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Summary
BACKGROUND AND AIMS: Non-alcoholic fatty liver dis-
ease (NAFLD) is now the first cause of chronic liver dis-
ease in developed countries. We aimed to assess trends 
in the prevalence of obesity, type 2 diabetes mellitus 
(T2DM) and NAFLD in patients undergoing liver transplan-
tation evaluation and to assess whether obese patients 
were less likely to be listed or had an increased drop-
out rate after listing.

METHODS: We conducted a retrospective study of all 
consecutive patients who underwent liver transplan-
tation evaluation at a Swiss tertiary referral centre 
between January 2009 and March 2020.

RESULTS: A total of 242 patients were included, 83%
were male. The median age was 59 years (I QR, 51–64 
years). The most common causes of end-stage liver dis-
ease were viral hepatitis (28%), alcoholic liver disease 
(21%) and NAFLD (12%). Obesity was present in 28% of 
our cohort, with a significant increase over time. Preva-
lence of type 2 diabetes mellitus followed the same trend 
(p = 0.02). The proportions of non-listed and listed obese 
patients did not differ (21% vs. 30% respectively; p = 0.3).

CONCLUSIONS: The prevalence of obesity and type 2 di-
abetes mellitus significantly increased over our study pe-
riod. Obese patients had similar chances of being listed. 
The landscape of liver transplantation indications is 
shifting towards NAFLD, highlighting the urgent need to 
prevent NAFLD progression.

Introduction

The prevalence of obesity has increased at an alarming 
pace over the last four decades. Once a relatively minor 
public health issue, overnutrition and obesity have become

a major threat, and it is estimated that at least one third of
the world’s adult population is now overweight or obese
[1]. It is predicted that the prevalence of severe obesity will
continue to increase and that by 2030 nearly one in two
adults in the United States will be obese [2].

The global epidemic of obesity is also reflected among sol-
id organ transplant recipients. In the renal transplant pop-
ulation, the proportion of recipients with a body mass in-
dex (BMI) ≥30 kg/m2 has doubled every 15 years [3, 4].
Similar observations have been made in the liver transplant
populations in North America and in Europe [5–7].

Obesity, defined as a BMI ≥30 kg/m2 by the World Health
Organization (WHO), is the most common risk factor for
the development of non-alcoholic fatty liver disease
(NAFLD), followed by type 2 diabetes mellitus [8, 9]. The
clinical spectrum of NAFLD ranges from simple steato-
sis to the more aggressive non-alcoholic steatohepatitis
(NASH), which can eventually progress to advanced fibro-
sis and cirrhosis [10]. Whereas chronic hepatitis C clas-
sically dominated the indications for liver transplantation
in Europe and North America, the advent of direct-acting
antivirals has dramatically changed the landscape of liver
transplantation. In the meantime, NAFLD has become the

ABBREVIATIONS

ALP alkaline phosphatase

ALT alanine aminotransferase

BMI body mass index

GGT gamma-glutamyl transferase

HCV hepatitis C virus

MELD model for end-stage liver disease

NAFLD non-alcoholic fatty liver disease

NASH non-alcoholic steatohepatitis

Correspondence: 
Montserrat Fraga, MD 
Division of Gastroenterolo-
gy and Hepatology 
Lausanne University 
Hospital
Rue du Bugnon 44
CH-1011 Lausanne 
Montserrat.Fra-
ga[at]chuv.ch

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)”.
No commercial reuse without permission. See https://smw.ch/permissions

Page 1 of 8



most common chronic liver disease in many developed 
countries [11–14].

In parallel with the development of cirrhosis in patients 
with NASH, obesity also contributes significantly to the 
burden of hepatocellular carcinoma, as recently highlight-
ed by several large-scale epidemiological studies [15]. A 
worrisome feature is that hepatocellular carcinoma can 
even develop in individuals with NAFLD who do not have 
advanced liver fibrosis or cirrhosis [16, 17].

Obesity and NAFLD are also known to be associated with 
increased cardiovascular morbidity which, in turn, may 
preclude listing for liver transplantation [18]. Notably, the 
American Association for the Study of Liver Diseases 
(AASLD) and the American Society of Transplantation 
have proposed that a BMI >40 kg/m2 should represent a 
relative contraindication to liver transplantation [19]. In-
deed, morbid obesity, defined as a BMI ≥40 kg/m2, was re-
ported as an independent predictor of drop-out and death in 
liver transplantation candidates [20, 21].

