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Review

Conceptual importance of identifying alcoholic liver disease as 
a lifestyle disease
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The concept that alcoholic liver disease (ALD) is as 
a toxic disease does not mirror the exact nature of 
the disease. ALD should be defi ned as an alcohol-
associated lifestyle disease, the predisposition to which 
is largely governed by gene–environment interactions, 
much like other chronic diseases such as diabetes, 
atherosclerosis, and neurodegenerative diseases. The 
epidemiology and pathogenesis of ALD need to be re-
addressed from this viewpoint. Specifi cally, the interac-
tions between alcohol and secondary risk factors 
(high-fat diet, iron, tobacco, medications, female 
gender) and comorbidities (viral hepatitis, diabetes) are 
of urgent epidemiological importance. Molecular char-
acterization of the interfaces of these interactions is 
essential for revelation or acquisition of new pathoge-
netic, preventive, and therapeutic insights.

Key words: synergism with risk factors, viral hepatitis, 
diabetes, female gender

Alcohol abuse as a global health problem

Alcohol abuse is no longer a problem of individual 
nations but constitutes an important global health issue. 
The best evidence that attests to this conclusion is found 
in the World Health Report 2002 on risk factors of the 
World Health Organization (WHO) (http://www.who.
int/whr/2002/en/index.html). Annex Tables 15 and 16 of 
this report have been modifi ed by the National Institute 
on Alcohol Abuse and Alcoholism to produce Figs. 1A 
and B in this review. These two fi gures depict the ten 
leading risk factors that serve as major burdens of 
disease in developed countries (Fig. 1A) and developing 

countries, excluding those with high child and adult 
mortalities (Fig. 1B). Risk factors are listed with their 
corresponding effects as the percentage of reduced 
disability-adjusted life years (equivalent to the percent-
age loss of healthy life years). According to these data, 
alcohol is ranked as the third most important risk factor 
in developed nations worldwide, being responsible for 
an approximately 9.2% reduction in healthy life years. 
More importantly, alcohol is the number one risk factor 
in developing countries without high child or adult 
mortality (Fig. 1B). These nations include northeastern 
European, Central and South American, and East Asian 
countries, and some of these nations are currently 
beginning to undergo a surge of economic development. 
Thus, one must conclude that alcohol is and will con-
tinue to be a major risk factor of the disease burden 
around the world. At the present time, when rapid glo-
balization is taking place not only in the areas of com-
munication, fi nance, and economy but also at social and 
cultural levels, this trend needs to be seriously consid-
ered and addressed by the international community, 
including Japan. Alcoholic liver disease (ALD) consti-
tutes a major medical consequence of alcohol abuse. 
Worldwide, cirrhosis claims as many as 150 000 lives 
annually,1 and alcoholic cirrhosis accounts for 30%–
50% of these deaths.2,3 What is not included in these 
statistics is the mortality associated with alcoholic hepa-
titis, a serious outcome of ALD common in the United 
States and European nations. For this reason, the actual 
fi gure of ALD mortality is expected to be higher. In the 
United States alone, the hospital costs of treating ALD 
are estimated to be $600 million to $1.8 billion per year,4 
of which 6%–18% is spent in Los Angeles (LA) County, 
where our Research Center is located.5 LA County’s 
population is 3.4% of the total U.S. population, so this 
fi gure indicates that LA County’s burden is two to four 
times that in the rest of the nation. On the basis of our 
epidemiology study, we attribute this high incidence at 
least in part to increasing migration of certain ethnic 
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groups with a lifestyle conducive to ALD.5 Another 
intriguing fact is that ALD is not just a disease of 
low-income and indigent patients hospitalized in public 
hospitals but is also prevalent among the middle-income 
population. In fact, more than 60% of the 3500 
annual hospitalizations for ALD in LA County take 
place in private hospitals.5 ALD should be considered 
a hidden disease prevalent in metropolitan areas around 
the world, as exemplifi ed by the statistics for LA 
County.

