From Department of Gastroenterology and Hepatology,
Institution of Medicine
Karolinska Institutet, Stockholm, Sweden

STUDIES ON ALCOHOLIC
LIVER DISEASE
Knut Stokkeland

Stockholm 2006

Reprinted from “Autoantibodies against cytochromes P-4502E1 and P-4503A in
alcoholics“ by Lytton SD, Helander A, Zhang-Gouillon ZQ, Stokkeland K, Bordone R,
Arico S, Albano E, French SW, Ingelman-Sundberg M from Molecular Pharmacology
1999, 55: 223-233, with permission of the American Society for Pharmacology and
Experimental Therapeutics.
Reprinted from “Morbidity and mortality in liver diseases in Sweden 1969-2001 in
relation to alcohol consumption“ by Stokkeland K, Brandt L, Ösby U, Ekbom A,
Hultcrantz R from Scandinavian Journal of Gastroenterology, www.tandf.no/gastro,
2006, 41, 463-468, by permission of Taylor & Francis.
Reprinted from “Improved Prognosis for Patients Hospitalized With Esophageal Varices
in Sweden 1969-2002 “ by Stokkeland K, Brandt L, Ekbom A, Hultcrantz R from
Hepatology 2006, 43: 500-506, with permission from John Wiley & sons, Inc.

Published and printed by Karolinska University Press
Box 200, SE-171 77 Stockholm, Sweden
© Knut Stokkeland, 2006
ISBN 91-7140-853-3

ABSTRACT
The overall aim of this thesis was to explore the impact of alcoholic cirrhosis in
Sweden, and the relation between drinking patterns and beverage types and alcoholic
cirrhosis, and to evaluate the possible role of autoantibodies in the pathogenesis of
alcohol related liver disease.
We found that rats had appearance of IgG against rat CYP3A1 and CYP2E1 during
chronic ethanol feeding We found that patients had reactivity against CYP3A4 and
CYP2E1 in about 20 to 30% and 10 to 20% of the alcoholic sera. Western blotting
confirmed anti-human CYP2E1 reactivity in 8 of 85 alcoholic sera, and 3 of 58 control
sera. Anti-CYP3A4 reactivity was detected in 18 of 85 alcoholic sera and 4 of
58 control sera. The results suggest that autoantibodies toward both CYP2E1 and
CYP3A could be generated after exposure to alcohol in both humans and experimental
animals and it may contribute to the development of liver cirrhosis.
We found that the liver disease mortality increase from 1969 to 1976 coincided with the
increase in spirit sales. Both mortality and spirit sales decreased thereafter, whereas
there was no decrease in beer or wine sales. Hospitalization rates were reduced after
1987. Depending on age and sex there was a 30-80 percent five-year mortality
following discharge. The same patients could be diagnosed as having both alcoholic
and non-alcoholic liver diseases in the Hospital Discharge Register and the Cause of
Death Register. This was most often found among men. The results suggest that liver
diseases in Sweden during the last thirty years have a reduced mortality that may be
associated with the reduction in spirit consumption on the aggregate level of the
Swedish population. There are difficulties in differing between alcoholic and nonalcoholic liver disease using register data.
We investigated and followed up 12 281 patients who were hospitalized with
esophageal varices. There was an increase in five-year survival between 1990 and 2002
compared to the years between 1969 and 1979 for all patients. There was a better
survival for women than men, for younger patients compared to older and for patients
hospitalized in the latest decade compared to the earlier decades. We found a
significant decrease in mortality due to esophageal varices during the years studied but
no decrease due to other causes. An improved prognosis for patients with esophageal
varices may be related to improvement in therapeutic strategies towards acute variceal
bleeding and secondary prophylactic treatment.
We interviewed 140 patients (50 with alcoholic cirrhosis, 50 with alcohol dependence
without cirrhosis and 40 with non-alcoholic cirrhosis). We found that women drank less
than men, and patients with alcoholic cirrhosis did not drink more than patients with
alcohol dependence without cirrhosis. Women with alcoholic cirrhosis drank 14 009
drinks of alcohol during their lifetime compared to 45 658 drinks consumed by men
with alcoholic cirrhosis. Women with alcoholic cirrhosis reported 9 198 drinks
consumed as binge drinking compared to 25 890 drinks for women with alcohol
dependence. Women with alcoholic cirrhosis drank less beer compared to women with
alcohol dependence. The results suggest that patients with alcoholic cirrhosis seem to
be predisposed to the hepatotoxic effects of alcohol - with a more pronounced
sensitivity in women.
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1 THESIS SUMMARY
This thesis includes results from a broad research program which aimed to assess the
interactions between alcohol consumption and alcoholic cirrhosis in Sweden both on
the epidemiological and individual level.
Specifically the following associations were studied:
•
•
•
•

1.1

The possible development of autoantibodies to cytochromes after long-term
exposure to alcohol as part of the development of immunological reaction, and
its relation to the initiation and continuation of alcohol related liver disease.
Alcohol sales and liver cirrhosis mortality and morbidity and the prognosis of
liver disease in patients hospitalized with liver disease.
The change in prognosis for patients hospitalized with esophageal varices
regarding their age, sex and periods of discharge.
The lifetime exposure to alcohol in patients with alcoholic cirrhosis and their
drinking pattern in comparison with patients with alcohol dependence without
cirrhosis and patients with non-alcoholic cirrhosis.

