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The objective of this study was to prospectively define outcomes of cirrhosis due to nonal-
coholic steatohepatitis (NASH) and compare them with those associated with hepatitis C
virus (HCV) infection. We compared 152 patients with cirrhosis due to NASH with 150
matched patients with cirrhosis due to HCV. Over 10 years, 29/152 patients with cirrhosis
due to NASH died compared with 44/150 patients with HCV (P < .04). This was mainly due
to the lower mortality rate in patients with Child class A cirrhosis due to NASH versus HCV
(3/74 vs. 15/75; P < .004). There were no significant across-group differences in mortality
in patients with Child class B or C cirrhosis. Sepsis was the most common cause of death in
both groups; patients with NASH had a higher cardiac mortality (8/152 vs. 1/150; P < .03).
Patients with Child class A cirrhosis due to NASH also had a significantly lower risk of
decompensation, defined by a 2-point increase in Child-Turcotte-Pugh score (P < .007).
Cirrhosis due to NASH was associated with a lower rate of development of ascites (14/101 vs.
40/97 patients at risk; P < .006). NASH also had a significantly lower risk of development
of hepatocellular carcinoma (10/149 vs. 25/147 patients at risk; P < .01). In conclusion,
compensated cirrhosis due to NASH is associated with a lower mortality rate compared with
that due to HCV. It is also associated with a lower rate of development of ascites, hyperbil-
irubinemia, and hepatocellular carcinoma. However, cardiovascular mortality is greater in
patients with NASH. (HEPATOLOGY 2006;43:682-689.)

Nonalcoholic fatty liver disease is one of the most
common causes of chronic liver disease in North
America.1-3 It includes both nonalcoholic fatty

liver and nonalcoholic steatohepatitis (NASH). Approxi-
mately 45% and 32% of adults of Hispanic and Cauca-
sian origin, respectively, have hepatic steatosis4; it has
been estimated that 3% of the population has NASH.2

NASH can progress to cirrhosis in up to 20% of patients.5

Age, obesity, severity of insulin resistance, hypertension,
and diabetes have all been associated with a higher risk of
developing cirrhosis.6,7 Many patients with cirrhosis due
to NASH lose features of steatohepatitis and are catego-
rized as having cryptogenic cirrhosis.8,9 Approximately
7% to 14% of patients referred for liver transplantation in
the United States are known to have NASH or crypto-
genic cirrhosis.10,11

Although several studies provide data on the natural
history of nonalcoholic fatty liver disease,12-15 only one
published study has focused on the natural history of cir-
rhosis due to NASH.16 In this study of 23 patients with
cirrhosis due to NASH identified from a hospital data-
base, the 10-year survival rate was 84%.16 Given the small
size of this study and the well-preserved liver function in
most patients, these data are not easily generalizable to all
patients with NASH-related cirrhosis.

In 1992, a prospective study of the natural history of
cirrhosis due to varying causes was initiated in the general
clinical research center at Virginia Commonwealth Uni-
versity Medical Center. A separate study on the natural
history of cirrhosis due to NASH was initiated in 1998
given the increasing numbers of patients seen with this
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condition. The present study analyzed the outcomes of
patients with cirrhosis due to NASH who were enrolled in
these two previous studies. The aim of this study was to
define the clinical outcomes of cirrhosis due to NASH
and compare them with those associated with hepatitis C
virus (HCV) infection.

Patients and Methods
This study presents data obtained in a group of 152

patients with NASH and cirrhosis. Data from an age-,
sex-, and race-matched population of patients with cir-
rhosis due to hepatitis C (HCV) who were seen concur-
rently were used as a control population. All patients
provided informed consent to participate in a study ex-
amining the natural history of their disease.

Definitions. Cirrhosis was defined by liver histology
in all cases. Cirrhosis was attributed to underlying NASH
via (1) histological features of steatohepatitis, (2) an ab-
sence of clinically significant alcohol consumption (40
gm/wk assessed clinically), and (3) negative tests for alter-
nate causes of cirrhosis. In the presence of cirrhosis, ste-
atosis with varying combinations of cytological
ballooning, Mallory bodies and inflammation were used
as histological evidence of concurrent NASH.17,18 With
progression toward cirrhosis, central-to-central and cen-
tral-to-portal bridges develop, distorting the hepatic lob-
ular architecture.19 Zone III pericellular fibrosis is
therefore difficult to define in patients with cirrhosis and
was not considered an independent criterion for NASH
and cirrhosis. A nurse and a physician independently in-
terviewed each patient and labeled the condition to be
“nonalcoholic” if the weekly consumption of alcohol was
less than 40 gm.20 These strict criteria were chosen based
on the available literature when the study was initiated
and to exclude the confounding effects of moderate alco-
hol consumption.20

In all cases labeled to have cirrhosis due to NASH, the
presence of viral hepatitis, hemochromatosis, Wilson’s
disease, �1-antitrypsin deficiency, and autoimmune hep-
atitis were excluded via appropriate studies. Although the
presence of a positive antinuclear antibody in low titer
(�1:160) was not considered an exclusion, those with
histological evidence of marked portal hepatitis and piece-
meal necrosis were excluded.

