
in the United States, and in Europe they
were the cause of 10% of all hospitalizations
for hepatitis in the 19804.

Steatohepatitis is a rare form of ADR, and
fewer than 2% of all cases of non-alcoholic
steatohepatitis (NASH) are attributed to
drugs1,5. Proof of the causative role of a drug
or foreign compound in the development of
steatohepatitis requires demonstration of a
close temporal relationship between disease
onset and drug ingestion, as well as the ab-
sence of liver disease before drug ingestion
and recovery after drug withdrawal. Many of
the reported associations between drugs and
NASH are based on tenuous temporal rela-
tionships, and re-challenge data are rare; in
some cases, the role of the drug is rendered
additionally problematic by a high prevalence
of NASH in the background population6. 

In general, drug-induced steatohepatitis
bears a closer resemblance to alcoholic liver
disease than it does to the NASH associated
with diabetes and the insulin resistance syn-
drome. Progression from fibrosis to cirrhosis
can occur much more rapidly, within the
space of weeks or months, whereas cirrhosis
is extremely rare in NASH-NAFLD patients
and when it does occur it develops slowly
over decades7.

The drugs known to provoke steatosis and
steatohepatitis can be divided into three basic
groups:

1. Drugs that can cause steatosis and
steatohepatitis independently. These
agents share a well characterized mecha-
nism of hepatotoxicity. Examples include
amiodarone, perhexiline maleate, and
diethylaminoethoxyhexestrol.

2. Drugs that can precipitate latent forms
of NASH. An example is tamoxifen, the
non-steroidal drug used as an adjuvant
in the treatment of breast cancer8.
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Abstract. – Drug-induced liver diseases
(DILD) are clinico-pathologic patterns of liver
injury caused by drugs or other foreign com-
pounds. Steatohepatitis is a rare form of DILD,
and drugs account for fewer than 2% of non-al-
coholic steatohepatitis (NASH). Drugs known to
be capable of inducing steatosis and steato-
hepatitis can be divided into three broad
groups: those that cause steatosis and steato-
hepatitis independently (e.g., amiodarone, per-
hexiline maleate); drugs which can precipitate
latent NASH (e.g., tamoxifen); drugs which in-
duce sporadic events of steatosis/steatohepati-
tis (e.g., carbamazepine). Clinical DILD syn-
dromes include acute viral hepatitis-like injury,
acute liver failure, cholestatic hepatitis, liver
disease with signs of hypersensitivity, autoim-
mune hepatitis-like injury, acute venous-out-
flow obstruction, chronic cholestasis, cirrho-
sis, steatosis and steatohepatitis. The clinical
picture is by no means dependent on the mech-
anism of injury (direct hepatotoxicity, idiosyn-
cratic reactions, hypersensitivity reactions).
Reliable diagnosis of drug-induced liver dis-
ease requires demonstration of close correla-
tion between the patient history and clinical,
laboratory, and histological data.
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Introduction

Drug-induced liver diseases (DILD) are
clinic-pathologic patterns of liver injury
caused by drugs or other foreign com-
pounds1,2. Their true incidence is unknown,
but it has been estimated that, in the United
States, severe adverse drug reactions (ADR)
are responsible for close to 5% of all hospital
admissions, and they are ranked from fourth
to sixth among the leading causes of death3.
In the 1970s, ADR were responsible for 2%
to 5% of the hospital admissions for jaundice

European Review for Medical and Pharmacological Sciences 2005; 9: 261-263

Fatty liver and drugs

A. GRIECO, A. FORGIONE, L. MIELE, V. VERO, A.V. GRECO,
A. GASBARRINI, G. GASBARRINI 

Department of Internal Medicine, Catholic Untiversity of the Sacred Heart – Rome (Italy)



262

3. Drugs that provoke sporadic cases of
steatosis/steatohepatitis without any sub-
stantial pathological evidence of the
mechanism of liver injury involved. For
example, we recently observed a case of
NASH that was associated with chronic
use of of carbamazepine9.

Pathogenesis

As noted above, drug-induced steatosis
and steatohepatitis share many features with
alcoholic liver disease, including the presence
of significant inflammatory-cell infiltration
with ballooning degeneration and the pres-
ence of Mallory bodies. Fat accumulates in
parenchymal liver cells as a result of abnor-
mal fatty acid metabolism, increased delivery
of free fatty acids to the liver, increased mito-
chondrial synthesis of fatty acids, or impaired
secretion of lipoproteins.

