
Research article
Liver fibrosis screening increases alcohol abstinence

Authors

Emma Avitabile, Jordi Gratacós-Ginès, Martina Pérez-Guasch, ., Pere Ginès, Hugo López-Pelayo, Elisa Pose

Correspondence

epose@clinic.cat (E. Pose).

Graphical abstract

Study population Intervention Outcome

Addiction unit

Therapy and
alcohol biomarker
monitoring (uETG)

Subjects
with

Alcohol
Use

Disorder

Intervention in the Liver unit 

Lifestyle counselling

+

Screening cohort
n = 334

No intervention

Control cohort
n = 137

55%

45%

71%

29%

Active alcohol Abstinence

p = 0.002

Screening cohort Control cohort

Higher alcohol abstinence
rate in the screening cohort

at 6 months follow-up

Highlights: Impact and implications:
� Liver fibrosis screening improves abstinence in patients with
alcohol use disorder.

� Steatosis and increased liver stiffness are prevalent (43%
and 12%, respectively).

� Increased liver stiffness is associated with metabolic risk
factors and gamma-glutamyltransferase levels.

� These results support the implementation of fibrosis
screening in addiction units.
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Individuals with high alcohol consumption are at higher risk of
liver disease compared to the general population. The potential
beneficial effects of screening for liver disease in this popula-
tion have scarcely been studied. We show that a screening
program for liver fibrosis together with a lifestyle counselling
intervention favoured alcohol abstinence among individuals
with alcohol use disorder attending an addiction unit at 6
months, compared to a matched cohort who did not undergo
screening. These findings suggest that screening programs for
liver fibrosis have a therapeutic role in individuals with alcohol
use disorder, supporting the implementation of these programs
in addiction units.
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Background & Aims: Individuals with alcohol use disorder (AUD) are at risk of liver disease. There is scarce information on the
effectiveness of screening for liver fibrosis on alcohol consumption. Thus, we evaluated the efficacy of a screening program for
liver fibrosis on alcohol consumption in individuals with AUD.

Methods: We performed a prospective interventional study in the Hospital Clinic of Barcelona. The screening cohort included
individuals with AUD from the addiction unit who underwent screening for liver fibrosis with transient elastography and counselling
on lifestyle habits in the liver unit. The control cohort included individuals with similar characteristics who attended the same unit in
a previous period but did not undergo screening. Effects on alcohol consumption were evaluated at 6 months, after clinical follow-
up, with clinical assessment by addiction specialists and urine ethyl glucuronide monitoring.

Results: In the screening cohort, 149/334 (45%) individuals were abstinent at 6 months (68% confirmed with urine ethyl
glucuronide). Alcohol abstinence was higher in the screening cohort than in the control cohort (40/137 [29%], p = 0.002). Factors
associated with alcohol abstinence in the multivariate analysis of the two combined cohorts (n = 471) were: receiving AUD
medications (odds ratio [OR] 1.72, 95% CI 1.11-2.67), absence of illicit drug use (OR 0.50, 95% CI 0.31-0.80) and participating in
the screening program (OR 1.77, 95% CI 1.14-2.74). In the screening cohort, 40 (12%) individuals had increased liver stiffness
(>−8 kPa), which was associated with obesity (p = 0.03), arterial hypertension (p = 0.03), gamma-glutamyltransferase (p <0.001) and
platelet levels (p = 0.001).

Conclusions: This study shows that an integrated screening program for liver fibrosis associated with counselling on alcohol
consumption in individuals with AUD allows for early diagnosis of alcohol-associated liver disease and is associated with
alcohol abstinence.

© 2024 The Authors. 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
Consumption of alcohol is a common preventable risk factor for
premature death and it is associated with over 200 diseases
including cancers, neuropsychiatric disorders, cardiovascular
disease, cirrhosis and infectious diseases.1 In recent years,
different measures have been implemented by governments,
policy makers and healthcare providers to reduce the impact of
alcohol consumption on global health.2–4 In spite of this,
morbidity and mortality associated with alcohol have increased
globally over the past decades and are expected to increase
further in the future.5

Alcohol consumption is the main etiological factor for
alcohol-associated liver disease (ALD), the most frequent and
burgeoning cause of liver disease and liver-related death.
Chronic liver diseases are characterized by the presence of
fibrosis deposition in the liver that increases in a stepwise
manner from early stages to advanced stages of the disease.
The prevalence of significant liver fibrosis in individuals with
high alcohol consumption is markedly higher than that of the
* Corresponding author. Address: Liver Unit, Hospital Clínic, IDIBAPS, CIBERehd Hospital
E-mail address: epose@clinic.cat (E. Pose).
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general population.6 Clinical practice guidelines on liver dis-
eases recommend targeted screening for liver fibrosis in at-risk
groups to improve early detection and propose measures to
stop disease progression.7–9 However, the impact of these
screening programs on the modifiable causes of liver disease,
such as alcohol consumption, is largely unknown.

To date, several studies have been performed to assess
disease prevalence and develop strategies for early detection
of liver disease, the majority of them focusing on the primary
care setting.10,11 However, due to the underreporting of alcohol
consumption in this setting it is likely that many individuals may
not be identified as at risk of liver disease and may be left out of
the screening strategies. Within this context, addiction units
represent the ideal setting to perform early diagnosis of liver
fibrosis specifically targeting populations with high-risk
alcohol consumption.

