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Background. Metabolic syndrome is increasing among patients undergoing liver transplantation.
Nonalcoholic steatohepatitis is a manifestation of metabolic syndrome and is an increasingly common
cause of end-stage liver disease necessitating orthotopic liver transplantation. We sought to determine the
effect of preoperative risk factors on the development of post-transplant metabolic syndrome,
complications, readmissions, and mortality.
Methods. We conducted a review of 114 orthotopic liver transplantations at our institution from May
2012 to April 2014.
Results. Patients with (n = 19) and without (n = 95) metabolic syndrome were similar with regard to age,
race, and model for end-stage liver disease at time of transplant. Donor and operative factors also were
similar between the groups. Preoperative diabetes was found to be associated with an increased rate of re-
admission (odds ratio 3.45, P = .03). While preoperative metabolic syndrome itself was not a significant
predictor of worse outcomes, postoperative metabolic syndrome was associated with significantly greater re-
admissions in the first year. Major predictors of new onset metabolic syndrome after orthotopic liver trans-
plantation included preoperative diabetes and obesity (odds ratio 8.54 and odds ratio 5.49, P < .01 each).
Conclusion. Efforts to decrease the incidence of postoperative metabolic syndrome after orthotopic liver
transplantation may decrease readmissions and improve outcomes, along with decreasing resource
utilization. (Surgery 2016;160:1111-7.)
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LIVER TRANSPLANTATION (LT) offers the only means of
curing cirrhosis from end-stage liver disease and is
also necessary in many patients with acute liver fail-
ure. In patients with end-stage liver disease and
cirrhosis, 3-month mortality is high, and mortality
while on the liver transplant waitlist is common.1

While the most frequent indication for LT is
currently hepatitis C, nonalcoholic steatohepatitis
(NASH) is becoming increasingly more common.2

As medical urgency governs organ allocation in
LT, appropriate patient selection is critical in order
to minimize wait times and avoid futile transplants.3

As the practice of LT has improved, the
epidemic of metabolic syndrome (MetS) has
become a substantial clinical problem before and
after transplantation.4 Widely adopted definitions
of MetS include criteria encompassing a number
of cardiovascular risk factors, namely insulin resis-
tance, dyslipidemia, hypertension, and obesity.
MetS and concurrent obesity are important risk
factors for postoperative complications, duration
of stay, and hospital costs after orthotopic LT.5

Large, single center experiences with LT in obese
patients have shown greater rates of wound infec-
tions, organ failure, and decreased 1-year graft sur-
vival in the severely obese LT recipient.6

Although prevalence of MetS is approximately
20% in all cirrhotic patients compared with >24%
in the general population,7 it has been postulated
that cirrhotics are predisposed to MetS as a result
of low lipid levels associated with chronic liver dis-
ease.8 Furthermore, obesity and type 2 diabetes are
more common in cryptogenic cirrhosis compared
with other causes, possibly due to an unrecognized
contribution of NASH in these patients.9

The impact of metabolic diseases continues to
be a problem after LT and much effort is being
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invested into further understanding this phenom-
enon. Liver transplant recipients have exception-
ally high rates of metabolic derangement with an
incidence of hypertension seen in 85% of patients,
dyslipidemia in 66%, obesity in 40%, and hyper-
glycemia in 51%.10 It is known that certain immu-
nosuppressive medications, such as cyclosporine
and tacrolimus, are associated with the develop-
ment of hypertension, hyperglycemia, and dyslipi-
demias.11 Whether the development of metabolic
derangements is the result of iatrogenic interven-
tions or patient factors, the underlying disease pro-
cesses remain unclear. However, it is becoming
increasingly recognized that PT-MetS is a signifi-
cant factor in morbidity in LT recipients and is
tied closely to post-transplant weight gain.10

While there is a close relationship between
obesity and MetS, it is not known to what degree
the individual components of MetS in both the
pre- and postoperative setting affect outcomes
after LT. Furthermore, reversible factors that
contribute to the development of MetS in LT
patients are not well defined. In this study, we
hypothesize that preoperative metabolic risk fac-
tors in LT candidates have a direct impact on LT
outcomes and development of PT-MetS.

