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Abstract: Metabolic syndrome is a major clinical disorder involving metabolic dysregulation characterized
clinically with features of central obesity, insulin resistance (IR), type 2 diabetes, hypertension, and
dyslipidemia. Metabolic syndrome is strongly associated with the rising prevalence nonalcoholic
steatohepatitis, a leading indication for orthotopic liver transplantation in the Western world. The presence
or recurrence of metabolic syndrome following liver transplantation can contribute to the development
and recurrence of nonalcoholic fatty liver disease (NAFLD) in the liver allograft. In this review, we
discuss the endogenous and exogenous drivers of post-transplant metabolic syndrome, role of chronic
immunosuppression, and the prevalence and clinical significant of post-transplant metabolic syndrome on
nonalcoholic steatohepatitis.
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Introduction
Metabolic syndromes (METs) is a constellation of metabolic
derangements that is well known to increase patient risk
for nonalcoholic fatty liver disease (NAFLD), nonalcoholic
steatohepatitis with progressive hepatic fibrosis and
cirrhosis (1). Those patients who developed advance hepatic
fibrosis due to NASH are at increased risk for liver-related
morbidity and mortality (2). METs is also associated with
an increased risk for type 2 diabetes mellitus (T2DM),
cardiovascular disease (CVD), hyperuricemia, cholelithiasis,
polycystic ovarian syndrome and obstructive sleep apnea (3).
The pathophysiology of METs is based on the presence of
insulin resistance (IR). As defined by the Adult Treatment
Panel III, METs is the presence of 3 or more of the
following metabolic derangements: abdominal obesity
(waist circumference >102 cm in men, 88 cm in women),
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hypertriglyceridemia >150 mg/dL, HDL <40 mg/dL in men
and <50 mg/dL in women, hypertension >130/85 mmHg or
fasting glucose levels >110 mmol/L (4,5).
With improved surgical techniques and optimization of
immunosuppression practices, orthotopic liver transplant
(OLT) has become a life-saving intervention for patients
with complications of end-stage liver disease or acute
liver failure. Long-term outcomes of OLT demonstrate
impressive results with greater than 90% survival rate at
1-year and 50–60% at 10 years (6). Longer survival postOLT affords the recurrence of pre-transplant METs and its
associated complications, including recurrent liver disease
due to NAFLD/NASH, and cardiovascular morbidity and
mortality comparable to that of the general population.
After graft failure and malignancy, CVD is the leading cause
of death one year after OLT (7).
With the advent of highly effective and curative direct-
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acting antiviral therapies for hepatitis C (HCV), NASHrelated cirrhosis has become the second leading indication
for liver transplantation (8). NAFLD, along with its
comorbidities, including obesity, T2DM, and the METs, is
thus an unmitigated and evolving public
health crisis that have only begun to be realized.
The percentages of patient on the waitlist or receiving
liver transplant for NASH are steadily increasing (9).
NASH is projected to be the leading indication for liver
transplantation by 2025 (9,10).
METs disproportionally affect patients after OLT
regardless of cirrhosis etiology compared to age-matched
population controls (11). The reason for this is multifactorial and is likely due to physiologic changes after OLT
and immunosuppressive medications. While the prevalence
of METs is estimated to affect 24% of the adults in the
United States (12), approximately 64–71% of patients with
NASH are reported to meet criteria for METs (13,14).
Patients transplanted for the indication of NASH cirrhosis
are at even higher risk for developing post-transplant
METs (PTMETs) given their pre-transplant metabolic
co-morbidities (15). Such an at-risk population for CVD
requires aggressive pre- and post-transplant screening and
management of any metabolic derangements.
METs are common among liver transplant recipients
before and after transplantation. The components of METs
are often exacerbated in the post-transplant period by
transplant specific factors, such as immunosuppression, and
are strong predictors of patient morbidity and mortality.
Many aspects of the metabolic syndrome are modifiable.
Early recognition, prevention and treatment of posttransplant hypertension, obesity, dyslipidemia and diabetes
may impact long-term post-transplant survival (16). Here,
we review the pathogenesis, epidemiology, risk factors and
treatment for PTMETs and its individual components in
patients transplanted for complications of NASH cirrhosis.
Endogenous risk factors for PTMETs in NASH
Post-transplant physiology and homeostasis
Post-transplant weight gain and obesity are endogenous
risk factors for PTMETs and NASH. Cirrhotic patients
often develop significant protein-calorie malnutrition
due to a chronic hypermetabolic state, fatigue, poor
appetite, sarcopenia and ascites accumulation—all of which
contribute to impaired functional status (5,17,18). Cirrhotic
patients are encouraged to eat a high calorie diet in response
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to their increased metabolic needs (17). Post-OLT patients
not only regain their appetite and recover their nutritional
status, but up to 42% of patients become obese (4).
While increased dietary intake and steroid
immunosuppression may contribute to post-transplant
weight gain, surgical factors may also play a role in energy
homeostasis and increased risk for post-transplant obesity.
The liver functions as a metabolic sensor that relays
humoral and neuronal signals between the brainstem and
the hypothalamus in its regulation of feeding behavior (19).
The transection of the native liver’s autonomic nerves
below the porta hepatitis or at the hepatoduodenal
ligament results in the loss of hepatic afferent and efferent
neural input which may alter host energy homeostasis and
contribute to obesity (6). Studies have shown that liver
transplant recipients have higher fat intake, hyperphagia,
loss of thermogenesis despite increasing body mass and a
decrease in resting energy expenditure (19).
Exogenous risk factors for PTMETs in NASH
The advent of calcineurin inhibitors (CNIs) such as
tacrolimus (TAC) and cyclosporine (CsA) and mammalian
target of rapamycin (mTOR) inhibitors have significantly
improved allograft success and post-transplant survival (20).
Despite the benefits of these medications, they can induce
metabolic derangements such as glucose intolerance,
dyslipidemia and hypertension. Whether these novel agents
affect patient weight remains uncertain.
Immunosuppression therapy
CNIs
Immunosuppressive therapy can have deleterious effects
on metabolic parameters (Table 1). CsA and TAC are both
diabetogenic. CNI’s lead to decreased insulin secretion,
increased IR and inhibition of steroid metabolism in a dose
dependent manner (Figure 1). Decreased insulin secretion
may be due to direct B-cell toxicity via vacuolization,
degranulation or through inhibition of transcription
factors that modulate B-cell growth (20,21). This has been
borne out in both animal models and clinical trials. In
observational studies TAC appears to be more diabetogenic
than CsA (21).
Although both CsA and TAC are prolipidemic, CsA
appears to be more deleterious than TAC (22). CsA has
been associated with higher levels of triglycerides, total
cholesterol, LDL-C and HDL-C compared with TAC in
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Table 1 Deleterious effects of immunosuppression on metabolic parameters
Corticosteroids*

