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ALCOHOL-RELATED LIVER DISEASE
Burden of Alcohol-related Liver Disease

A

lcohol-related liver disease (ALD) is a leading causes
of chronic liver disease worldwide. The Global Status Report on Alcohol and Health 2018 from the
World Health Organization reported that alcohol abuse
comprises 50% of cirrhosis causes and 50% of liver deaths
worldwide.1–3 Recent data on a population level stratiﬁed
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by country and drinking pattern have also shown that
ALD is a frequent etiology of advanced liver ﬁbrosis
globally.4 In the United States, the prevalence of advanced
ﬁbrosis in ALD patients has signiﬁcantly increased in the
last 20 years, as has the number of hospitalizations for decompensated alcoholic cirrhosis and all causes of alcoholrelated mortality.5,6 This increase seems to be especially
pronounced in the younger population groups.7,8 Patterns
of alcohol consumption have also experienced a change of
trend along with the increased prevalence of the disease.
Binge drinking, deﬁned as heavy episodic drinking for a
short time, has become increasingly frequent, and a more
elevated liver disease risk has been proved to be associated,
regardless of the average alcohol intake of each individual.9
ALD is often identiﬁed as decompensated cirrhosis
onset as proven by a global study attested that ALD is detected at the latest stages (ratio of early/late referral negative eight-fold) more than any other liver disease.10 This
may impede the implementation of speciﬁc therapy and
lead to suboptimal surveillance of liver-related complications, delaying the diagnosis of potential life-threatening
conditions.11 The speciﬁc indicators of silent underlying
liver disease are unclear in patients with alcohol use disorder (AUD). Non-alcoholic fatty liver disease (NAFLD)
studies show that nearly 20% of patients with histologically
proven non-alcoholic steatohepatitis have normal ALT
values, which increases to 25% when the full spectrum of
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Alcohol-related liver disease (ALD) represents one of the leading causes of chronic liver disease and is a major
cause of liver-related deaths worldwide. ALD encompasses a range of disorders including simple steatosis, alcoholic steatohepatitis, ﬁbrosis, cirrhosis, and hepatocellular carcinoma. Patients with underlying ALD and
continued heavy alcohol consumption can also develop an episode of acute-on-chronic liver injury called
alcohol-associated hepatitis, the most severe form of the disease, which portends a poor prognosis. The most
important risk factor for the development of ALD is the amount of alcohol consumed. Individual susceptibility
to progression to advanced ﬁbrosis among heavy drinkers is likely determined by a combination of behavioral,
environmental, genetic, and epigenetic factors, but the mechanisms are largely unknown. The only effective therapy for ALD is prolonged alcohol abstinence. Diagnosis of ALD involves assessing patients for alcohol use disorder and signs of advanced liver disease. In clinical practice, the histological assessment for ALD diagnosis is
uncommon, and it is usually based on the medical history, clinical manifestations, and laboratory and imaging
tests. Several promising biomarkers that can have both diagnostic and prognostic value in patients with ALD
have been identiﬁed in recent years. This review provides an overview of the clinical spectrum of ALD, the diagnostic approach of the disease from different perspectives as well as current diagnostic and prognostic biomarkers. ( J CLIN EXP HEPATOL xxxx;xxx:xxx)
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NAFLD is considered.12 Given that ALD and NAFLD share
many features, such as histologic characteristics and pathways that lead to disease progression,13 studies aimed at assessing the prevalence of ALD among heavy drinkers with
normal liver biochemistry are needed. This reality has a major impact not only in terms of clinical outcomes for the
patients but also in the economic burden of ALD. Between
2002 and 2014, the total charges for admissions related to
alcohol cirrhosis complications in the United States
increased by 95.7%. Said charges comprised of 59.9% of
all admissions-related charges in cirrhotic patients in
2014 (alcohol vs. other etiologies). Financially, in-patient
episodes due to alcoholic cirrhosis generated $28 billion
total aggregate charges, with an increase from $1.4 billion
in 2002 to $2.8 billion by 2014.14 These results strongly
suggest an urgent need for early detection of ALD.