EPIDEMIOLOGY OF ALCOHOLIC CIRRHOSIS

Alcohol dependence is a huge problem world-wide, and the problems arising from
extensive consumption has been known to man from the Curse of Ham (1). The
epidemiology of liver cirrhosis has been extensively studied, because the disease itself
is important but also because it has been seen as a marker of total alcohol consumption
in a population. Whether total consumption trends or beverage-specific consumption
trends are associated with cirrhosis mortality on an aggregate-level has been a
longstanding focus of epidemiological interest (2-6).
The risk of acquiring alcoholic cirrhosis has been suggested to increase when the
alcohol intake increases. In the National Survey on Drug Use and Health of 2004 the
risk of cirrhosis due to alcohol was 1.30 for males with an average consumption of
alcohol between 40 and 60 g daily and 13.00 for females (7). In a case-control study
from Australia the risk of acquiring cirrhosis increased when the alcohol consumption
exceeded 40 g per day (8). From a large cohort in northern California there was an
increased risk of cirrhosis with increasing alcohol intake (9).
Whether alcohol intake increases the risk of acquiring liver disease in a linear fashion,
or if there is a threshold of consumption, permitting liver disease to be developed above
the threshold is a matter of discussion. From cross-sectional, case-control and
prospective cohort studies a threshold has been observed. The threshold has been
estimated to 20–40 g/day, 30 g/day, 12–24 g/day (women) and 24–36 g per day (men),
40 g/day, 40–80 g/day in fatty liver and alcoholic hepatitis and 80–160 g/day in fibrosis
and cirrhosis, and <50 g/day (10-17). In a meta-analysis even low levels resulted in a
significantly increased risk of liver disease (18).
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Only a small percentage of individuals who have a high alcohol intake will develop
cirrhosis. Population studies have measured the risk of acquiring alcoholic liver disease.
They have found a frequency of 4.2 % of alcoholic liver disease among Northern
Italians consuming 60 g or more of alcohol (19). In Danes who drank more than five
drinks daily the risk of cirrhosis was estimated to be 5.9% of the study population (20).
In addition, other external factors than alcohol consumption may adjust the risk of
developing cirrhosis. Two US studies has found a possible lower risk for development
of liver disease associated with coffee consumption with a hazard ratio of 0.46 (0.260.8) for more than 2 cups, and one-fifth the risk of non-coffee drinkers with a
consumption of four or more cups per day (16, 21). Another Italian study showed an
increased risk with the intake of non-fruit sugar and animal products, and a decreased
risk of developing cirrhosis with the intake of vegetables and fruit (22).
The rate of total cirrhosis mortality is the most commonly used measure when studying
alcohol's aggregate-level association with liver disease. In Sweden there has been a
decrease in the mortality in liver cirrhosis since 1976, despite slightly increased total
alcohol consumption, this change has been seen in France, Norway, Austria, Spain,
Italy, and the USA (4, 23). In Britain an alarming increase is found when analyzing
data from 1950 to 2002, which contrasts the decline seen in the rest of Europe, and the
alarming development of mortality in liver cirrhosis for women in Scotland is
highlighted – more so after recalculating their original data (24, 25). Sometimes the
distinction between alcohol-related and non-alcohol related cirrhosis mortality rates are
made in the analysis (26-32).
An improving trend in the survival experience of liver cirrhosis cases could decrease
the apparent mortality rate in spite of increasing prevalence of cirrhosis. Hence the
number of patients hospitalized with liver cirrhosis would then be a better measure of
severe liver disease in the population. Few studies have compared the morbidity
measured as hospitalization rates, to the consumption of different types of beverage in
liver disease (26, 27, 29, 30, 33). The difficulty in understanding the complex relations
between aggregate-level studies on alcohol consumption and liver cirrhosis mortality,
and case-control studies with individual information on drinking patterns are recently
reviewed, and the value of the hypothesis-generation made possible by associations
found on the aggregate-level are emphasized (34).
Few studies have reported on differences in drinking pattern in liver cirrhosis. A
Danish group have estimated the risk of becoming an excessive drinker (as defined by
drinking above 14 and 21 drinks per week for women and above 21 and 35 drinks per
week for men), and the risk of developing alcoholic cirrhosis were decreased for wine
drinkers (35). In three Danish cohorts individuals with a total intake of wine of more
than 51 % of their total alcohol intake had a risk of 0.3 of developing alcoholic
cirrhosis, as reported from the Danish Death Certificate Register or Hospital Discharge
Register, compared to no wine-drinkers whose risk were defined as 1.0. It is to be
noted that these cohorts only had been responding to their consumption of alcohol in a
standard week, and that more detailed questions regarding prior consumption were not
asked (20, 36). They did find an increase in risk with increasing total intake of alcohol.
In a case-control study using the Lifetime Drinking History questionnaire (LDH), a
questionnaire which in detail assesses the prior consumption of different beverages, a
protective effect of wine could not be found (37). In USA and in five predominantly
beer-drinking countries the spirit consumption was associated with the mortality rates
in liver cirrhosis on the aggregate level (4, 5).
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1.2

MEASURES OF ALCOHOL CONSUMPTION

Alcohol consumption may be assessed by using the recorded legal sales of alcohol. In
Sweden the Swedish State Monopoly provided a limited source of alcohol, and alcohol
sales could be measured with some accuracy. After 1955 the alcohol sales are
registered by the different beverage types, as spirits, wine (including cider and mixed
drinks) and beer, and they are easily available and can be used as an approximation of
actual alcohol consumption in Sweden (38).
Consumption surveys exist that address the alcohol consumption in the total population
and in subgroups. In Sweden several consumption surveys examine the total
consumption of alcohol at different points in time: 1990, 1998, 2000 and 2002. The
surveys show an increase in consumed alcohol bought from the State Monopoly or at
restaurants, from 4.8 litres of pure alcohol per inhabitant above the age of 15 in 1998
and up to 7.0 litres in 2002. Including legally and illegally imported alcohol and home
production of alcohol the consumption increased from 8.0 to 9.9 litres of alcohol (39,
40).
The mortality for aggregated diagnoses of alcohol-related diseases has been used as an
indirect measure of alcohol consumption. Patients who die with a diagnosis of liver
disease represent a majority of the number of patients deceased from alcohol-related
diagnoses, thus rendering this indirect way of measuring alcohol consumption
unsuitable for studying liver disease mortality in relation to alcohol, but useful when
controlling time-trends in survey results for changes in unrecorded consumption (41).
The consumption of alcohol may also be assessed by the use of questionnaires. In
Sweden the Alcohol Use and Disorder Test (AUDIT) are used as a screening tool. It
has been used in a random sample of Swedes where 18% of men and 5% of women
showed signs of a hazardous drinking pattern. Questions about both frequency and
quantity of drinking are included in the questionnaire (42-44).
There are questionnaires regarding alcohol consumption that span the whole lifetime,
floating time period interviews asks the patients to define some points in their lives
where the drinking pattern changed in a significant way. Their consumption is assessed
with detailed questions regarding their drinking pattern between points of change (45).
There exists an interview with fixed time periods that divides the patients lives into
specific age periods. Similar detailed questions are asked as in the floating time period
interview (46). Interviews can be administered as questionnaires to be filled in by the
patients, and they can be performed as person-to-person interviews. The reliability of
the LDH-interview is reported to be good, and the questionnaire has been reliabilitytested and reliability is better when it is administered as an interview (47, 48). The
questionnaire has been used in patients with alcohol dependence and a variety of liver
diseases (37, 49-55). The lifetime drinking history has also been assessed in some nonhepatic disorders and diseases (56-59).

1.3

DEFINITION OF ALCOHOLISM

According to the International Classification of Diseases 10 (ICD-10) the Alcohol
Dependence Syndrome is defined as a cluster of physiological, behavioral, and
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cognitive phenomena in which the use of alcohol takes on a much higher priority for a
given individual than other behaviors that once had greater value.
A definite diagnosis of alcohol dependence should usually be made only if three or
more of the following have been experienced or exhibited at some time during the
previous year: a strong desire or sense of compulsion to take alcohol, difficulties in
controlling alcohol-taking behavior, a physiological withdrawal state when alcohol use
has ceased or been reduced or use of alcohol with the intention of relieving or avoiding
withdrawal symptoms, evidence of tolerance, progressive neglect of alternative
pleasures or interests because of alcohol use, persisting with alcohol use despite clear
evidence of overtly harmful consequences, such as harm to the liver through excessive
drinking.
Narrowing of the personal repertoire of patterns of alcohol use has also been described
as a characteristic feature (e.g. a tendency to drink alcoholic drinks in the same way on
weekdays and weekends, regardless of social constraints that determine appropriate
drinking behavior). It is an essential characteristic of the dependence syndrome that
either alcohol taking or a desire to take alcohol should be present; the subjective
awareness of compulsion to use alcohol is most commonly seen during attempts to stop
or control alcohol use.
In this thesis the definition of alcoholism is used in paper I and II and III, and even
earlier definitions from ICD-8 and ICD-9 in paper III (60-62).
The Diagnostic and Statistic Manual of Mental Disorders (DSM) IV relies on
symptoms for its definition. The DSM says that addiction, or dependence, is present in
an individual who demonstrates any combination of three or more of the following
symptoms occurring at any time in the same 12-month period: Preoccupation with use
of the chemical between periods of use, using more of the chemical than had been
anticipated, the development of tolerance to the chemical in question, a characteristic
withdrawal syndrome from the chemical, use of the chemical to avoid or control
withdrawal symptoms, repeated efforts to cut back or stop the drug use, intoxication at
inappropriate times, or when withdrawal interferes with daily functioning, a reduction
in social, occupational or recreational activities in favor of further substance use and a
continued substance use in spite of the individual having suffered social, emotional, or
physical problems related to drug use (63). This definition of alcoholism is used in
paper IV.
1.4

