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Abstract: Improved short- and long-term survival of liver
transplant recipients has led to increased focus on complications
of both the early and late posttransplant periods. A variety
of metabolic complications have been observed in the post—
orthotopic liver transplant population, including hypertension,
hyperlipidemia, obesity, diabetes mellitus, nonalcoholic fatty
liver disease, and nonalcoholic steatohepatitis. Although only a
small proportion of patients experience metabolic complications
prior to transplantation, the prevalence of these complications
posttransplantation reaches or exceeds that of the general
population. This is of particular concern, as cardiovascular disease
is the second leading cause of death in the late transplant period.
A number of mechanisms mediate these metabolic complications,
including reversal of cirrhosis pathophysiology, patient lifestyle
factors, and immunosuppressive medications. Titration and
modification of immunosuppression have been demonstrated
to improve and sometimes even eliminate these conditions.
Therefore, given the multiple etiologies contributing to the
metabolic derangements, an effective management approach must
incorporate lifestyle modifications, immunosuppression titration,
and medical management. Best practices and understanding of the
mechanisms underlying these complications allow for discussion of
initial therapies and strategies; however, further study is necessary
to determine the optimal management of metabolic complications

over time.

iver transplantation is the most effective treatment for end-
stage liver disease, resulting in increased survival and quality
of life for the recipient. Developments and advancements
in surgical techniques, as well as the implementation of tolerable
and effective immunosuppressive regimens, have resulted in steady
gains in post-liver transplant outcomes, with survival of recipients
at 1 and 5 years reported to be 86.9% and 73.9%, respectively.’
With improvements in short- and long-term survival following liver
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transplantation, new dilemmas, particularly metabolic
complications and their associated increased cardiovas-
cular disease risk, have risen in the management of the
liver transplant recipient.? Cardiovascular disease is the
second leading cause of death in the late posttransplant
period.®> Retrospective analysis has demonstrated that
despite the low incidence of cardiovascular disease prior
to liver transplantation, 10.6%, 20.7%, and 30.3% of
transplant recipients developed cardiovascular disease at
1, 5, and 8 years posttransplant, respectively. A variety of
metabolic factors contribute to increased cardiovascular
disease risk, including hypertension, hyperlipidemia,
diabetes mellitus, and obesity. Although these disorders
affect the general population, their prevalence in trans-
plant recipients, as well as their potentiation by the same
immunosuppressive medications that lead to improved
long-term graft function, is of particular concern.’
Additionally, the management of these complications in
the post-liver transplant patient is poor. A 2009 survey
of hepatologists found that only one-third of clinicians
perceived that their transplant patients’ hypertension was
well controlled.® Findings were similar regarding hyper-
lipidemia and diabetes mellitus.® This review outlines the
incidence and etiology of the aforementioned postliver
transplant metabolic complications and comments on the
management strategies currently available.

Hypertension

Hypertension is both a common and significant con-
dition in the post-liver transplant patient, with an
established association of increased risk of cardiovascular
events.” End-stage liver disease is characterized by a state
of high cardiac output accompanied by low systemic
vascular resistance and low mean arterial pressure. This
state is reversed by liver transplantation itself. Following
transplantation, 45% to 75% of patients meet criteria for
arterial hypertension, which is defined as a systolic blood
pressure greater than 140 mm Hg and/or a diastolic blood
pressure greater than 90 mm Hg.® The onset of arterial
hypertension occurs rapidly following transplantation;
50% of liver transplant recipients develop hypertension
within 6 months postprocedure.” The etiology of post-
transplant hypertension is multifactorial and includes the
change in hemodynamics noted previously and, perhaps
more relevant, the immunosuppressive medications
essential to maintaining the graft.