Natural History of ALD

---

ALD comprises a wide spectrum of conditions that
range from the early disease with steatosis or alcoholic steatohepatitis (ASH) to a more advance stages when ﬁbrosis,
cirrhosis, and even hepatocellular carcinoma (HCC) are
developed. Patients with underlying ALD and active drinking may develop an episode of acute-on-chronic liver injury
known as alcohol-associated hepatitis (AH), which can precede a poor prognosis15 (Figure 1).
Surprisingly, the natural history of ALD has been the
focus of only a few studies. At least the 90% of patients
who keep a chronic heavy drinking will develop steatosis,
which may be reversible with alcohol abstinence, but in
20–40% of patients with sustained heavy alcohol consumption, the liver injury will progress, developing inﬂammation and ﬁbrosis deposition; 10–20% of the patients with
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steatohepatitis and different degrees of ﬁbrosis will progress to alcohol cirrhosis, which confers a worse prognosis
and a signiﬁcant risk of liver-related complications and
death.15–17 Early forms of ALD are typically silent and
thus are often overlooked and not diagnosed in a timely
manner. High rates of advanced ﬁbrosis were described
in patients with ALD in a recent study.4 The presence of
ﬁbrosis, even in the absence of cirrhosis, negatively inﬂuences long-term survival with an increase of nearly three
times the risk of death weighed against the general population.17 Therefore, early ALD is not well characterized,
and a better deﬁnition of natural history, trustworthy biomarkers, and prognosis is crucial. In addition, there is a
dire need to implement strategies to promote early detection.
A superimposed episode of AH, the most severe disease
form, can be developed in patients with ALD who keep
heavily drinking alcohol. AH is clinically characterized by
the rapid onset of jaundice and other liver-related complications, with a histopathologic correlation consisting of
polymorphonuclear leukocytes inﬁltration and hepatocellular damage.18 Patients may develop an intense systemic
inﬂammatory response and multiorgan failure in the
most severe cases.19 The AH prognosis can be approached
by multiple predictive models,20–23 but MELD score has
been the most successful model for predicting short-term
mortality.24 Severe from non-severe form of the disease
can be differentiated by using a cut-off of 21 points in
MELD score.21 Patients with severe AH have a short-term
mortality up to 30% at 28 days, with long-term mortality
exceeding 50% at 1 year.25 The moderate form of the disease still has a non-negligible mortality of up to 3–7% in
the short-to medium-term and as high as 13–20% at 1

Figure 1 Natural history of alcoholic-related liver disease. Abbreviations: HCC, Hepatocellular carcinoma.
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Educating heavy alcohol users about the precise risk factors that drive the development of liver disease (from subclinical to ﬁbrosis and cirrhosis) is key to empowering
patients to make informed decisions relating to alcohol
use and abstinence.
Fibrosis stage is the main predictor of long-term mortality in patients with ALD. A recent study demonstrated that
ﬁbrosis stage, but not clinical or biochemical variables, determines long-term mortality (45% vs. 0% for F3-4 vs. F0-2,
P < 0.001).50 Another important predictor of long-term
mortality is the presence of alcohol withdrawal, which appears to have an impact across all disease stages.51,52 As
recently reported, up to 30% of patients with ALD and
advanced ﬁbrosis will develop liver-related complications
within 5 years.53

SCREENING OF ALD
Unrecognized liver disease with advanced ﬁbrosis or
cirrhosis of different etiology is a frequent condition
that entails a non-negligible risk of short-term, liverrelated outcomes, such as gastroesophageal varices and
HCC, especially when clinical indicators of liver disease
are absent.11 As previously mentioned, ALD is usually
detected at late phase of the disease.10 Currently, few
active screening programs seek to identify individuals
with early stage disease in any healthcare setting.
Because ALD is one of the most frequent etiologies of
liver-related mortality and cirrhosis worldwide,4 general
practice settings and subsequent behavioral interventions should be urged to implement early detection programs. Moreover, it has been recently reported that
implementing liver disease screening tests in the primary
care setting using non-invasive methods is a costeffective intervention.54,55
A blood test with abnormal liver biochemistry should be
further investigated, regardless of the healthcare setting, and
the existence of AUD should be ruled out. The current deﬁnition of AUD based on the Diagnostic and Statistical Manual of
Mental Disorders Fifth Edition (DSM-5) criteria encompasses
both alcohol abuse and alcohol dependence.56 In order to
aid in the diagnosis of AUD, well-structured and standardized questionnaires have been developed.
There is a wide range of available tools to assess alcohol
misuse, but no single test presents the ideal screening
method. The combined use of questionnaires and biomarkers that estimate persistent alcohol intake has been
demonstrated to improve the sensitivity of alcohol use
detection methods compared to self-report methods.57
An appropriate combination of diagnostic tests is the
best approach for an accurate and early detection of ALD.

