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Highlights

e Approximately 15% of hazardous drinkers may have normal

liver histology.

e Progression to cirrhosis is most common in people with

steatohepatitis (10% per year).

e Liver-related factors are the predominant cause of death in

people with steatohepatitis or cirrhosis.

e Hepatic steatosis is not benign, with an annual mortality rate

of ~6%/year, but deaths are mainly non-liver related.
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Lay summary

Knowledge of the natural history of a
disease allows clinicians and patients to
understand the risks that are associated
with a medical condition. In this study we
systematically gathered all the published
data regarding the natural history of
alcohol-related liver disease in people
who had a liver biopsy. We used this data
to define the prevalence of the disease,
the annual risk of progression to cirrhosis
and the annual risk of death at each stage
of the disease.
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Background & Aims: To date, studies into the natural history of
alcohol-related liver disease (ALD) have lacked long-term
follow-up, large numbers of participants, or both. We performed
a systematic review to summarise studies that describe the nat-
ural history of histologically proven ALD.

Methods: PubMed and Medline were searched for relevant
studies according to pre-specified criteria. Data were extracted
to describe the prevalence of ALD, histological progression of
disease and mortality. Single-proportion meta-analysis was
used to combine data from studies regarding rates of progres-
sion or mortality.

Results: Thirty-seven studies were included, reporting data
from 7,528 participants. Amongst cohorts of hazardous drin-
kers, on average 15% had normal histological appearance, 27%
had hepatic steatosis, 24% had steatohepatitis and 26% had cir-
rhosis. The annualised rates of progression of pre-cirrhotic dis-
ease to cirrhosis were 1% (0-8%) for patients with normal
histology, 3% (2-4%) for hepatic steatosis, 10% (6-17%) for
steatohepatitis and 8% (3-19%) for fibrosis. Annualised mortal-
ity was 6% (4-7%) in patients with steatosis and 8% (5-13%) in
cirrhosis. In patients with steatohepatitis on biopsy a marked
difference was seen between inpatient cohorts (annual mortal-
ity 15%, 8-26%) and mixed cohorts of inpatients and outpatients
(annual mortality 5%, 2-10%). Only in steatosis did non-liver-
related mortality exceed liver-specific causes of mortality (5%
per year vs. 1% per year).

Conclusions: These data confirm the observation that alcohol-
related hepatic steatohepatitis requiring admission to hospital
is the most dangerous subtype of ALD. Alcohol-related steatosis
is not a benign condition as it is associated with significant risk
of mortality.

Lay summary: Knowledge of the natural history of a disease
allows clinicians and patients to understand the risks that are
associated with a medical condition. In this study we systemat-
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ically gathered all the published data regarding the natural his-
tory of alcohol-related liver disease in people who had a liver
biopsy. We used this data to define the prevalence of the dis-
ease, the annual risk of progression to cirrhosis and the annual
risk of death at each stage of the disease.

© 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction

Alcohol-related liver disease (ALD) is common throughout the
world.! ALD is a leading cause of liver-related morbidity and
mortality,” and a frequent cause of death amongst people of
working age.> Hazardous drinking - consumption of alcohol at
levels that are likely to cause harm - is prevalent globally.* This
is a prerequisite for the development of ALD, which covers a
spectrum of disease from steatosis, steatohepatitis to cirrhosis.
Earlier stages of disease are considered reversible with absti-
nence from alcohol.” Liver-specific morbidity and mortality is
only considered relevant in patients with more advanced
disease.

Good quality natural history studies exist for most liver dis-
eases but only relatively few describe the prevalence or progres-
sion of histologically defined ALD. Population-based studies
such as the Dionysius study in northern Italy® are useful but
have necessarily relied largely on ultrasonography to define
liver disease. Mixed results have been observed on the associa-
tion between histological parameters and progression of ALD.
Hepatic steatosis, considered the earliest stage of ALD can pro-
gress to cirrhosis’® and other studies have confirmed the high
risk of death in alcohol-related cirrhosis.” The relationship
between alcohol intake and prevalence, progression and death
is not straightforward in these studies, where other aetiological
factors may play a significant role.'® However, several prospec-
tive population studies have shown that self-reported alcohol
intake is a good predictor of the future risk of alcohol-induced
diseases.'!