Hepatitis C controls were identified on the basis of a
biopsy demonstrating cirrhosis and a positive HCV quan-
titative polymerase chain reaction test in someone who
had either not been treated or were virological nonre-
sponders to therapy. These criteria were chosen because
sustained virological response to anti-HCV therapy may
improve the outcomes of these patients and bias the re-
sults.

Patient Identification and Management. Patients
with biopsy-proven NASH with cirrhosis, clinical fea-
tures of cirrhosis with a previous biopsy demonstrating
NASH, and suspected cirrhosis due to NASH were en-
rolled in the study. An attempt to perform a liver biopsy
was made in all cases to confirm the diagnosis of cirrhosis
and NASH unless the subject refused or there was a con-
traindication to liver biopsy. This analysis includes those
with (1) biopsy evidence of cirrhosis and NASH or (2) an
explant showing features of cirrhosis with NASH. Those
with cryptogenic cirrhosis were excluded to minimize het-
erogeneity in the population, though most such patients
have underlying NASH.8,9 The distribution of patients
enrolled in each 3-year time frame from 1992-2004 was
calculated. For each 3-year time frame, data from consec-
utive patients with hepatitis C and cirrhosis who matched
the age, sex, and Child-Turcotte-Pugh (CTP) scores of
the NASH population were used to serve as a control
population.

All patients were followed according to standard of
care without any experimental therapeutic intervention
for NASH. Weight management was performed mainly
with diet and exercise. Bariatric surgery was not per-
formed in any subject. As the standard of care changed,
the approach to management of cirrhosis was modified
accordingly. For example, systematic screening for varices
was instituted after publication of the American College
of Gastroenterology guidelines.21 Whereas nonselective
beta-blockers remain the mainstay of primary prophy-
laxis, those with large varices who were intolerant of nado-
lol have been treated with endoscopic band ligation since
2003.22 Screening for hepatocellular carcinoma (HCC)
was performed once a year until 2000, when it was in-
creased to twice a year with a serum alpha-fetoprotein and
ultrasound. In all cases, a rising alpha-fetoprotein level
was further assessed via MRI of the liver.

Data Collection, End Points, and Plan of Analysis.
The start date for the purposes of analysis was (1) the date
of biopsy for those who were asymptomatic at presenta-
tion and (2) the date of initial presentation with clinical
symptoms of cirrhosis (e.g., ascites for those who were
symptomatic at presentation). Patients were followed un-
til they underwent liver transplantation or died. The ter-
mination date for analysis was the date of liver
transplantation or death. Patients were censored at the
time of transplantation or last clinic visit.

The end points examined were survival, development
of synthetic failure, varices and variceal hemorrhage, as-
cites, encephalopathy, and HCC. Time to failure analysis
(Kaplan-Meier) was performed, and log-rank analyses
were used for across-group comparisons. The impact of
baseline risk factors for survival and development of spe-
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cific complications were evaluated by logistic regression.
The presence of specific categorical features across differ-
ent subsets was compared using Fisher’s exact test. Across-
group comparisons of numerical data were performed
with ANOVA for normally distributed data, and the Sei-
gel-Tukey test was used for data that were not normally
distributed.

Results
From 1992 to October 2004, a total of 245 patients

with NASH and clinical and/or histological evidence of
cirrhosis were observed. Twenty-six patients either did
not have a biopsy (n � 20) or died without a liver biopsy
(n � 6). Of the remaining 219 patients, 50 patients had a
liver biopsy confirming cirrhosis prior to referral, 63 pa-
tients underwent a biopsy that showed cirrhosis, and 39
patients were confirmed to have NASH and cirrhosis in
their liver explants. Data from these 152 patients were
used for this analysis. Data from a total of 150 HCV
controls with cirrhosis were also included.