History of Signiﬁcant Alcohol Intake
Self-reported questionnaires are the ﬁrst tool used to assess
alcohol abuse, but alcohol consumption is often
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year.26 Therapies other than supportive measures have not
demonstrated a beneﬁt in long-term survival.27,28 Alcohol
abstinence is the only independent factor associated with
long-term survival improvement, regardless of the severity
of the disease.29,30 Only a selected subset of patients with
severe AH is candidate for an early liver transplantation
when they are non-responders to medical therapy. Transplantations have increased over the 10 years with acceptable relapse rates.31,32
HCC in alcoholic cirrhosis has a lower incidence when
compared to other causes, such as viral hepatitis and
NAFLD, but it is often diagnosed at more advanced stages
with lower survival rates.33,34 Therefore, the risk of HCC in
ALD patients remains signiﬁcant with an annual incidence
of 2.9%.35 Due to that, it is important that the early detection of patients who are more prone to develop HCC. In
addition to the amount of alcohol consumption,3 the presence of concomitant risk factors such as obesity,36 viral
hepatitis,37 or smoking,38 may increase HCC risk through
a synergistic mechanism. Speciﬁc genetic polymorphisms
such as PNPLA3 gene polymorphism (allele G) have also
been shown to affect the predisposition to HCC in
ALD.36 Therefore, ALD patients should undergo HCC
screening regularly and should be encouraged by physicians to engage in these preventive strategies.39
Alcohol consumption has been identiﬁed as the more
signiﬁcant risk factor for the development of ALD.40 However, the individual variability plays a crucial role, as the
development of cirrhosis happens only in 10–20% of
chronic drinkers. A combination of behavioral (pattern
of drinking, beverage type), environmental (concomitant
obesity, viral hepatitis, smoking), and genetic or epigenetic
factors are likely to determine an individual's susceptibility
to progression to advanced ﬁbrosis among heavy drinkers,
but the mechanisms are largely unknown. The global increase of obesity and metabolic syndrome have lead to
pay attention to the additive effect of metabolic factors
and excessive alcohol use.41 Mounting evidence suggests
that moderate drinking (2–3 drinks per day) in patients
with BMI >30 and/or diabetes mellitus may promote the
development of cirrhosis. Studies of patients with nonalcoholic steatohepatitis-related compensated cirrhotic
reveal an accelerated advance of liver disease and an
increased risk of clinical decompensation, HCC, and
death.42–44 The most extensively studied genetic factor is
the gene coding for Patatin-like phospholipase domaincontaining 3 (PNPLA3). Recent data suggest that PNPLA3
gene variations raise the risk of ALD progression,
including the subsequent development of HCC.45–47
Along with PNPLA3, other genetic polymorphisms in
genes HSD17B13 and TM6F2 have been shown to
strongly predict cirrhosis development in alcohol users,
especially in patients with diabetes.44 Other factors such
as binge drinking,9 sex,48 and ethnicity49 may increase
the risk of advanced ALD.
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underreported. Moreover, cognitively impaired individuals
(e.g. hepatic encephalopathy in end-stage ALD patients)
may not accurately complete self-reported questionnaires.58

of underlying ALD. These routine laboratory tests are relatively inexpensive and accessible, but their speciﬁcity and
usefulness for the early detection of ALD are limited.

Validated Questionnaires
DSM-5 Criteria

In recent years, an array of biomarkers of alcohol use has
been comprehensively studied in patients with AUD and
ALD65,66 although their usefulness in patients with ALD
is largely unknown.67 The ideal biomarker does not exist,
and the pros and cons of every parameter should be considered according to every clinical setting and availability
across centers. Table 2.

Mental disorders professionals in United States use the
standardized classiﬁcation of the Diagnostic and Statistical
Manual of Mental Disorders. The manual includes criteria
that determine the AUD severity according to the symptoms of the patient as well as factors that may rule out
the existence of AUD in the patient. AUD is indicated by
the presence of at least two symptoms. The severity of
AUD is categorized as mild (2–3 symptoms), moderate
(4–5 symptoms), or severe (6 or more symptoms).56

AUDIT and AUDIT-C

---

The Alcohol Use Disorders Identiﬁcation Test (AUDIT)
uses a speciﬁc scoring system to assess 10 questions.59
Based on the score, AUD diagnosis is established if >8
and >20 suggests alcohol dependence.60 The AUDIT–
Concise (AUDIT-C) is a shortened form of the original
questionnaire that minimizes the time required to perform
the test with the same reliability. It comprises only three
questions with a speciﬁc score each that sums from 0 to
12. A score $3 for women and $4 for men is considered
diagnostic of AUD. The AUDIT-C has 73% sensitivity
and 91% speciﬁcity for AUD and 85% sensitivity and 89%
speciﬁcity for detecting alcohol dependence.61

CAGE
The Cut down, Annoyed, Guilty, Eye opener (CAGE) questionnaire is a practical, easy-to-use tool. The test is made up
of four questions. Two or more positive responses constitute a result that may raise suspicion of AUD and should
be investigated further.62 The CAGE questionnaire was evaluated by a meta-analysis; a cutoff of more than two positive
answers found a sensitivity of 71% and speciﬁcity of 90%.63
Table 1 summarizes the current screening tools and
diagnostic criteria for AUD.

Alcohol Biomarkers
Liver Biochemistry
Several laboratory parameters may be used to estimate
persistent alcohol intake. Gamma-glutamyl transferase
(GGT), the most employed marker to detect former alcohol
consumption, is not speciﬁc. The carbohydrate-deﬁcient
transferrin is another indirect indicator of alcohol use
that has a very low speciﬁcity, and it is considered useless
to accurately identify alcohol consumption.64
Abnormalities in basic laboratory tests, such as elevated
mean corpuscular volume and mild to moderate increase of
aspartate aminotransferase (AST), may reﬂect the existence
4

