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Abstract
Apart from alcohol, there are other factors that may in-
duce complications, which resemble alcohol-related liver 
disorders. In particular, obesity has been brought into 
focus as a risk factor for fatty liver disease. The term 
“non-alcoholic” fatty liver disease is commonly used to 
distinguish between obesity-related and alcohol-related 
hepatic steatosis. This review uses the epidemiological 
perspective to critically assess whether it is necessary 
and useful to differentiate between alcoholic and “non-
alcoholic” fatty liver disease. The M�D�I�� database The M�D�I�� databaseThe M�D�I�� databasehe M�D�I�� database 
was searched using the PubMed search engine, and a 
review of reference lists from original research and re-
view articles was conducted. The concept to distinguishThe concept to distinguish 
between alcoholic and “non-alcoholic” fatty liver disease 
is mainly based on specific pathomechanisms. This 
concept has, however, several limitations including the 
common overlap between alcohol misuse and obesity-
related metabolic disorders and the non-consideration 
of additional causal factors. Both entities share similar 
histopathological patterns. Studies demonstrating dif-
ferences in clinical presentation and outcome are often 
biased by selection. Risk factor reduction is the main 
principle of prevention and treatment of both disease 
forms. In conclusion, alcoholic and “non-alcoholic” fattylcoholic and “non-alcoholic” fatty 
liver diseases are one and the same disease caused by 

different risk factors. A shift from artificial categories 
to a more general approach to fatty liver disease as a 
multicausal disorder may optimize preventive strategies 
and help clinicians more effectively treat patients at the 
individual level.
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INTRODUCTION
There is longstanding clinical knowledge that chronic 
alcohol misuse may cause severe liver damage. Hepatic 
steatosis is regarded as the early stage of  alcohol-induced 
liver damage, and steatohepatitis may follow if  alcohol 
misuse is continued. Liver cirrhosis as an end-stage of  
liver damage is accompanied by potentially life-threat-
ening conditions including esophageal bleeding, hepatic 
encephalopathy, increased susceptibility to infections and 
impaired hemostasis.

It has been recognized for many decades that, apart 
from alcohol, other factors may induce complications, 
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which resemble alcohol-related liver disorders in many 
ways[1]. In particular, obesity and metabolic syndrome, 
both with an increasing prevalence in developed com-
munities, have been brought into scientific and clinical 
focus as risk factors for hepatic steatosis. Ludwig et al[2] 
described the potential role of  obesity and metabolic syn-
drome in hepatic steatosis in their paper on nonalcoholic 
steatohepatitis as a hitherto unnamed disease, which was 
published in 1980. From that work, the term “non-alco-
holic” fatty liver disease has been established and is now 
commonly used to distinguish between obesity-related 
and alcohol-related hepatic steatosis.

Fatty liver disease is common in populations and has 
potential consequences for individual health. In Southern 
Italy, it was estimated from a population-based study[3] 
that alcohol misuse accounted for 46.5% of  all cases di-
agnosed with impaired liver function, and a further 24.0% 
of  cases were attributed to “non-alcoholic” fatty liver 
disease. In Northeast Germany, where alcohol misuse, 
obesity and metabolic syndrome are highly prevalent[4-6], 
29.9% of  adults aged between 20 and 79 years had a hy-
perechogenic pattern in their liver ultrasound. Given the 
expected increase in the global burden of  overweight and 
obesity[7], the prevalence of  “non-alcoholic” fatty liver dis-
ease will continue to rise over the next years. The potential 
impact of  fatty liver disease for societies is reflected by 
the fact that, over the following five years, subjects with 
current hepatic steatosis will cause 26% higher health care 
costs compared to subjects without hepatic steatosis[8].

Currently, a large amount of  research is being per-
formed to explore risk factors, histopathological features, 
pathogenesis, clinical symptoms and options for the pre-
vention and treatment of  “non-alcoholic” fatty liver disease. 
At this moment in time, it is common in research and clini-
cal practice to distinguish between alcoholic and “non-alco-
holic” fatty liver disease. The rationale for this distinction, 
however, has not yet been the issue of  thorough analyses.

This review uses the clinical-epidemiological perspec-
tive to critically assess whether it is necessary and useful 
to differentiate between alcoholic and “non-alcoholic” 
fatty liver disease. The general aim of  this review is to 
summarize the evidence that alcohol and “non-alcoholic” 
fatty liver diseases represent one and the same disorder 
with an underlying multicausal origin. 

MATERIALS
Two search strategies were used to find appropriate ar-
ticles for the research question. The ���LIN� data-he ���LIN� data-
base (from January 1, 1966 to �ecember 17, 2011) was 
searched using the PubMed search engine to find articles 
on alcoholic and “non-alcoholic” fatty liver disease. The 
keywords used were “alcoholic” or “non-alcoholic” and 
“fatty liver” or “hepatic steatosis” or “steatohepatitis” or 
“cirrhosis”. Hereafter, a review of  reference lists from 

original research and review articles was conducted. Arti-
cles in �nglish and German were considered on the basis 
of  their relevance to this review’s topic.

To illustrate some major points, data from the large-
scale population-based Study of  Health in Pomerania 
(SHIP) are used[9]. For this study, a sample from the gen-
eral population aged 20 to 79 years was drawn from pop-
ulation registries. Baseline examinations were performed 
in 4308 men and women. The longitudinal data collection 
included a five-year examination, morbidity and mortality 
follow-ups[10]. SHIP is conducted in Northeast Germany, 
where both metabolic syndrome and alcohol misuse are 
highly prevalent and, consequently, hepatic steatosis is 
also commonly found on liver ultrasound[11].

RESULTS
Definitions and risk factors
The term alcoholic fatty liver disease refers to hepatic 
steatosis and its liver-related sequelae, which are related 
to alcohol misuse, whereas the term “non-alcoholic” fatty 
liver disease comprises the same liver disorders attributed 
to obesity and metabolic syndrome[12]. At a first glance, 
these definitions sound clear and intuitive, but there are 
at least five drawbacks for applying these definitions in 
clinical practice and research. These drawbacks are the 
main reason why the term “non-alcoholic” is put in quo-
tation marks throughout this review.

Firstly, the term “non-alcoholic” fatty liver disease is 
imprecise. It implies that all risk factors for hepatic steato-
sis are summarized under this name. This, however, is not 
the case, because the term rather refers to the obesity-re-
lated causes that underlie the fatty liver disease. In addition 
to obesity and metabolic syndrome, other causes of  fatty 
liver disease exist including other metabolic and hormonal 
disorders, acute starvation and abdominal surgery, as well 
as pharmacotherapeutic, toxic and genetic factors, which 
actually would have been also summarized under the term 
“non-alcoholic” fatty liver disease (Figure 1). 

Secondly, with regard to hepatic steatosis, there is no 
consistent definition of  alcohol misuse. For example, 
some scientists[13,14] consider alcoholic fatty liver disease 
when men consume at least 80 g alcohol and define 
“non-alcoholic” liver disease by excluding patients who 
report a daily alcohol consumption of  less than 20 g[15,16]. 
Unfortunately, subjects with alcohol consumption of  
between 20 g and < 80 g are not assigned to a specific 
group. The resulting practical problem is illustrated by 
SHIP data. In fact, 26.7% of  all male participants aged 
20 to 79 years had reported a daily alcohol consumption 
in the range of  20 g to < 80 g during the past 7 d.

