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Abstract

Nonalcoholic fatty liver disease (NAFLD) is one of the most
common causes of chronic liver disease in the world. The
rising prevalence of nonalcoholic steatohepatitis (NASH)
has led to a 170% increase in NASH cirrhosis as the listing
indication for liver transplantation from 2004 to 2013. As
of 2018, NASH has overtaken hepatitis C as an indication
for liver transplantation in the USA. After liver transplanta-
tion, the allograft often develops recurrent NAFLD among
patients with known NASH cirrhosis. In addition to recurrent
disease, de novo NAFLD has been reported in patients with
other indications for liver transplantation. In this review, we
will discuss the risk factors associated with recurrent and de
novo NAFLD, natural course of the disease, and manage-
ment strategies after liver transplantation.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the leading cause
of chronic liver disease in the western world, and is strongly
associated with metabolic syndrome, often referred to as
the liver manifestation of metabolic syndrome.! NAFLD is
also among the most common indications for orthotopic
liver transplantation (OLT) in the USA.2 The metabolic syn-
drome persists after liver transplant and is often further
exacerbated among NAFLD patients, thereby leading to re-
currence of NAFLD in the allograft.34 Aside from recurrent
NAFLD, patients transplanted for other etiologies of liver
disease are also at risk of new onset metabolic syndrome
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and de novo NAFLD in the allograft due to post-OLT weight
gain and immunosuppression side effects.> Differentiating
between recurrent versus de novo NAFLD is challenging and
is currently limited to pre-OLT identification of NAFLD. In
this review, we will discuss recurrent and de novo NAFLD,
their associated risk factors, natural course of the disease,
diagnosis, and management strategies.

Epidemiology

NAFLD is the most common etiology of chronic liver disease,
with a global prevalence of 25%. Regions with higher preva-
lence include the Middle East (31.8%) and South America
(30.4%), while in North America, the estimated prevalence
is 24.1%.% The rise in the prevalence of NAFLD over the last
three decades has mirrored the global epidemic of obesity,
type 2 diabetes mellitus (T2DM), and metabolic syndrome.
A recent study estimated a 63% increase in the prevalence
of nonalcoholic steatohepatitis (NASH) in the USA by 2030,
accompanied by a 168% rise in decompensated NASH cir-
rhosis patients.” With such a steep increase in the incidence
and prevalence of NASH and metabolic syndrome, there has
been a parallel rise in NASH-related decompensated cirrho-
sis, recently surpassing hepatitis C (commonly referred to
as HCV) as an indication for OLT in the USA.2:8

The initial studies reviewing recurrence of NAFLD post-
OLT based on protocol liver biopsies demonstrated universal
100% recurrence within 5-years compared to 25% of de novo
NAFLD post-OLT.3 Follow up studies have shown variable re-
sults, with recurrence rates for steatosis ranging from 8% to
100% in known NASH patients, with follow-up ranging from 1
year to >5 years post-OLT; recurrent NASH rates over a simi-
lar follow up period ranged between 38-57%. In comparison,
incidence of de novo NAFLD varied from 18% to up to 78%
for steatosis over a similar range of follow-up, while de novo
NASH ranged from 13% to 17%.3-59-15 Recurrent NAFLD af-
ter transplant is more common compared to de novo NAFLD.
It is important to note that all the above studies utilized his-
tology to arrive at the diagnosis, with biopsies being pursued
based on institutional protocols or due to abnormal liver labs.
Recurrent NAFLD was reported at lower rates when imaging,
specifically computed tomography (CT), was utilized, with
1-year recurrence of 12% and 5-year recurrence of 33%.16

Histology and diagnosis

NAFLD encompasses a wide spectrum of histopathological
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Fig. 1. Post-liver transplant NAFLD histology findings. (A) Macrovesicular steatosis with presence of both small droplet (black arrow) and large droplet (H&E,
200x). (B) Steatohepatitis with several hepatocytes exhibiting ballooning degeneration (red arrow) and chronic lobular inflammation (black arrows) (H&E, 100x).
(C) Mallory-Denk bodies (black arrows) in ballooned hepatocytes (H&E, 200x). (D) Characteristic centrizonal pericellular fibrosis in steatohepatitis radiating around a
terminal branch of the central vein. Note the ballooned hepatocytes (black arrows) (Masson-Trichrome stain, 100x). H&E, hematoxylin-eosin.