An accurate understanding of the natural history of ALD is
necessary for prognostication and communication with
patients. This is not well defined at present. Using the PICOS tool
(participants, interventions, comparisons, outcomes and study
design), this study sought to use published observational data

EASL

The Home of Hepatology


mailto:richardparker@nhs.net
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhep.2019.05.020&domain=pdf

to describe prevalence, progression and mortality in people
with biopsy-proven ALD.

Materials and methods

A systematic review was undertaken by searching PubMed
(1948 - present) and MedLine (1946 - present) using the MeSH
terms ‘alcoholic liver disease’, ‘prevalence’, ‘natural history’ and
‘epidemiology’. The search strategy is described in full in the
supplementary information. This review was registered with
the PROSPERO database. Searches were performed on the 31st
May 2018 and limited to English language and human studies.
Full papers and abstracts were included. The risk of bias in the
studies included was based on the Newcastle-Ottawa tool.'?

Data analysis
Data were analysed for 3 principle outcomes: (i) prevalence of
histological subtypes of liver disease, (ii) progression of pre-
cirrhotic liver disease to cirrhosis and (iii) mortality (overall,
liver-specific mortality and non-liver mortality). Pre-specified
sub-analyses were planned for abstinent/non-abstinent
patients. For the purposes of analysis 4 histological stages of
ALD were considered: steatosis, steatohepatitis, fibrosis not
amounting to cirrhosis and cirrhosis. Linear progression through
these stages was assumed. Progression or mortality rates were
calculated by dividing the total number of events by the median
follow-up duration in years to get the annual number of events.
Overall prevalence, progression rates and annualised mortality
rates were calculated with single-proportion meta-analysis,
using ‘meta’ in R.!*> Random effects meta-analysis was used to
generate an overall proportion with 95% Cls. Sensitivity analyses
were performed to distinguish between the histological diagno-
sis of steatohepatitis and the acute clinical syndrome of alco-
holic hepatitis. To attempt to distinguish between these
entities in the studies included we examined data regarding
the prevalence of jaundice, the average serum bilirubin concen-
tration and the proportion of patients who had been admitted to
hospital acutely at the time of liver biopsy. Of these variables,
only the proportion of patients who were admitted to hospital
was reported frequently enough to be used in sensitivity analy-
sis. The sub-categories of non-liver-related and liver-related
mortality were not analysed in the sensitivity analysis as too
few data were available. This systematic review is reported
according to the MOOSE statement. '

For further details regarding the methods used, please refer
to the supplementary information.

Results

The literature searches yielded a total of 46,043 results, of
which 49 were reviewed in more detail, yielding 25 studies suit-
able for inclusion. Searching reference lists and citing literature
yielded a further 12 studies (Fig. 1). In total, 37 studies including
7,528 participants were included. The characteristics of patients
in each study are shown in Table 1. The assessed risk of bias was
fairly uniform across the studies (Table S1). Only a few studies
explicitly included consecutive patients, raising the risk of
selection bias, and few reported independent assessment of
biopsies by pathologists blinded to the clinical scenario. Some
studies relied on registry data without access to original patient
records.
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| Literature search 46,043 studies |

1

| Review of titles and abstracts |

1

| 49 studies reviewed in detail |

Studies excluded:
o Not relevant: 10
e Review article: 14
e Duplicate data: 1

| 24 studies suitable for inclusion |

1

| Review of references and citing literature

l

| 37 studies included |

Fig. 1. Literature search flow chart.

Prevalence of ALD amongst hazardous drinkers

Fifteen studies, including a total of 3,474 patients, reported on
histological liver disease in hazardous drinkers!®~1819.20-26.27-29
(Table 2). The prevalence of each histological subtype of ALD
was 15% (95% CI 7-18%) for normal histological appearances,
27% (21-38%) for steatosis, 24% (12-28%) for steatohepatitis,
27% (19-46%) for fibrosis not amounting to cirrhosis and 26%
(19-36%) for cirrhosis (Table 2). When studies that included con-
secutive patients were compared to those that did not, more nor-
mal histology was found (19% vs. 9%), and fewer cases of
steatohepatitis (15% vs. 26%) or steatohepatitis with cirrhosis
(10% vs. 13%) were found.

