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with alcohol and hepatitis C, Is the most common cause of
chronic liver disease in the United States. Weight reduction and
exercise are the mainstays of treatment for nonalcoholic fatty liver
disease. but there are promising results with the new thiazo~

Iidinediones (pioglltalone. and rosiglltalone) as well as metformin
and 3whydroxy~3Nmethylglutaryl coenzyme A Inhibitors.

Diabetes mellitus is the fifth leading cause of death in the United
States; 17 million people are affected. Liver disease is onc of the
leading causes of death in persons with type 2 diabetes. The
standardized mortality rate for death from liver disease is greater
than that for cardiovascular disease. The spectrum of liver disease
in type 2 diabetes ranges from nonalcoholic fatly liver disease to
cirrhosis and hepatocellular carcinoma. The incidence of hepatitis
C and acute liver failure Is also Increased. Nonalcoholic fatty liver
disease is now considered part of the metabolic syndrome, and,
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Diabetes mellitus is the fifth leading cause of death in
the United States; an estimated 17 million people are

affected (1). Of these, 90% have type 2 diabetes. Many,
however, are unaware that they have the disease, and thus
the number of people actually affected is probably much
greater (2).

Only recently has liver disease been recognized as a
major complication of type 2 diabetes. The standardized
morra!ity ratio (that is, the rdative risk compared to the
background population) for death due to cirrhosis is
greater than for cardiovascular disease (3). In this review,
we discuss the spectrum of liver disease in type 2 diabetes,
including nonalcoholic fatty liver disease, cirrhosis, hepa
tocellular carcinoma, hepatitis C, acute liver failure, and
cholelithiasis. In addition, we review the metabolic effects
of type 2 diabetes on the liver, the hepatotoxicity of anti
hyperglycemic medications, and the treatment of diabetes
in patients with liver disease.

METHODS

We searched MEDLINE for the primary literature us
ing Medical Subject Heading and free~text terms. The
search also included the bibliographies of each citation for
relevant articles. When full-text articles were unavailable,
we included abstracts in the search. The U.S. Food and
Drug Administration (FDA) Web sire was also searched for
reports of hepatotoxicity.

THE METABOLIC EFFECTS OF TYPE 2 DIABETES ON

THE liVER

Carbohydrate and lipid metabolism are affected by the
insulin resistance and relative insulin deficiency in type 2
diabetes. Insulin resisrance decreases glucose uptake in skel
etal muscle and increases adipocyte lipolysis. The lipolysis
results in increased circulating plasma free fatty adds,
which, in turn, may lead to more insulin resistance. In
effect, a vicious cycle is started. Alternatively, the elevated
plasma free fatty acids, which occur secondary to obesity,
may induce peripheral insulin resistance. Whatever the
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mechanism, the net effect is increased storage of fat in the
liver (Figure 1).

Carbohydrate Metabolism
The elevated plasma free fatty acid level resulting from

insulin resistance negatively affects glucose homeostasis by
increasing hepatic glucose production and decreasing pe~

ripheral clearance (4, 5). Under physiologic conditions,
compensatory hyperinsulinemia ·would suppress hepatic
gluconeogenesis and glycogenolysis, thus restoring glucose
homeostasis. Patients with type 2 diabetes, however, are
resistant to these suppressive effects of insulin (6). The
elevated free fatty acid level does nOt increase plasma insu
lin levels sufficiently to overcome the hepatic and periph
eral effects of insulin resistance (7). In this way, reduced
glucose utilization leads to hyperglycemia, which, in turn,
contributes to the vascular complications of diabetes.

Lipid Metabolism
Patients with type 2 diabetes frequently have dyslipi

demia characterized by elevated plasma triglyceride levels;
reduced high-density lipoprotein cholesterol levels; and a
predominance of small dense low-density lipoprotein par
ticles. a panern frequently seen in nonalcoholic fatty liver
disease (8). The major cause of hypertriglyceridemia is he
patic overproduction of triglyceride-rich very-low-density
lipoprotein (VLDL) and apnlipoprotein B (apoB) caused
by hyperinsulinemia and the increased availability of free
fatty acid substrate (9, 10). In healthy humans, insulin
decreases VLDL-1 apoB release. However, patients with
type 2 diabetes do not adequately suppress hepatic
VLDL-1 apoB production, which leads to hyperrriglyceri
demia (10). Decreased lipoprotein lipase activity in fat and
skeletal muscle contributes to the reduced clearance of trig
lyceride-rich J.ipoproteins (8, 11, 12).