Standard immunosuppressive regimens currently
employed, which typically include a calcineurin inhib-
itor and glucocorticoid, have been associated with
exacerbation of existing arterial hypertension as well as
de novo hypertension.’” Calcineurin inhibitors lead to
increased blood pressure by a variety of mechanisms. The

primary mechanism is widespread arterial vasoconstriction
leading to increased systemic vascular resistance, followed
by induction of the renin angiotensin aldosterone system,
reduction in prostacyclin and nitric oxide production,
and increase in thromboxane and endothelin release.
However, not all calcineurin inhibitors are equal. The
prevalence of hypertension in patients treated with
cyclosporine is 58% to 82% compared with 31% to 38%
in patients maintained on tacrolimus.'? Glucocorticoids
increase blood pressure through the renin angiotensin
aldosterone system, a reduction in prostacyclin and
nitric oxide production, or an increase in the quantity of
angiotensin II receptors.''* Although it is widely accepted
that both calcineurin inhibitors and corticosteroid ther-
apy are essential for graft survival, it is important to
consider their role in hypertension and their influence on
the risk of cardiovascular disease in the patient in the late
posttransplant period.

The control of hypertension is essential to the
long-term survival of the graft recipient given its well-
established role in the development of cardiovascular
disease. Cardiovascular disease was cited as the cause of
death in 21% of liver transplant recipients with good
graft function who survived 3 or more years.”” Given
this percentage, most transplant recipients are consid-
ered high risk by cardiovascular standards, and a goal
blood pressure of lower than 130/80 mm Hg is targeted
to minimize cardiovascular disease risk.'® At the initial
recognition of hypertension, lifestyle modifications (eg,
adoption of a low-sodium diet, cessation of smoking,
avoidance of alcohol, and loss of weight, when appropri-
ate) should be emphasized to the patient. However, if
these measures are ineffective, calcium channel blockers
(CCBs) are the preferred first-line agents in patients who
do not exhibit proteinuria in order to directly counteract
the vasoconstriction associated with calcineurin inhibi-
tors. Of the CCBs available, the dihydropyridine class
is preferred due to its relatively decreased medication
interaction as compared with the nondihydropyridine
CCBs." Patients with proteinuria and hypertension
should take an angiotensin-converting enzyme (ACE)
inhibitor or angiotensin II receptor blocker as a first-
line agent.”” However, due to low activity of plasma
renin in the early posttransplant period, these agents
are more effective in the late posttransplant period.'® If
single-agent therapy in combination with appropriate
lifestyle modifications is ineffective, the results of a 2008
study have demonstrated that combined CCB and ACE
inhibitor therapy is more effective than ACE inhibitor
and beta blocker therapy."” Diuretic therapy is typically
avoided, as the volume contraction in the face of renal
vasoconstriction may lead to impaired renal function.'® It
is also important to note that antihypertensive selection
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can significantly impact levels of immunosuppressive
medications, especially in the case of beta blockers. Levels
should be monitored and adjusted accordingly following
the initiation of therapy.

If the aforementioned strategies are unsuccessful,
practitioners may need to down-titrate or modify the
patient’s immunosuppressive regimen. The rapid taper
of glucocorticoids, when possible, can improve blood
pressure.'® As previously mentioned, patients maintained
on cyclosporine as opposed to tacrolimus have increased
rates of hypertension.'? Transition from cyclosporine to
tacrolimus has been shown to improve blood pressure
in liver and kidney transplant recipients.”® Switching to
mycophenolate mofetil or sirolimus in place of a calci-
neurin inhibitor is another option.”” However, this strat-
egy presents a risk of insufficient immunosuppression.
Ultimately, practitioners must find the balance between
antihypertensive therapy and immunosuppressive mod-
ulation to appropriately control blood pressure and pre-
serve the graft.