Biomarkers of Alcohol Use

- Direct alcohol biomarkers: These biomarkers are the standard method of alcohol detection and include the
ethanol detection in serum, urine, breath, and other
body ﬂuids. Because alcohol is quickly cleared, these biomarkers are reliable for testing recent alcohol intake. Disadvantages associated with these tests include potential
false positives, risk of poor sample storage, inappropriate
sampling, and post-sampling ethanol production by microbes.58
- Indirect alcohol biomarkers: These tests measure ethanol
metabolites and are being increasingly used due to the
narrow time window for ethanol detection. When transferases in the liver metabolize alcohol, two molecules,
ethyl glucuronide and ethyl sulfate, are generated. The
molecules are nonvolatile water-soluble metabolites
that can be detected in urine within at least 90 h after
alcohol ingestion, with a reported sensitivity of 62–89%
and speciﬁcity of 93–99%. Ethyl-glucuronide and ethylsulfate can be also measured in hair and blood. No issues
in metabolites performance have been reported regarding
to liver disease.
The interaction of alcohol with lipids generates fatty
acid ethyl esters and phosphatidylethanol, a phospholipid
that is only synthesized if alcohol is present and that can be
detected in blood within 28 days of alcohol consumption.
Phosphatidylethanol has been reported with a sensitivity
of 90–99% and a speciﬁcity of 100%.68 There is an accurate
correlation between serum phosphatidylethanol and the
consumption of alcohol, but the role that may play age,
gender, concurrent diseases, or other confounders are unclear.
Recent technological advances have led to the use of devices, usually bracelets, that perform continuous alcohol
monitoring by 24/7 transdermal alcohol testing to promote long-term abstinence and avoid testing gaps (e.g.,
Secure Continuous Remote Alcohol Monitor, SCRAM
CAM).69

DIAGNOSIS OF ALD
Diagnosing ALD relies on a relevant alcohol drinking history, compatible clinical signs, abnormal laboratory test,
and the exclusion of another alternative causes of liver
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Table 1 Screening Tools and Diagnostic Criteria for Alcohol Use Disorder.

DSM-5

AUDIT

Items/points
1. Had times when you ended up drinking more, or longer,
than you intended?
2. More than once wanted to cut down or stop drinking, or
tried to, but couldn't?
3. Spent a lot of time drinking? Or being sick or getting over
other aftereffects?
4. Wanted a drink so badly you couldn't think of anything
else?
5. Found that drinking—or being sick from drinking—often
interfered with taking care of your home or family? Or
caused job troubles? Or school problems?
6. Continued to drink even though it was causing trouble
with your family or friends?
7. Given up or cut back on activities that were important or
interesting to you, or gave you pleasure, in order to
drink?
8. More than once gotten into situations while or after
drinking that increased your chances of getting hurt
(such as driving, swimming, using machinery, walking in
a dangerous area, or having unsafe sex)?
9. Continued to drink even though it was making you feel
depressed or anxious or adding to another health problem? Or after having had a memory blackout?
10. Had to drink much more than you once did to get the
effect you want? Or found that your usual number of
drinks had much less effect than before?
11. Found that when the effects of alcohol were wearing off,
you had withdrawal symptoms, such as trouble
sleeping, shakiness, restlessness, nausea, sweating, a
racing heart, or a seizure? Or sensed things that were
not there?
1. How often do you have a drink containing alcohol?
a. Never (0 points)
b. Monthly or less (1 point)
c. 2 to 4 times a month (2 points)
d. 2 to 3 times a week (3 points)
e. 4 or more times a week (4 points)
2. How many drinks containing alcohol do you have on a
typical day when you are drinking?
a. 1 or 2 (0 points)
b. 3 or 4 (1 point)
c. 5 or 6 (2 points)
d. 7 or 9 (3 points)
e. 10 or more (4 points)
3. How often do you have 5 or more drinks on one occasion?
a. Never (0 points)
b. Less than monthly (1 point)
c. Monthly (2 points)
d. Weekly (3 points)
e. Daily or almost daily (4 points)
4. How often during the last year have you found that you
were not able to stop drinking once you had started?
a. Never (0 points)
b. Less than monthly (1 point)
c. Monthly (2 points)
d. Weekly (3 points)
e. Daily or almost daily (4 points)
5. How often during the last year have you failed to do what
was normally expected of you because of drinking?
a. Never (0 points)
b. Less than monthly (1 point)

Interpretation
The presence of at least 2 of
these symptoms indicates
Alcohol Use Disorder (AUD).
The severity of the AUD is
deﬁned as:
< Mild: 2 to 3 symptoms
< Moderate: 4 to 5 symptoms
< Severe: 6 or more symptoms

---

Test/criteria

<
<
<
<

Low risk: 0 to 7 points
Medium risk: 8 to 15 points
High risk: 16 to 19 points
Addiction likely: 20 to 40
points

(Continued on next page )
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Table 1 (Continued )
Test/criteria

