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More than 70% of alcohol is consumed by 10% of the population in the United States. Implicit
in this statistic is that tremendous variation in the pattern of drinking (quantity, frequency, and
duration) exists among alcohol consumers. Individuals who are binge or chronic drinkers will
have different health outcomes than social drinkers. Therefore, knowing the pattern of drinking
will shed light on how severely individuals are alcohol-dependent and on the extent of liver
damage. Thus, these parameters assume particular relevance for the treatment-providing physi-
cian. Genetic factors contribute substantially to differences in alcohol metabolism. Variations in
the activities of the alcohol-metabolizing enzymes, cytosolic alcohol dehydrogenase and mito-
chondrial aldehyde dehydrogenase, in part determine blood alcohol concentration, thereby
contributing to the predisposition to becoming alcohol-dependent and to susceptibility to alco-
hol-induced liver damage. Chronic alcohol consumption induces cytochrome P450 2E1, a mi-
crosomal enzyme that metabolizes alcohol at high concentrations and also metabolizes
medications such as acetaminophen and protease inhibitors. Alcohol metabolism changes the
redox state of the liver, which leads to alterations in hepatic lipid, carbohydrate, protein, lactate,
and uric acid metabolism. The quantity and frequency of alcohol consumption severely impact
the liver in the presence of comorbid conditions such as infection with hepatitis B or C and/or
human immunodeficiency virus, type 2 diabetes, hemochromatosis, or obesity and thus have
implications with respect to the extent of injury and response to medications. Conclusion:
Knowledge of the relationships between the quantity, frequency, and patterns of drinking and
alcoholic liver disease is limited. A better understanding of these relationships will guide hepa-

tologists in managing alcoholic liver disease. (HEPATOLOGY 2007;46:2032-2039.)
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lion Americans ages 18 and older drink alcohol. Of these,
5.8% meet the criteria for alcohol dependence (AD) or
alcoholism, and 7.1% meet the criteria for alcohol abuse.!
To date, only the genes encoding the principal alcohol-
metabolizing enzymes, alcohol dehydrogenase (ADH)
and aldehyde dehydrogenase (ALDH), have been linked
to vulnerability to alcoholism and possible risk for alco-
holic liver disease. Chronic alcohol consumption may
lead to cirrhosis and is associated with an increased risk for
hepatocellular carcinoma, and these are primary concerns
for hepatologists. Cirrhosis is ranked the 12th leading
cause of death in the United States, with a total of 28,085
deaths in 2003, of which 44% were alcohol-related.2
However, only 10%-15% of alcoholics develop hepatitis
and cirrhosis.> One obvious factor contributing to the
variability in the occurrence of alcoholic liver disease
(ALD) is the pattern of drinking (daily versus binge) and
total alcohol intake (quantity and frequency).

The blood alcohol concentration (BAC) is a factor in
the pathogenesis of liver disease. BAC is determined by
environmental factors (for example, the quantity and fre-
quency of alcohol drinking and the presence of food in the



HEPATOLOGY, Vol. 46, No. 6, 2007

stomach) and genetic factors [that is, variants of cytosolic
ADH and mitochondrial ALDH as well as cytochrome
P450, in particular the cytochrome P450 2E1 (CYP2E1)
isoform]. There are large individual variations in alcohol
elimination (3-fold) and the consequent deleterious ef-
fects of equivalent amounts of alcohol consumed.* An
understanding of the role of the quantity and frequency of
alcohol consumed and genetic variations in alcohol me-
tabolism is essential for appreciating both the short-term
and long-term effects of alcohol in liver pathogenesis and
approaches to patient treatment.

Drinking Pattern and Alcohol
Abuse/Dependence

Although most people drink responsibly, it has been
reported that 10% of the population consumes over 70%
of alcohol, with males drinking 76% of all alcohol con-
sumed.> The US Department of Agriculture Dietary
Guidelines define moderate drinking as up to 2 drinks/
day for men and up to 1 drink/day for women. A drink is
12 0z (360 mL) of beer or wine cooler, 5 oz (150 mL) of
wine, or 1.5 oz (45 mL) of 80-proof distilled spirits. Such
standard drinks contain approximately 12.5 g of ethanol.
As defined by the National Institute on Alcohol Abuse
and Alcoholism,® binge drinking is the consumption of 5
or more drinks (male) or 4 or more drinks (female) in
about 2 hours, resulting in a BAC of 0.08 g % or above. It
is estimated that 28% of the adult population exhibits a
high-risk drinking pattern, such as binge drinking, result-
ing in increased risk of developing AD. Binge drinking at
least once a week is an early quantifiable marker for alco-
hol use disorders.”