Tacrolimus1

Cyclosporine1

Rapamune1

Obesity

++

−

−

−

Impaired glucose tolerance

+++

++

+

−

Dyslipidemia

++

+

++

+++

Hypertension

+

+

++

−

Metabolic derangement

Qualitative depiction of the comparative effects on metabolic parameters by various immunosuppressive agents. *, no comparative data
to reference against calcineurin or mTOR inhibitors; 1, comparative effects as detailed in Reference (21-24). Severity scale: +, mild; ++,
moderate; +++, severe. mTOR, mammalian target of rapamycin.
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Figure 1 Mechanisms by which calcineurin and mTOR inhibitors negatively affect metabolic parameters. mTOR, mammalian target of
rapamycin.

heart transplant recipients (23). The specific dyslipidemic
effect of CsA may be due to interference of bile acid
synthesis through inhibition of hepatic 26-hydroxylase
thereby decreasing cholesterol degredation (7,22).
The effect of CNI’s on blood pressure post-OLT is likely
multifactorial. Both TAC and CsA cause renal and systemic
vasoconstriction which can lead to both nephrotoxicity
and elevated blood pressures (4). These agents can
increase circulating endothelin-1 (ET-1) a potent systemic
vasoconstrictor (24). Studies have documented increased
levels of serum and urinary ET-1 up to 2 years after OLT
with use of CNI. Interestingly, animal models have shown
early success of ET-1 receptor antagonists that could
prevent or reverse CNI induced hypertension (24). CsA has
been associated with a greater incidence of hypertension
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compared to TAC. A few reports have suggested an
improvement in baseline blood pressure after converting
from CsA to TAC (25-27).
mTOR inhibitors
mTOR inhibitors have more deleterious effects on lipid
profiles compared with CNI (23). Specifically, mTOR
inhibitor containing immunosuppression regimens lead
to significantly elevated triglycerides, LDL-C, total
cholesterol and small density-LDL (23). mTOR inhibitors
increase free fatty acids which boosts the hepatic synthesis
of triglycerides. It is also hypothesized that rapamycin
decreases free fatty acid oxidation leading to expansion
of the free fatty acid pool (28). Less is known about the
diabetogenic, dyslipidemic or hypertensive potential of