ALD as a lifestyle disease versus toxicity

For the past three decades in particular, the concept 
that ALD is a hepatic manifestation of alcohol toxicity 
has been vigorously advocated.6–8 This toxicity concept 
is based on the rationale that metabolism of alcohol 
generates acetaldehyde, an electrophilic metabolite, 
and long-term abuse causes metabolic changes such 
as induction of cytochrome P450 2E1 (Cyp2e1), which 
promote biochemical perturbations resembling those 

A

B

Fig. 1. A Top ten risk factors in 
developed countries as determined 
by the percentage of lost healthy 
years (disability-adjusted life years) 
per risk factor. Note alcohol is ranked 
third in the list among other preva-
lent lifestyle risk factors such as 
tobacco and obesity. The fi gure is 
modifi ed from Annex Table 16 of the 
2002 World Health Report. B Top 
ten risk factors in developing coun-
tries with low infant and adult mor-
talities. Note: alcohol is the number 
one risk factor. Modifi ed from Annex 
Table 15 of the 2002 World Health 
Report
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of hepatotoxicity, including enhanced oxidant stress. 
However, the hepatotoxicity concept alone fails to 
explain the absence of a clear dose responsiveness and 
the defi nite presence of an individual predisposition to 
the disease. Although evidence exists that per capita 
alcohol consumption is correlated with the incidence of 
cirrhosis in different nations or in a given population,8,9 
critical examination of the data reveals that the relation-
ship is not straightforward. For instance, supporting 
evidence for a linear relationship between the cumula-
tive dose of alcohol and the incidence of cirrhosis is 
more heavily infl uenced by the duration of alcohol 
drinking than by the alcohol dose, indicating a constant 
incidence rate of cirrhosis instead of a cumulative dose-
related effect. This interpretation is also supported by 
studies of Sorensen and colleagues,10,11 who prospec-
tively followed chronic alcoholics who did not initially 
have cirrhosis and found that they developed cirrhosis 
at a rate of 2%–3% per year regardless of the preceding 
duration of drinking, leading to the logical question as 
to whether ALD is a dose-related or permissive effect.11 
Indeed, a more recent prospective study demonstrates 
that alcohol has a threshold but not a dose–response 
effect on mortality from alcoholic cirrhosis in heavy 
drinkers.12,13 Another simple and yet long-recognized 
fact that casts doubt on the dose-responsive hepatotoxic 
theory is that ALD develops in only a small fraction of 
heavy drinkers, despite similarly high intakes of alcohol. 
In studies that carefully eliminate individuals with viral 
hepatitis infection, the incidence of ALD can be as low 
as 10%, despite consumption of alcohol exceeding the 
“threshold” dose.13 However, this interpretation does 
not minimize the harmful effects of alcohol on the liver; 
rather, it reinforces the permissive nature of alcohol 
effects and the notion that ALD requires coexisting risk 
factors.

Alcohol’s interactions with risk factors

It has long been known that many lifestyle factors are 
associated with ALD. The list includes smoking,14–16 a 
diet high in fat,17 malnutrition,18 concomitant medica-
tion,19 and obesity.20,21 Many of these factors are also 
listed among the top ten risk factors in the WHO report 
(Figs. 1A and B). Comorbidities are also important risk 
factors for ALD, and they include viral hepatitis infec-
tion,22 diabetes,23,24 autoimmunity,25 iron disorders,26 and 
sleep apnea.27 Genetic factors are of obvious impor-
tance, and the most convincing genetic risk factor for 
ALD is female gender.28 Many genes known to be 
involved in alcohol and lipid metabolism, antioxidant 
defense, infl ammation, and immunity have been exam-
ined for an association of their polymorphisms with 
ALD, as reviewed by Wilfred de Alwis and Day.29 To 

date, the only genes that have been shown to have defi n-
itive roles in determining the risk for alcoholism in 
humans are Adh2 and Aldh2. Genetic analysis of ALD, 
as with that of any other chronic disease, usually leads 
to initial excitement over the disclosure of a novel 
genetic association in one population and a subsequent 
setback when the association cannot be confi rmed in a 
different population. This result can mean one of two 
things: one of the two studies may be correct and the 
other study wrong; or both may be right. It is important 
to recognize that the latter is the most likely possibility, 
considering the complex gene–environment interac-
tions that underlie ALD, as depicted in Fig. 2. In one 
population, one gene may be associated with the patho-
genesis of ALD, but in a different population that lacks 
one or more critical environmental factors affecting the 
fi rst population, this association may not be expressed. 
Only in a large cohort study involving comprehensive 
genetic and environmental data acquisition that allows 
stratifi cation with environmental factors, can a more 
accurate analysis of gene–environment interactions be 
performed.

