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Abstract
AIM: To investigate pro-atherosclerotic markers (en-

dothelial dysfunction and inflammation) in patients one 
year after liver transplantation. 

METHODS: Forty-four consecutive liver transplant 
(LT) outpatients who were admitted between August 
2009 and July 2010, were followed-up by for 1 year, 
exhibited no evidences of infection or rejection, all of 
them underwent tacrolimus-based immunosuppressive 
regimens were consecutively enrolled. Inflammatory 
cytokines (TNFα, IFNγ, IL-8, and IL-10), endothelial 
biomarkers (sVCAM-1, sICAM-1, MPO, adiponectin, 
PAI-1, SAP, SAA, E-selectin, and MMP-9), high sensitive 
C-reactive protein, and Framingham risk score (FRS) 
were assessed. The anthropometric data, aminotrans-
ferases, metabolic syndrome features, glucose and lipid 
profiles, and insulin resistance data were also collected. 
The LT recipients were compared to 22 biopsy-proven 
non-alcoholic steatohepatitis (NASH) patients and 20 
healthy controls (non-obese, non-diabetics, and non-
dyslipidemic). 

RESULTS: The LT recipients had significantly younger 
ages and lower body mass indices, aminotransferases, 
fasting glucose and insulin levels, glucose homeostasis 
model and metabolic syndrome features than the NASH 
patients. Classic cardiovascular risk markers, such as 
Hs-CRP and FRS [2.0 (1.0-8.75)], were lower in the 
LT patients compared to those observed in the NASH 
patients (P = 0.009). In contrast, the LT recipients and 
NASH patients had similar inflammatory and endothe-
lial serum markers compared to the controls (pg/mL): 
lower IL-10 levels (32.3 and 32.3 vs 62.5, respectively, 
P = 0.019) and higher IFNγ (626.1 and 411.9 vs 67.9, 
respectively, P < 0.001), E-selectin (48.5 and 90.03 
vs 35.7, respectively, P < 0.001), sVCAM-1 (1820.6 
and 1692.4 vs 1167.2, respectively, P < 0.001), and 
sICAM-1 (230.3 and 259.7 vs 152.9, respectively, P = 
0.015) levels. 

OBSERVATIONAL STUDY



CONCLUSION: Non-obese LT recipients have similar 
pro-atherosclerotic serum profiles after a short 1-year 
follow-up period compared to NASH patients, suggest-
ing a high risk of atherosclerosis in this population.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Liver transplant (LT) patients a have high risk 
of long-term development of cardiovascular disease 
(CVD), which is currently recognized as an important 
cause of death 5 to 10 years after transplant in this 
population. Atherosclerosis is a hallmark of CVD, with 
both disorders involving a prolonged asymptomatic 
phase and often leading to morbidity and mortality 
upon initial clinical presentation. Regardless, endo-
thelial dysfunction is the first step in developing early 
atherosclerosis. In the present study, we evaluated 
inflammatory and endothelial markers one year after 
transplantation in asymptomatic LT recipients in com-
parison to high-CVD-risk biopsy-proven nonalcoholic 
steatohepatitis (NASH) patients and healthy controls. 
We found that LT recipients had pro-inflammatory 
profiles and endothelial dysfunction similar to those of 
NASH patients, both of which were higher than those in 
the compared controls. These findings suggest that LT 
recipients, even in a short 1-year follow-up period, dis-
play a high atherosclerotic risk and should be carefully 
monitored to effectively prevent CVD.
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INTRODUCTION
Liver transplantation is the standard treatment for acute 
and chronic end-stage liver disease. Advances in medical 
therapy and surgical techniques have increased the life 
span of  liver transplant (LT) recipients. As a result, medi-
cal complications that accompany long-term survival, 
including atherosclerotic cardiovascular disease (CVD), 
metabolic bone disease, and de novo malignancy, have 
accounted for an increasing proportion of  late morbi-
mortality in these patients. CVD, which is responsible for 
19% to 42% of  all non-liver related mortality, is a major 
cause of  morbidity and mortality after LT[1-6]. 