Baseline Data. At the time of entry, a total of 74
patients with NASH had compensated cirrhosis as de-
fined by a CTP score of less than 7.23 Baseline demo-
graphic, clinical, and laboratory data from patients with
cirrhosis due to NASH versus those with HCV are shown

in Table 1. As expected, the patients with NASH had a
higher prevalence of features of metabolic syndrome (e.g.,
diabetes, hypertension, and hypertriglyceridemia). The
two groups were otherwise comparable with respect to
age, sex distribution, race distribution, liver functions,
previous history of complications of cirrhosis, CTP
scores, and model for end-stage liver disease (MELD)
scores.24,25

Hepatic steatosis was uniformly present, whereas vary-
ing degrees of inflammation were seen in 141/152 cases of
NASH. Cytological ballooning was seen in 104/152
cases, whereas Mallory bodies were identified in only 44/
152 cases. In the remaining cases, cirrhosis was evident in
the liver biopsy or explant in all cases. Only 15 patients
had mild stainable iron on their liver biopsy. In patients
with HCV, steatosis (grade II or higher) was present in
31/150 cases. Of these, 21 were diabetic and 26/31 had
one or more components of the metabolic syndrome.

Mortality. A total of 29 patients with NASH and 44
patients with HCV died (P � .04 [Fisher exact test]). This
difference was driven mainly by the lower mortality in
patients with NASH and compensated cirrhosis com-
pared with patients with HCV (3/74 (4%) versus 15/75
(20%) over a 10-year duration) (P � .004 [Fisher exact
test]). These data were corroborated by comparison of

Table 1. Baseline Demographic, Clinical, and Laboratory Features

Parameter

NASH vs. HCV*

P (NASH/HCV � 152:150)
Child Class A

(n � 74 vs. 75)
Child Class B

(n � 43 vs. 42)
Child Class C

(n � 35 vs. 32)

Age (yr) 55 vs. 57 52 vs. 52 60 vs. 59 NS
Sex (M) 37 vs. 37 27 vs. 24 10 vs. 13 NS
Caucasian 72 vs. 70 42 vs. 40 32 vs. 32 NS
Body mass index (kg/cm2) 33.6 vs. 28.3† 34.1 vs. 30.3 34.2 vs. 29.7 .05
Hypertension (n) 35 vs. 28 30 vs. 15† 8 vs. 5 .004
Diabetes (n) 39 vs. 30 28 vs. 20 22 vs. 16 .01
Triglycerides (mg/dL) 210 vs. 176 199 vs. 145† 172 vs. 110† .003
Cholesterol (mg//dL) 210 vs. 196 175 vs. 165 156 vs. 128† .03
Bilirubin (mg/dL) 0.9 vs. 0.7 1.1 vs. 1.2 1.9 vs. 1.7 NS
Albumin (gm/dL) 3.7 vs. 3.9 2.9 vs. 2.8 2.5 vs. 2.4 NS
Prothrombin time (s) 10.5 vs. 10.3 12.9 vs. 13.2 13.7 vs. 14.2 NS
AST (IU/L) 95 vs. 145 88 vs. 118 92 vs. 104 NS
ALT (IU/L) 77 vs. 128 55 vs. 117 46 vs. 96 NS
Alkaline phosphatase (IU/L) 129 vs. 118 119 vs. 95 122 vs. 101 NS
Alpha-fetoprotein (ng/dL) 5.1 vs. 6.5 6.1 vs. 5.8 6.6 vs. 6.4 NS
Serum creatinine (mg/dL) 1 vs. 1.1 1.2 vs. 1.3 1.4 vs. 1.3 NS
Child-Turcotte-Pugh score 5.2 vs. 5.5 8.2 vs. 8.4 10.2 vs. 11.3 NS
MELD score 15 vs. 15 18 vs. 18 23 vs. 22 NS
Ascites (n) 3 vs. 5 24 vs. 20 24 vs. 28 NS
Encephalopathy (n) 2 vs. 0 10 vs. 7 15 vs. 10 NS
Variceal hemorrhage (n) 1 vs. 3 6 vs. 5 8 vs. 9 NS
HCC (n) 0 vs. 0 0 vs. 0 3 vs. 3 NS

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; MELD, model for end-stage liver disease; HCC, hepatocellular carcinoma; NS, not
significant.

*All values are expressed as the mean.
†P � .05.
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survival curves, for both actual and liver-related mortality
(death or transplant), of patients with Child class A cir-
rhosis due to NASH versus HCV (P � .05 [log-rank
analysis]; OR 3.0 [95% CI 0.96-6.6]) (Fig. 1). There were
no significant differences in mortality between the two
groups once decompensation set in (Child class B or C).
Mortality risks increased with CTP class, as expected, for
both NASH and HCV-infected patients (P � .0001 by
log-rank analysis).