Hyperlipidemia

Hyperlipidemia is uncommon in the pre-liver transplant
population due to impaired hepatic synthetic function
in the setting of cirrhosis.?’ However, this metabolic
derangement is commonly reported in 45% to 71% of
liver transplant recipients.'®* Lower-density lipopro-
tein concentrations reduce the risk of cardiovascular
disease, and because liver transplant recipients have an
approximately 64% greater risk of cardiovascular events,
appropriate management of hyperlipidemia is essential
for long-term survival.?>*

Hyperlipidemiain the posttransplant patientis multi-
factorial. Body weight, renal function, nutritional status,
glycemic control, genetic predisposition, donor factors,
and immunosuppressive medications all contribute to the
degree of hyperlipidemia that is observed in a patient.'®*!
Notably, early renal dysfunction posttransplant has
been identified as an independent contributor to hyper-
lipidemia.”” In regard to specific immunosuppressive
drugs, cyclosporine increases serum lipid concentrations
depending on dosage. Converting from a cyclosporine-
based regimen to a tacrolimus-based regimen has been
shown to improve posttransplant hyperlipidemia.?® How-
ever, tacrolimus can induce hyperinsulinemia, which
may ultimately lead to lipid derangements, especially
hypertriglyceridemia. Mammalian target of rapamycin
inhibitors are also known to increase the risk of hyper-
lipidemia, although they often do not exacerbate existing
hyperlipidemia and, if their usage in lieu of calcineurin
inhibitors leads to improved renal function, they may
ultimately improve a patient’s lipid profile.”

Hyperlipidemia associated with immunosuppressive
medications responds to traditional lipid management
strategies such as weight loss, dietary modification,
optimization of blood glucose control, and utilization
of lipid-lowering agents.”® As in the general population,
lipid-lowering therapy primarily targets serum total cho-
lesterol and low-density lipoprotein (LDL) in liver trans-
plant recipients. Although no specific total cholesterol
and LDL goals have been identified for the post-liver
transplant patient, the general guidelines of the Ameri-
can Heart Association are often used to guide therapy.?
In the absence of other significant risk factors, the goal of
LDL should be at least 130 mg/dL for most patients.? As
with all patients, dietary and lifestyle modifications are
first-line treatments for hyperlipidemia in liver transplant
recipients. In addition, patients should be evaluated for
secondary causes of hyperlipidemia, such as hypothy-
roidism, diabetes mellitus, and nephrotic syndrome.

Statin therapy is considered safe in the liver trans-
plant patient, with pravastatin and fluvastatin being the
preferred agents for patients on calcineurin inhibitors
given the lack of interaction with cytochrome P450
3A4.% Importantly, concurrent use of nicotinic acid and/
or fibrates with statin therapy increases the risk of myopa-
thies and, thus, should be avoided.*® Following initiation
of statin therapy, close monitoring of creatine kinase levels
and liver function tests are recommended. Additionally,
patients should be counseled regarding myalgias as a
potential early warning of thamdomyolysis or myositis.

Obesity

Obesity is a national epidemic, with the average body
mass index (BMI) increasing across all cohorts. The Cen-
ters for Disease Control and Prevention defines obesity as
a BMI of greater than 30 and morbid obesity as a BMI
of greater than 35.%! It is estimated that 15% to 30%
of pretransplant patients meet the criteria for obesity.*
When considering the pretransplant patient with end-
stage liver disease, it is important to note that assessments
of pretransplant BMI may be skewed by the quantity of
ascites. Therefore, total body dry weight is a more reflec-
tive measurement for risk stratification. However, these
data are not always available.’® The United Network
for Organ Sharing (UNOS) database reports that 54%
of liver transplant recipients worldwide are considered
overweight or obese.** BMI increases progressively with
time; at 1 year postprocedure, 33.7% of patients meet the
criteria for obesity, and by 5 years, 40.3% of patients meet
the criteria. This is particularly concerning, as there is a
higher prevalence of cardiovascular events in the severely
and morbidly obese cohorts in the posttransplant period
that lead to a significant increase in 5-year mortality.
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A variety of factors lead to an increased propensity
for weight gain following transplant, such as corticoste-
roid usage and reversal of cirrhosis.'® Most patients who
are overweight or obese prior to transplantation remain
so following the procedure. Furthermore, one-third of
patients of normal weight prior to transplant become
obese following the procedure.’* Overweight posttrans-
plant patients are more likely to have a family history of
diabetes mellitus, atherosclerosis, and hypertension.* Risk
factors for posttransplant obesity include age greater than
50 years, obesity prior to transplant, and higher cumula-
tive corticosteroid dose.'®®  Pretransplant  diabetes
mellitus, diabetes mellitus at 1 year posttransplant, and
nonalcoholic fatty liver disease (NAFLD) are also predic-
tive of obesity following transplant.* In addition, patients
undergoing transplantation for chronic liver disease are at
a higher risk of obesity compared with patients undergo-
ing transplantation for fulminant hepatic failure.*