Items/points

Interpretation

---

c. Monthly (2 points)
d. Weekly (3 points)
e. Daily or almost daily (4 points)
6. How often during the last year have you needed a ﬁrst
drink in the morning to get yourself going after a heavy
drinking session?
a. Never (0 points)
b. Less than monthly (1 point)
c. Monthly (2 points)
d. Weekly (3 points)
e. Daily or almost daily (4 points)
7. How often during the last year have you had a feeling of
guilt or remorse after drinking?
a. Never (0 points)
b. Less than monthly (1 point)
c. Monthly (2 points)
d. Weekly (3 points)
e. Daily or almost daily (4 points)
8. How often during the last year have you been unable to
remember what happened the night before because you
had been drinking?
a. Never (0 points)
b. Less than monthly (1 point)
c. Monthly (2 points)
d. Weekly (3 points)
e. Daily or almost daily (4 points)
9. Have you or someone else been injured as a result of your
drinking?
a. No (0 points)
b. Yes, but not in the last year (2 point)
c. Yes, during the last year (4 points)
10. Has a relative, a friend, a doctor, or another health
worker been concerned about your drinking or suggested you cut down?
a. No (0 points)
b. Yes, but not in the last year (2 point)
c. Yes, during the last year (4 points)
CAGE

C Have you ever felt you should cut down on your drinking?
A Have people annoyed you by criticizing your drinking?
G Have you ever felt bad or guilty about your drinking?
E Eye opener: Have you ever had a drink ﬁrst thing in the
morning to steady your nerves or to get rid of a hangover?

Scores of 2 or more are
considered as “screening
positive”
An abnormal or positive
screening result may thus
“raise suspicion” about the
presence of an alcohol use
problem, while a normal or
negative result should suggest
a low probability of an alcohol
use problem.

Abbreviations: AUD, alcohol use disorder; AUDIT, Alcohol Use Disorders Identiﬁcation Test; CAGE, Cut down, annoyed, guilty, and eye-opener; DSM,
Diagnostic and statistical manual of mental disorders.

damage. The diagnosis of ALD is clinicopathological, but a
liver biopsy may establish the diagnosis and exclude coexisting conditions when there are confounders or when a
consistent history of heavy alcohol consumption cannot
be established. In clinical practice, the histological assessment for ALD diagnosis is uncommon, and it is often
based on the medical history, clinical manifestations, and
laboratory and imaging tests.8

6

Clinical Features
The early stages of ALD are usually detected through laboratory and/or imaging examinations,61 but physical examination at early stages may also be helpful. Patients
with early ALD may display stigmata of alcohol abuse,
including bilateral parotid gland or lacrimal gland hypertrophy, muscle wasting, malnutrition, Dupuytren's contractures, and peripheral neuropathy.70
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Table 2 Diagnostic and Prognostic Biomarkers in Patients With Alcohol-Related Liver Disease.
Biomarkers

Biology

Signiﬁcance

Patients with active alcohol consumption
GGT

Increased synthesis or accelerated release
from damaged or dead hepatocytes

Marker of heavy alcohol use

AST/ALT ratio

Reduced hepatic ALT activity, alcohol-induced
depletion of hepatic pyridoxal 50 -phosphate
and an increased hepatic mitochondrial AST

Marker of heavy alcohol use

Alcohol detection in body ﬂuids
(blood, urine, breath)

Ethanol

Recent alcohol intake

Ethyl-glucuronide
Ethyl sulfate
Phosphatidylethanol

Alcohol-derive metabolites

Recent alcohol intake

FIB-4, Forns' index, APRI

Markers of ﬁbrogenesis

Fibrosis assessment

FibrometerÒ, HepascoreÒ,
FibrotestÒ

Markers of ﬁbrogenesis

Fibrosis assessment

PNPLA3

Genetic polymorphism

Disease progression
Prognostic
HCC carcinoma development

HSD17B13
TM6F2

Genetic polymorphisms

Disease progression
Prognostic

Once the disease progresses to cirrhosis, some physical
ﬁndings characteristic of this phase (although not pathognomonic of ALD) may help to establish a clinical diagnosis. The presence of ascites, peripheral edema,
cognitive impairment in the context of hepatic encephalopathy, and visible collateral vessels on abdominal skin
is common in the latest stage of liver disease. Other typical
ﬁndings of cirrhosis in the physical examination, such gynecomastia and wide spider angiomas, are more frequently
related with alcoholic etiology.
A subset of patients with ALD and sustained heavy
drinking may develop an episode of AH clinically characterized by rapidly progressive jaundice, frequently associated with other signs and symptoms, such as malaise
with anorexia and weight loss, fever, and right upper quadrant abdominal pain due to tender hepatomegaly. Given
that most patients present already cirrhosis at AH
onset,18,30 the development of cirrhosis decompensations
(e.g., ascites and peripheral edema, liver encephalopathy,
portal hypertensive bleeding, bacterial infection) at presentation or during the episode is also characteristic. Renal
function impairment should be closely monitored, as is a
common complication in patients with AH that associates
poor outcomes.19,71–73
An episode of sudden jaundice and decompensation in
ALD-cirrhotic patients can be due to other reasons, such as
severe sepsis (particularly in a spontaneous bacterial peritonitis scenario), bile duct obstruction, diffuse HCC,
drug-induced liver injury, and ischemic injury (usually secondary to cocaine use or massive bleeding). The differential

diagnosis workup of AH should also include a serological
study to rule out viral or autoimmune hepatitis.
Despite of an AH episode should only be suspected if
the individual has a consistent history of heavy alcohol
use, drinking in the immediate time preceding the admission can be variable. There is often a daily heavy ethanol
Table 3 AHHS for Prognostic Stratiﬁcation of AH.18
Points
Stage of ﬁbrosis
No ﬁbrosis or portal ﬁbrosis

