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Cardiovascular disease remains the leading cause of death in the United States and Europe
based on American Heart Association and British Heart Foundation data.1,2 Hyperlipidemia
is one of the major risk factors and its treatment has come to the forefront of primary and
subspecialty care as a preventative strategy against cardiovascular morbidity and mortality.1
The newest Adult Treatment Panel guidelines of the National Cholesterol Education Program
(ATP III) identifies the optimal LDL lower than previous reports and recommends even more
aggressive management in patients with a coronary heart disease risk equivalent.3 Despite their
widespread use, clinically significant hepatic injury caused by lipid-lowering medications
remains rare.4-6 The anti-hyperlipidemic drug with the highest potential for hepatic injury is
the sustained-release formulation of niacin4. HMG CoA reductase inhibitors, otherwise known
as statins, very rarely cause clinically significant liver injury, although asymptomatic elevation
in aminotransferases is common.4 The notion that ezetimibe may have less risk of
hepatotoxicity has recently been challenged and it may not be a “safe alternative” to statins in
patients with pre-existing liver disease.7

The pattern of liver injury from anti-hyperlipidemics is typically hepatocellular or mixed in
nature with rare instances of pure cholestatic picture.4,5 The proposed mechanisms of
hepatotoxicity are varied depending on the drug or drug class, and include effects on the
cytochrome P450 system, impairment of bile acid transport proteins, immune-mediated
inflammatory response to the medication or its metabolites, immune-mediated apoptosis by
tumor necrosis factor, and oxidative stress due to intracellular damage.6 Figure 1 provides the
chemical structures of commonly prescribed lipid-lowering medications with known
hepatotoxicity, and Table 1 provides a concise overview of patterns of hepatotoxicity and
recovery, as well as hepatotoxicity potential.

HMG CoA reductase inhibitors (Statins)
Statins competitively inhibit 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA) reductase,
an enzyme necessary for cholesterol biosysnthesis; they also act in several ways to decrease
the level of low density lipoprotein (LDL) and increase the stability of atherosclerotic plaques.
8,9 These medications are very effective is reducing cardiovascular mortality and are widely
prescribed.8 More than 145 million prescriptions were written for statins in the U.S. in 2005
and more than 10,000 prescriptions were written for lovastatin, the first generic statin available
in the United States (40% increase from the year before).10 The use of these drugs is likely to
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increase, given their effectiveness and relative safety, especially if any of them were to become
available over-the-counter.

Although liver toxicity has been a concern since their initial introduction, several clinical trials
have shown that statins are safe to use for the prevention of coronary disease and death, even
in the setting of chronic liver deasease.11 Irreversible liver damage leading to death or liver
transplantation appears to be extremely uncommon with statins.11 In fact, the incidence of
liver enzyme elevations in the statin-treated population has not been consistently different than
in placebo-treated patients.9,11-14 Concern surrounding the safety of this class of medications
significantly increased in 2001 after the withdrawal of cerivastatin from the market due to the
high incidence of rhabdomyolysis in patients taking the drug.15 Since that time, new drug
applications for statin medications have been closely scrutinized.15 Rosuvastatin required a
greater number of patients in the initial studies as well as more extensive post-marketing data.
15 However, this was mostly due to concern over myotoxicity and renal toxicity rather than
hepatotoxicity.

Initial studies of statins performed on animals revealed that very high doses of statins may
cause hepatotoxicity, but typical therapeutic doses of the drug were not associated with
significant liver injury.16,17 High doses of lovastatin caused significant hepatocellular
necrosis in rabbits.16 This pattern of injury was also seen in a guinea pig model exposed to
high doses of simvastatin.17 However, hepatocellular necrosis from statins is exceptionally
rare in humans. Asymptomatic elevations in aminotransferases are common from statins but
they do not necessarily indicate hepatic damage, especially when seen in the setting of normal
bilirubin levels. The degree of elevation in transaminases does not, however, reflect the amount,
or even the presence, of liver injury18. The increase in transaminases is a dose-related
phenomenon, with higher doses leading to greater frequency of aminotransferase elevations.
18