Patients should be advised to achieve a healthy body
weight prior to undergoing transplantation, as obesity
is associated with numerous negative postoperative
outcomes such as prolonged stays in an intensive care
unit and poor wound healing.’” Sawyer and colleagues
demonstrated that elevated BMI is associated with
multisystem organ failure and early postoperative death.?
Furthermore, weight gain places transplant recipients
at risk of complications, including diabetes mellitus,
metabolic syndrome, and nonalcoholic steatohepatitis
(NASH) in the allograft.

Lifestyle modifications (eg, exercise and healthy
diet) are essential for management of obesity. However,
it is important to acknowledge the role that transplant
medications play in the propensity for weight gain. For
example, patients treated for acute rejection ultimately
receive greater exposure to high-dose corticosteroids and,
in turn, gain more weight.” Rapid tapering of high-
dose corticosteroids can assist in weight loss. Data for
calcineurin inhibitors are less definitive. Compared with
tacrolimus, cyclosporine is associated with more weight
gain in the first year following transplant. However, data
demonstrate that this difference does not persist 2 years
posttransplant.’® Therefore, limitation of glucocorticoid
exposure and standard counseling regarding a low-calorie
diet and regular exercise remain the current methods of
posttransplant obesity management.

Diabetes Mellitus

In 2012, the American Diabetes Association estimated
the annual cost of diabetes mellitus at $245 billion.%
Diabetes is defined by a hemoglobin Alc level of 6.5%
in both the general and liver transplant populations.
The prevalence of diabetes ranges from 31% to 38% in

post-liver transplant patients,® and the new onset of
diabetes in the posttransplant period has a prevalence of
13% to 28% in the first year following transplantation.®*!
This complication can develop rapidly; some patients
hyperglycemia
following transplant and require management with an

experience  acute-onset immediately
insulin drip postoperatively.**

Diabetes has been found to have significant
consequences in both the early and late posttransplant
periods. Patients with diabetes have an increased risk of
cardiovascular events, graft complications, and death.®
This population also experiences a higher number of
acute rejection episodes compared with nondiabetic
patients.” Furthermore, complications of diabetes that
develop in the general population, such as nephropathy
and increased rates of infection, carry additional weight
in the transplant population.? Currently, the relationship
between eatly posttransplant mortality in the first year
and new-onset posttransplant diabetes is not well defined.
Studies have demonstrated conflicting results; however, it
is clear that the diagnosis of diabetes can carry significant
clinical consequences.*#4

Numerous risk factors for diabetes in the transplant
population have been identified both in regard to inher-
ent patient characteristics and treatment effects. For
example, male sex increases the risk of new-onset diabetes
following transplantation.” Hepatitis C virus (HCV)
infection also leads to an increased risk of diabetes in
the transplant population via increased insulin resistance
secondary to the virus itself.*® Cytomegalovirus infection
in the first year following transplantation increases the

risk of new-onset diabetes as well.*

Immunosuppressive
medications also significantly contribute to the risk of
de novo posttransplant diabetes, and corticosteroids have
been shown to increase the risk of new-onset diabetes in a
dose-dependent manner.”® Calcineurin inhibitors predis-
pose patients to diabetes through direct damage to islet
cells. Tacrolimus has been demonstrated to have a more
profound effect vs cyclosporine, resulting in a greater
association with diabetes.”!

