
Patients with a history of bariatric surgery are 8 years younger at
presentation with severe alcoholic hepatitis
Melkebeke, L. van; Broekhoven, A.G.C.; Ostyn, T.; Korf, H.; Coenraad, M.J.;
Vangoitsenhoven, R.; ... ; Verbeek, J.

Citation
Melkebeke, L. van, Broekhoven, A. G. C., Ostyn, T., Korf, H., Coenraad, M. J.,
Vangoitsenhoven, R., … Verbeek, J. (2023). Patients with a history of bariatric surgery are
8 years younger at presentation with severe alcoholic hepatitis. Obesity Surgery, 33(1),
284-292. doi:10.1007/s11695-022-06386-1
 
Version: Publisher's Version
License: Leiden University Non-exclusive license
Downloaded from: https://hdl.handle.net/1887/3564853
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/3564853


Vol:.(1234567890)

Obesity Surgery (2023) 33:284–292
https://doi.org/10.1007/s11695-022-06386-1

1 3

ORIGINAL CONTRIBUTIONS

Patients with a History of Bariatric Surgery Are 8 Years Younger 
at Presentation with Severe Alcoholic Hepatitis

Lukas Van Melkebeke1,2  · Annelotte G. C. Broekhoven3 · Tessa Ostyn4 · Hannelie Korf1 · Minneke J. Coenraad3 · 
Roman Vangoitsenhoven5,6 · Bart Van der Schueren5,6 · Matthias Lannoo7 · Hannah Van Malenstein2 · 
Tania Roskams4 · Schalk van der Merwe1,2 · Frederik Nevens1,2 · Jef Verbeek1,2

Received: 13 May 2022 / Revised: 17 November 2022 / Accepted: 27 November 2022 / Published online: 3 December 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose Patients with prior bariatric surgery (BS) are at risk to develop alcohol use disorder (AUD) and alcohol-related liver 
disease (ALD). Severe alcoholic hepatitis (sAH) is one of the most severe manifestations of ALD with a 28-day mortality 
of 20–50%. The impact of prior BS on patients presenting with sAH was assessed.
Methods From 01/2008 to 04/2021, consecutive patients admitted to a tertiary referral center with biopsy-proven sAH were 
included in a database.
Results One hundred fifty-eight sAH patients of which 28 patients had a history of BS (BS group) were identified. Of this 
BS group, 24 patients underwent a Roux-en-Y gastric bypass (RYGB), 3 a biliopancreatic diversion, 1 an adjustable gastric 
band, and no patients a sleeve gastrectomy. The proportion of patients with BS increased threefold over time during the 
study period. Patients in the BS group were significantly younger at diagnosis of sAH (44.3 years vs 52.4 years), were more 
frequently female, and had a higher body mass index and a higher grade of steatosis on liver biopsy. The correlation between 
BS and a younger age at diagnosis remained significant in a multivariate regression analysis. There were no differences in 
disease severity between both groups. Furthermore, there were no differences in corticosteroid response, 28-day, 90-day, 
or 1-year survival.
Conclusion Prior BS is independently associated with a younger age of presentation with sAH, but is not independently 
associated with a different disease severity or outcome. These findings support the need for early detection of AUD in patients 
who underwent BS, in particular RYGB.
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Key Points  
• The fraction of sAH patients with prior bariatric surgery (BS) 
increased over time.
• These patients are significantly younger at diagnosis than those 
without prior BS.
• Awareness for alcohol-related liver disease in patients with prior 
BS is necessary.
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Introduction