The causes of death are shown in Table 2. Sepsis was
the leading cause of death in both groups and was often
associated with acute or chronic liver failure. Most cases of
fatal infections occurred in the context of ascites, and
pneumonia was the most common life-terminating infec-
tion in both groups (8/29 vs. 15/44) There were more
deaths due to variceal hemorrhage and HCC in patients

with HCV, but these differences were not statistically
significant. On the other hand, patients with NASH had
a significantly higher mortality from heart disease (infarc-
tion � 2, congestive heart failure � 6) (P � .03 [Fisher
exact test]).

Age, body mass index, diabetes, serum creatinine, bil-
irubin, albumin, international normalized ratio, ascites,
encephalopathy, and varices were included in a model to
predict mortality in patients with NASH. Using the CTP
score instead of individual parameters, body mass index
and CTP scores (beta coefficients 0.01 � 0.005 and
0.574 � 0.001, respectively) independently predicted
mortality (P � .04 and .0001, respectively). When the
CTP score was replaced by the MELD score, body mass
index was no longer significant, whereas MELD scores
were highly predictive of death (Table 3). This was driven
mainly by serum creatinine; virtually all patients with a
creatinine level above 2 mg/dL died without a liver trans-
plantation.

A total of 52 patients with NASH and 58 patients with
HCV have undergone liver transplantation. The impact
of transplantation on survival data were assessed by the
hazard of liver-related mortality (transplantation or
death) (Fig. 1D-F). The differences in outcomes in pa-
tients with Child class A cirrhosis remained, whereas the
outcomes of those with more advanced disease remained
unchanged.

Fig. 1. Long-term hazard of mortality in patients with cirrhosis due to either NASH or HCV. The data are plotted as “time to failure” using the
Kaplan-Meier method. Across-group differences in survival were analyzed using the log-rank test. Data from patients with Child class A, B, and C are
plotted separately. (A-C) Survival data with patients censored at the time of transplantation (for Child class A, B, and C, respectively). (D-F) Risk of
liver-related mortality, which includes both actual deaths and liver transplantations (for Child class A, B, and C, respectively). Patients with Child class
A cirrhosis due to NASH had a significantly lower mortality (for both actual (A) and liver-related deaths (D)) compared with patients with HCV. There
were no differences in outcomes in patients with Child class B or C cirrhosis due to NASH versus HCV.

Table 2. Causes of Death

Cause of death NASH (n � 29) HCV (n � 44) P Value

Infection 12 22 NS
Pancreatitis 1 0 NS
Cholecystitis 0 1 NS
Variceal hemorrhage 5 8 NS
Renal failure 1 4 NS
Hepatocellular cancer 2 8 NS
Heart disease 8* 1 .03

Abbreviation: NS, not significant.
*Two patients who died of heart disease also had HCC.
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Progression to Liver Failure or Decompensated
Cirrhosis. Decompensation was defined by an increase
in CTP score of 2 points in patients with Child class A
cirrhosis. After 10 years of follow-up, 40% versus 55% of
patients with HCV versus NASH remained free of de-
compensation (P � .007 [log-rank test]) (Fig. 2). This
was driven partly by a faster rise in total bilirubin and
development of ascites in patients with HCV (Fig. 2B).
The rates of decline of albumin and increase in interna-
tional normalized ratio were similar between the two
groups (Fig. 2C-D).

Development of Complications of Cirrhosis. For the
purposes of this study, the entire cohort of patients with
NASH or HCV were considered. Ascites was present in
51 versus 53 patients with NASH and HCV, respectively,
at the time of initial evaluation. Of the remaining pa-
tients, 14/101 patients with NASH and 40/97 with HCV
developed ascites (P � .006 [Fisher exact test]). When
analyzed as time to failure, these differences remained
significant (P � .03 [log-rank test]) (Fig. 3). The MELD
score (beta coefficient � SE, 0.186 � 0.029; P � .0001)
and presence of encephalopathy (beta coefficient � SE,
1.132 � 0.357; P � .001) were significantly associated
with the time to development of ascites in patients with
NASH.

At entry, 72/152 patients with cirrhosis due to NASH
versus 77/150 patients with HCV had endoscopic evi-
dence of esophageal varices (Child class A, 29/74 vs. 21/
75; CTP class B, 21/43 vs. 30/42; Child class C, 22/35 vs.
26/32). By 4 years, 29 additional patients with NASH
and 16 with HCV developed varices (Child class A at
entry, 9/45 vs. 10/54; Child class B at entry, 11/22 vs.
4/12; Child class C at entry, 9/13 vs. 2/6). The risk of

Table 3. Regression Models for Mortality and Complications
of Cirrhosis in Patients With NASH