Thirdly, the term “non-alcoholic” implies that alcohol 
plays no role in the development of  fatty liver disease in af-
fected patients. Certain amounts of  alcohol consumption, 
however, are usually tolerated in the definition of  “non-
alcoholic” fatty liver disease. Contrary to this, chronic daily 
alcohol consumption of  e.g., 20 g may well increase the 
risk of  liver damage in a considerable proportion of  sus-
ceptible individuals. Thus, female sex, dietary habits, alco-
hol dehydrogenase deficiency and other genetic factors are 
major predictors of  such increased susceptibility[17,18].
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Fourthly, many cases cannot be clearly assigned to ei-
ther the alcoholic or the “non-alcoholic” category, because 
an overlap between alcohol consumption and metabolic 
disorders exists within many individuals. SHIP data ex-
emplify this issue (Figure 2). In the general adult popula-
tion of  Northeast Germany, obesity and harmful alcohol 
consumption are not mutually exclusive characteristics. 
Rather, a broad overlap between both characteristics ex-
ists, particularly in men. Among men who are either obese 
or report a daily alcohol consumption of  > 30 g, 17.5% 
fulfill both criteria. In men with hyperechogenicity on liver 
ultrasound, this proportion is even as high as 27.3%. In 
women, for whom harmful alcohol consumption of  > 20 
g per day is much less prevalent than in men, the overlap 

is smaller and reaches a proportion of  7.3% in the whole 
female population and 9.4% in women with hyperecho-
genic findings on liver ultrasound. After applying stricter 
definitions for risk factors, metabolic syndrome[19] and 
increased serum carbohydrate-deficient transferrin levels 
are co-existent in 9.0% of  men with at least one of  both 
risk factors in the whole study population and in 11.7% 
in men with risk factors and liver hyperechogenicity, re-
spectively (Figure 3). In women, these proportions are 
5.8% and 7.3%. Similar findings were found in Finish 
adults[20], where subjects with alcoholic fatty liver disease 
were as often obese as subjects with “non-alcoholic” fatty 
liver disease, and the metabolic syndrome was even more 
common in alcoholic than in “non-alcoholic” fatty liver 
disease.

Current definitions of  alcoholic and “non-alcoholic” 
fatty liver disease disregard the common presence of  
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�ipid metabolism and insulin resistance
   Metabolic syndrome
   Type 2 diabetes
   Mauriac syndrome
   Weber christian syndrome
   Sleep apnoea syndrome

Genetic factors
   Gender
   �atin and black Americans
   P�P�A3
   Abetalipoproteinaemia
   Werner syndrome

Intestinal factors
   Small bowel resection
   Jejunal bypass
   Biliopancreatic diversion
   Bacterial overgrowth

Pharmacotherapy
   Total parenteral nutrition
   i.v. glucose
   Amiodarone
   �ifedipine
   Tamoxifen
   Glucocorticoids
   Synthetic estrogens

Intoxications
   Organic solvents
   Volatile optrochemicals
   Dimethylformamide

Infections
   Hepatitis C

Hormones
   Menopause
   PCOS
   Hypogonadism
   Hypothyroidism
   Growth hormone deficiency

�utrition
   Alcohol consumption
   High-calorie diet
   Vitamin C and E deficiency
   Acute starvation

Figure 1  Risk factors for fatty liver disease[17,32,72,82-87]. PNPLA3: Patatin-like phospholipase domain-containing protein 3; PCOS: Polycystic ovary syndrome.
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Figure 2 ��esity a�d alco�ol co�su��tio� i� t�e ge�eral �o�ulatio� of ��esity a�d alco�ol co�su��tio� i� t�e ge�eral �o�ulatio� of��esity a�d alco�ol co�su��tio� i� t�e ge�eral �o�ulatio� of 
Nort�east Ger�a�y. Data are taken from the population-based Study of Health 
in Pomerania. The columns indicate the proportions of obesity (Ob; body mass 
index > 30 kg/m²), harmful alcohol consumption (Alc; daily alcohol consumption 
> 20 g in women and > 30 g in men), the combined presence of both risk fac-
tors in all subjects (1122 men, 781 women) and subjects with a hyperechogenic 
pattern on liver ultrasound (535 men, 276 women), in whom at least one of both 
risk factors was present. 
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Figure 3 �e�����i�� ����r��e ��� i���re��e� �eru� ���r�����r��e��e����ie�� �e�����i�� ����r��e ��� i���re��e� �eru� ���r�����r��e��e����ie���e�����i�� ����r��e ��� i���re��e� �eru� ���r�����r��e��e����ie�� 
tra�sferri� i� t�e ge�eral �o�ulatio� of Nort�east Ger�a�y. Data are taken 
from the population-based Study of Health in Pomerania. The columns indicate 
the proportions of metabolic syndrome (MetS), increased serum carbohydrate-
deficient transferrin (CDT > 6%), the combined presence of both risk factors in 
all subjects (970 men, 685 women) and subjects with a hyperechogenic pattern 
on liver ultrasound (486 men, 288 women), in whom at least one of both risk 
factors was present.
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risk factors for hepatic steatosis. What is the correct 
diagnosis for obese patients with hepatic steatosis who 
consume too much alcohol? �o they have alcoholic fatty 
liver disease, “non-alcoholic” fatty liver disease or both? 
And how do we name fatty liver disease if  one or more 
additional risk factors listed in Figure 1 are present? Fur-
thermore, it has been convincingly demonstrated that 
metabolic factors contribute to the risk of  pure steatosis 
in alcoholic patients. Apolipoprotein A1 levels, body 
mass index, waist circumference and blood pressure are 
closely associated with the risk of  fatty liver in these pa-
tients[21]. On the other hand, especially in obese women, 
low amounts of  alcohol may provoke the risk of  “non-
alcoholic” fatty liver disease[22]. These data suggest that 
interactions among alcohol use, metabolic characteristics 
and other factors (Figure 1) do exist, and that the com-
plexity of  risk factor interplay is much greater than the 
simple distinction between alcoholic and “non-alcoholic” 
fatty liver disease indicates.

Finally, misclassification due to information bias re-
presents a serious problem in correctly distinguishing 
between alcoholic and “non-alcoholic” forms of  fatty 
liver disease. Given the potential stigmatization through 
alcohol use among patients and study participants, the 
under-reporting of  alcohol consumption is a common 
problem in clinical practice and research. Thus, it can be 
expected that a significant alcoholic component contrib-
utes to the development of  “non-alcoholic” fatty liver 
disease in a certain proportion of  patients. Misclassifica-
tion also arises from the fact that a history of  alcohol 
consumption is usually evaluated in the present or for the 
very recent past. The �ionysos study[23,24] demonstrated, 
however, that life-time history of  alcohol consumption 
is more valid to define a threshold for liver cirrhosis than 
is the current information. Studies performed in patients 
with “non-alcoholic” fatty liver disease confirmed that 
misclassification was present in up to 10% of  all cases[22]. 

Misclassification of  alcohol consumption may also have 
biased studies[25-28], which suggested that low-to-moderate 
alcohol consumption is inversely associated with the risk of  
fatty liver diseases. The challenge in such studies is to cor-
rectly define the reference group. If  this definition is only 
based on current self-reported denial of  alcohol consump-
tion, the reference group might not only include lifelong 
teetotallers, but also sick quitters with high alcohol-related 
morbidity[29]. This phenomenon may also have led to over-
simplified interpretation of  J-shaped associations between 
alcohol consumption and cardiovascular mortality[30,31] and 
should be considered in future studies on associations be-
tween alcohol consumption and fatty liver disease.

Taken together, the definitions of  alcoholic and “non-
alcoholic” fatty liver disease are not very practical for 
clinical applications. The current concept of  “non-alco-
holic” fatty liver disease does not sufficiently take into ac-
count risk factors for fatty liver disease other than obesity 
and metabolic syndrome. 

Histopathology
Liver biopsy is the gold standard for the diagnosis of  

fatty liver disease. The general stages of  both alcoholic 
and “non-alcoholic” fatty liver disease are as follows: 
(1) simple steatosis�� (2) steatohepatitis�� and (3) cirrhosis.1) simple steatosis�� (2) steatohepatitis�� and (3) cirrhosis.) simple steatosis�� (2) steatohepatitis�� and (3) cirrhosis.�� (2) steatohepatitis�� and (3) cirrhosis. (2) steatohepatitis�� and (3) cirrhosis.2) steatohepatitis�� and (3) cirrhosis.) steatohepatitis�� and (3) cirrhosis.3) cirrhosis.) cirrhosis. 
�acrovesicular, microvesicular or mixed patterns of  sim-
ple steatosis are the first step of  both alcoholic and “non-
alcoholic” fatty liver disease[32,33]. The diagnostic criteria 
for steatohepatitis are steatosis accompanied by liver cell 
injury, inflammatory changes and fibrosis[32,34]. Common 
histopathological features of  liver cell injury are balloon-
ing of  hepatocytes, vacuolated nuclei, �allory bodies 
and megamitochondria. Inflammatory changes usually 
follow a lobular pattern. Perisinusoidal fibrosis typically 
occurs in acinar zone 3[32,34]. Cirrhosis, as an end stage 
of  multiple liver disorders, is characterized by progres-
sive perivenular fibrosis, which may form septa between 
terminal hepatic venulae. Regenerative nodules or diffuse 
pericellular fibrosis throughout the acini may develop if  
risk factors persist[32].

