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INTRODUCTION	  	  
Alcoholic	  hepatitis	  (AH)	  is	  an	  acute	  life-‐	  and	  health-‐threatening	  
disease.	  However,	  accurate	  and	  representative	  epidemiological	  
data	  on	  its	  incidence	  and	  prognosis	  are	  not	  available.	  This	  is	  a	  
hindrance	  in	  clinical	  and	  mechanistic	  studies	  because	  the	  neces-‐
sary	  power	  analyses	  can	  not	  be	  safely	  conducted.	  Furthermore,	  
the	  lack	  of	  data	  also	  has	  impact	  on	  the	  clinical	  care	  and	  the	  pa-‐
tient	  counselling.	  Therefore,	  and	  in	  analogy	  with	  our	  depart-‐
ment’s	  longstanding	  tradition	  for	  register-‐based	  epidemiology,	  
we	  found	  that	  we	  could	  use	  data	  from	  the	  Danish	  nationwide	  
databases	  to	  follow	  a	  cohort	  of	  close	  to	  2000	  patients	  with	  AH	  
diagnosed	  over	  a	  10-‐year	  period.	  This	  gave	  us	  a	  unique	  oppor-‐
tunity	  not	  only	  to	  answer	  our	  questions	  on	  incidence	  and	  mortali-‐
ty,	  but	  also	  to	  gather	  further	  information	  on	  the	  clinical	  course	  of	  
the	  disease.	  This	  cohort	  forms	  the	  backbone	  of	  the	  present	  thesis.	  
The	  aims	  of	  the	  work	  were:	  1)	  To	  provide	  population	  based	  data	  
on	  the	  incidence	  and	  short-‐,	  and	  long-‐term	  mortality	  of	  AH.	  2)	  To	  
evaluate	  and	  compare	  the	  prognostic	  models	  currently	  used	  in	  

AH.	  3)	  To	  describe	  the	  short-‐	  and	  long-‐term	  causes	  of	  death	  in	  
AH.	  	  	  

BACKGROUND	  	  
Alcohol	  consumption	  in	  Europe	  and	  Denmark	  
The	  prerequisite	  for	  developing	  AH	  is	  heavy	  drinking.	  According	  to	  
the	  WHO,	  the	  world’s	  highest	  alcohol	  consumption	  levels	  are	  
found	  in	  the	  developed	  world,	  including	  Europe.	  	  
	  
	  
Figure	  1.	  Amount	  of	  pure	  alcohol	  sold	  in	  Denmark	  1955-‐2012	  (litres	  per	  capita)	  
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The	  estimated	  worldwide	  consumption	  of	  pure	  alcohol	  was	  6.13	  
litres	  per	  person	  aged	  15	  years	  or	  older	  in	  2005.(1)	  Denmark	  has,	  
like	  most	  European	  countries,	  seen	  a	  sharp	  rise	  in	  per	  capita	  
alcohol	  consumption	  after	  the	  end	  of	  World	  War	  II.	  The	  amount	  
of	  pure	  alcohol	  sold	  in	  Denmark	  stabilised	  in	  the	  1980s	  at	  approx-‐
imately	  10	  litres	  of	  pure	  alcohol	  per	  person	  (all	  ages)	  per	  year,	  
and	  has	  declined	  modestly	  since	  (Figure	  1).(2)	  Compared	  to	  other	  
countries	  in	  Europe,	  Denmark	  is	  positioned	  in	  the	  middle-‐	  to	  high-‐
end	  regarding	  per	  capita	  average	  alcohol	  consumption	  (Figure	  
2).(3)	  It	  has	  been	  estimated	  that	  approximately	  20%	  of	  the	  Danish	  
population	  are	  heavy	  drinkers,	  defined	  as	  consuming	  >14/21	  
drinks/week	  (women/men).(4)	  
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Figure	  2.	  Daily	  average	  alcohol	  consumption	  (in	  g/day)	  per	  capita	  in	  European	  
countries	  around	  year	  2000.(3)	  	  
	  

	  
	  
Burden	  of	  Alcoholic	  Liver	  Disease	  
The	  total	  costs	  of	  alcohol	  consumption	  to	  the	  EU	  in	  2003	  has	  been	  
estimated	  to	  a	  staggering	  €125	  billion,	  equivalent	  to	  1.3%	  of	  the	  
gross	  domestic	  product.(5)	  Direct	  cost	  of	  alcohol-‐related	  health	  
problems	  accounted	  for	  €66	  billion	  of	  this,	  while	  lost	  productivity,	  
unemployment,	  and	  premature	  mortality	  accounted	  for	  a	  further	  
€59	  billion.(5)	  In	  comparison,	  the	  reported	  contribution	  to	  the	  EU	  
goods	  account	  balance	  was	  around	  9	  billion	  Euros.(5)	  The	  general	  
effect	  of	  alcohol	  consumption	  on	  health	  is	  detrimental,	  with	  an	  
estimated	  3.8%	  of	  all	  global	  deaths	  and	  4.6%	  of	  global	  disability-‐
adjusted	  life-‐years	  attributable	  to	  alcohol.(6)	  Moreover,	  the	  asso-‐
ciation	  between	  alcoholic	  liver	  disease	  (ALD)	  and	  alcohol	  con-‐
sumption	  has	  been	  well	  documented,	  and	  per	  capita	  alcohol	  
consumption	  is	  correlated	  with	  liver	  cirrhosis	  mortality	  rates	  
across	  countries.(7,	  8)	  The	  WHO	  now	  recognises	  alcohol	  as	  the	  
third	  leading	  risk	  factor	  for	  poor	  health	  in	  Europe,	  responsible	  for	  
approximately	  200,000	  deaths	  each	  year(1).	  	  
Alcoholic	  Fatty	  Liver	  disease	  and	  Cirrhosis	  
Chronic	  alcohol	  use	  may	  cause	  several	  types	  of	  liver	  injury.	  Alco-‐
holic	  liver	  disease	  (ALD)	  is	  often	  perceived	  as	  a	  continuum	  of	  
increasingly	  severe	  liver	  lesions.	  Steatosis	  (also	  called	  alcoholic	  
fatty	  liver	  disease)	  is	  the	  mildest	  and	  most	  frequent	  form.	  The	  
mechanism	  by	  which	  ethanol	  causes	  steatosis	  and	  liver	  injury	  is	  
complex,	  but	  one	  contributor	  is	  that	  alcohol-‐dependent	  changes	  
in	  liver	  metabolism	  lead	  to	  accumulation	  of	  triglycerides	  within	  
the	  hepatocytes.(9,	  10)	  This	  condition	  is	  regarded	  as	  benign	  and	  
usually	  resolves	  following	  abstinence	  from	  alcohol,	  but	  steatosis	  
also	  predisposes	  patients	  to	  liver	  injury,	  fibrosis,	  and	  cirrhosis	  if	  
they	  continue	  drinking.(11)	  	  
Cirrhosis	  of	  the	  liver	  is	  the	  end-‐stage	  of	  most	  liver	  diseases	  re-‐
gardless	  of	  the	  underlying	  aetiology.	  The	  risk	  of	  alcoholic	  cirrhosis	  
seems	  to	  increase	  proportionally	  with	  the	  alcohol	  intake,	  but	  
some	  studies	  indicate	  that	  customary	  consumption	  of	  more	  than	  
30	  g	  of	  alcohol	  per	  day	  is	  required.(12,	  13)	  As	  the	  liver	  is	  continu-‐
ally	  damaged	  by	  alcohol,	  fibrosis	  develops	  as	  a	  wound-‐healing	  
response.	  With	  progressing	  fibrosis,	  the	  architecture	  of	  the	  liver	  is	  
gradually	  destroyed,	  and	  the	  patognomic	  histological	  picture	  with	  
regenerative	  nodules	  surrounded	  by	  severe	  fibrosis	  occurs.(14)	  
The	  architectural	  changes	  lead	  metabolic	  impairments	  and	  portal	  
hypertension,	  and	  the	  resulting	  ascites,	  oesophageal	  varices,	  
variceal	  bleeding,	  hepatic	  encephalopathy,	  malnutrition	  and	  
infections	  dominate	  clinical	  hepatology.(15)	  After	  the	  diagnosis	  of	  
alcoholic	  cirrhosis	  has	  been	  established,	  the	  5-‐year	  survival	  is	  
dismal	  at	  only	  37.5%,	  and	  alcohol	  consumption	  continues	  to	  
worsen	  the	  prognosis	  even	  after	  cirrhosis	  has	  developed.(16,	  17)	  
	  
Alcoholic	  Hepatitis	  
The	  clinical	  syndrome	  of	  jaundice	  and	  liver	  failure	  in	  alcohol	  
abusers	  is	  typically	  called	  “acute	  alcoholic	  hepatitis”	  or	  “alcoholic	  

hepatitis”,	  which	  is	  the	  most	  serious	  manifestation	  of	  the	  alcohol-‐
ic	  liver	  disease	  spectrum.	  The	  clinical	  presentation	  of	  AH	  is	  heter-‐
ogeneous	  and	  ranges	  from	  mild	  to	  severe	  and	  AH	  is	  often	  associ-‐
ated	  with	  the	  systemic	  inflammatory	  response	  syndrome	  (SIRS)	  
and	  moderate	  fever,	  with	  or	  without	  infection.	  It	  is	  important	  to	  
distinguish	  between	  the	  clinical	  and	  pathological	  definitions	  of	  
AH.	  Up	  to	  thirty-‐five	  percent	  of	  all	  heavy	  drinkers	  will	  have	  signs	  
of	  alcoholic	  steatohepatitis	  in	  liver	  biopsies	  even	  though	  they	  may	  
never	  develop	  the	  clinical	  syndrome.(18,	  19)	  The	  short-‐term	  
prognosis	  of	  severe	  AH	  is	  known	  from	  clinical	  trials(20,	  21).	  How-‐
ever,	  population-‐based	  studies	  on	  time	  trends	  in	  its	  incidence	  and	  
long-‐term	  prognosis	  are	  not	  available.	  This	  was	  the	  focus	  of	  Study	  
I.	  
	  