CLINICAL COMPLICATION OF LIVER CIRRHOSIS

Liver cirrhosis is a slow and progressive disorder. Liver cirrhosis may present itself
first with unspecific symptoms as fatigue and nausea. In many cases, even of fibrosis
and cirrhosis, a thorough investigation and history will reveal no specific symptoms
and signs. In hepatic decompensation or acute or chronic liver failure specific liverrelated symptoms and signs may occur. Liver related symptoms are related to the
diminishing liver function, or to the portosystemic shunting of blood. The shunting
transports products not metabolized by the liver into the systemic circulation. Other
signs of liver cirrhosis are related to the decompensation, and they occur with a
significant loss of hepatic function, as jaundice caused by the decreased ability of the
liver to metabolize bilirubin. Hypoalbuminemia results from the reduced synthesis of
albumin, and it will result in ascitic fluid and peripheral edema. Coagualopathy caused
by reduced synthesis of coagulation factors will lead to bleedings in the skin or in the
4

mucosa. The increasing fibrosis and cirrhosis increases the portal pressure and leads to
ascitic fluid, hepatic encephalopathy and esophageal varices. In addition: hepatic fetor,
palmary erythema, caput medusa and spider naevi occurs (64).
Portal hypertension is a main complication of cirrhosis. It occurs when the resistance in
the portal vein increases after fibrosis and cirrhosis has occurred in the liver and
destroyed liver architecture. Primary intrahepatic vasoconstriction adds to the effect,
and esophageal varices may develop. Postprandial hyperemia and peristaltic
contractions gives rise to increased pressure in the esophageal varices and may
contribute to rupture of the varices. The impaired intrahepatic vasodilatory response
may further increase the pressure (65).
Haemorrhage of the esophageal varices is a frequent cause of death among cirrhotic
patients, and the average mortality after the first variceal bleeding are reported to be 3050% (66, 67). The current state-of the-art treatment for acute variceal haemorrhage
includes endoscopic and pharmacological control with intravenous administration of
vasoactive drugs, and antibiotics. This has been reported to reduce mortality (68, 69).
Secondary prophylaxis includes pharmacological agents, such as propanolol, and
follow-up programs with endoscopical band ligation and in addition surveillance for
varices and in some cases interventional radiological procedures (70). Randomized
controlled trials exist on well-defined patient groups treated for bleeding and
prophylaxis against rebleeding, but there are few long-term studies in a populationbased setting (71-74).

1.5

PATHOGENESIS OF ALCOHOLIC CIRRHOSIS

In addition to the effect of alcohol many host factors influence the development of
alcoholic cirrhosis, as the hepatotropic viruses – especially hepatitis C, polymorphisms
in alcohol metabolizing genes and polymorphisms in inflammatory genes. Other factors
such as obesity may worsen alcoholic liver disease. Heterozygosis for alpha-1antitrysin deficiency and for hemochromatosis does not seem to predispose to advanced
alcoholic liver disease (75).
Ethanol is metabolized to acetaldehyde by the alcohol dehydrogenase and the
microsomal ethanol oxidizing systems. The microsomal ethanol oxidizing systems is
located in the endoplasmic reticulum of the hepatocytes. Ethanol intake results in
proliferation of the smooth endoplasmic reticulum, and it increases the amount of
enzyme activities of the microsomal membranes in the hepatocytes (76-78). The
microsomal ethanol oxidizing systems are inducible by chronic ethanol feeding (79,
80). The key enzyme of the microsomal ethanol oxidizing systems is the ethanolinducible cytochrome P4502E1 (CYP2E1), which is increased fourfold to 10-fold in
liver biopsy with a corresponding rise in mRNA with chronic alcohol exposure (81,
82). The CYP2E1 gene has been isolated and characterized in humans, and it is
localized to chromosome 10 (83). This induction of the CYP2E1 contributes to the
metabolic tolerance to ethanol that develops with an elevated alcohol intake, apart from
the CNS tolerance. Cytochrome P450s other than CYP2E1 such as CYP1A2 and
CYP3A4 may also contribute to ethanol metabolism in the microsomes (84).
The damage caused by oxidative stress in alcoholic liver injury includes mitochondrial
injury, which exacerbates the oxidative stress (85). CYP2E1 leaks oxygen radicals and
when they exceed the cellular defense systems they result in oxidative stress and
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induction of fibrosis (86-90). Alcohol adducts are reactive compounds, which can bind
to proteins. They develop both from ethanol metabolism and ethanol-induced oxidative
stress. Adducts change proteins and may induce autoimmunity (91). Acetaldehyde
binds to many compounds, and may act as an adduct. Acetaldehyde may bind to
reactive lysine residues, aromatic amino acids, cysteine or hemoglobin (92-94).
Elevated IgG and IgA antibodies against acetaldehyde-adducts were found in patients
with alcoholic liver disease (95). Hydroxyethyl radicals (HER) are the product of the
interaction between ethanol and hydroxyl radicals. The targets of human anti-HER IgG
have been identified by immunoblotting as four microsomal proteins, including
CYP2E1 (96). In both rats and humans the presence of anti-HER antibodies shows a
strict correlation with CYP2E1 activity (97, 98).
Malondialdehyde and 4-hydroxynonenal forms adducts with proteins. Hybrid adducts
with acetaldehyde and malondialdehyde have been designated as malondialdehydeacetaldehyde adducts (MAA adducts) (99). Antibodies towards MAA adducts have
shown correlation with alcoholic liver disease in humans (100). In humans, protein
adduct formation is in addition associated with induction of cytochromes 2E1, 2A, and
3A (101).
Immunohistochemical studies have found acetaldehyde-protein adducts in zone 3
hepatocytes in the early phase of alcoholic liver disease (102-106). In advanced
alcoholic liver disease adduct distribution is more irregular and widespread (107-110).
The oxidative stress in the hepatocytes caused by CYP2E1 induction and mitochondrial
injury results in lipid peroxidation and membrane damage and impaired oxygen
capacity and may lead to a vicious circle of increasing acetaldehyde accumulation and
more mitochondrial injury (111, 112). Lipid peroxidation products stimulate fibrosis,
which is also increased through decreased feedback inhibition of collagen synthesis
because acetaldehyde forms adducts with the carboxyl-terminal propeptide of
procollagen (113). Oxidative stress promotes inflammation, which is aggravated by an
increase of the proinflammatory cytokines in Kupffer cells. Kupffer cells are a major
source of cytokines and they harbor CYP2E1 which is increased after chronic alcohol
consumption (114).
The hepatic stellate cell plays a culprit role in the fibrogenetic pathway leading to liver
fibrosis and cirrhosis. The transition of the hepatic stellate cells from indolent retinoid
storing cells to an activated myofibroblast-like cell may be induced by acetaldehyde
and acetaldehyde adducts (115). Other stimuli may activate the stellate cell, as
paracrine stimuli from neighbor cells, endothelial cells and Kupffer cells as well as
changes in the extra-cellular matrix. The “leaky-gut” hypothesis suggests that
increased amount of gut-derived endotoxins activates Kuppfer and other inflammatory
cells, and by production of inflammatory cytokines the activation of the hepatic stellate
cell occurs. The gut-derived endotoxins may directly activate the hepatic stellate cell as
well (116). This contributes to the perpetuation of liver damage in alcoholic cirrhosis.
The activated hepatic stellate cell increases the collagen production, and the collagen
degradation is impaired, thus increasing the fibrosis further towards cirrhosis (116).
The stellate cell is the main responsible cell for the increased sinusoidal resistance
leading to intrahepatic vasoconstriction in the liver (117). The vasoconstriction may be
caused by impaired nitric oxide (NO) production and decreased endothelial nitric oxide
synthase (eNOS) activity. The portal hypertension is maintained even after collaterals
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have been formed by an increased splanchnic blood inflow secondary to vasodilatation.
The splanchnic and systemic vasodilatation leads to the development of a
hyperdynamic circulatory state that worsens all complications of cirrhosis. The
vasodilatation seems to be caused by a splanchnic increase in eNOS-derived NO.
Bacterial translocation increases production of tumor necrosis factor alpha (TNFα) and
NO which further increases the vasodilatation (118). This hyperdynamic state is in
addition responsible for increased blood flow in esophageal varices, their growth and
eventual rupture.
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2 AIM OF THE STUDY
To study the pathogenetic mechanisms in alcoholic liver disease, in order to assess
if alcohol intake could induce autoantibodies towards CYP2E1 and CYP3A.
To study the associations between mortality and morbidity in alcoholic liver
disease, and to determine the relation of consumption of different alcoholic
beverages, in order to elucidate if different beverages influence the mortality and
morbidity. Furthermore we wanted to study the prognosis for patients with
alcoholic liver disease.
To study if there had been changes in prognosis for patients with esophageal
varices, in order to find changes in survival for patients with severe liver disease.
To study the consumption pattern of alcohol in patients with alcoholic cirrhosis in
order to determine the role of different drinking patterns and drinking volumes of
different beverages in the development of alcoholic cirrhosis.
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3 METHODS
3.1