Several studies[34-36] have investigated the differences in 
the histopathological picture between alcoholic and “non-
alcoholic” fatty liver disease. In one study[35], patients with 
alcoholic fatty liver disease had a more diminished re-
gional blood flow and hepatic oxygen consumption rela-
tive to patients with “non-alcoholic” fatty liver disease, 
suggesting that a more impaired hepatic circulation exists 
in the former than in the latter. Although in this small 
study[35] both of  the patient groups had an otherwise sim-
ilar picture of  hepatic steatosis, major differences existed 
in the extent of  risk factors. Whereas the six patients with 
alcoholic fatty liver disease consumed a heavy amount of  
at least 180 g alcohol daily, the relatively moderate inclu-
sion criterion for the “non-alcoholic” fatty liver disease 
group was to be “at least 30% overweight in terms of  
ideal standards for height”[35]. Unfortunately, no further 
details on the distribution of  metabolic risk factors were 
given in that study[35]. 

Regarding steatohepatitis, a previous review[34] has 
summarized current evidence by stating that the “non-al-
coholic” form of  steatohepatitis has greater amounts of  
steatosis and nuclear vacuolization, but less necroinflam-
matory activity, canalicular cholestasis, �allory hyaline 
and periportal fibrosis than the alcoholic form. Although 
these differences probably exist, the limited comparability 
between patients with and without alcoholic steatohepati-
tis may limit the conclusions of  many studies. 

One example illustrates this notion. To investigate the 
histopathological disparities between patients with and 
without alcoholic hepatitis, Pinto et al[13] compared the 
histopathological characteristics of  patients with “non-
alcoholic” and alcoholic steatohepatitis, whereby the lat-
ter group was divided into ambulatory and hospitalized 
patients. In relation to hospitalized alcoholic patients, 
those with “non-alcoholic” steatohepatitis had less severe 
histopathological signs of  steatohepatitis, whereas ambu-
latory patients with alcoholic steatohepatitis displayed an 
intermediate histopathological picture. 

Without a doubt, the study of  Pinto et al[13] confirmed 
the expectation that the clinical presentation of  patients 
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with alcoholic steatohepatitis is associated with the his-
topathological severity of  the disease. It still remains to 
be determined, however, whether it is also possible to 
conclude that “non-alcoholic” steatohepatitis has a less 
severe histopathological pattern than the alcoholic form, 
because additional information on the clinical status of  
the patients would be necessary. Unfortunately, it is un-
clear from that study[13], whether the “non-alcoholic” ste-
atohepatitis patients were ambulatory or hospitalized. It 
has also not been stated what the indication of  liver biop-
sy was in the “non-alcoholic” patients. Thus, it does seem 
likely that, for example, asymptomatic hepatomegaly in 
patients with known heavy alcohol consumption may be 
tolerated, since this finding is well explained by alcohol-
ism�� whereas the same constellation in patients who deny 
alcohol abuse gives rise to greater clinical efforts to find 
reasons for hepatomegaly. Hence, it is unclear whether 
the less severe clinical status in “non-alcoholic” steato-
hepatitis patients and the earlier liver biopsy account for 
the lower severity of  histopathological findings compared 
to patients with alcoholic steatohepatitis.

Furthermore, although Pinto et al[13] provide data on 
medication taken by the study patients, they leave uncer-
tainty whether liver-related side effects of  these drugs 
were suspected by treating physicians. Hence, it is not 
clear whether patients were correctly assigned to “non-
alcoholic” steatohepatitis as a metabolic liver disorder.

Taken together, although histopathological differ-
ences between alcoholic and “non-alcoholic” fatty liver 
disease exist, the general pattern of  findings is very simi-
lar. Therefore, pathologists are not able to distinguish 
between both entities by themselves without information 
on risk factors provided by clinicians[32,37,38].

Pathogenesis
The pathogenesis of  alcoholic and “non-alcoholic” fatty 
liver disease has specific as well as common components. 
The relatively specific components of  alcoholic fatty liver 
disease include the toxic effects of  acetaldehyde and an 
increase in NA�H[18,39] leading to acidosis, hypoglycemia 
and, as important factors for the development of  hepatic 
steatosis, an increased activity of  lipogenic pathways 
and a reduced export of  triglycerides from the liver[18]. 
In “non-alcoholic” fatty liver disease, insulin resistance 
activates the breakdown of  peripheral adipose tissue with 
the consequence of  increased hepatic absorption of  free 
fatty acids, de novo synthesis of  fatty acids and accumula-
tion of  triglycerides in the liver[18]. Furthermore, high 
serum insulin levels stimulate fatty acid synthesis and 
inhibit the conversion of  triglycerides to very low density 
lipoproteins[18]. 

At least five common mechanisms exist that are im-
portant for the development and progression of  both 
alcoholic and “non-alcoholic” fatty liver disease. Firstly, 
inadequately high energy uptake may not only induce 
key mechanisms in “non-alcoholic” fatty liver disease, 
but may also contribute to the alcoholic form of  the 
disease. Alcoholic beverages are calorically dense, and in 

the absence of  severe malnutrition in affected patients, 
this may result in an impaired energy balance in chronic 
alcoholism[36]. Secondly, triglycerides are synthesized from 
fatty acids in both forms of  fatty liver disease. Fatty acids 
are mainly derived from lipolysis of  adipose tissue, but 
may also be generated by de novo lipogenesis[36]. Thirdly, 
oxidative stress is highly relevant to the progression from 
hepatic steatosis to steatohepatitis and cirrhosis in both 
forms of  fatty liver disease. In alcoholic fatty liver dis-
ease, ethanol generates free radicals, and the activation 
of  CYP2�1 and mitochondrial activities release reactive 
oxygen species[18,40]. Free fatty acids and mitochondrial 
dysfunction seem to be key mediators for the inflamma-
tory processes induced in “non-alcoholic” fatty liver dis-
ease[41,42]. �itochondrial dysfunction and oxidative stress 
are the major contributors to the progression from pure 
steatosis to steatohepatitis in both alcoholic and “non-
alcoholic” fatty liver disease[43-45]. Also, in both disease 
forms, inflammatory cytokines reduce insulin sensitivity 
and thereby increase the risk of  fatty liver disease[45-47]. 
Fourthly, endotoxin, a toxic lipopolysaccharide located in 
the cell wall of  Gram-negative bacteria, enhances compli-
cations of  fatty liver disease by stimulating inflammatory 
processes. In alcoholic and “non-alcoholic” fatty liver 
disease, the release of  endotoxin is triggered by increased 
gut permeability[18,48,49]. Finally, intestinal bacteria may add 
an alcoholic component to the pathogenesis of  “non-
alcoholic” fatty liver disease. It has been demonstrated in 
mice studies that intestinal bacteria produce alcohol, and 
that the amount of  alcohol production is higher in obese 
than in lean animals[50]. In line with these findings from 
animals, hepatocytes from young human patients with 
“non-alcoholic” steatohepatitis and without any history 
alcohol consumption demonstrated expression of  genes 
encoding all known pathways of  alcohol degradation, 
which was much stronger than in hepatocytes from age-
matched controls[51]. These findings support the notion 
that alcohol may play a central role in the development 
of  “non-alcoholic” steatohepatitis.

Taken together, there are, particularly in the early 
stages of  fatty liver disease, some pathways that are spe-
cific for the underlying cause of  the disease. In other 
important aspects, pathomechanisms leading to alcoholic 
as well as “non-alcoholic” fatty liver disease share many 
similarities. 