The final goal of screening programs for early detection of a
condition is to improve patients’ health-related outcomes.12 To
date, the cost-effectiveness of screening programs for chronic
Clínic of Barcelona, Villarroel, 170, Stair 7-9, 3rd floor 08036, Barcelona, Spain.
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Fibrosis screening increases abstinence
liver disease, and specifically of ALD, has been investigated
based on theoretical models and assumptions as to the effect
of the interventions.13 In patients with ALD, alcohol abstinence
is one of the main drivers of prognosis both at early and
advanced stages.14,15 Few studies have investigated the effect
of screening for liver disease on alcohol abstinence in pop-
ulations with high-risk alcohol consumption. These studies
have shown some potential beneficial effects of screening
increasing alcohol abstinence, improving engagement to
rehabilitation programs or reducing the amounts of alcohol
consumed. Nevertheless, due to the inclusion of a low number
of individuals, the lack of a control group or of detailed moni-
toring of alcohol consumption, these studies have left some
questions unanswered.16–18

In this setting, the aim of our study was to investigate the
effectiveness of a screening program for liver fibrosis with
transient elastography (TE) on alcohol consumption in a pop-
ulation of individuals with alcohol use disorder (AUD) under-
going specialized addiction follow-up, compared with a control
cohort that did not undergo screening for liver disease.

Patients and methods
Prospective intervention study performed in the liver unit and
the addiction unit of the Hospital Clínic of Barcelona, Cata-
lonia, Spain.

Screening cohort

The screening cohort included individuals with AUD attending
the addiction unit from the 1st July 2019 to 31st December
2022. These individuals were invited to participate in a
screening program for liver disease and were prospectively
included. Inclusion criteria were as follows: age 18-80 years-old
and high-risk alcohol consumption, defined as a weekly intake
of at least 21/14 standard drinks of alcohol (1 SD = 10 g of
alcohol) for men/women for at least 1 year and/or at least one
episode of binge drinking per month for more than 6 months.19

Those with a previous diagnosis of chronic liver disease or
ongoing specialized follow-up in a liver unit, with no significant
alcohol consumption and/or without written informed consent
were excluded.

Control cohort

To test the effect of the screening program on alcohol absti-
nence, the screening cohort was compared with a historical
control cohort of consecutive patients with AUD, who attended
the addiction unit of the Hospital Clinic of Barcelona in the
years prior to the implementation of the screening program (1st

January 2017 to 31st December 2018). Individuals in the control
cohort were matched with those in the screening cohort with
respect to the main confounding factors, such as age, gender,
duration and quantity of alcohol consumption and active AUD
medications (Table S1).

Study endpoints

The primary endpoint was the effect of a screening program for
liver disease with counselling in an addiction unit on alcohol
abstinence at 6 months. Secondary endpoints included the
prevalence of and risk factors for liver fibrosis in this population.
JHEP Reports, --- 2
Sample size calculation

To calculate the sample size, as neither pilot studies nor pre-
viously published cohorts with similar characteristics were
available, the control cohort of the current study was used for
the calculation of the sample sizes. In this cohort, the per-
centage of patients achieving alcohol abstinence at 6 months
was 29%. Assuming that the effect of the screening program
would increase the alcohol abstinence rate to at least 40% in
the screening cohort, an alpha error of 5% and a statistical
power of 80%, we calculated a sample size of at least 250
individuals – to identify a group of at least 100 patients reaching
alcohol abstinence at the end of the study period – would be
needed for statistical analyses.
Study design

Individuals who underwent a first visit (V0) in the addiction unit
in the study period were eligible for the study. These individuals
subsequently attended the liver unit (V1) where data regarding
medical history, comorbidities, socio-economic status and
family history were investigated. A detailed enquiry on alcohol
consumption in terms of qualitative and quantitative intake and
duration and pattern of consumption (e.g. binge drinking)
including the Alcohol Use Disorder Identification Test (AUDIT),
was performed. Physical examination with measurement of
BMI was performed and written informed consent was ob-
tained. After V1 all individuals in the screening cohort under-
went the following tests: 1) Blood tests with routine parameters
including liver tests (LTs); 2) TE (M or XL probes) with liver
stiffness measurement (LSM), performed after at least 6 h of
fasting in all cases. Controlled attenuation parameter (CAP) was
also measured.

At the second visit in the Liver Unit (V2) the results of blood
tests and TE were shared and discussed with the patients and
counselling on alcohol consumption was performed by the
hepatologist (EA, JGG, EP).

Based on TE and LT values the screening cohort was
divided into two groups: 1) No increased LSM: discharged from
the liver unit, continued treatment and follow-up in the addic-
tion unit, with assessment of abstinence at 6 months (V6); 3)
Increased LSM: this group was further investigated with
abdominal ultrasound and a liver biopsy was recommended
when liver disease was suspected. These patients continued
with clinical follow-up in the liver and addiction units, with
assessment of abstinence at 6 months (V6). A summary of the
study design is shown in Fig. 1.

As the study period included pre-COVID (1st July 2019 - 14th

March 2020) and COVID (15th March 2020 - 31st December
2022) eras, we performed a subanalysis to explore the effect of
the COVID pandemic on the main endpoints.
Definitions and interventions

Increased LSM was defined as LSM >−8 kPa, corresponding to a
Metavir fibrosis grade >−2 as described in current guidelines.7

Advanced liver fibrosis was defined by LSM >−15 kPa corre-
sponding to a Metavir fibrosis grade >−3.