METHODS USED IN PAPER I

Three groups of Swedish patient were enrolled. In the first group there were 85
patients who were admitted for alcohol detoxification. A second group of 18 patients
with alcoholic cirrhosis were recruited from the Department of Gastroenterology and
Hepatology at Karolinska University Hospital. A third group consisted of 58 social
drinkers and 14 individuals abstaining from alcohol. Sera from these patients were
retrieved and prepared through centrifugation.
From Italy first a group of 25 patients were included with alcohol abuse and
steatohepatitis or alcoholic cirrhosis. A second group 12 heavy drinkers without clinical
evidence of liver disease were included. These patients had an estimated mean alcohol
intake of ethanol of more than 100 g per day. A group of healthy control subjects,
consisted of 14 subjects abstaining from alcohol, was recruited within and through
research staff. In all patients their alcohol abuse were assessed by standardized
questionnaire and confirmed by positive CDT testing.
Male Wistar rats were pair-fed ethanol or isocaloric dextrose continuously infused via a
permanent intragastric cannula for 2 months in the amount necessary to maintain a
constant high blood ethanol level greater than 200 mg/100 ml (119). Two other groups
were treated with dextrose plus chlormethiazole (80 mg/kg/day in the diet or in a bolus
80-120 mg/kg/day) or with ethanol plus chlormethiazole. Blood samples for
preparation was taken before and after 1 and 2 months of treatment. At the end of the
experiment, livers were removed and microsomes were prepared. The relative amounts
of CYP2E1, CYP3A1, and CYP4A in the different microsomal preparations were
assessed in ELISA using rabbit anti-CYP3A1 antibodies.
Polystyrene microwell plates for ELISA were coated with purified CYPs or serum
albumin. After incubation, the antigen solutions were removed. Rabbit sera against
CYP3A1 or CYP2E1 were added. The secondary were incubated. The results were
expressed as difference between the absorbances in the well containing CYPs and those
containing human serum albumin.
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was
performed using stacking gel and separating gels. After electrophoresis the proteins
were electrotransferred. Blots were washed and then probed with diluted rabbit antiCYP2E1 or rabbit anti-CYP3A1 sera or different human sera. Immunoblots were
performed for and developed on photographic film.
3.2

METHODS USED IN PAPER II

All Swedish residents have a national registration number, this is a unique personal
identifier that is assigned to them (120). The National Board of Health and Welfare has
collected information of the primary and the secondary causes of death for all Swedish
residents in The Cause of Death Register since 1952 in a computerized form (121).
The Swedish Hospital Discharge Register has data on individual hospital discharges in
Sweden since 1964. It increased in coverage, by increasing numbers of completely
covered counties until it was complete for the whole country in 1987. When using the
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national identification number one can identify all hospital care for one individual
patient since 1964. The register has a high validity (122).
The Cause of Death register and the Swedish Hospital Discharge Register were used to
identify all patients with alcohol-related and non-alcohol related liver diseases
diagnosed according to the ICD –8, -9 and –10 (60-62). We chose to use the last three
ICDs, starting with ICD-8 in 1969, to explore the trends in liver diagnoses.
We defined non-alcohol related liver diseases as 070, 999 and E939, 570.9, 570.01,
570.02, 570.08, 570.09, 571.90, 571.98, 571.99, 572.99, 573.00, 573.01, 573.02,
573.08 and 573.09 according to ICD-8, and 570, 571 E-W, 572, 573 and 070 in ICD-9.
B18 and K71-77 were used in ICD-10. Non-alcoholic cirrhosis was defined as 571.90
in ICD-8, and 571F in ICD-9. It is not possible to classify non-alcoholic cirrhosis in
ICD-10, because the patients, who have developed cirrhosis caused by a specific nonalcohol related liver disease, will be diagnosed according to their original diagnoses
causing cirrhosis (e.g. patients with primary biliary cirrhosis will have the diagnose
K74.3 from the initial phase of the disease to end-stage liver disease).
Alcohol related liver diseases were defined as 571.00 and 571.01 in ICD-8, 571A-D in
ICD-9, and K70 in ICD-10. Alcoholic cirrhosis was defined as 571.00 in ICD-8, 571C
in ICD-9, and K70.3 in ICD-10.
The diagnosis of alcoholism was defined as 291 and 303 in ICD-8, 303 and 305A in
ICD-9, and F10 in ICD-10.
We have used registered sales of alcohol from the State Alcohol Monopoly (38). The
different types of alcohol were divided into spirits, wine and beer.