HEPATOBILIARY DISORDERS ASSOCIATED WITH

DIABETES

Hepatobiliary disorders occur more frequendy in pa
tients with type 2 diabetes. These disorders include non
alcoholic fatty liver disease, cirrhosis, hepatocellular carci~

noma, hepatitis C, acute liver failure, and cholelithiasis.



The Liver and DiabetesIREVI EW

Figure 1. Some metabolic effects of Insulin resistance in skeletal muscle, fat, and liver.
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Nonalcoholic Fatty liver Disease
Nonalcoholic fatty liver disease refers to a broad spec~

trum of liver disease ranging from steatosis (bland fatty
infiltration of hepatocytes) to nonalcoholic steatohepatitis
(steatosis plus inflammation, necrosis, or fibrosis) to cirrho
sis and, in some patients, to end-stage liver disease and
hepatocellular carci noma. Nonalcoholic fatty liver disease
resembles alcoholic liver disease (13). Its prevalence is
as high as 50% in patients with type 2 diabetes and
100% in patients with diabetes and obesity. Of these af~

fected patients, 50% have steatohepatitis and 19% have
cirrhosis (14-16). Nonalcoholic fatty liver disease (from all
causes) is the most prevalent liver disease in the United
States (17).

The pathogenesis of nonalcoholic fatty liver disease is
partially understood. Steatosis reflects the net retention of
lipids within hepatocytes. Tbis results from an imbalance
between the uptake and Synthesis of fatty acids and their
oxidation and export. Angulo (18) has described these
mechanisms in detail. The most consistent pathogenic fac
tor is insulin resistance, leading to enhanced lipolysis.
which. in turn, increases circulating free fatty acids (14).
The increase in fatry acids overloads the mitochondrial
J3-oxidadon system, and fatty acids accumulate in the liver.
Fatty acids induce the cytOchrome P450 4A and 2El
isoenz.ymes-lipoxygenases that can generate free oxygen
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radicals (19). Reactive oxygen species promote disease pro~

gression by both lipid peroxidation and cytokine induction
(20). Lipid peroxidation leads to the release of malondial
dehyde and 4-hydroxynonenal. These substances cause cell
death and protein cross-linkage, resulting in the formation
of Mallory's hyaline in the hepatocyte (21). They also ac
tivate stellate cells, which leads to collagen synthesis and
fibrosis (22). Cytokine induction promotes inflammation
(23). Taken together, these are the characteristic histologic
features of nonalcoholic fatty liver disease. The diagnosis of
nonalcoholic futty liver disease is suspected in patients who
do not use alcohol and have mildly elevated aminotrans
ferase levels. The clinical features are nondescript. Most
patients do not have signs or symptoms of liver disease;
however. SOme report malaise or a sense of fullness in the
right upper quadrant. Hepatomegaly may be present.

Laboratory studies reveal mild elevations of alanine
aminotransferase (ALT) and aspartate aminotransferase
levels. Serum alkaline phosphatase and y-glutamyltrans
fcrase levels may be mildly elevated. Serum ferritin levels
are elevated in almost half of the patients (24, 25). The
hepatic iron index and iron level, however, are usually nor
maL Indicators of more advanced disease include a ratio of
aspartate to alanine aminotransferase greater than 1 and
higher levels of plasma trigJyceridcs (24). Iron overload
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Figure 2. Ultrasonographlc findings from a patient with

steatosis,

Top. Fatty liver showing a so-called "bright liver." Bottom. The dark
ar<.-as appear as masses and represem areas of liver that are spared from
fatry infiltration-the so-called "phantom tumor,"

may be associated with increased severity of disease (26).
but this remains controversial (24, 27, 28),

Imaging studies are helpful in diagnosing steatosis,
The disorder appears as a diffuse increase in echogenicity
(so~caUed "bright liver") on ultrasonography, which has a
sensitivity of 89% and a specificity of 93% for detecting
steatosis (Figure 2, top) (29). Areas of focal fat-sparing
appear as masses (so-called "phantom tumor") (Figure 2,
bottom) (30), Magnetic resonance spectroscopy allows
quantitadve assessment of steatosis (31). However, only
liver biopsy can assess the severiry of damage and the prog
nosis.