states, which includes simple hepatic steatosis or nonalco-
holic fatty liver (NAFL) to NASH highlighted by hepatocyte
injury and inflammation which may or may not be accompa-
nied by fibrosis.! Quantitative histological scoring systems,
like the NAFLD activity score and the Steatosis, Activity, Fi-
brosis assessment, have been identified and widely used
to diagnose NAFLD.!7:18 In contrast, no histological scoring
systems currently exist to assess NAFLD in the post-trans-
plant allograft. As such, differentiating between recurrent
NAFLD and de novo NAFLD is limited to its clinical diagnosis
based on pre-existing disease prior to OLT.1°

Liver biopsy remains the gold standard for diagnosis of
post-OLT NAFLD/NASH (Fig. 1). There are multiple possi-
ble causes for elevated liver enzymes post-OLT that are not
easily differentiated without a biopsy. The indications for
biopsy in a post-OLT patient include confirmation of NAFLD
(recurrent or de novo), fibrosis, or elevated liver enzymes
that require further evaluation.2? While liver biopsy is safe
in the post-OLT patient with low risk of complications, it
remains an invasive test.2! Currently available noninvasive
tests can help to direct clinic care but often lack the granu-
larity offered by histology from a liver biopsy.

Steatosis is commonly encountered after liver transplan-
tation. Steatosis is often noted incidentally on imaging for
protocol testing or on imaging done for abnormal liver en-
zymes. 19 To identify steatosis, ultrasound requires the pres-
ence of moderate or greater degree of steatosis, defined as
>30% involvement of hepatic parenchyma. Ultrasound car-
ries a sensitivity of 65% and specificity of 75% to identify

hepatic steatosis. CT scan’s ability to identify steatosis is
similar to that of ultrasound. In comparison, magnetic reso-
nance imaging (MRI) is vastly superior at identifying stea-
tosis, with 90% sensitivity and 91% specificity.22 However,
imaging modalities are unable to differentiate between NAFL
and NASH, as their strengths lie in identifying patients who
may need more specific testing or monitoring of steatosis.
The use of noninvasive testing for fibrosis assessment in
patients with chronic liver disease is increasingly common.
There is a growing body of literature in post-OLT patients;
however, they carry a few limitations. The allograft itself
may have post-surgical preservation injury or presurgical
changes of fibrosis that increase graft stiffness. Acute cel-
lular rejection or presence of inflammation can influence
liver stiffness measurements.23 A meta-analysis evaluating
noninvasive methods to identify fibrosis after transplant re-
vealed that transient elastography performed better than
serum biomarkers, such as the aspartate aminotransferase
to platelet ratio index and FIB-4. However, most of the stud-
ies included in this analysis had evaluated recurrent HCV
and none looked specifically into NAFLD recurrence, so
more data is required in this population.24 Magnetic reso-
nance elastography (commonly known as MRE) has been
studied in small cohorts to identify fibrosis in post-OLT pa-
tients.25> However, there is a relative lack of evidence re-
garding MRE in NAFLD patients post-OLT. Fibrosis assess-
ment remains helpful to the clinician in identifying patients
with advanced fibrosis. Noninvasive testing has some po-
tential advantages in post-OLT monitoring of NAFLD given
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Liver transplant for NASH cirrhosis:
Annual screening for NAFLD

Identified steatosis:
Undergo noninvasive
testing

I
Mild fibrosis (< F1)

Significant fibrosis (> F2)