Atherosclerosis is the hallmark of  CVD and remains 
an important health issue in the modern world despite 
research aimed at understanding its underlying pathogen-
esis. This condition involves a prolonged asymptomatic 

phase; symptoms only develop when blood flow is insuf-
ficient to ensure tissue vitality. The first clinical presenta-
tion often leads to morbidity and mortality[7]. Arterial 
plaque with no symptoms is called subclinical atheroscle-
rosis, and chronic inflammation is a risk factor for plaque 
rupture. High sensitivity C-reactive protein (Hs-CRP) is 
an inflammatory marker that predicts CVD in healthy 
individuals[8,9]. Endothelial dysfunction is the first step 
in developing early atherosclerosis. Several studies con-
firm that elevated plasma levels of  endothelial markers, 
such as von Willebrand factor, and soluble vascular cell 
adhesion molecule-1 (sVCAM-1) may serve as molecu-
lar markers for atherosclerosis and are independent risk 
factors for the development of  coronary heart disease[9]. 
Risk estimation for atherosclerotic and cardiovascular 
events that is based only on the presence of  classical risk 
factors is often insufficient. Therefore, efforts have been 
made to identify blood markers that indicate the presence 
of  preclinical disease. 

This study was designed to investigate pro-atheroscle-
rotic markers (endothelial dysfunction and inflammation) 
in patients one year after LT. 

MATERIALS AND METHODS
Population
Between August 2009 and July 2010, 44 consecutive 
adult (older than 18 years old) outpatients who under-
went orthotopic LT at the LT Unit of  the University of  
São Paulo School of  Medicine, Brazil, were followed for 
1 year. The results were compared to 20 age-matched 
(10-year age classes) controls [body mass index (BMI) 
< 30 kg/m2, non-diabetics, and non-dyslipidemic]. Ad-
ditionally, because NASH is an important risk factor for 
CVD, 22 patients with biopsy-proven NASH were also 
compared with the LT recipients and controls. One ex-
perienced pathologist graded the liver biopsies from the 
NASH patients, according to the NAFLD activity score 
(NAS)[10]. The LT recipients had no evidence of  infection 
or rejection and were evaluated during regular outpatient 
clinic visits. 

The transplant data were reviewed from the patient’s 
charts. At the 1-year follow-up, features of  MS, glucose 
and lipid profiles, HOMA-IR, inflammatory cytokines, 
and endothelial biomarkers were determined. MS was de-
fined using the American Diabetes Association criteria[11]. 

Framingham risk scoring system and physical activity
Framingham risk scoring system (FRS) was calculated 
by assigning gender-specific points for age, smoking, 
diabetes, blood pressure, low-density lipoprotein cho-
lesterol (LDL-cholesterol), and high-density lipoprotein 
cholesterol (HDL-cholesterol). The gender-specific FRS 
equations were then used to calculate the risk of  develop-
ing cardiovascular events over the next 10 years[11]. The 
patients were graded as low risk (< 10%), intermediate 
risk (10%-20%), and high risk (> 20%), according to the 
National Cholesterol Education Program Adult Treat-
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ment Panel Ⅲ guidelines[12]. 
The International Physical Activity Questionnaire as-

sessed physical activity. Sedentary lifestyle was described 
as less than 10 min/wk of  continuous exercises[13]. 

Laboratory evaluation
The laboratory evaluation in all patients included a blood 
cell count and the measurement of  aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), total cho-
lesterol and fractions, triglycerides, and fasting glucose 
and insulin levels. These parameters were measured using 
the standard techniques of  clinical chemistry laboratories 
(Modular P800, Hitachi, Roche Applied Science, India-
napolis, IN, United States). Insulin resistance was mea-
sured using the glucose homeostasis model (HOMA-IR): 
the product of  fasting plasma glucose level (mg/dL) and 
insulin concentration (mIU/L), divided by 405.