The	  diagnosis	  of	  alcoholic	  hepatitis	  
There	  are	  no	  standards	  or	  international	  consensus	  on	  the	  diag-‐
nostic	  criteria	  for	  AH.	  The	  combination	  of	  normal	  to	  mildly	  ele-‐
vated	  aminotransferasesl,	  a	  total	  serum	  bilirubin	  level	  of	  more	  
than	  80	  μmol	  per	  litre,	  an	  elevated	  INR,	  and	  neutrophilia	  in	  with	  a	  
history	  of	  heavy	  alcohol	  use	  is	  suggestive	  of	  AH.	  However,	  several	  
other	  liver	  diseases	  can	  cause	  this	  clinical	  presentation,	  and	  to	  
differentiate	  AH	  from	  e.g.	  acute-‐on-‐chronic	  liver	  failure	  in	  termi-‐
nal	  cirrhosis	  can	  be	  challenging.	  According	  to	  the	  present	  guide-‐
lines	  set	  forth	  by	  the	  European	  Association	  for	  the	  Study	  of	  the	  
Liver	  (EASL),	  liver	  biopsy	  is	  not	  required	  to	  make	  the	  diagnosis,	  
but	  the	  findings	  on	  a	  biopsy	  may	  be	  helpful	  to	  secure	  the	  diagno-‐
sis,	  especially	  in	  atypical	  cases.(22)	  The	  question	  of	  liver	  biopsy	  in	  
AH	  remains	  controversial,	  and	  the	  debate	  is	  on-‐going.	  (23,	  24)	  The	  
fact	  that	  the	  diagnostic	  criteria	  of	  AH	  are	  not	  clear	  is	  a	  limitation	  
of	  this	  thesis,	  since	  the	  3	  studies	  rely	  on	  registry	  based	  discharge	  
diagnosis.	  This	  will	  be	  discussed	  below.	  
	  
Treatment	  of	  alcoholic	  hepatitis	  
The	  most	  important	  factor	  for	  survival	  of	  patients	  who	  have	  alco-‐
holic	  liver	  disease	  is	  abstinence	  from	  alcohol(16,	  25).	  Any	  other	  
treatment	  effort	  is	  probably	  futile	  useless	  abstinence	  is	  achieved,	  
and	  therefore,	  abstinence	  should	  be	  the	  primary	  goal	  in	  the	  
treatment	  of	  AH.	  
A	  large	  variety	  of	  drugs	  and	  therapies	  have	  been	  tested	  in	  AH,	  but	  
unfortunately	  no	  unequivocal	  clear	  therapeutic	  benefit	  has	  been	  
observed	  for	  any	  compound.(26-‐44)	  Corticosteroids	  and	  pentoxi-‐
fylline	  are	  currently	  the	  drugs	  of	  choice	  for	  severe	  AH.	  
	  
Prognostic	  Scores	  used	  in	  alcoholic	  hepatitis	  
The	  introduction	  of	  the	  Maddrey	  Discriminant	  Function	  (Maddrey	  
DF)	  was	  a	  step	  forward	  for	  clinicians	  in	  identifying	  subgroups	  of	  
patients	  with	  a	  poor	  prognosis	  and	  has	  been	  used	  in	  many	  ran-‐
domised	  controlled	  trials	  to	  define	  “severe	  AH”.(45)	  Later,	  several	  
scoring	  systems	  have	  been	  developed,	  including	  the	  model	  for	  
end-‐stage	  liver	  disease	  (MELD)	  score,	  the	  Glasgow	  alcoholic	  hepa-‐
titis	  score	  (GAHS),	  the	  Lille	  model,	  and	  the	  ABIC	  score	  (Age,	  serum	  
Bilirubin,	  INR,	  and	  serum	  Creatinine	  score)	  as	  predictors	  of	  surviv-‐
al	  in	  patients	  with	  AH.(20,	  21,	  46-‐49)	  
	  
Table	  1.	  Markers	  include	  in	  the	  scoring	  systems	  

Score Bilirubin INR/PT Creatinin Age Albumin Urea Leukocytes Na Δ>Bilirubin

MELD ✔ ✔ ✔

MELD+Na ✔ ✔ ✔ ✔

GAHS ✔ ✔ ✔ ✔ ✔

Lille>model ✔ ✔ ✔ ✔ ✔ ✔

ABIC>score ✔ ✔ ✔ ✔

ABICF=FAlbumin>Bilirubin>INR>Creatinine
MELDF=FModelFofFEndFstageFLiverFDisease,FGAHSF=FGlasgowFAlcoholicFhepatitisFScore
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The	  scoring	  systems	  rely	  largely	  on	  the	  same	  biochemical	  core	  
measurements	  and	  can	  all	  be	  seen	  as	  an	  extension	  of	  the	  Mad-‐
drey	  DF	  (Table	  1).	  The	  scores	  have	  been	  developed	  in	  different	  
clinical	  settings,	  e.g.	  using	  different	  diagnostic	  criteria	  and	  treat-‐
ment	  strategies	  (Table	  2).	  The	  different	  developmental	  cohorts	  
have	  to	  be	  considered	  when	  applying	  the	  scores	  in	  clinical	  prac-‐
tice.	  
	  
Table	  2.	  Development	  cohorts	  of	  the	  scoring	  systems	  
	  
Score Published Development4cohort Original4validation4cohort Treatment Optimal4Cut:off Biopsy4verified

MELD 2000 231 + + 21 No

GAHS 2005 241 195 No4treatment 9 No

Lille:model 2007 320 118 Corticosteroids* 0.45 Yes

ABIC:score 2008 103 80 Corticosteroids* 6.714/49.0 Yes

+4The4MELD4score4was4developed4for4patients4undergoing4TIPS4and4not4AH

*4Corticosteroids4was4given4to4patients4with4a4Maddrey4DF4above432 	  
	  
The	  MELD	  score	  was	  originally	  developed	  for	  Transjugular	  Intra-‐
hepatic	  Portosystemic	  Shunt	  (TIPS)	  patients	  but	  is	  now	  widely	  
used	  in	  liver	  diseases.	  In	  a	  retrospective	  report	  of	  patients	  with	  
AH,	  a	  MELD	  score	  >	  21	  was	  associated	  with	  a	  3-‐month	  mortality	  
of	  20%.(47)	  
The	  GAHS	  was	  developed	  in	  a	  cohort	  of	  patients	  clinically	  diag-‐
nosed	  with	  AH,	  and	  the	  diagnosis	  was	  not	  verified	  by	  biopsy.	  The	  
patients	  did	  not	  receive	  pentoxifylline	  or	  corticosteroids.(46)	  
Although	  easy	  to	  calculate,	  the	  GAHS	  has	  not	  been	  validated	  
prospectively	  or	  in	  biopsy-‐proven	  AH.	  	  
	  