Bariatric surgery (BS) has been associated with an increased 
risk of alcohol use disorder (AUD) and alcohol-related liver dis-
ease (ALD) [1–3], depending on the type of bariatric surgery 

performed. Notably, a large prospective multicenter cohort 
study followed 2348 patients before surgery and annually after 
Roux-en-Y gastric bypass (RYGB) and adjustable gastric band-
ing (AGB) for up to 7 years [4]. For both RYGB and AGB, the 
prevalence of regular alcohol drinking (≥ 2 times a week) dou-
bled in the 7 years post-surgery [4]. However, only for RYGB, 
the prevalence of AUD increased significantly, from 7% pre-
surgery to 16% at year 7. On the other hand, the prevalence of 
AUD following AGB remained stable between 6 and 8% [4]. 
The association between sleeve gastrectomy (SG) and AUD was 
initially less clear, with some studies reporting an increased risk 
of AUD after SG [5], while others reporting a decreased risk 
[6, 7]. However, several recent large cohort studies showed an 
increased risk of AUD after SG, comparable with the increased 
risk of AUD after RYGB [8–10]. Concerning ALD, one study 
found a higher risk after RYGB, with a lower risk after SG and 
AGB, compared to patients undergoing a cholecystectomy [3]. 
In addition, one study found that patients with prior BS listed 
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for liver transplantation due to alcohol-related cirrhosis were 
younger and had a more severe decompensation at time of listing 
than patients without a prior BS [11].

Alcoholic hepatitis (AH) is an acute form of ALD that 
ranges from mild to severe disease states and usually pre-
sents on a background of cirrhosis [12]. Severe AH (sAH) is 
defined as a Maddrey discriminant function (MDF) of more 
than or equal to 32 and/or a model for end-stage liver disease 
(MELD) score of more than 20 in a patient with prolonged 
and excessive alcohol abuse and a recent onset of jaundice 
[13]. sAH typically develops in patients with active AUD or 
within 3 months of abstinence [12]. sAH is one of the most 
severe manifestations of ALD with a 28-day mortality of 
20–50% [14]. Corticosteroids are the only proven pharma-
cological therapy with a survival benefit after 28 days, but 
not after longer follow-up [15]. Response to corticosteroids 
is determined by calculating the Lille score after 7 days, with 
a response defined as a score < 0.45 [12]. However, only 50% 
of patients respond to corticosteroids, with non-responders 
having a dismal prognosis with a 6-month mortality of 70%.

To date, no data have been published on the relationship 
between BS and severe alcoholic hepatitis (sAH). Moreover, 
it is unknown whether sAH patients with a history of BS 
are phenotypically different from those without prior BS. 
Based on the published literature concerning liver trans-
plantation for ALD in patients with previous BS [11], the 
hypothesis is that a history of bariatric surgery could also 
lead to the development of sAH at a younger age and might 
be associated with a more severe disease course. Therefore, 
the aim of this study is to assess the differences in disease 
characteristics at presentation, response to corticosteroids, 
and survival between patients presenting with sAH with or 
without a history of bariatric surgery.

Methods

Study Population

From March 2008 to April 2021, consecutive adult patients 
admitted to the tertiary liver unit of the University Hospitals 
Leuven and diagnosed with sAH were included in a pro-
spective database aimed at evaluating the clinical course of 
patients with sAH. Diagnosis of sAH was based on clinical 
and biochemical data in combination with histological con-
firmation on transjugular biopsy at admission [16]. Exclu-
sion criteria were as follows: (1) inconclusive biopsy results, 
(2) concomitant causes of liver disease (e.g., hepatitis B, 
hepatitis C, primary biliary cholangitis, auto-immune hepa-
titis), (3) presence of hepatocellular carcinoma, (4) previous 
liver transplantation. All patients were considered for treat-
ment with corticosteroids, according to current guidelines 
[12]. Patients with clinical signs of decompensated cirrhosis, 

such as ascites, spontaneous bacterial peritonitis, or variceal 
bleeding, were treated according to current international 
guidelines [12]. The study protocol adhered to the ethical 
guidelines of the Declaration of Helsinki and approval was 
obtained from the Ethics Committee of the University Hos-
pitals Leuven.