Clinical presentation
Upon investigation of  the clinical status of  patients with 
“non-alcoholic” compared to alcoholic fatty liver dis-alcoholic” compared to alcoholic fatty liver dis-
ease, studies usually find that the former patients are less 
symptomatic with nausea, abdominal pain, jaundice and 
gastrointestinal bleeding, than are the latter[37,52]. To inter-
pret these findings correctly, the time of  recruitment of  
patients for the studies during the course of  the disease 
has to be taken into account. These studies[37,52] are com-
monly histology-based. Thus, the time of  recruitment is 
the day the biopsy was performed. As already suggested 
above, invasive diagnostic procedures may be performed 
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much later in the time course of  the disease in patients 
with clear alcohol misuse than in those with no or less 
alcohol consumption. Thus, the longer exposure and, 
consequently, larger cumulative dose of  risk factors may 
have significantly influenced the outcomes of  studies 
comparing the clinical features between patients with and 
without alcoholic fatty liver disease. 

Taken together, current research suggests that “non-
alcoholic” fatty liver disease is accompanied by relatively 
mild symptoms compared to alcoholic fatty liver disease, 
but studies generally lack a well-balanced standardization 
with respect to the extent of  underlying risk factors. 

Outcome
Hepatic complications���� Pure hepatic steatosis is com-
monly regarded as a benign disorder. However, in both 
alcoholic and “non-alcoholic” fatty liver disease, he-
patic steatosis may progress to steatohepatitis. Fibrosis 
is regarded to be the result of  wound healing following 
inflammatory changes. The final stage of  alcoholic and 
“non-alcoholic” fatty liver disease is liver cirrhosis. He-
patic steatosis and steatohepatitis are also associated with 
an increased risk of  hepatocellular carcinoma, and alco-
hol misuse and obesity are the most common risk factors 
for this malignant tumor in developed countries[53,54].

One study[37] has compared the histopathological pat-
terns between consecutive patients with alcoholic and 
“non-alcoholic” hepatic steatosis, demonstrating an 
increased risk of  steatohepatitis and fibrosis in patients 
with alcoholic relative to “non-alcoholic” fatty liver dis-
ease. The conclusions from that study[37] are, however, 
hampered by the limited comparability between the ex-
posure groups with respect to the extent of  risk factors. 
The prevalence of  liver fibrosis in patients who admit-
tedly consumed at least 80 g alcohol daily was compared 
to that in “non-alcoholic” fatty liver disease patients, of  
whom 77% had a body weight of  > 10% above their 
ideal body weight. The higher grades of  lobular inflam-
mation, fibrosis and cirrhosis might well be explained by 
unbalanced risk factors in that study[37]. Another study[55] 
supports this notion. Histopathological findings were 
investigated in 160 patients with morbid obesity who 
underwent gastric bypass or gastric banding surgery. The 
proportion of  “non-alcoholic” steatohepatitis was 33.8% 
and thus reached higher percentages than have been pre-
viously described in heavy alcoholic drinkers[23].

Similar to the risk of  pure steatosis, there is also a pos-
sible overlap of  risk factors for steatosis-related sequelae. 
After investigating risk factors for steatohepatitis and liver 
cirrhosis in patients with alcoholic fatty liver disease, it 
was demonstrated that the co-existence of  alcohol misuse 
with obesity and metabolic syndrome increases the risk 
of  complications of  alcoholic fatty liver disease[56]. Con-
versely, in patients with “non-alcoholic” fatty liver disease, 
moderate and, particularly, heavy episodic alcohol con-
sumption increases the risk of  hepatic fibrosis[57].

A �anish register study[58] demonstrated that, after 
excluding patients with liver cirrhosis, both alcoholic and 

“non-alcoholic” fatty liver disease was associated with 
an increased risk of  primary liver cancer, and that this 
risk was higher in the alcoholic (standardized incidence 
ratio 9.5�� 95% CI: 5.7-14.8) than in the “non-alcoholic” 
group (standardized incidence ratio 4.4�� 95% CI: 1.2-11.8). 
Unfortunately, as is commonly inherent to register stud-
ies, only a limited amount of  baseline data was available. 
Hence, uncertainty exists as to whether “non-alcoholic” 
fatty liver disease was mainly due to obesity and metabol-
ic syndrome or whether other causes were also present. 

Taken together, given individual susceptibility, which 
cannot be fully defined by the current knowledge, hepatic 
steatosis may progress to steatohepatitits, liver cirrhosis 
and hepatocellular carcinoma. The major determinant for 
this progression is the persistence of  risk factors, which 
has led to hepatic steatosis. 

Extrahepatic complications���� The association between 
hepatic steatosis and extrahepatic sequelae has become 
an important issue of  current research. Since “non-alco-
holic” hepatic steatosis is regarded to be closely related to 
metabolic syndrome, multiple studies have investigated its 
associations with atherosclerotic diseases[59-61] and diabe-
tes mellitus[62-65]. �ost of  these studies[59,61-63,65], however, 
used the relatively unspecific serum transaminase levels 
to define the exposure variables and commonly did not 
compare the risks of  the outcomes between subjects with 
“non-alcoholic” and alcohol-related fatty liver disease. 

In SHIP, we extensively studied the associations be-
tween metabolic disorders and hepatic steatosis as defined 
by the combined presence of  ultrasound and laboratory 
findings. We identified strong inverse relations of  hepatic 
steatosis with the anabolic hormones testosterone in 
men[66] and insulin-like growth factor-1 in both genders[67]. 
All of  these relations were independent of  alcohol con-
sumption. Moreover, stratified analyses in subjects who 
consume more or less alcohol did not reveal any signifi-
cant difference between both groups. A recent case-con-
trol study confirmed that carotid intima-media thickness 
was higher in all patients with fatty liver disease compared 
to healthy controls, but there was no difference in intima-
media thickness between patients with alcoholic or “non-
alcoholic” fatty liver disease[68]. 

Using the longitudinal data, we demonstrated that 
subjects with hyperechogenicity on liver ultrasound and 
increased serum alanine aminotransferase levels at base-alanine aminotransferase levels at base-
line more commonly used health care services over the 
following five years[8]. Consequently, hepatic steatosis wasConsequently, hepatic steatosis was 
also related to increased health care costs. Another analy-
sis showed that increased serum γ-glutamyl transpepti-
dase levels were predictive of  mortality if  a hyperecho-
genic liver echo pattern was also present[69]. All of  these 
associations of hepatic steatosis with mortality as well asiations of  hepatic steatosis with mortality as well as 
future health care utilization and costs were independent 
of  alcohol consumption. Also, stratification of  the study 
population according to more or less alcohol consump-
tion did not reveal any difference in the subgroups with 
respect to the outcomes.
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In good agreement with the hypothesis that not only 
the risk of  fatty liver disease itself  but also its outcome 
is determined by multiple risk factors, the NHAN�S Ⅲ 
study demonstrated that the components of  the meta-
bolic syndrome are associated with overall mortality in 
both “non-alcoholic” and alcoholic fatty liver disease[70]. 
In line with our findings, an extension of  the aforemen-
tioned study by Cortez-Pinto et al[13,71] demonstrated that 
the clinical status of  patients, but not the major cause of  
fatty liver disease, is predictive of  the outcome. Patients 
with “non-alcoholic” steatohepatitis as well as ambula-
tory and hospitalized patients with alcoholic hepatitis 
were followed up over a mean time of  six years. Survival 
was similar between patients with alcoholic and “non-
alcoholic” steatohepatitis. Only the subgroup of  hospital-
ized alcoholics had a shorter survival than patients with 
“non-alcoholic” steatohepatitis[71]. As mentioned earlier, 
this finding might be explained by the more advanced 
disease stage of  hospitalized alcoholics, when compared 
to patients with “non-alcoholic” steatohepatitis at the 
time of  recruitment.

Taken together, it is still not clear whether extrahepat-
ic complications of  “non-alcoholic” fatty liver disease are 
specific for the metabolic origin. Rather, it seems likely 
that fatty liver disease confers this risk, independent of  
its causes.

Prevention and therapy
The question arises as to whether specific strategies for 
primary and secondary prevention and treatment repre-
sent the major difference between alcoholic and “non-
alcoholic” fatty liver disease. In the former, abstinence 
from alcohol is the major goal, while in the latter the 
major challenge is improvement of  insulin resistance. 
The most efficient risk factor reduction can be achieved 
by lifestyle changes. In patients with alcoholic fatty liver 
disease the major treatment target is total abstinence 
from alcohol, while in patients with “non-alcoholic” fatty 
liver disease the central goal is weight reduction by calorie 
reduction and optimized food quality[18]. Treatment can 
be pharmacologically supported by drugs, which improve 
the insulin resistance[72].