Synergy between alcohol, viral hepatitis, and diabetes

As described earlier, comorbidities are important deter-
minants of the severity of ALD. In particular, a syner-
gistic effect of alcohol and viral hepatitis or diabetes on 
the risk of developing hepatocellular carcinoma (HCC) 
has been reproduced by many studies23,24,30 and repre-
sents one of the most signifi cant medical problems that 
plague contemporary society. Most notably, the impli-
cations of the synergistic interactions between alcohol 
and obesity/diabetes may be substantial, considering 
the global prevalence of obesity. To highlight this 

Fig. 2. A schematic diagram depicting proposed gene–
environment interactions in the evolution of alcoholic liver 
disease. HCV, hepatitis C virus; HBV, hepatitis B virus
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synergism, the results of two recently published 
studies23,30 are extracted and summarized in Table 1. 
According to these population-based, case–control 
studies, which analyzed 115 and 285 patients with HCC 
and 230 and 435 control subjects, respectively, heavy 
alcohol drinking is an independent HCC risk factor, 
increasing the risk 4.5- or 2.1-fold, respectively. Diabe-
tes is also shown to be an independent risk factor [odds 
ratio (OR), 4.3 and 3.0]. More importantly, if alcohol 
abuse and diabetes coexist, the risk is synergistically 
increased to 9.9- or 17.3-fold, respectively, according to 
these two studies. As predicted from the previous work, 
hepatitis C virus (HCV) and hepatitis B virus (HBV) 
are strong independent risk factors (OR, 12.6/15.3 and 
8.6). When alcohol abuse is superimposed, the OR 
jumps to 48.3 and 53.9. Smoking also has an effect that 
is more than additive, with an OR of 5.9 when combined 
with alcohol, whereas smoking by itself results in an OR 
of 2.0.30 These results again underscore the fact that the 
top ten risk factors listed by WHO (Figs. 1A and B), or 
pathological conditions resulting from them, represent 
key risk factors that synergistically interact with alcohol 
to produce high-risk conditions for liver damage. They 
also emphasize the need to shift the research focus onto 
molecular mechanisms that underlie the interfaces of 
these specifi c interactions.

Interfaces of alcohol and risk factor interactions

In 2006, leading investigators in the fi eld of alcoholic 
liver and pancreatic diseases (ALPD) assembled in 
Southern California at the First International Sympo-
sium on ALPD and Cirrhosis. Major discussions focused 
on molecular mechanisms that underlie alcohol’s actions 
to sensitize hepatocytes and to prime pathologic effects, 
as well as on how these mechanisms interface with the 
effects of secondary risk factors. The published sympo-
sium proceedings (Journal of Gastroenterology and 

Hepatology 2006;21 Suppl 3) includes excellent review 
articles and is an outstanding compendium of discus-
sions on ALPD pathogenesis.

Alcohol abuse perturbs the biology of the host to 
generate signature biochemical characteristics that are 
interactive in the pathogenesis of ALD (summarized in 
Fig. 3). An adaptive increase in the activity of alcohol 
dehydrogenase (ADH) and Cyp2e1 leads to increased 
acetaldehyde exposure, increased generation of reac-
tive oxygen species (ROS), and enhanced oxygen 
consumption and subsequent centrilobular hypoxia.31 
Chronic alcohol intake also reduces the hepatic level 
of S-adenosylmethionine (SAMe) by suppression of 
methionine adenosyltransferase activity, while homo-
cysteine is accumulated owing to the inhibition of 
methionine synthesis from homocysteine.32,33 A high 
homocysteine level, acetaldehyde, and oxidant stress all 
can cause an unfolded protein response in the endoplas-
mic reticulum (ER), called ER stress. ER stress can 
activate sterol regulatory element-binding proteins 
(SREBP)-1c and -2, which contribute to the accumula-
tion of triglycerides and cholesterol, respectively.34 The 
former leads to fatty liver and the latter may lead to 
enrichment of free cholesterol in the mitochondria, 
resulting in reduced uptake of glutathione (GSH) by 
mitochondria and subsequent depletion of this critical 
antioxidant in this organelle (mGSH). This defect rep-
resents the most crucial mechanism of hepatocyte sen-
sitization to cell death mediated by oxidant stress, 
inducing molecules such as tumor necrosis factor (TNF) 
α.35 ER stress also induces CHOP, a protein implicated 
in apoptosis of hepatocytes in an ALD model.34 Reduced 
SAMe sensitizes the liver to further damage and causes 
spontaneous steatohepatitis and HCC, by mechanisms 
not fully defi ned.32 SAMe supplementation has been 
shown to ameliorate mGSH depletion, suggesting a link 
between the two.35 SAMe also appears to regulate cyto-
kine expression by lymphocytes33 and Kupffer cells,32 
suggesting its role in nonparenchymal liver cells besides 