Lifestyle changes, repeat

noninvasve testing in one year

Perform liver biopsy

If confirmed NASH
recurrence: Multi-disc
approach to management

Fig. 2. Screening algorithm for post-liver transplant patients. Annual screening for NAFLD is recommended, with an ultrasound. If NAFLD is identified or suspect-
ed by ultrasound or elevated liver enzymes, noninvasive testing can be performed by a combination of transient elastography with serum biomarkers, such as FIB-4.
If mild fibrosis (<F1) is present, lifestyle changes, including diet and weight loss, are recommended. If significant fibrosis (=F2) is suspected, a liver biopsy is recom-
mended. If findings are confirmed, a multidisciplinary approach should be adopted to assist with weight loss and management of metabolic syndrome co-morbidities.

its limited side effects. Patients who have an established
diagnosis of recurrent or de novo NAFLD can likely be fol-
lowed with serial noninvasive testing to determine if they
have advancing fibrotic disease. These changes likely need
confirmation with biopsy, however, given the current lack of
data regarding fibrosis monitoring and the myriad of factors
that can influence these markers in transplant patients. A
proposed algorithm for screening and diagnostic evaluation
is included in Figure 2.

Risk factors for NAFLD in allograft

Historically, the pathogenesis of NAFLD was postulated to be
a “tale of two hits”, beginning with fat deposition in the liver
and followed by inflammation; however, our current under-
standing suggests that NAFLD is a complex disorder with
multiple pathways, all contributing to steatosis, inflamma-
tion, and fibrosis.26:27 A combination of environmental fac-
tors in genetically-predisposed individuals leads to insulin
resistance, altered lipid homeostasis, dysbiosis of gut mi-
crobiome leading to hepatic steatosis, and initiation of the
inflammatory cascade leading to steatohepatitis and fibrosis
development by activation of stellate cells.28 Significant in-
vestigative effort has been put forth to understand this pro-
cess in the non-transplant setting. On the other hand, the
pathogenesis of recurrent or de novo NAFLD post-OLT has
not been well delineated but similar processes (Fig. 3) are
suspected to play a role in post-OLT NAFLD.

Post-transplant patients carry multiple risk factors for de-
veloping NAFLD in the allograft, including pre-OLT body mass
index (BMI), significant weight gain after OLT, pre-existing
metabolic syndrome risk factors in patients with NASH cir-

rhosis pre-OLT, and high likelihood of developing metabolic
syndrome post-OLT due to immunosuppressants and donor
graft characteristics. These are summarized in Table 1.

Obesity and sarcopenia

Obesity remains a well-known risk factor for NAFLD. Among
studies reviewing pre-OLT BMI, two retrospective studies
reported pre-OLT BMI as an associated risk factor for post-
OLT NAFLD.#2% In comparison, post-OLT BMI, often calcu-
lated at time of the liver biopsy, was noted to carry a higher
risk for post-OLT NAFLD.4:5:29-31 Weight gain post-OLT car-
ried the highest odds ratio (19.38 [95%CI: 3.5-107.4]) in
a small retrospective study of 68 patients, with weight gain
defined as an increase in BMI by greater than 10%.!3 This
risk of post-OLT NAFLD needs to be balanced against the
expected weight gain early after liver transplantation in the
majority of patients who are sarcopenic and against studies
supporting survival and graft benefit with post-OLT weight
gain.32 Worsening sarcopenia post-OLT was associated with
increased risk of new onset diabetes mellites in a single
small study;33 however, studies associating sarcopenia to
post-OLT NAFLD are lacking. Future studies should consider
focusing on assessing the ratio between gain in skeletal
muscle mass versus overall weight gain in order to improve
our understanding of obesity and post-OLT NAFLD.

Insulin resistance and diabetes mellitus

Insulin resistance is often viewed as the defining feature of
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Fig. 3. Factors involved in the pathogenesis of post-liver transplant NAFLD. Factors similar to non-transplant NAFLD are suspected to play a role in post-liver
transplant NAFLD. In addition, some post-transplant factors have also been shown to be associated with post-transplant NAFLD.

