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 Overview and Prognosis of Alcoholic Liver 
Disease 

 Alcoholic liver disease (ALD) remains a major health 
problem worldwide. The prognosis of individual patients 
with ALD depends on the degree of pathological injury, 
the patient’s nutritional status, the presence of complica-
tions of advanced disease, other comorbid conditions 
such as hepatitis C virus infection, and the patient’s abil-
ity to eliminate destructive patterns of drinking. In stud-
ies that have examined the natural history of ALD on the 
basis of histological characteristics at diagnosis, patients 
with fatty liver have had the best outcome (70–80% sur-
vival rate at 4–5 years); those with alcoholic hepatitis 
(AH) or cirrhosis, an intermediate outcome (50–75% sur-
vival rate at 4–5 years), and those with cirrhosis com-
bined with AH, the worst outcome (30–50% survival rate 
at 4–5 years)  [1] . Considering all patients with ALD as a 
single group, the average 1- and 5-year survival rates are 
approximately 80 and 50%, respectively  [2] . Alcoholic 
cirrhosis also appears to be an independent risk factor for 
hepatocellular carcinoma, albeit a weaker one than viral 
hepatitis  [3–6] . Among alcoholics, men older than 50 
years of age appear to be most vulnerable to the develop-
ment of hepatocellular carcinoma  [7] . 

 In addition to providing general counseling for pa-
tients, estimating the prognosis of patients with ALD is 
particularly important in two clinical settings: (1) deter-
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  Abstract 
 Alcoholic liver disease (ALD) remains a major cause of 
morbidity and mortality worldwide. For example, the 
Veterans Administration Cooperative Studies reported 
that patients with cirrhosis and superimposed alcoholic 
hepatitis had a 4-year mortality of  1 60% (worse than 
many common cancers such as breast and prostate). The 
cornerstone for therapy for ALD is lifestyle modifi cation, 
including drinking cessation and treatment of decom-
pensation, if appropriate. Nutrition intervention has 
been shown to play a positive role on both an in-patient 
and out-patient basis. Corticosteroids are effective in se-
lected patients with alcoholic hepatitis, and treatment 
with pentoxifylline appears to be a promising anti-in-
fl ammatory therapy. Recent studies have indicated anti-
TNF �  therapy, at least for alcoholic hepatitis. Some com-
plementary and alternative medicinal agents, such as 
milk thistle and S-adenosylmethionine, may be effective 
in alcoholic cirrhosis. Treatment of the complications of 
ALD can improve the quality of life and, in some cases, 
decrease short-term mortality. 
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mining the need for specifi c therapy in patients with se-
vere AH, and (2) determining the need for liver transplan-
tation in patients with alcoholic cirrhosis. 

 Alcoholic Hepatitis 
 The prognosis of individual patients with AH can vary 

dramatically. Patients with severe disease have an ex-
tremely high mortality, approaching that of patients with 
fulminant hepatic failure. Clinical features associated 
with severe disease include hepatic encephalopathy, 
marked prolongation of prothrombin time values, eleva-
tion in serum bilirubin above 25 mg/dl, depressed serum 
albumin, elevated serum creatinine, and older age. Mad-
drey et al.  [8]  discovered a simple formula called the dis-
criminant function (DF) ([4.6  !  prothrombin time – con-
trol value (seconds)] + serum bilirubin (mg/dl)) that is 
extremely useful in identifying patients with poor short-
term survival. Three prospective studies have demon-
strated that patients with DF values of  1 32 have an ex-
tremely poor prognosis, with 1-month mortality rates of 
35–45%  [9–11] . In contrast, patients with lower DF val-
ues have short-term survival rates of 90–100%  [8, 12] . 
Other important prognostic variables in patients with se-
vere AH are the presence of spontaneous hepatic enceph-
alopathy and hepatorenal syndrome  [9, 13, 14] . One-
month mortality in patients with spontaneous hepatic 
encephalopathy is approximately 50% and in those with 
hepatorenal syndrome is 75%  [9–11, 13, 14] . 