3.3

METHODS USED IN PAPER III

By using the national registration number for Swedish residents we used data from The
Swedish Hospital Discharge Register at the National Board of Health and Welfare and
linked the data with The Cause of Death Register as described in paper I (121-122).
These registers were used to identify all patients with esophageal varices diagnosed
according to ICD–8, -9 and –10 (60-62). All patients who were hospitalized with
esophageal varices as primary and secondary diagnosis were included. To calculate the
cause-specific mortality all patients with a diagnosis of esophageal varices as primary
and secondary diagnosis in the Death Certificate Register were included.
We defined esophageal varices as 456.00 according to ICD-8, and 456 A (with
bleeding) and 456 B (without bleeding) in ICD-9. In ICD-10 we defined esophageal
varices as I 85.0 (with bleeding) and I 85.9 (without bleeding).

3.4

METHODS USED IN PAPER IV

Fifty patients with alcoholic cirrhosis and 40 patients with non-alcoholic cirrhosis were
recruited from the Department of Gastroenterology and Hepatology, Karolinska
University Hospital in Stockholm and from the Department of Internal Medicine, Visby
Hospital. Fifty patients with alcohol dependence were recruited from the Magnus Huss
Clinic, Karolinska University Hospital and the Alcohol Clinic, Visby Hospital during
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the same period. They all had alcohol dependence according to DSM-IV criteria (63).
Ten of the patients with alcoholic cirrhosis had Child-Pugh’s grade A, 23 had grade B
and 17 had grade C (123). All patients with alcoholic cirrhosis had been hospitalized
previously for alcohol dependence. Twenty-two patients with non-alcoholic cirrhosis
had Child-Pugh grade A, 14 had grade B, and four had grade C. Eighteen of the
patients with alcoholic cirrhosis in this paper participated in paper I.
The diagnosis of liver cirrhosis was based on clinical signs of complications due to
liver disease or by persistent biochemical abnormalities indicating cirrhosis. Exclusion
criteria were terminal disease, psychiatric disorders which made interviewing
impossible or untreated encephalopathy.
The interview Lifetime Drinking History (LDH) was used to provide quantitative
indices of past alcohol consumption. The questionnaire was designed to be scanned
and interpreted by computer software (48). The interview included questions regarding
beer, wine and spirits. The definition of a standard drink was 12 grams of pure alcohol.
The onset of alcohol intake was registered, and identical questions were asked for the
age intervals from 12 to 18, 19-27, 28-44, 45-60 and for the age above 60 years.
Based on the answers in the questionnaire we could determine the duration of alcohol
consumption (DAC), the drinking days (DD), the lifetime alcohol intake (LAI), the
average number of drinks per drinking day (DDD) and the volume of binge drinking.

3.5

THE STATISTICAL METHODS USED IN THE PAPERS

3.5.1 In paper I
The values presented in this work are the mean standard error of the mean (S.E.M.).
Unless mentioned otherwise, all statistical analyses were performed with StatMost
program using parametric unpaired Student’s t test.
3.5.2 In paper II
Mortality and incidence rates of liver disease were directly age standardized with the
age structure of the population in Sweden 1986 as reference. Temporal trends were
analysed graphically and tested as linear trends in a Poisson regression model, taking
age and sex into account (124). Prognosis of patients hospitalized with liver disease
was analyzed in survival curves by the actuarial method and tested with log rank test.
3.5.3 In paper III
The mortality rates were calculated for all patients by the Kaplan-Meyer method and
comparisons were made with the use of log rank tests.
The cause-specific mortality was defined as the patients hospitalized with esophageal
varices that were diagnosed according to ICD-8, ICD-9 and ICD-10 as deceased from
esophageal varices. The data from patients who died of other causes than esophageal
varices are not taken into account when calculating the cause-specific mortality. Nonvariceal mortality was defined as the mortality for the patients deceased from all other
causes.
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Proportional hazard Cox regression models were performed on discharge groups, sex
and age (125). Hazard ratios were expressed as the relative hazard of death for men
compared to women, and for patients older than 70 years, and those between 50 and
69 years compared to those younger than 50 years. The hazard ratio was also
calculated for the later discharge groups compared to the patients hospitalized
between 1969 and 1979.
3.5.4 In paper IV
Overall differences in drinking parameters between the three patient groups were
analyzed using the Kruskal-Wallis test combined with exact Wilcoxon post-hoc tests to
detect differences between groups (126, 127). The p-values from the paired
comparisons were adjusted by the Holm method (128).
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4 RESULTS
4.1

PAPER I

Rats receiving an ethanol-containing diet by intragastric feeding to maintain high blood
alcohol levels developed changes that resembled those seen in ALD, including fatty
change, focal inflammation, necrosis and fibrosis (134). Analysis by ELISA for the
expression of autoimmune reactivity against CYPs demonstrated that by 1 month after
ethanol administration, rats fed ethanol had an appreciable increase of IgG reactivity
against either CYP3A1 or CYP2E1 compared with baseline values. When anti-CYP
reactivity was expressed as percent of the baseline values, ethanol-fed rats exhibited a
2- to 3-fold increase over control animals not receiving ethanol.
The sera from alcoholics and patients with alcoholic liver disease and from social
drinkers were evaluated for the presence of IgG reacting with CYP2E1 and CYP3A4,
using purified recombinant human CYP2E1 and CYP3A4. Positive ELISA reactions
against human CYP3A4 and CYP2E1 were found at a higher frequency among the
alcoholics and the patients with alcoholic liver disease than among control subjects. The
mean anti-CYP3A4 reactivity among Swedish alcoholics was A490 = 0.38 (± 0.28), and
among patients with alcohol liver disease the value was similar 0.4 (± 0.24), whereas
among control subjects, A490 = 0.27 (± 0.13). The reaction with CYP2E1 was less
intense in the sera, and the corresponding mean values were 0.12 ± 0.07 among
alcoholics, 0.19 ± 0.02 in patients with alcoholic liver disease and 0.09 ± 0.05 in control
subjects.
The presence of anti-CYP2E1 and anti-CYP3A4 reactivity was further examined in the
Italian population. The mean IgG autoreactivity against recombinant human CYP3A4
was 0.43 (± 0.22) among Italian alcoholics and 0.36 (± 0.21) among ALD patients
versus 0.21 (± 0.07) for the control subjects. IgG autoreactivity against CYP2E1 was
elevated among the Italian alcoholic groups to similar levels: 0.43 (± 0.3) in alcoholics
and 0.28 (± 0.13) in alcoholic liver disease (ALD) patients versus 0.24 (± 0.07) for the
control subjects.
The reactivity of sera from alcoholics against recombinant human CYP2E1 and
CYP3A4 was also investigated by immunoblotting. We observed that 18 of 85 sera
(21%) from alcoholics and 3 of 18 sera (20%) from ALD patients recognized CYP3A4,
whereas 8 of 85 (10%) alcoholic sera and 2 of 18 ALD sera (11%) tested positive
against human CYP2E1.