Data Collection

Demographic data, comorbidities, and patient history were 
collected from date of biopsy (time zero) onwards. Metabolic 
and cardiovascular risk factors were defined as the presence 
of at least one of the following: diabetes (pharmacological 
treatment or HbA1c ≥ 6.5%), hypertension, hyperlipidemia, 
history of stroke, history of ischemic cardiac injury, or a 
history of peripheral vascular disease. Furthermore, infor-
mation was collected regarding complications of sAH (i.e., 
hepatic encephalopathy, ascites, infection), laboratory val-
ues, and performance scores (i.e., Child Pugh score, MELD 
score, MDF, CLIF-AD (acute decompensation) score, and 
CLIF-ACLF (acute-on-chronic liver failure) score). The 
MDF is calculated based on the serum bilirubin and the pro-
thrombin time, was developed in 1978, and has traditionally 
been used in guidelines and clinical trials to discriminate 
between moderate and severe AH [17]. The MELD score 
is based on the serum bilirubin, the serum creatinine, and 
the INR [18]. It predicts 3-month survival across liver dis-
eases and is also used to prioritize and stratify patients for 
liver transplantation [18]. Infection was defined as having 
a positive culture of blood, urine, or ascites, having > 250 
polymorphonuclear cells/mm3 in ascites, or having lesions 
on chest radiography compatible with infection. Ascites was 
grouped in three groups: (1) no ascites on ultrasound, (2) 
ascites only on ultrasound, (3) ascites on ultrasound and 
clearly present on a standard clinical examination.

All transjugular liver biopsies were reviewed by an expert 
liver pathologist (T.R), blinded for clinical outcome, to 
assess the presence of cirrhosis, presence of either paren-
chymal or ductular bilirubinostasis, grade of steatosis, poly-
morphonuclear infiltration, ballooning, Mallory bodies, and 
activity score according to the recently published SALVE 
grading system [19].

In the follow-up, information on the use of corticosteroids 
(within 1 month of the biopsy), development of infection, 
development of ACLF (as defined by EASL-CLIF) [20], 
liver transplantation, relapse of alcohol use, and survival 
were collected. Survival was defined as being dead or trans-
planted. Relapse of alcohol use was defined as self-reported 
active drinking at last time of follow-up and was only 
measured for patients with a survival of more than 90 days. 
Response to corticosteroid therapy was assessed at day 7 of 
corticosteroid therapy using the Lille Model [21].
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Statistical Analysis

Data were reported as mean ± standard deviation when nor-
mally distributed and as median with interquartile range when 
not normally distributed. Categorical variables were reported 
as counts and percentage. Group comparisons were performed 
using Student’s t-test, Wilcoxon rank sum test, and Fisher’s 
exact test, according to the type of data. A log-rank test was 
used to compare overall survival. A multivariate linear model 
was performed with age as the dependent variable and sex, 
body mass index (BMI), cirrhosis, and steatosis as the inde-
pendent variables. These independent variables were selected 
based on the results of the comparison between the bariatric 
surgery and non-bariatric surgery group. A univariate logistic-
regression analysis was performed with 90-day survival as the 
dependent variable. Specifically for the relation between the 
Lille score and 90-day survival, the survival was calculated 
with the start date of corticosteroids as day 0. A multivariate 
logistic-regression analysis for 90-day survival was performed 
using age, BS, and MELD score as the independent variables. 
The independent variables were selected based on the results 
of the univariate logistic regression. A two-sided p-value < 0.05 
was considered statistically significant. Statistical analyses were 
performed using the R-software environment (Version 4.0.3).

Results

Characteristics of the Full Cohort of Patients 
with sAH

In total, 158 sAH patients were included, of which 28 (17.8%) 
had a history of bariatric surgery (BS group) and 130 not (non-
BS group). The median follow-up after presentation with sAH 
was 12.2 (2.3–55.2) months. Baseline characteristics of the full 
cohort are listed in Table 1. The mean age of the total group was 
51.1 ± 10.4 years, with 88 (56.1%) males. The median MDF 
was 53.7 (39.3–74.0) and the median MELD score was 24.0 
(21.1–28.0).