The	  ABIC	  score	  was	  developed	  in	  patients	  with	  biopsy-‐proven	  AH,	  
and	  patients	  with	  Maddrey	  DF>32	  were	  treated	  with	  corticoster-‐
oids.	  ABIC	  scores	  of	  <	  6.71,	  6.71-‐8.99,	  and	  ≥	  9	  predicted	  a	  90-‐day	  
survival	  of	  100%,	  70%,	  and	  25%	  respectively.	  The	  ABIC	  score	  
introduces	  the	  category	  of	  intermediate	  severity,	  but	  the	  possible	  
benefit	  of	  this	  additional	  category	  remains	  to	  be	  shown.	  
The	  Lille	  Score	  is	  a	  dynamic	  model	  used	  to	  assess	  the	  treatment	  
response	  at	  day	  7	  of	  steroid	  therapy	  (not	  to	  assess	  baseline	  sever-‐
ity	  of	  AH).	  It	  was	  developed	  in	  patients	  with	  biopsy-‐proven	  AH,	  
and	  patients	  with	  Maddrey	  DF	  >	  32	  were	  treated	  with	  cortico-‐
steroids.	  The	  Lille	  score	  uses	  markers	  of	  liver	  function	  at	  baseline	  
and	  the	  change	  in	  bilirubin	  concentrations	  on	  day	  7	  of	  cortico-‐
steroid	  therapy	  (www.lillemodel.com).	  In	  the	  original	  cohort,	  6-‐
month	  survival	  was	  25%	  in	  patients	  with	  a	  Lille	  score	  >	  0.45	  vs	  
85%	  in	  those	  with	  a	  Lille	  score	  <	  0.45.(20)	  	  
It	  has	  been	  attempted	  to	  use	  these	  prognostic	  models	  to	  guide	  
treatment,	  and	  both	  the	  GAHS	  and	  the	  Lille	  model	  have	  been	  
shown	  to	  identify	  patients	  who	  might	  benefit	  from	  corticosteroid	  
therapy.(20,	  21)	  Nevertheless,	  clinical	  scores	  should	  not	  enter	  
clinical	  practice	  without	  external	  evaluation,	  and	  while	  some	  of	  
the	  scores	  have	  been	  evaluated	  in	  other	  centres,	  a	  combined	  
unbiased	  external	  validation	  of	  the	  most	  important	  scores	  in	  AH	  is	  
not	  available.(50)	  In	  Study	  II	  we,	  therefore,	  compared	  the	  discrim-‐
inative	  performance	  and	  external	  validity	  of	  the	  scoring	  systems	  
by	  applying	  them	  to	  a	  patient	  population	  both	  temporally	  and	  
geographically	  different	  from	  the	  original	  ones.	  
	  
Clinical	  course	  of	  and	  causes	  of	  death	  in	  alcoholic	  hepatitis	  
The	  clinical	  course	  of	  AH	  is	  highly	  dependent	  on	  disease	  severity.	  
For	  severe	  AH	  (Maddrey	  DF	  >	  32),	  the	  short-‐term	  mortality	  is	  
known	  from	  clinical	  trials	  and	  case	  series,	  and	  1-‐month	  mortality	  
is	  reported	  at	  approximately	  30%.(46,	  51)	  The	  short-‐term	  causes	  
of	  death	  are	  known	  only	  from	  selected	  patient	  groups,	  and	  the	  
long-‐term	  causes	  remain	  essentially	  unknown.(52,	  53)	  In	  Study	  I,	  
we	  found	  that	  when	  patients	  survive	  the	  initial	  phase	  of	  AH	  and	  

the	  acute	  liver	  disease	  had	  resolved,	  they	  still	  have	  a	  high	  long-‐
term	  mortality.(54)	  This	  finding	  suggests	  the	  development	  of	  
chronic	  sequelae,	  such	  as	  cirrhosis,	  immune	  dysfunction	  or	  alco-‐
holic	  cardiomyopathy	  known	  to	  be	  associated	  with	  AH	  and	  fur-‐
ther	  data	  are	  needed(55-‐57)	  (58).	  A	  description	  of	  the	  short-‐	  and	  
long-‐term	  causes	  of	  death	  in	  AH	  could	  help	  address	  this	  issue,	  and	  
this	  was	  the	  focus	  of	  Study	  III.	  

AIMS	  
Study	  I	  
To	  describe	  the	  incidence,	  and	  short-‐,	  and	  long-‐term	  mortality	  of	  
AH	  in	  a	  nationwide	  cohort	  of	  patients	  with	  10	  years’	  follow-‐up.	  
Study	  II	  
To	  evaluate	  and	  compare	  the	  predictive	  performances	  of	  the	  
GAHS;	  the	  MELD	  score;	  the	  Lille	  model;	  and	  the	  ABIC	  score	  in	  a	  
population-‐based	  unselected	  cohort	  of	  patients	  with	  AH.	  	  
Study	  III	  
1)	  To	  describe	  the	  short-‐	  and	  long-‐term	  causes	  of	  death	  in	  AH	  
patients	  in	  a	  nationwide	  cohort	  of	  patients	  with	  AH	  followed	  for	  
up	  to	  10	  years.	  2)	  To	  assess	  the	  risk	  of	  progression	  to	  cirrhosis	  
after	  the	  first	  episode	  of	  AH.	  	  
	  

PATIENTS	  AND	  METHODS	  
Setting	  
We	  conducted	  a	  population-‐based	  cohort	  study	  of	  all	  patients	  
with	  a	  hospital	  discharge	  diagnosis	  of	  AH	  in	  the	  entire	  country	  of	  
Denmark,	  which	  has	  a	  population	  of	  5.4	  million.	  Alcohol	  overuse	  
can	  have	  enormous	  social	  and	  economical	  consequences	  for	  the	  
individual	  and	  is	  more	  prevalent	  in	  low	  socio-‐economic	  
classes.(59)	  In	  countries	  with	  insurance-‐based	  or	  privately	  fi-‐
nanced	  healthcare,	  there	  is	  a	  risk	  of	  underestimation	  of	  the	  inci-‐
dence	  and	  prevalence	  of	  AH	  because	  some	  patients	  never	  are	  
referred	  or	  admitted	  to	  the	  hospitals.	  All	  Danish	  citizens	  enjoy	  
universal,	  tax-‐financed	  healthcare,	  enabling	  access	  to	  diagnostic	  
and	  therapeutic	  procedures	  in	  public	  hospitals.	  No	  private	  hospi-‐
tals	  diagnose	  or	  treat	  patients	  with	  AH.	  
	  
Data	  Sources	  
Since	  the	  1930s,	  The	  Danish	  government	  has	  compiled	  nearly	  200	  
databases	  on	  everything	  from	  medical	  records	  to	  socioeconomic	  
data.	  Consequently,	  Denmark	  has	  earned	  a	  reputation	  for	  pos-‐
sessing	  a	  vast	  collection	  of	  statistics	  that	  allows	  large	  cohort	  
studies	  that	  are	  impossible	  in	  most	  countries.	  The	  data	  used	  in	  
this	  thesis	  were	  obtained	  from	  the	  following	  existing	  population-‐
based	  registries	  and	  databases.(60)	  
	  
Danish	  National	  Registry	  of	  Patients	  
The	  Danish	  National	  Registry	  of	  Patients	  has	  recorded	  data	  on	  all	  
inpatients	  treated	  in	  Danish	  non-‐psychiatric	  hospitals	  since	  1977.	  
It	  is	  mandatory	  to	  report	  to	  the	  DNRP,	  and	  the	  data	  include	  each	  
patient’s	  personal	  identification	  number,	  dates	  of	  admission	  and	  
discharge,	  and	  diagnoses	  and	  procedures	  performed	  as	  recorded	  
by	  the	  attending	  physician.	  Until	  31	  December	  1993	  diagnoses	  
were	  recorded	  using	  the	  ICD-‐8	  and	  from	  1994	  and	  onwards	  using	  
ICD-‐10.	  DNRP	  is,	  among	  other	  things,	  used	  to	  monitor	  health	  care	  
in	  Denmark	  and	  assess	  the	  Danish	  diagnosis-‐related	  groups	  
(DRG).	  DRG	  is	  a	  measure	  of	  the	  health	  care	  costs	  and	  is	  used	  by	  
the	  government	  for	  administrative	  purposes.	  
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The	  Civil	  Registration	  System	  	  
The	  Danish	  Civil	  Registration	  System	  (CRS)	  is	  an	  administrative	  
registry	  that	  keeps	  track	  of	  vital	  status,	  marital	  status,	  and	  resi-‐
dential	  address	  for	  all	  Danish	  citizens.	  Each	  citizen	  is	  provided	  a	  
unique	  identification	  number	  immediately	  after	  birth.	  It	  was	  
established	  in	  1968	  and	  is	  updated	  continuously.	  The	  system	  is	  
very	  important	  because	  it	  serves	  as	  a	  unique	  identifier	  in	  almost	  
all	  other	  databases	  in	  Denmark.	  Besides	  healthcare,	  this	  includes	  
all	  government	  databases,	  banking,	  insurance,	  etc.	  We	  used	  the	  
CRS	  to	  obtain	  complete	  follow-‐up	  data	  including	  dates	  of	  
death.(61,	  62)	  
	  