The indication for liver biopsy varied significantly between
studies, no study included consecutive hazardous drinkers
without additional caveats, for example presentation to hospi-
tal, or raised aspartate aminotransferase. Only 1 study included
patients from primary care settings,?® all others were based on
hospitalised patients. There was variation with regard to the
histological scoring system used to grade fibrosis, with some
using the METAVIR system,>° while other more recent papers
used the system proposed by Kleiner et al. for grading of non-
alcoholic fatty liver disease.>' Most studies reported histological
features individually, such that overlapping disease was not rec-
ognized, however the study from Chedid et al. reported ‘pure’
findings from sicker patients, which may account for the outly-
ing values from this study. The variation in reporting may
account for the wide interquartile ranges. There were insuffi-
cient data reported in the studies included to consider alcohol
intake for each histological category.

Progression of disease

Nine studies including 918 participants described histological
progression of disease using paired liver biopsies.””**2-37 None
of these studies used protocol biopsies at planned intervals.
Instead biopsies taken in the course of clinical care, or autopsy
results, were used to describe histological progression. The
median time between biopsies was 7 years. The overall annual
progression from pre-cirrhotic disease to cirrhosis was 4%
(95% CI 2-11%). The rate of progression to cirrhosis varied
between histological subtypes: annualised progression rates to
cirrhosis were 1% (95% Cl 0-8%) for patients with normal
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Table 1. Characteristics of participants in included studies.

Study n Type of cohort Indication Age Alcohol Gender Bilirubin ALT AST Albumin Platelets Histological Length of  Number of

for biopsy (yr) intake (% male) (mg/dl) (U/L) (U/L) (g/dl) (x10°L) system biopsy (mm) portal tracts
(g/day)

Alves 1982'° 463 Patients admitted to hospital Clinical 73

Annoni 1989'¢ 45  Consecutive patients admitted to hospital Research 471 56 3.8 88.5

Bouchier 1992° 510 Consecutive patients admitted to hospital Clinical 75

Brunt 19747 258 Consecutive patients admitted to hospital Clinical 50.1

Chedid 1991'® 281 Patients admitted to hospital Research 50.5 7.9 46 91 33 Authors’ own

Dam-Larsen 2009*> 246 Patients who had a biopsy Clinical 39.5 74 0.6 43 3.8 255 Authors’ own

Degre 2009** 51 Patients admitted to hospital Clinical 54 66 20 39 69 34

Deleuran 2012%° 194 Patients who had a biopsy Clinical 52.3 51

Gines 1987%! 122 Patients admitted to hospital Clinical 76 Authors’ own

Haflidadottir 2014*® 94  Patients who had a biopsy Clinical 51 67 0.7 109 76 3.9 228

Hisatomi 1997'° 193 Patients admitted to hospital Clinical 42,0 127 79 Pares®

Lackner 2016%7 192 Patients admitted to hospital Clinical 48.7 70 4.4 30 46 3.6 140

Levi 1978%° 202 Patients admitted to hospital Clinical 53.1 56

Loft 1987°! 44  Consecutive patients admitted to hospital Research 53.1 53

Marbut 1987°% 48  Patients who had a biopsy Clinical 83 Lancet’

Masson 2014*® 134 Patients who had a biopsy Clinical 51 72 1.1 4.1 147 Authors’ own

Mathurin 2007°* 193 Patients who had a biopsy Clinical 134 80 1.1 52 238 Bedossa® 1.8 14

Morgan 1977% 100 Patients admitted to hospital Clinical 77

Motoo 1992%° 40  Patients who had a biopsy Clinical 48.7 88 Takeuchi®

Nakano 1982°7 20  Patients admitted to hospital Clinical 100 1.0 42

Naveau 2005%° 221 Patients who had a biopsy Clinical 471 100 77 2.6 73 127 METAVIR'? 15 14.4

Nguen-Khac 2008 103 Patients who had a biopsy Clinical 52.6 128 74 1.0 62 80 3.9 251 METAVIR 12.2 7.8

Nissenbaum 1990%> 306 Patients who had a biopsy Clinical 50 100 44 27 59 3.2 Authors’ own

Onacea 1991*%¢ 212 Patients who had a biopsy Clinical

Orholm 1985%° 315 Patients admitted to hospital Clinical

Orrego 1983%° 253 Patients who had a biopsy Clinical

Orrego 1987%° 217 Patients who had a biopsy Clinical 54.1 83

Pares 1986° 26  Patients who had a biopsy Clinical 47.9 201 54 55 112 61 3.6

Powell 1968°% 283 Patients who had a biopsy Clinical 50.8 56.5

Poynard 1991%¢ 624 Consecutive patients admitted to hospital Research 49 124 75 2.5 41 3.8 Bedossa

