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Summary
Background: Non-alcoholic fatty liver disease (NAFLD) is
a continuously increasing cause of chronic liver disease
and a health burden in all populations affected by the
obesity and metabolic syndrome pandemic. Cirrhotic al-
terations or hepatocellular carcinoma developing from
NAFLD may require liver transplantation (LTx). Methods:
Current literature was screened for data on LTx in the
setting of NAFLD. Results: NAFLD-associated LTx is ex-
pected to increase in number and relevance during the
next decade. NAFLD is part of the metabolic syndrome
and thus connected to various metabolic alterations and
comorbidities such as diabetes or hyperlipidemia. More-
over, NAFLD comprises an independent risk factor for
cardiovascular and chronic kidney disease, which again
are important risk factors for outcome of surgical inter-
ventions. Postoperative immunosuppression, possible
steatosis of the liver graft, and a continued presence of
metabolic alterations may lead to early recurrence of
steatosis or even non-alcoholic steatohepatitis. Cur-
rently, no data are available on combined approaches of
weight loss and LTx for NAFLD. Conclusion: Specific
guidelines on how to manage NAFLD-associated LTx are
lacking. This particular situation requires close monitor-
ing of metabolic syndrome-associated comorbidities.
NAFLD represents a novel challenge to established LTx
procedures.
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Metabolic Syndrome and NAFLD

Metabolic syndrome, which affects approximately 25% of our
population [1], is a constellation of different disease states includ-
ing obesity, arterial hypertension, hyperglycemia, and hyperlipi-
demia, and is characterized by a state of low-grade chronic inflam-
mation. Metabolic syndrome is associated with an increased risk of
myocardial infarction and stroke (not however diabetes as it is part
of the metabolic syndrome), and the combination of excessive ca-
loric intake (particularly through junk food) and a sedentary life-
style is a major risk factor for developing metabolic syndrome.

As a pivotal organ for whole-body metabolism, the liver is also af-
fected by and plays an important role in metabolic syndrome. Unsur-
prisingly, non-alcoholic fatty liver disease (NAFLD) is now a leading
cause of chronic liver disease among industrialized nations. As indi-
viduals with NAFLD have been reported to develop liver cancer even
in the absence of overt liver cirrhosis, it is likely that the incidence of
NAFLD-associated hepatocellular carcinoma (HCC) will also in-
crease over time. These factors in concert will lead to NAFLD being a
leading indication for liver transplantation in the near future.

The diagnosis of NAFLD encompasses a spectrum of disease
states which range from fatty infiltration of the liver (simple steato-
sis) to a more progressive form characterized by inflammation and
hepatocyte injury with ballooning (steatohepatitis) with or without
liver fibrosis. Despite intensive research efforts, our understanding
of the underlying pathophysiological mechanisms that drive dis-
ease progression remains incomplete.

Western Lifestyle Is Associated with the Development
of NAFLD and Alcoholic Liver Disease (ALD/ASH)

The Western diet/lifestyle typically involves an excess amount
of calories in the form of excess food and alcohol. Contrary to cur-
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rent dogma, recent studies suggest that steatosis is not benign. In-
stead, the presence of liver steatosis would predispose an individual
to subsequent hepatotoxic injury. For example, a fatty liver would
increase sensitivity to viral, alcohol, and drug toxicities [2]. Aceta-
minophen and most antibiotics, whilst safe in a healthy individual,
may lead to liver injury in those with NAFLD.

Among individuals who drink 40-50 g of alcohol per day, over
50% will develop alcohol-induced fatty liver disease. A smaller
number (approximately 35%) will develop the more advanced
stage of acute alcoholic liver disease (ALD) known as alcoholic
steatohepatitis (ASH), and this risk is significantly increased in
those who are obese [3]. Interestingly, although red wine has been
recommended by cardiologists as a protective agent in coronary
heart disease, it may be detrimental to those with obesity [4]. In-
deed, an average of just 1 glass of red wine per day (2-3 units) may
lead to liver cirrhosis in obese individuals, even without overt fea-
tures of alcohol abuse. These individuals therefore are at risk of de-
veloping non-alcoholic steatohepatitis (NASH) and ASH disease.

NAFLD/NASH and Liver Transplantation

The prevalence of NAFLD is expected to increase in parallel
with the obesity and type 2 diabetes mellitus (T2DM) epidemics,
bringing about an inevitable increase in the demand for liver trans-
plantation. Indeed, by 2020, the number of individuals with
NAFLD cirrhosis is set to overtake that of those with hepatitis B-
and C-related cirrhosis, and NAFLD/NASH will be the leading in-
dication for liver transplantation within developed countries [5].

Since 2001, the number of young individuals (up to age 40) re-
quiring liver transplantation for end-stage NASH cirrhosis has
been increasing [6]. Despite improvements in surgical and post-
transplant care, as well as better immunosuppression protocols, the
long-term outcome of NASH transplants in this cohort remains
unsatisfactory. Only 58% are alive at the last follow-up after their
first transplantation, and about 12% will require re-transplantation
for NASH recurrence [6]. The latter is most likely related to an in-
creased prevalence of obesity and (difficult to control) T2DM that
occurs as a consequence of steroid and calcineurin inhibitor use
after a liver transplant [6, 7].