 Alcoholic Cirrhosis 
 The clinical tool most widely used to determine prog-

nosis in patients with alcoholic cirrhosis is the Child-Tur-
cotte-Pugh (CTP) classifi cation. This simple classifi cation 
system, which was designed to stratify the risk of porta-
caval shunt surgery in cirrhotics with variceal bleeding, 
has gained favor over the past decade as a rapid method 
for determining the prognosis of patients with various 
chronic liver diseases. The CTP is as effective as quanti-
tative liver function tests and disease-specifi c prognostic 
models in determining short-term prognosis in groups of 
patients awaiting liver transplantation  [15, 16] . Although 
its limitations have been well described, the CTP has been 
widely adopted for risk-stratifying patients with cirrhosis 
because of its simplicity and ease of use. Five-year sur-
vival rates of patients with alcoholic cirrhosis vary dra-
matically by CTP classifi cation at the time of clinical pre-
sentation  [17] . 

 The development of ascites, variceal bleeding, hepatic 
encephalopathy, spontaneous bacterial peritonitis (SBP), 
or hepatorenal syndrome also has a signifi cant impact on 

the prognosis of patients with alcoholic cirrhosis. The 5-
year survival of individuals who develop any of these 
complications is only 20–50% of that for patients with 
compensated cirrhosis  [18] . The most ominous complica-
tions are SBP and rapid-onset hepatorenal syndrome. 
Less than half of those who develop SBP can be expected 
to survive 1 year, while the median survival of patients 
with hepatorenal syndrome is less than 2 weeks  [19, 
20] . 

 Other models that have been used to predict prognosis 
in patients with alcoholic cirrhosis are the proportional-
hazards model developed by Poynard et al.  [16, 17]  (Be-
clere model) and the prognostic model for end-stage liver 
disease (MELD) developed by investigators at the Mayo 
Clinic  [21] . The Beclere model, which was developed 
from a database of 818 patients with alcoholic cirrhosis 
who were followed prospectively for 4 years, includes se-
rum bilirubin, serum albumin, patient age, and hepatic 
encephalopathy  [16, 17] . The MELD model, which was 
originally developed to assess short-term prognosis in pa-
tients undergoing transjugular intrahepatic portosystem-
ic shunts, includes serum creatinine, the international 
normalized ratio for prothrombin time, and serum bili-
rubin values  [21] . A modifi cation of this model is now 
used to prioritize patients for donor allocation in the 
United States. The MELD score has been shown to be 
useful in predicting short-term survival in groups of pa-
tients with various liver diseases  [22] . 

 Therapy for ALD 

 Unfortunately, in the United States there is no FDA-
approved therapy for either alcoholic cirrhosis or AH. 
However, several therapies have been employed to either 
treat the complications of ALD or, in some cases, attempt 
to treat the liver damage itself. We will discuss therapies 
available for which there are data from large randomized 
human studies, as well as selected promising new ap-
proaches based on results from basic research studies. 

 Treatment of Decompensation 
 In the absence of hepatocellular carcinoma, death due 

to ALD is often secondary to the disease per se. As men-
tioned above, there is a host of effects associated with a 
failing liver (e.g., portal hypertension, hepatic encepha-
lopathy, ascites, hepatorenal syndrome, and esophageal 
varices) that are the major causes of clinical complica-
tions and mortality in ALD. These complications may be 
due to liver failure and portal hypertension or to factors 
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such as tumor necrosis factor (TNF) that play an etio-
logic role in the liver disease ( fi g. 1 ). These complications 
are very common in alcoholic cirrhotics. For example, 
Lucena et al.  [23]  showed incidence rates for ascites, he-
patic encephalopathy and variceal bleeding of 49, 24 and 
22%, respectively, in cirrhotic patients in a multicenter 
study in Spain. Powell and Klatskin  [24]  showed that 5-
year survival in ALD patients with overt hepatic decom-
pensation (drinkers/abstainers) was 34 and 60%, respec-
tively; in contrast, compensated cirrhotics (drinkers/
abstainers) had a 5-year survival of 68 and 89%, respec-
tively. Therefore, clinical management of these complica-
tions of cirrhosis is critical for the long-term survival of 
the patient  [25–28] . 