Raynard 20027 268 Consecutive patients admitted to hospital Research 52 110 78 Lancet

Semb 2016%° 357 Patients who had a biopsy Clinical 50.4 68 0.6 50 3.8 267 Lancet

Sorenson 1984° 285 Patients admitted to hospital Clinical 100

Teli 19957 88  Patients who had a biopsy Clinical 46 83

Thiele 2018%% 289 Patients at risk of fibrosis Research  56.3 171 75 06 31 36 234 Kleiner' 30

Voican 2017%° 217 Consecutive patients Research 48 179 80 1.0 90 121 3.9 211 Kleiner 17.3 12.1

Worner 1985°2 34  Patients admitted to hospital Clinical 42 224 100

“Abstract only. ‘Authors’ own’ indicates the use of a quantitative scoring system for assessing biopsies that was not based on previous reports but developed by authors for individual studies. ALT, alanine aminotransferase; AST,
aspartate aminotransferase.
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Table 2. Studies reporting on prevalence of histological liver disease amongst hazardous drinkers.

Cirrhosis

ASH ASH + cirrhosis Fibrosis

Steatosis

Average daily Classification Normal

Gender
(% male) alcohol intake (g)

n Age (yr)

Indication for biopsy

Source

Study

69%
22%
29%

13%

3%

463

Secondary care

Alves 1982"°

27%

24%
1

56%
71%

471

45
258
281
202

Secondary care
Secondary care
Secondary care
Secondary care

Annoni 19896
Brunt 19747

16%

16%
40%

1%

39%

50

14%

100

Chedid 1991'®
Levi 1978%°

Loft 19872!

19%
50%
37%
31%

4%

1

42%
32%

o
o

15

56%
53%

53.1

5%

54.0

38

Secondary care

33%
62%

75%

51%
29%

15%

97
221
103

Secondary care
Secondary care
Secondary care

Morgan 197772

100 METAVIR
128.4 METAVIR

77%
74%

471

Naveau 2005%°

83%

52.6

Consecutive asymptomatic

hazardous drinkers

Nguen-Khac 2008%*

19%

54%
25%

27%
23%

54.1 83%

217
1

Secondary care
Secondary care

Orrego 1987%°

o,
o

26

26%

126.6

78%
75%

77%
75%

46.3

75

Consecutive patients with ALD

Hisatomi 1997'°

11%
27%
66%

24%

124

49
52.7

624
268
289

Consecutive hazardous drinkers

Secondary care

Poynard 1991%¢

15%

10%

9%
28%

24%
45%

15%

112 Lancet group

Consecutive hazardous drinkers
Patients at significant risk of

fibrogenic liver disease

Secondary care
Primary &

Raynard 200277
Thiele 2018%¢

Kleiner

170.6

56.3

Secondary care
Secondary care

15%

56%

29%

Kleiner

179.4

80%

48.0

192

Consecutive patients with ALD

Voican 2017°°
ALD, alcohol-related liver disease; ASH, alcohol-related steatohepatitis.
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histological appearance on biopsy at baseline, 3% (95% CI 2-4%)
for steatosis, 10% (95% Cl 6-17%) for steatohepatitis and 8%
(95% CI 3-19%) for any grade of pre-cirrhotic fibrosis (Fig. 2,
Table S2). The single report of progression from normal histo-
logical appearance to cirrhosis renders this finding highly
inaccurate.

There were insufficient data regarding alcohol use in the
studies included to analyse the effect of abstinence or alcohol
on rates of progression. Only 1 study included information
about progression rates in abstinent versus non-abstinent
patients, where progression from steatohepatitis to cirrhosis
was 18% in abstinent patients over 1.7 years, compared to 23%
in non-abstinent patients.” Very few of the included studies
reported on regression of liver disease; those that did observed
low rates of regression of steatohepatitis to ‘minimal histologi-
cal changes’ (12% per year),” but normalisation of liver histology
was not seen’2>7 (Table S3).

Mortality in ALD

Three subtypes of mortality were considered: overall mortality,
non-liver-related mortality and liver-specific mortality.
Twenty-three studies described mortality out-
comes,”12:17.18:2225333538-49 In the 8 studies (including
1,091 participants) that reported mortality in alcohol-related
steatosis”%18:2543454649  gyerall annual mortality was 6.0%
(95% CI 4.0-7.0%), annual non-liver mortality was 4.0% (95% ClI
3.0-6.0%) and annual liver-related mortality was 1.0% (95% CI
1.0-2.0%) (Fig. 3, Table S4).