Atorvastatin
Atorvastatin-related hepatotoxicity has been associated with a mixed pattern of liver injury
typically occurring several months after the initiation of the medication.19-22 There has also
been a recent case report of underlying autoimmune hepatitis apparently revealed by
atorvastatin.23 After broad experience with this medication (hundreds of thousands of treated
patients), significantly increased transaminase levels greater than 3 times the upper limit of
normal were only seen in 0.7% of cases.19

One case report described hepatocellular and cholestatic injury that occurred 12 weeks after
the initiation of drug therapy that resolved within 2 months after discontinuation of the drug.
20 Liver histology in this case revealed portal inflammation with presence of eosinophils in
addition to mild piecemeal necrosis. This case did not show any evidence of cross-reactivity
across drug class as simvastatin was subsequently introduced without recurrence of liver injury.
Few other case reports described acute cholestatic hepatitis attributed to the use of atorvastatin.
19-22 These cases appear to be associated with advanced age or chronic illnesses. For example,
cholestatic hepatitis has been reported in a young woman with systemic lupus erythematosus.
19 Immediate improvement in liver function studies and jaundice was seen with cessation of
therapy with their normalization within a month. Two case reports have described cholestatic
injury in patients over the age of 70.21,22 Both cases exhibited rapid improvement with
cessation of the drug and recurrence of hepatitis with re-initiation of therapy.

Lovastatin
Mixed hepatic injury in hepatocellular and cholestatic patterns has also been noted with the
use of lovastatin.24 Elevations in hepatic enzyme levels are dose-related and resolve with
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discontinuation of therapy.13,24,25 Although mild elevations in hepatic enzymes (ALT <3
times the upper limit of normal) have been shown to occur in up to 5% of patients on higher
doses of therapy (80mg per day), reversal of liver enzyme levels has occurred spontaneously
even with continuation of the medication.13 As with other statin medications, clinically
significant disease, in the rare cases when it occurs, is seen within several months of the
initiation of the drug and resolves within 2 months after discontinuation.24,25 One reported
case in which a liver biopsy was done revealed histologic findings of centrilobular necrosis
and cholestasis with a mixed inflammatory infiltrate.24 Based on 232 cases of acute liver injury
potentially associated with lovastatin, it was estimated the risk of fulminant liver failure
attributable to lovastatin was 2 in one million patients against a background of one in a million
in the general population.13,14

Simvastatin
Simvastatin hepatotoxicity is hypothesized to occur due to drug-drug interactions.26,27 There
have been several case reports involving amiodarone; this is of potential importance because
these medications are often used together in the same patient with known cardiovascular
disease.26 There have also been case reports describing hepatotoxicity when simvastatin is
used in conjunction with flutamide, troglitazone, and diltiazem.27-29 The addition of diltiazem
likely caused a significant increase in serum simvastatin level due to the inhibition of CYP3A4
caused by diltiazem.27 Troglitazone (no longer commercially available) is an inducer of
CYP3A4 and, thus, hepatotoxicity cannot be attributed to potentiation of simvastatin in this
case.28 Additionally, troglitazone itself is known to be hepatotoxic. As with other statin
medications, mixed injury is seen at least as often as hepatocellular injury.28,29 Recovery
within weeks to a few months of discontinuation of the drug is the general rule although a much
longer course of recovery is sometimes seen.26-29

Pravastatin, Rosuvastatin, and Fluvastatin
Pravastatin has been reported to cause acute intrahepatic cholestasis.30 In this case, liver
toxicity occurred within 2 months after initiating the drug and it resolved within 2 months after
its discontinuation.30 Although never studied rigorously, there is a perception that pravastatin
is less hepatotoxic than other statins. This has been attributed to its non-CYP based metabolism
and its hydrophilic nature.31, 32

Rosuvastatin is the newest approved drug in this class and extensive clinical experience is
lacking, although it has been the most carefully scrutinized statin to date as noted above33.
Rosuvastatin has been shown to trigger an autoimmune-type hepatitis similar to atorvastatin.
33 A case report published in 2005 noted a mixed pattern of liver injury and delayed recovery
(>6 months before the hepatic enzyme normalization).33 Fluvastatin, as opposed to many other
statins, is metabolized by cytochrome P450 2C9 instead of CYP3A4.31 The incidence of
elevations in hepatic biochemistries is similar to the class as a whole although initial studies
revealed a lower rate of hepatic enzyme elevation in the control population.31