Here, we first aimed to assess the trends in the prevalences 
of obesity, type 2 diabetes mellitus and NAFLD in patients 
undergoing liver transplantation evaluation at Lausanne 
University Hospital between January 2009 and March 
2020. Second, we hypothesized that access to liver trans-
plantation was impaired in obese patients, for instance be-
cause of the presence of other major comorbidities or be-
cause of the challenge of the surgical procedure in obese 
patients. Therefore, we assessed whether grade II (BMI 
≥35 kg/m2) and grade III (BMI ≥40 kg/m2) obese patients 
were less likely to be listed or had an increased drop-out 
rate from the waiting list.

Methods

Study population and design

This is a retrospective study analyzing medical data from 
the Division of Gastroenterology and Hepatology of Lau-
sanne University Hospital, a tertiary referral centre in 
Switzerland with more than 10,000 outpatient consulta-
tions per year. All patients who underwent a formal 
workup for liver transplantation at the Lausanne University 
Hospital between January 2009 and March 2020 were in-
cluded in this study, whether they had been grafted or not 
at the end of the evaluation period.

After identifying all patients fulfilling our inclusion crite-
ria, we reviewed electronic medical records and medical 
archives. Data extraction and coding was performed man-
ually from September 2020 to January 2021.

In our centre, patients are referred for liver transplantation 
evaluation by primary care providers, as well as gastroen-
terologists and other specialists in private practice or re-
gional hospitals. They are then initially evaluated at the 
outpatient hepatology unit. In cases of advanced cirrhosis, 
patients are evaluated at the inpatient service.

Formal eligibility for liver transplantation is afterwards 
discussed at a multidisciplinary meeting, including hepa-
tologists, transplant surgeons, anaesthesiologists radiolo-
gists and psychiatrists, for every patient with end-stage 
liver disease, hepatocellular carcinoma or other rare indi-
cations, in accordance with standard and commonly ap-
plied criteria [22, 23].

In the case of a favourable evaluation by this multidis-
ciplinary team, patients are then hospitalized for an ex-
tensive assessment to rule out any medical or psychiatric
contraindication to liver transplantation. This workup is
performed a few weeks prior to listing and systematically
includes an extensive cardiopulmonary assessment, includ-
ing an evaluation of cardiovascular risk factors, and a nu-
tritional evaluation, including BMI calculation.

Inclusion criteria for this study were: (1) age >18 years,
(2) patients with a complete liver transplantation evalua-
tion. Exclusion criteria were: (1) patients assessed for liver
transplantation in the setting of acute liver failure, (2) pa-
tients assessed for retransplantation in the setting of graft
dysfunction, (3) candidates for multi-organ transplantation
and (4) patients who were lost to follow-up.

Ethical approval: This study was approved by the “Com-
mission cantonale d’éthique de la recherche sur l’être hu-
main” (CER-VD) on November 28, 2019 (protocol num-
ber 2019-01728).

Baseline evaluation

Demographic, clinical and laboratory data were obtained
from electronic medical records and medical archives. De-
mographic data were assessed at baseline and included sex,
age and origin. Clinical data, such as BMI, and comor-
bidities, such as type 2 diabetes mellitus, hypertension and
dyslipidaemia, were retrieved from the first inpatient eval-
uation for liver transplantation. Grade I, II and III obesity
were defined by BMI ≥30, ≥35 and ≥40 kg/m2 respective-
ly, according to World Health Organization definitions [9].

Subjects were considered as having metabolic syndrome if
they fulfilled the diagnostic criteria defined by the Amer-
ican Heart Association (AHA) and the National Heart,
Lung, and Blood Institute (NHLBI) [24].

Laboratory parameters were retrieved from the first visit
for liver transplantation evaluation. These included sodi-
um, alanine aminotransferase, gamma-glutamyl trans-
ferase, alkaline phosphatase, total bilirubin, albumin, crea-
tinine, prothrombin time and international normalized ratio
(INR). Liver function was also assessed and included
Child-Pugh score, model for end-stage liver disease
(MELD) score and MELD-Na score.