In the 7 studies (including 732 participants) that reported
mortality in alcohol-related steatohepatitis,® 82535424445
overall annual mortality was 11% (95% CI 6.0-19.0%), annual
non-liver mortality was 4.0% (95% CI 2.0-9.0%) and annual liver-
related mortality was 7.0% (95% CI 3.0-14.0%) (Fig. 4, Table S4).

In the 7 studies (including 930 participants) that reported
mortality in alcohol-related cirrhosis,” 82225384148 gyera]]
annual mortality was 8.0% (95% CI 5-13%), annual non-liver
mortality was 2.0% (95% CI 1.0-4.0%) and annual liver-related
mortality was 6.0% (95% CI 3.0-10.0%) (Fig. 5, Table S4).

Information regarding mortality in abstinent or non-
abstinent patients was only available for 3 studies, each regard-
ing alcohol-related cirrhosis. These studies reported on a total of
519 participants with information about alcohol intake (of
whom 187 were abstinent during follow-up and 332 continued
to consume alcohol). Median annual mortality was 4.7% (IQR
4-7%) in abstinent patients, and 8.0% (IQR 6.2-11.2%) in
non-abstinent patients. This difference was not statistically
significant (Mann-Whitney U test p = 0.229).

Sensitivity analyses

A series of sensitivity analyses were performed to attempt to
distinguish between the acute clinical syndrome of alcoholic
hepatitis and the histological diagnosis of steatohepatitis by
comparing studies that reported on cohorts of patients who
had been admitted to hospital, to those studies that included
both inpatients and outpatients. In studies that only included
hospitalised patients, the incidence of steatohepatitis was
greater (20% [12-33%] vs. 16% [8-29%]), progression from
steatohepatitis to cirrhosis was more common (14% of individ-
uals each year [7-26%] vs. 8% [3-19%]) and overall mortality
was greater (15% per year [8-26%] vs. 5% per year [2-10%]),
compared to studies that described cohorts of both inpatients
and outpatients (Fig. S1-4).
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Study Events Total Proportion  95%ClI Study Events Total Proportion 95%Cl
Eirst biopsy = Normal Mortality = Overall
Mathurin 2007 0 193 B— 0.00 [0.00; 0.02] Bouchier 1992 7 198 —@—— 0.04 [0.01;0.07]
Mootoo 1992 1 o0 —H— 0.02 [0.00; 0.13] Chedid 1991 4 26 — @8 —— 015 [0.04; 0.35]
Overall 1 233 a— 0.01 [0.00; 0.08] Dam-Larsen 2009 15 246 —B— 0.06 [0.03; 0.10]
Heterogeneity: 2= 42%, p = 0.19 Deleuran 2012 7 136 — 0.05 [0.02; 0.10]
Haflidadottir 2014 3 % —m— 0.03 [0.01; 0.09]