Table 1. Synergism between alcohol, diabetes, viral hepatitis and smoking for HCC 
risk

Alcohol Diabetes HBV/HC V Smoking

HCCa OR(95% CI)

Hassan et al.23 Yuan et al.30

x  4.5  2.1
x  4.3  3.0

x x  9.9 17.8
x 12.6/15.3  8.6

x x 53.9 48.3
x n.d.  2.0

x x n.d.  5.9

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; OR, odds ratio; 
95% CI, confi dence interval; n.d., no data
a These data are from two recently published case–control studies



H. Tsukamoto: Alcoholic liver disease 607

hepatocytes. With respect to Kupffer cell regulation in 
ALD, two new and intriguing hypotheses have emerged. 
One suggests an inhibitory effect of adiponectin on 
TNFα expression and a potential role of a reduced 
adiponectin level in upregulating TNFα in ALD.36 The 
other proposes the importance of the signaling role of 
iron in IκB kinase (IKK) activation and TNFα expres-
sion by Kupffer cells in ALD.37–39 Although endotoxin 
has been emphasized as a priming mechanism of hepatic 
macrophages for ROS generation and cytokine expres-
sion in ALD, it is diffi cult to explain chronic infl amma-
tion by this hypothesis alone, since we know Kupffer 
cells show endotoxin tolerance in ALD. In this respect, 
iron, which is known to accumulate in Kupffer cells in 
chronic liver disease such as ALD and nonalcoholic 
steatohepatitis (NASH), may be a critical regulator of 
infl ammation, since this transition metal not only pro-
motes endotoxin-mediated NFκB activation but also 
serves as endotoxin-independent agonist for NFκB-
responsive genes via direct activation of IKK.37–39 Adi-
ponectin, a fat-derived cytokine, also serves as an 
upstream regulator for hepatocyte lipid metabolism. 
Adiponectin activates AMP-activated protein kinase 
(AMPK), which suppresses lipogenesis and promotes 
lipolysis via the following three mechanisms: (1) inhibi-
tion of SREBP-1c, a protein that induces lipogenic 
genes; (2) activation of peroxisome proliferator-
activated receptor α, which induces fatty acid oxidation 
genes; and (3) inhibition of acetyl Co-A carboxylase 
and reduced production of malonyl-CoA, in turn acti-
vating carnitine palmitoyl-transferase-I, the rate-
limiting enzyme for fatty acid transport into mitochondria. 
Thus, when adiponectin levels falls under chronic 
alcohol intake, AMPK activity is reduced, lipogenesis is 
induced, and fatty acid oxidation is suppressed, leading 
to the genesis of fatty liver. Indeed, a therapeutic effect 
of adiponectin on steatosis has been demonstrated in 

animal models of both alcoholic and nonalcoholic fatty 
liver disease.40 Of note is that inhibition of AMPK is 
also achieved by TNFα and ER stress, and reduced 
adiponectin levels favor ROS generation by NADPH 
oxidase in Kupffer cells and consequent TNFα expres-
sion, establishing circular and interactive inhibitory 
effects on AMPK (Fig. 4). Acetaldehyde, a major toxic 

