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Abstract
Purpose Post-transplant metabolic syndrome (PTMS) is

associated with important causes of morbidity and mortality

in solid organ transplant recipients. Our aim was to investi-
gate predictors of PTMS in liver transplant (LT) recipients.

Methods We randomly selected 343 adults ([18 years of

age) from a large cohort of 1,262 ethnically diverse
patients who received LTs during 2000–2010.

Results Of 343 patients included, 68.2 % were male, with

a mean age of 54 ± 10 years, 87 % White, and 31 %
Hispanic. Prior to LTs, 6.2 % were on lipid-lowering

agents and 24.5 % had BMI C 30 (mean 26.9 ± 5 kg/m2).

More Hispanics had diabetes before LTs compared to non-
Hispanics (p = 0.037). Among those with follow-up of

[6 months (n = 304) after LTs, the proportion of patients

with diabetes and hypertension increased from 21.9 to

27 % (p\ 0.0001), and from 11.5 to 51.6 % (p\ 0.0001),
respectively. Cholesterol levels increased from 150 ± 115

to 167 ± 70 (p\ 0.0001). BMI remained unchanged.

PTMS developed in 41 (13.5 %) and cardiovascular events
in 31 (10.2 %) patients. Hispanics had higher risk of

developing PTMS compared to non-Hispanics (OR 2.30,

95 % CI 1.18–4.49). Survival was not affected by PTMS
(p = 0.3), ethnicity (p = 0.52), or nonalcoholic steato-

hepatitis as the etiology of liver disease (p = 0.50).

Conclusions More Hispanics had diabetes before LTs (29
to 18 %, p\ 0.05) and were more prone to developing

PTMS after LTs compared to non-Hispanics.

Keywords Ethnicity ! Metabolic syndrome ! Liver
transplant

Introduction

The metabolic syndrome (MS) has become much more

prevalent, paralleling increased rates of obesity in the
United States and abroad. Dyslipidemia, hypertension, and

hyperglycemia along with obesity are the main features of
this entity, which was first described by Gerald Reaven in

1988 [1]. Nearly two decades later, the impact of MS on

liver transplant (LT) recipients, its prevalence in the post-
operative period, and implications for long-term survival

are well established [2].

Although the prevalence of individual components of
MS is relatively well described in the post-LT setting,

estimating the prevalence of post-transplant metabolic

syndrome (PTMS) remains a challenge due to a lack of
unified diagnostic criteria, disparate size and characteristics

of the patient populations, and variable length of follow-up

[2–4]. Nevertheless, PTMS is clearly associated with
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important causes of morbidity and death in solid organ

transplant recipients [5]. The identification of potential risk
factors allowing for the prevention and/or early treatment

of PTMS is a promising strategy to reduce post-LT com-

plications and mortality.
In most LT cases, PTMS develops as a result of genetic

background, lifestyle risk factors or it may be induced by

post-LT immunosuppression [6–8]. Therapeutic immuno-
suppression is associatedwith hyperlipidemia, hypertension,

and hyperglycemia [9]. Furthermore, certain etiologies of
liver disease are associated with insulin resistance, namely,

fatty liver disease and chronic hepatitis C infection [10]. The

distribution of metabolic disorders varies by race, ethnicity,
and socioeconomic status [11, 12], which also play a role in

the development of PTMS. Ethnicity has been associated

with MS, but not in the setting of LT [13]. Our aim was to
examine the impact of ethnicity as a predictor of PTMS in a

large cohort of ethnically diverse LT recipients.

Patients and methods

We studied 343 adult ([18 years of age) patients out of all

(n = 1,262) first-LT cases at the University of Miami (UM)

between January 1, 2000, and December 31, 2010. Sixteen
(4.6 %) underwent combined liver–kidney transplantation.