First biopsy = Steatosis Orrego 1987 4 5 @ —a— 0.07 [0.02;0.17]
Mathurin 2007 6 193 —E— 0.03 (0.01;,0.071 Semb 2016 15 246 —B— 0.06 [0.03; 0.10]
Mootoo 1992 2 o0 —— 0.05 0.01;047) Teli 1995 3 88 —@— 003 [0.01;0.10]
Sorenson 1984 5 258 —H— 0.02 [0.01; 0.04]
ol 1905 ) o 002 [0.00: 0.08] Overall . 58 1091 - 0.06 [0.04; 0.07]
Worner 1985 0 [ — 0.00 [0.00; 0.10] Heterogeneily: /= 14%, p = 0.32
Overall 15 613 e 0.03 [0.02; 0.04] Mortality = Liver
Heterogeneity: /2= 0%, p = 0.79 Chedid 1991 0 FLl S — 0.00 [0.00; 0.13]
First biopsy = Fibrosis Dam-Larsen 2009 2 246 FEH— 0.01 [0.00; 0.03]
Marbut 1987 3 . 0.06 001:0.18] Deleuran 2012 1 136 H— 0.01 [0.00; 0.04]
Mootoo 1992 o 2 0.00 [0.00: 0.09] Haflidadottir 2014 1 % B 0.01 [0.00; 0.06]
Nakano 1982 5 20 . 025 0.09; 0.49] Orrego 1987 1 57 ——— 0.02 [0.00; 0.09)
Onacea 1991 8 22 —@— 0.04 [0.02; 0.07] Semb 2016 8 26— 001 [0.00;004]
Worner 1985 5 34 — @ 015 [0.05; 0.31] Teli 1995 0 88 — 0.00  [0.00;0.04]
Overall 21 353 ——— (.08 [0.03; 0.19] Overall 8 893 o 0.01 [0.01; 0.02]
Heterogeneity: /2 = 75%, p <0.01 Heterogeneity: 1 = 0%, p = 0.99
Eirst biopsy = ASH Mortality = Non-liver
Mathurin 2007 24 103 — m o012 [0.08; 0.18] Chedid 1991 1 26 # 0.04 [0.00; 0.20]
Mootoo 1992 4 40 & 010 [0.03: 0.24) Dam-Larsen 2009 12 246 —B— 0.05 [0.03; 0.08]
Onacea 1991 1 212 — 0.05 0.03; 0.09] Deleuran 2012 5 136 —H— 0.04 [0.01; 0.08]
Pares 1996 5 2% & o9 [0.07: 0.39] Haflidadottir 2014 2 % —a—— 0.02 [0.00; 0.07]
Overall 44 47 e 0.10 [0.06; 0.17] Orrego 1987 3 57 —a8 0.05 [0.01;0.15]
Heterogeneity: /2 = 66%, p = 0.03 Semb 2016 12 246 —B— 0.05 [0.03; 0.08]

T T T T 1 Teli 1995 3 88 —@—— 0.03 [0.01;0.10]

0 005 01 045 02 Overall 38 893 P 0.04 [0.03; 0.06]

Annual progression to cirrhosis Heterogeneity: I = 0%, p = 0.93
I T T T 1
0 005 01 015 02

Fig. 2. Histological progression of non-cirrhotic alcohol-related liver
disease to cirrhosis. (A) Annual progression from normal to cirrhosis, (B)
annual progression from steatosis to cirrhosis, (C) annual progression from
fibrosis (falling short of cirrhosis) to cirrhosis and (D) annual progression from
steatohepatitis (without cirrhosis) to cirrhosis.

Discussion

This is the first systematic review that summarises existing
knowledge on the natural history of ALD. The data show that
histological evidence of ALD is common amongst hazardous
drinkers, who are usually pre-cirrhotic; although approximately
one-quarter of individuals with ALD will have cirrhosis. Our
results confirm that steatohepatitis is a distinct phenotype
within the spectrum of ALD, characterised by higher rates of
progression to cirrhosis and worse mortality. However, this is
only the case amongst hospitalised patients with steatohepatitis
- mixed cohorts of inpatients and outpatients with steatohep-
atitis showed a similar mortality to patients with steatosis
alone. Mortality in hospitalised patients with steatohepatitis is
higher than that associated with cirrhosis, highlighting the
influence of marked inflammatory response in these patients
and its serious consequences. The causes of mortality differed
across the spectrum of ALD: In alcohol-related hepatic steatosis
mortality was mainly driven by extrahepatic causes, whilst
mortality was predominantly liver-related in steatohepatitis
and cirrhosis.

In addition, these data uphold previous observations that
alcohol-related hepatic steatosis is not a benign condition with
annual mortality rates of approximately 6% each year. This is
driven predominantly by non-liver-related causes, as liver-
related deaths were only noted to occur at a rate of 1% each
year. It cannot be proven from these data, but it is likely that
deaths in this group are largely a consequence of the known
extrahepatic risks of hazardous alcohol use, including

590

Annual mortality

Fig. 3. Mortality in alcohol-related steatosis. (A) Annual overall mortality,
(B) annual non-liver-related mortality and (C) annual liver-related mortality.