The hiswlogic features of steatohepatitis, which in
clude steatosis, inflammation, ballooning hepatocyte ne
crosis. Mallory's hyaline. and fibrosis, are indistinguishable
from those of alcoholic liver disease (Figure 3). As the
disease advances toward cirrhosis, the steatosis and necro
inflammatory response recede (27). The natural history of
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nonalcoholic fatty liver disease from steatosis to stearohepa
tids to cirrhosis and, finally, to hepatoc.;eUular carcinoma is
well established (25, 32); however, it is not known why
some patients progress while others do not. The prognosis
worsens with each stage of progression. In one study, 36%
of all patients died afrer a mean follow-up period of 8.3
years (27).

Treatment of fatty liver consists of good metabolic
control and weight reduction. Weight loss improves insu
lin sensitivity and usually results in reduction of steatosis
(33-37), but the necroinflammation and fibrosis may
worsen if the weight reduction is rapid (33, 38, 39). This
paradoxical effect may be caused by increased circulating
free fatry acids from the increased lipolysis seen with fast
ing. The most effective rate of weight loss is nat known,
but approximately 1.5 kg per week has been recommended
(33). The content of the diet is a matter of debate. Given

Figure 3. liver biopsy specimens from persons with

steatohepatitis.

Top. Liver biopsy specimen showing fatty infiltration with so-called chick
en-wire appearancc. Bonom. Liver biopsy specimen showing futty liver with
accompanying inflammatory infiltrate and fibrosis (nonalcoholic n~atoh(.?a~

titis). (Hematoxylin-eosin stain; original magnification, X40.)
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that saturated fatty acids increase insulin resistance I a diet
enriched with unsaturated fatty acids is theoretically rea
sonable.

Pharmacologic therapy with gemfibrozil (40), vitamin
E (41), metformin (42, 43) ursodeoxycholic add (44-46),
betaine (47), pioglitazone (48-50, rosiglitazone (52), and
amrvastatin (53, 54) has been investigated. Angulo (55)
recently reviewed these therapies. All have been shown to
improve liver enzyme levels. Betainel vitamin E, and trO
glitaz;one (subsequently withdrawn from the market) led to
modest histologic improvement. One prospective con
trolled study with ursodeoxycholic acid and diet showed
improvement or normalization in liver enzyme levels (45),
Another prospective controlled study of 166 patients did
not show histologic improvement after 2 years (46).

Given that insulin resistance is the most consistent
feature of fatty liver disease, it is reasonable to use insulin
sensitizing agents, A 6-month study with pioglitazone and
vitamin E showed histologic improvement (49). Another
study showed improvement in glycemic control and he
patic lipid content after 16 weeks (48). A recent study
showed improvement in biochemical and histologic fea
tures of fatty Hver disease after pioglitawne treatment for
48 weeks (51). A study using rosiglitazone showed im
provement in insulin sensitivityl hepatic fat content, necro
inflammation, and fibrosis at 24 weeks (52),

A pilot study showed arorvastatin to improve inflam
mation, ballooning degeneration, and Mallory's hyaline
(53).

Cirrhosis in Diabetes
Cirrhosis is one of the leading causes of death in pa

tients with diabetes (3). The Verona Diabetes Study was a
population-based study that used standardized mOrtality
ratios to compare the cause of death in patients with type 2
diabetes to that in the general population. The standard
ized mortality rado for cirrhosis was greater than for car
diovascular disease (2,52 vs. 1.34). Furthermore, the rado
for cirrhosis was higher in patients treated with insulin
(6.84)l again raising the possibility that hyperinsulinemia
predisposes to liver disease. Alternatively, patients who take
insulin may have a longer duration of diabetes, with more
time to develop cirrhosis.