20 A subanalysis was
performed dividing the screening cohort into four groups based
on aspartate aminotransferase (AST) and bilirubin levels, and
using the corresponding LSM cut-offs for fibrosis grade F >−2 in
024. vol. 6 j 101165 2
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n = 294

V0
 Subjects with AUD

attending the addiction unit
n = 384

V2
Visit with results of the liver

tests and counselling on
alcohol consumption

n = 294

V6
Addiction unit

n = 210

Increased liver stiffness
LSM ≥8 kPa

and/or LTs alteration
n = 40

V2
Visit with results of the liver

tests and counselling
+ ultrasound +/- liver biopsy

n = 40

V6
Liver unit and addiction unit

n = 31

V1
Visit at the liver unit

n = 354

Transient elastography and
liver tests (LTs)

n = 334

Not attending V6, n = 9
- Discharged before V6 for
  abstinence, n = 4

- Lost to follow-up, n = 5 

Not attending V6, n = 84
- Discharged before V6 for
  abstinence, n = 9

- Lost to follow-up, n = 75 

Excluded subjects, n = 50 

- Did not attend V1, n = 30 
- Did not attend liver investigations,
   n = 14

- Previously known liver disease,
  n = 2

- Lack of informed consent, n = 2
- Alcohol consumption below
  thresholds of high riska, n = 1

- Age >80 y/o, n =1 

  

Fig. 1. Study design and flowchart of the individuals included in the study. V0 = first visit in the addiction unit; V1 = first visit in the liver unit; V2 = second visit in the
liver unit; V6 = 6-month follow-up visit. aThreshold of high-risk: weekly intake of at least 21/14 SD (1 SD = 10 g of alcohol) for men/women for at least 1 year and/or
persistent binge drinking (>6 months). AUD, alcohol use disorder; LSM, liver stiffness measurement; LTs, liver tests; SD, standard drink of alcohol.

Research article
each group, as described in the meta-analysis of Nguyen-Khac
and colleagues.21

Significant alteration of LTs suggestive of liver fibrosis
were defined by thrombocytopenia (platelets <150,000/ul) and/
or at least a two-fold increase of AST and/or alanine
aminotransferase.

Liver steatosis was defined by CAP >−250 dB/m; individuals
with CAP >−250 dB/m and normal LSM or no other signs of
chronic liver disease were discharged from the liver unit and
provided with recommendations on lifestyle changes and a
report for the general practitioner.

Counselling on alcohol consumption in the liver unit con-
sisted of briefing between the hepatologist and the patients in
which the following elements were discussed: feedback on the
person’s alcohol use; clarification as to what constitutes low-
risk alcohol consumption; information on the harms associ-
ated with risky alcohol use; benefits of reducing intake and
motivational enhancement.22

Intervention in the addiction unit was done following stan-
dard clinical practice. Personalized therapy was offered to each
patient depending on patients’ features and included either a
psychosocial intervention alone or the combination of a psy-
chosocial intervention and pharmacological therapies. All the
JHEP Reports, --- 2
following were included in the psychosocial interventions:
motivational interviewing, contingency management, psycho-
therapy such as cognitive behaviour therapy and peer support
groups and family therapies, performed both in person and/
or online.

Medications for AUD were prescribed when indicated by the
addiction specialist following standard clinical practice guide-
lines and included the following: disulfiram (if absence of sig-
nificant liver disease), baclofen, gabapentin, naloxone,
nalmefene and acamprosate.

Ethical approval for this study (protocol code: Alcofib;
reference: HCB/2019/0407) was provided by the Ethical Com-
mittee of the Hospital Clínic of Barcelona, Spain on 05th June
2019. All research was conducted in accordance with both the
Declarations of Helsinki and Istanbul. Written informed consent
was obtained from each patient included in the study.
Assessment of alcohol abstinence

Data on alcohol consumption was obtained from 1) addiction
specialist by direct interview with the participants and families
and, 2) measurement of ethyl glucuronide in urine (uETG).
Medical interviews were performed weekly or monthly
024. vol. 6 j 101165 3
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depending on the patient’s need, as indicated by the addiction
specialist, and were in person except in cases where remote
interviews were needed. uETG was prescribed by the addiction
specialist to all participants once or twice per week as part of
the program. When uETG at this frequency was not feasible (i.e.
long distance to the addiction Unit from home, poor transport
connections or incompatibility with working hours) a monthly
uETG measurement during the study period was performed;
uETG was not measured in the remaining cases. Alcohol
abstinence was assessed at 6 months (V6) and defined as
negative uETG measurements and/or alcohol abstinence, re-
ported by the addiction specialist for at least 3 consecutive
months. Patients who were discharged from the rehabilitation
program before V6 due to sustained alcohol abstinence and at
low risk of alcohol relapse were also considered abstinent. In-
dividuals with active alcohol consumption based on positive
uETG measurement or the addiction specialist’s records at 6
months were considered as active alcohol consumers. Per
protocol, those who were lost to follow-up before V6 were also
considered as active alcohol consumers, assuming the worst-
case scenario.