The cohort was randomly selected (one out of every three

adult cases in a chronological order) and was representative
of the whole population. After randomization, data were

retrospectively collected, including demographics (age,

gender, race, and ethnicity) and anthropometric measure-
ments, clinical data, laboratory investigations, and immu-

nosuppressive medications were extracted from the UM

Transplant Institute registry. The following data were also
collected: indication for transplantation, length of follow-up,

and pre-and post-transplantation body mass index (BMI).

The immunosuppression protocol after LT was based on
low-dose tacrolimus and the tapering dose of prednisone

within 6 months, with or without mycophenolatemofetil.

Sirolimus (rapamycin) is usually reserved for patients
transplanted with hepatocellular carcinoma or as a renal

sparing agent.

PTMS was defined according to AHA/National Cho-
lesterol Education Program Adult Treatment panel III

(updated 2004) [14, 15] except for minor modifications

previously published [4, 16]. Thus, PTMS was assumed if
at least three of the following criteria were fulfilled:

1. Obesity, defined as BMI C 30 kg/m2.
2. Elevated triglycerides C150 mg/dL or pharmacologi-

cal therapy for elevated triglycerides.

3. Elevated cholesterol level C200 mg/dL or drug treat-
ment for hypercholesterolemia.

4. Elevated blood pressure C130 mmHg systolic blood

pressure or [85 mmHg diastolic blood pressure or

antihypertensive drug treatment with a history of
hypertension.

5. Elevated fasting glucose C100 mg/dL or drug treat-

ment for diabetes.

BMI was calculated as the ratio between weight (in

kilograms) and the square of patient’s height (in meters).

Nonalcoholic steatohepatitis (NASH) was defined accord-
ing to the histological features of NASH before the LT or

on explanted liver. In addition, those with a previous

diagnosis of cryptogenic cirrhosis who also had MS were
reclassified as NASH. Cigarette consumption was con-

firmed if the patient reported smoking during the 6 months

prior to an LT.
We collected self-reported information on ethnicity

(Hispanic vs. non-Hispanic origin) reflecting the US Office

ofManagement and Budget’s (OMB) 1997 guidelines where
‘‘Hispanic or Latino’’ refers to a person of Cuban, Mexican,

Puerto Rican, South or Central American, or other Spanish

culture or origin, regardless of race [17].

Statistical analysis

Statistical analyses were performed using SAS v.9.2 (SAS

Institute, Cary, NC, USA). Frequencies and proportions
were reported for categorical predictors of PTMS. Pear-

son’s v2 statistics were calculated to test for differences in

binary outcomes. Univariate statistics including means and
standard deviations were calculated to examine the distri-

bution of continuous variables in relation to these out-

comes. The t test was used to compare difference in means
levels between groups. Logistic regression was used to

model the log odds of developing PTMS, and other binary

outcomes, including 95 % confidence intervals (95 % CI),
in relation to demographics, liver disease etiology, and

metabolic and immunosuppressive treatment factors among

patients with at least 6 months of follow-up. The likelihood
ratio test provided an omnibus test of model coefficients

and the Wald v2 test was used to calculate P values for

individual predictor variables after adjustment for a priori
designated confounders including age, gender, and eth-

nicity. Kaplan–Meier curves and survival estimates were

generated in SAS using the PROC LIFETEST procedure to
examine overall survival and comparisons in survival by

gender, ethnicity, and PTMS. The outcome was all-cause

mortality up to 11 years after transplant. Confidence
intervals for these estimates were calculated using Green-

wood’s formula. The Mantel–Haenszel log-rank test was

used as a test of the overall difference in survival between
groups.
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Table 1 Characteristics of liver transplant recipients before and after transplantation

n = 343 Follow-up greater than 6 months (n = 304)

Hispanic
(n = 97, 32 %)

Non-Hispanic
(n = 207, 68.1 %)

Agea 54.2 ± 10.1 52.9 ± 9.3 54.6 ± 10.0

Male 234 (68.2) 60 (61.9) 150 (72.5)

White 301 (87.7) 95 (97.9) 169 (81.6)