Most of the evidence that diabetes causes cirrhosis is
indirect. The prevalence of diabetes is disproportionately
increased in patients with cryptogenic cirrhosis (56). The
most common cause of cryptogenic cirrhosis is steatohepa
dds, the most common cause of which is type 2 diabetes
(l3l 57-61). However, the steatohepatitis regresses when
the disease progresses to cirrhosis; thus, the association is
difficult to determine. Nevertheless, the epidemiologic as
sociation is strong (17), and there is convincing evidence
that steatohepatitis progresses to cirrhosis (32, 62). A con
founding factor is that cirrhosis itself is associated with
impaired glucose tolerance in 60% of patients and overt
diabetes in 20<:'/0 (63). Furthermore, insulin resistance is a
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characteristic feature of cirrhosis, even in the absence of
diabetes (64).

The treatment of patients with decompensated cirrho
sis is liver transplantation. Steatosisl however, may recur
(54).

Hepatocellular Carcinoma in Type 2 Diabetes
The incidence of hepatocellular carcinoma is increased

in patients with diabetes. This was first described by Law
son and colleagues (65), who nored a 4-fold excess of pa
tients with diabetes among 105 patients with hepatocellu
lar carcinoma. The national cancer registries in Sweden
and Denmark have also recorded a 4~fold increase in the
incidence of heparocellular carcinoma in patients with di
abetes (66, 67). A recent prospective study from Japan has
confirmed this association (68), as has a retrospective study
from the Department of Veterans Affairs (69).

The sequence of events leading to hepatocellular car
cinoma seems to be hyperinsulinemia, increased lipolysis,
lipid accumulation in the hepatocytcs, and oxidative stress
with formation of reactive oxygen species. The oxidative
stress leads to both DNA damage and cell death. Healing
occurs by cell proliferation and fibrosis l which leads to
cirrhosis. However, several genetic alterations occur along
the way, including defects in DNA mismatch repair pro
teins. This results in microsatellite (70-72) and chromo
somal instability, both of which predispose to malignant
transformation (73).

Another early event in carcinogenesis is binding of the
insulin-like growth factor I receptor, which is a membranew

bound receptor found on hepatocytes and other cells. This
event activates insulin receptor substrate~1, which induces
cell proliferation and inhibits transforming growth factor
(3-mediated apoptosis (74-77). In this way, insulin is pro
proliferative. However, cells with increased insulin receptor
substtare-l are highly tumorigenic (74, 78). The cell pro
liferation provides a milieu for genetic damage because rep
licating ceHs lose DNA, including potential tumor suppres
sor genes (79, 80). Furthermore, chromosomal instability
during cell replication may lead to 1 daughter cell having 3
copies of a chromosomal arm, while the other has only I
copy. If the lost chromosomal arm contains a tumor sup
pressor gencl such as p53l that cell may be conferred a
growth advantage, Studies have demonstrated such chro
mosomal damage in hepatocellular carcinoma (81 l 82), al~

beit not specific to type 2 diabetes.

Hepatitis C in Diabetes
Strong epidemiologic evidence shows that the preva

lence of hepatitis C virus (Hey) in patients with rype 2
diabetes is greater than that in the general population (83 l
84), and emerging evidence shows that Hey contributes
to the development of diabetes (85-87). The relative odds
of HeV-infected patients developing diabetes is 2.1 (95%
CI, 1.12 to 3.90). Furthermore, 4.2% of patients with
diabetes compared with 1.6% in a comparator group have
HeVantibodies.
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Given the strong epidemiologic link between type 2
diabetes and HCV (83, 85, 86, 88, 89), could HCV have
a role in the development of diabetes? Some evidence sup~

pons this view. Patients infected with HCV have a higher
incidence of diabetes than do patients with hepatitis B
virus infection (21 % vs. 10%, respectively) (88). Further
more, HCV~infected patients who have had liver trans~

plantation have a higher incidence of diabetes than do pa
tients who receive transplants for other liver diseases (89),
Finally, the interferon treatment of HCV infection im~

proves glucose tolerance (90, 91) when HCV is eradicated.
Taken together, these studies suggest that Hev may in
deed cause o/pe 2 diabetes. Of note, HeV genotype 2 is
disproportionately represented in diabetes associated with
HCV (88). However, the prevalence of fatty liver disease is
highest in genotype 3 (92). Patients with genotype 3 have
insulin resistance and presumably will develop type 2 dia
betes (93). AJcohol is an independent risk faCtor for Steato
sis in HCV and accelerates the course of hepatitis C (94);
this finding indicates that fatty liver may be the link in this
interplay of diseases. Patients with HCV and fatty liver
seem to be relatively resistant to treatment with interferon
(95). Interferon, however, reduces steatosis in patients with
HCY genotype 3 (96).