While the value of quantity and frequency measures in
the diagnosis, treatment, and prevention of alcohol use
disorders is discussed elsewhere,5 this article focuses on
the impact of quantity and frequency patterns on liver
disease. However, it is paramount for hepatologists to
identify patients who are prone to AD because of the
implications for treatment, especially in the presence of
other alcohol-induced metabolic derangements. The Al-
cohol Use Disorders Identification Test (AUDIT) is a
widely used screening instrument to detect hazardous and
harmful alcohol consumption.® The AUDIT comprises
10 questions that can be answered by the patient before
seeing a clinician. It takes only about 5 minutes to com-
plete, and it has high levels of validity and reliability. This
one-page questionnaire can be downloaded from
www.niaaa.nih.gov/guide. The AUDIT is then scored by
the hepatologist or assistants; a score of 8 or higher for
men or 4 or higher for women is considered a positive
screen.
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Drinking too much too fast (binge drinking) can lead
to glycogen depletion, which would be aggravated in the
presence of liver disease, and may lead to acidosis and
hypoglycemia. On the other hand, drinking too much
(more than 5 drinks for men and 4 drinks for women/day)
and too often over a long period of time results in ALD,
which encompasses fatty liver, steatohepatitis, liver fibro-
sis, and cirrhosis and may proceed to hepatocellular car-
cinoma. In addition, people who drink heavily tend to
have hyperuricemia after alcohol ingestion and exhibit
hypertriglyceridemia, which may exacerbate diabetic hy-
pertriglyceridemia.

Quantity and Frequency of Drinking and
Liver Damage

Although there is a vast scientific literature pertaining
to hepatotoxicity due to excessive drinking (for example,
see Reuben?), the effects of drinking too much too fast
(4-5 drinks in 2 hours) or too much too often (4-5 drinks/
day) on the liver have been sparingly studied. Past studies
focused on the incidence of cirrhosis among alcoholics!®
or sought the clinical manifestations of alcoholism among
patients with cirrhosis.!! In these two approaches, the
classification of cirrhosis into alcoholic or nonalcoholic
was subjective (what is the definition of alcoholic or heavy
drinker or what other comorbidities contribute to the
development of cirrhosis?), and the quantity of alcohol
consumed and the drinking pattern were undetermined.
A third indirect approach attempted to correlate average
quantities of alcohol consumption (based on demo-
graphic and economic statistics) with cirrhosis mortality.
This approach, however, did not measure the quantity
and frequency of alcohol consumption and did not pro-
vide information on individual consumption and risk.

In 1963, Pequignot (cited in Pequignot et al.'?) at-
tempted to directly measure alcohol consumed by inter-
viewing patients with liver problems, but that approach
resulted only in determining that patients with cirrhosis
drink much higher amounts of alcohol than others. In one
of the earliest studies of drinking patterns, 184 ascitic
patients with cirrhosis were administered a detailed ques-
tionnaire about their eating and drinking habits, includ-
ing type of alcoholic beverage and amount consumed
between meals.’? Daily alcohol consumption was strati-
fied in 20-g increments, and the relative risk was shown to
be dose-related. To correlate drinking patterns and cir-
thosis, Parrish and colleagues'? examined 334 cases of
cirrhosis deaths, of which 148 were alcohol-related. Pa-
tients with alcoholic cirrhosis tended to be heavy drinkers
(5 or more drinks/day) who drank every day. This study
was limited because it gathered drinking pattern informa-
tion from the next of kin, and drinking information was



2034  ZAKHARI AND LI

30

25 M 25 g/day
2 20 B 50 g/day
&
2 o1 W 100 g/day
=
&
= 10
=7
s ‘
o - -.
Liver Cancer Liver Chronic
Cirrhosis Pancreatitis
Condition

Fig. 1. The relative risk of alcohol-related conditions is increased with
amounts of alcohol consumed per day. Adapted from Preventive
Medicine.t”

limited to quantity and frequency during an unspecified
period of time.