Assignment of chronic liver disease aetiology

Aetiology of chronic liver disease was assessed for each
patient based on medical records and liver histology to en-
sure assignment to the correct group. Six groups were de-
fined: (1) chronic viral hepatitis (chronic hepatitis B, D
and C), (2) alcoholic liver disease, defined as alcohol in-
take >30 g/day for men and >20 g/day for women, (3)
NAFLD, (4) mixed aetiologies including a NAFLD com-
ponent (e.g. patient with chronic HCV and NAFLD), (5)
mixed aetiologies without a NAFLD component (e.g. al-
coholic liver disease combined with chronic HCV) and (6)
other causes, including auto-immune liver diseases (au-
to-immune hepatitis, primary biliary cholangitis, primary
sclerosing cholangitis, overlap syndromes) and rare causes
(e.g. Wilson’s disease, vascular liver disease, transthyretin
amyloidosis).

Every patient assessed for liver transplantation in our cen-
tre underwent a transjugular liver biopsy. NAFLD was di-

Original article Swiss Med Wkly. 2022;152:w30138

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)”.
No commercial reuse without permission. See https://smw.ch/permissions

Page 2 of 8



agnosed based on the criteria defined by the European
Association for the Study of the Liver’s (EASL) Clinical
Practice Guidelines for the management of NAFLD [25].
Patients with cirrhosis in the presence of two or more
metabolic risk factors (diabetes, obesity, dyslipidaemia and
hypertension) and in the absence of other causes of chronic
liver disease were assigned to the NAFLD group. Impor-
tantly, all patients in our study underwent a formal histo-
logical assessment. A NAFLD diagnosis was systematical-
ly supported by histology after exclusion of other chronic
liver diseases.

Follow-up evaluation

All patients included in the present study benefited from
a regular medical follow-up at our outpatient hepatology
clinic. Follow-up data were retrieved from consultation
files and included: (1) laboratory data, MELD and Child-
Pugh scores; (2) liver-related complications, such as
episodes of decompensation or hepatocellular carcinoma;
and (3) non-liver-related complications, such as extrahep-
atic neoplasia, cardiovascular events or death. Figure 1 il-
lustrates a patient's medical course from initial assessment
to liver transplantation.

The date of evaluation at our centre, the transplant listing
date, the date and reasons for delisting (hepatocellular car-
cinoma progression, extrahepatic neoplasia, comorbidities
and other causes, death) and the date of liver transplanta-
tion were recorded.

Figure 1: Patient flow chart. Illustration of a patient's medical
course from initial assessment to liver transplantation. Reasons for
exclusion and for drop-out preceding listing and liver transplanta-
tion are detailed. liver transplantation, liver transplantation; ALF,
acute liver failure; FU, follow-up

Statistical analyses

Continuous variables were expressed as median and in-
terquartile range (IQR). Categorical variables were de-
scribed as frequency and percentage. The distribution of 
patient characteristics was compared between five time 
periods (2009–2011, 2012–2013, 2014–2015, 2016–2017 
and 2018

Continuous variables were expressed as median and in-
terquartile range (IQR). Categorical variables were de-
scribed as frequency and percentage. The distribution of 
patient characteristics was compared between five time 
periods (2009–2011, 2012–2013, 2014–2015, 2016–2017 
and 2018 – March 2020) using the chi-square test. The 
drop-out curves at two years were estimated using the Ka-
plan-Meier method, calculated with a 95% confidence in-
terval (CI), and compared across the different groups us-
ing the log-rank test. Univariate and multivariate analyses 
of variables associated with non-listing or drop-out after 
placement on the waiting list were performed using logis-
tic regression and the results were reported as odds ratios 
(ORs) and 95% CIs. Covariates with p ≤0.1 in the uni-
variate regression model and obesity were retained for a 
multivariable analysis. The significance level was set at 
0.05 with a two-sided test. All statistical analyses were per-
formed using NCSS 2011 software.