Acute Liver Failure in Diabetes
A recent cohon study that used the database of the

U.S. Department of Veterans Mfairs indicates that diabetes
increases the risk for acute liver failure (97). The study
included 173643 patienrs with a hospital discharge diag~

nos is ofdiabetes (99.5% with type 2) and 650 620 patients
without diabetes and was done before the introduction of
tfoglitazone. I t excluded patients with preexisting or sub~

sequent liver disease, The risk for acute liver failure was
significantly grearer in patients with diabetes (incidence
rate, 2,31/10000 person-years) than· in those withour
(1.44110000 person-yeats). Chan and colleagues have re
ported similar results (98).

Cholelithiasis in Diabetes
There is a 2~ to 3-fold increased prevalence of gall

stones in patients with diabetes mellitus (99-101). This
prevalence is higher in rype 2 than in type 1 diabetes (102).
Obesity is a strong cofactor (103), but diabetes alone is an
independent risk factor with an odds ratio of 1.6 (l04).
The pathogenesis of cholelithiasis is not completely under
stood. AJrhough the chemical composition of gallstones in
patients with diabetes has nor been carefully studied, it is
generally believed that the gallstones are predominantly
composed of cholesterol. Chemical composition studies of
bile in patients with diabetes and age-marched controls,
howevet, have failed to show lithogenic hile (105, 106).

Hypomotility due to autonomic neuropathy may lead
to bile srasis with precipitation of gallstones. However,
studies of gaHbladder motility that used ultrasonography
(107-114) and cholescintigraphy (107, 115-117) have
yielded conflicting results (107, 115-117). Despite this, it
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is generally accepted that patients with diabetes have cho
lecystoparesis (116, 118). The pathogenesis of the chole
eysroparesis remains speculative.

The treatment of gallstones in patients with diabetes is
surgical. Recent studies have indicated that the rate of sur
gical complications is similar in patients with or without
diabetes (119-121) and that ptophylactic cholecystectomy
does not increase life expectancy or quality of life (l22).

TREATMENT OF DIABETES IN PATIENTS WITH liVER

DISEASE

Poor general health, alrered nutritional status, and ac
companying alcoholism may compromise treatment of di
abetes in patients with liver disease. Furthermore, alcohol
may interact with insulin and sulfonylurcas to cause or
exacerbate hypoglycemia (123. 124). No clinical trial to
date has specifically targeted patients with diabetic liver
disease.

Lifestyle Change
Weight loss, best achieved rhrough caloric restriction,

is an important component of diabetes management and
may be especially important in obese patients with fatty
liver disease. Foods with a low glycemic index may be
especiaHy important in patients with cirrhosis. These foods
reduce the mean incremental blood glucose level during
the day hy approximately 40% in these patients (125). The
possible benefirs of dietary management in reducing
chronic hyperinsulinemia warrant further consideration.
Exercise improves peripheral insulin sensitivity (126), al
though not specifically in patients with diabetic liver dis
ease.

In general, alcohol should be avoided in patients with
liver disease and diabetes nor only because of potential
toxic effects on the liver but also because of its caloric
content and potential interaction with sulfonylureas and
insulin.

Pharmacologic Thetapy and Hepaloloxicity Issues
Pharmacologic therapies in the treatment of type 2 dia

betes include sulfonylureas, biguanides, thiazoUdinediones,
a~glucosidase inhibitors, and meglitinides. Therapy in pa
tients with liver disease may be compromised because of
concerns about drug metabolism and hepatotoxicity. How
ever, only patients with very severe liver disease have al
teted drug metabolism, and there is no evidence that pa
tients wirh liver disease are predisposed to hepatotoxiciry.
It is recommended that therapy in patients with liver dis
ease begin with a secretagogue. such as sulfonylureas. with
rapid advancement to insulin if COntrol is not achieved.
Incteasing evidence suggests that sensitizers (for example,
thiazolidinediones or metformin) may be useful in patients
with fatry liver disease.