It is recommended that patients are screened for
diabetes at weekly intervals during the first month fol-
lowing transplantation and subsequently at 3, 6, and 12
months.*? The goal for transplant patients with identified
diabetes is a hemoglobin Alc level of less than 7%."
Strict glycemic control is known to reduce the incidence
of microvascular complications of diabetes in the non-
transplant patient, as well as reduce the risk of myocar-
dial infarction.’® In practice, it is assumed that this likely
translates to the posttransplant population as well. Dur-
ing the subacute and late posttransplant periods, diabetic
care mirrors that of the nontransplant patient (e, a diet
low in calories and carbohydrates, moderate exercise,
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Table 1. Frequency of NAFLD in LT Recipients

Table 2. Immunosuppressant Adverse Effects

NASH LT Non-NASH LT Cyclosporine Nephrotoxicity, neurotoxicity,
Histology Recipients Recipients hypertension, hyperlipidemia,
NAFLD 31%-100% 10%-43% hirsutism
NASH 11%-38% 0%-3% Tacrolimus Nephrotoxicity, neurotoxicity,
hypertension, hyperglycemia,
Cirrhosis 0%-10% 6%-7% gastrointestinal toxicity
iroli Hyperlipidemia, ias,
LT, liver transplant; NAFLD, nonalcoholic fatty liver disease; NASH, Sirolimus yper. 1p1d€fmlla Cy.to.penlas
nonalcoholic steatohepatitis. gastrointestinal toxicity
Corticosteroids Osteoporosis, weight gain,
hyperglycemia, body changes,
oral hypoglycemic agents, and insulin as needed)." Cli- other adverse effects
nicians should consider that many commonly used oral Mycophenolate Cytopenias, gastrointestinal toxicity
diabetic medications are metabolized via the liver and, Mofetil

therefore, can only be utilized in patients with normal
graft function.”” Combination therapy with rosiglitazone
and sulfonylureas has been studied in the posttransplant
population and has been shown to minimize and often
eliminate insulin requirements.”* Pioglitazone has dem-
onstrated similar success in lowering hemoglobin Alc
levels and decreasing insulin requirements.” Adjust-
ments to immunosuppressive regimens can also help
reduce the risk of posttransplant diabetes and improve
glycemic control. Minimization of corticosteroids can
reduce hyperglycemia, and the use of cyclosporine, rather
than the more diabetogenic tacrolimus, can also improve
glycemic control.”® Mycophenolate mofetil is less diabe-
togenic than calcineurin inhibitors; however, complete
elimination of calcineurin inhibitors risks insufficient
immunosuppression and increases the chance of rejec-
tion.” Therefore, diabetes in the transplant patient neces-
sitates a careful balance between lifestyle modifications,
medical therapy, and immunosuppression titration.

Nonalcoholic Fatty Liver Disease
and Nonalcoholic Steatohepatitis

The spectrum of NAFLD and NASH represents a chronic
liver disease that ranges from indolent and asymptomatic
to end-stage liver disease necessitating transplantation.
NASH is currently projected to overtake HCV cirrhosis
as the leading indication for liver transplantation in the
United States.”® A review of the UNOS database dem-
onstrated a 4-fold increase in NASH as the etiology of
end-stage liver disease requiring transplantation between
2002 and 2012.” NASH is observed in patients with
metabolic syndrome, a condition defined by the pres-
ence of truncal obesity, dyslipidemia, impaired fasting
glucose, and hypertension.®® In addition to its emer-
gence as a leading indication for liver transplantation,
NASH is also of great concern in the posttransplant
period with regard to both recurrence and de novo

disease. Unsurprisingly, the rates of NAFLD and NASH
are notably higher in recipients undergoing transplanta-
tion for NASH. However, a significant proportion (up
to 43%) of the non-NASH transplant population has
been observed to develop de novo NAFLD (Table 1).75¢
Independent risk factors for de novo NAFLD include
obesity, tacrolimus-based immunosuppression, hyperlip-
idemia, diabetes, hypertension, and pretransplant liver
% In regard to NAFLD recurrence, it was found
that the average corticosteroid dose at 6 months follow-

steatosis.