Model
Beta

Coefficient SE
�2log

Likelihood �2

P
Value

Mortality 194.33 77.7 .0001
Age 0.002 0.027 .9
Diabetes �1.05 0.636 .09
BMI 0.008 0.007 .27
Varices 0.045 0.631 .9
MELD 0.327 0.055 .0001
Ascites 1.031 0.779 .2
Encephalopathy �0.381 0.562 .5

Varices 258.4 41.8 .0001
Age �0.008 0.016 .6
BMI �0.007 0.004 .08
Diabetes 0.122 0.361 .7
MELD 0.113 0.035 .001
Ascites �0.561 0.452 .2
Encephalopathy 0.389 0.392 .3
Platelets �0.016 0.004 .0001

Ascites 296.8 72.4 .0001
Age �0.018 0.012 .1
Diabetes �0.07 0.3 .8
BMI �0.003 0.003 .4
Varices �0.346 0.324 .2
MELD 0.186 0.02 .0001
Encephalopathy 1.132 0.357 .001

Encephalopathy 266.1 18.9 .002
Age �0.01 0.01 .5
Diabetes 0.007 0.35 .9
BMI 0.002 0.003 .5
Varices �0.461 0.34 .1
MELD 0.108 0.03 .001

Hepatoma 84.53 3.34
Age �0.008 0.02 .7
Diabetes �0.462 0.6 .4
BMI 0.004 0.007 .5
MELD score 0.06 0.04 .15

Abbreviations: BMI, body mass index; MELD, model for end-stage liver disease.

Fig. 2. (A) The long-term risks of decompen-
sation, defined by an increase in CTP score by
2 points, in patients with Child class A cirrhosis
in patients with cirrhosis due to NASH versus
HCV are shown. (B-D) The risks of worsening
(B) serum bilirubin to levels greater than 2
mg/dL, (C) serum albumin to levels less than
3.5 gm/dL, and (D) international normalized
ratio greater than 1.5 are also shown. The data
are plotted as “time to failure,” and across-
group differences were analyzed using the log-
rank test. Patients with cirrhosis due to NASH
had a significantly lower risk of decompensa-
tion. This was associated with a lower risk of
developing hyperbilirubinemia (B). There were
no differences in the risk of developing hy-
poalbuminemia or hyprothrombinemia. CPT,
Child-Turcotte-Pugh.
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developing varices over time was inversely related to the
platelet count and directly related to the MELD score in
patients with NASH (Table 3). Over a 10-year period, 15
versus 17 patients with NASH or HCV, respectively, ex-
perienced variceal hemorrhage; of these, 5 and 8 patients
from the two groups died (P value not significant).

At entry, 27 patients with NASH and 17 patients with
HCV had experienced encephalopathy. Over time, 19/
125 remaining patients with NASH and 32/133 patients
with HCV developed encephalopathy (P � .16 [Fisher
exact test]). Although this was the second most common
complication of cirrhosis, it could be medically managed
in practically all cases, and there were no deaths due to
encephalopathy in the absence of other complications
(e.g., sepsis). The MELD score was strongly associated
with the risk of developing encephalopathy (Table 2).

Three patients each with NASH or HCV had HCC at
entry. Patients with NASH had a significantly lower risk
of development of liver cancer (10/149 vs. 25/147; P �
.01 [Fisher exact test; hazard ratio based on log-rank
0.48]) (Fig. 3). Six of 10 patients with NASH who devel-
oped cancer were diabetic compared with 11/25 patients
with HCV. No risk factors for development of HCC
could be identified (Table 3).

Discussion
Obesity and the metabolic syndrome are the leading

public health problems of our time.26 An important con-
sequence of the metabolic syndrome is the development
of NASH.27,28 It is estimated that NASH can progress to
cirrhosis in up to 20% of patients.5,13 Given the current

epidemic of obesity, particularly in children, it is esti-
mated that the national health care burden related to cir-
rhosis due to NASH will continue to increase over the
next decade.29,30 Optimal management of these patients
will require a clear understanding of the natural history of
cirrhosis due to NASH, both with respect to similarities
and differences from other causes of cirrhosis. Although
the present study confirmed that cirrhosis due to NASH
follows a course similar to that of cirrhosis due to other
causes, it also identified important differences.

A key finding was that the outcomes of patients with
compensated cirrhosis due to NASH were better than
those with HCV. It is unlikely that this was due to earlier
recognition and referral of patients with cirrhosis due to
NASH, because NASH was neither widely recognized
nor aggressively looked for in the 1990s. Although earlier
development of symptoms could lead to earlier diagnosis
in patients with NASH, thereby contributing to bias in
the data, the equal frequency of asymptomatic individuals
in the two groups contradicts this possibility. However, as
with any tertiary care hospital-based study, the potential
for referral bias for both NASH and HCV remains.