Results

Table 1 summarizes the demographic, clinical and labora-
tory characteristics of the patients included in the analy-
sis. From January 2009 to March 2020, 266 adult patients 
were formally assessed for liver transplantation at Lau-
sanne University Hospital. Twenty-four patients were ex-
cluded from the analysis for the following reasons: acute 
liver failure (n = 6), multiorgan transplant (n = 9), retrans-
plantation for allograft dysfunction (n = 5) and lost to fol-
low-up (n = 4).

Of the remaining 242 patients, 201 (83%) were male and 
the median age was 59 years (IQR, 51-64 years; range, 
18–75 years). The vast majority (89%) were of Caucasian 
origin, 6% were of African origin, 3% were of Asian origin 
and 2% were of Hispanic origin.

The number of patients evaluated for liver transplantation 
during each defined time period increased markedly, from 
29 in 2009-2011 to 91 in 2018-2020 (+310%). The most 
common cause of end-stage liver disease in our cohort was 
viral hepatitis (28%), followed by NAFLD alone or com-
bined (22%) and alcoholic liver disease (21%) (table 1). 
The distribution of the causes of end-stage liver disease 
changed significantly over the five time periods (p = 
0.0006). Indeed, the proportion of patients with viral he-
patitis as an indication for liver transplantation declined 
over time, from 32% to 14%, while the proportions of pa-
tients with alcoholic liver disease and NAFLD increased 
from 8% to 25% and from 8% to 38% respectively (figure 
2).

Sixty-eight patients (28% of the study population) were 
obese as defined by a BMI >30 kg/m2, with grade II and 
III obesity in 28% of those 68. The highest BMI among 
patients evaluated for liver transplantation was 43 kg/m2. 
BMI was not available for two patients. Notably, only 12%
of the patients were obese in the 2009–2011 period, where-
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as this proportion increased to 34% in the most recent ob-
servation period, i.e. 2018-2020 (figure 3).

Eighty-two patients had a diagnosis of type 2 diabetes mel-
litus (34%), 41 (17%) of whom were insulin-dependent.
The prevalence of diabetes significantly increased over
time (p = 0.02) (figure 4). Metabolic syndrome was present
in 40 patients (17% of our study population).

Of the 242 patients assessed for liver transplantation, 203
patients [60 (30%) obese patients] were listed and 112 pa-
tients [35 (31%) obese patients] underwent liver transplan-
tation (table 2). In the univariate analysis, none of the vari-
ables – including BMI and obesity – were associated with
not being listed (supplementary table 1).

Similarly, none of the variables included in the univariate
and multivariate analyses were independently associated
with drop-out after listing (Supplementary Table 2). When
analyzing drop-out-free survival, there was no significant
difference between obese and non-obese patients (64% vs.

Table 1:
Demographic and clinical characteristics of patients at liver transplan-
tation assessment (n = 242). Obesity grades and metabolic syndrome
are defined according to WHO definitions [9, 40].

Male, n (%) 201 (83)

Female, n (%) 41 (17)

Age (years), median (IQR) 59 (51–64)

Caucasian, n (%) 215 (89)

African, n (%) 15 (6)

Asian, n (%) 8 (3)

Hispanic, n (%) 4 (2)

Aetiology of chronic liver disease

– Viral hepatitis, n (%) 67 (28)

– Alcoholic liver disease, n (%) 52 (21)

– NAFLD, n (%) 30 (12)

– Mixed aetiologies with a NAFLD component,
n (%)

23 (10)

– Mixed aetiologies without a NAFLD compo-
nent, n (%)

29 (12)

– Other, n (%) 41 (17)

BMI (kg/m2), median (IQR) 26 (24–31)

Obesity

– Obesity grade I, n (%) 49 (20)

– Obesity grade II, n (%) 15 (6)

– Obesity grade III, n (%) 4 (2)

– Total, n (%) 68 (28)

Cardiovascular risk factors

– Type 2 diabetes mellitus, n (%) 82 (34)

– Arterial hypertension, n (%) 91 (38)

– Dyslipidaemia, n (%) 42 (18)

– Metabolic syndrome, n (%) 40 (17)

Child-Pugh score in cirrhotic patients (n = 236)

– A, n (%) 197 (84)

– B, n (%) 29 (12)

– C, n (%) 10 (4)

Hepatocellular carcinoma, n (%) 115 (48)

Hepatocellular carcinoma as indication for liver
transplantation, n (%)