Clinically significant hepatotoxicity caused by statins remains extremely rare although, as a
class, asymptomatic elevations in transaminases less than three times the upper limit of normal
(ULN) are common.34,35 There is a < 3% incidence of ALT = 3 times ULN associated with
the use of statins and a minor increase in incidence is seen related to dose (Table 2). 34,35
There have been rare reports of significantly higher levels of transaminases, however, even
these cases were not associated with clinical or histological evidence of liver dysfunction.36
Statins have no signature biochemical or histologic pattern for liver injury in patients who have
actually developed liver toxicity. Hepatocellular, cholestatic, and mixed patterns of liver injury
have all been reported in the literature (Table 3).4,5,13,14,37 A few case reports have noted
an autoimmune-type reaction attributed to, or unmasked by, the use of statins.23,38,39 The
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risk of fulminant liver failure remains extremely low; Merck's World-wide Adverse Event
Database (WAES) estimated the risk of fulminant liver failure attributable to lovastatin was 2
in one million patients based on 232 cases of acute liver injury potentially associated with
lovastatin.13,14 Of the few cases of actual hepatotoxicity from statins, liver biopsy data show
chronic inflammation of the portal tracts with mild piecemeal necrosis and, on rare occasion,
mild focal periportal fibrosis.13

Asymptomatic elevation in transaminases associated with statin use should not be considered
as ongoing liver disease or injury. Increased aminotransferases have been theorized to represent
a pharmacodynamic effect of lipid lowering, although the mechanism of the elevation remains
unknown.14 There has been some suggestion that the elevation in AST (and, to a lesser extent,
ALT) levels may result from muscle cell damage.14 Clinically significant liver injury may
result from idiosyncratic mechanisms or the immunoallergic mechanisms noted above.5,37
There does seem to be a class effect with some evidence of cross-toxicity.5 Similar to other
classes of medications, the statins have been linked to various tumors in rodents models that
have not been noted in humans.40,41 However, the Scandinavian Simvastatin Survival Study
(4S) reported no difference in cancer incidence between those on simvastatin and the placebo
groups over a 10-year follow-up period.42 Furthermore, a previously published meta-analysis
of five large clinical trials demonstrated no association between statin use and the risk of cancer
over a 5-year period.40

The current recommendation to monitor liver function tests before and during statin therapy
is controversial due to the lack of evidence-based supporting data, with some experts in the
field calling for its reexamination.8,16,43 The existing guidelines state that liver enzymes
should be checked before starting statin therapy and periodically evaluated thereafter.8 The
package inserts continue to state that liver function tests should be assessed before and 12
weeks after initiating therapy with statins and also after each dose escalation. However, the
Statin Safety Task Force Meeting conducted by the National Lipid Association (2005) has
argued against routine monitoring of liver biochemistries before starting or during treatment
with statins (Table 4).9

Niacin
Niacin, or nicotinic acid, is used primarily to increase HDL through a mechanism that is not
entirely clear. A reduction in LDL is also seen and apparently occurs due to an inhibition of
hepatic VLDL and triglyceride secretion and thus a reduction in the substrate needed to make
LDL particles.46 The sustained-released (SR) preparation is easily available over-the-counter
and may be used by patients seeking a perceived naturopathic solution to their high cholesterol
or by patients seeking a cheaper option to treat themselves. Patients may possibly be using
potentially toxic doses without the prior knowledge of their physicians. It is this unsupervised
use of the SR formulation that often leads to the dose-related toxicity of niacin and should be
discouraged.4,47-49 The onset of hepatotoxicity generally appears anywhere from 1 week to
48 months after the initiation of the drug and usually subsides with discontinuation.50-52
Recovery is usually seen in 1-2 months.48,50 Fulminant hepatic failure has been reported but
is very rare.51,53,54 Combination therapy with statins does not increase the incidence of
adverse effects of either medication.55

