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Graphical abstract

− Early/compensated ALD (n = 107)
enrolled at Graz and Odense

− Decompensated ALD (n = 239)
enrolled at Graz, Cluj-Napoca, Paris

Liver biopsy (percutaneous or transjugular)
Re-evaluation of histological ASH by expert pathologists

346 patients with alcohol-associated liver
disease (ALD) from four European centers

Retrospective evaluation of noninvasive diagnosis of
“probable AH” by NIAAA consensus criteria

Histological ASH present in 169 patients (49%)

NIAAA criteria for prediction of histological ASH

Original NIAAA criteria

Sensitivity 66%

Specificity 81%

Accuracy 73%

NIAAAm-CRP criteria

Sensitivity 72%

Specificity 82%

Accuracy 77%

Highlights Impact and Implications

� Alcohol-associated steatohepatitis is defined by

histology, but biopsy is not always feasible.

� Non-invasive criteria for probable alcohol-
associated hepatitis were proposed at a NIAAA
consensus conference.

� A recent study developed modified NIAAAm-CRP
criteria with improved yet suboptimal accuracy.

� In the present study we validate slightly superior
but still suboptimal diagnostic accuracy of the new
NIAAAm-CRP criteria.
https://doi.org/10.1016/j.jhepr.2024.101055
Alcohol-associated steatohepatitis (ASH) is diagnosed
on liver histology but liver biopsy is not always
feasible. Non-invasive diagnosis based on clinical
findings has been proposed using the National Insti-
tute on Alcohol Abuse and Alcoholism (NIAAA) criteria
and recently improved using NIAAAm-CRP criteria.
Our findings validate slightly better but still subopti-
mal performance of NIAAAm-CRP criteria for the
presence of histological ASH. Clinical trials of novel
drugs should focus on histologically proven ASH.
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Background & Aims: In clinical practice, the diagnosis of alcohol-associated hepatitis (AH) is mostly based on non-invasive
criteria, which were defined at a consensus conference by the National Institute on Alcohol Abuse and Alcoholism (NIAAA).
These criteria were recently modified by adding C-reactive protein (CRP) and termed NIAAAm-CRP criteria, which showed
superior diagnostic accuracy for presence of alcohol-associated steatohepatitis (ASH) on liver histology. The aim of our study
was to validate the diagnostic accuracy of both original NIAAA criteria and NIAAAm-CRP criteria for presence of ASH on liver
histology in an independent cohort.
Methods: Data from a large multinational cohort of 445 patients with alcohol-associated liver disease (ALD) that served to
establish a novel grading and staging system of alcohol-associated liver disease were analyzed retrospectively. Diagnosis of
ASH was based on presence of hepatocyte ballooning plus lobular neutrophil infiltration and established in virtual consensus
meetings of multiple expert liver pathologists.
Results: Complete data including CRP values were available in 346 patients. Overall diagnostic accuracy for prediction of ASH
was 73% for NIAAA criteria and 77% for NIAAAm-CRP criteria. In a subgroup with suspected severe AH (MELD >20, n = 123),
overall diagnostic accuracy for prediction of ASH was 69% for NIAAA criteria and 74% for NIAAAm-CRP criteria.
Conclusion: Our findings confirm recent data on suboptimal diagnostic accuracy of original NIAAA criteria and validate
slightly better but still suboptimal performance of NIAAAm-CRP criteria for presence of ASH.
Impact and Implications: Alcohol-associated steatohepatitis (ASH) is diagnosed on liver histology but liver biopsy is not
always feasible. Non-invasive diagnosis based on clinical findings has been proposed using the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) criteria and recently improved using NIAAAm-CRP criteria. Our findings validate slightly
better but still suboptimal performance of NIAAAm-CRP criteria for the presence of histological ASH. Clinical trials of novel
drugs should focus on histologically proven ASH.
© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Alcohol-associated hepatitis (AH) is a serious condition associ-
ated with high short-term mortality and increasing incidence in
young adults.1 Prednisolone treatment has been shown to
improve prognosis,2 especially in patients with histologically
proven alcohol-associated steatohepatitis (ASH).3 However, a
more recent large randomized trial using non-invasive criteria to
diagnose ASH failed to demonstrate a significant benefit of ste-
roid treatment.4
Keywords: Alcohol-associated liver disease; noninvasive; histology.
Received 2 November 2023; received in revised form 11 January 2024; accepted 19
February 2024; available online 7 March 2024