Characteristics of Bariatric Surgical Procedures

Of the 28 patients in the BS group, 24 (85.8%) under-
went RYGB, 3 (10.7%) underwent biliopancreatic diver-
sion (BPD), and 1 (3.6%) patient underwent AGB. No 
patients were identified with a history of SG. The mean 
time between the BS and the presentation with sAH was 
8.8 ± 4.0 years. All RYGB procedures were performed 
between 04/2003 and 08/2018. The BPD procedures were 
performed between 07/1998 and 07/2011. The gastric 
banding was performed in 03/2004. The bariatric surgical 
procedures followed earlier published protocols (RYGB 
[22], AGB [22], BPD [23]).

Proportion of Patients with a History of BS Over 
Time

The proportion of patients with BS increased significantly 
over time: 4 (8%) within the first 5 years, 11 (19%) within 
the following 5 years, and 13 (28%) during the last 4 years 
(p = 0.02) of the study inclusion period (Fig. 1). The pro-
portions of patients who underwent RYGB also increased 
significantly over time (supplementary Fig. 1).

Comparison of Baseline Characteristics of the BS 
Group and Non‑BS Group

The patients in the BS group were significantly younger 
at presentation with sAH (44.3 ± 8.1  years versus 
52.4 ± 10.3 years, p < 0.001), were more frequently female 
(19 (70%) versus 50 (38.5%), p = 0.002), and had a higher 
BMI (29.7 ± 4.9 versus 26.6 ± 5.0, p = 0.003) than patients 
without prior BS (Table 1).

No differences were found in the rates of presence of 
metabolic risk factors, complications of cirrhosis at admis-
sion (portal hypertension (i.e., hepato-portal venous pres-
sure gradient > 11 mmHg), ascites, and hepatic encepha-
lopathy), infection, or ACLF (Table 1). Biochemically, no 
differences were found for individual tests (white blood 
cell (WBC) count, bilirubin, protrombine time (PT), albu-
min, creatinine, or C-reactive protein (CRP)), nor for MDF 
or MELD score (Table 1).

Histologically, the patients in the BS group had a sig-
nificantly higher grade of steatosis (p = 0.008) and less 
frequently cirrhosis (p = 0.03) compared to the non-BS 
group (Table 1). No differences were found in ballooning, 
Mallory bodies, polymorphonuclear (PMN) infiltration, 
or bilirubinostasis (parenchymal and ductular) between 
both groups, all markers of disease activity and/or sever-
ity (Table 1).

Using a multivariate linear model, the association 
between age and a history of bariatric surgery remained sta-
tistically significant after correction for sex, BMI, cirrhosis, 
and steatosis (p < 0.001).

A subgroup analysis excluding patients who underwent 
BPD and AGB yielded comparable results (supplementary 
table 1). Only the borderline significant difference in cirrho-
sis between the two groups became insignificant.

Comparison of Disease Course and Survival in the BS 
Group and Non‑BS Group

Response to corticosteroids, measured with the Lille score 
at 7 days, was not different between both groups (Table 2). 
The development of infection or ACLF (for those patients 
without ACLF at baseline) within 90 days was not higher in 
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Table 1  Baseline characteristics in full cohort, BS group, and non-BS group

Full cohort (n = 158) BS group (n = 28) Non-BS group (n = 130) p - value 
(BS vs non-
BS)