111 (46)

Laboratory parameters, median (IQR)

– Total bilirubin (µmol/l) 27 (2–703)

– Albumin (g/l) 36 (21–51)

– Creatinine (µmol/l) 78 (40–464)

– Prothrombin time (%) 65 (11–120)

– INR 1 (1–3)

MELD score, median (IQR) 12 (6–40)

MELD-Na score, median (IQR) 14 (6–62)

68% respectively; p = 0.9) (figure 5). Reasons for drop-out
are given in Table 2. The proportions of non-listed and list-

Figure 2: Aetiology of liver disease among patients evaluated for
liver transplantation between January 2009 and March 2020. Fre-
quency of liver disease causes (y axis, %) among patients evaluat-
ed for liver transplantation is represented by continuous lines over
time. The numbers of patients (x axis, n) evaluated for liver trans-
plantation for each time period are represented by columns. Fre-
quencies of liver disease aetiologies were compared between five
time periods using the chi-square test (p = 0.0006). ALD, alcoholic
liver disease; NAFLD, non-alcoholic fatty liver disease

Figure 3: Evolution of BMI distribution over time in patients evalu-
ated for liver transplantation. Distribution of body mass index (BMI)
classes among patients evaluated for liver transplantation (y axis)
is represented by histograms over the five time periods (x axis).
Obesity was classified as Grade I (BMI ≥30 kg/m2), grade II (BMI
≥35 kg/m2) or grade III (BMI ≥40 kg/m2). Frequencies of BMI class-
es were compared between five time periods using the chi-square
test (p = 0.4). (*,**) two BMI values were missing.

Figure 4: Evolution of type 2 diabetes mellitus prevalence over
time. Frequency of type 2 diabetes mellitus among patients evalu-
ated for liver transplantation (y axis) over time (x axis) is represent-
ed by columns and was compared using chi-square tests (p =
0.02).
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ed obese patients was not significantly different (21% vs.
30%. p = 0.3) (figure 5).

Hepatocellular carcinoma represented the primary indica-
tion for liver transplantation in approximately half of our
cohort (46%). This proportion remained stable throughout
the study period. Importantly, underlying chronic liver dis-
ease among patients with hepatocellular carcinoma
evolved significantly over time, with increasing prevalence
of NAFLD among patients with hepatocellular carcinoma
(p = 0.03) (figure 6).

Discussion

We retrospectively assessed indications for liver transplan-
tation in a tertiary referral centre in Switzerland over the
last decade. More specifically, we focused our analysis
on the evolution of the prevalence of obesity, type 2 dia-
betes mellitus and NAFLD among patients referred for liv-
er transplantation evaluation from January 2009 to March
2020.

Table 2:
Follow-up of patients after first assessment for liver transplantation (n
= 242).

Follow-up (days), median (IQR) 689 (238–1,656)

Time from assessment to listing (days), median
(IQR)

59 (31–93)

Time from listing to liver transplantation (days),
median (IQR)

362 (194–454)

Patients still on the waiting list, n (%) 48 (20)

Patients transplanted, n (%) 112 (46)

Patients dropped out from the transplant pro-
gram, n (%)

82 (34)

– Drop-out before listing, n (%) 39 (16)

– Drop-out while on waiting list, n (%) 43 (18)

Reason for drop-out while on waiting list

– Death, n (%) 23 (53)

– Hepatocellular carcinoma progression, n (%) 9 (21)

– Other malignancy*, n (%) 3 (7)

– Comorbidities**, n (%) 4 (9)

– Other, n (%) 4 (9)

* Colorectal cancer, urothelial carcinoma and pulmonary adenocarcino-
ma
** Advanced pulmonary sarcoidosis, severe emphysema and severe
pulmonary arterial hypertension

Figure 5: Drop-out curves for obese and non-obese patients over
time. The drop-out rate (y axis) over time (x axis) was compared
between obese and non-obese patients using the log-rank test and
did not differ statistically between the two groups (p = 0.9). Results
are represented by a Kaplan–Meier curve. Drop-out includes
delisted patients or death while on the waiting list