STUDY DESIGN AND METHODS

Definitions. MetS is a diagnosis applied to
individuals with distinct risk factors for cardiovas-
cular disease. The National Cholesterol Education
Program (NCEP) Adult Treatment Panel (ATP-III)
guidelines are used commonly to make the diag-
nosis of MetS and require 3 of the 5 following risk
factors: (1) waist circumference >102 cm in males
or >88 cm in women, (2) triglycerides $150 mg/
dL, (3) HDL-C <40 mg/dL in men or <50 mg/dL
in women, (4) hypertension $130 systolic or $85
diastolic, or (5) insulin resistance demonstrated by
a fasting glucose $110 mg/dL.12

Practical extensions to the NCEP ATP-III defi-
nition were published in a consensus paper by
Alberti et al.13 These guidelines allowed us to
determine retrospectively the presence of insulin
resistance, dyslipidemia, and hypertension by iden-
tifying those patients taking antihyperglycemic
agents, statins, or antihypertensive medications
(excluding those used commonly for control of
variceal disease) as meeting each criteria respec-
tively. In addition, we considered body mass index
(BMI) $30 as a surrogate for waist circumference.

Study design. The medical records of all patients
undergoing orthotopic LT at the University of Cin-
cinnati Medical Center between May 1, 2012, and

April 30, 2014, were reviewed through the Cincinnati
Collaborative for Obesity Research. Data from these
patients were collected in a retrospective manner
from both inpatient and outpatient encounters.

Patients were divided into 2 cohorts based on
the preoperative presence or absence of MetS
(MetS and non-MetS) as defined above. All pa-
tients with insulin resistance were diagnosed based
on active therapy with insulin or oral antihypergly-
cemic medications immediately prior to LT. A
diagnosis of hypertension was made if the patient
met the NCEP ATP-III criteria or was previously on
antihypertensive medication prior to LT. Dyslipi-
demia was identified by serum triglycerides when
possible, or by use of statin therapy.

Patient age, pretransplant BMI, operative times,
model for end-stage liver disease (MELD) score
(with and without exception points), and the
extent of microsteatosis and macrosteatosis on
explant pathology were treated as continuous
variables. Other preoperative factors including
sex, race, presence of insulin resistance, dyslipide-
mia, hypertension, obesity, MetS, hepatocellular
carcinoma, and hepatitis C were treated as ordinal
and categorical variables. Additional clinical data,
such as preoperative dialysis, blood product trans-
fusion volumes, donor age, and donor BMI, were
included in our univariate analysis but excluded
ultimately due to nonsignificance. Our primary
end point was the development of PT-MetS. Sec-
ondary end points included short-term complica-
tions, duration of stay, readmissions in the first
year, and 1-year all-cause mortality.

Analyses. Statistical analysis was performed us-
ing the Student t test for continuous variables, the
Wilcoxon rank sum test for ordinal variables, and
the v2 test for categorical variables. All statistical
analyses were performed using SAS software
(version 9.2; SAS Institute, Inc, Cary, NC). Odds ra-
tios (OR) and 95% confidence intervals are re-
ported from multivariate mode. This study was
approved by the University of Cincinnati Institu-
tional Review Board.

RESULTS

Our center performed a total of 114 orthotopic
LTs during the study period. Nineteen orthotopic
LTrecipients met preoperative inclusion criteria for
MetS (16.7%). The rate of preoperative diabetes was
greater in the cohort with MetS (90% vs 20%,
P < .01). This cohort also had a greater incidence
of hypertension (90% vs 33%, P< .01). All MetS pa-
tients were obese with BMI >30, while only 40% of
patients without MetS were obese (Table I).
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