Clinical data
Age (years) 51.1 ± 10.4 44.3 ± 8.1 52.4 ± 10.3 p < 0.001
Sex (male) 88 (56.1%) 8 (29.6%) 80 (61.5%) p = 0.002
HVPG > 11 mmHg 143 (92.9%) 24 (85.7%) 119 (94.4%) p = 0.12
Ascites p = 0.89
 Absent 25 (15.8%) 5 (17.9%) 20 (15.4%)
Present on ultrasound 72 (45.6%) 13 (46.4%) 59 (45.4%)
Clinically present 61 (38.6%) 10 (35.7%) 51 (39.2%)
Hepatic encephalopathy p = 0.98
Grade 0 95 (61.0%) 18 (64.3%) 77 (59.2%)
Grade 1 35 (22.2%) 6 (21.4%) 29 (22.3%)
Grade 2 23 (14.6%) 4 (14.3%) 19 (14.6%)
Grade 3 5 (3.2%) 0 (0.0%) 5 (3.8%)
Infection (at baseline) 57 (36.1%) 14 (50%) 43 (33.1%) p = 0.13
BMI 27.1 ± 5.1 29.7 ± 4.9 26.6 ± 5.0 p = 0.003
Metabolic or cardiovascular risk factor 46 (29.1%) 9 (32.1%) 37 (28.5%) p = 0.82
Histological data
Steatosis p = 0.007
 < 5% 18 (11.4%) 0 (0.0%) 18 (14.0%)
5–33% 35 (22.2%) 5 (17.9%) 30 (23.3%)
33–66% 40 (25.3%) 4 (14.3%) 36 (27.9%)
 > 66% 64 (40.5%) 19 (67.9%) 45 (34.9%)
Cirrhosis 156 (98.7%) 26 (92.9%) 130 (100%) p = 0.03
PMN infiltration p = 0.92
Mild 26 (16.6%) 4 (14.3%) 22 (17.1%)
Moderate 46 (29.3%) 9 (32.1%) 37 (28.7%)
Severe 85 (54.1%) 15 (53.6%) 70 (54.2%)
Mallory bodies p = 0.17
Mild 28 (17.7%) 2 (7.1%) 26 (20.0%)
Severe 130 (82.3%) 26 (92.9%) 104 (80.0%)
Ballooning p = 0.47
Mild 14 (8.9%) 1 (3.6%) 13 (10.1%)
Severe 143 (91.1%) 27 (96.4%) 116 (89.9%)
Parenchymal bilirubinostasis 148 (93.7%) 26 (92.9%) 122 (93.8%) p = 0.69
Ductular bilirubinostasis 65 (41.1%) 11 (39.3%) 54 (41.5%) p = 1.00
Activity score (SALVE) p = 1.00
3 4 (2.5%) 0 (0.0%) 4 (3.1%)
4 153 (97.5%) 28 (100%) 125 (96.9%)
Biochemical data
WBC count (10^9/l) 9.6 (5.84–13.5) 10.0 (5.7–13.0) 9.6 (5.9–10.6) p = 0.88
Neutrophil count (10^9/l) 7.0 (3.7–11.1) 7.5 (3.6–10.4) 6.9 (3.7–11.5) p = 0.88
Sodium (mmol/l) 134.4 ± 5.7 134.7 ± 5.5 134.3 ± 5.8 p = 0.78
Creatinine (mg/dl) 0.76 (0.57–1.25) 0.72 (0.56–1.08) 0.78 (0.59–1.25) p = 0.54
Albumin (g/l) 27.6 (24.8–31.3) 27.1 (21.8–31.8) 27.7 (24.9–31.2) p = 0.55
Bilirubin (mg/dl) 12.8 (7.0–22.6) 13.2 (6.2–21.0) 12.8 (7.1–22.9) p = 0.60
PT 20.4 (17.6–24.9) 21.0 (18.1–25.3) 20.2 (17.6–24.1) p = 0.55
CRP (mg/l) 31.3 (13.7–48.7) 21.4 (11.3–43.7) 32.5 (15.4–49.7) p = 0.22
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BS, Bariatric surgery; HVPG, hepato-venous portal gradient; MDF, Maddrey discriminant function; non-BS, non-bariatric surgery; PMN, poly-
morphonuclear; WBC, white blood cells. Significant p-values are marked in bold

Table 1  (continued)

Full cohort (n = 158) BS group (n = 28) Non-BS group (n = 130) p - value 
(BS vs non-
BS)

