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Abstract

Purpose/Background

We aimed to describe changes in survival in alcoholic hepatitis (AH) over time by examining

published data.

Methods

A systematic literature search of Ovid Embase and PubMed was undertaken using the

MESH terms ‘hepatitis, alcoholic’ to identify randomised controlled trials (RCT) and observa-

tional studies (OS) in alcoholic hepatitis. Data were extracted from included studies regard-

ing 28-day, 90-day, 180-day mortality, as well as biochemical and clinical data.

Results

After review of the literature search results, 77 studies published between 1971 and 2016

were analysed, which included data from a total of 8,184 patients. Overall mortality from AH

was 26% at 28 days, 29% at 90 days and 44% at 180 days after admission. No changes in

mortality over time were observed in univariable analysis at 28 days or 90 days after admis-

sion (Pearson correlation r -0.216, p = 0.098, and r 0.121 p = 0.503 respectively). A small

but statistically significant increase in mortality was seen in 180-day mortality (r 0.461 p =

0.036). However, after meta-regression to adjust for other factors associated with mortality

at each time point, no changes in mortality were seen. Sub-group analysis did not reveal

any changes in mortality over time in different study types, or when only biopsy-proven or

severe disease were considered.

Conclusion

There has been no improvement in mortality from AH. This is not explained by changes in

severity of disease. This emphasises the urgent need for effective treatments for this alco-

holic hepatitis.
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Systematic review: Trends in survival from alcoholic hepatitis

Alcohol related liver disease (ArLD) is a common liver disease [1] and the leading cause of

liver-related deaths in the UK [2]. ArLD is a spectrum of disease ranging from simple steatosis

to cirrhosis [3]. Alcoholic hepatitis (AH) is the most florid manifestation of ArLD, typified by

acute jaundice and coagulopathy [4]. In spite of years of research AH is difficult to treat. Many

agents have been examined over the years without conspicuous success in the treatment of AH

[5–12]. Most recently the largest randomised controlled trial (RCT) in the field of ArLD failed

to show a clear benefit of corticosteroid therapy [13]. A small positive benefit on early mortal-

ity was found in network meta-analysis of several trials [14], however this was not supported

by the most recent direct meta-analysis [15], and any short-term benefits of corticosteroid are

not maintained in the longer-term.

In other areas of hepatology for example in acute liver failure [16], hepatocellular carcinoma

and viral hepatitis [17], medical not maintained in longer-term de recent reviews of therapy

for alcoholic hepatitis, published in 2015 and 2017 respectadvances have caused survival to

improve markedly over time. Similarly, decreases in mortality have been observed in common

non-hepatic disease such as acute myocardial infarction [18,19] and stroke [20,21]. We used

systematic review to examine the mortality of AH in trials and observational studies of AH to

evaluate changes over time.

Methods

A systematic review of studies in alcoholic hepatitis was undertaken, by searching PubMed

(1946–2016) EMBASE (1947 to 2016) using the search terms: (((alcoholic hepatitis) NOT non-

alcoholic) NOT B0 NOT C, limited to human studies and English language. Furthermore,

‘grey literature’ was examined by looking at reference lists of included studies for relevant

manuscripts (snowballing), and articles citing included studies were also reviewed (reverse

snowballing). Studies were included if they reported on patients with a clinical or histological

diagnosis of alcoholic hepatitis and provided information on mortality at 28 days, 90 days or

six months after admission. Only full papers published in English were considered for inclu-

sion. This protocol was not registered.

Data regarding mortality, biochemical severity (bilirubin, prothrombin time or INR, creati-

nine, white cell count) and participant characteristics (gender and age) were sought. These

data were extracted from included papers and entered into a pre-prepared spreadsheet. Two

authors (EH and LH) collected data independently and then combined data were checked by

all authors to identify inconsistencies. These were resolved by consensus. Missing data were

not imputed. The primary outcome considered was mortality from AH. Mortality over time

was calculated by considering the year of publication of included studies as a single time point,

rather than duration of a study. Overall mortality was noted, and in controlled trials, the mor-

tality in intervention and control groups in each study was also considered. We noted age,

alcohol intake, gender and laboratory measurements (bilirubin, creatinine, urea, prothrombin

time and white cell count). Where values were reported only for individual groups, overall

mean was calculated by the following formula: overall mean = [(ngroup 1/ntotal).(meangroup 1)]

+[(ngroup 2/ntotal).(meangroup 2)]. When the same cohort or overlapping data collection periods

were reported in separate papers, the cohort was included only once and the larger report

included. The risk of bias in included studies was assessed using the Cochrane risk of bias tool

for randomised studies [22] or the NIH tool for assessing bias in observational studies [23] as

appropriate.