Serum cytokine measurements
For the cytokine and chemokine measurements, the se-
rum was stored at -80  ℃ until use. The serum cytokine 
levels (TNF-α, IL-8, IFNγ, and IL-10) were then mea-
sured using a sensitive sandwich enzyme-linked immuno-
sorbent assay (ELISA) kit (RD System Inc., Minneapolis, 
MN, United States). All measurements were performed 
in duplicate, and the average values were used in the sta-
tistical analyses. 

Inflammation and endothelial dysfunction markers
To detect changes in inflammation and endothelial dys-
function markers, we analyzed the levels of  high-sensitive 
C-reactive protein (Hs-CRP), soluble intercellular adhe-
sion molecule-1 (sICAM-1), soluble vascular cell adhe-
sion molecule-1 (sVCAM-1), E-selectin, adiponectin, 
plasminogen activator inhibitor 1 (PAI-1), serum amyloid 
P (SAP), serum amyloid A (SAA); matrix metallopep-
tidase 9 (MMP-9), and myeloperoxidase (MPO). Each 
measurement was performed in pg/mL in a multiplex as-
say on the Luminex platform, as described by the manu-
facturer (Milliplex CVD Panel 1, Millipore, Copenhagen, 
Denmark). The readers of  the index tests and reference 
standard were blinded to the other test results. 

Ethical concerns
The study was performed in accordance with the ethical 
standards of  the Helsinki Declaration. An institutional 
ethics review board approved the protocol, and written 
informed consent was obtained from each patient. The 
Department of  Gastroenterology (LIM-37/LIM07), 
School of  Medicine, University of  São Paulo, Brazil, sup-
ported this work. The authors have no conflicts of  inter-
est to disclose.

Statistical analysis
Sample estimation was not performed, as there was no 
similar study on which to base the calculation. The data 
are expressed as mean ± standard deviation (SD) for vari-
ables with normal distribution and compared using one-

way analysis of  variance (ANOVA). The median and 25th 
and 75th percentiles were used for variables with skewed 
distribution, which were compared using the Mann-Whit-
ney U-test. Multiple comparisons were conducted, and a 
significance level of  5% was established.

RESULTS
Table 1 describes the demographic and clinical data from 
the LT recipients and donors. Most of  the patients were 
males, with non-hepatitis C virus (HCV)-related liver 
disease. Only 4 (9.1%) patients were transplanted for 
NAFLD cirrhosis. In addition, most of  the included pa-
tients had no hepatocellular carcinoma diagnosed during 
the pre-transplant period or at the explant analysis. The 
mean age of  the donors was young (41.9 years), and the 
intraoperative data (ischemia times, intraoperative blood 
requirements, and intraoperative albumin infusion) dem-
onstrated that undergoing the procedure was uneventful. 

All included LT recipients underwent tacrolimus-
based immunosuppressive treatment, and steroids were 
withdrawn in 208.5-106.8 d. During the 1-year follow-
up, obesity was not a prevalent comorbidity, with a mean 
BMI of  24.3-4.3 kg/m2. The mean abdominal circumfer-
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Table 1  Demographic and clinical data from liver transplant 
recipients included  n  (%)

Variable Results (n  = 44)

Recipient age (yr)1   50.8 ± 14.3
Donor age (yr)1   41.9 ± 17.6
Gender
Male 29 (65.9)
Female 15 (34.1)
Etiology of liver disease1

HCV-related 16 (36.4)
Non-HCV-related 28 (63.6)
Patients with NAFLD 4 (9.1)
Patients with hepatocellular carcinoma 15 (34.1)
Pre-transplant MELD1 19.3 ± 9.4
Donor liver weight (g)1 1374.3 ± 311.3
Recipient liver weight (g)1    1399 ± 725.9
Cold ischemia time (min)1   400.9 ± 137.9
Warm ischemia time (min)1 47.2 ± 8.9
Intraoperative blood requirements1