The mean age of patients with NASH and Child class
A cirrhosis was somewhat lower than that of patients with
HCV. It is possible that this, along with concomitant
alcohol consumption (which was not quantified in pa-
tients with HCV), may have contributed to the higher
mortality in patients with HCV. The better actual sur-
vival of patients with NASH cannot also be attributed to
earlier transplantation, because the differences in out-
comes were maintained even when liver-related mortality

Fig. 3. Long-term risks of developing com-
plications of cirrhosis in patients with cirrhosis
due to NASH or HCV. The hazard of developing
(A) ascites, (B) variceal hemorrhage, (C) en-
cephalopathy, and (D) HCC are shown as “time
to failure” via the Kaplan-Meier method.
Across-group differences were analyzed using
the log-rank test. Patients with cirrhosis due to
NASH had a significantly lower risk of develop-
ing ascites and HCC compared with those with
hepatitis C.
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(death or transplantation) was considered. The lower rate
of decompensation of patients with cirrhosis due to
NASH corroborates the survival data and supports the
concept that the differences in outcomes between those
with HCV and NASH were real. These data further cor-
roborate those of Hui et al.16

In contrast to the excellent outcomes of patients with
compensated cirrhosis, the outcomes of patients with
Child class B and C cirrhosis and NASH were poor and
were similar to those noted for HCV. Such patients often
had complications and comorbidities that negatively af-
fected the ability to quickly list them for transplantation
or keep them alive until an organ became available. On
the other hand, patients with Child class A cirrhosis that
progressed to more advanced cirrhosis were listed expedi-
tiously for transplantation. This underscores the need for
early referral of patients with cirrhosis to transplantation
centers.

The present study also demonstrates that, as with other
causes of cirrhosis,31 ascites is the most common compli-
cation of cirrhosis. However, the risk of developing ascites
is significantly lower in patients with NASH than in pa-
tients with hepatitis C, another common and important
cause of cirrhosis.

The current study further confirms and corroborates
existing literature regarding the clinical importance of in-
fections in the outcomes of patients with cirrhosis in gen-
eral.32-34 In this study, death occurred most commonly
due to sepsis and multiorgan failure associated with as-
cites. Although ascites did not directly cause death, as-
cites-related complications (particularly pneumonia and
spontaneous bacterial peritonitis with renal insufficiency)
contributed substantially to mortality. Thus, while sub-
stantial strides have been made in the improvement of
outcomes related to variceal hemorrhage, which are cor-
roborated in this study as well,35 ascites continues to con-
tribute substantially to mortality in patients with
cirrhosis.

It is also noteworthy—though not unexpected—that
heart disease contributed disproportionately to mortality
in patients with cirrhosis due to NASH. Nonalcoholic
fatty liver disease has been associated with impaired endo-
thelial function and carotid intimal thickness.36,37 This
group of patients had a significantly higher prevalence of
risk factors for coronary heart disease and congestive heart
failure (e.g., hypertension, diabetes, and hyperlipidemia)
compared with those with HCV. However, one must be
cognizant of the possibility that patients with HCV and
symptomatic heart disease may not have been referred for
tertiary liver care.

Another important finding is the significantly lower
risk of HCC in patients with NASH and cirrhosis com-

pared with HCV. Although numerous reports of HCC in
patients with NASH exist,38-42 most studies report those
with cancer (i.e., the numerator) and do not provide data
on the population at risk (i.e., the denominator). The
current report is the largest prospective study of the nat-
ural history of cirrhosis due to NASH to date with over 10
years of follow-up using a predefined screening protocol
for HCC both in patients with NASH and in patients
with HCV. This study demonstrates that the risk of liver
cancer in patients with cirrhosis due to NASH is lower
than in those with HCV but is not nonexistent, as noted
in the study by Hui et al.16

Case–control studies have found a higher prevalence
of features of nonalcoholic fatty liver disease in patients
with HCC associated with cryptogenic cirrhosis than
other causes of cirrhosis.43 Retrospective studies have also
reported that cryptogenic cirrhosis is the second most
common liver disease associated with liver cancer.44 It
should be noted that our study did not evaluate crypto-
genic cirrhosis, which may represent a more advanced
stage of the disease and may have a different risk for liver
cancer than those with cirrhosis and histological evidence
of NASH.

In summary, the survival of patients with cirrhosis due
to NASH decreases markedly once decompensation oc-
curs. Ascites is the most common complication and con-
tributes substantially to mortality. The onset of renal
failure is the strongest predictor of mortality. HCC occurs
in patients with NASH-related cirrhosis, but the rate of
development is lower than that reported in the literature
for cirrhosis due to hepatitis C. These data are likely to be
important in the design of future therapeutic interven-
tions in this patient population and also in the everyday
management of such patients in clinical practice.