NAFLD will not only impact at an individual level but also at a
societal level, because livers from individuals with NAFLD (i.e.
fatty livers) are considered as ‘second’ choice by many physicians,
and may not even be suitable for use as donor livers for transplan-
tation [8, 9]. Indeed, a recent analysis of the UNOS database found
that donor livers which were significantly steatotic (greater than
30% macrovesicular steatosis) exhibited impaired 1-year graft sur-
vival [10]. Nevertheless, the true long-term clinical impact of stea-
totic donor livers remains uncertain as there have been contradic-
tory reports, and small animal models of liver regeneration have
actually demonstrated a beneficial effect of mild to moderate liver
steatosis in promoting hepatocyte proliferation [11]. Therefore,
until additional research proves otherwise, concerns regarding
NAFLD donor liver use will remain.

Management of NASH-Associated Liver
Transplantation

NAFLD/NASH and Coronary Heart Disease

Patients with diabetes and NAFLD have an increased risk of de-
veloping atherosclerosis [12] and coronary artery disease (CAD).
Recent data suggest that patients with NAFLD alone (i.e. without
T2DM) are also at risk of developing CAD. A long-term study car-
ried out over 21 years showed cardiovascular events or malignancy
to be the main causes of death in patients with NAFLD [13]. In this
study, individuals with simple steatosis (NAFL) and NASH are at
an increased risk of cardiovascular events. These data were used to
determine whether typical serum biomarkers for liver damage
could be used to predict cardiovascular events. Gamma-glutamyl
transferase (GGT) is a promising marker for hepatobiliary dys-
function and, traditionally, for increased alcohol consumption.
GGT promotes the oxidation of low-density lipoproteins and is lo-
cated in foam cells in human atherosclerotic plaque, suggesting
that it may play a role in atherogenesis [14].

In fact, serum GGT levels are significantly associated with es-
tablished cardiovascular risk factors, such as triglycerides, body
mass index (BMI), and cholesterol. Furthermore, elevated levels of
GGT in the serum are linked to a range of cardiovascular risk fac-
tors and the incidence of metabolic syndrome. In patients with
acute coronary syndrome, GGT levels can be used to predict car-
diovascular events and mortality. Alanine aminotransferase (ALT),
another specific marker for liver damage particularly in those with
NAFLD, is also being considered as a biomarker for cardiovascular
and metabolic diseases. An epidemiological assessment (Hoorn
study) concluded that there was a significant association between
raised ALT levels and CAD, even in the absence of metabolic syn-
drome and atherosclerotic lesions [15]. We recently showed that
besides age and troponin, liver transaminases (ALT and aspartate
aminotransferase) and alkaline phosphatase were highly important
for the discrimination of patients with a stenosis diameter (SD)
> 50% and SD < 50% [16].

NAFLD Is a Risk Factor for Hepatocellular Carcinoma

Most chronic liver diseases (viral hepatitis: hepatitis B virus
(HBV) and hepatitis C virus (HCV), alcohol) are characterized by
progression from fibrosis to cirrhosis and finally tumor develop-
ment. NAFLD is no different, although the actual incidence of
HCC in this setting is still unclear [17]. A recent US study reported
that NASH-HCC is the fastest growing indication for liver trans-
plantation [18], with the number of NASH-HCC liver transplants
having increased by nearly fourfold since 2002 while HCV-HCC
numbers increased by twofold. Even if the incidence of HCC devel-
opment in the setting of NAFLD (NASH) is low (compared with
ALD, HBV, or HCV), the rising prevalence of NAFLD will lead to
an increased NAFLD-HCC transplant burden [18, 19].

Interestingly, recent studies have reported that HCC may de-
velop in a fatty liver even without underlying cirrhosis [20, 21]. In
our own study, less than 50% of the patients with NAFLD-induced
HCC were cirrhotic, compared to 70-99% of those suffering from
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kidney disease. Upon liver transplantation for NAFLD or NASH, many factors influence the outcome, including CAD and chronic liver disease initially promoted
by NAFLD itself. In addition, the persisting hypertrophic adipose tissue may again promote the development of NAFLD.

other chronic liver diseases [22]. The mechanisms involved in
NAFLD-HCC development are largely unknown but are likely to
be different from other chronic liver diseases [23]. Tumor suppres-
sor genes such as KLF6 and PTEN, which have been shown to reg-
ulate lipid and glucose metabolism, are possible candidates in the
interplay between an altered metabolism and the promotion of a
cancer phenotype in NAFLD.