Smoker 83 (24.9) 14 (14.4)** 60 (30.0)**

Family history of CAD 36 (11.2) 9 (9.6) 24 (12.6)

Pretransplant CVD 19 (6.0) 4 (4.1) 11 (5.3)

Indication for liver transplantation

HCVb 173 (50.4) 50 (51.6) 108 (52.2)

Alcoholb 78 (22.8) 21 (21.7) 50 (24.2)

PBC, PSC, AIH 51 (14.9) 13 (13.4) 31 (15.0)

NASH 17 (5.0) 7 (7.2) 8 (3.9)

Cryptogenic cirrhosis 15 (4.4) 5 (3.3) 10 (4.8)

HBV 22 (6.4) 8 (8.3) 10 (4.8)

Other 26 (7.6)

Pretransplant biomarkers

INRa 1.7 ± 0.7 1.7 ± 0.5 1.7 ± 0.9

Creatinine (mmol/L)a 1.3 ± 1.3 1.2 ± 1.4 1.3 ± 1.3

Total bilirubin (IU/L)a 5.2 ± 6.2 5.2 ± 5.6 5.2 ± 6.3

Uric acid (mg/dL)a 5.7 ± 2.4 5.3 ± 2.5 5.8 ± 2.2

Plateletsa 100.8 ± 81.8 92.5 ± 63.7 103.5 ± 81.7

AST (IU/L)a 110.3 ± 142.3 104.9 ± 82.9 105.5 ± 93.1

ALT (IU/L)a 84.4 ± 185.1 77.5 ± 79.0 68.7 ± 65.3

ALP (IU/L)a 186.6 ± 184.4 192.7 ± 136.0 177.2 ± 189.9

Albumin (g/dL)a 2.9 ± 0.6 2.9 ± 0.7 2.9 ± 0.6

Na (mEq/L)a 133.9 ± 4.5 135.1 ± 4.7 134.9 ± 4.6

GGT (IU/L)a 124.8 ± 226.4 132.3 ± 232.7 113.5 ± 195.7

Pretransplant metabolic indicators

Statin use 21 (6.2) 2 (2.1) 12 (5.8)

BMI C 30 84 (24.5) 27 (27.8) 48 (23.2)

BMI* 26.9 ± 5.0 27.5 ± 4.9 26.6 ± 4.8

Diabetes mellitus 77 (22.5) 28 (29.2)* 38 (18.4)*

Hypertension 39 (11.4) 15 (15.5) 20 (9.7)

Cholesterol (mg/dL)a 150.0 ± 114.7 147.2 ± 117.3 145.6 ± 52.3

Immunosuppression

FK/CyA 326 (95.0) 92 (94.9) 196 (94.7)

Rapamycin 32 (9.3) 9 (9.3) 21 (10.1)

Mycophenolate 76 (22.2) 23 (23.7) 42 (20.3)

Prednisone 40 (11.7) 88 (90.7) 183 (88.4)

Post-transplant metabolic indicators

BMI C 30 68 (20.8) 27 (28.1) 37 (18.5)

BMI* 26.7 ± 7.1 28.9 ± 8.0 26.1 ± 6.7

Diabetes mellitus 90 (26.6) 36 (37.1)** 45 (21.8)**

Hypertension 169 (49.6) 57 (58.8) 100 (48.3)

Cholesterol (mg/dl)a 167.3 ± 70.1 166.1 ± 89.8 171.2 ± 60.9

Triglycerides (mg/dl)a 172.0 ± 129.3 185.1 ± 142.1 164.0 ± 125
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Results

Characteristics of the study population

Table 1 shows characteristics of 343 randomly selected LT

adult recipients representative of the whole population.
Recipients were predominantly male (68.2 %), with a mean

age of 54 ± 10 years, and White (87.2 %). Non-White

included African Americans (9.0 %), or Asian/Pacific
Islanders, Indians, and Arabs (3.8 %). Of the 343, 30.9 %

were Hispanic and 56.9 % were non-Hispanic Whites.