References
1. Clark JM, Brancati FL, Diehl AM. The prevalence and etiology of elevated

aminotransferase levels in the United States. Am J Gastroenterol 2003;98:
960-967.

2. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis:
summary of an AASLD Single Topic Conference. HEPATOLOGY 2003;37:
1202-1219.

3. Kim WR, Brown RS Jr, Terrault NA, El Serag H. Burden of liver disease in
the United States: summary of a workshop. HEPATOLOGY 2002;36:227-
242.

4. Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD,
Cohen JC, et al. Prevalence of hepatic steatosis in an urban population in
the United States: impact of ethnicity. HEPATOLOGY 2004;40:1387-1395.

5. McCullough AJ. The clinical features, diagnosis and natural history of
nonalcoholic fatty liver disease. Clin Liver Dis 2004;8:521-533, viii.

6. Angulo P, Keach JC, Batts KP, Lindor KD. Independent predictors of liver
fibrosis in patients with nonalcoholic steatohepatitis. HEPATOLOGY 1999;
30:1356-1362.

7. Dixon JB, Bhathal PS, O’Brien PE. Nonalcoholic fatty liver disease: pre-
dictors of nonalcoholic steatohepatitis and liver fibrosis in the severely
obese. Gastroenterology 2001;121:91-100.

688 SANYAL ET AL. HEPATOLOGY, April 2006



8. Caldwell SH, Oelsner DH, Iezzoni JC, Hespenheide EE, Battle EH,
Driscoll CJ. Cryptogenic cirrhosis: clinical characterization and risk factors
for underlying disease. HEPATOLOGY 1999;29:664-669.

9. Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity and diabetes in
patients with cryptogenic cirrhosis: a case-control study. HEPATOLOGY

2000;32:689-692.
10. Charlton MR, Kondo M, Roberts SK, Steers JL, Krom RA, Wiesner RH.

Liver transplantation for cryptogenic cirrhosis. Liver Transpl Surg 1997;
3:359-364.

11. Charlton M, Kasparova P, Weston S, Lindor K, Maor-Kendler Y, Wiesner
RH, et al. Frequency of nonalcoholic steatohepatitis as a cause of advanced
liver disease. Liver Transpl 2001;7:608-614.

12. Adams LA, Sanderson S, Lindor KD, Angulo P. The histological course of
nonalcoholic fatty liver disease: a longitudinal study of 103 patients with
sequential liver biopsies. J Hepatol 2005;42:132-138.

13. Harrison SA, Torgerson S, Hayashi PH. The natural history of nonalco-
holic fatty liver disease: a clinical histopathological study. Am J Gastroen-
terol 2003;98:2042-2047.

14. Miele L, Forgione A, Hernandez AP, Gabrieli ML, Vero V, Di Rocco P, et
al. The natural history and risk factors for progression of non-alcoholic
fatty liver disease and steatohepatitis. Eur Rev Med Pharmacol Sci 2005;
9:273-277.

15. Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC, McCul-
lough AJ. Nonalcoholic fatty liver disease: a spectrum of clinical and patho-
logical severity. Gastroenterology 1999;116:1413-1419.

16. Hui JM, Kench JG, Chitturi S, Sud A, Farrell GC, Byth K, et al. Long-
term outcomes of cirrhosis in nonalcoholic steatohepatitis compared with
hepatitis C. HEPATOLOGY 2003;38:420-427.

17. Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steatohepatitis:
Mayo Clinic experiences with a hitherto unnamed disease. Mayo Clin Proc
1980;55:434-438.

18. Contos MJ, Choudhury J, Mills AS, Sanyal AJ. The histologic spectrum of
nonalcoholic fatty liver disease. Clin Liver Dis 2004;8:481-500, vii.

19. Contos MJ, Cales W, Sterling RK, Luketic VA, Shiffman ML, Mills AS, et
al. Development of nonalcoholic fatty liver disease after orthotopic liver
transplantation for cryptogenic cirrhosis. Liver Transpl 2001;7:363-373.

20. Powell EE, Cooksley WG, Hanson R, Searle J, Halliday JW, Powell LW.
The natural history of nonalcoholic steatohepatitis: a follow-up study of
forty-two patients for up to 21 years. HEPATOLOGY 1990;11:74-80.

21. Grace ND. Diagnosis and treatment of gastrointestinal bleeding secondary
to portal hypertension. American College of Gastroenterology Practice
Parameters Committee. Am J Gastroenterol 1997;92:1081-1091.