 Abstinence 
 Abstinence from alcohol is vital in order to prevent 

further ongoing liver injury, fi brosis and possibly hepato-
cellular carcinoma. Abstinence causes total resolution of 
alcoholic steatosis. There are limited studies evaluating 
the effects of abstinence from alcohol on the progression 
of ALD, and these are retrospective, non-randomized tri-
als. However, virtually all studies show the benefi cial ef-
fects of abstinence. As mentioned above, early studies 
from the program of Powell and Klatskin  [24]  showed 
that patients with jaundice or ascites especially benefi ted 
from abstinence. In a recent small series of patients with 
alcoholic cirrhosis who were followed for 4 years or until 

death, Merkel et al.  [29]  showed that the cumulative prob-
ability of survival was 87% in persistent abstainers and 
only 55% in persistent drinkers. Moreover, recent data 
from recent Veterans Administration (VA) Cooperative 
Studies suggest that reducing, but not stopping, ethanol 
consumption also improves projected survival in ALD 
 [30] . Thus, abstinence, or a major reduction in drinking, 
should be encouraged in all patients with ALD. Individ-
ual patients may exhibit major clinical improvement with 
abstinence ( fi g. 2 ). Newer agents to improve abstinence, 
such as Naltrexone and Acamprosate, have been shown 
to have effi cacy in some chronic alcoholics, however there 
are no large multicenter studies evaluating these drugs in 
patients with ALD. 

 Nutrition Therapy 
 Alcoholic Hepatitis 
 Malnutrition is prevalent in liver disease, especially in 

the more severe forms of chronic liver disease. The etiol-
ogy of this malnutrition is multifactorial ( table 1 ). Prob-
ably the most extensive studies on the nutritional status 
of patients with liver disease are large studies by the VA 
Cooperative Studies Program dealing with patients hav-
ing AH  [31] . The fi rst of these studies demonstrated that 
virtually every patient with AH had some degree of mal-
nutrition  [32] . Patients had a mean alcohol consumption 
of 228 g/day (with almost 50% of energy intake coming 
from alcohol). The severity of liver disease generally cor-

Anorexia

Fever

Neutrophilia

Muscle wasting

Altered amino acid
metabolism

Delayed gastric emptying

Gut permeability

Osteoporosis

Endothelial permeability
with edema formation

Energy expenditure

Portal vein thrombosis

Encaphalopathy

Triglycerides

Liver injury

Collagen formation

Altered mineral
metabolism (   zinc)

Hypoalbuminemia

  Fig. 1.  Selected clinical complications of 
ALD in which TNF may play a role. 
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related with the severity of malnutrition. Similar data 
were generated in a follow-up VA study on AH (No. 275). 
In both of these studies, patients were given a balanced 
2,500-kcal hospital diet, monitored carefully by a dieti-
tian, and were encouraged to consume the diet. In the 
second study, patients in the therapy arm of the protocol 
also received an enteral nutritional support product high 
in branched-chain amino acids as well as the anabolic 
steroid oxandrolone (80 mg/day). Patients were not fed 
by tube if voluntary oral intake was inadequate in either 
study (probably a study design fl aw, in retrospect). Vol-
untary oral food intake correlated in a stepwise fashion 
with 6-month mortality data. Thus, patients who volun-

tarily consumed  1 3,000 kcal/day had virtually no mortal-
ity, whereas those consuming  ! 1,000 kcal/day had a 
 1 80% 6-month mortality  [31] . Moreover, the degree of 
malnutrition correlated with the development of serious 
complications such as encephalopathy, ascites and hepa-
torenal syndrome  [31] . 