In a prospective study, Kamper-Jorgensen and col-
leagues' interviewed a cohort of 6152 alcohol-abusing
men and women about their drinking pattern, frequency
of alcohol intake, duration of alcohol misuse, and bever-
age type. The rate of alcoholic cirrhosis mortality in men
and women was 27 and 35 times the rate of the Danish
general population, respectively. They also reported that
“alcohol has a threshold effect rather than a dose-response
effect on mortality from alcoholic cirrhosis.” This is not
surprising because their lowest tier of drinking comprised
an average of 5-9 drinks/day, which is already in the heavy
drinking category. They also found that men and women
who drank periodically had a significantly lower relative
risk for developing cirrhosis. Another Danish prospective

Oxidative Pathways of Alcohol Metabolism
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Fig. 2. Alcohol is oxidatively metabolized primarily in the liver. Cyto-
solic ADH and mitochondrial ALDH2 are the main enzymes involved in
this metabolic pathway. ADH indicates alcohol dehydrogenase; ALDH2,
aldehyde dehydrogenase 2; CYP2E1, cytochrome P450 2E1; NAD*,
oxidized nicotinamide adenine dinucleotide; NADH, reduced nicotin-
amide adenine dinucleotide; NADP*, oxidized nicotinamide adenine
dinucleotide phosphate; and NADPH, reduced nicotinamide adenine
dinucleotide phosphate.
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study reported a significant increase in risk for ALD at
7-13 drinks/week for women and 14-27 drinks/week for
men.'> An analysis of the quantity consumed and drink-
ing patterns of an Italian population showed that con-
suming 30 g/day is the minimum quantity to induce
measurable risk of developing cirrhosis in men and
women.'¢ Also, the pattern of drinking was an important
determinant of risk. Drinking without food, independent
of the quantity, was associated with an increased preva-
lence of alcoholic liver disease. A meta-analysis of alcohol
consumption and risk of various diseases, including cir-
rhosis and cancer, reported an increased risk as alcohol
consumption increased from 25 (2 drinks) to 100 g/day
(8 drinks)'” (Fig. 1). More studies are needed to better
dissect the relationship between the quantity and pattern
of drinking and alcohol-induced liver damage.

Alcohol Metabolism and Liver Damage

Although alcohol metabolism is often considered the
predominant factor in causing alcohol-associated liver
damage, other factors such as inflammatory cytokines and
immunologic and metabolic pathway derangements are
beyond the scope of this article.

Metabolic Consequences of
Increased NADH/NAD* Ratio
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Fig. 3. Alcohol metabolism to acetaldehyde in the cytosol by ADH and
then to acetate by mitochondrial ALDH2 increases the ratio of NADH to
NAD*. NADH in the mitochondria is oxidized via the ET chain. Pyruvate
in the cytosol is formed from glucose via glycolysis and can undergo three
pathways: (1) entering the mitochondria to form acetyl CoA by oxidative
decarboxylation with PDH; (2) being reduced to lactate by LDH, a process
that requires NADH; or (3) being converted to glucose (gluconeogenesis)
via an ATP-requiring reaction. Almost all of the acetate formed from
acetaldehyde metabolism cannot be converted to acetyl CoA and enters
the circulation to be metabolized by extrahepatic tissues. The increase in
cytosolic NADH favors the formation of lactate resulting in lactic acidosis,
and in the mitochondria forms BHB from acetoacetate by BHB dehydro-
genase. ADH indicates alcohol dehydrogenase; ADP, adenosine diphos-
phate; ALDH2, aldehyde dehydrogenase 2; ATP, adenosine triphosphate;
BHB, B-hydroxybutyrate; CoA, coenzyme A; ET, electron transport; NAD ™,
oxidized nicotinamide adenine dinucleotide; NADH, reduced nicotin-
amide adenine dinucleotide; LDH, lactate dehydrogenase; PDH, pyruvate
dehydrogenase; TCA, tricarboxylic acid; and VLDL, very low density
lipoprotein.
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Table 1. Polymorphisms of Alcohol Dehydrogenase (ADH) Genes
Enzyme K., for Vinax Ethanol Catalytic Expression
ADH Class Gene Subunit Ethanol (mM) (min—1) Efficiency in Liver Population
| ADH1A o 4.0 30 Low 4
ADH1B*1 B1 0.05 4 High 4
ADH1B*2 B2 0.9 350 High 4 Asians
ADH1B*3 Bs 40.0 300 Low I African Americans
ADH1C*1 Y1 1.0 90 High I All groups
ADH1C*2 Y2 0.6 40 High I Caucasians
ADH1C*3 Vs —* —* Native Americans
Il ADH4 ™ 30 20 Low 4
1l ADH5 X >1000 100 Very low 4
v ADH7 o 30 1800 High 4
v ADH6 ? ? ? Not identified