Approximately 11 % reported a family history of cardio-
vascular disease (CVD) and 6 % had had CVD diagnosed

prior to transplantation. Together, alcohol and HCV infec-

tion led to 73.2 %of all transplants. There were 17 (5 %) and
15 (4.4 %) cases of NASH and cryptogenic cirrhosis,

respectively. Hepatocellular carcinoma was present in 62

explants (18 %), including incidental cases. Nearly all
individuals received immunosuppressive treatment with

calcineurin inhibitors (95.0 %). Other immunosuppressive

drugs included sirolimus (9.3 %), mycophenolatemofetil
(22.2 %), and prednisone (11.7 %). Mean follow-up time

was 4.7 ± 3.8 years.

Pretransplant biochemistry levels were evaluated as
potential predictors of PTMS. For each, there was a variation

in the number of subjects with complete data: INR (miss-
ing = 12), CR (missing = 2), bilirubin (missing = 1), uric

acid (missing = 38), platelets (missing = 4), AST (miss-

ing = 5), ALT (missing = 4), albumin (missing = 2), NA
(missing = 4), GGT (missing = 31), and ALP (miss-

ing = 5). There were no statistically significant associations

between these tests and PTMS. Overall, prior to transplan-
tation, 6.2 % of patients were on lipid-lowering agents,

24.5 % had BMI C 30 (mean BMI 26.9 ± 5 kg/m2),

22.5 % had been diagnosed with diabetes mellitus (DM),

11.4 % were hypertensive, and 12.0 % had hypercholester-
olemia (mean cholesterol level 150 ± 114.7 mg/dL). Sev-

enty-four (25 %) recipients reported use of tobacco. The

exact proportion of patients meeting criteria for MS prior to
an LT was not calculated because serum triglyceride levels

were not available for most patients.
After transplantation, 20.8 % of patients had a BMI C 30

(meanBMI 26.7 ± 7.1 kg/m2), 26.6 %were diagnosedwith

DM, 49.6 % were hypertensive, and 13.7 % had hypercho-
lesterolemia (mean cholesterol 167.3 ± 70.1 mg/dL). Data

on post-transplant triglycerides were available for only 214

(62.3 %) patients, the average triglyceride level being
172.0 ± 129.3 mg/dL, with 90 (42.1 %) having triglyceride

levels above 150 mg/dL.

Features of MS before and after an LT

To analyze the development of components ofMSwithin the
population, patients with \6 months of follow-up after a

transplant (n = 39, 11.4 %) were excluded. Among the 304

remaining patients (Table 2), the proportion of patients with
BMI C 30 decreased from 25.3 % before an LT to 21.6 %

(p\ 0.0001) after an LT.However, therewas nomeaningful

increase in the mean BMI from pre-LT to post-LT phase
(26.9 ± 5 to 26.7 ± 7, p = 0.94). The proportion of patients

with DM increased from 21.9 to 27 % (p\ 0.0001) and

hypertension, from 11.5 to 51.6 % (p\ 0.0001). Mean
cholesterol levels increased significantly, from150 ± 115 to

167 ± 70 (p\ 0.0001), although the increase in the pro-

portion of individuals with hypercholesterolemia (from 12.0
to 13.7 %) was not statistically significant.