* Corresponding author. Address: Division of Gastroenterology and Hepatology,
Department of Internal Medicine, Medical University of Graz, Auenbruggerplatz 15,
8036 Graz, Austria.
E-mail address: rudolf.stauber@medunigraz.at (R.E. Stauber).
In clinical practice, the diagnosis of AH is mostly made by non-
invasive criteria of “probable AH” based on expert opinion, which
weredefined at a consensus conference by theNational Institute on
Alcohol Abuse and Alcoholism (NIAAA).5 These criteria include
onset of jaundice within prior 8 weeks; ongoing alcohol con-
sumption of >40 (female) or >60 (males) g/day for 6 months or
more, with less than 60 days of abstinence before the onset of
jaundice; aspartate aminotransferase (AST) >50 U/L, AST/alanine
aminotransferase (ALT) ratio >1.5, both AST and ALT <400 U/L,
bilirubin >3.0mg/dl; absence of potential confounding factors such
as ischemic hepatitis, drug-induced liver injury, uncertain alcohol
use assessment, or atypical laboratory tests like ANA (antinuclear
antibodies) >1:160or SMA (smoothmuscle antibodies) >1:80.Non-
invasive criteria for “probable AH”were adopted by both EASL6 and
AASLD7 guidelines on the management of alcohol-related liver
disease (ALD) and have been deemed sufficient for inclusion into
clinical trials of AH treatment.
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http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rudolf.stauber@medunigraz.at
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2024.101055&domain=pdf


Table 1. Patient characteristics (n = 346).

Group Histological ASH n = 169 No histological ASH n = 177 p value†

Age (years) 51 (45, 59) 53 (46, 59) 0.253
Male 68% 76% 0.068
Ascites 73% 32% <0.001
Hepatic encephalopathy 29% 17% 0.009
Gastrointestinal bleeding 15% 11% 0.231
MELD 22 (17, 26) 11 (7, 19) <0.001
MELD >20 53% 19% <0.001
Bilirubin (mg/dl) 8.8 (3.4, 18.2) 1.5 (0.6, 5.1) <0.001
Creatinine (mg/dl) 0.7 (0.6, 1.0) 0.9 (0.7, 1.0) <0.001
INR 1.71 (1.32, 2.15) 1.15 (1.00, 1.57) <0.001
Albumin (g/dl) 2.8 (2.2, 3.2) 3.8 (2.9, 4.2) <0.001
Platelet count (109/L) 142 (96, 218) 158 (98, 250) 0.205
White blood cell count (109/L) 10.1 (7.1, 13.9) 6.6 (5.3, 8.9) <0.001
C-reactive protein (mg/L) 34.4 (15.3, 53.9) 5.0 (2.0, 15.5) <0.001
SALVE fibrosis stage (SFS) ‡ 0.001

SFS 0-3 27% 44%
SFS 4a-4b 44% 28%
SFS 4c 29% 28%

Continuous variables are shown as median (Q1, Q3).
ASH, alcohol-related steatohepatitis; INR, international normalized ratio; MELD, model for end-stage liver disease.
† Mann-Whitney test or Chi-square test as appropriate.
‡ see Ref. 9.
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However, in a recent study of 268 patients with ALD, NIAAA
criteria for “probable AH” have shown limited diagnostic accu-
racy against histological ASH as reference standard.8 The authors
also developed and evaluated a new model including C-reactive
protein (CRP) (NIAAAm-CRP) based on modified criteria (active
alcohol consumption or abstinence <120 days, AST >−50 U/L, AST/
ALT ratio >−1, bilirubin >−2.5 mg/dl, CRP >−10 mg/L), which per-
formed slightly better than the original NIAAA criteria.8 Our aim
was to evaluate the diagnostic accuracy of both models in an
independent cohort of patients with ALD against histological
ASH according to the ALD-specific grading and staging system
developed by the EASL-endorsed consortium for the Study of
Alcohol-related LiVer disease in Europe (SALVE).9
Patients and methods
A total of 445 patients with early/compensated or decom-
pensated ALD from four European SALVE centers were analyzed
retrospectively. This cohort had served to develop the SALVE
histological grading and staging system for ALD as previously
published.9 All studies received approval by the local Ethics
Committees of all centres. Informed consent was obtained in
accordance with the Declaration of Helsinki. Indications for bi-
opsy were diagnosis of ASH if clinically suspected (decom-
pensated ALD and/or jaundice) as well as staging of ALD
Table 2. Diagnostic accuracy of noninvasive criteria for “probable AH” as pre
patients with severe disease (MELD >20).

NIAAA original criteria

Whole cohort (95% CI) MELD >20

Number of patients 346
Disease prevalence 49% (43-54) 73%
Sensitivity 66% (58-73) 84%
Specificity 81% (74-86) 27%
PPV 77% (69-83) 76%
NPV 71% (64-77) 39%
Overall accuracy 73% (68-78) 69%

MELD, model for end-stage liver disease; NPV, negative predictive value; PPV, positive
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(compensated ALD) and/or differential diagnosis. Diagnosis of
ASH was based on presence of hepatocyte ballooning plus
lobular neutrophil infiltration (score >−1 each) and established in
virtual consensus meetings of at least 3 members of the SALVE
Histopathology Group, who are all expert liver pathologists.9

Clinical and laboratory data for NIAAA and NIAAAm-CRP
criteria were extracted from the charts. Statistical analyses
were performed using IBM SPSS Statistics 28.
Results
Complete data including CRP values were available in 346 pa-
tients. Patient characteristics of our cohort (Table 1) are com-
parable to those reported by Avitabile et al.8 Both cohorts are
well comparable in terms of disease severity (median model for
end-stage liver disease [MELD] score 17 vs. 16) and prevalence of
ASH (49% vs. 39%). Diagnostic accuracy of both non-invasive
models is shown in Table 2. In the whole cohort, diagnostic ac-
curacy of the original NIAAA criteria was moderate and similar to
the findings of Avitabile et al.8 Applying the novel NIAAAm-CRP
criteria slightly improved diagnostic performance but overall
accuracy remained below 80%.