metabolic syndrome and is strongly associated with NAFLD.!
While multiple studies looking at pre-existing T2DM and
post-OLT NAFLD have failed to show a significant associa-
tion.3412,13,15,29,31 gome have shown an increased risk of
post-OLT NAFLD among known diabetic patients.30.3435 New
onset T2DM after liver transplantation, in particular poorly
controlled T2DM, was associated with a higher risk of post-
OLT NAFLD.>:29:30,36 Tight glucose control, sparing using of
corticosteroids, and early referrals to endocrinology should
be considered to decrease the risk of NAFLD disease pro-
gression in this patient population.19:37

Hypertension

While pre-OLT hypertension remains a key part of meta-
bolic syndrome and strongly associated with NAFLD, it lacks
any significant association to post-OLT NAFLD.4:9,12,13,15,29,31
Onset of post-OLT hypertension is common, but has not
shown any significant association on multivariate analysis
across multiple studies to date,*12,15.16,29,30,38 except for a
single study by Dumortier et al.> that showed a positive
association. A potential reason for a surprising lack of as-
sociation could be related to the duration of follow-up in the
above studies.

Table 1. Summary of factors associated with post-liver transplant NAFLD

Hyperlipidemia

Pre-OLT hyperlipidemia was not associated with an in-
creased risk of post-OLT NAFLD despite its known associa-
tion to NAFLD.#9:13,1529,31 In contrast, post-OLT hyperlipi-
demia had mixed results in multivariate analysis, with a
few studies supporting a positive association to post-OLT

NAFLD,%5:29 while others failed to show a significant asso-
ciation.1516,30,31

Immunosuppression

Immunosuppressants are linked to multiple aspects of met-
abolic syndrome, with post-OLT corticosteroid treatment
known to increase risk of obesity, worsening existing T2DM,
increasing the risk of new onset diabetes mellitus, hyperten-
sion, and hyperlipidemia.2? Studies directly linking post-OLT
NAFLD to corticosteroids use and duration are limited to two
small retrospective studies.3:3° Despite limited data, use of
corticosteroids should be minimized with early tapers.
Insulin resistance, hypertension, and hyperlipidemia are
well recognized side effects of calcineurin inhibitors (CNIs),
with tacrolimus more strongly associated with insulin re-

Increased risk

Possible risk

Possible protection

Obesity Sarcopenia

T2DM CNI therapy

Hyperlipidemia

PNPLA3 polymorphism
Corticosteroid therapy
Indications: NASH, ALD, HCV

Everolimus

Donor graft steatosis
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sistance, while cyclosporine is known to worsen hyperten-
sion.19:20 Studies linking CNI therapy to NAFLD are few, with
a single retrospective study associating tacrolimus use with
increased risk of post-OLT NAFLD on multivariate analysis,®
while other studies’ findings have failed to support this as-
sociation.4:15,29,30

Retrospective studies reviewing mammalian target of
rapamycin (i.e. mTOR) inhibitors are limited in size and
have not shown any significant association to post-OLT
NAFLD.5:13,29.30 In a randomized multicenter study, decreas-
ing exposures to tacrolimus by adding everolimus was asso-
ciated with less weight gain over 2-year follow up, suggest-
ing potential protective effects against onset of metabolic
syndrome and post-OLT NAFLD.40

Other factors

NASH is a well-known, strong risk factor for recurrent
NAFLD in the allograft. In addition to NASH, alcohol-related
liver disease (ALD) cirrhosis and HCV cirrhosis (as prima-
ry etiologies of liver disease) were noted to carry a higher
risk for de novo NASH in small retrospective studies, while
auto-immune etiologies seemed to carry the lowest risk of
de novo NAFLD.52930 Finkenstedt et al.1® highlighted the
role of recipient genetics, showing that the presence of G-
allele in rs738409 of PNPLA3, a known risk factor for NASH,
among OLT recipients increased their risk for graft steatosis
based on CT imaging. Donor graft steatosis led to mixed
results from small studies, with two studies5:3! suggesting
increased risk of post-OLT NAFLD, while multiple studies
failed to show any significant association.1:12,:29.30 Factors
associated with the liver transplantation, such as the model
for end-stage liver disease score at transplant#12.29.38 gnd
cold or warm ischemia time, did not carry any significant
risk.10,12

Natural history and outcomes

Long-term follow-up studies of NAFLD in the nontransplant
setting have found a slowly progressive disease, with time
to progression between stages of fibrosis approximated as
~7 years per stage for NASH patients.*! As noted above, al-
lograft NAFL and NASH was more common in the recurrent
NAFLD group when compared to de novo NAFLD. Despite
recurrent steatosis and inflammation in both groups, risk of
progression to advanced fibrosis (=F3 stage) and cirrhosis
was overall low in both groups, with a few exceptions; de-
compensated cirrhosis or graft loss due to post-OLT NAFLD
was uncommon.