The	  Clinical	  Laboratory	  Information	  Systems	  (Study	  II	  only)	  
The	  clinical	  laboratory	  information	  system	  is	  used	  at	  Danish	  hos-‐
pitals	  as	  the	  backbone	  of	  daily	  clinical	  practice.(63)	  It	  is	  used	  to	  
order	  and	  display	  laboratory	  tests.	  Virtually	  all	  tests	  performed	  at	  
the	  hospital	  and	  in	  general	  practice	  are	  handled	  by	  the	  system,	  
and	  the	  results	  are	  available	  online	  for	  all	  doctors	  in	  the	  region.	  
Data	  include	  date	  and	  time	  of	  test,	  test	  unit,	  test	  name	  and	  code	  
according	  to	  IUPAC	  (International	  Union	  for	  Pure	  and	  Applied	  
Chemistry).	  Although	  most	  of	  Denmark	  is	  now	  included	  in	  the	  
database,	  laboratory	  data	  were	  only	  available	  for	  the	  County	  of	  
Northern	  Jutland	  and	  the	  County	  of	  Aarhus	  during	  the	  study	  
period,	  these	  two	  areas	  comprising	  a	  total	  population	  of	  1.1	  
million.(63)	  
	  
The	  Danish	  Registry	  of	  Causes	  of	  Death	  
The	  Danish	  Registry	  of	  Causes	  of	  Death	  contains	  information	  on	  
all	  death	  certificates	  since	  1943,	  and	  is	  maintained	  by	  the	  Nation-‐
al	  Board	  of	  Health.(64)	  The	  physician	  who	  is	  responsible	  for	  verifi-‐
cation	  of	  death	  immediately	  reports	  the	  causes	  of	  death	  directly	  
to	  the	  Registry.	  Data	  from	  autopsies	  are	  also	  recorded	  when	  
available.	  
	  
Study	  Design	  
In	  all	  three	  studies,	  we	  applied	  a	  population-‐based	  cohort	  study	  
design	  and	  had	  up	  to	  10	  years’	  follow-‐up.	  
	  
Study	  population	  &	  outcome	  
	  
Study	  cohort	  
For	  Studies	  I,	  II,	  and	  III,	  we	  identified	  all	  patients	  in	  Denmark	  with	  
a	  first-‐time	  hospital	  discharge	  diagnosis	  of	  AH	  (ICD-‐10	  code	  K70.1)	  
from	  1999	  and	  through	  2008.	  Patients	  with	  a	  concurrent	  or	  previ-‐
ous	  diagnosis	  of	  hepatocellular	  carcinoma	  or	  viral	  hepatitis	  were	  
excluded.	  AH	  was	  first	  introduced	  as	  a	  specific	  diagnose	  in	  ICD-‐10	  
in	  1994.	  We	  chose	  to	  start	  our	  data	  collection	  in	  1999;	  5	  years	  
after	  the	  introduction	  of	  ICD-‐10	  in	  order	  to	  make	  sure	  that	  clini-‐
cians	  were	  familiar	  with	  the	  new	  ICD-‐10	  AH	  diagnosis	  and	  to	  avoid	  
erroneous	  inclusion	  of	  prevalent	  cases.	  For	  the	  included	  patients,	  
we	  obtained	  data	  on	  diagnoses	  of	  alcoholic	  cirrhosis	  (ICD-‐10	  code	  
K70.3)	  recorded	  before	  or	  concurrently	  with	  AH.	  Dates	  of	  death	  
were	  ascertained	  from	  the	  Central	  Office	  of	  the	  Civil	  Registration	  
System.	  	  
	  
Study	  I	  (Incidence	  and	  mortality)	  
Study	  I	  was	  a	  descriptive	  study	  of	  the	  incidence	  of	  AH,	  as	  well	  as	  
its	  short-‐	  and	  long-‐term	  mortality.	  	  
	  
Study	  II	  (Validation	  of	  prognostic	  scores)	  
In	  Study	  II,	  we	  compared	  and	  evaluated	  the	  ability	  of	  different	  
commonly	  used	  clinical	  scores	  to	  predict	  mortality	  in	  AH.	  These	  
scores	  rely	  on	  standard	  blood	  test	  results	  (Table	  1).	  Because	  

laboratory	  data	  were	  not	  available	  for	  all	  of	  Denmark,	  we	  re-‐
stricted	  the	  original	  cohort	  of	  patients	  from	  5.4	  million	  (all	  of	  
Denmark)	  to	  a	  region	  of	  Denmark	  with	  a	  population	  of	  1.1	  million	  
comprising	  the	  counties	  of	  Aarhus	  and	  Northern	  Jutland.	  We	  
chose	  to	  evaluate	  the	  predictive	  properties	  of	  the	  models	  on	  28-‐,	  
84-‐	  and	  180-‐day	  mortality	  because	  these	  intervals	  were	  used	  in	  
the	  developmental	  cohorts	  of	  the	  scores	  specifically	  designed	  for	  
AH:	  GAHS	  (28-‐	  and	  84-‐	  day	  mortality),	  Lille	  model	  (6-‐month	  mor-‐
tality)	  and	  ABIC	  score	  (90-‐day	  mortality).	  This	  makes	  it	  possible	  to	  
compare	  our	  findings	  with	  the	  original	  cohorts.	  
	  
Study	  III	  (Causes	  of	  death)	  
We	  restricted	  the	  original	  cohort	  to	  include	  only	  patients	  dying	  
due	  to	  AH	  in	  all	  of	  Denmark	  from	  1999-‐2008.	  The	  primary	  out-‐
come	  of	  interest	  was	  cause	  of	  death.	  We	  categorised	  deceased	  
AH	  patients	  by	  gender,	  age	  at	  the	  time	  of	  death,	  and	  time	  since	  
admission	  for	  AH.	  To	  distinguish	  the	  deaths	  related	  to	  an	  acute	  
AH	  episode	  from	  the	  deaths	  occurring	  after	  recovery	  from	  AH,	  we	  
chose	  to	  divide	  the	  observation	  period	  in	  two:	  Deaths	  occurring	  
within	  the	  first	  84-‐days	  of	  submission	  were	  categorised	  as	  related	  
to	  the	  acute	  episode	  of	  AH,	  and	  deaths	  occurring	  after	  84-‐days	  
was	  categorised	  as	  unrelated	  to	  the	  acute	  episode	  of	  AH.	  	  
	  
Causes	  of	  death	  	  
In	  Denmark,	  the	  causes	  of	  death	  are	  recorded	  as	  a	  series	  of	  ICD-‐
10	  diagnoses:	  an	  underlying,	  main	  mandatory	  disease	  diagnosis	  
and	  up	  to	  four	  other	  conditions	  describing	  the	  chain	  of	  events	  
leading	  to	  death.	  Consequently,	  the	  majority	  of	  the	  deceased	  AH	  
patients	  have	  multiple	  contributing	  causes	  of	  death	  registered,	  
which	  necessitated	  the	  establishment	  of	  a	  hierarchy	  to	  establish	  
one	  main	  cause	  of	  death	  for	  each	  patient.	  Establishing	  a	  hierarchy	  
must	  be	  done	  with	  caution	  because	  of	  the	  inherent	  risk	  that	  the	  
hierarchy	  itself	  can	  affect	  the	  results.	  To	  accommodate	  this	  issue,	  
we	  established	  a	  hierarchy	  and	  conducted	  a	  sensitivity	  analysis	  in	  
which	  we	  changed	  the	  hierarchy	  of	  the	  ranks	  to	  estimate	  the	  
impact	  of	  the	  chosen	  hierarchy	  on	  the	  results.	  The	  hierarchy	  is	  
described	  in	  detail	  in	  Study	  III.	  
	  
Progression	  to	  cirrhosis	  
To	  estimate	  the	  risk	  of	  progression	  to	  cirrhosis,	  we	  began	  the	  
follow-‐up	  for	  acquired	  cirrhosis	  at	  180	  days	  after	  the	  AH	  diagno-‐
sis,	  and	  we	  considered	  all	  of	  the	  cirrhosis	  cases	  that	  were	  diag-‐
nosed	  earlier	  as	  having	  had	  undiagnosed	  cirrhosis	  at	  the	  time	  of	  
AH	  diagnosis.	  The	  date	  of	  diagnosis	  of	  cirrhosis	  was	  the	  admission	  
date	  of	  the	  first	  hospital	  contact	  that	  resulted	  in	  a	  discharge	  
diagnosis	  of	  cirrhosis.	  
	  
Continued	  Harmful	  drinking	  
Recurrent	  AH	  was	  classified	  as	  a	  readmission	  that	  resulted	  in	  a	  
discharge	  diagnosis	  of	  AH.	  After	  the	  discharge	  resulting	  in	  first-‐
time	  AH	  diagnosis,	  all	  following	  hospital	  contacts	  resulting	  in	  an	  
alcohol	  abuse	  diagnosis	  were	  registered.	  To	  ensure	  that	  we	  only	  
recorded	  new	  episodes	  of	  AH,	  we	  began	  follow-‐up	  180	  days	  after	  
discharge.	  These	  patients	  together	  with	  the	  patients	  with	  recur-‐
rent	  AH	  were	  categorized	  together	  as	  continued	  harmful	  drinkers.	  
	  