22. Imperiale TF, Chalasani N. A meta-analysis of endoscopic variceal ligation
for primary prophylaxis of esophageal variceal bleeding. HEPATOLOGY

2001;33:802-807.
23. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Willaims R. Tran-

section of the oesophagus for bleeding oesophageal varices. Br J Surg 1973;
60:646-649.

24. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM,
Kosberg CL, et al. A model to predict survival in patients with end-stage
liver disease. HEPATOLOGY 2001;33:464-470.

25. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg PC. A
model to predict poor survival in patients undergoing transjugular intra-
hepatic portosystemic shunts. HEPATOLOGY 2000;31:864-871.

26. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome
among US adults: findings from the third National Health and Nutrition
Examination Survey. JAMA 2002;287:356-359.

27. Marchesini G, Brizi M, Morselli-Labate AM, Bianchi G, Bugianesi E,
McCullough AJ, et al. Association of nonalcoholic fatty liver disease with
insulin resistance. Am J Med 1999;107:450-455.

28. Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, Hui JM,
Fung C, et al. NASH and insulin resistance: Insulin hypersecretion and
specific association with the insulin resistance syndrome. HEPATOLOGY

2002;35:373-379.
29. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM.

Prevalence of overweight and obesity among US children, adolescents, and
adults, 1999-2002. JAMA 2004;291:2847-2850.

30. Maggioni G. Will we have geriatric pediatric one day? Minerva Pediatr
1994;46:129-131 [in Italian].

31. D’Amico G, Morabito A, Pagliaro L, Marubini E. Survival and prognostic
indicators in compensated and decompensated cirrhosis. Dig Dis Sci 1986;
31:468-475.

32. Wong F, Bernardi M, Balk R, Christman B, Moreau R, Garcia-Tsao G, et
al. Sepsis in cirrhosis: report on the 7th Meeting of the International Ascites
Club. Gut 2005;54:718-725.

33. Guarner C, Soriano G. Bacterial translocation and its consequences in
patients with cirrhosis. Eur J Gastroenterol Hepatol 2005;17:27-31.

34. Vilstrup H. Cirrhosis and bacterial infections. Rom J Gastroenterol 2003;
12:297-302.

35. Chalasani N, Kahi C, Francois F, Pinto A, Marathe A, Bini EJ, et al.
Improved patient survival after acute variceal bleeding: a multicenter, co-
hort study. Am J Gastroenterol 2003;98:653-659.

36. Villanova N, Moscatiello S, Ramilli S, Bugianesi E, Magalotti D, Vanni E,
et al. Endothelial dysfunction and cardiovascular risk profile in nonalco-
holic fatty liver disease. HEPATOLOGY 2005;42:473-480.

37. Volzke H, Robinson DM, Kleine V, Deutscher R, Hoffmann W, Lude-
mann J, et al. Hepatic steatosis is associated with an increased risk of carotid
atherosclerosis. World J Gastroenterol 2005;11:1848-1853.

38. Cuadrado A, Orive A, Garcia-Suarez C, Dominguez A, Fernandez-Es-
calante JC, Crespo J, et al. Non-alcoholic steatohepatitis (NASH) and
hepatocellular carcinoma. Obes Surg 2005;15:442-446.

39. Anagnostopoulos GK, Arvanitidis D, Tsiakos S, Margantinis G, Grigori-
adis K, Kostopoulos P. Is hepatocellular carcinoma part of the natural
history of nonalcoholic steatohepatitis? J Clin Gastroenterol 2003;37:88-
89.

40. Bullock RE, Zaitoun AM, Aithal GP, Ryder SD, Beckingham IJ, Lobo
DN. Association of non-alcoholic steatohepatitis without significant fibro-
sis with hepatocellular carcinoma. J Hepatol 2004;41:685-686.

41. Kudo M. Hepatocellular carcinoma and NASH. J Gastroenterol 2004;39:
409-411.

42. Mori S, Yamasaki T, Sakaida I, Takami T, Sakaguchi E, Kimura T, et al.
Hepatocellular carcinoma with nonalcoholic steatohepatitis. J Gastroen-
terol 2004;39:391-396.

43. Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello F, Carucci P, et al.
Expanding the natural history of nonalcoholic steatohepatitis: from cryp-
togenic cirrhosis to hepatocellular carcinoma. Gastroenterology 2002;123:
134-140.

44. Marrero JA, Fontana RJ, Su GL, Conjeevaram HS, Emick DM, Lok AS.
NAFLD may be a common underlying liver disease in patients with hepato-
cellular carcinoma in the United States. HEPATOLOGY 2002;36:1349-1354.

HEPATOLOGY, Vol. 43, No. 4, 2006 SANYAL ET AL. 689