Mortality at each time point was calculated as percentages. Correlation of mortality and

time was examined in univariable analysis using r2 values. Meta-regression analysis using
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linear regression was used to take into account other factors associated with mortality. Sensi-

tivity analyses of groups of differing types of study (randomised trials vs. observational stud-

ies), biopsy-controlled studies and studies incudling patients with severe disease (defined by

the discriminant function, DF) were undertaken in the same way. Statistical analysis was per-

formed with Stata version 23 (IBM, New York, USA).

Results

The literature search identified 3,691 papers. After exclusion of duplicate search results and

irrelevant or ineligible results a final group of 77 papers was included of which 44 were trials of

experimental treatments and 33 were observational studies (Fig 1). Of the observational

Fig 1. Study flowchart demonstrating literature search process.

https://doi.org/10.1371/journal.pone.0192393.g001
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studies, 29 were cohort studies and 4 were case-control studies. These studies described a total

of 8,184 participants– 4,100 in RCT and 4,084 in observational studies. The characteristics of

each study are summarised in S1–S5 Tables with references to individual studies. The risk of

bias was assessed in each study using established methods (S6 and S7 Tables).

Missing data was considerable, particularly regarding mortality beyond 28 days. The overall

number of participants contributing to each outcome of interest in summarised in S8 Table.

Diagnosis of alcoholic hepatitis was usually based on clinical grounds, particularly in observa-

tional studies. Biopsy was more common in trials including patients with AH but not univer-

sal. In total 2215 cases were biopsy-proven, representing 33% of all participants.

Mortality over time

When all studies where taken into consideration, average mortality from AH was 25% at 28

days after admission and 29% at 90 days after admission. This has not changed over time: uni-

variable analysis of trends over time showed no significant changeover time in 28-day mortal-

ity (Pearson correlation -0.216, p = 0.098, data from 61 studies, 6652 participants) (Fig 2), or

90-day mortality (correlation 0.121 p = 0.503, 52 studies, 5672 participants) (Fig 3). Overall

mortality at 180 days after admission was 38%. A small but statistically significant increase in

180-day mortality after admission was observed over time (correlation 0.461 p = 0.036, 21

studies, 2593 participants) (Fig 4). These findings are summarised in Table 1.

Meta-regression analysis

Creatinine, bilirubin, white cell count and age were associated with mortality (Table 2). More-

over these factors showed evidence of change over time. To analyse changes in mortality over

time whilst controlling for these factors, linear meta-regression was performed. In this analysis,

mortality did not significantly change over time at 28-days (beta -0.715, p = 0.058,), 90-days

(beta 0.571, p = 0.341) or 180-days (beta 0.552, p = 0.381) after admission with AH (Table 3).

Fig 2. 28-day mortality in alcoholic hepatitis over time. A individual studies B pooled data for each decade (mean +

SEM).

https://doi.org/10.1371/journal.pone.0192393.g002
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Subgroup analyses

Included studies were grouped according to the type of study: therapeutic trials or observa-

tional studies. The frequency of biopsy proven diagnosis of AH, and severity of disease was

also considered.

When considering therapeutic trials only, no statistically significant change in mortality

over time was observed at each time point: 28-day mortality, Pearson correlation -0.305

p = 0.055, (40 studies, 3888 participants), 90-day mortality, correlation 0.152 p = 0.619

Fig 3. 90-day mortality in alcoholic hepatitis over time. A individual studies B pooled data for each decade (mean +

SEM).

https://doi.org/10.1371/journal.pone.0192393.g003

Fig 4. 180-day mortality in alcoholic hepatitis over time. A individual studies B pooled data for each decade (mean +

SEM).

https://doi.org/10.1371/journal.pone.0192393.g004
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(13 studies, 2054 participants), 180-day mortality (correlation 0.455 p = 0.187, 10 studies, 1041

participants). When intervention and control groups were considered separately, a small but

statistically significant improvement in 28-day mortality was seen in control groups (Pearson

correlation -0.341, p-0.034)(Table 1). After controlling for other factors associated with mor-

tality in meta-regression, this association was no longer significant (beta -0.538, p = 0.231).