Adapted from Pharmacogenomics: The Search for Individualized Therapies.?®
*The value is unknown.

Km, or Michaelis Constant, is a measure of relative affinity of an enzyme for its substrate. Vy o describes the maximal rate at which an enzyme catalyzes a reaction.

Alcohol metabolism is achieved mainly by oxidative
pathways involving ADH, CYP2EI1, and catalase en-
zymes (Fig. 2), resulting in the formation of acetaldehyde,
a highly reactive and toxic molecule that contributes to
liver damage (for a review, see Zakhari'®). The liver is the
main organ for metabolizing ingested alcohol by oxidative
pathways; this may explain its susceptibility to alcohol-
induced injury. Multiple isoenzymes of ADH exist (Table
1) with variable affinities for ethanol. At high concentra-
tions (such as following binge drinking), alcohol is elim-
inated at a high rate because of the presence of high-K,,
enzyme systems such as the class II B ADH, the class I
Bs-ADH, and CYP2EL. (K, or Michaelis Constant, is a
measure of relative affinity of an enzyme for its substrate.)
Alcohol oxidation by ADH is accompanied by the reduc-
tion of oxidized nicotinamide adenine dinucleotide
(NAD™) to reduced nicotinamide adenine dinucleotide
(NADH), thereby generating a highly reduced cytosolic
environment in hepatocytes. Because mitochondria are
not permeable to NADH, the malate-aspartate shuttle
transfers the reducing equivalents of cytosolic NADH
into mitochondria. Acetaldehyde is rapidly metabolized,
mainly by mitochondrial ALDH2, to form acetate and
NADH. Mitochondrial NADH is oxidized by the elec-
tron transport chain. The cytochrome P450 isozymes
CYP2E1L, CYP1A2, and CYP3A4, which are present pre-
dominantly in the endoplasmic reticulum, also contribute
to ethanol oxidation in the liver. CYP2E1 is induced by
chronic ethanol consumption and assumes an important
role in metabolizing ethanol to acetaldehyde at elevated
alcohol concentrations (K, = 8-10 mM). It also produces
highly reactive oxygen species (ROS) and metabolizes
medications such as acetaminophen. Thus, alcohol me-
tabolism can cause ALD through the formation of acetal-
dehyde, through ROS production, and by changing the
redox state of hepatocytes, thereby influencing the direc-

tion of several reversible reactions with metabolic conse-
quences.

The increase in mitochondrial NADH in hepatocytes
due to acetaldehyde metabolism contributes to the satu-
ration of NADH dehydrogenase, thus hampering the
function of the tricarboxylic acid (TCA) cycle. Liver mi-
tochondria have a limited capacity to oxidize acetate to
CO,; in the TCA cycle because acetyl coenzyme A (CoA)
synthase 2, a mitochondrial enzyme involved in the oxi-
dation of acetate, is absent from the liver but abundant in
heart and skeletal muscles.!® Thus, most of the acetate
resulting from ethanol metabolism escapes the liver into
the blood circulation (Fig. 3) and is eventually metabo-
lized to CO, by way of the TCA cycle in cells with mito-
chondria that contain enzymes to convert acetate to acetyl
CoA, such as heart, skeletal muscle, and brain. During
ethanol metabolism, when circulating ethanol is in the
millimolar range, acetaldehyde is in the micromolar
range, and acetate is in the millimolar range.