Packed red cells (Units) 1.09 ± 1.6
Plasma (Units) 0.71 ± 1.8
Platelets (Units)   1.03 ± 3.53
Intraoperative albumin infusion (10 g bottles)1 4.32 ± 4.8
Tacrolimus-based immunosuppression 44 (100)
Steroids withdrawal (d)1   208.5 ± 106.8
Pre-transplant diabetes mellitus 16 (36.4)
Diabetes mellitus 1 yr after transplant 17 (38.6)
Pre-transplant BMI1 25.1 ± 5.3
BMI 1 yr after transplant1 24.3 ± 4.3
Abdominal circumference 1 yr after transplant (cm)1 89.4 ± 8.7
Tobacco consumption   8 (18.2)
Arterial hypertension 16 (36.4)
Sedentarism 28 (66.3)
Metabolic syndrome 10 (22.7)
Framingham risk score (10-yr)2      2.0 (1.0-8.75)

1Mean and standard deviation; 2Median and 25th-75th percentiles. BMI: 
Body mass index. 
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Regarding endothelial biomarkers, the liver recipients 
and NASH patients were comparable considering sV-
CAM-1 and sICAM-1 (P = 0.5), and these levels in both 
groups were higher than in the controls; sVCAM-1 was 
significantly higher in the LT recipients than in the con-
trols (P < 0.001), and sICAM-1 exhibited an insignificant 
tendency to be higher between these groups (P = 0.05). 
The E-selectin level was higher in the NASH patients 
than in the transplanted patients, but it was also higher in 
the transplanted patients compared to the controls (P = 
0.04). MPO and PAI-1 were significantly lower in the LT 
recipients than in the other groups, while the SAP and 
SAA levels were significantly lower only when comparing 
the LT recipients with the NASH patients. The serum ad-
iponectin levels were higher in the transplanted patients 
than in NASH patients (P = 0.007).

Only one patient (a patient with post-transplant myo-
cardial infarction) developed cardiovascular events during 
the follow-up period. No patients presented with recur-
rent hepatocellular carcinoma within the 1-year follow-
up.

DISCUSSION
CVD is a major cause of  morbimortality after LT, and 
identifying those candidates who are at the greatest risk 
of  postoperative complications is a cornerstone strategy 
for optimizing outcomes[14,15]. The present study dem-
onstrated that at 1 year post-transplant, LT recipients 
have similar pro-atherosclerotic profiles, as measured by 
endothelial biomarkers and inflammatory cytokines, as 
patients with NASH, even when conventional cardiovas-

ence 1 year post-transplant was 89.4-8.7 cm. MS features 
were present in only 22.7% of  the LT recipients. While 
38.7% of  the patients had DM, and high blood pres-
sure was identified in 36.4%. Only 18.2% of  the patients 
smoked tobacco. Conversely, sedentarism was present 
in 66.3% of  the studied sample. The mean FRS was low 
(2.0), consistent with the low MS prevalence.

Table 2 shows the laboratory results 1 year post-LT. 
The hepatic profiles were approximately normal and sig-
nificantly lower than those of  the NASH patients. The 
fasting glucose, insulin, and HOMA-IR levels were also 
lower than those in the NASH patients. Although NASH 
patients had higher total cholesterol levels, their HDL 
and LDL-cholesterol and triglyceride levels were not sig-
nificantly different from those of  the LT patients, likely 
because the NASH patients were taking medications. 
MS was observed more frequently in the NASH patients 
(100%) than in the LT recipients. 

Regarding inflammation, the IFNγ level was compa-
rable in the NASH patients and LT recipients (P = 0.3); 
the levels in both groups were higher than that in the 
controls (P < 0.001). The anti-inflammatory IL-10 was 
similar in the LT and NASH patients (P = 0.84), and sig-
nificantly lower in both groups compared to the controls 
(P ≤ 0.05), as shown in Table 3. There were no between-
group differences in the TNF-α level, and the IL-8 levels 
were similar between the LT recipients and controls (P > 
0.05). 