Transl Gastroenterol Hepatol 2020 | http://dx.doi.org/

Page 4 of 11

rapamycin (21).
Steroids
Steroids are used in the immediate post-operative setting to
prevent allograft rejection. With the advent of alternative
steroids-sparing immunosuppression regimens, chronic use
of steroids post-OLT is rare. Steroids, either with short- or
long-term use, are notorious for causing detrimental effects
on metabolism. Steroid use is obesogenic and induces
glucose intolerance, hypertension and hyperlipidemia (21).
Fortunately, the standard of rapid weaning of steroids in the
months following liver transplantation limits these steroidrelated side effects (29).
Acute cellular rejection is the other indication for postoperative steroid use. In modern day practice, the prevalence
of acute cellular rejection is only 6% however these patients
require high dose, pulse steroids (30). TAC has been shown
to reduce the risk of acute rejection compared to CsA (4).
Therefore, more frequent use of steroids with CsA may
confound the findings that CsA has proportionally greater
effects on dyslipidemia and hypertension. That said, most
of these observations have been reproduced even when
accounting for concomitant steroid use (31).
Prevalence and patient risk factors for PTMETs
in NASH
Transplant recipients are at increased risk for developing
PTMETs. The prevalence of PTMETs amongst liver
transplant recipients is estimated to range from 43–59%
overall (4,15). However, among those patients transplanted
the indication of NASH-related cirrhosis or cryptogenic
cirrhosis, the prevalence of PTMETs is as high as 90% (30).
In comparison, the prevalence of METs amongst ageadjusted general Western patients is 24% (32). The majority
of patients with cryptogenic cirrhosis likely had preexisting
NASH for which the histologic feature of steatohepatitis
(hepatitis steatosis with necroinflammation and ballooned
hepatocytes) are “burnt-out” leaving only bland features
of micronodular cirrhosis (33). Patients with NASH and
METs pre-transplant are at increased risk for PTMETs (30).
Older age and NASH cirrhosis independently predict
PTMETs for liver transplant recipients (30,32). The former
finding has been demonstrated in the non-transplant
population where METs increases linearly with age (34).
Interestingly, the choice of immunosuppression has reliably
been shown not to increase the risk for PTMETs despite
their numerous detrimental effects on IR, dyslipidemia
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and hypertension. Furthermore, higher doses of steroids
post-operatively do not seem to increase risk for PTMETs
(30,32). The reason that certain patients develop PTMETs
is complex and likely multifactorial; however the lack of a
dose-responsive risk of steroids with PTMETs implicates
endogenous factors (i.e., genetic factors, pancreatic beta-cell
loss, etc.) as the primary reason for this increase risk.
Clinical implication and significance for PTMETs
Cardiovascular and cerebrovascular disease
Patients transplanted for NASH, with or without PTMETs,
have higher rates of death from CVD compared to patients
transplanted for other indications (1) as well as higher risk
for cardiovascular and cerebrovascular related morbidity
and recurrent NAFLD/NASH (4,5). PTMETs have been
shown to exhibit an independent effect on cardiovascular
and cerebrovascular morbidity and is a better predictor of
these negative clinical outcomes compared to its individual
components (35). The prevalence of vascular events such
as cerebrovascular accidents, transient ischemia attacks,
myocardial infarctions, acute coronary syndrome and
sudden cardiac death is higher amongst patients who
develop PTMETs. After a follow-up period of 5 years,
approximately 30% of those who developed PTMETs
experienced one of the aforementioned vascular events
compared to 8% of patients who did not have PTMETs (5).
Despite this risk, patients transplanted for NASH cirrhosis
who develop PTMETs have similar survival rates compared
to other liver transplant recipients (36).
A recent systematic review found that the 10-year risk
of developing a cardiovascular risk after liver transplant
for all etiologies was 13.6%. This risk is consistent with
a Framingham moderate- to high-risk category (37).
Moreover, PTMETs significantly increased that baseline
risk compared to transplant recipients without PTMETs
(OR =4.01) (38).
Recurrent NAFLD post-transplant
Patients who are transplanted for NASH-related cirrhosis