In observational studies, no changes in mortality were seen at 28-days (correlation 0.276

p = 0.214, 22 studies, 2958 participants), 90-days (correlation 0.200, p = 0.475, 20 studies,

2604 participants) or 180-days, (correlation -0.354, p = 0.491, 11 studies, 3581 participants)

(Table 1).

When considering studies that only included biopsy-proven AH (16 studies, 2215 partici-

pants), no change in mortality over time was seen at any time point: 28-days (correlation

Table 1. Pearson correlation between year of study and time-point mortality in acute alcoholic hepatitis.

28-day mortality p 90-day mortality p 180-day mortality p

Overall -0.216 0.098 0.121 0.503 0.461 0.036�

Sub-group analyses

RCT -0.305 0.055 0.152 0.619 0.455 0.187

RCT Intervention groups -0.259 0.117 -0.80 0.814 0.502 0.169

RCT Control groups -0.341 0.033� -0.077 0.821 0.474 0.197

OS 0.276 0.214 0.200 0.475 -0.354 0.491

Biopsy proven 0.078 0.801 0.009 0.979 -0.499 0.208

Severe disease (mDF >32) -0.130 0.419 0.342 0.95 0.110 0.707

�significant at p<0.05

https://doi.org/10.1371/journal.pone.0192393.t001

Table 2. Factors associated with mortality in alcoholic hepatitis and their change over time.

Mortality

28-day mortality 90-day mortality 180-day mortality Change over time

Prothrombin time

seconds

Correlation -0.093 -0.019 0.059 0.295

p 0.565 0.938 0.856 0.037

Creatinine

mg/dL

Correlation 0.359 0.184 0.314 -0.358

p 0.034 0.464 0.321 0.015

Bilirubin

mg/dL

Correlation 0.496 0.655 0.597 -0.134

p <0.001 0.001 0.031 0.307

White cell count

x109/L

Correlation 0.561 0.515 0.548 -0.497��

p 0.001 0.034 0.127 0.001

Age

years

Correlation -0.522 -0.390 0.132 0.214

p 0.007 0.135 0.700 0.223

Gender

% male

Correlation -0.077 -0.004 -0.255 -0.156

p 0.776 0.989 0.626 0.477

https://doi.org/10.1371/journal.pone.0192393.t002

Table 3. Meta-regression of mortality over time. Data are beta values from linear regression to control for other factors associated with mortality.

28-day mortality p 90-day mortality p 180-day mortality p

Overall 0.715 0.058 0.571 0.341 0.552 0.381

Sub-group analyses

RCT control group -0.538 0.231

https://doi.org/10.1371/journal.pone.0192393.t003
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0.078 p = 0.801, 13 studies, 1459 participants), 90-days (correlation -0.009, p = 0.979, 10 stud-

ies, 970 participants) or 180-days, (correlation -0.499, p = 0.208, 8 studies, 1179 participants)

(Table 1).

Finally, to eliminate non-severe alcoholic hepatitis we performed sub-group analysis

including only those studies that had a mean discriminant function (DF) above 32. This

excluded 13 studies that did not report an average DF, or data to allow the DF to be calculated,

and 11 studies with a mean DF below 32. This left a group of 54 studies including 6503 partici-

pants. Once again, we saw no changes in mortality over time: in 28-day mortality (correlation

-0.130 p = 0.419, 41 studies, 5268 participants), 90-days (correlation 0.342, p = 0.95, 25 studies,

4645 participants) or 180-days, (correlation -0.110, p = 0.707, 14 studies, 2473 participants)

(Table 1).

Discussion

Alcoholic hepatitis is an acute, life-threatening type of alcoholic liver disease. There has been

ongoing research for many years in AH and many therapeutic agents have been examined for

efficacy. However, our data show that mortality from AH has not improved over more than

four decades. Indeed we found a small but significant increase in mortality at 180-days. This

observation remained when considering only therapeutic trials where inclusion and exclusion

criteria may have been more stringent. These results demonstrate the urgent need for better

treatment in AH.