 Cirrhosis 
 Interest in nutrition therapy for cirrhosis was stimu-

lated when Patek et al.  [33]  and demonstrated that a nu-
tritious diet improved the 5-year outcome of patients 
with alcoholic cirrhosis compared with patients consum-
ing an inadequate diet. Several recent studies have fur-
ther supported the concept of improved outcome with 
nutritional support in patients with cirrhosis. Hirsch et 
al.  [34]  demonstrated that outpatients taking an enteral 
nutritional support product (1,000 kcal, 34 g protein) had 
signifi cantly improved protein intake and signifi cantly 
fewer hospitalizations. These same investigators subse-
quently gave an enteral supplement to outpatients with 
alcoholic cirrhosis and observed an improvement in nu-
tritional status and immune function  [35] . In the VA Co-
operative Study No. 275 on nutritional support in ALD 
using both an anabolic steroid and an enteral nutritional 
supplement, improved mortality was seen with the com-
bination of oxandrolone plus supplement in patients who 
had moderate protein-energy malnutrition  [31] . Those 
with severe malnutrition did not signifi cantly benefi t 
from therapy, possibly because their malnutrition was so 

  Fig. 2.  Patient with alcoholic cirrhosis be-
fore and after 3 years of abstinence. 

Table 1. Selected causes of malnutrition

Anorexia
Altered taste/smell
Nausea/vomiting
Diarrhea/malabsorption
Poor food availability/quality
Metabolic disturbances (e.g., hypermetabolism/catabolism)
Cytokine effects
Complications of liver disease (PSE, ascites, GI bleeding)
Unpalatible diets (Na, protein)
Fasting for procedures

PSE = Partial splenic embolization; GI = gastrointestinal.
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advanced that no intervention, including nutrition, could 
help. Studies by Kearns et al.  [36]  showed that patients 
with ALD hospitalized for treatment and given an en-
teral nutritional supplement via tube feeding had signifi -
cantly improved serum bilirubin levels and liver function 
as assessed by antipyrine clearance. Moreover, a major 
randomized multicenter study of enteral nutrition versus 
steroids in patients with AH showed similar overall initial 
outcomes, and less long-term infections in the nutrition 
group  [10] . Thus, traditional nutritional supplementa-
tion clearly improves nutritional status and, in some in-
stances, hepatic function and other outcome indicators 
in AH/cirrhosis. 

 Drug Therapies of Likely Benefi t 
 Corticosteroids 
 Corticosteroids have been the most extensively stud-

ied form of therapy for AH, but their role remains lim-
ited  [37] . The rationale for steroid use is to decrease the 
immune response and pro-infl ammatory cytokine re-
sponse. Most randomized studies have supported the use 
of corticosteroids in moderate/severe AH  [38] , but the 
large multicenter VA study by Mendenhall et al.  [31]  
yielded negative results. Most meta-analyses support the 
use of steroids for severe acute AH including the most 
recent study by Mathurin et al.  [12] . This study reported 
signifi cantly improved survival at 28 days (85 vs. 65%) in 
severely ill AH patients having a DF of  1 32. This sur-
vival advantage may extend to 1 year, but not 2. Indepen-
dent prognostic factors associated with death at 28 days 
in this meta-analysis were steroid treatment, age, and cre-
atinine. It is important to note that the patients studied 
were highly selected, and infections (e.g., SBP), gastroin-
testinal bleeding, and many other common complications 
were exclusions for entry into these studies. Most inves-
tigators agree that if corticosteroids are to be used, they 
should be reserved for those with relatively severe liver 
disease (DF  1 32), and possibly those with hepatic en-
cephalopathy. Steroids have well-documented side ef-
fects, including enhancing the risk of infection which is 
already substantial in patients with AH. Thus, a major 
disadvantage to corticosteroids is their lack of applicabil-
ity in many patients with AH. 