almost universally develop post-OLT hepatic steatosis. In
one study that compared patients transplanted for NASH
and alcoholic cirrhosis, 100% patients with NASH had
evidence of steatosis at 5 years compared to 25% for
the latter cohort (4). Of those patients transplanted for
NASH who develop recurrent NAFLD, approximately
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9–13% reportedly progress to NASH (4). Another study
showed that 12.5% of patients transplanted for NASH
have recurrence that progresses to cirrhosis after a followup period of 28.1 months (39). PTMETs is an independent
risk factor for hepatic steatosis (11). Patients with PTMETs
develop NAFLD more regularly at 1- and 2-year followup compared to those who did not (50.0% vs. 23.0%, and
45.8% vs. 25.4% respectively) (11).
Diagnosis and management of PTMETs
Management of PTMETs should be aimed at prevention
and treatment of its individual components. Heightened
awareness, screening and patient education are key to
identifying those individuals at increased risk for negative
clinical outcomes. The approach to management of
PTMETs is comparable to management of METs in the
non-transplant setting, although health-care providers
must take into account relevant and unique aspects of posttransplant physiology (29).
Obesity
Post-transplant, patients are at increased risk for rapid
weight gain. After months of dietary restrictions and a
prolonged catabolic condition, cirrhotic patients often
become muscle wasted and enter a state of pseudostarvation characterized by sarcopenia, hypoalbuminemia,
and protein-calorie malnutrition. OLT reverses the
pre-transplant metabolic alterations of catabolism and
sarcopenia often leading to significant and rapid weight gain
post-transplantation. One study showed that up to 40.7%
of transplant recipients were obese at 1-year, a higher rate
of obesity than observed in the general United States adult
population (5).
Patient specific risk factors for post-transplant obesity
are older age and those who were transplanted for chronic
liver disease compared to acute fulminant liver failure. The
incidence of obesity is also associated with prior history of
excessive weight or higher BMI prior to transplant (5).
Physical exercise to combat obesity is challenging for
patients both pre-and post-transplant. Cirrhotic patients
are in a chronic hypermetabolic state that leads to fatigue
and poor functional status. Post-operatively, 50–75%
of patients remain sedentary (40). Transplant patients
are significantly below age-predicted values for exercise
capacity and muscle strength as far out as 2.5 years after
surgery (40). Even studies that randomized patients to a
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rigorous exercise regimen showed that these individuals
were drastically below sedentary age-predicted exercise
capacity (40). Krasnoff et al. hypothesized that cirrhosis in
addition to prolonged physical activity prior to transplant
causes irreversible muscle dysfunction (40). That said, early
exercise and nutritional counseling has led to significant
improvement in exercise capacity and therefore lifestyle
modification(s) should be implemented early in the
transplant process (40).
Experience with pharmacotherapy to assist with weight
loss is limited. One prospective trial investigating the use
of tetrahydrolipstatin (Orlistat®), a reversible inhibitor of
pancreatic lipase, for obese liver transplant patients showed
a significant decrease in waist circumference over a 1-year
follow-up period without changes in patient weight or
BMI with no associated interference with the absorption of
TAC (41). No patients in this trial were on CsA or an
mTOR inhibitor. Orlistat® appears safe to use in this patient
population; however, the efficacy is unclear. Another weight
loss agent, sibutramine, a serotonin and noradrenaline
reuptake inhibitor, is not recommended for weight loss due
to its hepatotoxic potential (41). GLP-1 receptor agonists
have been shown to improve glucose control and diabetesrelated comorbidities, including obesity, CVD and chronic
kidney disease, in non-transplant patients (42). Although
GLP-1 receptor agonists represent a promising therapeutic
approach to diabetes after solid-organ transplant, the safety
and efficacy of these drugs in transplant recipients have not
been adequately studied.
Bariatric surgery has been successfully performed in the
transplant setting with good outcomes. The options for