First, our study demonstrates that the landscape of liver
transplantation indications is shifting towards NAFLD in
Switzerland, as predicted in a recent modelling study and
described in other countries [11, 26, 24, 28]. By the end
of the study period, the prevalence of NAFLD in patients
evaluated for liver transplantation had surpassed the preva-
lence of chronic hepatitis B and C, as well as of alcoholic
liver disease. Indeed, during the most recent study period,
i.e. between January 2018 and March 2020, NAFLD and
mixed chronic liver diseases with a NAFLD component
represented nearly 40% of the patients assessed for liver
transplantation. This may be explained by the fact that
viral hepatitis-related indications for liver transplantation
declined over time, especially following the introduction
of potent direct-acting antiviral therapies to treat chronic
hepatitis C, and also by the obesity and metabolic syn-
drome epidemics of recent decades.

Importantly, all patients evaluated for liver transplantation
were included in our cohort and not only those who un-
derwent liver transplantation. One main reason for this ap-
proach was to assess whether NAFLD is even more fre-
quent among patients evaluated for liver transplantation
than among those who were transplanted. Thus, we hy-
pothesized that these patients could have an increased risk
of not being listed or of drop-out from the liver transplanta-
tion waiting list, for instance because of increased cardio-
vascular or oncological risk [15, 29, 30]. Indeed, the car-
diovascular and oncological risks associated with obesity
are known to be further increased post-liver transplantation
[31]. Moreover, morbid obesity has been reported as an
independent predictor of death and drop-out among liver
transplantation candidates [21]. Based on these considera-
tions, the American Association for the Study of Liver Dis-
eases advises against liver transplantation in patients with
grade III obesity, whereas the European Association for the
Study of the Liver recommends multidisciplinary evalua-
tion in patients with grade II obesity [19, 22]. In our cohort,
no patient was denied access to liver transplantation evalu-
ation and listing based solely on their BMI. Drop-out rates
in grade II to III obese patients were equivalent to those in
non-obese patients in our centre, and thus in contradiction

Figure 6: Causes of chronic liver disease among patients with he-
patocellular carcinoma (HCC). Proportions of different chronic liver
disease aetiologies among patients with hepatocellular carcinoma
evaluated for liver transplantation (y axis, %) are represented by
columns over five time periods (x axis, year). The distributions of
different aetiologies varied significantly over time (p = 0.03)
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with recently published data reporting increased drop-out
rates in patients with BMIs >40 kg/m2 [21].

We acknowledge that our study has some limitations, par-
ticularly regarding the comparison of drop-out rates in
obese vs. non-obese patients evaluated for liver transplan-
tation. Our cohort is relatively small, and further investiga-
tions will require a multicentre and a prospective extension
of our study. It is also possible that some obese patients
with criteria for liver transplantation assessment were not
referred to our centre, as it is known that stigma associated
with obesity negatively impacts on quality of care and out-
comes [32]. Secondly, weight loss, malnutrition and sar-
copenia affect up to 60% of cirrhotic patients [33]. Thus, it
is possible that the obesity burden among our patients may
have been underestimated.

Increased morbidity after surgery is well documented in
obese patients [34]. The outcome of obese patients after
liver transplantation is an important question that goes be-
yond the scope of our analysis and will have to be ad-
dressed in future studies. Recent data from the European
Liver Transplant Registry (ELTR) suggest that survival of
patients and grafts in patients with NASH is comparable to
that of patients transplanted for other indications [35].

We report that the worldwide epidemic of obesity has a
direct impact on the characteristics of the liver transplan-
tation waiting list population in Switzerland. Epidemio-
logical data in Switzerland show increasing numbers of pa-
tients requiring liver transplantation over the last decade
[36]. Considering the increasing prevalence of NAFLD
and obesity, this trend is likely to continue in the coming
years and to further impact on organ shortages. Based on
our observations, we advocate for the improvement and
implementation of multidisciplinary strategies to screen
for and treat NAFLD in order to prevent liver fibrosis pro-
gression.