 Pentoxifylline 
 Pentoxifylline (PTX) is a nonselective phosphodies-

terase inhibitor which increases intracellular concentra-
tions of adenosine 3 � ,5 � -cyclic monophosphate (cAMP) 
and guanosine 3 � ,5 � -cyclic monophosphate (cGMP), and 
decreases production of pro-infl ammatory chemokines/

cytokines including TNF. Akriviadis et al.  [9]  from the 
University of Southern California Liver Unit performed 
a prospective, randomized, double-blind clinical trial of 
PTX in severe AH (DF  1 32). Forty-nine patients received 
400 mg PTX orally 3 times daily and 52 received placebo 
(vitamin B 12 ) for 4 weeks. PTX treatment improved sur-
vival. Twelve PTX patients died (24.5%) compared with 
24 (46%) placebo patients. PTX also decreased hepatore-
nal syndrome as a cause of death. Six of the 12 (50%) 
PTX-treated patients who died did so of renal failure 
compared with 22 of the 24 (92%) control patients who 
died of renal failure. Multivariate analysis revealed age, 
serum creatinine at randomization, and treatment with 
PTX as independent factors associated with survival. We 
regularly use PTX in patients with AH and alcoholic cir-
rhosis because of its anti-infl ammatory properties, its 
protective effects against hepatorenal syndrome, and its 
excellent safety profi le. 

 Anti-TNF Therapy 
 Dysregulated cytokine metabolism was described in 

AH long before it was recognized in infl ammatory bowel 
disease and rheumatoid arthritis. However, anti-TNF 
therapy has been an FDA-approved, highly effective 
treatment for both of these diseases for several years. An 
initial concern in ALD arose from early observations that 
low ‘basal’ amounts of TNF were important for liver re-
generation  [39] . Thus, many investigators took the tack 
that downregulating but not totally blocking TNF activ-
ity would be a preferred therapeutic intervention. Indeed, 
many therapies used in ALD (corticosteroids, PTX, S-
adenosylmethionine, etc.) decrease but do not abolish 
TNF activity. 

 Because anti-TNF antibody has been shown to block 
development of alcohol-induced liver injury in rats, it is 
now being used in small clinical trials in patients with 
AH. A study from Europe involved 12 patients with mod-
erate to severe AH who were given Infl iximab (anti-TNF 
antibody) 5 mg/kg as a single 2-hour infusion. Ten of the 
12 patients were alive at a median of 15 months  [40] . Pi-
lot data from a small US open-label trial of etanercept, a 
TNF receptor antagonist, also showed safety in patients 
with less severe AH, and a multicenter trail studying this 
agent is being funded by the National Institutes of Health 
 [41] . On the other hand, a large double-blind randomized 
control trial from France using either prednisolone treat-
ment or prednisolone treatment plus high-dose Infl ix-
imab in patients with acute AH was terminated due to 
increased infectious complications in the combined ther-
apy group  [40] . Thus, etanercept may be more attractive 
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than Infl iximab in ALD because of its shorter duration of 
action. However, there remains the theoretic concern of 
completely blocking TNF activity over a long duration in 
relation to increased infections and impaired liver regen-
eration. On a related point, the question of whether or not 
anti-TNF therapies will be benefi cial for cirrhosis as well 
as AH remains to be determined. Until more data are 
available, specifi c anti-TNF therapy should optimally be 
performed in the context of a clinical trial  [41] . 

 Drug Therapies of Unlikely Benefi t 
 Colchicine 
 Colchicine has been suggested as a treatment for ALD 

because of its anti-fi brotic effects. It has many potential 
therapeutic mechanisms of action including inhibition of 
collagen production, enhancement of collagenase activity, 
and anti-infl ammatory functions. Initial positive studies 
by Kershenobich et al.  [42]  led to a large VA Cooperative 
Study evaluating colchicine therapy in alcoholic cirrhosis 
that has recently been completed. Results showed no ben-
efi cial effect on either overall mortality or liver-related 
mortality  [43] . A recent smaller study from Europe also 
showed no benefi cial effects of colchicine  [44] . Thus, de-
spite initial enthusiasm and biochemical rationale for use 
of this drug, it does not appear to be effective in ALD. 