The CVD risk (i.e., Hs-CRP) was similar in the LT 
recipients and controls (P = 0.41) but significantly lower 
in the LT patients compared to the NASH (P = 0.007) 
patients (Table 4). 
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Table 2  Demographic and clinical characteristics of the studied population

Variable (mean ± SEM) otherwise indicated NASH (n  = 22) LT (n  = 44) Controls (n  = 20) P 1

Age    58.5 ± 6.511     50.8 ± 14.3   51.2 ± 9.31 < 0.001
Sex %male/female 36.3/63.7 65.9/34.1 53.4/46.7
BMI     31.7 ± 4.351   24.3 ± 4.3 25.1 ± 2.7 < 0.001
Fasting glucose 139.7 ± 60.6   118.1 ± 46.8 NA < 0.001
Fasting insulin   17.6 ± 8.68 12.15 ± 7.7 NA  0.03
HOMA-IR 6.173 ± 6.68   3.43 ± 2.4 NA < 0.001
AST   45.5 ± 28.5        23 ± 18.1 NA     0.002
ALT   58.8 ± 45.5        23 ± 15.3 NA < 0.001
Total cholesterol 199.5 ± 44.3 171.27 ± 26.8 NA NS
HDL cholesterol   50.1 ± 12.3     49.6 ± 15.9 NA NS

1LT vs NASH. SEM: Standard error of the mean; NS: Non-significant; NA: Not applied; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
HDL: High-density lipoprotein.

Table 3  Inflammatory cytokines in liver transplant recipients, non-alcoholic steatohepatitis and controls

Variable (median - 25th-75th percentile) NASH (n  = 22) LT (n  = 44) 1Controls (n  = 20) P

TNFα (pg/mL) 13.4 (8.85-22.2) 12.1 (8.58-26.6) 10.1 (5.0 -13.6)    0.121
IFNγ (pg/mL)     411.9 (192.3-1361.7)     626.1 (286.9-1572.3)   67.9 (42.2-100.6) < 0.001 
IL-8 (pg/mL) 57.8 (43.8-70.2) 36.5 (31.2-44.9) 40.7 (36.5-53.3) < 0.001
IL-10 (pg/mL) 32.3 (22.5-49.8) 32.3 (25.8-62.5) 62.5 (34.4-85.3)    0.019

1Comparisons: IFNγ (NASH = LT-P = 0.3; NASH and LT > controls - P < 0.001); IL-8 (NASH > LT - P < 0.001; NASH > controls - P = 0.04; LT = controls - P = 
0.11); IL-10 (NASH = LT - P = 0.84; NASH < controls - P = 0.02; LT < controls - P = 0.04).
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cular risk factors, such as obesity or elevated Hs-CRP or/
and high FRS, are not observed. In liver disease, NASH 
patients represent the major leading intersection between 
metabolic syndrome and CVD; therefore, they represent 
a good comparison group when considering CVD risk in 
a given population.

Post-transplant MS is an important risk factor for 
CVD, and it should be monitored[16,17]. In our study, 
patients presented relatively low BMIs pre-transplant, 
and diabetes was uncommon. Moreover, after LT, the 
prevalence of  diabetes, hypertension, and MS remained 
low. This finding contrasts with several other studies that 
demonstrated relatively higher post-LT MS prevalence[6,16]. 
Additionally, BMI did not increase at the end of  the 1-year 
follow-up. Correspondingly, in the present study, the LT 
recipients displayed a normal lipid profile, and FRS was 
not elevated; the mean FRS was 2%, which indicates low-
risk. Hs-CRP is a well-established predictive marker of  
risk of  coronary events. CRP can induce endothelial lec-
tin-like oxidized low-density lipoprotein (ox-LDL) recep-
tor-1, which is the primary endothelial receptor for ox-
LDL and may lead to the activation of  pro-inflammatory 
genes, including IL-8, sICAM-1, and sVCAM-1[17]. Here, 
Hs-CRP was higher in the LT recipients than in the con-
trols, but the difference was not significant. Indeed, this 
result is consistent with the aforementioned LT recipient 
characteristics and highlights the strength of  our main 
results. Moreover, differences regarding age or BMI most 
likely have not influenced the results, as the LT recipients 
and controls had quite similar characteristics. 