From a more general perspective, risk factor reduc-
tion is the major principle of  prevention and treatment 
in both forms of  fatty liver disease. This more general 
perspective is particularly necessary, given the overlap be-
tween risk factors and their potential interactions.

Risk factor reduction is not only important to prevent 
the natural course of  the disease from benign hepatic 
steatosis to steatohepatitis and cirrhosis, but it is also re-
quired to avoid recurrent fatty liver disease in allografts 
following liver transplantation[72]. This general statement is 
appropriate for both alcoholic and “non-alcoholic” fatty 
liver disease and also holds true for alcoholic fatty liver 
disease with a “non-alcoholic” component and vice versa.

Beyond risk factor reduction and liver transplantation 
in end stage liver failure, no specific therapies for alco-
holic fatty liver disease are currently accepted in clinical 

medicine, and none have proven to be exclusively suf-
ficient in patients with “non-alcoholic” or alcoholic fatty 
liver disease. Thus, several therapeutic strategies that aim 
at, for instance, supporting the antioxidative system or 
reducing inflammation have been tested only in specific 
forms of  fatty liver disease[18,72,73].

Taken together, risk factor reduction is the major goal 
of  prevention and the basic principle of  treating fatty 
liver disease. 

CONCLUSION
This review followed the hypothesis that fatty liver dis-
ease is a multifactorial disease with alcohol consumption 
and metabolic factors being the most common risk fac-
tors. For many aspects, studies were found that directly 
confirmed the hypothesis. Other studies, which appar-
ently did not support this notion, were critically assessed 
from the epidemiological perspective. Following the line 
of  evidence presented herein, the hypothesis underlying 
the strict separation of  alcoholic from “non-alcoholic” 
fatty liver disease may be less justified than taking fatty 
liver disease as it probably is-a multifactorial disorder.

The current concept to distinguish between alcoholic 
and “non-alcoholic” fatty liver disease is mainly based 
on the presence of  alcohol misuse and obesity-related 
metabolic disorders as common risk factors and, at least 
evident for the early phase of  the disease, specific patho-
genetic mechanisms. This concept has, however, several 
limitations. These limitations include the clear distinction 
between both entities in the common presence of  alcohol 
misuse and obesity-related metabolic disorders and the 
non-consideration of  other causal factors listed in Figure 
1. Both entities share similar histopathological patterns 
and pathways. Studies demonstrating differences in clini-
cal presentation and outcome are sometimes biased by 
selection. Risk factor reduction is the main principle of  
prevention and treatment of  both forms of  the disease.

Fatty liver disease parallels other multicausal diseases 
in many aspects. For example, various risk factors for 
atherosclerosis have been established including tobacco 
consumption, obesity and metabolic syndrome. For 
all of  these risk factors, specific pathways have been 
described[74,75]�� the outcome following acute coronary 
syndrome or stroke differs depending on the type and 
amount of  risk factors accumulated[76-78] and, beyond 
basic therapeutic principles, the choice of  pharmaceuti-
cal drugs depends on the pattern of  individual risk factor 
profiles. However, the presence of  underlying risk factors 
is not mutually exclusive, the histopathological findings 
are not risk factor specific, and risk factor reduction is 
the main goal of  primary and secondary prevention. In 
cardiovascular medicine, however, there is no concept 
to distinguish between tobacco and non-tobacco-related 
atherosclerosis.

The distinction between alcoholic and “non-alcoholic” 
fatty liver disease is arbitrary and artificial. It should be 
replaced by a concept which regards fatty liver disease as 
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a multicausal disorder. Such a concept opens up multiple 
questions, which are potentially of  high clinical relevance. 
�xamples of  these questions are: Are there cumulative 
thresholds for the effect of  risk factors for fatty liver dis-
ease and related complications, and how are those hypo-
thetical thresholds decreased by the additional presence 
of  other risk factors? As expected, the association be-As expected, the association be-
tween risk factors and alcoholic fatty liver disease follows 
a dose-response pattern[23]. Similar findings have been 
documented for “non-alcoholic” fatty liver disease. In 
the �ionysos study[79], the prevalence of  hepatic steatosis 
was estimated to be 91% in obese, 67% in overweight 
and 24% in normal weight individuals. However, it still 
remains to be determined whether these risk factors 
interact with other factors listed in Figure 1. The multi-
causal approach could also be applied to investigation of  
the factors defining individual susceptibility for this mul-
ticausal disorder and its complications. From the clinical 
perspective, it would be highly valuable to explore risk 
scores similar to those scores established for coronary ar-
tery disease[80] or diabetes mellitus[81], for instance. Finally, 
complex therapeutic strategies, in addition to risk factor 
reduction, could be found. 

In conclusion, alcoholic and “non-alcoholic” fatty 
liver diseases are one and the same disease caused by 
different risk factors. A shift from artificial categories to 
a more general approach to fatty liver disease as a mul-
ticausal disorder may optimize preventive strategies and 
help clinicians more effectively treat patients at the indi-
vidual level.

REFERENCES
1 Thaler H. [Fatt�� �iver�� its ca�ses and concomitant diseases]. 

Dtsch Med Wochenschr 1�62�� 87�� 10���10��
2 Ludwig J�� Viggiano TR�� McGi�� DB�� Oh B�. Nona�coho�ic 

steatohepatitis�� Ma��o C�inic experiences with a hitherto �n�
named disease. Mayo Clin Proc 1��0�� 55�� �������

� Pendino GM�� Mariano A�� S�race P�� Caserta CA�� Fiori��o 
MT�� Amante A�� Br�no S�� Mangano C�� Po�ito I�� Amato F�� 
Cotichini R�� Stroffo�ini T�� Me�e A. Preva�ence and etio�og�� 
of a�tered �iver tests�� a pop��ation�based s�rve�� in a Medi�
terranean town. Hepatology 200��� 41�� 11�1�11��

� Baumeister SE�� A�te D�� Me��er C�� �ohn U. [Hea�th Risk drink�
ing and prob�ematic cons�mption of a�coho� in Pomerania�� 
comparative ana���sis of the St�d�� of Hea�th in Pomerania 
�SHIP� compared with the Federa� German Hea�th and Ex�
amination S�rve�� in 1���]. Gesundheitswesen 200��� 67�� �����

� Völzke H�� Ba�meister SE�� A�te D�� Hoffmann W�� Schwahn 
C�� Simon P�� �ohn U�� Lerch MM. Independent risk factors 
for ga��stone formation in a region with high cho�e�ithiasis 
preva�ence. Digestion 200��� 71�� ���10�

6 Meisinger C�� Heier M�� Vö�zke H�� Löwe� H�� Mit�sch R�� 
Hense HW�� Lüdemann �. Regiona� disparities of h��perten�
sion preva�ence and management within German��. J Hyper-
tens 2006�� 24�� 2���2��

� Kelly T�� Yang W�� Chen CS�� Re��no�ds K�� He �. G�oba� b�rden 
of obesit�� in 200� and projections to 20�0. Int J Obes �Lond� 
200��� 32�� 1��1�1���

� Baumeister SE�� Vö�zke H�� Marscha�� P�� �ohn U�� Schmidt 
CO�� F�essa S�� A�te D. Impact of fatt�� �iver disease on hea�th 
care �ti�ization and costs in a genera� pop��ation�� a ����ear 
observation. Gastroenterology 200��� 134�� �����

� Völzke H�� A�te D�� Schmidt CO�� Radke D�� Lorbeer R�� Fried�

rich N�� A�mann N�� La� K�� Piontek M�� Born G�� Havemann 
C�� Ittermann T�� Schipf S�� Haring R�� Ba�meister SE�� Wa��as�
chofski H�� Na�ck M�� Frick S�� Arno�d A�� �ünger M�� Ma��er�e ��� 
Kraft M�� Lerch MM�� Dörr M�� Reffe�mann T�� Empen K�� Fe�ix 
SB�� Obst A�� Koch B�� G�äser S�� Ewert R�� Fietze I�� Penze� T�� 
Dören M�� Rathmann W�� Haerting ��� Hannemann M�� Röpcke 
��� Schminke U�� �ürgens C�� Tost F�� Rettig R�� Kors �A�� Ungerer 
S�� Hegenscheid K�� Kühn �P�� Kühn ��� Hosten N�� P��s R�� Hen�
ke ��� G�oger O�� Te�mer A�� Hom�th G�� Vö�ker U�� Schwahn C�� 
Ho�tfreter B�� Po�zer I�� Koh�mann T�� Grabe H��� Rosskopf D�� 
Kroemer HK�� Kocher T�� Biffar R�� �ohn U�� Hoffmann W. Co�
hort profile: the study of health in Pomerania. Int J Epidemiol 
2011�� 40�� 2����0�

10 Haring R�� A�te D�� Vö�zke H�� Sa�er S�� Wa��aschofski H�� �ohn 
U�� Schmidt CO. Extended recr�itment efforts minimize 
attrition b�t not necessari��� bias. J Clin Epidemiol 200��� 62�� 
2�2�260

11 Volzke H�� Robinson DM�� K�eine V�� De�tscher R�� Hoffmann 
W�� L�demann ��� Schminke U�� Kess�er C�� �ohn U. Hepatic 
steatosis is associated with an increased risk of carotid ath�
erosc�erosis. World J Gastroenterol 200��� 11�� 1����1���

12 McClain CJ�� Mokshag�ndam SP�� Barve SS�� Song Z�� Hi�� DB�� 
Chen T�� Deaci�c I. Mechanisms of non�a�coho�ic steatohepa�
titis. Alcohol 200��� 34�� 6����

1� Cortez-Pinto H�� Baptista A�� Cami�o ME�� Va�ente A�� Sara�
goça A�� de Mo�ra MC. Nona�coho�ic steatohepatitis. 
C�inicopatho�ogica� comparison with a�coho�ic hepatitis in 
amb��ator�� and hospita�ized patients. Dig Dis Sci 1��6�� 41�� 
1�2�1��

1� Morita Y�� Ueno T�� Sasaki N�� K�hara K�� Yoshioka S�� Tateishi 
Y�� Nagata E�� Kage M�� Sata M. Comparison of �iver histo��
og�� between patients with non�a�coho�ic steatohepatitis and 
patients with a�coho�ic steatohepatitis in �apan. Alcohol Clin 
Exp Res 200��� 29�� 2��S�2�1S

1� Bacon BR�� Farahvash M��� �anne�� CG�� Ne�schwander�Tetri 
BA. Nona�coho�ic steatohepatitis�� an expanded c�inica� en�
tit��. Gastroenterology 1����� 107�� 110��110�

16 Caldwell SH�� Oe�sner DH�� Iezzoni �C�� Hespenheide EE�� 
Batt�e EH�� Drisco�� C�. Cr��ptogenic cirrhosis�� c�inica� charac�
terization and risk factors for �nder���ing disease. Hepatology 
1����� 29�� 66��66�

1� Wilfred de Alwis NM�� Da�� CP. Genetics of a�coho�ic �iver 
disease and nona�coho�ic fatt�� �iver disease. Semin Liver Dis 
200��� 27�� �����

1� Forgione A�� Mie�e L�� Cefa�o C�� Gasbarrini G�� Grieco A. A�co�
ho�ic and nona�coho�ic forms of fatt�� �iver disease. Minerva 
Gastroenterol Dietol 200��� 53�� ���100

1� Haring R�� Vö�zke H�� Fe�ix SB�� Schipf S�� Dörr M�� Rosskopf 
D, Nauck M, Schöfl C, Wallaschofski H. Prediction of meta�
bo�ic s��ndrome b�� �ow ser�m testosterone �eve�s in men�� 
res��ts from the st�d�� of hea�th in Pomerania. Diabetes 200��� 
58�� 202��20�1

20 Kotronen A�� Yki��ärvinen H�� Männistö S�� Saarikoski L�� 
Korpi�H��övä�ti E�� Oksa H�� Sa�tevo ��� Saaristo T�� S�ndva�� ��� 
T�omi�ehto ��� Pe�tonen M. Non�a�coho�ic and a�coho�ic fatt�� 
liver disease - two diseases of affluence associated with the 
metabo�ic s��ndrome and t��pe 2 diabetes�� the FIN�D2D s�r�
ve��. BMC Public Health 2010�� 10�� 2��

21 Naveau S�� Tha�r�� ��� Barri�Ova N�� Ba�ian A�� Da�vois B�� Njiké�
Nakse� M�� Prévot S�� Agostini H�� Per�em�ter G. Predictive 
factors for p�re steatosis in a�coho�ic patients. Alcohol Clin 
Exp Res 200��� 33�� 110��1110

22 Hayashi PH�� Harrison SA�� Torgerson S�� Perez TA�� Nocha�
jski T�� R�sse�� M. Cognitive �ifetime drinking histor�� in 
nona�coho�ic fatt�� �iver disease�� some cases ma�� be a�coho� 
re�ated. Am J Gastroenterol 200��� 99�� �6��1

2� Bellentani S�� Saccoccio G�� Costa G�� Tiribe��i C�� Manenti F�� 
Sodde M�� Saveria Crocè L�� Sasso F�� Pozzato G�� Cristianini G�� 
Brandi G. Drinking habits as cofactors of risk for a�coho� in�
d�ced �iver damage. The Dion��sos St�d�� Gro�p. Gut 1����� 

Völzke H. Multicausality in fatty liver disease



��00 ����� 21�� 2012�� 21�� 2012�� 2012|Vo��me 1�|Iss�e 2�|W�G|www.wjgnet.com

41�� ������0
2� Bellentani S�� Tiribe��i C. The spectr�m of �iver disease in 

the genera� pop��ation�� �esson from the Dion��sos st�d��. J 
Hepatol 2001�� 35�� ��1����

2� Dunn W�� X� R�� Schwimmer �B. Modest wine drinking and 
decreased preva�ence of s�spected nona�coho�ic fatt�� �iver 
disease. Hepatology 200��� 47�� 1����1���

26 Yamada T�� F�kats� M�� S�z�ki S�� Yoshida T�� Tok�dome S�� 
�oh T. A�coho� drinking ma�� not be a major risk factor for 
fatt�� �iver in �apanese �ndergoing a hea�th check�p. Dig Dis 
Sci 2010�� 55�� 1�6�1�2

2� Hamaguchi M�� Kojima T�� Takeda N�� Nakagawa T�� Tanig��
chi H�� F�jii K�� Omats� T�� Nakajima T�� Sar�i H�� Shimazaki 
M�� Kato T�� Ok�da ��� Ida K. The metabo�ic s��ndrome as a 
predictor of nona�coho�ic fatt�� �iver disease. Ann Intern Med 
200��� 143�� �22��2�

2� Dixon JB�� Bhatha� PS�� O’Brien PE. Nona�coho�ic fatt�� �iver 
disease�� predictors of nona�coho�ic steatohepatitis and �iver 
fibrosis in the severe��� obese. Gastroenterology 2001�� 121�� 
�1�100

2� Baumeister SE�� Sch�mann A�� Nakazono TT�� A�te D�� Fried�
rich N�� �ohn U�� Vö�zke H. A�coho� cons�mption and o�t�
patient services �ti�ization b�� abstainers and drinkers. Ad-
diction 2006�� 101�� 12���12�1

�0 Wannamethee G�� Shaper AG. Men who do not drink�� a 
report from the British Regiona� Heart St�d��. Int J Epidemiol 
1����� 17�� �0���16

�1 D��ing for a drink. Lancet 1����� 2�� 12���12�0
�2 Yip WW�� B�rt AD. A�coho�ic �iver disease. Semin Diagn 

Pathol 2006�� 23�� 1���160
�� Nanda K. Non�a�coho�ic steatohepatitis in chi�dren. Pediatr 

Transplant 200��� 8�� 61��61�
�� Yeh MM�� Br�nt EM. Patho�og�� of nona�coho�ic fatt�� �iver 

disease. Am J Clin Pathol 200��� 128�� �������
�� Kasahara A�� Ha��ashi N�� Sasaki Y�� Kata��ama K�� Kono M�� 