Table 1 continued

n = 343 Follow-up greater than 6 months (n = 304)

Hispanic
(n = 97, 32 %)

Non-Hispanic
(n = 207, 68.1 %)

Post-transplant outcomes

Deceased 78 (22.7) 16 (16.5) 43 (20.8)

PTMS 43 (12.9) 20 (20.6.)* 21 (10.1)*

CVE 32 (9.3) 8 (8.2) 20 (9.7)

HCV Hepatitis C virus, PBC primary biliary cirrhosis, PSC primary sclerosing cholangitis, AIH autoimmune hepatitis, NASH nonalcoholic
steatohepatitis, HBV hepatitis B virus, PTMS post-transplant metabolic syndrome, CVE cardiovascular events, BMI body mass index, FK/CyA
tacrolimus/cyclosporin, AST aspartate aminotransferase, ALT alanine aminotransferases, GGT gamma-glutamyltranspeptidase
a Mean ± standard deviation
b Statistical significance test for difference in proportions was the v2-test, and for continuous measures, the F test was done comparing Hispanics
to non-Hispanics. A total of 30 (8.8 %) participants had alcohol and HCV etiology

* Significant at p\ 0.05

** Significant at p\ 0.01

*** Significant at p\ 0.001
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Predictors of PTMS

PTMS developed in 41 (13.5 %) of 304 recipients and
cardiovascular events occurred in 31 (10.2 %) of 304. The

mean follow-up time was 4.7 ± 3.8 years. Hispanics had a

higher risk of developing PTMS compared to non-His-
panics (OR 2.30, 95 % CI 1.18–4.49) and NASH was a

strong risk factor for PTMS (OR 6.56, 95 % CI 2.24–19.2).

A specific immunosuppressive drug regimen was not sig-
nificantly associated with PTMS. Pretransplant biomarker

(INR, creatinine, total bilirubin, uric acid, platelets, AST,

ALT, ALP, albumin, Na, and GGT) levels showed no
association with PTMS. A table showing the univariate

analyses of the post-transplant PTMS outcome among

patients with at least 6 months of follow-up time is avail-
able (see Table 1 in Supplementary Material online).

Hispanics had a higher prevalence of diabetes before

and after transplantation compared to non-Hispanics
(p\ 0.05). Other potential risk factors for PTMS were

compared between Hispanics and non-Hispanics, as shown

in Table 1. Only the proportion of current smokers was
significantly lower in Hispanics compared to non-Hispan-

ics (14.4 vs. 30 %, p = 0.004).
Tables 3 and 4 show a multivariate logistic regression

model predicting metabolic disorders among Hispanics and

patients with the NASH etiology. Overall, 27 (8.9 %)
individuals developed obesity (BMI C 30), 29 (9.5 %)

developed DM, 127 (41.8 %) developed hypertension, and

46 (15.1 %) developed hypercholesterolemia. Hispanic
ethnicity was a significant predictor of PTMS. Hispanic

individuals were 2.33 (95 % CI 1.16–4.69) times more

likely to develop PTMS after adjusting for age, gender,
immunosuppression treatment, and NASH etiology com-

pared to non-Hispanics. Furthermore, as shown in Table 5,

Hispanic ethnicity increased the risk of PTMS indepen-
dently of pre-existing features of MS. Specifically, the

effect of ethnicity on PTMS was independent of having

DM or hypertension prior to liver transplantation. Patients
with NASH were 5.18 (95 % CI 1.66–16.1) times more

likely to develop PTMS after adjusting for age, gender,

immunosuppression treatment, and Hispanic ethnicity.
There were not enough patients to detect an interaction

between NASH etiology and Hispanic ethnicity as only two

Hispanic individuals with the NASH etiology developed
PTMS.

Survival

The mean follow-up time was 4.7 ± 3.8 years. A total of

78 (22.7 %) deaths occurred in the study population; no
significant difference in survival was seen comparing

males to females (p = 0.10, log-rank test). Among all

patients, the cumulative 6-month, 1-year, and 5-year sur-
vival probabilities were 94 % (95 % CI 91–96 %), 91 %

(95 % CI 88–94 %), and 78 % (95 % CI 72–83 %),

respectively. KM survival for PTMS was limited as only
four patients developing PTMS died during the follow-up

period. There were no differences in survival between

Hispanic and non-Hispanic patients (p = 0.52) and
between those with and without NASH (p = 0.50).