 Propylthiouracil (PTU) 
 Chronic alcohol feeding in experimental animals pro-

duces a hypermetabolic state with increased oxygen con-
sumption. This may lead to relative hypoxia, especially 
in the central lobular area, or zone 3, of the liver. PTU 
has been postulated to attenuate this hypermetabolic 
state, to function as an antioxidant, and to improve por-
tal blood fl ow. This prompted a long-term study of PTU 
therapy by Orrego et al.  [1]  in over 300 patients with a 
variety of types of liver disease, including ALD. In the 
total study population, mortality was reduced by nearly 
50% in patients receiving PTU  [1] . A recent Cochran re-
view evaluated PTU therapy for ALD, including alco-
holic steatosis, alcoholic fi brosis, AH and/or cirrhosis 
 [45] . Combining the results of 6 randomized clinical tri-
als which included 710 patients, no signifi cant effects of 
PTU versus placebo on mortality or liver-related mortal-
ity, complications of liver disease, or liver histology were 
shown  [45] . 

 Dilinoleoylphosphatidylcholine 
 Dilinoleoylphosphatidylcholine (a form of lecithin/

soybean extract) has antioxidant, anti-fi brotic, and anti-
cytokine activity in experimental rat models of ALD  [46] . 

However, a recently completed VA Cooperative Study 
failed to show signifi cant benefi t in human ALD  [30] . It 
should be noted that in that study, the partial abstinence 
observed in all patients, regardless of whether or not they 
received placebo or drug, may have confounded any pos-
sible protective effects (see Abstinence above)  [30] . 

 Anabolic Steroids 
 ALD is associated with severe muscle wasting. While 

in part mediated by nutritional defi ciencies, decreased 
functional levels of anabolic and androgenic steroids in 
alcoholics also occur  [47] , which may contribute to the 
loss of muscle mass. Utilizing the Cochrane database  [48] , 
the results of 5 randomized clinical trials on 499 patients 
with AH and/or cirrhosis demonstrated no signifi cant ef-
fects of anabolic-androgenic steroids on mortality, liver-
related mortality, and liver histology. There was also no 
effect of anabolic-androgenic steroids on a number of oth-
er outcome measures. Furthermore, a slight increase in 
the risk of occurrence of serious adverse events was ob-
served with the use of these hormones. Thus, the lack of 
any observed benefi t coupled with potential iatrogenic 
effects decreases enthusiasm for the use of these hor-
mones in ALD. 

 Complementary and Alternative Medicines 
 Silymarin (Milk Thistle) 
 Silymarin is probably the most widely used form of 

complementary and alternative medicine in the treat-
ment of liver disease in the US. It has antioxidant activi-
ties, it protects against lipid peroxidation, and it has anti-
infl ammatory and anti-fi brotic effects. Large controlled 
trials of silymarin have been performed in Europe, with 
varying results. Ferenci et al.  [49]  evaluated 170 patients 
with cirrhosis in a treatment program (140 mg t.i.d.) with 
a mean duration of 41 months. They observed a positive 
benefi cial effect, especially in patients with alcoholic cir-
rhosis and in those with milder disease (Child’s A catego-
ry). On the other hand, a study by Pares et al.  [50]  found 
no benefi cial effects (150 mg silymarin t.i.d.) in a study 
of 200 patients with alcoholic cirrhosis, some of whom 
also had hepatitis C. Both of these trials had major short-
comings, including high dropout rates and compliance 
issues. In all studies performed thus far, the drug appears 
quite safe. 

 S-Adenosylmethionine (SAMe) 
 SAMe, or AdoMet, is an obligatory intermediate in the 