Scoring systems
MDF 53.7 (39.3–74.0) 56.3 (37.8–75.2) 53.6 (40.6–70.9) p = 0.71
MELD score 24.0 (21.1–28.0) 23.3 (20.7–29.9) 24.0 (21.1–27.6) p = 0.97
CLIF-AD score 58.3 ± 9.5 56.1 ± 10.1 58.7 ± 9.3 p = 0.21
CLIF-ACLF p = 0.37
Grade 0 94 (59.5%) 15 (53.6%) 79 (60.8%)
Grade 1 18 (11.4%) 5 (17.9%) 13 (10.0%)
Grade 2 31 (19.6%) 7 (25.0%) 24 (18.5%)
Grade 3 15 (9.5%) 1 (3.6%) 14 (10.8%)

Fig. 1  Patients in the bariatric 
surgery group per time-interval

Table 2  Comparison of disease 
course and survival in BS group 
versus non-BS group

ACLF, Acute-on-Chronic Liver Failure; BS, bariatric surgery; LTX, liver transplantation; non-BS, non-bar-
iatric surgery

BS group (n= 28) Non-BS group (n = 130) p-value

Received corticosteroids 19 (67.9%) 86 (66.2%) p = 1.00
Lille score 0.11 (0.07–0.42) 0.27 (0.12–0.60) p = 0.23
Corticosteroid response 14 (73.7%) 56 (65.9%) p = 0.60
Infection at 90d 19 (67.9%) 84 (64.6%) p = 0.83
ACLF at 90d 4 (26.7%) 30 (38.0%) p = 0.56
Active alcohol use at last FU 10 (41.7%) 37 (43.0%) p = 1.00
LTX at last FU 4 (14.3%) 11 (8.5%) p = 0.31
28-day survival 27 (96.4%) 118 (90.8%) p = 0.47
90-day survival 24 (85.7%) 90 (69.8%) p = 0.10
1-year survival 13 (54.2%) 67 (54.5%) p = 1.00
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patients with a prior BS (Table 2). Furthermore, relapse of 
self-reported alcohol use at last follow-up was also compa-
rable between both groups (Table 2). Lastly, mortality was 
not significantly different at 28 days, 90 days, 1 year, or at 
last follow-up (p = 0.40) (Table 2). We specifically assessed 
variables associated with 90-day survival, given that most 
of the clinical improvement from sAH occurs within the first 
3 months (Table 3) [24]. In the univariate analysis, age, cre-
atinine, bilirubin, PT, MDF, MELD score, and CLIF-ACLF 
grade were negatively associated with 90-day survival, but 
a history of bariatric surgery was not. Specifically in the 
patients treated with corticosteroids, the Lille score (as a 
measure of response to corticosteroids) was highly corre-
lated with survival (OR 0.46, 95%CI 0.36–0.59, p < 0.001). 
Due to the fact that multiple variables assessed in the univar-
iate analysis were not independent (e.g., bilirubin and MDF), 
we only assessed MELD score (the score most strongly cor-
related with survival), age, and bariatric surgery (as variable 
of interest) in the multivariate analysis. In this multivariate 
analysis, age and MELD score remained significantly and 
negatively correlated with 90-day survival (Table 3).

A subgroup analysis excluding patients who underwent 
BPD and AGB yielded comparable results (supplementary 
table 2 and 3).

Discussion

While bariatric surgery is a clear risk factor for AUD [1–3], 
there is less information about the association of bariatric 
surgery and ALD. Furthermore, it is unclear whether sAH 
patients with a history of BS are phenotypically different 
from those without prior BS. In this study, it is shown that 

the rate of prior BS in sAH patients is increasing over time 
and that a history of BS in sAH patients is independently 
associated with a younger age at presentation. However, 
prior BS is not independently associated with a different 
disease severity and outcome in patients with sAH.