0

Expansive ﬁbrosis

0

Bridging ﬁbrosis or cirrhosis

+3

Bilirubinostasis
No

0

Hepatocellular only

0

Canalicular or ductular

+1

Canalicular or ductular plus hepatocellular

+2

PMN inﬁltration
No/Mild

+2

Severe

0

Megamitochondria
No megamitochondria

+2

Megamitochondria

0

Note. The AHHS categories are as follows: mild, 0–3; intermediate, 4–5;
severe, 6–9.
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Table 4 SALVE Staging.99
SFS

Description

Morphological changes

0

No ﬁbrosis

Fibrosis is absent

1

Mild ﬁbrosis

Periportal ﬁbrosis only or
PCF in zone(s) 3  2
SFS 1P: PCF in zone(s)
3  2 only

2

Moderate ﬁbrosis

Periportal ﬁbrosis and PCF in
zone(s) 3  2

3

Severe ﬁbrosis

$1 complete septum
bridging portal tracts and/or
central veins, PCF
SFS 3Pc: Panlobular PCF
and/or complete septal
PCF  few dense
septa  venous lesions

4A

Cirrhosis thin septa

$1 parenchymal nodule,
thin septa,  1 broad
septum  PCF
SFS 4AP: Severe PCF in
>50% of parenchyma,
indistinct parenchymal
nodules

---

4B

Cirrhosis broad septa

Parenchymal nodules, >1
broad septum,  1 very
broad septum, PCF
SFS 4BPc: Severe PCF in
>50% of parenchyma

4C

Cirrhosis very broad septa

Parenchymal nodules, >1
very broad septum, PCF
SFS 4CPc: Severe PCF in
>50% of parenchyma

PCF, pericellular ﬁbrosis; SALVE, Consortium for the Study of Alcoholrelated LiVer disease in Europe; SFS, SALVE ﬁbrosis stage.

intake, sometimes with periods of increased consumption
the weeks and months before presentation, though some
patients may have intermittently abstained from alcohol
consumption for up to 8 weeks prior to presentation.
The progression to acute-on-chronic liver failure may
occur in the most severe cases, with a 1-month mortality
that ranges from 18 to 50%, depending on organ failures
number.74
Alcohol abuse may promote the development of extrahepatic alcohol-induced organ injury such as malnutri-
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tion, cardiomyopathy, pancreatitis, IgA nephropathy,
cognitive dysfunction, neuropathy, or myopathy that
should be investigated in the setting of ALD.75,76

Non-invasive Tests
Blood-based Tests
Mild elevations of GGT may be associated with steatosis,
the earliest hepatic manifestation of excessive alcohol consumption, that can develop within 3–7 days of heavy
alcohol intake. AST may be mildly or moderately increased
(2–6 times the upper limit of normality), but serum levels
are usually below 300–400 IU/L. Patients with ALD typically have an AST to alanine aminotransferase (ALT) ratio
greater than 177. This ratio is usually greater than 2 in AH
but can also appear advanced cirrhosis, regardless of the
etiology. This ratio indicates reduced hepatic ALT activity,
alcohol-induced depletion of hepatic pyridoxal 50 -phosphate, and increased hepatic mitochondrial AST.77 The
diagnosis of advanced ALD should be always suspected
in the presence of simultaneous increase of the international normalized ratio, elevated serum bilirubin, or
decrease in serum albumin or platelet count.
The differential diagnosis between ALD and NAFLD
may suppose a challenge. In patients with NAFLD, the
AST/ALT ratio is usually is less than 1 (vs. greater than 1
in ALD), but it may rise as liver damage progresses.78 A
cross-sectional cohort study reported that mean corpuscular volume, AST/ALT ratio, body mass index, and the
gender were the most relevant factors to discern ALD
against patients with NAFLD. The combination of these
variables was used to create the ALD/NAFLD Index that allows differentiation of ALD from NAFLD with a C-index of
0.98.79 This is especially relevant since ALD and NAFLD
frequently coexist in clinical practice. To reﬁne the diagnostic criteria and avoid overlapping between the two entities, a new nomenclature for NAFLD has been recently
proposed. To more accurately describe the pathogenesis
of the disease and help in a correct patient stratiﬁcation
for further management, the term metabolic-associated
fatty liver disease has been coined.80
In the clinical context of an AH episode, along with the
clinical manifestations previously described, a rapid onset
of hyperbilirubinemia (bilirubin levels greater than 3),
leukocytosis, and increase of acute-phase reactants,
including ferritin and C-reactive protein, are frequently
observed. AST levels are typically elevated (2–6 times the
upper limit of normality) with an AST/ALT ratio >2. In
2016, a experts panel from the National Institute on
Alcohol Abuse and Alcoholism Alcoholic Hepatitis Consortia conceived of a set of standard deﬁnitions aimed at

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.