Discussion

In our population, PTMS developed in only 12.9 % of 343
adult LT recipients. We found that Hispanic background

Table 2 Comparison of pre- and post-transplant metabolic factors
among individuals with at least 6 months of follow-up (n = 304)

Pre-LT Post-LT v2 a

BMI C 30 m2/kg 25.3 % 21.6 % \0.0001

BMI 26.9 ± 4.9 27.0 ± 7.3 0.94

Diabetes mellitus 21.9 % 26.8 % \0.0001

Hypertension 11.5 % 51.6 % \0.0001

Cholesterol (mg/dL) 146.1 ± 79.1 169.6 ± 71.1 \0.0001

Hypercholesterolemia 12.0 % 13.7 % 0.11

For BMI C 30 and BMI (n = 296), diabetes mellitus (n = 302),
hypertension (n = 304) and cholesterol (n = 207)

LT liver transplant, BMI body mass index
a For categorical measures, the Chi-square test was Pearson’s v2 test;
for continuous measures, the t test was done

Table 3 Multivariate model of PTMS among 304 liver transplant
recipients

PTMS (95 % CI)

Indication for transplantation

HCV 0.77 (0.40–1.51)

Alcohol 0.80 (0.35–1.82)

PBC, PSC, AIH 0.74 (0.24–1.27)

NASH 5.34 (1.73–16.5)*

Cryptogenic cirrhosis 0.95 (0.28–1.32)

HBV 0.67 (0.14–3.12)

Immunosuppression

FK/CyA 1.23 (0.26–5.78)

Rapamycin 1.64 (0.61–4.38)

Mycophenolate 1.53 (0.72–3.24)

Prednisone 0.40 (0.09–1.78)

Models were estimated separately for each parameter. All models
were adjusted for age, gender, and Hispanic ethnicity

HCV Hepatitis C virus, PBC primary biliary cirrhosis, PSC primary
sclerosing cholangitis, AIH autoimmune hepatitis, NASH nonalco-
holic steatohepatitis, HBV hepatitis B virus, FK/CyA tacrolimus/
cyclosporin

* means statistical significance with p\ 0.01
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and NASH as the etiology of liver disease were strong

predictors of PTMS; the proportion of patients with dia-
betes, hypertension, and hyperlipidemia increased after

LTs, without significant changes in obesity rates. Further-

more, the presence of PTMS did not impact overall patient
survival.

LTs are performed more frequently in Hispanics [18]. In

the past decade, 10 % of LT recipients in the United States
were of Hispanic origin. At UM, 407 (32 %) of 1,262 of

LT recipients in the last decade were of Hispanic origin.
The Hispanic population has surpassed other racial and

ethnic groups to become the largest and fastest growing US

minority, numbering an estimated 42.7 million people in
2007 and projected to increase to 96.5 million (24 % of the

population) by 2050 [19]. Nowadays, Hispanics compose

the majority of the population in Miami-Dade County (FL,
USA) where our center is located [20]. An increased

prevalence of MS in Hispanics is well documented [21,

22]. For instance, Ford et al. [22] have examined data from

the National Health and Nutrition Examination Survey

(NHANES) and found that MS was present in 31.9 % of
Hispanics, compared to 23.8 % of non-Hispanic whites and

21.6 % of African Americans. Thus, it comes as no sur-

prise that we have found increased rates of PTMS among
Hispanics. Such higher incidence of diabetes and PTMS in

Hispanics is likely due to both genetic differences and

environmental risk factors, such as socioeconomic status
and level of education. Indeed, Hispanic Americans live in

relatively lower income neighborhoods compared to White

Americans and Asian Americans [23]. Moreover, investi-
gators have also reported a larger proportion of Hispanic

Americans with less than high school education compared

to other ethnicities [24]. Consistent with these data, mul-
tiple groups have found that MS is significantly related to

low levels of education in women [6, 19, 25].