Study Events Total Proportion 95%ClI
Mortality = Overall
Degre 2009 7 51 —_— 0.14 [0.06; 0.26]
Bouchier 1992 3 76 s 0.04 [0.01; 0.11]
Motoo 1992 0 5 & 0.00 [0.00; 0.52]
Orrego 1987 1 19 3 0.05 [0.00; 0.26]
Nissenbaum 1990 36 306 —a— 0.12 [0.08; 0.16]
Deleuran 2012 3 58 s 0.05 [0.01; 0.14]
Chedid 1991 58 217 - 0.27 [0.21; 0.33]
Overall 108 732 ——E———— 0.1 [0.06; 0.19]
Heterogeneity: > = 83%, p <0.01
Mortality = Liver
Degre 2009 5 51 — B 0.10 [0.03; 0.21]
Motoo 1992 0 5 & 0.00 [0.00; 0.52]
Orrego 1987 1 19 HH 0.05 [0.00; 0.26]
Deleuran 2012 1 58 ——— 0.02 [0.00; 0.09]
Overall 7 133 —cEEER————— 0.07 [0.03; 0.14]
Heterogeneity: 1> = 0%, p = 0.42
Mortality = Non-liver
Degre 2009 2 51 —fH— 0.04 [0.00; 0.13]
Motoo 1992 0 5 @& 0.00 [0.00; 0.52]
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Fig. 4. Mortality in alcohol-related steatohepatitis. (A) Annual overall
mortality, (B) annual non-liver-related mortality and (C) annual liver-related
mortality.
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Study Events Total Proportion 95%ClI
Mortality = Overall
Chedid 1991 10 39 —— 026 [0.13; 0.42]
Bouchier 1992 10 181 —s— 0.06 [0.03; 0.10]
Orrego 1987 12 140 —— 0.09 [0.05; 0.14]
Morgan 1977 2 36 # 0.06 [0.01; 0.19]
Gines 1987 7 122 —s— 0.06 [0.02; 0.11]
Masson 2014 6 134 —@— 0.04 [0.02; 0.09]
Powell 1968 27 278 —s— 0.10 [0.06; 0.14]
Overall 74 930 —— 0.08 [0.05; 0.13]
Heterogeneity: 2 = 69%, p <0.01
Mortality = Liver
Orrego 1987 10 140 —B— 0.07 [0.03; 0.13]
Masson 2014 3 134 —H—— 0.02 [0.00; 0.06]
Powell 1968 19 278 —— 0.07 [0.04; 0.10]
Overall 32 552 — 0.06 [0.03; 0.10]
Heterogeneity: 2 = 46%, p = 0.16
Mortality = Non-liver
Orrego 1987 2 140 —H—— 0.01 [0.00; 0.05]
Masson 2014 3 134 ——— 0.02 [0.00; 0.06]
Powell 1968 8 278 —H— 0.03 [0.01; 0.06]
Overall 13 552 <@ 0.02 [0.01; 0.04]
Heterogeneity: 2 = 0%, p = 0.66
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Fig. 5. Mortality in alcohol-related cirrhosis. (A) Annual overall mortality,
(B) annual non-liver-related mortality and (C) annual liver-related mortality.

malignancies and cardiovascular disease. The relevance of the
presence of hepatic steatosis on these events is not clear,
although recent data suggest an independent effect of hepatic
steatosis on cardiovascular dysfunction.’®

The annual mortality rate for patients with steatohepatitis
reported here (14.8%) is notable for being lower than in studies
of patients with a clinical diagnosis of alcoholic hepatitis where
the average 6-month mortality rate is approximately 38%.°! The
contrast is probably due to differences in patient characteristics
between epidemiological studies of relatively well patients, as
reported here, and acutely unwell patients admitted to hospital
with severe alcoholic hepatitis. It is notable that the paper by
Chedid et al,'® which included many patients with acute
alcoholic hepatitis, is an outlier amongst the other studies
included in this review, with higher mortality rates. Histological
steatohepatitis may be present without the clinical syndrome of
alcoholic hepatitis®® and this distinction is important as the
short-term outlook in acute disease is poor. The sensitivity
analyses performed here confirm this with greater progression
to cirrhosis and greater overall mortality in the cohort of
patients who were admitted to hospital at the time of the index
biopsy. It is a difficulty with the source data used in this study
that this issue cannot be more precisely addressed.

This study has limitations, principally related to the limita-
tions of the data we were analysing. There were too few studies
to allow for robust meta-regression®> and consequently the cal-
culation of annual progression and mortality rates relied on
average values. This relies on the assumption of uniform distri-
bution of mortality over the course of follow-up, which may not
be accurate. However sufficient data to allow for more accurate
time-dependent mortality risk were not available. The data used
for meta-analysis were very heterogenous and this is reflected
in the large I? values (for example, 75% in assessment of pro-
gression to cirrhosis from fibrotic disease and 83% for assess-
ment of mortality in steatohepatitis). This is probably a
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consequence of multiple factors: the assorted methods of
assessment and reporting of histological disease among studies,
the drinking behaviour of different cohorts after baseline liver
biopsy, and the type of cohort recruited in the first instance.
This heterogeneity is a limitation of this study, and measures
to allow this to be addressed should be considered in future
studies.