The typical pattern of injury involves an elevation in aminotransferase levels although a mixed
pattern of hepatocellular and cholestatic injury can be seen.48,56 Histologic findings most
often consist of liver necrosis to various degrees and in varying patterns, however centrilobular
cholestasis and steatosis simulating the radiographic appearance of hepatobiliary neoplasia has
been seen. A history of nausea and vomiting as well as sign and symptoms of acute liver failure
provide clinical clues to niacin toxicity.59,60 Other clinical indicators of niacin hepatotoxicity
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include a sharp reduction of serum lipid levels preceding the liver injury as well as a
presentation similar to acute abdomen with a cholestatic pattern of liver disease in the setting
of fatty infiltration of the liver.59,61

Almost any formulation of niacin can cause hepatotoxicity in doses that exceed 2-3 grams per
day, but the sustained-release (SR) formulation is significantly more hepatotoxic.62,63 The
immediate-release (IR) formulations of niacin in usual therapeutic doses almost never cause
serious liver injury.64,65 The over-the-counter SR formulation of the drug is not FDA
approved for the treatment of dyslipidemia but still available to patients for this purpose as a
supplement or “neutraceutical”. Half of the patients that take niacin SR develop a symptomatic
elevation in transaminases.49,64,66

The hepatotoxicity of niacin is related to drug metabolism by a high-affinity, low-capacity
amidation pathway that leads to toxic nicotinomide and pyrimidine metabolites; thus, the
slower released SR formulation can lead to higher levels of toxic metabolites (Table 5).64,
65,67 The alternative metabolic pathway is a low-affinity, high-capacity conjugation pathway
that leads to prostaglandin-mediated vasodilation and subsequent cutaneous flushing.64,65,
67 The rapidly-released IR formulation overwhelms the higher affinity amidation pathway and
the majority is metabolized using the high-capacity conjugation pathway, leading to a much
lower rate of hepatotoxicity.67 Extended-release (ER) niacin has an intermediate rate of
dissolution and can be associated with both flushing and hepatotoxicity64.

Fibrates
Several studies have linked clofibrate and gemfibrozil to hepatomegaly, hepatocyte apoptosis,
and hepatocarcinogenesis in rodent models.68-70 This increased cancer risk has not, however,
been seen in humans, nor has the hepatomegaly or apoptosis.71 There is a case report in the
Spanish literature of gemfibrozil leading to cholestatic hepatitis and still other rare reports of
hepatocellular injury.71-75 Fenofibrate may very rarely instigate an autoimmune hepatitis-
type reaction with resultant ductopenia, chronic hepatitis, and fibrosis, especially when used
in combination with statin medications.71,76

Ezetimibe
Ezetimibe lowers cholesterol by inhibiting its intestinal absorption at the brush border of the
small intestine.77 This medication does not induce or inhibit enzyme systems in the liver but
undergoes enterohepatic circulation and is exposed to the liver and bile.7 Therefore, although
there is limited systemic exposure to ezetimibe, it is not solely limited to the lumen and is, in
fact, a systemic drug. Much of the previous data about the hepatotoxicity of ezetimibe came
from the manufacturer's pre-release clinical trials. Ezetimibe was shown to be generally well
tolerated with an incidence of adverse events similar to placebo.78 Recent studies, however,
have noted that ezetimibe may rarely cause hepatotoxicity in the form of severe cholestatic
hepatitis and acute autoimmune hepatitis.7 The mechanism of toxicity may be related to the
metabolism of the drug; it is rapidly absorbed and glucuronidated, yielding an active metabolite
and there is significant enterohepatic recirculation.77 The frequency of increased
transaminases was noted to be slightly higher in patients receiving ezetimibe administered with
HMG-CoA reductase inhibitors than in patients treated with HMG-CoA reductase inhibitors
alone but whether this will translate into a higher rate of toxicity remains to be seen.78-81

Bile acid-binding resins
Bile acid-binding resins indirectly lower cholesterol by up-regulating the conversion of
cholesterol into bile acids in the hepatocytes.82 These agents bind bile acids in the intestine
which causes a subsequent reduction in the enterohepatic recirculation of bile acids.82-84
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Furthermore, the decrease in intrahepatic cholesterol causes an up-regulation of LDL receptor
expression.82 Drugs in this class are mostly noted to be safe for the liver and cholestyramine
has actually been noted to be hepatoprotective.82,85 There is a case report of hepatotoxicity
from colestipol.83 The patient in this report developed asymptomatic elevation in his
transaminases to ten times the upper limit of normal. The hepatocellular injury occurred three
months after the initiation of the drug and resolved within four weeks of discontinuation of the
medication. Re-challenge was not attempted in this case. The exact mechanism of the
hepatotoxicity of bile acid-binding resins is unknown.85