In a subgroup of 123 patients with severe AH (MELD >20, ASH
present in 90/absent in 33), slightly lower overall accuracy due to
low specifity/NPV was found. The novel NIAAAm-CRP criteria
dictors of histological ASH in 346 patients with ALD and in a subgroup of

NIAAAm-CRP

(95% CI) Whole cohort (95% CI) MELD >20 (95% CI)

123 346 123
(64-81) 49% (43-54) 73% (64-81)
(75-91) 72% (64-78) 89% (81-95)
(13-46) 82% (75-87) 33% (18-52)
(66-84) 79% (72-85) 78% (69-86)
(20-61) 75% (68-81) 52% (30-74)
(60-77) 77% (72-81) 74% (65-81)

predictive value.
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again performed slightly better but still suboptimally. Informa-
tion about infection at admission was available in 119 out of 123
patients with severe AH. Among those, serum CRP concentra-
tions were similar in patients with (n = 54) or without (n = 65)
infection (median CRP 39 vs. 40 mg/L, p = 0.523 by Mann-
Whitney test). In contrast, patients with ASH showed higher
CRP concentrations than those without ASH (median CRP 41 vs.
20 mg/L, p <0.001 by Mann-Whitney test).
Discussion
Our results confirm the suboptimal diagnostic accuracy of orig-
inal NIAAA criteria for ASH in a large cohort of patients with ALD
of varying severity. We found a remarkably similar overall
diagnostic accuracy compared to the results published by Avi-
tabile et al. (73% vs. 72%), however, specificity was lower in the
subgroup of severe clinical AH (MELD >20) (27% vs. 55%).8 This
difference may be due to heterogeneity of our cohort and/or
different assessment of ASH. The diagnostic accuracy of non-
invasive criteria for ASH is of special relevance in severe AH
(MELD >20) where corticosteroid treatment shows beneficial
effects on short-term survival especially in patients with histo-
logically proven ASH.3 Low specificity of non-invasive criteria for
ASH in severe AH treated with steroids may thus be deleterious
as promotion of bacterial infection may outweigh beneficial ef-
fects on steatohepatitis. Both in the whole cohort and in the
subcohort with severe AH (MELD <20) we found slightly better
yet still suboptimal diagnostic performance of NIAAAm-CRP
criteria, thus validating the findings of Avitabile et al.8

A recent sub-analysis of the STOPAH trial reported high
concordance of clinical and histological ASH criteria (ASH pre-
sent in 87% of patients with adequate liver biopsy, in 80% of
JHEP Reports 2024
patients with MELD 21-24, and in 91% of patients with MELD
>−25).

10 However, these findings are prone to selection bias since
liver biopsy was performed in only 17% of the patients enrolled,
with adequate specimens available in 15%. It should be noted
that the inclusion criteria for the STOPAH trial comprised a
higher degree of hyperbilirubinemia, i.e. >80 lmol/L (>4.7 mg/dl),
as compared to the NIAAA criteria (>3.0 mg/dl) or NIAAAm-CRP
criteria (>−2.5 mg/dl) which may in part explain the high sensi-
tivity for presence of ASH reported by Forrest et al.10 On the other
hand, Mookerjee et al. found presence of ASH in only 50% of
patients with acute deterioration of alcohol-related cirrhosis and
clinically suspected AH due to positive systemic inflammatory
response syndrome criteria.11 Importantly, liberal corticosteroid
treatment of clinically diagnosed severe AH may be deleterious
by promoting infection.12

A limitation of this and other retrospective studies is selection
bias which plays an important role on pre-test probability and
hence test performance. Besides, information was lacking on
some of the confounding factors contained in the original NIAAA
criteria (i.e. missing data on ischemic hepatitis or drug-induced
liver injury). On the other hand, the well-defined reference
standard with assessment of ASH by the SALVE Histopathology
Group is an important strength of our study. Notably our patient
characteristics compare very well to the cohort studied by Avi-
tabile et al.8

In conclusion, our findings confirm recent data on suboptimal
diagnostic accuracy of original NIAAA criteria and validate
slightly better but still suboptimal performance of NIAAAm-CRP
criteria for presence of ASH. This may be of special relevance in
patients with severe AH who are candidates for pharmacological
treatment. Clinical trials of drugs in development for AH should
aim to enrol patients with histologically proven ASH.
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