Liver biopsy assessment

Liver biopsy was indicated for LSM >−8 kPa or significant al-
terations of LTs and/or ultrasound. Percutaneous liver biopsy
was preferred to transjugular liver biopsy in the majority of
cases, which was performed in individuals with signs of portal
hypertension. In cases where the transjugular approach was
used, hepatic venous pressure gradient (HVPG) was
measured.20 Liver biopsy specimens were formalin-fixed,
paraffin-embed, stained and analysed by an expert patholo-
gist of the Hospital Clínic of Barcelona (AD). The grade of
fibrosis was defined by the Metavir scale;23 presence and de-
gree of steatosis and features of alcohol-associated hepatitis
were assessed.24

Statistical analysis

Categorical variables were reported as frequencies and per-
centages and compared using the Pearson v2 or Fisher’s exact
test. Quantitative variables were reported as median (IQR).
Variables with normal and non-normal distribution were ana-
lysed through the Student’s t test and the Wilcoxon rank-sum
test, respectively. Factors associated with fibrosis and absti-
nence were analysed through univariate logistic regression
analysis and multivariate logistic regression analysis with a
backward stepwise approach (Wald). Spearman’s rank corre-
lation was computed to assess the relationship between LSM
and histological grades of fibrosis. p <0.05 was considered
significant. SPSS software (version 24.0) was used.

Results

Characteristics of the screening and the control cohort

During the study period, 384 patients attending the addiction
unit were invited to participate in the screening program.
Among those, 50 were excluded, mainly for not attending V1
(n = 30) or not undergoing liver investigations (n = 14). There-
fore, 334 patients were included in the screening cohort (see
Fig. 1). Most participants were men (68%), with a median age of
51 years and a median BMI of 25 kg/m2. Fifty-six (17%)
JHEP Reports, --- 2
patients had obesity, 136 (41%) had dyslipidaemia and 27 (8%)
had type 2 diabetes, with 73 (22%) meeting criteria for meta-
bolic syndrome per the NCEP ATP III definition.25 The majority
(n = 192, 57%) were active smokers and one-third were active
consumers of illicit drugs (n = 89, 27%). Median alcohol con-
sumption in the year prior to the inclusion was 70 SD/week and
median duration of high-risk consumption was 20 years (95%
CI 11-30). The median value of AUDIT was 20 (CI, 14-25) and
104/197 (53%) had valid tests classified as severe AUD (AUDIT
>−20). Approximately one-quarter of the population received
pharmacological therapy for AUD (n = 89, 27%). In the labo-
ratory analyses, median levels of LTs were within the normal
range. Baseline characteristics of the screening cohort are
summarized in Table 1. In the sensitivity analysis comparing
baseline characteristics of individuals included in the pre-
COVID vs. COVID eras, the only significant differences were
that the former showed a higher median alcohol consumption
and higher AUDIT values (Table S2).

To test the effect of the screening program on alcohol
abstinence, the screening cohort was compared with a control
cohort of 137 individuals with similar characteristics, visited in
the same unit in the period right before the beginning of the
screening program. Of note, there were no differences between
the two cohorts in terms of age, gender, illicit drug use, duration
of alcohol consumption or use of AUD medications. The two
cohorts were only different in terms of the amount of alcohol
consumption in the previous year, this was higher in the
screening cohort (70 SD/week, 95% CI 42–98, vs. 50 SD/week,
95% CI 35–84, p = 0.04) (Table S1).
Effect of the screening program on alcohol abstinence

After 6 months of follow-up in the addiction unit, 149/334 (45%)
patients achieved alcohol abstinence. Among those, 101 (68%)
had negative uETG in urine, 35 (23%) were considered absti-
nent based on the specialist medical records and 13 (9%) were
discharged before V6 due to sustained abstinence with low risk
of relapse and were considered abstinent at the end of follow-
up. One hundred and eighty-five (55%) patients were catego-
rized as active alcohol consumers: 67 (36%) had positive uETG
in urine, 38 (21%) based on medical records and 80 (43%)
dropped-out of the program during the study period and were
considered lost to follow-up (Fig. 2 and Table 2). Compared to
those who completed the study (n = 254), individuals lost to
follow-up (n = 80) were younger (47 years-old, 95% CI 38-56,
vs. 51 years-old, 95% CI 43-60, p = 0.01), mostly men (79% vs.
65%, p = 0.03) and had higher median albumin levels (46 g/L,
95% CI 44-49, vs. 45 g/L, 95% CI 44-47, p = 0.001) (Table S3).

Mean alcohol consumption at V6 among active consumers
was 39 SD/week, indicating a significant reduction from
baseline (70 SD/week) (p <0.001). When analysing the changes
in WHO risk drinking levels,26 among active consumers at 6
months from baseline, there was a significant increase in the
high/very high WHO levels in both the screening (from 62% at
V1 to 24% at V6, p <0.001) and the control cohort (from 64% at
V1 to 24% at V6, p = 0.002) with no differences between the
two cohorts (p = 0.27) (Fig. S1).

In the univariate regression analysis, age, use of AUD
medications, gamma-glutamyltransferase (GGT), alkaline
phosphatase, albumin, total cholesterol and serum sodium
levels were associated with alcohol abstinence at V6 (Table 3).
024. vol. 6 j 101165 4



Table 1. Baseline characteristics of the screening cohort.