RESULTS	  
Below	  follows	  a	  summary	  of	  the	  main	  results	  from	  the	  three	  
studies.	  
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Alcoholic	  hepatitis	  cohort	  
We	  identified	  1951	  patients	  with	  AH,	  of	  whom	  63%	  were	  men.	  
The	  age	  of	  the	  patients	  ranged	  from	  17	  to	  89	  years;	  the	  median	  
age	  increased	  during	  the	  study	  period	  from	  48	  to	  55	  years	  (The	  
cohort	  is	  described	  in	  detail	  in	  Study	  I,	  Table	  1).	  
	  
Incidence	  and	  mortality	  (Study	  I)	  
In	  Study	  I,	  we	  used	  the	  entire	  cohort	  to	  compute	  incidence	  and	  
mortality	  rates	  as	  described	  above.	  The	  overall	  incidence	  rate	  for	  
the	  study	  period	  was	  36.6	  per	  million	  per	  year	  (26.9	  for	  women	  
and	  46.4	  for	  men).	  As	  shown	  in	  Figure	  3,	  the	  incidence	  rate	  rose	  
for	  both	  men	  and	  women	  during	  the	  decade,	  and	  the	  increase	  
was	  seen	  only	  in	  the	  population	  aged	  45	  years	  or	  older	  and	  was	  
most	  prominent	  among	  women.	  	  
	  
Figure	  3.	  Standardised	  incidence	  rate	  per	  million	  per	  year,	  1999–2008.	  
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In	  addition	  to	  an	  increasing	  incidence,	  our	  study	  also	  showed	  an	  
increasing	  short-‐term	  mortality	  for	  patients	  with	  AH.	  As	  illustrat-‐
ed	  in	  Figure	  4,	  the	  28-‐day	  and	  84-‐day	  mortality	  increased	  for	  both	  
men	  and	  women.	  The	  observed	  increase	  in	  short-‐term	  mortality	  
was	  a	  result	  of	  confounding	  by	  increasing	  age	  and	  prevalence	  of	  
cirrhosis	  because	  there	  was	  no	  increase	  in	  short-‐term	  mortality	  
after	  adjustment	  for	  age,	  sex,	  and	  cirrhosis	  (adjusted	  hazard	  ratio	  
1.30,	  95%	  CI	  0.90–1.88).	  The	  overall	  5-‐year	  mortality	  was	  56%,	  
and	  the	  10-‐year	  mortality	  was	  72%,	  and	  a	  concurrent	  diagnosis	  of	  
cirrhosis	  had	  a	  high	  impact	  on	  the	  long-‐term	  mortality.	  
	  
Figure	  4.	  Twenty-‐eight-‐day	  (dashed	  line)	  and	  84-‐day	  mortality	  (full	  line),	  1999–	  2008.	  
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Figure 3: 24 day (dashed line) & 84 day mortality
(full line) form 1999 to 2008

	  

Validation	  of	  prognostic	  scores	  (Study	  II)	  
In	  Study	  II,	  we	  identified	  all	  the	  patients	  in	  the	  original	  cohort	  
where	  laboratory	  data	  was	  available.	  The	  total	  number	  of	  pa-‐
tients	  included	  was	  274.	  In	  this	  fraction	  of	  the	  original	  cohort,	  the	  
28-‐day	  mortality	  was	  16%,	  and	  84-‐day	  mortality	  27%.	  This	  was	  
comparable	  to	  the	  entire	  cohort	  (overall	  28-‐day	  mortality	  15%	  
and	  84-‐day	  mortality	  22%).	  
	  
The	  AUROCs	  for	  28-‐day	  mortality	  were	  between	  0.74	  and	  0.78,	  
and	  there	  were	  no	  statistically	  significant	  differences	  among	  the	  
models	  (p	  =	  0.85)	  (Figure	  5).	  For	  84-‐day	  mortality	  there	  was	  still	  
no	  statistically	  significant	  difference	  between	  the	  models	  (p	  =	  
0.37)	  and	  the	  AUROCs	  were	  between	  0.69	  and	  0.77	  
	  
Figure	  5.	  Receiver	  operating	  curve	  of	  all	  scores	  on	  admission,	  used	  to	  predict	  mortal-‐
ity	  at	  28	  days	  
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After	  the	  initial	  ROC	  analysis,	  we	  used	  the	  cut-‐offs	  specified	  in	  
Table	  2	  to	  calculate	  the	  positive	  and	  negative	  predictive	  values	  for	  
death,	  as	  well	  as	  the	  sensitivity	  and	  specificity	  for	  each	  model.	  
The	  models’	  rates	  of	  correct	  prediction	  of	  death	  (PPVs)	  were	  low	  
(<30%),	  and	  their	  rates	  of	  false	  prediction	  of	  death	  (NPVs)	  were	  
high	  (>90%)	  for	  28-‐day	  mortality,	  as	  assessed	  on	  admission.	  
Detailed	  tables	  of	  these	  results	  can	  be	  found	  in	  Study	  II.	  
	  
	  
Causes	  of	  death	  (Study	  III)	  
In	  Study	  III,	  we	  identified	  all	  the	  deceased	  patients	  in	  the	  original	  
cohort.	  
Of	  the	  1951	  patients	  in	  the	  original	  cohort,	  1001	  patients	  (364	  
women,	  637	  men)	  died	  at	  a	  median	  age	  of	  54	  years.	  As	  described	  
above,	  the	  patients	  were	  stratified	  into	  two	  categories	  according	  
to	  the	  survival	  time	  after	  diagnosis,	  to	  distinguish	  between	  causes	  
of	  death	  related	  to	  the	  acute	  episode	  of	  AH	  and	  causes	  of	  death	  
after	  recovery	  from	  AH.	  In	  all,	  401	  patients	  died	  within	  the	  first	  84	  
days	  after	  admission	  for	  AH,	  and	  600	  patients	  died	  later.	  
	  
Causes	  of	  death	  in	  acute	  alcoholic	  hepatitis	  and	  after	  recovery	  
During	  the	  first	  84	  days,	  liver-‐related	  events	  were	  the	  most	  fre-‐
quent	  cause	  of	  death:	  liver	  failure	  (40%)	  hepato-‐renal	  syndrome	  
(HRS)	  (11%),	  and	  variceal	  haemorrhage	  (7%)	  (Figure	  6).	  Infections	  
caused	  20%	  of	  the	  deaths.	  After	  day	  84,	  liver-‐related	  events	  re-‐
mained	  the	  largest	  contributor	  to	  death	  (36%),	  and	  the	  fraction	  of	  
patients	  that	  died	  from	  infections	  declined	  to	  14%.	  Cancer	  was	  
only	  present	  as	  a	  cause	  of	  death	  after	  84	  days	  and	  accounted	  for	  
6%	  of	  the	  deaths	  in	  this	  category.	  A	  very	  large	  percentage,	  16%	  (n	  
=	  95)	  of	  the	  deceased	  were	  “found	  dead”.	  	  
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The	  distributions	  of	  causes	  of	  death	  before	  and	  after	  84	  days	  
following	  admission	  for	  AH	  were	  statistically	  significantly	  different	  
(p	  <	  0.001).	  Our	  analysis	  of	  the	  impact	  of	  the	  chosen	  hierarchy	  
showed	  that	  changing	  the	  hierarchy	  of	  the	  ranks	  did	  not	  affect	  
the	  overall	  distribution	  of	  causes	  of	  death	  (p	  =	  0.95).	  
	  
	  
Figure	  6.	  Distribution	  of	  the	  causes	  of	  death	  according	  to	  the	  time	  since	  admission	  
for	  AH	  
	  

	  
	  
Cirrhosis	  
For	  patients	  who	  did	  not	  have	  concurrent	  cirrhosis,	  the	  10-‐year	  
risk	  of	  developing	  cirrhosis	  was	  24%.	  Cirrhosis	  at	  the	  time	  of	  AH	  
diagnosis	  did	  not	  affect	  the	  short-‐term	  causes	  of	  death,	  but	  long-‐
term,	  liver-‐related	  deaths	  were	  more	  frequent	  in	  the	  patients	  
who	  had	  cirrhosis	  than	  those	  who	  did	  not	  (Figure	  7).	  
	  
Continued	  harmful	  drinking	  
Following	  discharge	  with	  a	  first	  time	  AH	  diagnosis,	  the	  ten-‐year	  
risk	  of	  having	  a	  hospital	  contact	  because	  of	  harmful	  drinking	  was	  
51.8%.	  There	  was	  no	  difference	  between	  the	  causes	  of	  death	  in	  
patients	  with	  continued	  harmful	  drinking	  compared	  to	  the	  other	  
patients	  (p=0.055)	  but	  harmful	  drinking	  increased	  the	  incidence	  
rate	  of	  cirrhosis	  by	  a	  factor	  of	  2.	  	  
	  
Figure	  7.	  Distribution	  of	  the	  long-‐term	  (>84	  days	  since	  admission	  for	  AH)	  causes	  of	  
death	  in	  both	  the	  non-‐cirrhotic	  and	  cirrhotic	  patients.	  