4.2

PAPER II

There were 26 005 persons, 17 095 men and 8 910 women, who died of liver disease as
a primary or secondary cause of death between 1969 and 2001. Of the deceased
diagnosed with a non-alcohol related liver disease as cause of death 22% of men and
9% of women had been hospitalized for alcoholism, and 35% of men and 18% of
women had previously been hospitalized with a diagnosis of alcohol related liver
disease.
Total mortality for men from all liver diseases increased to 19 per 100 000 in 1976. The
mortality gradually decreased after 1976. For men with alcohol-related liver disease
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there was an increase up to 1980. The increase was followed by a decrease to about 4
per 100 000 deaths per year in the last 15 years.
For women there was no significant linear trend in total mortality in liver disease before
1976. The mortality gradually decreased from 1976. There seems to be an increase in
mortality since 1997. For women with alcohol-related liver disease the mortality
increased to 1980, with no significant linear trend after 1981.
The spirits sales increased from 1969 up to 3.8 litres in 1976, and then decreased to 1.2
litres in 1998, which seems to follow the same pattern as total liver disease mortality
while sales of wine and beer did not decrease during the period.
There was a decrease in the number of hospitalized patients with liver disease between
1987 and 2001 although there was an increase in hospitalized patients with liver disease
between 1992 and 1996. There were 32 225 patients hospitalized with liver diseases
between 1987 and 2001 and 13 073 of these died after discharge. The prognosis was
poor for all patients; younger patients had a much better prognosis than older. Men had
poorer prognosis than women in all age groups.

4.3

PAPER III

Between 1969 and 2002 there were 12 281 patients hospitalized with the diagnosis of
esophageal varices. The percentage of women increased from 29.3 to 33.6%. The
incidence of patients hospitalized with esophageal varices was stable at a level between
4 and 6 per 100 000 inhabitants hospitalized per year after 1972.
There was high overall mortality during the first year after discharge. There was a
statistically significant improvement in survival over time (log rank-test p<0.0001).
Women had a better survival rate than men in all age and discharge groups. The
multivariate hazard ratio of death showed an improved survival for women compared
to men and the hazard ratio was higher in the earlier discharge groups.
The differences in cause-specific mortality between the three discharge groups were
significant, improving over time (log rank test of p<0.0001). We did not find any
differences in non-variceal mortality between men and women, or between the
discharge groups. The main cause of death for patients hospitalized with esophageal
varices was liver disease.

4.4

PAPER IV

The mean onset age for alcohol consumption was between 16.5 and 20.9 years for
patients with alcoholic cirrhosis and patients with alcohol dependence. Patients with
alcoholic cirrhosis did not have a significantly different duration of alcohol
consumption compared to the patients with alcohol dependence. Patients with alcoholic
cirrhosis did not have a statistically different number of drinking days when compared
to patients with alcohol dependence. The number of days and number of years the
patients with alcohol cirrhosis and the patients without cirrhosis were exposed to
alcohol were the same.
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Women with alcoholic cirrhosis drank 4.4 drinks per drinking day compared to 5.8
drinks for women with alcohol dependence (p<0.01). Men with alcoholic cirrhosis had
consumed 6.2 drinks per drinking day as compared to men with alcohol dependence
who had been drinking 8.5 drinks per drinking day (p<0.05). Patients with alcoholic
cirrhosis drank significantly less drinks per drinking day compared to patients with
alcohol dependence.
Women with alcoholic cirrhosis had drunk 14 010 drinks during their lifetime whereas
women with alcohol dependence had drunk 27 440 drinks, although the difference
between the mean value was large it did not reach statistical significance (p=0.09).
Men with alcoholic cirrhosis had drunk 45 660 drinks during their lifetime, and men
with alcohol dependence had drunk 49 760 drinks, which did not differ significantly
(p=0.78). The lifetime alcohol intake did not differ significantly between patients with
alcoholic cirrhosis and patients with alcohol dependence.
A large difference was seen when comparing women with alcoholic cirrhosis to women
with alcohol dependence when we analyzed the total amount of alcohol they had
consumed as beer during their lifetime. Women with alcohol dependence had drunk
11 350 glasses of beer compared to women with alcoholic cirrhosis who had drunk 1
611 glasses (p<0.01). Women with alcoholic cirrhosis had drunk significantly fewer
drinks of beer than women with alcohol dependence.
When comparing women with alcoholic cirrhosis to men with alcoholic cirrhosis
women had a later onset of alcohol consumption (p=0.04). Women consumed less
alcohol during their lifetime than men (p<0.0001). The total consumption of beer was
significantly less for women (p<0.0001), as well as spirits consumption (p=0.0009), but
there was no significant difference regarding their consumption of wine (p=0.776).
Women with alcoholic cirrhosis drank less alcohol as binge drinking than men
(p<0.0004). In addition women had fewer drinking days (p=0.007), and drank fewer
drinks per drinking day (p=0.014), and their onset age were significantly later than men
(p=0.04), although both women and men had a similar duration of alcohol consumption
(p=0.99).
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5 DISCUSSION
5.1