Screening cohort
(n = 334)

Age (years) 51 (42-59)
Gender (male) 228 (68)
Diabetes mellitus 28 (8)
Dyslipidemia 136 (41)
Arterial hypertension 73 (22)
BMI (kg/m2)� 25 (23-29)
Obesity (BMI >−30 kg/m2)� 56 (17)
Metabolic syndrome* 73 (22)
Psychiatric comorbidity 159 (48)
Tobacco consumption 192 (58)
Illicit drugs (active) 89 (27)
Alcohol consumption (SD/week) 70 (47-105)
Previous year alcohol consumption (SD/week) 70 (41-114)
Binge drinking 94 (28)
Duration of alcohol consumption (years) 20 (11-30)
Alcohol Use Disorder medication 89 (27)
Family history of high-risk alcohol consumptiona 188 (56)
Low incomeb 123 (37)
AUDIT^,c 20 (14-25)
Low-risk consumption (1-7 points) 5 (2)
Hazardous alcohol consumption (8-15 points) 51 (26)
Moderate Alcohol Use Disorder (16-19 points) 37 (19)
Severe Alcohol Use Disorder (>−20 points) 104 (53)

Creatinine (mg/dl) 0.9 (0.8-1.0)
Glucose (mg/dl) 93 (86-103)
AST (U/L) 24 (19-34)
ALT (U/L) 27 (18-43)
GGT (U/L) 33 (20-64)
Bilirubin (mg/dl) 0.6 (0.4-0.7)
ALP (U/L) 77 (64-94)
Serum sodium (mEq/L) 140 (139-142)
Hemoglobin (g/dl) 14 (13-15)
Platelets (109/ll) 233 (198-279)
Ferritin (ng/ml) 105 (57-170)
INR 0.9 (0.9-1.00)
Total cholesterol (mg/dl) 202 (171-227)
Triglycerides (mg/dl) 121 (82-161)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; AUDIT, Alcohol Use Disorder Identification Test; GGT, gamma-
glutamyltransferase; INR, international normalized ratio; SD, standard drink of alcohol.
Variables: median (Q1-Q3) and numbers (percentages).
aFamily history of high-risk alcohol consumption referred by the patient during the
hepatologist interview.
bLow income: who struggles to make ends meet, assessed on self-report at the hep-
atologist interview.
cAUDIT questionnaire performed at V1 in the liver unit. Missing values: �n = 80; *n =
3; ^n = 137.
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In the multivariate analysis, older age (OR 1.03, 95% CI 1.01-
1.05), AUD medication intake (OR 2.00, CI 1.18-3.38) and
cholesterol levels (OR 0.99, 95% CI 0.98-0.99) were indepen-
dent predictors of alcohol abstinence (Table 3).

In the subanalysis based on COVID eras, the pre-COVID
cohort was associated with a significantly higher rate of
alcohol abstinence (40/70, 57%) compared to the COVID
cohort (109/264, 41%, p = 0.02). The COVID cohort was
associated with a lower abstinence rate in both the univariate
analysis (OR 0.53, 95% CI 0.31-0.90, p = 0.02) and the multi-
variate analysis (Table S4).
Comparison of alcohol abstinence between the screening
and the control cohort

The proportion of individuals who reached alcohol abstinence
in the screening cohort was higher than in the control cohort
JHEP Reports, --- 2
(45% vs. 29%, p = 0.02) (Table 2). When abstinence was
analysed in the two combined cohorts (n = 471), enrolment in
the screening program (p = 0.01, OR 1.77), lack of consump-
tion of illegal drugs (p = 0.004, OR 0.50) and being under active
treatment with AUD medications (p = 0.02, OR 1.72) were
found to be independent predictors of abstinence at V6
visit (Table S5).
Prevalence of and risk factors for increased liver stiffness
in the screening cohort

Using the cut-off of LSM >−8 kPa, the prevalence of increased
LSM was 12% (40 out of 334). Of these patients, almost half
(19/40, 48%) had LSM >−15 kPa, suggestive of chronic
advanced liver disease. Median LSM values did not differ
among abstinent vs. non-abstinent patients at the time of LSM
measurement (LSM = 4.9 kPa, 95% CI 4.1-6.1 vs. LSM =
4.8 kPa, 95% CI 3.9-6.0, respectively, p = 0.47). There were no
differences in terms of prevalence of increased LSM in the
sensitivity analysis of the pre-COVID vs. COVID cohorts (LSM
>−8 kPa in 9% vs. 13%, p = 0.32).

Using the Nguyen-Kach correction to investigate the
prevalence of LSM, 285 out of 334 individuals were classified
into four groups described based on AST and bilirubin
levels.21 Increased LSM (defined as F >−2) was present in 26
out of 285 (9%) individuals, showing a prevalence of high LSM
similar to that obtained using the cut-off of 8 kPa. When
applying this correction, a total of seven individuals were
reclassified: 4/260 (2%) with LSM <8 kPa were reclassified as
F >−2; 3/25 (12%) with LSM >−8 kPa were reclassified as F
<2 (Table S6).

Liver biopsy was performed in 36/334 (11%) patients with
the main indication being an increased LSM. Most biopsies
were performed using the percutaneous approach (n = 26,
72%); in those who underwent transjugular liver biopsy (n = 10,
28%) the median HVPG was 6.5 mmHg (3.9-10.4) and three
patients had clinically significant portal hypertension (HVPG
>−10 mmHg). Liver fibrosis was assessed by histology using the
Metavir scale, with 19/36 (53%) showing liver fibrosis stage
>−F2. Of those, 15 (42%) were in a stage of advanced liver
fibrosis (F3–F4). There was a positive correlation between LSM
and histological grades of fibrosis at the Spearman’s rank
correlation test, r34 = 0.57, p <0.001 (Fig. 3).

Factors associated with the presence of increased LSM on
univariate regression analysis are shown in Table 4A. Of the
variables related to the history of alcohol consumption, dura-
tion of alcohol consumption was the only factor associated with
the presence of increased LSM, whilst the majority of metabolic
comorbidities, including arterial hypertension, type 2 diabetes,
obesity and metabolic syndrome were associated with
increased LSM. In the multivariate analysis, obesity (p = 0.03),
arterial hypertension (p = 0.03), GGT (p <0.001) and platelet
levels (p = 0.001) were the only factors independently associ-
ated with increased LSM (Table 4B).