Increased levels of  selectins and adhesion molecules 
are considered to be important indicators of  atheroscle-
rosis[18]. One of  the key initial events in the development 
of  atherosclerosis is the adhesion of  monocytes to the 
endothelial cells, with subsequent transmigration into 
the vascular intima. Soluble leukocyte and vascular cell 
adhesion molecules (CAM), such as selectins, integrins, 
sVCAM-1, and sICAM-1, play critical roles in the adhe-

sion of  monocytes to endothelial cells[17]. In the present 
study, the sVCAM-1 and sICAM-1 levels were higher in 
the LT recipients than in the controls. Remarkably, the 
CAM levels were comparable between the LT recipients 
and NASH patients. In addition, the E-selectin levels in 
the LT recipients were significantly higher than in the 
controls. These results could indicate the initiation of  an 
atherosclerotic disease process. 

In contrast, the LT recipients displayed lower MPO, 
MMP-9, and PAI-1 levels than the controls and NASH 
patients. It is unknown why these markers were low in 
our study; although tacrolimus itself  can negatively im-
pact MMP-9[19], and PAI-1 can be low in association with 
thrombocytopenia, as approximately 90% of  blood PAI-1 
is found in the platelet compartment[20]. Regarding MPO, 
which promotes atherosclerosis via oxidative stress[21], 
levels under < 115 ng/mL were recently correlated with a 
longer event-free period in a high-risk population suffer-
ing from peripheral arterial disease[22]. In our study, only 
the LT recipients had mean MPO levels ≤ 115. 

Inflammation plays a leading role in atherosclerosis. 
Most of  the studies on cytokines in LT patients indicate 
immediate complications, such as ischemia-reperfusion 
injury or rejection. In the current study, the TNFα levels 
were similar among the LT recipients, NASH patients, 
and controls, but a previous study from our group dem-
onstrated that TNFα does not increase in NAFLD[23]. 
IFNγ levels were lower in the controls than in the LT 
recipients, suggesting that LT recipients have more in-
flammation than normal. This result is confirmed by anti-
inflammatory IL-10, a pivotal anti-inflammatory cytokine 
that showed higher levels in the controls compared to 
the LT patients. Down-regulation of  IL-10 has also been 
recently demonstrated in NASH patients[24], and low 
circulating levels have been demonstrated in obese pa-
tients. The role of  IL-8 is not well documented, even in 
NAFLD. It has been suggested that cirrhosis itself  (with 
hepatic shunts and liver dysfunction) can partially explain 
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Table 4  Comparison among liver transplant recipients, non-alcoholic steatohepatitis and controls regarding endothelial biomarkers

Variable (pg/mL) NASH (n  = 22) LTR (n  = 44) Controls (n  = 10) P 3

sVCAM-11  1692.4 ± 457.4 1820.6 ± 443.9 1167.2 ± 121.8 < 0.001
sICAM-11 259.7 ± 101 230.3 ± 96.3 152.9 ± 33.9    0.015
MPO1   198.3 ± 116.2   93.7 ± 60.9   409.2 ± 204.9 < 0.001
Adiponectin1   23789.1 ± 12040.4   47965.3 ± 33140.8   32683.2 ± 25065.4    0.008
PAI-11 149.2 ± 63.1   40.4 ± 28.7 132.3 ± 58.4 < 0.001
SAP1   59031.5 ± 17024.2   29174.5 ± 20175.2     40452.8 ± 18557.44 < 0.001
SAA2        21303 (8723.6-30583.2)         5390.9 (2567.4-18562.04)       9008.6 (3230.7-13977.4) < 0.001
E-selectin2 90.03 (69.5-137.1)   48.5 (36.04-70.9)   35.7 (28.4-47.04) < 0.001
MMP-92   289.3 (107.6-410.4) 50.5 (35.2-99.5)   411.5 (241.2-587.4)    0.002
HsCRP2 1.78 (0.70-3.51) 0.53 (0.21-1.13) 0.29 (0.16-0.55)    0.009