bariatric surgery have traditionally been gastric banding,
sleeve gastrectomy or Roux-en-Y gastric bypass. Gastric
banding is no longer a favored surgical intervention for
weight loss due to its relative ineffectiveness (43). As an
alternative, sleeve gastrectomy is now typically the first
surgical option for a restrictive intervention as it does not
interfere with immunosuppression absorption, requires
a shorter operative time, leads to durable weight loss and
maintains access to the pancreaticobiliary system. Rouxen-Y gastric bypass carries a theoretical risk of drug
malabsorption and gastric banding involves placing a
foreign prosthesis in an immunosuppressed individual (44).
The timing of bariatric surgery in relation to OLT is also
an important consideration. Surgery at the time of OLT
limits the need for repeat surgical interventions, particularly
once patients are chronically immunosuppressed (44).
Such risks include increased risk for infection, post-
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operative bleeding and/or impaired wound healing. For
example, one study demonstrated a 33.3% complication
rate after a delayed sleeve gastrectomy including bile leak
and dysphagia requiring conversion to a Roux-en-Y gastric
bypass (44).
Impaired fasting glucose (IFG)
IR and impaired glycemic control is common with
cirrhosis (45). Potential mechanisms for the increased risk
for IR includes reduced glycogen synthesis, decreased
glucose oxidation and compromised B-cell function (45).
OLT improves insulin sensitivity in only 4–6% of transplant
recipients (46,47). In the majority of patients, post-operative
weight gain and the use of diabetogenic immunosuppressive
medications exacerbates the risk for developing posttransplant diabetes; therefore, sustained diabetes following
OLT is as high as 36.5% in recipients with a median followup time of 57.2 months (47).
Diabetes following OLT may be due to sustained
diabetes or new onset T2DM after transplantation
(NODAT). Pre-transplant diabetes often persists after OLT.
NODAT typically develops within the first month postOLT (47). Observational reports suggest that NODAT can
improve or resolve over time (48). One study showed that
approximately 50% of patients with NODAT improve their
glucose tolerance after tapering of immunosuppression (21).
Younger age at transplant is predictive of NODAT
reversibility (49). Chronic HCV infection is predictive
not only of NODAT but of persistent NODAT (49).
Other risk factors for NODAT include TAC, male gender,
cumulative dose of steroids and CMV infection (4,21,31,50).
Interestingly, patients who receive allografts with the
TCFF7L2 polymorphism, a protein that is associated with
hepatic glucose production and insulin sensitivity, have a
higher susceptibility for developing NODAT (51).
The diagnosis of IFG is made by a fasting glucose of
110–125 mg/dL or a 2-hour 75 gm oral glucose tolerance
test (OGTT) between 140–199 mg/dL. If either of these
tests are positive, they should be repeated to confirm the
diagnosis (29). Diabetes is diagnosed if the fasting glucose
is greater than 126 mg/dL or OGTT is greater than
200 mg/dL. Hemoglobin A1C should not be used in the
immediate post-operative setting because it is inaccurate
until 3 months after OLT due to peri- and post-operative
blood transfusions (29). Patients discharged without
hyperglycemia should have weekly screening for the first
month, then every 3 months and then annually (21).
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All patients diagnosed with NODAT should receive
adequate patient education about self-management, diet and
exercise (21). Although several classes of pharmacotherapy
are available for type 2 diabetes, medication-related adverse
effects and contraindications such as renal impairment may
hamper the ability to achieve optimal glycemic control.
Oral agents such as incretins, insulin sensitizers and insulin
secretagogues are safe in the post-OLT patient in those
recipients with stable cardiac, renal and hepatic function.
Post-operative impairments in glomerular filtration rates
(GFR) may increase the risk for metformin induced lactic
acidosis (4). Glucagon-like peptide-1 (GLP-1) receptor
agonists provide a new pharmacotherapeutic option
based on the multiple glucose-lowering effects of the
human hormone GLP-1 for the treatment of obesity and
diabetes (52). Stimulation of pancreatic insulin secretion by
GLP-1 receptor agonists is glucose dependent; therefore,