CETP (cholesteryl ester transfer protein) inhibitors
Trials were underway to evaluate the first drug in this class, but were cut short due to an increase
in mortality of patients taking a combination of the first drug in this class, torcetrapib, with
atorvastatin.86-88 Torcetrapib binds to CETP and blocks the transfer of lipids and
phospholipids from HDL to other lipoproteins.89 Since it has been established that low high-
density lipoprotein (HDL) cholesterol is as powerful a predictor for coronary heart disease
(CHD) as is elevated low-density lipoprotein (LDL) cholesterol, this medication was highly
anticipated, especially as a complementary medication to the statins. Indeed, initial studies
revealed that the combination of atorvastatin and torcetrapib yielded striking improvements in
the cholesterol profiles of study subjects and combination therapy appeared safe and well
tolerated in initial studies.86,87 Unfortunately, the phase 3 trial was suspended due to a
significant increase in mortality in patients receiving the combination compared to those
receiving atorvastatin alone.88,90 Increased rates of hypertension are suspected to be involved
and had previously been reported in patients randomized to torcetrapib, although it is unknown
whether this effect definitively led to the mortality findings.88,90 Little is known about the
potential hepatotoxicity of this class of medications at this time.

Use of lipid lowering medications in patients with pre-existing liver disease
As current recommendations state that statins should not be used in patients with active liver
disease, practicing physicians typically avoid statins in patients with elevated liver enzymes.
However, this is problematic because hyperlipidemic patients have a significant prevalence of
underlying nonalcoholic fatty liver disease. Patients with nonalcoholic fatty liver disease would
tremendously benefit from statins due to their heightened risk of cardiovascular disease.43,
91

Several recent studies examined if patients with underlying liver disease are increased risk for
statin hepatotoxicity.91-96 In one study, the incidence of statin hepatotoxicity over a 6-month
period in 342 hyperlipidemic patients with elevated liver enzymes who received statins was
compared to 1437 hyperlipidemic patients with normal aminotransferases who received statins
(statin controls) and 2245 patients with elevated liver enzymes who did not receive statins
(liver disease controls).92 Elevations in liver biochemistries during a 6-month follow-up were
categorized into mild-moderate or severe based on predefined criteria. Compared to statin
controls, patients with elevated liver enzymes had higher incidence of mild-moderate
elevations (4.7% vs. 1.9%, p=0.002) but not severe elevations (0.6% vs. 0.2%, p=ns).92
However, patients with elevated liver enzymes who received statins did not show higher
incidence of mild-moderate elevations (4.7% vs 6.4%, p=ns) or severe elevations (0.6% vs.
0.4%, p=ns) than the liver disease controls who did not receive statins.92 These data point out
that some individuals with elevated baseline liver enzymes have increases in their liver
biochemistries, whether or not they receive statins. As most patients in this study received
either atorvastatin or simvastatin, in a subsequent study of similar design, the same group
examined if patients with elevated liver enzymes were more likely to have hepatotoxicity from
lovastatin (first generation statin) than those with normal liver enzymes.25 This study also
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showed that hyperlipidemic individuals with elevated baseline liver enzymes did not have
higher frequency of lovastatin hepatotoxicity than those with normal liver enzymes, as defined
biochemically.25 More recently, investigators from the Palo Alto Veterans Administration
Medical Center have shown that patients with chronic hepatitis C are not at higher risk for
statin hepatotoxicity in comparison to hyperlipidemic patients with no hepatitis C.93 Similarly,
a recent report from Dallas showed that statin use was not associated with hepatic steatosis or
ALT levels in patients participating in the Dallas Heart Study.94 A recent randomized
controlled study showed that pravastatin given at 80 mg/day dose is safe in patients with
compensated chronic liver disease.95