METHODS USED IN THE STUDIES

This thesis consists of papers where different study designs are used. In paper II and III
we have used cohort studies. They are well suited for the studies of rare outcome, and
are less prone to selection bias and selective recall of exposure especially when the
information is collected through well-functioning registers. Cohort studies do not
represent impossible expenses and can be performed using register data. This design
could be the most efficient, especially since the cost will be independent of the sample
included in the study. In study II and III we used a registry based cohort to maximize
the efficacy and to minimize the role of chance and biases. In paper I and IV we have
used case-control designed studies. These studies have advantages when studying
multiple exposures and even multiple causes. The main disadvantage is that the
selection of cases and controls may give rise to biased assessment of the exposure. We
have studied a rather small patient population with a detailed assessment of the
exposure to alcohol retrospectively in paper IV. A prospective study design could have
been used in paper IV, although this would have increased the duration of the study to
several decades and increased the risk of introducing interventional bias in the study.
Errors in study results may occur with any study design used. There are at least four
major problems with study design which may alter the results of the studies. These
problems are selection bias, recall bias, confounding and chance.
Selection bias in cohort studies may even occur when careful measures have been taken
to select the right patients to the cohort, this may be beyond the control of the
investigators. In paper II and III the patients were selected from the total Swedish
population, but even so there are patients that never are hospitalized and even patients
that die of these diseases unrecognized by the physicians reporting to the Hospital
Discharge Register or to the Death Certificate Register. In addition, physicians may
have recognized the disease but not registered it. This is probably more frequent with
the diagnoses of liver diseases than when diagnosing esophageal varices. Esophageal
varices may be missed if the patients die of an acute upper gastrointestinal bleeding
without known liver disease or alcohol dependence, especially if an upper endoscopy
was not performed. The widespread use of upper endoscopies in Sweden since the
1970s does not support the notion that this should be a large group of patients. In
addition, patients hospitalized with esophageal varices were included from the start of
the study without a washout period, and during the period when the Swedish Hospital
Discharge Register did not cover the whole of Sweden. This could have biased our
results regarding the mortality of the patients in the first discharge group, because some
patients would have been hospitalized earlier with esophageal varices. This bias would
lead to a larger improvement of mortality if a washout period was applied. We did not
see regional differences for the mortality rates in the different counties in Sweden
during our study period. We think that neither the inclusion of all patients with
esophageal varices at the start of the study period, nor the incomplete coverage of the
Swedish Hospital Discharge Register rates have impaired our results. Therefore, we
think that selection bias is not a major problem related to study II and III. In paper I
and IV we have selected patients to the studies and the possibility of selection bias is
clearly present, but we have tried to avoid that by applying a consecutive enrollment
procedure. In addition to the careful selection of cases we have used controls with
alcohol dependence where the exposure-time to alcohol is similar. Thus we think that
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the differences found in drinking patters represent true differences between the two
groups. We do think that even in paper I and IV the selection bias is not a factor that
would change our findings.
The problems regarding recall bias are the second problem in regard to study design,
and it is best exemplified by paper IV. Biased answers regarding the alcohol patients
have consumed in the past may occur even if the questionnaire used is reliable. All
patients with alcoholic cirrhosis had been hospitalized at least once for alcohol
dependence, thus we think that the recall bias may have played little role, and we think
that the interview and technique used rendered the most valid report possible of their
consumption of alcohol.
Confounding factors are a third problem with epidemiological studies. Confounding
factors are themselves associated with the exposure; they are risk factors for outcome,
but not intermediate steps from exposure to disease. It can be exemplified as finding an
association for the wrong reason. Factors which may interfere with outcome in paper I
would be smoking status, a change in weight distribution and the number of patients
drinking coffee in the study population. This is also the case for the cohort of patients
with esophageal varices, and in that population the cause of liver disease could be
another confounder. Information regarding the etiology of their liver disease does exist
but has not been analyzed. It should be noted that the confounders affecting the
mortality in paper II and III would require a large effect on mortality to change our
analysis as the five years mortality rates are high. In paper I and IV, other factors
which are not registered such as current medication, coexisting diseases and disabilities,
smoking status and coffee drinking could affect the outcome.
The forth methodological problem which may affect the outcome of our studies is
chance. Both null results and positive findings may be due to chance. Statistical tests of
significance and the application of confidence intervals may judge the probability that a
given result is due to chance rather than causal. In paper II and III the patient material
consist of a large cohort of patients thereby ruling out insufficient number of patients as
a cause of chance. In paper II the study design can never establish a causal relationship
between the spirit sales and liver disease mortality and morbidity although the changes
in mortality for men were highly significant. The differences in prognosis between men
and women, and the worsening of the prognosis with increasing age, are probably not
caused by chance. In paper III the cohort size exceeds the sum of all earlier cohorts of
patients with esophageal varices were the prognosis has been assessed. The relative
risk clearly indicates that there has been a reduction in mortality the first year after
hospitalization with esophageal varices. In paper I, and also in paper IV, the patients we
have examined represent a small sample size. Therefore chance may have played a part
in the results we found both in drinking pattern and in levels of antibodies against
cytochromes. Because of the small sample size and the small power of these studies the
results should be interpreted with caution. In paper IV we did use non-parametrical
methods to analyze the results to avoid misinterpretations. However the differences we
found with regard to the drinking pattern in women with alcoholic cirrhosis compared
to men with alcoholic cirrhosis were all highly significant, making chance a less
probable cause. In addition there exist earlier studies that have suggested that the
increased susceptibility to alcohol could be explained by interactions by alcohol with
the female sex hormones. It is known that estrogen enhances the immune response in
women, and this enhancement could increase the female risk for developing cirrhosis
(129). The reduction of fibrosis when exposed to estrogen has even been found in
experimental animals and cell lines (130, 131). These experiments provide a biological
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explanation to our findings, and reduce the possibility of chance as an explanation for
our findings. The differences found in drinks per drinking day for all patients with
alcoholic cirrhosis compared to the patients with alcohol dependence without cirrhosis
are more likely to be a result of chance, but do support the conclusion that patients with
alcoholic cirrhosis do not drink more than the patients with alcohol dependence without
cirrhosis.
After checking for biases, confounding and chance as mentioned above, we want to see
if our findings are applicable to other populations. The ability to generalize our findings
to other populations than the one studied is called external validity. This relies on the
characteristics of the study population, and on the effect of exposure. In this thesis both
population-based studies and cohort studies are included. Whether the results regarding
the mortality rates found in paper II are valid for all patients with liver diseases in
Sweden are more unlikely. There are certainly many patients who are never
hospitalized with the diagnosis of a liver disease, and some are probably never in
contact with health care regarding their liver disease. They may have low virulent liver
diseases without flares, as fatty liver disease, hepatitis C, alcoholic liver disease and
hemochromatosis. These patients will lack information regarding their liver disease in
their health records. In addition complications of cirrhosis could be misinterpreted as
unrelated to liver disease. Hepatorenal failure may be misinterpreted as primarily
caused by renal or cardiovascular disease, or liver failure misinterpreted as heart failure
when concomitant cardiovascular disease exists. In paper III, patients who have
esophageal varices that never have been hospitalized may exist, but patients with
bleeding esophageal varices almost certainly will be admitted to emergency
departments as upper gastrointestinal bleedings, and correctly diagnosed varices are
probable. Thus our results should be applicable to all patients with esophageal varices,
with the exception of the few with small varices found en passant on upper endoscopy
and those where upper gastrointestinal bleeding is wrongly diagnosed as caused by
other diseases than varices, thus making paper III externally valid. In studies I and IV
consecutive patients were recruited from two Departments of Medicine in Sweden.
Severe cases of alcoholic cirrhosis with severe encephalopathy have been excluded in
paper IV; these patients may have had a drinking pattern and levels of autoantibodies
against cytochromes that differed from the patients we recruited. This is of concern
regarding the interpretation of the results in paper IV, but we consider the number of
patients that we excluded to be very small. These patients’ age and sex distribution
matched the patients hospitalized for liver diseases in Sweden and we therefore have
proposed that the results found are externally valid for the population of patients with
alcoholic cirrhosis seen both as in-patients and out-patients at hospitals in Sweden.
5.2