Studies reviewing patients transplanted for NASH or
cryptogenic cirrhosis presumed to be NASH, demonstrated
the prevalence of advanced fibrosis to be 2-5% at 5 years,
5-10% at 10 years, and up to 24% in one of the studies
that followed patients up to 15 years.34915 The single ex-
ception to this was the French study by Vallin et al.,*2 which
reported the prevalence of advanced fibrosis at 71.4% in its
recurrent NAFLD group at 5 years. Progression to advanced
fibrosis was mixed in the de novo group, with a 10-year
prevalence rate of 2.3% for advanced fibrosis reported by
Dumortier et al.> compared against the significantly higher
prevalence of 20% for advanced fibrosis reported by Gal-
vin et al.30 A possible explanation for such discrepancy be-
tween the two studies could be due to a difference in patient
characteristics, with the latter group having a higher BMI
and higher prevalence of T2DM. In studies comparing pro-
gression of fibrosis between recurrent and de novo NAFLD
groups, mixed results were noted with higher rates of ad-
vanced fibrosis at 5 years in the recurrent NAFLD group

Shetty A. et al: Post-transplant NAFLD

compared to the de novo NAFLD group.4?2 These findings
were not supported by two larger studies, which showed
no significant difference in fibrosis progression between re-
current and de novo NAFLD.29:38 As such, we suspect that
the risk of progressive fibrosis is not statistically different
between recurrent and de novo NAFLD, but further studies
with a closer assessment of individual risk factors to fibrosis
accompanied with protocoled liver biopsies are needed.

Post-OLT NAFL or NASH, either recurrent or de novo,
were not associated with decreased survival or graft loss
across retrospective studies, with up to 15 years follow-up
data.29:30:38 Similarly, post-OLT NAFLD was not associated
with a higher risk of cardiovascular events or cardiovascular
mortality.29:38 While these findings are re-assuring, further
studies are needed to support these results. The report-
ed 1-, 3-, and 5-year survival rates are similar in patients
transplanted for NASH compared to ALD, viral hepatitis, or
autoimmune diseases, with the exception of lower survival
in patients with NASH and concomitant hepatocellular carci-
noma compared to other indications.43:44

Prevention and management

Currently, there are no Food and Drug Administration ap-
proved treatment options available for NAFLD in the pre-
transplant setting, and no drugs have been studied or
approved for post-transplant NAFLD. Management for post-
OLT NAFLD is extrapolated from non-transplant NAFLD
management and relies heavily on lifestyle modification and
optimization of their metabolic and medical comorbidities,
as summarized in Figure 4.

Prevention

Pre-transplant identification of risk factors, such as obesity,
sarcopenia, and uncontrolled T2DM, should be optimized
aggressively prior to transplant. Bariatric surgery has been
studied among NAFLD patients, with excellent improvement
in steatosis, steatohepatitis, and fibrosis, while laparoscopic
bariatric surgery approaches have been shown to be safe in
compensated cirrhosis patients.4>-47 In the transplant set-
ting, simultaneous sleeve gastrectomy during OLT has been
compared to weight loss pre-OLT, with lower rates of graft
loss and new onset T2DM reported in the sleeve gastrec-
tomy group.48 These approaches require a multidisciplinary
effort at large volume transplant centers with clinical ex-
perience and expertise, and further studies are required to
optimize patient selection and timing of bariatric surgery
in the pre-transplant setting. Sarcopenia, while not directly
associated with post-OLT NAFLD, is an important predictor
of OLT outcomes and hence requires aggressive manage-
ment with early intervention, optimization of nutrition in
combination with muscle toning and strengthening exercise
programs that would improve post-OLT outcomes.*°