Of the agents used to treat type 2 diabetes, the thia
zolidinediones, a-glucosidase inhibitors, and sulfonylureas
have been associated with hepatotoxicity. Table 1 summa-
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Table 1. Hepatoxicity of Antihyperglycemic Medications"

• ALT"'" alanine aminottansfcra.sc; FDA = U.S. Food and Drug Administrnrion:
Ul.N "'" upper limit of normal.
t Numbers in parentheses are reference citadons.

rizes the hepatotoxicity of these drugs. A recent cohort
study by Chan and colleagues (98) demonstrated that the
incidence of acute liver failure was approximately 1 in
10 000 person-years of treatment for diabetes. The hazard
ratio was highest for patients being treated with insulin
(2.41 [CI, 0.98 to 5.94]). It was lowet and nearly identical
fot sulfonylureas (1.44 lCI, 0.59 to 3.5]), metformin (1.32
[CI, 0.18 to 9.92]), and troglirazone (1.37 lCI, 0.49 to
3.78]). However. at the time there had been little exposure
to troglitazonc; this drug was subsequently withdrawn be
cause of a high incidence of liver failure.

Insulin Secretagogues
Sulfony!ureas arc safe in patients with liver discase but

may not overcome the insulin resistance and defects in
insulin secretion seen in patients with coexistent alcoholic
liver disease and pancreatic damage (126). Prolonged hy~

poglycemia may be seen with long-acting sulfonylurcas,
such as glyburide, when used in patients with alcoholism
(123).

The sulfonylureas, including chlorpropamide (137
139), glyburide (140-143), glipizide (144), and tolbut
amide (145), are more commonly associated with hepato
toxiciry than any other class of antihyperglycemic
medications. The most common presentation is cholestasis.

Meglitinides

Repaglinide and nateglinide may be useful in patients
in the early stages of diabetes in whom postprandial hyper
glycemia is a specinc problem. These drugs have less pro
pensiry to cause hypoglycemia than do su!fonylureas and
have not been associated with hepatotoxicity.

Medication class

Thiazolidinediones

(X·Glucosidase
inhibitors

Sulfonylureas

Meglitinldes

Biguanide

Medication

Rosiglltalone

Pioglitazone

Acarbose

Miglitol

Chlorpropamide

Glyburide

Glipizlde

Tolbutamide

Repaglinide,
nateglinide

Metforrnin

Clinical Presentationt

68 cases of hepatitis or acute
liver failure reported to
FDA (127-130); ALT
elevations>3 times the
ULN occur in 0.25% of
cases; choles1asis (127);
hepatocellular injury (128)

37 cases of hepatitis or acute
liver failure reported to
fDA or published
(131-133); hepatocellular
injury (132,133);
cholestasis (133)

Hepatotoxicity in 4 cases,
jaundice in 2 cases
(134-136)

No association

Cholestasis (137-139)

Cholestatic injury (140);
hepatocellular injUry
(granulomas on biopsy in
1 case, death from hepatic
failure in 1 case)
(141-143)

"Toxic hepatitis" (144)

Cholestasis (145)

No association

No association

Biguanides

The FDA warns against the use of metformin in pa
tients with chronic liver disease and in persons who are
alcohol binge drinkers because it may exacerbate lactic ac
idosis. It is unclear whether liver disease or alcohol is the
predisposing factor. However, metformin has not been as
sociated with hepatotoxiciry. This drug may be particularly
useful in obese patients, in whom it may cause mild weight
loss (146). Two trials have studied metformin in patients
with fatry liver disease. but the numbers arc small and
specific recommendations CannOt be made at this time (42.
43).

OI~Glucos;dase Inhibitors

The a-glucosidase inhibitors are useful in patients
with mild to moderate liver disease because they act di
rectly on the gastrointestinal tract to decrease carbohydrate
digestion, thereby decreasing postprandial hyperglycemia.
Acarbose has been reported to cause mild transient eleva~

tions of ALT levels and, on rare occasions, severe liyer
disease (l34-136). It is not recommended in patients with
cirrhosis, although there is no evidence that such patients

www.annals.0rE

are at increased risk for hepatotoxicity. Miglitol, the other
medication in this class, has not been associated with hep
atotoxicity.