GLP-1 receptor agonists confer less risk of hypoglycemia.
Primary tolerability issues include transient gastrointestinal
symptoms, which can be reduced through dose titration;
however, such symptoms could interfere with a patients’
ability to take immunosuppression medications (4). Insulin
is a safe option as long as patients are educated on its use
and can reliably follow-up. This is especially important as
immunosuppression is weaned and IR improves (21).
If decreasing the dose of immunosuppression does
not help with diabetes management, switching to a
different immunosuppressive agent is recommended. For
example, patients can be converted from TAC to CsA (21).
Converting from TAC to CsA should only be considered
if the provider is confident that switching medications
will not compromise allograft health. Other options
include discontinuing CNI altogether and substituting a
mycophenolic acid derivative or an mTOR inhibitor (29).
Dyslipidemia
Cirrhotic patients rarely suffer from dyslipidemia. Impaired
hepatic synthesis of cholesterol and lipid esterification
contribute to low cholesterol and triglyceride levels (3,53).
However, following transplantation, 66–85% of liver
transplant recipients develop dyslipidemia characterized
by elevated cholesterol, triglyceride, sd-LDL and low
HDL levels, as early as 1 month post-operatively (4,5,23).
mTOR inhibitors tend to cause stronger dyslipidemic
effects compared to CNI’s. Rapamune reliably worsens
hyperlipidemia in a dose-dependent manner (28). Other risk
factors for developing post-OLT dyslipidemia include post-
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OLT renal insufficiency (4). Predictors of low HDL levels
have not been identified (4), although genetic risk factors
likely contribute (54).
Dyslipidemia appears to be refractory to dietary
changes in the post-OLT population (7). As such, medical
practitioners should routinely utilize pharmacotherapy to
improve a patient’s lipid profile. A large systematic review
reported that the 10-year risk of developing a cardiovascular
event for post-OLT patients is 13.6% (38). According to
the ACC/AHA practice guidelines, HMG-CoA inhibitors
(statins) should be initiated for primary prevention of CVD
in those with a predicted 10-year risk between 5.0% and
7.5% (55). Therefore statins should be considered in all
post-OLT patients independent of their lipid levels. In fact,
several observational studies have demonstrated that statins
improve mortality for organ recipients (29,56,57).
When prescribing statin therapy post liver transplant,
it is important to consider that CNIs inhibit cytochrome
p450 3A4 which metabolizes simvastatin, atorvastatin and
lovastatin (21). Therefore, transplant recipients on CNIs
taking concomitant statin therapy may be susceptible
to potential statin related side effect such as myositis.
Pravastatin and fluvastatin are not metabolized by the
CYP3A4 isoenzyme and should be prioritized in post-OLT
patients (21,58). No data regarding target doses of statins in
the post-OLT patients currently exists.
Ezetimibe is another lipid lowering agent that works by
inhibiting the enterohepatic circulation of cholesterol. One
retrospective analysis showed that ezetimibe monotherapy
is effective at lowering LDL levels without adversely
affecting allograft function or immunosuppression levels.
A theoretical risk of hepatotoxicity when ezetimibe is
combined with a statin does exist. Further investigation
is required to define the safety of use of ezetimibe in
combination with statins, particularly in post-transplant
recipients (53).
Fibrates can be considered for those who develop
severe hypertriglyceridemia with levels greater than
600 mg/dL (29). Most fibrates, aside from gemfibrozil, can
be nephrotoxic and may be problematic when used with a
CNI. Furthermore, fenofibrate has been shown to reduce
serum levels of CsA in heart transplant recipients (29).
If warranted, fish oil (omega-3) can be safely used as a
substitute for fibrate therapy which has few side effects and
does not interfere with immunosuppression levels (21).
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Hypertension
Hypertension is the most prevalent post-OLT metabolic
disturbance with reported rates of 62–69% (4) and typically
occurs within the first 6 months after transplant. Patients
treated with CNI in comparison with mTOR inhibitors
tend to develop hypertension more frequently (24). Blood