NAFLD as a Risk Factor for Chronic Kidney Damage

Patients with NAFLD and diabetes have a higher prevalence of
chronic kidney damage than patients with diabetes but no NAFLD
[24], and this increase in incidence is independent of sex, age, BMI,
waist circumference, blood pressure, smoking habits, diabetes, mi-
croalbuminuria, glomerular filtration rate, and medication [25].
This observation was supported by a study from Korea which
found NAFLD to be an independent risk factor for chronic kidney
disease [26]. In another report from the USA, investigators noted
that the rate of combined liver-kidney transplants was highest
among those with NAFLD (NASH) cirrhosis [27]. Significantly,
NAFLD individuals who received combined liver-kidney trans-
plants were at greater risk of developing renal dysfunction com-
pared to those with other forms of chronic liver disease such as
ALD or primary biliary cholangitis [27]. This suggests that NAFLD
could lead to subclinical kidney injury without obvious signs of
chronic kidney damage but still representing a relevant risk for
surgical settings.
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Bariatric Surgery and Liver Transplantation

Obese individuals are at increased risks of morbidity and mor-
tality after bariatric surgery compared with those with a lower BMI
[28]. Similarly, liver transplantation outcomes are dictated by the
presence or absence of medical comorbidities [7]. In a series of 306
obese liver transplant recipients, LaMattina et al. [29] found that
patient and graft survival, blood transfusion requirements, length
of intensive care unit stay, and postoperative biliary complications
were all significantly higher in obese patients compared to their
non-obese counterparts. These findings are unsurprising as obesity
is associated with coronary heart disease and chronic kidney dis-
ease, both independent determinants of liver transplant outcomes
as mentioned above. In our study, we found that NASH patients
with a higher BMI have an increased mortality rate [9]. Our find-
ings and the described connections between NAFLD, CAD, and
chronic kidney damage might imply that in NAFLD subclinical
damage of the heart and kidney may be present which cannot be
detected with current routine methods. Despite the absence of
symptoms, heart and kidney injury due to NAFLD could confer a
significant inter- and post-surgical risk for patients. This is in line
with observed outcomes in liver transplantation for NASH and in
obese patients.

As the vast majority of individuals with NAFLD are likely to be
obese and/or harbor metabolic risk factors, patients undergoing
liver transplantation for NASH cirrhosis will need a comprehen-
sive risk evaluation. Management of obese individuals undergoing
liver transplantation should also include the consideration of
weight-reducing strategies [30] such as bariatric surgery as well as
the timing (i.e. before, during, or after liver transplant) and type of
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such surgery (e.g. sleeve gastrectomy). These discussions are neces-
sary because patients with decompensated liver disease have a
much higher risk of dying following bariatric surgery (16.3%) com-
pared to those with compensated liver disease (0.9%) or no liver
disease (0.3%) [31]. The complex interplay of organs affected by
metabolic alterations and associated risk factors in NASH-associ-
ated liver transplantation are outlined in figure 1. Future studies
are needed to help clinicians identify patients who are likely to be-
come decompensated during bariatric surgery, and those who may
be more suitable for bariatric surgery during or after a liver
transplant.

NASH Recurrence after Liver Transplantation

NASH recurrence is common; approximately 33% of patients
develop steatohepatits in the allograft [32]. Multiple factors con-
tribute to disease recurrence and/or disease progression, including
the individual’s genetic predisposition, the type of immunosup-
pression used, and the degree of graft steatosis on the index biopsy
[7]. Studies in humans and mice suggest that ongoing metabolic
dysregulation leading to elevated free fatty acids, hyperglycemia,
and sarcopenia is responsible [33]. After all, visceral adipose tissue
hypertrophy seems to be a crucial risk factor for NAFLD (34, 35],
remaining present after liver transplantation without concurrent
weight reduction.

Research has continued to help physicians refine the (immedi-
ate and long-term) immunosuppression regimens used after liver
transplantation. Corticosteroids, which remain the mainstay of
treatment, decrease insulin production, suppress peripheral glu-
cose utilization, and increase hepatic glucose production, thus pro-
moting a diabetic state [7]. Similar effects are seen with calcineurin
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inhibitors (such as tacrolimus and cyclosporine). Therefore, pa-
tients who undergo transplantation for NASH should be managed
on the least obesogenic and diabetogenic protocols.

The impact of donor steatosis on graft and patient outcomes re-
mains poorly understood, but cumulative evidence suggests that
the severity of donor steatosis may influence post-transplant out-
comes [36]. For example, donor steatosis is associated with a three-
fold increased risk of post-transplant NAFLD [37].

Conclusion

NAFLD is a challenging and multifactorial disease with high so-
cioeconomic impact. It is clear that over the next two decades, the
prevalence of NASH will increase in parallel with obesity and
T2DM, and NASH cirrhosis or HCC will be leading indications for
liver transplantation. The management of patients with NAFLD is
complicated because NAFLD is associated with metabolic risk fac-
tors, and may independently promote extrahepatic complications
such as heart and kidney diseases. NAFLD recurrence after liver
transplantation is common, and the development of recurrent dis-
ease may be dictated in part by the presence of metabolic comor-
bidities, post-transplant immunosuppression regimens, and the
degree of steatosis in the donor liver. Future research should focus
on refining immunosuppression protocols and clarifying the role
of bariatric surgery in this complex patient group.
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