Aside from recipient optimization, donor graft allocation
has been an area of contention among NASH recipients,
as steatosis and PNPLA3 polymorphism in donor graft may
potentially add to the risk of post-OLT NAFLD. In the era
of donor shortage accompanied by a surge in prevalence
of NAFLD within the potential donor pool, optimization
strategies and prospective studies are needed to decrease
ischemia/reperfusion injury and to better understand the
long-term effects of these on the natural course and risk of
post-OLT NAFLD.50

Prevention of post-OLT NAFLD requires a multidiscipli-
nary approach to avoid excess weight gain post-liver trans-
plant, treatment of metabolic comorbidities as discussed
below, and among patients without metabolic syndrome,
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Post-OLT NAFLD
management

Lifestyle modifications |

| Co-morbidities management |

| Immunosuppressants

Hypertension

Weight loss (5-10%)
Calorie restriction

Type 2 diabetes mellitus
Dyslipidemia

Exercise

Avoid corticosteroids, early tapers

Decrease CNIs

May consider favoring everolimus

Bariatric surgery in select patients

Coffee

Multidisciplinary effort

Fig. 4. Management for post-liver transplant NAFLD. The cornerstone for management of post-OLT NAFLD is weight loss by lifestyle modifications. When present,
metabolic comorbidities should be tightly controlled, with early involvement of consultants for a multidisciplinary approach. Bariatric surgery may be an option for a
select few patients. Immunosuppression optimization should focus on protecting the graft but, when feasible, these corrections should be pursued to decrease their

side effects.

implementing routine screening for glucose intolerance, hy-
pertension, and hyperlipidemia.19:20

Lifestyle modification

The management for all NAFLD patients, whether pre- or
post-OLT, should start with lifestyle modification, with the
goal of gradual but sustained weight loss. However, in the
initial few weeks to months after liver transplantation, pa-
tients are still recovering from their sarcopenic and debili-
tated state and often need to gain weight and muscle mass.
The data discussed below are from studies in non-transplant
NAFLD patients, and the optimal time of initiating these
recommendations should be tailored to individual patients
based on their recovery and risk factors.

Weight loss has been shown to improve all histological
features of NAFLD, with 5% of weight loss required for im-
provement in steatosis, 7% required for steatohepatitis re-
duction, and 10% over 12 months for fibrosis regression.5!
While longitudinal studies to confirm similar changes in
post-OLT NAFLD are lacking, we would suggest similar goals
for these patients. Weight loss is best achieved through a
calorie deficit, and the daily deficit goal should be adjusted
based on the patient’s basal metabolic rate. The Mediter-
ranean diet, often higher in monosaturated fatty acids, has
been shown to reduce steatosis. In general, despite multi-
ple options for macronutrient-specific diets studied, when
choosing isocaloric diets, no significant difference in weight
loss has been noted in patients choosing low-fat, low-car-
bohydrate, or high-protein diets; we would still recommend
a diet low in carbohydrate for improving insulin resistance.
Lastly, weight loss is challenging and diet modifications of-
ten require expert guidance; hence, choosing a multidis-
ciplinary approach with the assistance of a nutritionist is
recommended.52

Exercise offers a synergistic effect in hepatic fat mobili-
zation when paired with calorie restriction, and either aero-
bic or resistance exercises, or both, may be pursued based
on the patient’s cardiopulmonary fitness, as both exercises
lead to similar improvement in hepatic steatosis.>3 Drinking
coffee confers a protective effect against multiple chronic
liver diseases, including NAFLD, ALD, and viral hepatitis.>*
Patients should, therefore, be encouraged to drink 1-2
cups of unsweetened filtered coffee daily. The association

of prebiotics, probiotics, and the gut microbiome to meta-
bolic syndrome and NAFLD are areas of great interest with
emerging data, but their benefits in the post-OLT NAFLD
population needs to be explored further. Similarly, circadian
rhythm, the importance of good sleep hygiene, and optimal
sleep duration of 7-8 h/night have been shown to be asso-
ciated with NAFLD, but further studies are needed to study
their association to post-OLT NAFLD patients.