sAH patients with a history of BS were almost a decade 
younger at presentation. This in combination with the three-
fold increase in the proportion of sAH patients with prior BS 
over the last 15 years, reaching 28% in the last 4 years of the 
study period, underscores the relevance of these findings. 
The increase in the proportion of sAH patients with prior 
BS can partly be explained by the increase of the number of 
bariatric surgeries (+ 80% between 2010 and 2017 in Bel-
gium) [25]. RYGB remains an efficient and popular type of 
BS, and it was the most performed bariatric procedure in 
the University Hospitals Leuven and Belgium during most 
of the study period (63–67% between 2009 and 2017) [25]. 
Sleeve gastrectomy on the other hand is a relatively newer 
procedure, which only accounted for 10% of all BS pro-
cedures in 2009, and has since then steadily increased to 
more than 35% in 2017 [25]. In line with these data and 
the observed lag time of 8 years after BS to develop sAH, 
the vast majority (85.8%) of sAH patients in the BS group 
underwent RYGB, and no patients had sleeve gastrectomy.

There are several possible explanations for the relation 
between bariatric surgery and the development of ALD, 
of which anatomic alterations leading to altered alcohol 
metabolism are probably the most important one. RYGB 
results in rapid alcohol absorption through direct dumping of 
alcohol in the jejunum. In addition, due to the loss of gastric 
alcohol dehydrogenase, a part of alcohol metabolism is lost. 
This results in faster and higher peak serum alcohol levels 
in RYGB [26–28], which might put the patient at increased 

Table 3  Variables predicting 
90-day survival

Data presented as odds ratio (95% CI interval); MDF, Maddrey discriminant function; PT, prothrombin 
time. Significant p-values are marked in bold

Univariate analysis p-value Multivariate analysis p-value

Age 0.99 (0.98–0.99)  < 0.001 0.98 (0.98–0.99)  < 0.001
Bariatric surgery 1.15 (0.96–1.38) 0.10 1.04 (0.88–1.23) 0.623
Sex 1.00 (0.87–1.15) 0.96
BMI 0.99 (0.98–1.01) 0.34
Infection 0.97 (0.84–1.12) 0.68
Portal hypertension 0.92 (0.75–1.12) 0.40
PMN infiltration 0.98 (0.89–1.08) 0.67
Cirrhosis 1.27 (0.69–2.36) 0.44
Creatinine 0.90 (0.84–0.98) 0.01
Bilirubin 0.99 (0.98–0.99) 0.002
PT 0.99 (0.98–0.99) 0.004
MDF 0.99 (0.99–0.99)  < 0.001
MELD score 0.98 (0.97–0.99)  < 0.001 0.98 (0.97–0.98)  < 0.001
CLIF-ACLF grade 0.89 (0.83–0.94)  < 0.001
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and accelerated risk for developing liver damage in case of 
prolonged excessive alcohol use. In contrast, AGB and SG 
both preserve (at least partially) gastric alcohol dehydroge-
nase function and do not bypass a part of the small bowel, 
which also might explain the lack of SG patients in the 
cohort. In addition, patients who undergo BS are at risk for 
having metabolic-associated fatty liver disease (MAFLD). 
In combination with AUD, MAFLD can be a contributive 
factor leading to ALD and possibly sAH [3]. Lastly, central 
nervous system changes after bariatric surgery, such as an 
increased reward sensitivity for alcohol, can also contribute 
to the increased risk of AUD and ALD [29]. Overall, these 
findings indicate the need for increased awareness for AUD 
and ALD in patients who have had BS and in particular 
RYGB. A pre-operative alcohol addiction screening as part 
of a comprehensive psychological assessment is important 
and is already a requirement for reimbursement of the BS 
procedure since 2007 in Belgium [30]. Furthermore, the 
multiple year lag time between BS and the development of 
sAH indicates the need for follow-up and awareness also 
beyond the immediate post-operative period.