Of note, at the time of undergoing TE (a median of 49 days
after V0 at the addiction unit), 166/334 (50%) were abstinent
and 168/334 (50%) were active alcohol consumers. When
comparing abstinent individuals vs. active alcohol consumers
there were no significant differences in median LSM values
(LSM = 4.9 kPa, 95% CI 4.1-6.1 and LSM = 4.8 kPa, 95%
CI = 3.9-6.0, respectively, p = 0.47), nor in the prevalence of
024. vol. 6 j 101165 5



6 months Screening cohort (n = 334)
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Fig. 2. Alcohol consumption at baseline and at 6 months’ follow-up in the screening and control cohorts.

Table 2. Alcohol abstinence at 6 months follow-up in the screening and control cohort.

Screening cohort
(n = 334)

Control cohort
(n = 137)

p value

Follow-up 6 months (yes) 241 (72) 90 (66) 0.18
Abstinence at 6 months (yes) 149 (45) 40 (29) 0.002
Clinical follow-up with uETG 101 (68) 27 (68) 0.43
Clinical follow-up without uETG 35 (23) 4 (10) 0.25
Discharged for abstinence before 6 months 13 (9) 9 (22) 0.23

Active alcohol 6 months (yes) 185 (55) 97 (71) 0.002
Clinical follow-up with uETG 67 (36) 42 (43) 0.25
Clinical follow-up without uETG 38 (21) 17 (18) 0.15
Lost to follow-up 80 (43) 38 (39) 0.41

uETG 6 months (yes) 172 (51) 73 (53) 0.76
Alcohol use disorder medication at 6 months 73 (22) 24 (18) 0.43
Alcohol consumption among active consumers (SD/week) 39 (31-47) 45 (27-62) 0.49

SD, standard drink of alcohol; uETG, ethylglucuronide in urine.
Variables: median (Q1-Q3) and numbers (percentages). Comparisons: Student’s t test for “alcohol consumption”; Pearson v2 or Fisher’s exact test for categorical variables.
Significance p <0.05 (bold numbers).

Fibrosis screening increases abstinence
increased LSM (11% vs. 13%, p = 0.77). In the univariate
analysis, ongoing alcohol consumption at TE performance was
not associated with higher LSM values (p = 0.08). Finally, there
JHEP Reports, --- 2
were no significant differences in alcohol abstinence at 6
months between patients with increased LSM compared to
those with normal LSM (53% vs. 47%, p = 0.31).
024. vol. 6 j 101165 6



Table 3. Factors associated with alcohol abstinence in the screening cohort.

A)
Variables

Active consumption
(n = 185)

Abstinence*
(n = 149)

p value

Age (years) 48 (41-59) 52 (44-60) 0.04
Gender (male) 127 (69) 101 (68) 0.91
BMI (kg/m2) 26 (23–29) 25 (23–29) 0.79
Tobacco consumption 103 (56) 89 (60) 0.50
Illicit drugs (active) 57 (31) 32 (22) 0.06
Family history of alcohol consumption 88 (54) 81 (59) 0.48
Maximum alcohol consumption (SD/week) 70 (44-104) 78 (50-126) 0.06
Duration of alcohol consumption (years) 20 (10–31) 22 (11–31) 0.46
Alcohol use disorder medication 42 (22) 47 (32) 0.05
LSM >−8 kPa 19 (10) 21 (14) 0.31
CAP dB/m 246 (208-288) 229 (198-270) 0.07
GGT (U/L) 37 (23-74) 29 (18-48) 0.001
ALP (U/L) 80 (67-98) 74 (63-97) 0.05
Albumin (g/L) 46 (44-48) 45 (44-47) 0.03
Serum sodium (mEq/L) 140 (138-141) 140 (139-142) 0.04
Total cholesterol (mg/dl) 205 (175-234) 193 (169-218) 0.02
AUDIT ^ 20 (14–24) 21 (15–25) 0.22

Low-risk consumption (1-7 points) 3 (3) 2 (2) 1.00
Hazardous alcohol consumption (8-15 points) 28 (27) 23 (25) 0.75
Moderate alcohol use disorder (16-19 points) 20 (19) 17 (18) 0.86
Severe alcohol use disorder (>−20 points) 52 (51) 52 (55) 0.57

B)� Univariate analysis Multivariate analysis

Variables p value OR 95% CI p value OR 95% CI

Age (years) 0.04 1.02 0.99-1.04 0.01 1.03 1.01-1.05
Alcohol use disorder medication (yes) 0.01 1.65 1.11-2.44 0.01 2.00 1.18-3.38
GGT (U/L) 0.04 0.99 0.99-1.00
ALP (U/L) 0.03 0.99 0.98-0.99
Albumin (g/L) 0.01 0.90 0.83-0.97
Sodium (mEq/L) 0.05 1.10 1.00-1.20 0.06 1.1 0.99-1.21
Total cholesterol (mg/dl) 0.01 0.99 0.98-0.99 0.002 0.99 0.98-0.99