ThiazoUdinediones

Rosiglitazone and pioglitazone may be especially use
ful in patients with diabetes and fatry liver disease, Rosigli
tazone has not only improved insulin sensitivity but also
reduced hepatic fat content and decreased hepatocellular
injury (52). Similar results have been reported with piogli~

tazonc (48) 51, 147). In patients with rype 2 diabetes.
pioglitazone decreases hepatic fat, increases plasma adi
ponectin, and enhances hepatic and peripheral insulin sen~

sitiviry (148).
Both drugs cause mild transient increases in serum

ALT levels. The FDA recommends monitoring ALT levels
and not using these drugs in patients with liver disease.
However, probably half the patients who have been treated
with thiazolidinediones have underlying fatry liver disease.
Furthermore. Lebovitz and colleagues (149) have recently
demonstrated that the incidence of liver abnormalities is
not increased in patients treated with rosiglitawne.

The risk for acute liver failure with rosiglitazonc and

21 December 2004\ Annals oflnrcrna! Medicine\volume 141 • Number 121951



REVIEW IThe Liver and Diabetes

Table 2, Incidence of Hepatitis and Acute liver Failure with
Antihyperglycemlc Agents·

Drug PrescrIptions HepatitiS Cases Acute Liver Failure
x 10", n per 10" Cases per 105

Prescriptions, Prescriptions, nt-
nt

Troglitazone 4.5 21.5 4.•
Rosig!itazone 4.4 14.7 D••
Pioglitazone 3.• • .4 0.8
Metformln 6.5 2.' 0.2
Glyburide 3.6 4.1 0

.. Data obtained from Zawadski et ai, (J 50).
t Hepatitis i~ defilled a5 an alanine aminonansferasc or aspartate aminotransferase
level .3 or more titnes <he upper limil of normal.
'*' Acme liver faHure j~ de611ed ali liver dy~runctiol\ l¢ading (0 encephalopathy, liver
transplantation, or death.

pioglitazone is much lower than that with troglitazone
(150) (Table 2). Sixty-eight cases of "hepatitis" or "acute
liver failure" due to rosiglitazone have been reported to rhe
FDA; however. many cases are confounded by concomi
tant medications and cardiovascular events (fluid retention
and heart failure). Well-documented hepatotoxicity has
been described in 4 published case reports (127-130). In
the clinical trials. I patient experienced an 8-fold elevation
of ALT level, which is considered the signal of hepatotox~
icity. Pioglitazone has been associated with 37 cases of
"hepatitis" or "acute liver failure"-either published or re
ported to the FDA (131-133). No patient experienced an
8-foid elevation of ALT level in clinical trials.

insulin
Patients with diabetes and liver disease frequently re~

quire insulin treatment. Anecdotal data suggest that most
patients require relatively high doses of insulin but that
treatment poorly controls the disease. In patients who re
quire high-carbohydrate diets and have resulting postpran
dial hyperglycemia. short-acting insulin analogues, such as
Iispro. may be particularly usefuL Because of the results of
the Verona Study, there is concern that insulin may pre
dispose to the development of cirrhosis (3), Despite this
epidemiologic association, large long~term clinical trials
have not demonstrated an increased incidence of cirrhosis.
Furthermore, the need for metabolic control outweighs the
risk for accelerating the course of the liver disease.

DISCUSSION

Type 2 diabetes is associated with a wide spectrum of
hepatObiliary diseases, including fatry liver disease. cirrho
sis, acute liver failure. and hepatocellplar carcinoma. as well
as cholelithiasis. In addition, diabetes is strongly associated
with hepatitis C. All classes of antihyperglyccmic drugs,
except the meglltinidcs and metformin, have been associ
ated with rare reports of hepatotoxicity, The thiazo
lidinediones and metformin may have therapeutic benefit
in nonalcoholic fatty liver disease, However. use of these
drugs is compromised by the FDA recommendation to not
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use them in patients with liver disease. In population stud
ies. insulin predisposes to the development of cirrhosis and
hepatocellular carcinoma, but these disorders have not in
creased in clinical trials. In addition, patients with cirrhosis
frequently need insulin treatment for metabolic contro1. In
general. the presence of liver disease makes the treatment of
diabetes complex. and additional research is needed to de
termine the best treatment strategies that may affect out~

comes in these patients.
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