Consequences of Increased NADH/NAD*
Ratio

Increased NADH/NAD™ ratios in both the cytosol
and mitochondria of hepatocytes influence the direction
of several reversible reactions leading to alterations in he-
patic lipid, carbohydrate, protein, lactate, and uric acid
metabolism (Fig. 3). These changes happen after binge
drinking and seem to be attenuated with chronic ethanol
ingestion, although some changes, such as accumulation
of fat in the liver, continue with chronic consumption.

Alcoholic Hypoglycemia. The increase in NADH due
to alcohol metabolism prevents pyruvate conversion to
glucose by lowering the concentration of pyruvate, which
in turn decreases the pyruvate carboxylase reaction, one of
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the rate limiting steps of gluconeogenesis.?® Collectively,
the result can be clinically significant hypoglycemia.

Alcoholic Acidosis. Ketoacidosis is common in chron-
ically malnourished alcoholics and is due to the formation
of ketone bodies, primarily B-hydroxybutyrate.?! In ad-
dition, the increase in NADH favors the conversion of
pyruvate to lactate, resulting in lactic acidosis. Binge
drinkers may present with severe acidosis with relatively
low ketone bodies and hypoglycemia. The increase in the
NADH/NAD ratio diminishes pyruvate dehydrogenase
activity in the mitochondria, resulting in diminished con-
version of pyruvate to acetyl CoA. Pyruvate dehydroge-
nase activity is further diminished in chronic alcoholics
because of hypomagnesemia and thiamine deficiency, and
this results in the inhibition of pyruvate utilization in the
TCA cycle.

Hyperuricemia. Patients who drink too much fre-
quently may develop hyperuricemia because lactate and
ketone bodies formed after alcohol metabolism compete
with urate for excretion in the distal tubules of the kid-
ney.?? Alcohol metabolism also releases the adenosine
triphosphate degradation products, hypoxanthine and
adenosine, which enter the purine nucleotide degradation
pathway, resulting in increased formation of urate.

Hypertriglyceridemia. Heavy alcohol consumption
increases the synthesis of triglycerides, resulting in fatty
liver and hypertriglyceridemia, and may exacerbate dia-
betic hypertriglyceridemia. The increase in the NADH/
NAD™ ratio results in an increase in a-glycerophosphate,
which favors hepatic triglyceride accumulation, and also
inhibits mitochondrial B-oxidation of fatty acids.??

Hypoxia. Metabolism of ethanol by hepatocytes tends
to increase oxygen uptake, resulting in significant hypoxia in
the perivenous hepatocytes, the site of early liver damage due
to chronicalcohol consumption. Ethanol indirectly increases
oxygen use by hepatocytes through lipopolysaccharide-in-
duced activation of Kupfter cells, resulting in the release of
prostaglandin E2 and stimulation of hepatocyte metabolic
activity, further contributing to the onset of hypoxia. Binge
drinkers could have severe hypoxia and hepatic reperfusion
injury.?

Genetic Aspects of Ethanol Metabolism

Genetic variations in ethanol metabolism are centered
on class ] ADH and ALDH2. Allelic variants of the genes
encoding ADH and ALDH2 produce alcohol-metaboliz-
ing and acetaldehyde-metabolizing enzymes with variable
activity. These genotypes influence AD and modify sus-
ceptibility to liver damage. As shown in Table 1, ADH
genetic polymorphisms occur at the ADHIBand ADHIC
loci; the enzyme encoded by ADH1B*1 has high affinity

and low capacity for ethanol oxidation, whereas those

HEPATOLOGY, December 2007

encoded by ADHIB*2 and ADH1B*3 have lower affinity
and higher capacity for ethanol oxidation. As a result,
individuals with ADHIB*2 and ADHI1B*3 metabolize
alcohol at a faster rate than those with ADHI1B*1.25 Al-
though correlations between ADH polymorphisms and
cirrhosis have been observed, the findings have been in-
consistent.?¢ For example, studies in Japanese?” and Chi-
nese?® populations showed higher frequencies of the
ADHI1B*1/*1 genotype in patients with alcoholic cirrho-
sis. However, the development of alcoholic cirrhosis in
Korean patients was not associated with any polymor-
phisms in ADH.?* ADH1B*1/*2 was associated with al-
coholic cirrhosis in Caucasian Spanish women.3°