Yashima T�� F�samoto H�� Sato N�� Kamada T. Hepatic cir�
c��ation and hepatic ox��gen cons�mption in a�coho�ic and 
nona�coho�ic fatt�� �iver. Am J Gastroenterol 1����� 83�� ��6����

�6 Syn WK�� Teaberr�� V�� Choi SS�� Dieh� AM. Simi�arities and 
differences in the pathogenesis of a�coho�ic and nona�co�
ho�ic steatohepatitis. Semin Liver Dis 200��� 29�� 200�210

�� Diehl AM�� Goodman Z�� Ishak KG. A�coho��ike �iver dis�
ease in nona�coho�ics. A c�inica� and histo�ogic comparison 
with a�coho��ind�ced �iver inj�r��. Gastroenterology 1����� 95�� 
10�6�1062

�� Tannapfel A�� Denk H�� Dienes HP�� Langner C�� Schirmacher 
P�� Tra�ner M�� F�ott�Rahme� B. Histopatho�ogica� diagnosis 
of non�a�coho�ic and a�coho�ic fatt�� �iver disease. Virchows 
Arch 2011�� 458�� �11��2�

�� Lieber CS. Metabo�ism of a�coho�. Clin Liver Dis 200��� 9�� 1���
�0 Nagata K�� S�z�ki H�� Sakag�chi S. Common pathogenic 

mechanism in deve�opment progression of �iver inj�r�� 
ca�sed b�� non�a�coho�ic or a�coho�ic steatohepatitis. J Toxi-
col Sci 200��� 32�� �����6�

�1 Day CP�� �ames OF. Steatohepatitis�� a ta�e of two "hits"? Gas-
troenterology 1����� 114�� ��2����

�2 Begriche K�� Igo�dji� A�� Pessa��re D�� Froment�� B. Mitochon�
dria� d��sf�nction in NASH�� ca�ses�� conseq�ences and pos�
sib�e means to prevent it. Mitochondrion 2006�� 6�� 1�2�

�� Arteel GE. Oxidants and antioxidants in a�coho��ind�ced 
�iver disease. Gastroenterology 200��� 124�� ������0

�� Clark JM�� Brancati FL�� Dieh� AM. Nona�coho�ic fatt�� �iver 
disease. Gastroenterology 2002�� 122�� 16���16��

�� Sakaguchi S�� Takahashi S�� Sasaki T�� K�magai T�� Nagata K. 
Progression of a�coho�ic and non�a�coho�ic steatohepatitis�� 
common metabo�ic aspects of innate imm�ne s��stem and 
oxidative stress. Drug Metab Pharmacokinet 2011�� 26�� �0��6

�6 Peraldi P�� Spiege�man B. TNF�a�pha and ins��in resistance�� 
s�mmar�� and f�t�re prospects. Mol Cell Biochem 1����� 182�� 
16��1��

�� Hotamisligil GS. Mechanisms of TNF�a�pha�ind�ced ins��
�in resistance. Exp Clin Endocrinol Diabetes 1����� 107�� 11��12�

�� Diehl AM. Nona�coho�ic fatt�� �iver disease�� imp�ications 
for a�coho�ic �iver disease pathogenesis. Alcohol Clin Exp Res 
2001�� 25�� �S�1�S

�� Sabaté JM�� �o�ët P�� Harnois F�� Mech�er C�� Msika S�� Grossin 
M�� Coffin B. High preva�ence of sma�� intestina� bacteria� 
overgrowth in patients with morbid obesit���� a contrib�tor 
to severe hepatic steatosis. Obes Surg 200��� 18�� ��1����

�0 Cope K�� Risb�� T�� Dieh� AM. Increased gastrointestina� etha�
no� prod�ction in obese mice�� imp�ications for fatt�� �iver 
disease pathogenesis. Gastroenterology 2000�� 119�� 1��0�1���

�1 Baker SS�� Baker RD�� Li� W�� Nowak N��� Zh� L. Ro�e of a��
coho� metabo�ism in non�a�coho�ic steatohepatitis. PLoS One 
2010�� 5�� e���0

�2 Madan K�� Batra Y�� G�pta SD�� Chander B�� Rajan KD�� Te�
watia MS�� Panda SK�� Achar��a SK. Non�a�coho�ic fatt�� �iver 
disease ma�� not be a severe disease at presentation among 
Asian Indians. World J Gastroenterol 2006�� 12�� ��00���0�

�� Bugianesi E�� Leone N�� Vanni E�� Marchesini G�� Br�ne��o F�� 
Car�cci P�� M�sso A�� De Pao�is P�� Cap�ssotti L�� Sa�izzoni M�� 
Rizzetto M. Expanding the nat�ra� histor�� of nona�coho�ic 
steatohepatitis�� from cr��ptogenic cirrhosis to hepatoce����ar 
carcinoma. Gastroenterology 2002�� 123�� 1���1�0

�� Marrero JA�� Fontana R��� F� S�� Conjeevaram HS�� S� GL�� Lok 
AS. A�coho��� tobacco and obesit�� are s��nergistic risk factors 
for hepatoce����ar carcinoma. J Hepatol 200��� 42�� 21��22�

�� Liew PL�� Lee W��� Lee YC�� Wang HH�� Wang W�� Lin YC. 
Hepatic histopatho�og�� of morbid obesit���� conc�rrence 
of other forms of chronic �iver disease. Obes Surg 2006�� 16�� 
1����1���

�6 Purohit V�� R�sso D�� Coates PM. Ro�e of fatt�� �iver�� dietar�� 
fatt�� acid s�pp�ements�� and obesit�� in the progression of 
a�coho�ic �iver disease�� introd�ction and s�mmar�� of the 
s��mposi�m. Alcohol 200��� 34�� ���

�� Ekstedt M�� Franzén LE�� Ho�mqvist M�� Bendtsen P�� Mathie�
sen UL�� Bodemar G�� Kechagias S. A�coho� cons�mption 
is associated with progression of hepatic fibrosis in non�
a�coho�ic fatt�� �iver disease. Scand J Gastroenterol 200��� 44�� 
�66����

�� Sørensen HT�� Me��emkjaer L�� �epsen P�� Th��str�p AM�� 
Baron ��� O�sen �H�� Vi�str�p H. Risk of cancer in patients 
hospita�ized with fatt�� �iver�� a Danish cohort st�d��. J Clin 
Gastroenterol 200��� 36�� ��6����

�� Adams LA�� Waters OR�� Kn�iman MW�� E��iott RR�� O���n��k 
�K. NAFLD as a risk factor for the deve�opment of diabe�
tes and the metabo�ic s��ndrome�� an e�even���ear fo��ow��p 
st�d��. Am J Gastroenterol 200��� 104�� �61��6�

60 Targher G�� Berto�ini L�� Rode��a S�� Tessari R�� Zenari L�� Lippi 
G�� Arcaro G. Nona�coho�ic fatt�� �iver disease is indepen�
dent��� associated with an increased incidence of cardiovas�
c��ar events in t��pe 2 diabetic patients. Diabetes Care 200��� 
30�� 211��2121

61 Meisinger C�� Döring A�� Schneider A�� Löwe� H. Ser�m gam�
ma�g��tam���transferase is a predictor of incident coronar�� 
events in apparent��� hea�th�� men from the genera� pop��a�
tion. Atherosclerosis 2006�� 189�� 2����02

62 Meisinger C�� Löwe� H�� Heier M�� Schneider A�� Thorand B. 
Ser�m gamma�g��tam���transferase and risk of t��pe 2 dia�
betes me��it�s in men and women from the genera� pop��a�
tion. J Intern Med 200��� 258�� �2�����

6� Fraser A�� Harris R�� Sattar N�� Ebrahim S�� Dave�� Smith G�� 
Law�or DA. A�anine aminotransferase�� gamma�g��tam�
���transferase�� and incident diabetes�� the British Women’
s Heart and Hea�th St�d�� and meta�ana���sis. Diabetes Care 
200��� 32�� ��1���0