ing transplantation was significantly higher in patients
in whom recurrence was documented.”® Additionally, an
association with elevated pre- and posttransplant BMI
and elevated triglyceride levels following transplantation
was observed.”” While long-term post-liver transplant
survival is not significantly different in patients with
recurrent NASH, there is a notable increased risk of
cardiovascular disease.”’ Currently, no concrete guide-
lines have been established for the monitoring or treat-
ment of NASH development or recurrence. However,
expert opinion generally encourages more frequent liver
biopsy and aggressive risk factor modification in patients
undergoing transplantation for NASH.*®

Analysis

The prevention and treatment of metabolic complica-
tions in the liver transplant recipient is a dynamic chal-
lenge that requires management and understanding of
host factors as well as the impact of the posttransplant
immunosuppressive regimen (Table 2). Appropriate
immunosuppression is essential for both short- and
long-term graft survival and positive patient outcomes.
However, as outlined above, these medications carry
with them the capacity to both initiate and exacerbate
significant metabolic complications (Table 3).!! The ideal
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Table 3. Enhanced Metabolic Risk by Maintenance Immunosuppressants

Mycophenolate
Cyclosporine Tacrolimus Sirolimus Corticosteroids Mofetil
Hypertension Moderate Mild None Moderate None
Diabetes Mellitus Mild Moderate None Severe None
Renal Insufficiency Moderate Moderate None None None
Hyperlipidemia Moderate Mild Severe Moderate None

Table 4. Rationale for Individualizing Immunosuppression®

Cardiovascular disease,
infection, neoplasia,
nephrotoxicity, neurotoxicity,

Over-immunosuppression

noncompliance

Under-immunosuppression | Allograft rejection,

allograft loss

*Individualization of immunosuppression is based on the balance
between under-immunosuppression leading to graft rejection and
over-immunosuppression leading to cardiovascular disease, infection,

malignancy, and/or nephrotoxicity.

management and prevention of metabolic complications
requires multiple modalities, such as lifestyle modifica-
tions (before and after transplantation), early screening
and identification of complications, and careful medica-
tion selection and titration (Table 4).>¢ To successfully
employ these individual strategies, a multidisciplinary
approach requires coordination and collaboration by
various members of the medical team, including those
specializing in nutrition and pharmacy in addition to
hepatology and internal medicine. As transplant recipi-
ents progress to the late transplant period, it is impor-
tant to develop systems that optimize communication
between transplant hepatologists and primary care pro-
viders to ensure the recognition and aggressive manage-
ment of metabolic complications.®

Many of the management recommendations
outlined above are based on current best practices and
expert opinion. There still remains a need for high-
quality studies to confirm the efficacy of these strategies
and affirm current guidelines. However, even in the
absence of these rigorous studies, early recognition and
aggressive management of metabolic complications are
advised to reduce morbidity and mortality in the later
transplant period.

Conclusion

As survival time following liver transplant increases,
the management of metabolic complications demands

increased attention. Cardiovascular disease is the second
leading cause of death in the late posttransplant period,
and its association with hypertension, hyperlipidemia,
obesity, and diabetes has been well established. The
incidences of these metabolic complications in the early
and late posttransplant periods are driven by a variety
of factors, including the immunosuppressive regimens
essential for graft function. Early recognition of metabolic
complications, lifestyle modifications, immunosuppres-
sion titration, and medical management are all essential
to minimize the impact of metabolic disorders. Further
study is necessary to refine the optimal management of
the aforementioned complications.
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