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUDIT, Alcohol Use Disorder Identification Test; CAP, controlled attenuation
parameter; GGT, gamma-glutamyltransferase; OR, odds ratio; SD, standard drink of alcohol.
(A) Baseline characteristics of active consumers and abstinent individuals at 6 months follow-up in the screening cohort. (B) Univariate and multivariate logistic regression. Variables:
median (Q1-Q3) and numbers (percentages). Comparisons: continuous variables by Student’s t test (normal distribution) and Wilcoxon rank-sum test (non-normal distribution);
categorical variables by Pearson v2 or Fisher’s exact test. Univariate logistic regression analysis and multivariate logistic regression analysis (backward stepwise approach, Wald).
Significance p <0.05 (bold numbers). *Abstinence was defined as total abstinence for at least 3 consecutive months before the 6 months follow-up visit. ^Missing values n = 137.
�The table shows only factors with p <0.05 at binary logistic regression.
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Median CAP in the screening cohort was 240 dB/m (95% CI
205-283) with 144 (43%) patients having CAP >−250 dB/m
suggestive of steatosis. CAP values were not associated with
alcohol abstinence in the screening cohort (p = 0.07 at the
univariate analysis). As previously reported,27 CAP values were
highly dependent on active alcohol consumption at the time of
TE in our cohort: median CAP values were significantly higher
among active consumers at the time of TE compared to those
that had already reached alcohol abstinence (252 dB/m, 95%
CI 213-290 vs. 227 dB/m, 95% CI 196-273, respectively,
p = 0.001).

Discussion
This prospective interventional study performed in individuals
with AUD at risk of ALD shows that a program of screening for
liver fibrosis together with counselling on alcohol consumption
and healthy lifestyle habits is associated with increased alcohol
abstinence at 6 months.

Few studies to date have investigated the effects of
screening for liver disease on alcohol consumption in patients
with AUD. A previous study from Nottingham community
alcohol services performed in 87 participants screened for liver
024. vol. 6 j 101165 7



Table 4. Factors associated with increased liver stiffness (LSM >−8 kPa) in the screening cohort.

A)
Variables

LSM <8 kPa
(n = 294)

LSM >−8 kPa
(n = 40)

p value

Age (years) 49 (42-57) 60 (52-64) <0.001
Gender (male) 196 (67) 32 (80) 0.10
Diabetes mellitus 19 (7) 9 (23) 0.003
Dyslipidemia 117 (40) 19 (48) 0.39
Arterial hypertension 55 (19) 18 (45) <0.001
Metabolic syndrome * 56 (19) 17 (44) 0.002
BMI (kg/m2) � 25 (23–28) 29 (24–32) 0.002
Obesity (BMI >−30 kg/m2) � 41(17) 15 (45) <0.001
Tobacco consumption 176 (60) 16 (40) 0.03
Illicit drugs (active) 82 (28) 7(18) 0.11
Maximum alcohol consumption (SD/week) 70 (48-119) 70 (44-86) 0.71
Duration of alcohol consumption (years) 20 (10–30) 30 (15-40) 0.01
Alcohol use disorder medication 83 (28) 6 (15) 0.06
Alcohol abstinence >−1 week at transient elastography performance 147 (50) 19 (48) 0.87
Glucose (mg/dl) 92 (86-102) 97 (88-108) 0.05
AST (U/L) 23 (19–31) 47 (24-75) <0.001
ALT (U/L) 24 (17-39) 46 28-76) <0.001
GGT (U/L) 31 (20-49) 93 (38-424) <0.001
Bilirubin (mg/dl) 0.6 (0.4-0.7) 0.7 (0.5-0.9) 0.002
ALP (U/L) 76 (64-91) 93 (74-117) <0.001
Platelets (109/ll) 236 (203-281) 208 (146-257) 0.001
Ferritin (ng/ml) 100 (54-158) 154 (86-278) 0.001
INR 0.9 (0.9-1.0) 1 (0.9-1.1) <0.001
AUDIT ^ 20 (14–25) 19 (14–24) 0.33
Low-risk consumption (1–7) 4 (3) 1 (4) 0.47
Hazardous alcohol consumption (8–15) 44 (25) 7 (30) 0.61
Moderate alcohol use disorder (16–19) 33 (19) 4 (17) 1.00
Severe alcohol use disorder (>−20) 93 (53) 11 (49) 0.66

B)**
Variables

Univariate analysis Multivariate analysis

p value OR p value OR p value OR

Age (years) <0.001 1.06 1.03-1.09
Diabetes mellitus 0.001 4.20 1.75-10.09 0.07 3.00 0.91-9.80
Arterial hypertension <0.001 3.56 1.79-7.08 0.03 3.13 1.12-8.77
Metabolic syndrome * 0.001 3.26 1.62-6.54
Obesity (BMI >−30 kg/m2) � <0.001 4.07 1.90-8.72 0.03 3.13 1.12-7.78
Tobacco consumption 0.02 0.45 0.23-0.88
Duration of alcohol consumption (years) 0.007 1.03 1.01-1.06
Glucose (mg/dl) 0.03 1.01 1.00-1.01
AST (U/L) 0.01 1.01 1.01-1.02
GGT (U/L) <0.001 1.01 1.00-1.01 <0.001 1.01 1.01-1.02
Bilirubin (mg/dl) 0.004 3.63 1.50-8.80
ALP (U/L) <0.001 1.03 1.01-1.04 0.10 1.02 0.99-1.03
Platelets (109/ll) 0.001 0.99 0.98-1.00 0.049 0.99 0.98-1.00
Ferritin (ng/ml) 0.001 1.01 1.00-1.01
INR 0.009 10.12 1.78-57.54

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUDIT, Alcohol Use Disorder Identification Test; GGT, gamma-glutamyltransferase;
INR, international normalized ratio; OR, odds ratio; SD, standard drink of alcohol.
(A) Baseline characteristics of individuals with LSM <8 kPa and LSM >−8 kPa. (B) Univariate and multivariate logistic regression. Variables: median (Q1-Q3) and numbers (per-
centages). Comparisons: continuous variables by Student’s t test (normal distribution) and Wilcoxon rank-sum test (non-normal distribution); categorical variables by Pearson v2 or
Fisher’s exact test. Univariate logistic regression analysis and multivariate logistic regression analysis (backward stepwise approach, Wald). Significance p <0.05 (bold numbers).
Missing values: *n = 3; �n = 80; ^n = 137. **The table shows only factors with p <0.05 at binary logistic regression.