	  
	  

DISCUSSION	  	  
	  
Design	  
The	  epidemiologic	  register-‐based	  cohort	  study	  design	  has	  its	  
inherent	  strengths	  and	  weaknesses	  that	  must	  be	  taken	  into	  ac-‐
count	  when	  interpreting	  the	  results.	  One	  main	  strength	  is	  that	  
because	  the	  Danish	  registers	  are	  close	  to	  100%	  complete	  we	  are	  
able	  to	  obtain	  a	  large	  patient	  material	  with	  complete	  follow-‐up.	  
This	  allows	  us	  to	  make	  accurate	  estimates	  on	  incidence	  and	  prog-‐
nosis	  as	  well	  as	  to	  perform	  time-‐trend	  analysis.	  Furthermore,	  the	  
cohort	  design	  can	  assess	  the	  relationship	  between	  an	  exposure	  
and	  several	  outcomes.	  The	  population-‐based	  design	  eliminates	  
the	  potential	  problem	  of	  bias	  associated	  with	  referrals	  to	  a	  specif-‐
ic	  hospital.	  As	  a	  consequence,	  the	  design	  has	  high	  external	  validi-‐
ty,	  which	  makes	  it	  possible	  to	  compare	  the	  results	  to	  other	  co-‐
horts	  (countries),	  providing	  difference	  between	  the	  cohorts	  is	  
kept	  in	  mind.	  The	  design	  is	  limited	  by	  the	  amount	  of	  data	  availa-‐
ble	  depending	  on	  the	  databases	  applied.	  This	  limits	  the	  exposures	  
and	  confounders	  that	  can	  be	  studied	  and	  thus	  the	  questions	  that	  
can	  be	  answered.	  	  
	  
Lack	  of	  knowledge	  of	  individual	  level	  alcohol	  consumption	  is	  a	  
central	  limitation	  of	  the	  epidemiologic	  register-‐based	  cohort	  
study	  design.	  In	  the	  investigation	  of	  AH,	  detailed	  knowledge	  of	  
alcohol	  consumption	  is	  of	  obvious	  interest.	  Ideally,	  individual	  
level	  data	  on	  alcohol	  history	  would	  have	  enabled	  us	  to	  answer	  
several	  important	  questions	  about	  the	  impact	  of	  alcohol	  con-‐
sumption	  leading	  up	  to	  admission	  as	  well	  as	  the	  impact	  of	  alcohol	  
consumption	  on	  risk	  of	  AH	  relapse	  and	  death	  after	  discharge.	  
However,	  a	  complete	  detailed	  alcohol	  history	  of	  nearly	  2000	  
patients	  (or	  a	  large	  subgroup)	  would	  require	  carefully	  designed	  
questionnaires	  and	  meticulous	  data	  management	  outside	  the	  
scope	  and	  possibilities	  of	  these	  studies.	  When	  investigating	  the	  
causes	  of	  death	  in	  study	  3,	  we	  choose	  to	  identify	  the	  patients	  re-‐
admitted	  with	  discharge	  diagnosis	  related	  to	  excessive	  alcohol	  
consumption.	  This	  approach	  identifies	  the	  patients	  with	  the	  most	  
severe	  continued	  alcohol	  use	  after	  discharge,	  but	  it	  does	  not	  
identify	  the	  effects	  of	  alcohol	  in	  the	  other	  patients.	  Furthermore	  
this	  method	  is	  subject	  to	  selection	  bias	  as	  it	  includes	  only	  patients	  
who	  live	  long	  enough	  to	  be	  re-‐admitted.	  
	  
In	  the	  design	  of	  Study	  II	  we	  chose	  to	  evaluate	  all	  the	  scores	  in	  the	  
same	  cohort.	  As	  mentioned,	  the	  prognostic	  models	  have	  all	  been	  
created	  in	  different	  patient	  cohorts.	  The	  argument	  can	  be	  made	  
that	  it	  would	  have	  been	  better	  to	  validate	  the	  models	  in	  cohorts	  
similar	  to	  those	  in	  which	  they	  were	  developed;	  the	  Lille	  score	  (for	  
example)	  in	  the	  subset	  of	  patients	  in	  the	  Danish	  registry	  that	  
received	  steroids	  or	  the	  ABIC	  score	  in	  those	  with	  biopsy-‐proved	  
AH	  and	  so	  on.	  In	  clinical	  practice,	  however,	  it	  is	  unrealistic	  to	  
expect	  that	  physicians	  will	  use	  up	  to	  five	  different	  scoring	  systems	  
depending	  on	  the	  best	  fit	  of	  their	  patient	  to	  the	  original	  cohorts.	  
Much	  more	  likely,	  physicians	  will	  choose	  one	  (or	  two)	  model(s)	  
and	  use	  it	  (them)	  for	  all	  their	  patients.	  In	  other	  words,	  a	  predic-‐
tion	  model	  needs	  to	  be	  validated	  in	  the	  cohort	  for	  which	  it	  is	  to	  
be	  used.	  A	  more	  recent	  study	  has	  evaluated	  five	  scores	  (Child-‐
Pugh,	  MELD,	  mDF,	  GAHS,	  and	  ABIC	  score)	  in	  44	  biopsy	  proven	  
patients	  with	  AH	  and	  reached	  similar	  results	  and	  conclusions	  as	  
our	  study.(65)	  
	  
The	  studies	  in	  the	  thesis	  are	  by	  nature	  observational	  and	  there	  is	  
no	  intervention/experimental	  control	  that	  in	  the	  strict	  sense	  can	  
make	  it	  possible	  to	  test	  a	  priori	  hypotheses.	  	  Nonetheless,	  the	  
studies	  were	  driven	  by	  number	  of	  expectations	  –	  for	  example	  in	  
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paper	  I	  that	  there	  is	  a	  temporal	  increase	  in	  incidence,	  and	  the	  
data	  seem	  to	  reject	  that	  there	  was	  no	  change;	  in	  paper	  II	  the	  
expectation	  mostly	  was	  that	  the	  scores	  performed	  the	  same	  way,	  
which	  was	  not	  rejected	  by	  the	  data;	  in	  paper	  III	  we	  primarily	  
expected	  the	  short-‐	  and	  long-‐term	  distributions	  of	  causes	  of	  
death	  to	  be	  different	  and	  data	  showed	  they	  were.	  
	  
Bias	  	  
Loss	  to	  follow-‐up	  is	  a	  potential	  source	  of	  selection	  bias	  in	  cohort	  
studies,	  but	  because	  the	  registry	  we	  used	  to	  obtain	  data	  on	  death	  
is	  complete,	  the	  loss	  to	  follow-‐up	  in	  our	  studies	  in	  negligible.	  
Another	  source	  of	  bias	  for	  all	  our	  three	  studies	  is	  that	  we	  rely	  on	  
the	  discharge	  diagnosis	  as	  entered	  in	  the	  national	  registry	  of	  
patients	  by	  the	  discharging	  physician.	  As	  mentioned,	  the	  diagno-‐
sis	  of	  AH	  is	  not	  based	  on	  detailed	  or	  established	  diagnostic	  crite-‐
ria,	  which	  will	  result	  in	  a	  certain	  amount	  of	  misclassified	  patients,	  
and	  thus	  to	  bias,	  as	  will	  the	  unavoidable	  random	  errors	  in	  regis-‐
tration.	  As	  stated,	  all	  3	  papers	  rely	  on	  the	  validity	  of	  the	  AH	  dis-‐
charge	  diagnosis	  and	  consequently,	  misclassification	  is	  a	  cause	  of	  
concern.	  However,	  the	  diagnoses	  registered	  in	  the	  National	  Regis-‐
try	  can	  generally	  be	  assumed	  to	  have	  a	  high	  validity,	  and	  no	  new	  
diagnostic	  criteria	  or	  methods	  have	  been	  introduced	  during	  our	  
study	  period.(66,	  67)	  Consequently,	  we	  assume	  that	  there	  was	  no	  
drift	  in	  diagnostic	  validity	  in	  the	  study	  period	  that	  could	  have	  
disrupted	  our	  time-‐trend	  analysis.	  Despite	  the	  misclassifications	  it	  
is	  worth	  to	  note	  that	  the	  registry	  diagnoses	  identified	  a	  patient	  
cohort	  with	  markedly	  distinct	  clinical	  course	  compared	  to	  the	  
background.	  Still,	  we	  could	  have	  improved	  our	  studies	  if	  we	  had	  
performed	  an	  internal	  validation	  of	  the	  diagnosis	  in	  the	  NRP	  by	  
reviewing	  a	  number	  of	  patient	  cases	  and	  confirming	  the	  diagnosis	  
of	  AH.	  
In	  Study	  I,	  diagnostic	  inaccuracy	  may	  have	  lead	  to	  the	  incidence	  
and	  mortality	  of	  AH	  being	  over-‐	  or	  underestimated,	  but	  we	  do	  not	  
believe	  that	  such	  inaccuracy	  can	  produce	  the	  time	  trends	  we	  
found.	  In	  Study	  II,	  if	  we	  included	  a	  fraction	  of	  patients	  with	  trivial	  
disease	  and	  thus	  the	  wrong	  diagnosis,	  this	  could	  have	  led	  to	  lower	  
AUROCs	  than	  expected.	  If	  so,	  our	  reported	  AUROCs	  could	  be	  
underestimated.	  For	  Study	  III,	  if	  a	  fraction	  of	  the	  patients	  with	  AH	  
in	  reality	  had	  end-‐stage	  cirrhosis,	  this	  might	  have	  led	  to	  bias	  
towards	  an	  overestimation	  of	  liver	  failure	  as	  a	  cause	  of	  death.	  
	  	  