Please cite this article as: Hernandez-Tejero et al., Spectrum, Screening, and Diagnosis of Alcohol-related Liver Disease, Journal of Clinical and Experimental Hepatology, https://doi.org/10.1016/j.jceh.2022.10.002

addressing diagnostic criteria of AH: (1) heavy alcohol use
for >6 months (typically > 5years); (2) active alcohol use until <60 days prior to presentation; (3) sudden onset or worsening of jaundice; (4) AST/ALT ratio >1.5:1 with levels
<400 IU/L; and (5) absence of other causes of liver disease.81

Combined Serum Biomarkers of Fibrosis
Fibrosis, along with sustained drinking, is one of the most
relevant factors for ALD prognosis. Liver biopsy is the standard technique to evaluate alcohol-induced liver injury and
ﬁbrosis grade, but it is an invasive method that is not
exempt from risks and sampling errors. To overcome these
drawbacks, some non-invasive methods have been developed for the assessment of ﬁbrosis in ALD scenario.82
Commercially available tests, such as FibroTestÒ, FibrometerÒ, and HepaScoreÒ (originally developed for detecting ﬁbrosis in patients with chronic hepatitis C), have
been proven to be helpful for staging liver ﬁbrosis in ALD.
 FibrotestÒ is a patented formula (Biopredictive, Paris,
France) combining a-2-macroglobulin, GGT, apolipoprotein A1, haptoglobin, total bilirubin, age, and gender.
It was the ﬁrst algorithm to combine several parameters.83
 FibrometerÒ (proprietary formula: Echosens, Paris,
France) combines platelet count, prothrombin index,
AST, a-2-macroglobulin, hyaluronate, urea, and age.
 HepaScoreÒ is a formula (PathWest, University of Western Australia, Australia) combining bilirubin, GGT, hyaluronate, a-2-macroglobulin, age, and gender.
These commercial tests have demonstrated a diagnostic
accuracy higher than other easy-to-obtain, cheaper tests
(e.g., APRI or AST-to-platelet ratio index, Forns Index,
FIB4),18 but they are not widely available. Despite the
evident advantages of the non-commercial serological
tests, they do not improve the diagnostic performance of
the commercial ones either alone or in combination.84

Methods to Assess Liver Stiffness
Currently, the most frequent non-invasive method for liver
disease screening relies on the assessment of liver stiffness
through transient elastography (TE). The development of
more compact and portable models allows for point-ofcare testing in any clinical setting. TE has proven to be a
cost-effective intervention to detect patients with alcohol
and NAFLD ﬁbrosis in the primary care setting, which
could beneﬁt healthcare systems.54 Liver stiffness measurement (LSM) is closely related with the ﬁbrosis stage, making
it a highly reliable method to rule out the presence of significant ﬁbrosis in patients with suspected ALD .85,86 Evidence
in literature supports the use of TE to diagnose advanced
ﬁbrosis. Since 2015, the LSM usefulness in ALD has been

conﬁrmed in six single-etiology studies,85,87,88 one Cochrane meta-analysis,89 and two meta-analyses of individual patient data.90,91 TE is extremely accurate for the
diagnosis of advanced ﬁbrosis (as indicated by an AUROCs
>0.90) and still good enough for substantial ﬁbrosis
(AUROCs around 0.85).92,93 However, the standard used
as a reference in most of the earlier diagnostic studies was
the ﬁbrosis degree, based on scoring systems developed
for chronic viral hepatitis (METAVIR). While these scores
likely underestimate early stages of alcohol-related ﬁbrosis,
they may be reliable for bridging ﬁbrosis and cirrhosis diagnostic estimation across histological ﬁbrosis scoring systems. Existing evidence recommends against any noninvasive test either for the AH94,95 or ASH diagnosis.86
The cutoff values put forth to identify signiﬁcant and
advanced ﬁbrosis are considerably greater in ALD when
compared to other etiologies (viral hepatitis or NAFLD).
Based on the latest individual patient data meta-analysis,86
advanced ﬁbrosis may be considered in patients with ALD
with a TE $12–15 kPa, if others potential factors for false
positives are excluded. An increase in AST levels more than
twice, recent alcohol intake, failure to fast before the procedure, and the presence of cholestasis89 are all factors
associated with spurious elevation of LSM. In patients
with elevated LSM (and any confounding factor), it is recommended to perform a new measurement following at
least 1 week after quitting or reduced drinking, alongside
a new liver function retesting.
Magnetic resonance elastography has been recently
demonstrated to be a very good tool to accurately evaluate
the liver stiffness with an equal or higher preciseness than
TE for the diagnosis of relevant and advanced ﬁbrosis
with any etiology. Compared to other techniques, magnetic
resonance elastography can evaluate all liver tissue using
both two-dimensional and = three-dimensional methods.96
Despite this, it is not widely available due to its high cost.