The mitochondrial allelic variant ALDH2*2, a defi-
cient phenotype, is present in about 50% of the Taiwan-
ese, Han Chinese, and Japanese populations and shows
virtually no acetaldehyde metabolizing activity. The defi-
cient ALDH2*2 allele is protective for AD because of the
aversive effect of high circulating levels of acetaldehyde
during alcohol consumption. Alcoholic cirrhosis is re-
duced over 70% in populations carrying the ALDH2*2
allele.?! Studies are needed to further identify the role of
alcohol-metabolizing enzymes in ALD.

Quantity/Frequency, Comorbid Conditions,
and Liver Disease

The definition of moderate or heavy drinking takes on
a new perspective when one is dealing with patients who
have liver disease and comorbid conditions, such as hep-
atitis C virus (HCV) or human immunodeficiency virus
(HIV) infection, diabetes, hemochromatosis, or obesity.
In such patients, drinking even moderate amounts of al-
cohol can exacerbate liver damage. Acute alcoholic hepa-
titis is observed in chronic alcoholics (with or without
noticeable liver impairments) and in moderate drinkers
after a binge.?

HCYV. Despite different histological appearance in
precirrhotic stages, alcohol drinking aggravates liver fibro-
sis due to chronic HCV infection. For example, drinking
more than 50 g/day of alcohol increased the relative risk of
liver fibrosis in HCV patients 1.3-fold compared to
HCV-infected nondrinkers and was associated with
higher viremia.?? Other studies showed a dose-dependent
increase in risk for cirrhosis, even at lower alcohol intake
(for example, see Hezode et al.?4). Although the role of
light alcohol intake on disease progression remains to be
elucidated, it is recommended that patients with chronic
hepatitis C abstain from alcohol, especially because alco-
hol consumption has been associated with increased treat-
ment discontinuation and lower sustained virologic
response.®®
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HIV/Acquired Immune Deficiency Syndrome (AIDS).
Approximately 50% of HIV-infected patients drink alco-
hol, sometimes heavily. Liver disease is now the second
leading cause of death in AIDS patients. Alcohol con-
sumption in HIV-infected persons is not routinely as-
sessed, and its role as a cofactor in HIV progression is
frequently disregarded, particularly in patients without
evidence of liver disease. A better appreciation for alco-
hol’s effects on HIV and liver disease may increase utili-
zation of alcohol cessation interventions, thus improving
treatment outcomes.

Coinfection with viral hepatitis is common in HIV+
individuals. Approximately 15%-30% of patients with
HIV also have HCV, and hepatitis B virus occurs in 5%-
10% of patients. Alcohol consumption by HCV-coin-
fected AIDS patients exacerbates steatosis, resulting in
more rapid fibrosis progression. More importantly, mito-
chondrial toxicity is a serious side effect of nucleoside
reverse transcriptase inhibitors (NRTTs), and lactic acido-
sis is a rare but clinically important manifestation of
NRTT toxicity. The interactions between alcohol and
NRTTs in HIV-infected patients and their impact on the
course of liver disease need further investigation.

Most protease inhibitors are metabolized by the cyto-
chrome P450 enzymes CYP3A4 and CYP3AS5. Chronic
ethanol use/abuse induces hepatic CYP3A4 activity and
thus may interfere with highly active antiretroviral ther-
apy in AIDS patients by accelerating the metabolism of
protease inhibitors.3¢

Diabetes. Type 2 diabetes (T2D) is influenced by the
quantity and frequency of alcohol consumed. Although
moderate alcohol consumption seems to be beneficial in
T2D, heavy drinking is detrimental. Consuming 1 drink
per week or per day reduced the relative risk of developing
T2D to 0.89 or 0.57, respectively, with respect to non-
drinkers.” Moderate alcohol consumption (5-10 drinks/
week) reduced the incidence of diabetes in men 2-fold,
whereas increasing consumption to 10-22 drinks/week
increased the incidence slightly above that of nondrink-
ers.38 In women, 4-10 drinks/week was associated with a
decreased risk of diabetes.?® Heavy drinking led to the
development of frank clinical diabetes with glucose intol-
erance and insulin deficiency, which were reversed follow-
ing abstinence.#® Thus, moderate drinking may not
impact diabetic control (except for occasional hypoglyce-
mia if taken without a meal), whereas heavy drinking
induces glucose intolerance, increased insulin resistance,
and hypertriglyceridemia.