Several commonly used drugs can damage
liver-cell mitochondrial function by interfer-
ing with fatty acid metabolism and mitochon-
drial respiration. High blood levels of some
drugs can directly inhibit respiratory-chain
enzymes (including those involved in beta-
oxidation of fatty acids). The results are a de-
creased proton gradient, reduced cellular
ATP, and depletion of NADH, which exerts
an additional negative effect on beta-oxida-
tion10. Excessive mitochondrial generation of
reactive oxygen species (ROS) can easily pro-
voke fat deposition with the formation of
lipid peroxides, which can further impair res-
piratory chain enzyme activity and mem-
brane transport capacity. 

Free radicals or reactive oxygen species
generated in tissues are effectively scavenged
by the antioxidant defense system, which in-
cludes antioxidant enzymes, such as glu-
tathione peroxidase, glutathione reductase,
superoxide dismutase, and catalase. When
the activity of this defense system decreases
or when ROS production increases, oxidative
stress may occur11. Lipid peroxidation can
cause hepatocyte death directly, by provoke
ballooning degeneration and necrosis, or in-
directly, through the generation of malondi-
aldehyde and 4-hydroxynonenal. The latter
compounds are in fact both capable of cross-
linking structural proteins in the hepatocytes.

They are also potent chemoattractants of
polymorphonuclear cells and hepatic stellate-
cell stimulators12. 

Other studies have implicated the peroxi-
some proliferator-activated receptor-α, a lig-
and-dependent transcription factor that mod-
ulates both the microsomal and peroxisomal
pathways of lipid oxidation and is involved in
intracellular fatty-acid disposal. Peroxisomes
contribute to the beta-oxidation of very long-
chain fatty acids by increasing production of
the free oxygen radical H2O2

7,13. We recently
observed a case of massive steatosis following
use of mefloquine, in which the injury
seemed to be the result of a toxic effect on
peroxisome activity14. 

Each of these cascades of events may be
sufficient to trigger the development of drug-
induced steatohepatitis, but the actual risk al-
so depends on nutritional, genetic, and envi-
ronmental factors. 

Two of the drugs that have been most fre-
quently associated with fatty liver or steato-
hepatitis are amiodarone and tamoxifen.

Amiodarone
Amiodarone is a highly effective drug for

the treatment and prevention of atrial and
ventricular arrhythmias, but it is known to
produce both thyroid and hepatic side ef-
fects. It is a well characterized hepatic mito-
chondrial toxin, which inhibits enzyme com-
plexes in the electron transport chain, im-
pairs β-oxidation, and uncouples oxidative
phosphorylation. Asymptomatic elevation of
serum transaminases, associated in some cas-
es with mild cholestasis, is observed in 4-80%
of patients treated with amiodarone15. (The
wide variability of these figures is related to
the clinical characteristics of the series being
analyzed).

In contrast, symptomatic amiodarone he-
patoxicity develops in only 1-3% of all pa-
tients who use the drug. It can be quite se-
vere, leading to acute hepatitis; chronic treat-
ment can lead to the development of chronic
liver disease with severe fibrosis and
cirrhosis16. 

Liver histology reveals steatohepatitis re-
sembling alcohol hepatitis, characterized by
Mallory bodies, ballooning degeneration, and
inflammatory PMN infiltrates. Cases of mi-
crovesicular steatosis have also been
reported17. The liver injury usually regresses
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when the drug is discontinued, but full recov-
ery may take weeks or months due to the
drug’s long terminal half-life18.

Tamoxifen
Tamoxifen is a non-steroidal antiestro-

genic drug that is being used worldwide as
adjuvant/palliative therapy for women with
breast cancer. It is well known that the drug
can cause hepatic steatosis but steatohepati-
tis is much more rare. Mild elevations of
serum transaminases are commonly ob-
served with rapid recovery after drug dis-
continuation19.

Again, the pathological picture generally
resembles that of alcoholic hepatitis, but fi-
brosis or cirrhosis has also been reported20.

A recent study has shown that tamoxifen
causes steatohepatitis in a substantial per-
centage of cancer patients with pre-existing
liver steatosis, particularly those with higher
BMIs and high glucose and lipid levels at
baseline.

The risk for potential progressive steato-
hepatitis associated with chronic use of ta-
moxifen must naturally be weighed against its
beneficial effect for the woman with breast
cancer. In any case, improved metabolic con-
trol can ameliorate the fatty liver disease
caused by this drug, as demonstrated by a re-
cent study on fibrate therapy21.

In conclusion, reliable diagnosis of drug-in-
duced liver disease requires demonstration of
close correlation between the patient history
and clinical, laboratory, and histological data
(if a biopsy has been performed). This is par-
ticularly true in a patient who already has fat-
ty liver at the time of the ADR.
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