Imaging Methods
Imaging studies are typically non-speciﬁc for the diagnosis of ALD. The standard imaging techniques
commonly used in clinical practice in this setting are
abdominal ultrasound, contrast enhanced computed tomography, and magnetic resonance imaging. The presence of an enlarged liver and fatty inﬁltration are
common ﬁndings in abdominal ultrasound. Computed
tomography and magnetic resonance imaging are helpful
techniques to conﬁrm ultrasound ﬁndings. A thorough
evaluation of the liver anatomy, as along with other adjacent abdominal organs and vascular structures, is essential for the screening and assessment of liver-related
complications. Standard imaging methods help to characterize and conﬁrm ﬁndings of cirrhosis, portal hypertension, and HCC and to exclude other disorders from
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the differential diagnosis such as biliary obstruction or
vascular thrombosis.

Histology

---

ALD's histological features vary, largely dependent on the
extension and stage of liver injury. Even if they are characteristic, they are not pathognomonic of ALD. The earliest
and most frequently seen feature is steatosis. The steatosis
pattern in ALD is usually macrovesicular, with typical fat
accumulation (speciﬁcally in centrilobular areas). Isolated
steatosis has been associated with more severe forms of
the disease and should not be considered a benign condition.
Continuous, excessive alcohol consumption may precede the development of ASH. This is a histopathological
hallmark distinguished by steatosis, hepatocellular damage (characterized by ballooned hepatocytes that typically
contain cytoplasmic hyaline inclusions called Mallory–
Denk bodies), inﬂammatory inﬁltrates (predominantly
neutrophilic), and variable degrees of ﬁbrosis. A predominantly pericellular pattern of ﬁbrosis is peculiar to
alcohol-related liver damage.
Histologically, the pathological features that deﬁne
ASH do not essentially vary from non-alcoholic steatohepatitis,97 but a more serious histological features, along
with a worse clinical course, are usually described in ASH.
In the context of superimposed AH, intraparenchymal
cholestasis or bilirubinostasis is frequently seen.18 AH is
also associated with other histologic ﬁndings, including
the so-called foamy degeneration in hepatocytes, the presence of megamitochondria, and an acute sclerosing hyaline
necrosis.61,98 There is a correlation between the histological
ﬁndings and the prognosis in individuals with AH. The Alcoholic Hepatitis Histologic Score is a scoring system developed and further validated in patients with histologically
proven AH. The Alcoholic Hepatitis Histologic Score accurately classiﬁed patients according to the risk of death at
90 days allocating as low if 0–3 points, moderate if 4–5
points, and high if 6–9 points, with a survival of 100, 83,
and 64%, respectively.18 The scoring system is based on the
ﬁbrosis stage, the type of bilirrubinostasis, the severity of
polymorphonuclear inﬁltration, and megamitochondria
presence (Table 3). Abundant polymorphonuclear inﬁltration and presence of megamitochondria were the only independent factors associated with a good outcome, while
canalicular/ductular bilirubinostasis, bridging ﬁbrosis, and
cirrhosis were reported to be related with poor outcomes.
A new histologic grading and staging system with prognostic relevance has been recently developed by the SALVE
Histopathology Group (SHG). The SALVE staging system99
describes seven SALVE ﬁbrosis stages (SFS) comprising four
precirrhotic stages (SFS 0, 1, 2, and 3), similar to the Clinical
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Research Network staging system for NAFLD, and three
cirrhotic stages (SFS 4A, 4B, and 4C), similar to Laennec
staging system (Table 4). The histological cirrhosis substages100,101 and the extension of pericellular ﬁbrosis
(PCF)18 have a prognostic relevance in ALD. Because of
the latter, the inclusion and grading of PCF in this new
score system is very important. SFS staging can be stratiﬁed
in a ﬁve-level system according to survival: no ﬁbrosis (SFS
0); mild and moderate ﬁbrosis (SFS 1 and 2); severe ﬁbrosis
(SFS 3); cirrhosis with thin or broad septa (SFS 4A and 4B);
and cirrhosis with very broad septa (severe cirrhosis; SFS 4C)
with a respective 10-year survival probabilities of 100%, 89%,
65%, 43%, and 32%. The more PCF (progressively higher as
the stages go: SFS 3P, 4AP, 4BP, 4CP), the worse longterm outcomes than those without severe PCF.
Because ALD is a clinicopathological diagnosis, liver biopsy is not mandatory. However, a transjugular liver biopsy
is recommended in speciﬁc clinical scenarios (e.g., suspected AH along with potential confounding factors,81 uncertain ALD diagnosis despite of non-invasive evaluation or
for the assessment of hepatic venous pressure gradient52).
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