conversion of methionine to cysteine in the hepatic trans-
sulfuration pathway. SAMe is a precursor for syntheses 
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of polyamines, choline, and glutathione (GSH), and it is 
the major methylating agent for a vast number of mole-
cules via specifi c methyltransferases  [51] . Patients with 
ALD have elevated plasma methionine levels, markedly 
delayed clearance of an oral methionine load, and de-
creased hepatic methionine adenosyltransferase (MAT) 
activity (the enzyme responsible for conversion of me-
thionine to SAMe). Hepatic-specifi c MAT is highly sensi-
tive to oxidative stress, and it is likely that subnormal 
hepatic MAT activity reported in ALD is due to oxida-
tion of the active site  [52] . Studies from our laboratories 
have shown that SAMe downregulates production of the 
cytotoxic pro-infl ammatory cytokine, TNF, in animal 
models of liver injury and in peripheral blood monocytes 
or macrophage cell lines in vitro  [53, 54] . Mato et al.  [55]  
reported that patients with alcoholic liver cirrhosis who 
were randomized to receive SAMe (1,200 mg/day orally) 
for 2 years had decreased liver mortality/liver transplan-
tation (16 vs. 30%) compared to the placebo-treated 
group. 

 Vitamin E 
 Vitamin E defi ciency has been well documented in 

ALD  [56] . Vitamin E has been used extensively with hep-
atoprotective effects in experimental models of liver in-
jury such as that induced by carbon tetrachloride or isch-
emia. Vitamin E has multiple potential benefi cial effects 
including membrane stabilization  [56] , reduced NF � B 
activation and TNF production  [57] , and inhibition of 
hepatic stellate cell activation and collagen production 
 [58] . Unfortunately, a major randomized study of vita-
min E in ALD showed no benefi t, but may have used an 
inadequate dose (500 mg)  [59] . A smaller study with a 
higher dose (1,000 mg) of vitamin E in AH observed some 
normalization of serum hyaluronic acid levels, but with-
out signifi cant changes in indices of liver damage  [60] . 
Furthermore, recent meta-analyses suggest that high-dose 
vitamin E supplementation is associated with an increase 
in overall mortality  [61, 62] , raising concerns of pro-
longed usage of this drug in humans. It should be noted 
that most clinical trials with vitamin E have been per-
formed in the absence of concomitant citamin C (ascorbic 
acid) supplementation, which is required for catalytic 
maintenance of the antioxidant function of vitamin E. 

 GSH Prodrugs 
 GSH is a tripeptide which is synthesized from gluta-

mate, cysteine, and glycine. GSH prodrugs have been 
used extensively in virtually every known experimental 
model of hepatotoxicity with benefi cial results  [63] . The 

GSH prodrug, N-acetylcysteine (given as Mucomyst), is 
the standard therapy for acetaminophen toxicity in hu-
mans. Maintaining adequate hepatocyte GSH levels has 
been documented to prevent acetaminophen liver injury. 
GSH prodrugs can directly affect the hepatocyte, and 
they can also positively modulate pro-infl ammatory cy-
tokine production with inhibition of cytokines such as 
TNF and IL-8  [57] . Pena et al.  [64]  demonstrated that the 
GSH prodrug, procysteine, can increase whole blood 
GSH and inhibit monocyte TNF and IL-8 production 
when given intravenously to stable alcoholic cirrhotics. 
Similarly, procysteine was shown to protect against alco-
hol-induced liver injury in the intragastric ethanol-feed-
ing model  [65] . However, large, randomized studies of 
GSH prodrugs using mortality as an outcome indicator 
are lacking in ALD. 

 Other Selected Potential Therapies 
 As mentioned above, alcohol alters methionine me-

tabolism in the liver. In addition to increasing methio-
nine and decreasing SAMe levels, there is an accumula-
tion of homocysteine after alcohol exposure ( fi g. 3 )  [66, 
67] . In human alcoholics, the mRNA levels of the 2 en-
zymes responsible for remethylation of homocysteine, 
methylfolate-homocysteine methyltransferase (methio-
nine synthase) and betaine-homocysteine methyltrans-
ferase are decreased  [68] . Furthermore, levels of precur-
sors required for remethylation of homocysteine (e.g. fo-
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  Fig. 3.  Effect of ethanol on methionine metabolism. 
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late and vitamin B 12 ) are also decreased in alcoholics  [67] . 
For this reason, it has been proposed that supplementa-
tion with either folic acid  [69]  or betaine may also be pro-
tective in ALD. Indeed, experimental liver damage in 
both rats and mice is protected by betaine supplementa-
tion  [70] . While much of the hypothesized protective ef-
fect of betaine has focused on decreasing homocysteine 
levels, recent work by Song et al.  [71]  indicates that S-
adenosyl homocysteine may contribute the sensitization 
of hepatocytes to TNF � -induced cell killing. 