Management of comorbidities

Management of the majority of comorbidities among post-
OLT patients is comparable to the general population, but
the increased risk of renal insufficiency in post-OLT patients
from their immunosuppressive therapy needs to be remem-
bered. Drug-to-drug interactions with immunosuppressants
should be evaluated when initiating newer therapies. Ini-
tial hypertension management should begin with sodium
restriction, weight loss, and exercise, followed by first-line
therapy with dihydropyridine calcium channel blockers,
such as amlodipine or nifedipine, as they counteract the
vasoconstrictive effect of CNIs.>> Second-line therapy op-
tions include beta-blockers in patients without proteinuria,
while an angiotensin converting enzyme inhibitor or an-
giotensin receptor blocker should be used in patients with
T2DM and proteinuria.2? Statin therapy should be initiated
for dyslipidemia if lifestyle modification fails to correct el-
evated low-density lipoprotein cholesterol levels (>100 mg/
dL when fasting), while closely monitoring for hepatotoxic-
ity and drug-to-drug interaction with CNIs. Initial therapy
for hypertriglyceridemia includes fish oil, up to 4 g per day,
followed by fibrate therapy if persistently elevated.19.20

Diabetes management often requires endocrine consulta-
tion, as patients routinely need insulin therapy among both
pre-existing T2DM and new onset diabetes patients, espe-
cially when corticosteroids are a part of their immunosup-
pression regimen. Oral hypoglycemic agents, thiazolidin-
ediones, glucagon-like peptide-1 analogues, and dipeptidyl
peptidase-4 inhibitors have been studied in non-transplant
NAFLD patients, yielding promising results, and may be
considered as the preferred therapeutic options post-OLT as
well.19.52 Bariatric surgery after liver transplant can lead to
significant weight loss and decreased insulin requirement,
as shown in a small study of select patients.>®
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Immunosuppression

Immunosuppressant therapy is vital in improving allograft
survival and outcomes but, unfortunately, they are accom-
panied by multiple side effects, including altered metabolic
homeostasis. Among the immunosuppressants, corticoster-
oids carry the highest risk of diabetes, hypertension, obe-
sity, and hyperlipidemia, and as such early tapering regi-
mens are recommended.2% CNIs are linked to hypertension,
diabetes, and hyperlipidemia, as discussed previously and
dose reduction should be considered in patients with these
comorbidities, especially when they remain refractory to
medical therapy.1920 The mTOR inhibitors are associated
with significant hyperlipidemia, and an alternate immuno-
suppressant should be considered when hyperlipidemia re-
mains uncontrolled.>?” Among the mTOR inhibitors, everoli-
mus has been associated with decreased weight gain in a
small study, but longitudinal studies are needed to extend
this benefit to post-NAFLD population.4°

Conclusions

The epidemic of NAFLD, in parallel with obesity and meta-
bolic syndrome, is expected to worsen and add to the grow-
ing burden of the post-liver transplant population. After
liver transplantation, both recurrent and de novo NAFLD are
common, and their prevalence will likely rise in the upcom-
ing decades. Future basic science studies should help iden-
tify any differences between the pathogenesis of non-trans-
plant versus post-OLT NAFLD. Clinically, longitudinal studies
are needed to characterize the natural disease course of
post-OLT NAFLD, using protocoled follow-up with noninva-
sive studies ideally paired with liver biopsies. Among the
noninvasive tests, fibrosis assessment tools such as tran-
sient elastography and MRE, are of interest to assess dis-
ease progression. Additionally, management strategies and
their effects on post-OLT NAFLD require long-term studies,
with a focus on cardiovascular complications in addition to
allograft and survival outcomes. As our post-liver transplant
population continues to age, filling the aforementioned
knowledge gaps will help to improve the transplant com-
munity’s ability to better serve them.
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