1Mean ± SD; 2Median (25th-75th percentiles); 3Comparisons: sVCAM-1 (LTR = NASH - P = 0.5; LTR > controls - P < 0.001); s-ICAM-1 (LTR = NASH - P = 
0.48; LTR > controls - P = 0.05; MPO (LTR < NASH - P = 0.02; LTR < controls - P < 0.001); Adiponectin (LTR > NASH - P = 0.007; LTR = controls - P = 0.27); 
PAI-1 (LTR < NASH and controls - P < 0.001); SAP (LTR < NASH - P < 0.001; LTR = controls - P = 0.22); SAA (LTR < NASH - P = 0.006; LTR = controls - P 
= 0.91); E-selectin (LTR < NASH - P = 0.001; LTR > controls - P = 0.04); MMP-9 (LTR < NASH and controls - P < 0.001); CRP (LTR < NASH - P = 0.007; LTR 
= controls - P = 0.41). sVCAM-1: Soluble vascular cell adhesion molecule-1; sICAM-1: Soluble intracellular cell adhesion molecule-1; PAI-1: Plasminogen 
activator inhibitor 1; SAP: Serum amyloid P; SAA: Serum amyloid A; MMP-9: Matrix metallopeptidase 9; HsCRP: High-sensitivity C-reactive protein; LTR: 
Liver transplant recipients; NASH: Non-alcoholic steatohepatitis. 
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the higher systemic levels of  pro-inflammatory cyto-
kines[25]. We hypothesized that hepatic clearance is not 
the cause of  the cytokine profile in our LT population, as 
we only included outpatients who had no significant liver 
function damage. HCV was also recently associated with 
the pro-inflammatory profile[26]; thus, this variable must 
be considered when analyzing our results, as 36.4% of  
the patients were HCV-positive.

Adiponectin, an anti-inflammatory adipokine that acts 
as an anti-obesity hormone, is usually down-regulated in 
NAFLD[27]. Few studies have investigated adiponectin in 
LT patients. In the present study, the LT recipients had 
higher adiponectin levels than the NASH patients, and 
there were no differences between the patients and con-
trols. 

Immunosuppressive therapy should be considered, 
as steroids and calcineurin inhibitors are related to a high 
risk of  metabolic syndrome[28]. Calcineurin inhibitors are 
also linked to renal injury and are prone to increase oxi-
dative stress and lipid peroxidation. Thus, immunosup-
pressive agents might be somehow associated with our 
main results. 

 Most LT studies focused on CVD after a long-term 
follow-up. Longer follow-ups are associated with an in-
creased likelihood that a patient will suffer from MS, and 
it is presumably difficult to alter this path. Studies predict-
ing cardiac complications based on short follow-ups are 
scarce and do not focus on atherosclerotic disease[29-32]. 
The present study was not designed to assess long-term 
prognosis but rather to evaluate the risk of  LT recipients 
within 1-year post-transplant.

This study has several strengths that should be em-
phasized. The sample selection was adequate, as only 
outpatients without clinically evident inflammatory com-
plications, such as rejection or infection, were included. 
Inclusion at the end of  the first year post-LT enabled 
the authors to evaluate cardiac risk factors late enough to 
avoid specific LT complication biases and early enough to 
allow to prevent disease progression. The LT recipients 
were not obese; the MS prevalence was low, and the LT 
recipients were compared to both controls and NASH 
patients. Several limitations should also be noted. The 
sample size was small, and the study was conducted at a 
single-center. Liver biopsies were not performed follow-
ing a protocol schedule; baseline endothelial function and 
inflammatory profile information was not available for 
the LT recipients; and no cardiovascular imaging studies 
were performed. Finally, although unlikely, it is impossible 
for us to determine whether the inflammatory cytokines 
and endothelial marker profiles were related to some 
inherent transplant issues, such as a continuous rejection 
stimulus. 

In conclusion, we confirmed our hypothesis that LT 
recipients, even after a short follow-up period of  1-year 
post-transplant, are a population with a high atheroscle-
rotic risk, as demonstrated by their inflammatory profiles 
and endothelial biomarkers. These results suggest that LT 
recipients should be carefully followed to prevent future 
CVD. 
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