Another	  weakness	  of	  our	  study	  design	  is	  the	  lack	  of	  individual	  
data	  regarding	  treatment	  and	  disease	  severity.	  Because	  of	  the	  
nature	  of	  the	  population-‐based	  design,	  the	  study	  cohort	  included	  
both	  patients	  that	  received	  treatment	  (severe	  AH)	  and	  patients	  
that	  did	  not.	  For	  Studies	  I	  and	  III,	  this	  affects	  the	  way	  the	  reader	  
should	  interpret	  the	  results.	  The	  incidence	  is	  not	  dependent	  on	  
treatment,	  but	  the	  mortality	  figures	  are	  thus	  average	  mortality	  
rates	  for	  patients	  with	  AH	  of	  all	  severities,	  treated	  by	  specialists.	  
Treatment,	  although	  none	  of	  them	  definitely	  demonstrated	  to	  be	  
efficient	  regarding	  mortality,	  may	  have	  an	  effect	  on	  the	  causes	  of	  
death,	  and	  consequently,	  the	  causes	  we	  identified	  in	  Study	  III	  can	  
help	  focus	  on	  areas	  that	  need	  attention	  even	  when	  patients	  re-‐
ceive	  treatment.	  
In	  Study	  II,	  our	  cohort’s	  mortality	  includes	  the	  possible	  effects	  of	  
treatment	  of	  some	  patients	  and	  might	  have	  been	  higher	  without	  
such	  treatment.	  This	  is	  in	  contrast	  to	  the	  development	  of	  the	  
GAHS	  model	  in	  which	  the	  patients	  received	  no	  treatment.(46)	  
However,	  we	  also	  found	  lower	  AUROCs	  with	  the	  other	  models	  
than	  in	  the	  original	  cohorts	  in	  which	  patients	  were	  treated	  ac-‐
cording	  to	  their	  Maddrey	  DF.	  Therefore,	  treatment	  effects	  were	  
probably	  not	  the	  primary	  cause	  for	  the	  lower	  AUROC’s	  we	  found	  
in	  our	  cohort.	  	  

In	  Study	  II	  we	  only	  included	  patients	  with	  AH	  who	  had	  laboratory	  
data	  available,	  thus	  making	  calculation	  of	  the	  clinical	  scores	  pos-‐
sible.	  This	  selection	  could	  potentially	  threaten	  the	  generalisability	  
of	  our	  results	  if	  the	  patients	  who	  had	  laboratory	  data	  were	  also	  
(for	  example)	  those	  with	  the	  most	  severe	  disease.	  However,	  such	  
selection	  is	  unlikely	  because	  the	  availability	  of	  the	  laboratory	  data	  
was	  only	  dependant	  on	  database	  infrastructure,	  not	  on	  AH	  severi-‐
ty.	  
	  
Confounding	  
In	  contrast	  to	  bias,	  which	  is	  a	  consequence	  of	  the	  study	  design	  
and	  cannot	  be	  accounted	  for	  during	  data	  analysis,	  it	  is	  possible	  to	  
adjust	  for	  known	  or	  suspected	  confounding	  factors	  provided	  the	  
data	  on	  the	  factors	  is	  available.	  In	  Study	  I,	  our	  analyses	  indicated	  
that	  the	  increasing	  short-‐term	  mortality	  was	  well	  explained	  by	  
confounding	  by	  cirrhosis	  and	  older	  age.	  Naturally,	  age	  had	  an	  
influence	  on	  causes	  of	  death	  in	  Study	  III,	  whereas	  gender	  did	  not.	  
For	  Studies	  I–III,	  there	  may	  also	  have	  been	  secular	  changes	  in	  the	  
prevalence	  of	  co-‐morbidity.	  It	  is	  a	  limitation	  of	  our	  register-‐based	  
design	  that	  we	  did	  not	  have	  individual-‐level	  data	  on	  co-‐morbidity.	  
Co-‐morbidity	  may	  have	  increased	  and	  been	  part	  of	  the	  effects	  of	  
older	  age	  since	  co-‐morbidity	  is	  a	  prognostic	  factor	  for	  patients	  
with	  alcoholic	  cirrhosis(17).	  Finally,	  we	  believe	  that	  changes	  in	  
drinking	  patterns,	  both	  binge-‐drinking	  and	  total	  quantity,	  are	  very	  
important	  for	  the	  development	  and	  mortality	  of	  AH	  and	  may	  
explain	  our	  findings	  of	  increasing	  incidence.	  	  
	  
External	  data	  sources	  
We	  have	  used	  alcohol	  consumption	  data	  from	  national	  databases	  
on	  alcohol	  sale,	  and	  large	  national	  surveys	  to	  try	  to	  interpret	  
some	  of	  our	  findings	  in	  study	  I.	  This	  approach	  allows	  us	  to	  assess	  
our	  results	  in	  relation	  to	  general	  tendencies	  in	  Denmark,	  but	  
there	  is	  no	  individual-‐link	  between	  the	  national	  alcohol	  taxation	  
databases	  and	  our	  data.	  	  In	  the	  study	  period,	  overall	  annual	  per-‐
capita	  sales	  of	  pure	  alcohol	  fell	  by	  13%	  and	  the	  fraction	  of	  Danes	  
with	  potentially	  harmful	  drinking	  increased	  for	  both	  men	  and	  
women(68,	  69).	  In	  Study	  I	  we	  found	  that	  the	  incidence	  of	  AH	  in	  
Denmark	  has	  increased	  from	  1999-‐2008.	  The	  patients	  are	  older	  at	  
diagnosis	  and	  more	  have	  cirrhosis,	  resulting	  in	  worse	  short-‐term	  
prognosis.	  No	  other	  population-‐based	  studies	  on	  the	  incidence	  of	  
AH	  exist,	  but	  our	  findings	  are	  in	  concordance	  with	  previous	  stud-‐
ies.(70)	  The	  increase	  in	  incidence	  observed	  in	  our	  study	  likely	  
reflects	  these	  changes	  in	  drinking	  patterns,	  although	  there	  may	  
be	  a	  risk	  of	  bias	  from	  changes	  in	  diagnostic	  methods	  and	  in	  the	  
validity	  of	  the	  diagnosis	  as	  mentioned	  above.	  However,	  such	  
changes	  would	  have	  the	  same	  effect	  on	  the	  incidence	  rate	  in	  all	  
gender-‐	  and	  age-‐categories,	  but	  we	  found	  that	  the	  incidence	  
increase	  was	  seen	  only	  above	  age	  45	  years,	  and	  primarily	  among	  
women.	  Both	  the	  total	  alcohol	  sale	  and	  the	  percentage	  of	  heavy	  
drinkers	  have	  declined	  in	  the	  latest	  public	  survey	  conducted	  after	  
our	  study,	  and	  it	  will	  be	  interesting	  to	  see	  if	  the	  incidence	  of	  AH	  
follows	  this	  trend(71).	  

CONCLUSIONS	  	  
We	  found	  an	  increasing	  incidence	  of	  AH	  in	  the	  Danish	  population	  
during	  the	  period	  1998–2008.	  The	  short-‐term	  mortality	  rose,	  
attributable	  to	  older	  patient	  age	  and	  higher	  co-‐occurrence	  of	  
cirrhosis.	  The	  long-‐term	  prognosis	  was	  dismal,	  particularly	  in	  the	  
presence	  of	  cirrhosis.	  
	  	  
The	  MELD,	  the	  MELD-‐Na,	  the	  GAHS,	  the	  Lille-‐model,	  and	  the	  ABIC	  
score	  each	  and	  to	  the	  same	  degree	  predicted	  the	  mortality	  of	  our	  
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patients	  with	  AH.	  The	  models	  may	  be	  helpful	  adjuvants	  in	  the	  
routine	  management	  of	  patients,	  provided	  that	  clinicians	  are	  
aware	  of	  the	  models’	  limitations.	  
	  
