference, cm

< 80 8 (18.1) 0 (0.0) 0 (0.0) 0 (0.0)

0.001
80 - 100 31 (70.5) 8 (50.0) 4 (28.6) 10 (37.0)

101 - 120 5 (11.4) 8 (50.0) 9 (64.3) 10 (37.0)

> 120 0 (0.0) 0 (0.0) 1 (7.1) 7 (26.0)

Type of disease

Rheumatoid arthritis 40 (90.9) 15 (93.8) 11 (78.6) 22 (81.5)

NS
Psoriasis 3 (6.8) 0 (0.0) 1 (7.1) 2 (7.4)

Psoriatic arthritis 0 (0.0) 1 (6.2) 2 (14.3) 3 (11.1)

Systemic lupus erythematosus 1 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

Age at diagnosis, y

< 20 5 (11.4) 1 (6.2) 0 (0.0) 1 (3.7)

NS20 - 40 22 (50.0) 2 (12.5) 7 (50.0) 11 (40.7)

> 40 17 (38.6) 13 (81.3) 7 (50.0) 15 (55.6)

aValues are expressed as No. (%).

atotoxicity.

The MTX may cause more significant steatosis and fi-
brosis among the most obese patients (BMI > 30 and waist
circumference > 120 cm).

MTX-induced fibrosis may be unrelated to steatosis.

The severity of MTX-induced hepatic fibrosis is not nec-
essarily related to the duration of treatment and drug cu-
mulative dose.
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Table 4. The Association Between Grading of Steatosis and How to Use the Druga

Subgroups Characteristics S0 (n = 44) S1 (n = 16) S2 (n = 14) S3 (n = 27) P Value

Cumulative dosage,mg

< 2000 9 (20.5) 6 (37.5) 1 (7.1) 8 (29.6)

0.032000 - 5000 19 (43.2) 9 (56.2) 6 (42.9) 7 (25.9)

> 5000 16 (36.3) 1 (6.3) 7 (50.0) 12 (44.5)

Duration of use, y

< 2 2 (4.5) 1 (6.3) 0 (0.0) 2 (7.4)

NS2 - 5 8 (18.2) 5 (31.2) 2 (14.3) 5 (18.5)

> 5 34 (77.3) 10 (62.5) 12 (85.7) 20 (74.1)

Used dosage,mg

2.5 4 (9.1) 2 (12.5) 0 (0.0) 1 (3.7)

NS

5 0 (0.0) 2 (12.5) 1 (7.1) 2 (7.4)

7.5 12 (27.3) 3 (18.8) 4 (28.6) 5 (18.5)

10 19 (43.2) 5 (31.2) 4 (28.6) 10 (37.1)

12.5 2 (4.5) 0 (0.0) 1 (7.1) 1 (3.7)

15 6 (13.5) 4 (25.0) 3 (21.5) 5 (18.5)

17.5 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.7)

20 1 (2.3) 0 (0.0) 1 (7.1) 2 (7.4)

Initial dosage,mg

0.65 1 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

NS

2.5 3 (6.8) 2 (12.5) 0 (0.0) 3 (11.1)

5 1 (2.3) 5 (31.2) 1 (7.1) 1 (3.7)

7.5 22 (50.1) 3 (18.8) 2 (14.4) 6 (22.3)

10 10 (22.6) 5 (31.2) 3 (21.4) 10 (37.0)

12.5 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.7)

15 5 (11.3) (3/6) 1 (9/42) 6 4 (14.8)

20 1 (2.3) 0 (0.0) 1 (7.1) 2 (7.4)

22.5 1 (2.3) 0 (0.0) 1 (7.1) 0 (0.0)

aValues are expressed as No. (%).

Table 5. Finding of Fibrosis and Steatosis in Biopsy and Scan According to the Roenigk Grading System

Patient Roenigk Grading Steatosis in Biopsy Steatosis in Scan Fibrosis in Biopsy Fibrosis Grade in Scan

1 Grade III + S3 + F2-F3

2 Grade III + S0 + F3-F4

3 Grade III + S1 + F2

4 Grade II + S3 + F3-F4

5 Grade I + S2 - F4

6 Grade I - S0 - F2-F3

7 Grade I - S0 - F2-F3
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