With respect to genetic differences, Romeo et al. [26]
identified a single polymorphism (rs738409G) in the patatin-

like phospholipase domain-containing protein 3 (PNPLA3)

gene, which is strongly associated with the hepatic fat con-
tent. This polymorphism predicts the histological severity of

NASH, and was present in 49 % of Hispanics, 23 % of non-

Hispanic Whites, and only 17 % of African Americans. The
association of this SNPwith non-alcoholic fatty liver disease

in minorities was further explored by Davis et al. [27], who

studied the interaction between dietary intake and this
genetic variant on hepatic fat accumulation in a Hispanic

pediatric population. The authors found that Hispanic chil-

dren with this polymorphism were more susceptible to
hepatic fat accumulation when exposed to a diet high in

carbohydrates. Recently, Wagenknecht et al. demonstrated

an association of the SNP with reduced liver density by
computed tomography in both Hispanic Americans and

African Americans. Additionally, a twofold increase in the
frequency of the SNP was seen among Hispanic Americans

compared to African Americans [28].

Table 4 Frequencies of post-transplant onset metabolic derangements and multivariate logistic regression

Overall n (%) Hispanic (n = 97, 31.9 %) NASH (n = 15, 4.9 %)

304 (100) n (% of outcomes) OR (95 % CI) n (% of outcomes) OR (95 % CI)

Cardiovascular events 31 (10.2) 8 (25.8) 0.76 (0.31–1.87) 2 (6.5) 2.58 (0.69–9.58)

PTMS 41 (13.5) 20 (48.8) 2.33 (1.16–4.69)* 7 (17.1) 5.18 (1.66–16.1)**

Obese (C30 m2/kg) 27 (8.9) 11 (40.7) 1.89 (0.80–4.43) 2 (7.4) 1.10 (0.22–5.51)

Diabetes mellitus 29 (9.5) 12 (41.4) 1.67 (0.75–3.73) 2 (6.9) 1.26 (0.26–6.21)

Hypertension 127 (41.8) 43 (33.9) 1.13 (0.69–1.85) 9 (7.1) 2.14 (0.73–6.30)

Hypercholesterolemia (C200 mg/dL) 46 (15.1) 12 (26.1) 0.68 (0.33–1.40) 2 (4.4) 0.94 (0.19–4.55)

Model for Hispanics is adjusted for age, gender, NASH, and sirolimus treatment and model for NASH is adjusted for age, gender, Hispanic
ethnicity, and sirolimus treatment

Significant at p\ 0.001

* Significant at p\ 0.05

** Significant at p\ 0.01

Table 5 Nominal logistic regression for post-transplant metabolic
syndrome

Variable n (%) OR (95 % CI) p value

Hispanic ethnicity 97 (32) 2.15 (1.02–4.54) 0.042

Pre-LT diabetes mellitus 66 (21.7) 5.07 (2.4–10.8) <0.0001

Pre-LT hypertension 35 (11.5) 3.14 (1.17–8.1) 0.025

Pre-LT cardiovascular
disease

15 (5) 0.9 (0.17–3.6) 0.90

Pre-LT cholesterol level
C200 mg/dL

37 (12) 1.17 (0.35–3.4) 0.78

Pre-LT body mass indexa

C30 kg/m2
75 (24.7) 2.12 (0.99–4.5) 0.054

Data were adjusted for gender and age

Bold values highlight the statistical significance as p\ 0.05
a Data on pre-transplant BMI must be interpreted with caution due to
the effect of ascites
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In addition to environmental factors and genetic varia-

tions, immunosuppressive medications are likely to play an
essential role in the pathogenesis of PTMS. Specifically,

cyclosporine, tacrolimus, and prednisone are associated

with hypertension, hyperlipidemia, and hyperglycemia [8,
29]. Rapamycin has also been shown to cause hyperlipid-

emia [30]. Additional risk factors include: age [4]; cryp-

togenic cirrhosis as an indication for LT, suggesting
unrecognized NASH [3]; pretransplant BMI; increased

BMI after the transplant [3], reflecting the change in
patients’ habits due to improved food intake and progres-

sive weight gain; pretransplant diabetes [3, 9]; and recur-

rent hepatitis C, which has been related to the development
of de novo diabetes post-transplant based on associated

insulin resistance [31]. The present study, we excluded

patients with \6 months of follow-up after LT due to
minimize the effect of high doses of immunosuppressive

medications causing MS in this period.