Fibrosis screening increases abstinence
disease with TE showed a positive effect of the screening
program, with a significant reduction in self-reported alcohol
intake.22 Despite the low number of individuals included and
the lack of a control group, this was the first study suggesting a
positive influence of screening for liver disease on alcohol
consumption. Recently, a feasibility clinical trial showed posi-
tive effects of a screening program for liver disease in addiction
units: the intervention consisted of TE together with counselling
on alcohol consumption and videos of previous experiences of
individuals achieving alcohol abstinence.17 The study found
that this type of intervention was feasible and increased
engagement to the addiction program among the individuals
undergoing active screening, setting the stage for the
JHEP Reports, --- 2
development of new studies assessing the effectiveness of
screening of liver disease in the population with AUD. The re-
sults of the current study are in keeping with these previous
observations. In fact, the main finding is that participating in the
screening program for liver fibrosis increases the probability of
being abstinent at 6 months regardless of other important
factors such as AUD medication use. However, there remain
unanswered questions regarding the efficacy of screening.
First, we cannot rule out that those who decided to participate
in the screening were indeed those with higher motivation to
undergo therapy for AUD and achieve alcohol abstinence.
Nonetheless, previous studies showed that being aware of liver
disease may act as a motivation for alcohol abstinence per
024. vol. 6 j 101165 8
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se.28 It is very likely that attending the screening program for
liver disease may act as an extra motivation for lifestyle
changes and alcohol abstinence and the current study seems
to support this assertion.

In addition to the importance of the screening programme
for liver disease, the current study enhances the fundamental
role of pharmacological treatment for AUD. In our cohort one-
third of individuals were under pharmacological treatment for
AUD, and AUD medications were independently associated
with abstinence at 6 months. Furthermore, the commonly used
AUD medications have previously demonstrated good safety
and efficacy profiles, even in patients with advanced liver
disease.29 This study supports a more extensive use of
AUD medication in addiction units, even in patients with
liver disease.

In this screening program, we found that 12% of the par-
ticipants had liver fibrosis, of whom 5% had chronic advanced
liver disease. This proportion is consistent with a previous
study on screening for liver disease in populations with high-
risk alcohol consumption in primary care.11 Compared to a
seminal biopsy-controlled study including a population with
AUD, the prevalence of significant liver fibrosis is slightly lower
in the current study (12% vs. 17%); this difference can be
partially explained by the lower median alcohol intake of the
population (70 SD/week vs. 168 SD/week) and the lower
prevalence of metabolic comorbidities.16 Of note, obesity,
arterial hypertension, GGT, and platelet levels were the main
factors associated with presence of increased LSM. Metabolic
risk factors have been associated with an increased risk and
severity of ALD both at early and advanced stages of liver
disease in previous studies.10,30,31 The early identification of
this subpopulation with metabolic risk factors and high-risk
alcohol consumption with screening programs would allow
for the implementation of multidisciplinary clinics involving
hepatologists, addiction specialists, general practitioners,
JHEP Reports, --- 2
nurses, nutritionists and endocrinologists to control risk factors
and prevent progression of liver disease.

Another interesting finding is that, in the sensitivity analysis
of the pre-COVID vs. COVID cohorts, the COVID period was
associated with lower probability of reaching alcohol absti-
nence despite no significant differences in the baseline char-
acteristics of both cohorts. This could be due in part to
shortcomings and difficulties in the follow-up and treatment of
these patients in addiction units during the COVID era.32

Our study has some limitations that should be acknowl-
edged. First, the period of 6 months may be considered too
short to test effects on sustained alcohol abstinence, sustained
remission of AUD or on clinical outcomes. However, the 6-
month period was selected based on previous studies with
pharmacological treatments for AUD in patients with
ALD.29,33,34 Second, the use of uETG as an alcohol biomarker
could underestimate alcohol consumption, given its short
detection window, and phosphatidylethanol would be more
sensitive to uncover long-term alcohol exposure. Nonetheless,
as this was a pragmatic study, all the patients were treated
following the standards of clinical practice of our addiction unit
that currently include uETG as the alcohol biomarker. Finally,
the results of our intervention cohort were compared with a
historical cohort, so patients were not randomized to receive
the intervention under investigation and thus potential biases
cannot be entirely excluded. In this regard, as screening for liver
fibrosis in individuals with high alcohol consumption is currently
recommended by clinical practice guidelines and is currently
implemented in our unit, we opted to include a control cohort
with similar characteristics who did not undergo screening for
liver fibrosis in the period immediately prior.

In conclusion, our study provides new evidence on the
beneficial effects of screening programs not only to identify
early stages of ALD, but also to improve alcohol abstinence and
thus forming part of therapy.
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