 Another potential dietary supplement is zinc. It is well 
known that circulating levels of zinc are depleted in pa-
tients with AH and cirrhosis  [72, 73] . The zinc depletion 
caused by alcohol consumption appears to be mediated 
both at the level of absorption and excretion  [74, 75] . 
Further, in animal models of alcohol-induced liver dam-
age, zinc supplementation prevented liver damage, oxi-
dative stress and infl ammatory cytokine (TNF � ) produc-
tion caused by alcohol feeding  [76] . Zinc also prevented 
gastrointestinal tract damage caused by repeated acute 
doses of alcohol in mice  [77] . There are limited clinical 
data supporting the hypothesis that zinc supplementation 
is potentially therapeutic against some effects of alcohol-
ic cirrhosis  [76] , but larger studies are needed to validate 
this point. 

 The Role of Liver Transplantation 
 There have been multiple recent studies and reviews 

concerning liver transplantation in patients with severe 
alcoholic cirrhosis  [78–82] . There is a well-documented 
organ shortage for liver transplantation, and there are se-
rious ethical issues concerning this controversial area that 
have precipitated these studies. Hepatitis C and ALD are 
the two major reasons for liver transplantation in the US. 
Data clearly demonstrate that patients transplanted for 
ALD do (short- and long-term) as well as patients trans-
planted for hepatitis C or other types of liver disease. 
However, AH clearly is not an indication for liver trans-
plantation at the current time. Virtually all centers re-
quire that alcoholic patients undergo formal psychiatric 
evaluation and treatment prior to transplantation. Many 
centers impose a ‘6-month rule’ of abstinence before be-
ing considered for orthotopic liver transplantation, how-
ever most centers also show some fl exibility with this rule. 
It is unusual for ALD alone to be the cause of graft failure. 
The majority of patients with ALD are not listed for liver 
transplantation for multiple reasons including continued 
alcohol consumption, improvement in liver function 
with abstinence, lack of interest, etc. Patients with ALD 
appear to have a higher incidence of certain malignancies 

of the upper airway and upper digestive tract. Therefore, 
these patients should be screened for these processes pri-
or to transplantation and monitored carefully after trans-
plantation. Data suggest that, following transplantation, 
patients who had ALD and those who were transplanted 
for other reasons consume alcohol at relatively similar 
rates, although those who had ALD may consume greater 
amounts. The rate of alcohol use increases over time for 
all transplant recipients. Some centers use multi-stage 
screening processes with risk stratifi cation to select pa-
tients with low rates of recidivism. Clearly, more studies 
are required to refi ne our predictive capabilities for both 
recidivism and noncompliance. Quality of life appears to 
improve after liver transplantation due to any etiology, 
although those with non-alcohol etiologies may improve 
more. 

 Conclusions 

 The optimal management of all patients with ALD 
begins with a dramatic reduction or elimination of alco-
hol intake, which often can be successfully accomplished 
using ‘brief interventions’ by a nurse, primary care physi-
cian, or gastroenterologist. Abstinence can have a pro-
found impact on survival even in patients with decom-
pensated cirrhosis. Other lifestyle modifi cations should 
be employed (e.g., weight loss, smoking cessation) where 
appropriate. Although palliative, successful treatment of 
decompensation has signifi cant short-term survival ben-
efi ts. Proper nutrition and nutrition support have consis-
tently been shown to be important. Certain drugs (e.g., 
corticosteroids or PTX) may be effective in selected pa-
tients. While no FDA-approved therapies are available, 
many new agents, such as anti-TNF antibody, are under 
investigation. Lastly, there are a host of complimentary 
and alternative medicine approaches that may prove ben-
efi cial in treating the underlying disease. Transplantation 
is life-saving in certain abstinent patients with end-stage 
liver disease. 
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