The age-adjusted prevalence of MS in the general popu-
lation is 29.2 % based on data from NHANES 1999–2006

[32]. The variability in reported rates of PTMS could be

related to several factors including diet, immunosuppressive
regimen, and length of follow-up. Furthermore, it has been

observed that PTMS and its complications can develop in a

short period of time after LT [4]. Different criteria for diag-
nosing PTMS among previous studies should be noted. The

prevalence of PTMS in our sample was 13 %. In contrast,

others have reported prevalence as high as 60 % in their
cohorts [4, 33]. The high prevalence of PTMS in these studies

probably reflects a higher prevalence of MS in their pre-

transplant population as well as long-term use of prednisone.
In the last decade, transplant centers have become increas-

ingly aware of steroid complications, and the practice of early

prednisone tapering is now widespread [34–37]. Also, meth-
ylprednisolone boluses are avoided in patients with hepatitis

C. The present study, the lower prevalence of PTMS could be

attributed to the low rate of long-term prednisone use: only
11 %. In contrast, Laish et al. [4] reported PTMS in 51.9 % of

their patients, with as many as 40 % on long-term prednisone

use. Our results are more in agreement with Ruiz-Rebollo
et al. [9]who reported PTMS in 20 %of their cohort, although

prednisone use was not discussed. However, potential biases

in data analysis due to the retrospective nature of the data
review should be considered the present study. We could not

determine the prevalence of MS before LT due to the lack of

available data on triglycerides. Nevertheless, the prevalence
of MS in patients awaiting LT is likely to be low, because

patients with cirrhosis are frequently malnourished and may

have lower triglyceride and high-density lipoprotein choles-
terol levels, abnormal glucose metabolism, and systemic

vasodilatation leading to lower arterial blood pressures [38].

Furthermore, BMI can be inappropriately increased by ascites
and peripheral edema in the pretransplant setting. In fact, any

pre/post-transplant comparison of BMIs should be taken with

caution.
In the nontransplant population, MS is associated with

increased risk of major cardiovascular complications and

death [2, 39, 40]. Similarly, studies have shown an asso-
ciation between PTMS and cardiovascular and cerebro-

vascular events, well-known causes of morbimortality in

recipients of solid organ transplants [4, 5]. In the present
study, we also noticed a higher prevalence of cardiovas-

cular events in the PTMS population when compared to
those without PTMS (21.9 vs. 8.4 %, p = 0.021; manu-

script in preparation). In agreement with previous reports

by Laish et al. [4] and in contrast to reports by Gami et al.
[39], we did not observe diminished survival in patients

with PTMS. However, our conclusion is limited due to the

small number of deaths among patients with PTMS. Fur-
thermore, in agreement with Reid et al. [41], the present

study shows similar survival rates between Hispanics and

non-Hispanics, while other groups have identified race as
an independent predictor of short- and long-term survival

after LTs [24, 42]. Thus, the effect of race and ethnicity on

LT survival remains controversial.
In conclusion, the present study provides new evidence

for Hispanic ethnicity as an independent predictor of

PTMS. The Hispanic population is more frequently dia-
betic before LTs and is more prone to PTMS. The pre-

vention, early recognition, and treatment of post-LT

hypertension, obesity, dyslipidemia, and diabetes may
impact long-term post-transplant comorbidities and sur-

vival. Prospective studies are needed to validate these

observations and to establish optimal strategies for the
management of PTMS in the Hispanic population. Future

LT risk scores may evaluate ethnicity as an additional risk

factor for morbidity and mortality.
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