There are currently few therapeutic alternatives for obesity,
with bariatric surgery remaining one of the main options.
This procedure was linked to the resolution of NASH in up
to 85% of patients, with improved histological features at
one year [37, 38]. It is indeed a recognized therapeutic op-
tion for obese patients with NASH who do not respond to
lifestyle modifications.Bariatric surgery at the time of liver
transplantation or in the postoperative course has the po-
tential not only to improve obesity‐related conditions such
as diabetes, but also to reduce the incidence of de novo
NASH of the allograft [39]. In the face of the increasing
prevalence of obesity among patients evaluated for liver
transplantation, bariatric surgery should be considered and
discussed at earlier stages in order to prevent further pro-
gression of liver disease and, in consequence, the need for
liver transplantation.

Conclusion

This study confirms the changing landscape of indications
for liver transplantation and highlights the many chal-
lenges that lie ahead, including the implementation of early
multidisciplinary strategies to treat obese patients in order
to prevent NAFLD progression and its consequences. Fi-
nally, because of a similar pre-liver transplantation drop-
out rate in obese and non-obese patients, we encourage
care providers to refer obese patients needing liver trans-

plantation for a proper assessment and not to preclude
them from access to liver transplantation solely based on
their BMI.
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Appendix: supplementary tables

Supplementary table 1:
Univariate analysis of variables associated with non-listing.

Univariate analysis

Covariant OR 95% CI p value

Male gender 0.92 0.66–1.76 0.52

Age 0.99 0.96–1.03 0.81

BMI 1.01 0.95–1.09 0.63

Obesity 1.58 0.66–3.65 0.26

Type 2 diabetes mellitus 0.75 0.49–2.12 0.95

Arterial hypertension 1.90 0.89–4.21 0.12

Metabolic syndrome 1.38 0.50–3.99 0.52

Aetiology of chronic liver disease

– Viral hepatitis 1.15 0.92–1.43 0.21

– Alcoholic liver disease 0.84 0.60–1.18 0.32

– NAFLD and mixed aetiologies with NAFLD 1.21 0.88–1.53 0.44

– Mixed aetiologies without a NAFLD component 1.15 0.84–1.32 0.30

– Other 1.45 0.43–2.99 0.59

Hepatocellular carcinoma as indication for liver transplantation 1.36 0.67–3.74 0.38

Child-Pugh score 1.14 0.95–1.36 0.15

MELD score 1.04 0.98–1.10 0.12

Time period

– 2009–2011 1.01 0.36–2.77 0.98

– 2012–2013 1.90 0.38–9.44 0.42

– 2014–2015 1.17 0.31–4.42 0.81

– 2016–2017 2.66 0.54–13.0 0.22

– 2018–2020 0.56 0.18–1.87 0.36

Supplementary table 2:
Univariate and multivariate analysis of variables associated with drop-out after placement on waiting list.

Univariate analysis Multivariate analysis

Covariant OR 95% CI p value OR 95% CI p value

Male gender 1.31 0.58–2.94 0.51

Age 1.02 0.98–1.05 0.19

BMI 1.01 0.79–1.02 0.56

Obesity 0.77 0.36–1.64 0.50 0.82 0.36–1.67 0.58

Type 2 diabetes mellitus 1.32 0.67–2.57 0.41

Hypertension 0.84 0.43–1.66 0.62

Metabolic syndrome 1.26 0.55–2.88 0.58

Aetiology of chronic liver disease

– Viral hepatitis 0.67 0.32–1.40 0.29

– Alcoholic liver disease 2.01 0.76–5.34 0.15

– NAFLD and mixed aetiologies with NAFLD 1.49 0.52–4.28 0.45

– Mixed aetiologies without NAFLD 2.07 0.73–5.92 0.17

– Other 0.27 0.03–2.41 0.25

Hepatocellular carcinoma as indication 1.06 0.55 2.04 0.88

Child-Pugh score 1.07 0.97–1.24 0.30

MELD score 1.03 0.99–1.09 0.09 1.04 0.99–1.09 0.10

Time period

2009–2011 0.37 0.09–1.54 0.17 0.34 0.12–1.69 0.12

2012–2013 3.09 0.58–16.42 0.18 1.7 0.31–9.9 0.53

2014–2015 4.92 0.98–23.60 0.06 3.80 0.754–19.18 0.12

2016–2017 3.72 0.75–18.37 0.11 2.77 0.54–14.27 0.22

2018–2020 1.47 0.30–7.21 0.63 1.18 0.22–6.14 0.84
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