The strength of this analysis rests on the use of robust systematic review to obtain a com-

prehensive data set of studies in AH over the past few decades. Despite some missing data,

particularly for outcomes beyond 28 days, this dataset was large enough to allow associations

to be tested in univariable and multivariable analysis. In terms of limitations of the data, our

conclusions depend on aggregate data reported in studies, where individual patient data may

give more reliable results. However the difficulties in obtaining such data is considerable

especially with older studies. The apparent increase in 6-month mortality is likely due to the

small number of trials reporting this longer outcome in the 1970s. Information on cause of

death would be valuable as this may have changed over time, however this was rarely

reported.

Our data are consistent with previous work examining outcomes over time in liver disease.

Analysis of survival of people with liver disease after discharge from hospitals in England from

1968–1999 found no improvement in 1-month or 1-year survival over time [24]. It is notable

that the majority of this cohort had alcohol related liver disease, although interestingly the

overall survival was much better for patients with AH compared to decompensated cirrhosis.

Although there may be some methodological concerns over these data [25], given that there

are no new specific treatments for ArLD that have emerged since these data were reported (in

contrast to other causes of chronic liver disease) it is reasonable to think that the data remain

relevant.

Whilst progress towards novel specific treatments in AH has been frustratingly slow, it

might be expected that improvements in medical care of acutely unwell patients would have a

positive effect on outcomes. Our results do not support this. In other areas of hepatology for

example variceal bleeding or decompensated cirrhosis clear and standardised care bundles are

used [26] that revolve around early assessment and administration of prophylactic antibiotics

for example. Many patients with AH present to non-specialist medical services, where a stan-

dardised care bundle may allow for better treatment in the early stages of disease. Equally

important is the ongoing pursuit of better treatments for AH that may make a significant

impact on outcomes. This is especially pertinent given the underwhelming evidence for the
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efficacy of corticosteroids [15] which had been by many seen as central to the treatment of AH

[27], despite conflicting trial data.

In conclusion, review of the available literature regarding mortality in alcoholic hepatitis

over four decades shows no evidence of improvement in short-term mortality over time. This

is in contrast to significant improvements in outcome in other liver diseases and other preva-

lent medical conditions.

Supporting information

S1 Table. Outcomes of included randomised clinical trials.

(DOCX)

S2 Table. Outcomes of included observational studies.

(DOCX)

S3 Table. Characteristics of patients in randomised clinical trials.

(DOCX)

S4 Table. Characteristics of patients in observational studies.

(DOCX)

S5 Table. Inclusion and exclusion criteria of included studies.

(DOCX)

S6 Table. Risk of bias in randomised Studies—Assessed with Cochrane risk of bias tool.

(DOCX)

S7 Table. Risk of bias in observational studies.

(DOCX)

S8 Table. Summary of missing data.

(DOCX)

S1 Prism Statement.

(DOCX)

S1 References.

(DOCX)

Acknowledgments

RP has served as an advisory board member for Astellas and has received research funding

from the Medical Research Council, the Royal College of Physicians and the European Society

for the Study of the Liver.

Author Contributions

Conceptualization: Richard Parker.

Data curation: Emily Hughes, Laurence J. Hopkins, Richard Parker.

Formal analysis: Emily Hughes, Richard Parker.

Writing – original draft: Richard Parker.

Writing – review & editing: Emily Hughes, Laurence J. Hopkins, Richard Parker.

Survival in alcoholic hepatitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0192393 February 14, 2018 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192393.s010
https://doi.org/10.1371/journal.pone.0192393


References
1. Fleming KM, Aithal GP, Solaymani-Dodaran M, Card TR, West J (2008) Incidence and prevalence of

cirrhosis in the United Kingdom, 1992–2001: a general population-based study. Journal of hepatology

49: 732–738. PMID: 18667256

2. Death NCEIPOA (2013) Measuring the Units: A review of patients who died with alcohol related liver

disease.

3. MacSween RN (1981) Alcoholic liver disease: morphological manifestations. Review by an international

group. The Lancet 1: 707–711.