Fig. 3. Cross-interactions among alcohol-
induced biochemical perturbations and 
their interactions with risk factors in 
the pathogenesis of alcoholic liver disease. 
Risk factors are enclosed in rectangles, 
and their interactions with alcohol-
induced primary mechanistic events are 
shown by bold arrows. ROS, reactive 
oxygen species; RNS, reactive nitrogen-
species; ER, endoplasmic reticulum; 
SAMe, S-adenosylmethionine; ADH, 
alcohol dehydrogenase; mGSH, mito-
chondrial glutathione

Fig. 4. Role of reduced adiponectin level in the genesis of 
alcoholic fatty liver. TNFα, tumor necrosis factor α; AMPK, 
AMP-activated protein kinase; ACC, acetyl Co-A carboxyl-
ase; SREBP-1c, sterol regulatory element-binding protein 1c; 
PPARα, peroxisome proliferator-activated receptor α; CPT-
1, carnitine palmitoyl-transferase-I
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metabolite of alcohol, must be important in the patho-
genesis of ALD. The question then is why do not all 
alcoholics, who presumably generate similar amounts 
of acetaldehyde owing to their similar high intake of 
alcohol and similar induction of ADH and Cyp2e1, 
develop progressive ALD. A difference in clearance 
of acetaldehyde is a possible explanation. But a more 
intriguing possibility was put forth by Dean Tuma and 
his colleagues more than 10 years ago.41 Their study 
demonstrated the existence of a hybrid adduct, called 
MMA-protein adduct, composed of acetaldehyde and 
malondialdehyde, one of the major aldehyde products 
of lipid peroxidation. The important characteristics of 
the MMA adduct is that it forms in a synergistic manner 
in the presence of these two different aldehydes,42 sug-
gesting that the extent of oxidant damage (lipid peroxi-
dation) determines the extent of MMA adduct formation 
in the presence of similar acetaldehyde concentrations. 
This adduct is very immunogenic, exhibits proinfl am-
matory and profi brogenic properties, and its level cor-
relates with ALD.42

Then, how do known risk factors of ALD such as 
high-fat diet, iron, drugs, female gender, viral hepatitis, 
and obesity/diabetes interact with the aforementioned 
mechanisms rendered by alcohol to promote ALD? 
Suspected interfaces are shown by the bold arrows in 
Fig. 3. For instance, a high-fat diet is known to induce 
Cyp2e1 and ER stress. Habitual drug intake similarly 
induces Cyp2e1 and other cytochrome isoforms, and 
their radical metabolites may directly promote oxidant 
stress. A diet high in iron or the co-existence of an iron 
metabolic disease exacerbates alcohol-induced iron 
accumulation in both hepatocytes and Kupffer cells, 
promoting oxidative damage via the Fenton pathway 
and accentuating IKK activation via iron signaling, 
inducing NFκB-responsive proinfl ammatory genes as 
described above. Type II diabetes is known to be associ-
ated with Cyp2e1 induction, which is implicated in the 
genesis of NASH. Obesity, which is a major predispos-
ing condition for diabetes, may also increase sleep 
apnea, which in turn aggravates centrilobular liver 
hypoxia caused by a alcohol-induced hypermetabolic 
state. Hepatitis viral proteins have been shown to 
directly modulate innate and adaptive immunity43,44 and 
induce oxidant stress in mitochondria.45,46 HCV core 
protein also induces insulin resistance,47,48 hepatic ste-
atosis, and HCC via a mechanism involving the protea-
some activator PA28γ.49,50 HCV core transgenic mice 
fed ethanol show activation of extracellular signal-
regulated kinase and p38 mitogen-activated protein 
kinase, which may be of relevance to the synergism for 
liver pathology.51 Why female gender causes greater 
susceptibility to ALD is an important question. A dif-
ference in volume distribution or fi rst-pass metabolism, 
increased endotoxin entrance into the portal system, 

and higher responsiveness to endotoxins have been pro-
posed,52 but the contribution of these mechanisms to the 
overall sensitization seen in female alcoholics is unclear. 
A global search for gender-specifi c targets that are 
affected by chronic alcohol abuse may be necessary to 
advance this specifi c fi eld. More population-based 
studies are also essential to improve our knowledge of 
the effects of different risk factors on ALD. Precise 
molecular characterization of the interfaces of the inter-
actions between alcohol and the various risk factors is 
of obvious importance and should be a focus of future 
research.
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