In the University Hospitals Leuven, and in all the associ-
ated hospitals, BS is not performed in patients with active 
AUD. BS is only performed after careful multidisciplinary 
consideration, including specific validated questionnaires 
(AUDIT) and extensive interviewing by psychologist, dieti-
cian, and physician. All patients in this cohort had an active 
AUD at presentation or became abstinent only recently 
(within 3 months). The data about the amount of alcohol 
used at presentation with sAH cannot be considered a reli-
able marker for the amount of alcohol used in the years 
between the BS procedure and the presentation with sAH, 
and was therefore not included in the statistical analysis. Due 
to the design of this study, there is no data about the dura-
tion, patterns, and exact levels of alcohol use in the period 
before the BS procedure and in the period between the BS 
procedure and presentation with sAH. Therefore, it is not 
possible to determine if AUD developed before or after the 
bariatric surgery and no definite conclusions can be made 
concerning pathophysiology underlying the age difference 
between the BS and non-BS group at presentation with sAH.

The higher rate of females within the BS group com-
pared with the non-BS group can be explained by the fact 
that BS is predominantly performed in women (71.3% in 
Belgium, 77.1% worldwide) [25, 31]. The fact that women 
are more prone than men to developing ALD in the pres-
ence of AUD might be a contributive factor [32]. No dif-
ferences were found in disease severity (clinically or his-
tologically) or response to corticosteroids between the BS 
and non-BS group. Both the histological grade of steatosis 
on liver biopsy and the BMI were significantly higher in the 
BS group. This might be a reflection of co-incident MAFLD 
in these patients with prior BS, supporting the idea that 

co-incident MAFLD could be a contributing factor to the 
development of ALD in these patients. On the other hand, 
the presence of other systemic metabolic risk factors was 
similar between both groups. Nevertheless, it is important 
to note that even in patients with ALD and MAFLD, ALD 
is the primary driver of liver damage [33]. Of note, the asso-
ciation between a history of BS and younger age at sAH 
presentation was independent from the histological grade 
of steatosis and BMI. Differences in levels of patterns of 
alcohol use as steatogenic factor might be another explana-
tion for the observed difference.

While specific data on the impact of BS on presentation 
and outcome of sAH are not published to date, a recent study 
found that patients with prior BS listed for transplantation 
due to alcohol-related liver cirrhosis were significantly 
younger than those without. Somewhat in contrast with 
the findings in this study, listed ALD patients with prior 
BS had a more severe decompensation at presentation and 
a shorter interval between diagnosis and transplantation 
[11]. However, only a limited number of patients with prior 
BS (n = 11) were included in this study. The fact that their 
patient population was only recruited at the moment of list-
ing for transplantation also makes these findings susceptible 
for selection bias.

BS was not an independent risk factor for mortality in this 
study, in contrast to the established risk factors age, severity 
of liver disease (MDF, MELD, CLIF-ACLF), and the Lille 
score [21, 34]. A trend to a better survival in sAH patients 
with prior BS was observed at 90 days (85.7% vs 69.8%, 
p = 0.10). It is possible that this observation might become 
statistically significant in larger cohort or multicenter stud-
ies. However, this potential better survival at 90 days seems 
to be driven by their younger age. In multivariate analysis, 
correcting for the observed age difference between patients 
with and without prior BS, this trend to better survival at 
90 days was lost. The observation that survival is similar in 
patients with and without BS at the same age is also impor-
tant for pharmacological trial design and randomization, in 
particular given the relatively high and increasing proportion 
of patients with sAH and prior BS.

Although strict clinical and histological diagnostic cri-
teria were applied and patients were treated according to 
current guidelines, this novel data concerning increase in 
proportion of patients presenting with sAH and prior BS 
and their significantly younger age need to be validated in 
external cohorts. Finding significant differences in survival 
of sAH patients remains a particular challenge, since very 
large cohorts are needed for sufficient power [24] .

In conclusion, the proportion of sAH patients with prior 
BS increased significantly in our cohort. These patients are 
significantly younger at presentation suggesting an acceler-
ated disease course to sAH, but have a similar disease sever-
ity. These findings indicate the need for early detection of 
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AUD in order to prevent sAH in patients who underwent BS 
and that these patients should not be excluded from clinical 
trials. Prospective studies from the timepoint of different 
types of BS are needed to decipher the exact risk factors 
and related pathophysiology leading to ALD and sAH in 
these patients.
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