4. Lucey MR, Mathurin P, Morgan TR (2009) Alcoholic hepatitis. New England Journal of Medicine 360:

2758–2769. https://doi.org/10.1056/NEJMra0805786 PMID: 19553649

5. Helman RA, Temko MH, Nye SW, Fallon HJ (1971) Alcoholic hepatitis. Natural history and evaluation

of prednisolone therapy. Ann Intern Med 74: 311–321. PMID: 4928161

6. Orrego H, Kalant H, Israel Y, Blake J, Medline A, Rankin JG et al. (1979) Effect of short-term therapy

with propylthiouracil in patients with alcoholic liver disease. Gastroenterology 76: 105–115. PMID:

758131

7. KRAGER PATRICIAS, SCHNEIDER JOHNF (1981) A randomized clinical trial of insulin and glucagon

infusion for treatment of alcoholic hepatitis: progress report in 50 patients. Gastroenterology 80: 1410–

1414. PMID: 7014349

8. Calvey H, Davis M, Williams R (1985) Controlled trial of nutritional supplementation, with and without

branched chain amino acid enrichment, in treatment of acute alcoholic hepatitis. J Hepatol 1: 141–151.

PMID: 3932509

9. Akriviadis EA, Steindel H, Pinto PC, Fong TL, Kanel G, Reynolds TB et al. (1990) Failure of colchicine

to improve short-term survival in patients with alcoholic hepatitis. Gastroenterology 99: 811–818.

PMID: 2199290

10. Le Moine O, Evrard S, Eisendrath P, Descamps C, Deviere J (2000) Treatment of alcoholic hepatitis

with intravenous n-acetylcysteine (NAC): a pilot trial. Gastroenterology 118: A975.

11. Bird GL, Prach AT, McMahon AD, Forrest JA, Mills PR, Danesh BJ (1998) Randomised controlled dou-

ble-blind trial of the calcium channel antagonist amlodipine in the treatment of acute alcoholic hepatitis.

J Hepatol 28: 194–198. PMID: 9514531

12. Naveau S, Chollet-Martin S, Dharancy S, Mathurin P, Jouet P, Piquet MA et al. (2004) A double-blind

randomized controlled trial of infliximab associated with prednisolone in acute alcoholic hepatitis. Hepa-

tology 39: 1390–1397. https://doi.org/10.1002/hep.20206 PMID: 15122768

13. Thursz MR, Richardson P, Allison M, Austin A, Bowers M, Day CP et al. (2015) Prednisolone or pentoxi-

fylline for alcoholic hepatitis. N Engl J Med 372: 1619–1628. https://doi.org/10.1056/NEJMoa1412278

PMID: 25901427

14. Singh S, Murad MH, Chandar AK, Bongiorno CM, Singal AK, Atkinson SR et al. (2015) Comparative

Effectiveness of Pharmacological Interventions for Severe Alcoholic Hepatitis: A Systematic Review

and Network Meta-analysis. Gastroenterology 149: 958–970.e12. PMID: 26091937

15. Pavlov CS, Varganova DL, Casazza G, Tsochatzis E, Nikolova D, Gluud C (2017) Glucocorticosteroids

for people with alcoholic hepatitis. Cochrane Database Syst Rev 11: CD001511.

16. Bernal W, Hyyrylainen A, Gera A, Audimoolam VK (2013) Lessons from look-back in acute liver failure?

A single centre experience of 3300 patients. Journal of Hepatology 59: 74–80. https://doi.org/10.1016/j.

jhep.2013.02.010 PMID: 23439263

17. Sorrell MF, Belongia EA, Costa J, Gareen IF, Grem JL, Inadomi JM et al. (2009) National Institutes of

Health consensus development conference statement: management of hepatitis B. NIH

18. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS (2010) Population trends in the incidence

and outcomes of acute myocardial infarction. New England Journal of Medicine 362: 2155–2165.

https://doi.org/10.1056/NEJMoa0908610 PMID: 20558366

19. Heidenreich PA, McClellan M (2001) Trends in treatment and outcomes for acute myocardial infarction:

1975–1995. The American journal of medicine

20. Qureshi AI, S FK, Nasar A, Kirmani JF, Ezzeddine MA, Divani AA et al. (2007) Changes in cost and out-

come among US patients with stroke hospitalized in 1990 to 1991 and those hospitalized in 2000 to

2001. Stroke 38: 2180–2184. https://doi.org/10.1161/STROKEAHA.106.467506 PMID: 17525400

21. Rothwell PM, Coull AJ, Giles MF, Howard SC, Silver LE, Bull LM et al. (2004) Change in stroke inci-

dence, mortality, case-fatality, severity, and risk factors in Oxfordshire, UK from 1981 to 2004 (Oxford

Vascular Study). The Lancet
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