FINDINGS AND IMPLICATIONS

As paper I was one of the first papers reporting on autoantibodies toward CYP2E1 and
CYP3A4 in patients with elevated alcohol consumption the paper has been the basis of
much recent research. The interaction of CYP2E1 in the induction of hepatocyte injury
by the formation of acetaldehyde, the formation of adducts and the interaction with the
hepatic stellate cell in inducing liver fibrosis was reviewed recently (132). There even
exist studies that indicate that CYP2E1 may not play a role in alcohol-induced liver
disease (133, 134). The findings imply that we should continue to elucidate the
mechanisms involved in the development of alcoholic cirrhosis, and that autoantibody
formation may play a role both in the initiation and the continuation of the pathogenetic
process. Whether the development of antibodies in paper IV is related to the drinking
pattern, the prognosis (studied in paper II and III), the gender of the patients or the
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morbidity in liver cirrhosis (as in paper IV) has not been studied in this thesis, but will
studied in detail in the future.
The relation between spirits sales and mortality in liver disease that we found in paper
II is supported by some existing papers (4, 5, 34). The poor differentiation between
alcohol and non-alcohol related liver disease both regarding the mortality and
morbidity is in line with earlier studies (27-31). The prognosis we found is in line with
the results found in our paper III, where the patients had a poorer prognosis and also
had esophageal varices as a marker of the end-stage of liver cirrhosis. Even poorer
survival has been reported in previous studies (135-139). In paper IV we could not find
that the spirit consumption was increased compared to alcohol dependent patients
without cirrhosis. This was maybe due to a small sample size, or maybe due to that the
patients we have interviewed were the survivors among the patients with alcoholic
cirrhosis. Their drinking pattern may differ from the average patient with cirrhosis. The
findings in paper II imply that we should identify the subgroup of the population who
predominantly drink spirits, and examine the possible link between spirit consumption
and the risk of developing liver disease so an increase in liver-related mortality can be
avoided. In addition we should examine if there are other factors in the predominately
spirit drinking population to elucidate if there exist confounders who increases the
mortality in liver disease.
The improvement in total mortality for patients hospitalized with esophageal varices in
paper III - which is the world’s largest cohort study with patients with esophageal
varices - confirms earlier findings in smaller selected cohorts (71-74). The earlier
studies compare well with our 1-year total mortality, but are far worse than our 1-year
cause-specific mortality. Comparison of two cohorts of patients with esophageal
variceal hemorrhage showed an improvement in 30 days mortality of 29.6% in the
patient cohort from 1981-82 compared to 20.8% in the cohort from 1988-91 which
probably is in line with our patients even if we have included all patients hospitalized
with esophageal varices without making the differentiation between bleeding and nonbleeding varices (73). Our finding of a decrease in cause-specific mortality implies that
we should continue to focus on the education of gastroenterologists in the treatment of
esophageal varices to ensure a continuous improvement. In addition, as the nonvariceal mortality does not improve during the study period this emphasizes the
imminent need for improved treatment strategies for liver cirrhosis.
The drinking volumes found in paper IV are similar to the volumes of alcohol drunk by
Swedish patients with hepatitis C and lower than in other cohorts of patients with liver
disease (18, 19, 37, 52, 54). This is the first paper to report on lifetime drinking habits
in Swedish patients with alcoholic cirrhosis, and the first paper to include both alcohol
dependant without cirrhosis and non-alcoholic cirrhotics as control groups. The papers
that have measured higher total lifetime intakes have measured the lifetime intake in all
patients with decompensated liver cirrhosis, regardless of etiology (18, 19, 52). In
addition the papers originate from Italy and France who still have a different drinking
culture and dietary pattern compared to Sweden.
Women with alcoholic cirrhosis are fewer than men, as we showed in paper II, both
when we compared their mortality in liver disease and the number of women
hospitalized with liver diseases. There seems to be a better consistency in the reported
diagnosis of alcoholic and non-alcoholic liver disease in women compared to men.
They have a better prognosis when they have acquired liver disease. Even when their
liver disease has progressed onto decompensated liver cirrhosis with esophageal varices
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the prognosis is significantly better compared to men – both in the short-term and in the
long-term after hospitalization, as we showed in paper III. To acquire alcoholic
cirrhosis women seem to require less alcohol than men implying that there probably is
an increased susceptibility to the hepatotoxic effects of alcohol in a certain group of
women. Not all women do develop alcoholic cirrhosis when exposed to the same level
of alcohol consumption or same drinking pattern; if this would be the case then the
women in paper IV with alcohol dependence without liver disease should have
developed cirrhosis. Sex specific hormones alone could probably not fully explain our
findings (129). Whether the lower lifetime intake of alcohol in women with alcoholic
cirrhosis could explain the difference in prognosis is unknown for the time being, but
highly interesting. One might also consider the possibility that there exist subgroups of
women who differs in their genes or proteins that regulates the fibrosis process in the
liver.

5.3

CONCLUSIONS

Autoantibodies toward both CYP2E1 and CYP3A4 could be generated after chronic
exposure to alcohol in both humans and experimental animals. They may be a part of
the pathogenetic mechanism behind the development of alcoholic cirrhosis.
A reduction in mortality in liver diseases in Sweden coincided with a reduction in spirit
consumption, and may be caused by the decrease in spirit consumption. In addition the
separation between alcoholic and non-alcoholic liver disease was an impossible
distinction to make in this register study. Furthermore, the patients with liver disease
had a grave prognosis.
The reduction in mortality over time in patients with cirrhosis with esophageal varices
may be related to improved therapeutical strategies towards acute variceal bleeding and
secondary prophylactic treatment. We may have insufficient therapeutical strategies
towards other complications in end-stage liver cirrhosis to show effects on the
epidemiological level.
Patients with alcoholic cirrhosis did not drink more alcohol than patients with alcohol
dependence without cirrhosis. Women with alcoholic cirrhosis had a specific drinking
pattern that differed from men, they had been drinking less both when compared to
women with alcohol dependence without cirrhosis and compared to men with alcoholic
cirrhosis. This may indicate that some women may be at a high risk of acquiring liver
cirrhosis despite a low level of alcohol consumption.

5.4

IMPLICATION FOR FUTURE RESEARCH

On the basis of the results in the studies I-IV, the following questions are of importance
for future research:
Can a probable cause-effect relationship between the spirit consumption during the
1970s and the increase in hospitalization rates for liver diseases in the later 1990s be
found?
What factors regulate the mortality in patients with alcoholic cirrhosis? Are viral
infections involved, or could patients infected with other agents (as for example the
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Helicobacter Pylori) have a more severe course of liver disease leading to increased
hospitalization and mortality?
Will the increase in hospitalization rates for liver diseases in the later 1990s lead to an
increase in mortality in liver diseases in the future decade, unrelated to the increase in
mean alcohol consumption in Sweden?
Does alcohol consumption represent an individual risk factor for decreased survival
after a period of hospitalization with the diagnosis of esophageal varices?
What role do the different drinking patterns and types of beverage play in relation to
hormones, genetics and other external factors as for example diet in the development of
liver cirrhosis? Are there other agents than alcohol involved in the initiation and
continuation of liver disease in patients with increased alcohol consumption?
Are there specific genetic polymorphisms in women who have acquired alcoholic
cirrhosis that renders them susceptible to a rather small amount of alcohol they have
drunk? Does the lifetime alcohol intake act as a prognostic marker for survival in
women with alcoholic cirrhosis, and is it applicable to men as well?
What role do autoantibodies, both against cytochromes and against other substances,
play in the regulation and continuation of the inflammatory and the fibrogenetic
pathways in alcoholic cirrhosis? Does drinking pattern or gender influence the process?
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