Emerging data suggest that statins are actually of benefit in patients with underlying liver
disease.96 A retrospective cohort study conducted on adult members of the Northern California
Kaiser Permanente Medical Care Program also suggested that lovastatin may be beneficial in
patients with pre-existing liver disease.95 In this study, 13,492 patients with lovastatin
exposure had better clinical outcomes with no evidence of increased hepatotoxicity when
compared to 79,628 patients without lovastatin exposure.96

Based on all these data, it is reasonable to conclude that patients with chronic liver disease and
compensated cirrhosis should not be precluded from receiving statins to treat their
hyperlipidemia. Although not specifically studied, it is our opinion that that these observations
can be cautiously extended to other lipid lowering agents (e.g., fibrates and niacin). The Statin
Safety Task Force of the National Lipid Association recently recommended that chronic liver
disease or compensated cirrhosis should not be considered as a contraindication for statins
(Table 4).9

Conclusion
Cardiovascular disease is the leading cause of death is the Western World and, therefore, the
effort to reduce cardiovascular risk factors, including hyperlipidemia, has led to the increased
use of lipid lowering agents. However, hyperlipidemic patients often have underlying fatty
liver disease and thus may have elevated and fluctuating liver biochemistries. Therefore,
caution should be applied before attributing elevated liver tests to lipid lowering agents.

Although the statins are the most publicized lipid-lowering medications in the arena of drug-
induced liver injury, their potential to cause clinically significant liver injury is quite minimal.
Sustained-release niacin, in fact, is the only drug in this category that causes clinically
significant hepatotoxicity. Ezetimibe has recently been viewed as a safe alternative to statin
therapy in the setting of pre-existing liver disease; however, recent evidence calls this belief
into question. There has been a widespread perception that statins are deleterious for patients
with underlying chronic liver disease. However, several recent studies and expert opinion
currently fully endorse statin use in patients with nonalcoholic fatty liver disease and other
chronic liver disease if clinically indicated.
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Figure 1. Chemical structures of commonly prescribed lipid-lowering medications with known
hepatotoxicity
Chemical structure of commonly available lipid lowering agents (Statins, Fibrates, Ezetimibe,
and niacin)
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Table 2
Rates of aminotransferase elevation and drug discontinuation for available statins

Statin Number of prescriptions
written in 2004 (in millions)

Incidence of AST or ALT level
> 3 times ULN Rate of discontinuation

atorvastatin 62.5 0-0.7% n/a
fluvastatin 1.9 1.2% 0.6%
lovastatin 7.4 0.6% 0.2%
pravastatin 12.0 1.3% 0.1%
rosuvastatin 6.3 0% 0%
simvastatin 23.8 1.8% 0.5%
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Table 3
Types of liver injury associated with statin use

Frequency Comment

Asymptomatic elevations in
aminotransferases

0.1-3% dose dependent; class effect; clinically not significant

Clinically significant acute liver injury very rare may be seen in combination with other medications, e.g. ezetimibe
Fulminant hepatic failure extremely rare (isolated

case reports)
it was estimated that risk of fulminant liver failure is 2 in one
million

Autoimmune hepatitis case reports statins may induce AIH in genetically susceptible individuals
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Table 4
Summary of Recommendations of the Liver Expert Panel to the National Lipid Association on Statin Safety

• Asymptomatic increases in aminotransferases are a class effect of statins and they do not indicate liver dysfunction

• Liver failure causing death or hospitalization or requiring liver transplantation is very rare from statins

• Current evidence does not support routine monitoring of liver enzyme levels and liver biochemistries in patients receiving statins

• Presence of chronic liver disease and Child's A cirrhosis should not be considered a contraindication for statin use

• Current evidence supports the use of statins to treat hyperlipidemia in patients with nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis

Reproduced from reference 11 with permission
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Table 5
Pathways and potential of niacin toxicity by formulation

Formulation Primary metabolic pathway
Toxic metabolites
produced or toxic
process initiated

Toxicity potential

hepatotoxicity cutaneous flushing

immediate release (IR) conjugation prostaglandins extremely low high

extended release (ER) conjugation > amidation
prostaglandins >
nicotinomide &

pyrimidine
metabolites

low low

sustained release (SR) amidation
nicotinomide &

pyrimidine
metabolites

high very low
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