Obesity. The relationship between quantity and fre-
quency of drinking and body mass index is complex. Peo-
ple who consumed the smallest quantity frequently were
leanest, whereas those who drank heavily but less fre-
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quently were heaviest.#! Binge drinking or drinking 4 or
more drinks/day was associated with greater odds for obe-
sity. Freiberg et al.4? found that the prevalence of meta-
bolic syndrome in subjects who drank 1-19 drinks/month
was 65% of that in nondrinkers. In alcoholics, risk factors
for developing liver fibrosis and cirrhosis are obesity, hy-
perglycemia, and iron overload.*

Patients on Acetaminophen. Chronic alcohol con-
sumption induces CYP2EI, the enzyme involved in the
oxidative metabolism of acetaminophen to the reactive
intermediate  metabolite  N-acetyl-p-benzoquinone-
imine, which is thought to be the major cause of acet-
aminophen  hepatotoxicity.  Alcohol-acetaminophen
interactions are complex and depend on the relative tim-
ing of alcohol and acetaminophen administration. Thus,
acute alcohol consumption inhibits the microsomal oxi-
dation of acetaminophen and decreases its hepatotoxicity.
Alcohol is protective at concentrations as low as 2 mM,
but once alcohol is metabolized, acetaminophen metabo-
lism resumes. This protective effect is generally due to
competitive inhibition. Chronic alcoholics are likely to be
more vulnerable to acetaminophen hepatotoxicity during
withdrawal, when ethanol has been completely metabo-
lized. However, toxicity could be accentuated in chronic
alcoholics by glutathione depletion and the induction of
multiple isoforms of the cytochrome P450 family that are
involved in acetaminophen metabolism.44 It is important
to ascertain the amount of alcohol consumed and the
timing of consumption.

Quantity and Frequency of Drinking:
Implications for Treatment

The quantity and frequency of drinking alcohol deter-
mine not only the extent of liver damage but also the risk
for AD/alcohol abuse. Recognizing an alcohol-dependent
person is important for the treatment approach. Treat-
ment of alcohol withdrawal could further endanger the
liver. For example:

1. Patients with acute alcoholic hepatitis undergoing
alcohol withdrawal should be treated with benzodiaz-
epines (ideally short-acting lorazepam).3?

2. Tetrabamate, a drug used for the treatment of
symptoms of alcohol withdrawal, may exacerbate alco-
holic liver disease because of its hepatotoxic effects.®>

3. Enhanced susceptibility to acetaminophen-induced
hepatotoxicity was observed during alcohol withdrawal in
humans with clinically compromised liver.4©

4. Clomethiazole is an extremely useful drug for the
management of acute alcohol withdrawal. It is considered
beneficial because it inhibits CYP2E1 and, therefore, de-
creases ROS production. However, CYP2E1 expression
during withdrawal is diminished and may not be an im-



2038 ZAKHARI AND LI

portant factor. Reduced clomethiazole clearance in pa-
tients with moderate/severe liver impairment necessitates
a reduction of clomethiazole dosage.4”

5. Of the three medications approved for the treat-
ment of AD, disulfiram is known to cause sometimes fatal
hepatitis.*® Therefore, for alcoholic patients with liver dis-
ease, the hepatologist should suggest the use of acampro-
sate?® or naltrexone,3° which are safer for the liver.

Future Research

Emerging evidence suggests that quantity and fre-
quency of drinking are important in the pathogenesis of
liver disease. New studies are needed to dissect the effects
of quantity and frequency on alcohol hepatotoxicity. Ep-
idemiological studies depend on questionnaires to ascer-
tain quantity, frequency, and pattern of consumption,
which inject patient bias and memory problems, espe-
cially in alcoholics. The development of sensitive and se-
lective biomarkers using proteomics and metabolomics is
needed not only for detecting the extent of drinking but
also for identifying responders to treatment.
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