6� Kim CH�� Park �Y�� Lee KU�� Kim �H�� Kim HK. Fatt�� �iver is 
an independent risk factor for the deve�opment of T��pe 2 
diabetes in Korean ad��ts. Diabet Med 200��� 25�� ��6���1

6� Perry IJ�� Wannamethee SG�� Shaper AG. Prospective st�d�� 

Völzke H. Multicausality in fatty liver disease



��01 ����� 21�� 2012�� 21�� 2012�� 2012|Vo��me 1�|Iss�e 2�|W�G|www.wjgnet.com

of ser�m gamma�g��tam���transferase and risk of NIDDM. 
Diabetes Care 1����� 21�� ��2����

66 Völzke H�� A�mann N�� Krebs A�� Na�ck M�� Steve�ing A�� 
Lerch MM�� Rosskopf D�� Wa��aschofski H. Hepatic steatosis 
is associated with �ow ser�m testosterone and high ser�m 
DHEAS �eve�s in men. Int J Androl 2010�� 33�� �����

6� Völzke H�� Na�ck M�� Rettig R�� Dörr M�� Higham C�� Brabant 
G�� Wa��aschofski H. Association between hepatic steatosis 
and ser�m IGF1 and IGFBP�� �eve�s in a pop��ation�based 
samp�e. Eur J Endocrinol 200��� 161�� �0���1�

6� Kim JH�� Kim SY�� ��ng ES�� ��ng SW�� Koo �S�� Kim �H�� Yeon 
�E�� Kwon SY�� Lee SW�� B���n KS�� Lee CH. Carotid intima�
media thickness is increased not on��� in non�a�coho�ic fatt�� 
�iver disease patients b�t a�so in a�coho�ic fatt�� �iver pa�
tients. Digestion 2011�� 84�� 1���1��

6� Haring R�� Wa��aschofski H�� Na�ck M�� Dörr M�� Ba�meis�
ter SE�� Vö�zke H. U�trasonographic hepatic steatosis in�
creases prediction of morta�it�� risk from e�evated ser�m 
gamma�g��tam��� transpeptidase �eve�s. Hepatology 200��� 50�� 
1�0��1�11

�0 Stepanova M, Rafiq N, Younossi ZM. Components of meta�
bo�ic s��ndrome are independent predictors of morta�it�� 
in patients with chronic �iver disease�� a pop��ation�based 
st�d��. Gut 2010�� 59�� 1�10�1�1�

�1 Cortez-Pinto H�� Baptista A�� Cami�o ME�� De Mo�ra MC. 
Nona�coho�ic steatohepatitis��a �ong�term fo��ow��p st�d���� 
comparison with a�coho�ic hepatitis in amb��ator�� and hos�
pita�ized patients. Dig Dis Sci 200��� 48�� 1�0��1�1�

�2 Duvnjak M�� Lerotić I�� Barsić N�� Tomasić V�� Virović ��kić 
L�� Ve�agić V. Pathogenesis and management iss�es for non�
a�coho�ic fatt�� �iver disease. World J Gastroenterol 200��� 13�� 
��������0

�� Sanyal AJ�� Cha�asani N�� Kowd�e�� KV�� McC���o�gh A�� Dieh� 
AM�� Bass NM�� Ne�schwander�Tetri BA�� Lavine �E�� Tonas�
cia ��� Una�p A�� Van Natta M�� C�ark ��� Br�nt EM�� K�einer 
DE�� Hoofnag�e �H�� Rob�ck PR. Piog�itazone�� vitamin E�� or 
p�acebo for nona�coho�ic steatohepatitis. N Engl J Med 2010�� 
362�� 16���16��

�� Leone A. Smoking�� haemostatic factors�� and cardiovasc��ar 
risk. Curr Pharm Des 200��� 13�� 1661�166�

�� Kim JA�� Montagnani M�� Koh KK�� Q�on M�. Reciproca� re�
�ationships between ins��in resistance and endothe�ia� d��s�
f�nction�� mo�ec��ar and pathoph��sio�ogica� mechanisms. 
Circulation 2006�� 113�� 1����1�0�

�6 Hasdai D�� Ho�mes DR�� Criger DA�� Topo� E��� Ca�iff RM�� Wi��
cox RG�� Pao�asso E�� Simoons M�� Deckers ��� Harrington RA. 

Cigarette smoking stat�s and o�tcome among patients with 
ac�te coronar�� s��ndromes witho�t persistent ST�segment 
e�evation�� effect of inhibition of p�ate�et g���coprotein IIb/
IIIa with eptifibatide. The PURSUIT trial investigators. Am 
Heart J 2000�� 139�� �����60

�� Sharma JC. Non�ne�ro�ogica� variab�es and morta�it�� of 
ac�te stroke. Int J Clin Pract 2001�� 55�� 61��626

�� Protack CD�� Bakken AM�� X� ��� Saad WA�� L�msden AB�� 
Davies MG. Metabo�ic s��ndrome�� A predictor of adverse 
o�tcomes after carotid revasc��arization. J Vasc Surg 200��� 
49�� 11�2�11�0.e1�� disc�ssion 11�0

�� Bellentani S�� Bedogni G�� Mig�io�i L�� Tiribe��i C. The epide�
mio�og�� of fatt�� �iver. Eur J Gastroenterol Hepatol 200��� 16�� 
10���10��

�0 Conroy RM�� P��örä�ä K�� Fitzgera�d AP�� Sans S�� Menotti A�� 
De Backer G�� De Bacq�er D�� D�cimetière P�� �o�si�ahti P�� 
Kei� U�� Njø�stad I�� Oganov RG�� Thomsen T�� T�nsta���Pedoe 
H�� Tverda� A�� Wede� H�� Whinc�p P�� Wi�he�msen L�� Gra�
ham IM. Estimation of ten���ear risk of fata� cardiovasc��ar 
disease in E�rope�� the SCORE project. Eur Heart J 200��� 24�� 
����100�

�1 Schulze MB�� Hoffmann K�� Boeing H�� Linseisen ��� Rohrmann 
S�� Möh�ig M�� Pfeiffer AF�� Spranger ��� Thamer C�� Häring HU�� 
Fritsche A�� �oost HG. An acc�rate risk score based on an�
thropometric�� dietar���� and �ifest���e factors to predict the de�
ve�opment of t��pe 2 diabetes. Diabetes Care 200��� 30�� �10��1�

�2 Van Steenbergen W�� Lanckmans S. Liver dist�rbances in 
obesit�� and diabetes me��it�s. Int J Obes Relat Metab Disord 
1����� 19 S�pp� ��� S2��S�6

�� Romeo S�� Koz�itina ��� Xing C�� Pertsem�idis A�� Cox D�� Pen�
nacchio LA�� Boerwink�e E�� Cohen �C�� Hobbs HH. Genetic 
variation in PNPLA� confers s�sceptibi�it�� to nona�coho�ic 
fatt�� �iver disease. Nat Genet 200��� 40�� 1�61�1�6�

�� Loria P�� Car���i L�� Berto�otti M�� Lonardo A. Endocrine and 
�iver interaction�� the ro�e of endocrine pathwa��s in NASH. 
Nat Rev Gastroenterol Hepatol 200��� 6�� 2�6�2��

�� Völzke H�� Schwarz S�� Ba�meister SE�� Wa��aschofski H�� 
Schwahn C�� Grabe H��� Koh�mann T�� �ohn U�� Dören M. 
Menopa�sa� stat�s and hepatic steatosis in a genera� fema�e 
pop��ation. Gut 200��� 56�� �������

�6 Cotrim HP�� Andrade ZA�� Parana R�� Port�ga� M�� L��ra LG�� 
Freitas LA. Nona�coho�ic steatohepatitis�� a toxic �iver dis�
ease in ind�stria� workers. Liver 1����� 19�� 2����0�

�� Hashizume H�� Sato K�� Takagi H�� Kanda D�� Kashihara T�� 
Kiso S�� Mori M. Werner s��ndrome as a possib�e ca�se of 
non�a�coho�ic steatohepatitis. J Clin Pathol 200��� 62�� 10���10��

S- Editor  Cheng �X    L- Editor  Logan S    E- Editor  Zheng XM

Völzke H. Multicausality in fatty liver disease