pressure increases can be drastic, with elevations as high
as 40-50 mmHg from baseline (25). Patients with a higher
MAP prior to transplant are at greater risk for developing
post-OLT hypertension, although there is no reported cutoff that confers such increased risk (24).
Calcium channel blockers, such as amlodipine, have
been shown to be safe and effective in treating post-OLT
hypertension. Caution should be taken with diltiazem,
nicardipine and verapamil as these antihypertensive agents
can increase CsA levels (59). Although ACE inhibitors
are effective in lowering blood pressure, ACE inhibitors
can cause hyperkalemia when used concomitantly with
CNIs (29). Non-selective beta blockers have been shown
to be effective and safe but are not as potent as ACE
inhibitors (59).
Features of posttransplant metabolic syndrome
(PTMS) as compared to MS
Whether the natural history and severity of PTMETs
differs from METs remains unclear. Existing data suggest
that PTMETs may lead to an accelerated atherosclerotic
process compared to METs. For example, patients with
PTMETs seem to have an unusually early onset of clinically
significant atherosclerotic disease. One study reported
that patients with PTMETs suffer vascular events such
as myocardial infarction, acute coronary syndrome and
cerebrovascular accidents at the average age of 57 years
old (30). In comparison, the average age of first myocardial
infarction for men and women in the general population is
64 and 70 years old respectively (60). Similarly, the reported
average age of first stroke is 69 years old (61).
Patients with PTMETs also appear to have a greater
frequency of major vascular events compared to those with
METs. One study with a 5-year follow-up period reported
that 23.2% of patients with PTMETs had CVD defined
as acute coronary syndrome or myocardial infarction and
7.2% experienced a cerebrovascular event defined as a
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cerebrovascular attack or transient ischemic attack (30). In
a large meta-analysis of the general population, 7.7–17.9%
of patients with METs developed CVD over a follow-up
period that ranged from 2.1–8.0 years. The same analysis
reported that 2.2–7.4% of patients with METs developed
cerebrovascular disease over a follow-up period that ranged
from 2.8–11.0 years (38). Whether the incidences of vascular
events are higher in PTMETs patients if they are otherwise
followed for as long as those with METs remain speculative.
An interesting difference between PTMETs and METs
is that the latter has been shown to increase risk for allcause mortality in the general population (RR 1.54, CI:
1.29–1.85) (38). On the other hand, PTMETs has not
been shown to affect patient mortality. An important
caveat is that published results investigating METs and
all-cause mortality followed patients from 1.5–32.7 years.
This time frame is substantially larger than the lengthiest
longitudinal study analyzing the effect of PTMETs on
mortality with a follow-up time of 6.2+/−4.4 years (32,38).
Longer prospective studies are needed to better understand
the effect of PTMETs on patient mortality especially as life
expectancy improves after transplantation.
Conclusions
METs are common in patients with NASH and NASHrelated cirrhosis (1). PTMETs in patients with NASHrelated cirrhosis recurs or develops with a reported
prevalence as high as 90% (30). In comparison, the rate of
PTMETs in patients transplanted for fulminant liver failure,
primary biliary cholangitis, alcoholic cirrhosis is 29%, 47%
and 74% respectively (30).
Post-transplant physiology and immunosuppressive
medications contribute, through several complex
mechanisms, to the high prevalence of PTMETs. PTMETs
has serious clinical implications and significantly increases
patient risk for cardiovascular and cerebrovascular
disease (38). Medical professionals should therefore
aggressively screen transplanted NASH patients for
metabolic derangements (30,32) and strive to optimize
the metabolic complications (increased weight, glycemic
control, dyslipidemia, hypertension etc.) of METs. While
there is consensus regarding the need to identify and screen
at-risk patients for METs, no practice guidance on the longterm management of patients with PTMETs currently exist.
Tailored clinical approaches targeting individual risk factors
and/or features in METs in individual patients may lend
better improvements in long-term outcomes.
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