Studies without histology were not included as we wanted to
focus on biopsy-proven disease. This will necessarily have
excluded studies where patients are not biopsied and intro-
duced a bias. That said, histological outcomes can be calibrated
with clinical diagnoses, for example in the study by Dam-Larsen
et al.*> 22% of patients with pure alcohol-related steatosis were
diagnosed with cirrhosis on clinical grounds over the 13 years of
follow-up, a rate of 1.7%/year, similar to the 2%/year derived
from studies based on histology. In addition, differences in the
indication for biopsy varied between studies - some were part
of routine practice, but others were for research purposes. Most
commonly, studies reported biopsies that had been performed
during routine clinical practice where indications will have var-
ied among clinicians, and among centres. Very few of the
included studies reported in protocol-driven biopsies in consec-
utive patients.

Relying on histology is not without its drawbacks. One
potential source of bias is regression to the mean. There is prob-
ably some variation in histological severity purely due to sam-
pling variation. Patients who already have cirrhosis are much
less likely to have a repeat biopsy. Therefore, those who are fol-
lowed up and have a repeat biopsy are selected by having pre-
cirrhotic liver disease. Due to sampling variation, some of these
will have cirrhosis on repeat biopsy purely as a result of regress-
ing to the mean rather than true progressive disease. There is of
course a similar issue with patients who appear to have regres-
sion in fibrosis. This is a problem in clinical practice as well as
research cohorts. Unfortunately, there is no way to reliably esti-
mate the effect that this might have on the results.

Our search strategy did not explicitly exclude patients
admitted to hospital with acute alcoholic hepatitis, but the
inclusion criteria of at least 1 year of follow-up meant that sev-
eral large series of patients with alcoholic hepatitis were
excluded. There was not enough information to separate
patients with the acute clinical syndrome of alcoholic hepatitis,
from those with the histological entity of steatohepatitis. This is
an important distinction and should be explored in much
greater detail in future studies.

Past, present and future alcohol use is critical to understand-
ing prognosis in ALD.***” However, this was not reported in suf-
ficient detail in most of the included studies to be included in
analyses. Other missing data were common in the included
studies, for example biochemical values and anthropometric
data were commonly not reported, precluding meta-regression
analysis. A lack of baseline data meant that prediction of pro-
gression or death in terms of baseline characteristics could not
be evaluated.

Another issue is the lack of a single accepted histological
scoring system for ALD. Scoring systems specific to ALD been
proposed, for example from an international group in 1981°*
and more recently a system for grading alcoholic steatohepati-
tis,>> and in some of the included studies scoring systems devel-
oped for other liver diseases were co-opted for use in ALD, for
example the METAVIR score or the Kleiner-Brunt classification.
More commonly, authors used a process that was specific to
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their study. The lack of a single scoring system may not signif-
icantly impact on gross findings such as cirrhosis, but more sub-
tle signs such as early fibrosis may not be comparable between
studies. This is a major limitation not just of this systematic
review but of the field in general - steps to encourage the wide-
spread adoption of a clinically relevant scoring system for the
whole spectrum of ALD would be of great value.

This systematic review used robust literature searching to
summarise existing information on the natural history of ALD.
This allowed us to address fundamental aspects of ALD such
as prevalence, progression and prognosis. However, important
questions remain that could not be addressed due to the limita-
tions of existing data. Cause of death had to be addressed in
broad terms ‘non-liver related’ and ‘liver related’, whereas more
specific causes of death would be informative. Similarly, pro-
gression to cirrhosis was based on histology but biopsy is rarely
used in clinical practice. Clinically relevant events such as the
development of ascites, variceal bleeding or hepatocellular car-
cinoma would be of more value to clinicians and patients.

Predictive and prognostic factors for progression in ALD need
to be addressed in large systematic prospective populations.
Understanding the progression of disease and likelihood of
death is important for effective communication with our
patients, for public health purposes and for the design of
research studies. This systematic review gives useful informa-
tion, but the major value of this project may be to highlight cur-
rent shortcomings in the field that can be addressed in future
studies.
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