The	  causes	  of	  death	  in	  AH	  are	  due	  to	  short-‐	  and	  long-‐term	  liver-‐
related	  complications.	  This	  finding	  may	  suggest	  that	  patients	  with	  
AH	  would	  benefit	  from	  continued	  follow-‐up	  after	  the	  acute	  epi-‐
sode.	  The	  focus	  should	  be	  on	  achieving	  abstinence	  from	  alcohol	  
and	  on	  treating	  infections	  and	  the	  complications	  of	  cirrhosis.	  
	  

FUTURE	  PERSPECTIVES	  
We	  have	  shown	  that	  the	  incidence	  of	  AH	  is	  increasing	  despite	  a	  
decline	  in	  total	  alcohol	  consumption	  in	  Denmark.	  This	  develop-‐
ment	  is	  a	  cause	  of	  concern	  and	  should	  be	  watched.	  
	  
To	  counsel	  patients	  with	  AH	  and	  for	  strata	  in	  clinical	  trials,	  we	  
need	  more	  accurate	  prediction	  models.	  This	  is	  well	  illustrated	  by	  
the	  current	  debate	  regarding	  liver	  transplantation	  in	  AH.	  The	  
predictive	  information	  to	  be	  gained	  by	  pragmatically	  combining	  
routine	  laboratory	  tests	  into	  different	  formulas	  has	  been	  ex-‐
hausted.	  Future	  scoring	  systems	  should	  take	  into	  account	  the	  
pathophysiology	  of	  AH	  because	  of	  the	  inflammatory	  nature	  of	  AH,	  
and	  the	  introduction	  of	  new	  immunological	  markers	  could	  be	  
promising.	  
	  
The	  increasing	  incidence	  combined	  with	  the	  unchanging	  dismal	  
prognosis	  confirms	  the	  fact	  that	  we	  haven’t	  seen	  any	  leaps	  for-‐
ward	  in	  terms	  of	  treatment	  of	  AH.	  This	  emphasises	  the	  need	  for	  a	  
deeper	  pathophysiological	  understanding	  of	  the	  disease	  and	  for	  
more	  basic	  research	  in	  AH,	  in	  order	  to	  identify	  new	  targets	  for	  
treatment.	  Our	  group	  aim	  to	  contribute	  to	  this	  area,	  and	  we	  are	  
therefore	  currently	  conducting	  research	  into	  the	  immunopathol-‐
ogy	  in	  AH.	  
Liver-‐related	  disease	  was	  the	  leading	  cause	  of	  short-‐	  and	  long-‐
term	  death	  in	  patients	  with	  AH,	  and	  patients	  have	  a	  high	  risk	  of	  
developing	  cirrhosis	  following	  the	  first	  admission	  for	  AH.	  Com-‐
bined	  with	  the	  high	  5-‐year	  mortality,	  we	  found	  in	  Study	  I,	  this	  
poses	  the	  interesting	  question	  whether	  patients	  with	  AH	  would	  
benefit	  from	  continued	  follow-‐up	  by	  hepatologists	  in	  an	  out-‐
patient	  setting.	  	  
It	  is	  an	  important	  finding	  that	  many	  AH	  patients	  died	  from	  liver-‐
related	  causes,	  although	  they	  survived	  the	  acute	  AH	  episode	  and	  
presumably	  recovered	  from	  the	  inflammatory	  condition.	  This	  
finding	  indicates	  the	  presence	  of	  a	  chronic	  liver	  problem,	  such	  as	  
cirrhosis	  or	  continuous	  alcoholic	  liver	  damage,	  or	  that	  the	  acute	  
episode	  may	  have	  left	  the	  liver	  conditioned	  for	  further	  damage.	  
Future	  studies	  are	  needed	  to	  address	  this	  issue.	  
	  
The	  Danish	  Health	  Care	  system	  and	  the	  comprehensive	  registers	  
unambiguously	  linked	  by	  the	  CRS	  database	  have	  proven	  a	  valua-‐
ble	  resource	  for	  conducting	  high	  quality	  clinical	  epidemiological	  
studies.	  Further	  studies	  in	  patients	  with	  AH	  by	  cross	  linkage	  of	  
these	  databases	  could	  answer	  questions	  on	  prognosis	  after	  sur-‐
gery	  and	  adherence	  to	  medical	  therapy.	  Furthermore,	  in	  the	  
future	  we	  will	  hopefully	  be	  able	  to	  measure	  the	  impact	  of	  new	  
treatments	  on	  short-‐	  and	  long-‐term	  mortality.	  	  
	  

SUMMARY	  	  
Alcoholic	  hepatitis	  (AH)	  is	  an	  acute	  inflammatory	  syndrome	  caus-‐
ing	  significant	  morbidity	  and	  mortality.	  The	  prognosis	  is	  strongly	  

dependent	  on	  disease	  severity,	  as	  assessed	  by	  clinical	  scoring	  
systems.	  Reliable	  epidemiological	  data	  as	  well	  as	  knowledge	  of	  
the	  clinical	  course	  of	  AH	  are	  essential	  for	  planning	  and	  resource	  
allocation	  within	  the	  health	  care	  system.	  Likewise,	  individual	  
evaluation	  of	  risk	  is	  desirable	  in	  the	  clinical	  handling	  of	  patients	  
with	  AH	  as	  it	  can	  guide	  treatment,	  improve	  patient	  information,	  
and	  serve	  as	  strata	  in	  clinical	  trials.	  
The	  present	  Ph.D.	  thesis	  is	  based	  on	  three	  studies	  using	  a	  cohort	  
of	  nearly	  2000	  patients	  diagnosed	  with	  AH	  in	  Denmark	  from	  1999	  
to	  2008	  as	  a	  cohort,	  in	  a	  population-‐based	  study	  design.	  
The	  aims	  of	  this	  thesis	  were	  as	  follows.	  (1)	  To	  describe	  the	  inci-‐
dence	  and	  short-‐	  and	  long-‐term	  mortality,	  of	  AH	  in	  Denmark	  
(Study	  I).	  (2)	  To	  validate	  and	  compare	  the	  ability	  of	  the	  currently	  
available	  prognostic	  scores	  to	  predict	  mortality	  in	  AH	  (Study	  II).	  
(3)	  To	  investigate	  the	  short-‐	  and	  long-‐term	  causes	  of	  death	  of	  
patients	  with	  AH	  (Study	  III).	  	  
During	  the	  study	  decade,	  the	  annual	  incidence	  rate	  in	  the	  Danish	  
population	  rose	  from	  37	  to	  46	  per	  106	  for	  men	  and	  from	  24	  to	  34	  
per	  106	  for	  women.	  Both	  short-‐	  and	  long-‐term	  mortality	  rose	  for	  
men	  and	  women,	  and	  the	  increase	  in	  short-‐term	  mortality	  was	  
attributable	  to	  increasing	  patient	  age	  and	  prevalence	  of	  cirrhosis.	  	  
Our	  evaluation	  of	  the	  most	  commonly	  used	  prognostic	  scores	  for	  
predicting	  the	  mortality	  of	  patients	  with	  AH	  showed	  that	  all	  
scores	  performed	  similarly,	  with	  Area	  under	  the	  Receiver	  Opera-‐
tor	  Characteristics	  curves	  giving	  values	  between	  0.74	  and	  0.78	  for	  
28-‐day	  mortality	  assessed	  on	  admission.	  	  
Our	  study	  on	  causes	  of	  death	  showed	  that	  in	  the	  short-‐term	  (<84	  
days	  after	  diagnosis),	  patients	  with	  AH	  were	  likely	  to	  die	  from	  
liver-‐related	  events	  and	  infections.	  In	  the	  long-‐term	  (≥84	  days	  
after	  diagnosis),	  those	  who	  developed	  cirrhosis	  mainly	  died	  from	  
liver-‐related	  causes,	  and	  those	  who	  did	  not	  develop	  cirrhosis	  
mainly	  died	  from	  causes	  related	  to	  alcohol	  abuse.	  
	  
In	  conclusion,	  the	  present	  thesis	  provides	  novel	  warranted	  epi-‐
demiological	  information	  about	  AH	  that	  shows	  increasing	  inci-‐
dence	  and	  mortality	  rates.	  Consequently,	  it	  reiterates	  the	  fact	  
that	  AH	  is	  a	  life-‐threatening	  disease	  and	  suggests	  that	  AH	  is	  an	  
increasing	  public	  health	  concern.	  The	  most	  widely	  used	  prognos-‐
tic	  models	  may	  be	  helpful	  adjuvants	  in	  the	  routine	  management	  
of	  patients	  with	  AH,	  provided	  that	  clinicians	  are	  aware	  of	  the	  
models’	  limitations.	  	  
The	  causes	  of	  death	  in	  AH	  are	  primarily	  due	  to	  liver-‐related	  com-‐
plications,	  suggesting	  that	  patients	  with	  AH	  could	  benefit	  from	  
continued	  follow-‐up	  by	  a	  hepatologist	  after	  the	  acute	  episode.	  
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