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Abstract

AIM: To investigate the impact of renal and graft function on post-transplant hyperlipidemia (PTHL) in living donor liver transplantation (LDLT). 

METHODS: A total of 115 adult patients undergoing LDLT from January 2007 to May 2009 at a single center were enrolled. Data were collected and analyzed by the China Liver Transplant Registry retrospectively. PTHL was defined as serum triglycerides ≥150 mg/dL or serum cholesterol ≥200 mg/dL or the need for pharmacologic treatment at the sixth month after LDLT. Early renal dysfunction (ERD) was defined as serum creatinine ≥ 2 mg/dL and/or the need for renal replacement therapy in the first post-transplant week.

RESULTS: In 115 eligible patients, the incidence of PTHL was 24.3%. Recipients with PTHL showed a higher incidence of post-transplant cardiovascular events compared to those without PTHL (17.9% vs 4.6%, P = 0.037). Serum creatinine showed significant positive correlations with total serum triglycerides, both at post-transplant month 1 and 3 (P < 0.01). Patients with ERD had much higher pre-transplant serum creatinine levels (P < 0.001) and longer duration of pre- transplant renal insufficiency (P < 0.001) than those without ERD. Pre-transplant serum creatinine, graft-to-recipient weight ratio, graft volume/ standard liver volume ratio, body mass index (BMI) and ERD were identified as risk factors for PTHL by univariate analysis. Furthermore, ERD (OR = 9.593, P < 0.001) and BMI (OR = 6.358, P = 0.002) were identified as independent risk factors for PTHL by multivariate analysis. 
CONCLUSION: Renal function is closely associated with the development of PTHL in LDLT. Post-transplant renal dysfunction, which mainly results from pre-transplant renal insufficiency, contributes to PTHL. 

© 2012 Baishideng. All rights reserved.  
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INTRODUCTION
Post-transplant hyperlipidemia (PTHL) is a common and serious complication in liver transplantation (LT). It is estimated that 45% - 70% of LT recipients develop PTHL[1-4]. Previous studies have shown that recipients with lipid metabolic disorders are approximately 3-4 times more likely to have cardiovascular events than recipients without lipid metabolic disorders[5, 6]. Therefore, PTHL is well recognized as one of the major risk factors for cardiovascular diseases, including myocardial infarction, ischemic stroke and peripheral arterial disease. Furthermore, cardiovascular complications after LT exert negative effects on the recipient’s long-term survival and quality of life and are becoming the leading cause of non-graft related deaths in LT recipients [7-9]. 

The pathogenesis of PTHL remains to be elucidated. Possible factors that may increase the risk of PTHL include overweight or obesity, advanced age, and the use of immunosuppressive agents [2, 10]. Immunosuppressive drugs were considered to have a major effect on the development of metabolic syndromes in previous years. Today, immunosuppressive drugs are known to have a reduced impact on glucose and lipid metabolism [11]. Low toxicity immunosuppressive protocols (e.g., early withdrawal of steroids and low-dose calcineurin inhibitors) have decreased the impact of immunosuppressive drugs on PTHL. It is known that the liver plays an essential role in lipoprotein metabolism and is involved in almost every key step during lipid anabolism and catabolism. In living donor liver transplantation (LDLT), graft function can be influenced by reduced graft size, preservation and ischemia-reperfusion injuries. Early allograft dysfunction (EAD) may occur in more than 10% of LT recipients and result in an unfavorable prognosis [12, 13]. More importantly, renal insufficiency, which is common in liver transplant candidates, is closely associated with significant alterations in lipid metabolism. Early renal dysfunction (ERD), which is also common after LT, may indicate a prolonged recovery of kidney insufficiency and indicates a poor outcome [14]. 

To date, it is still unknown whether impaired kidney or graft function can cause derangements in lipid metabolism after LDLT. To clarify these questions, we designed this retrospective study with the aim of evaluating the impact of renal and graft function on lipid metabolism after LDLT and to identify the possible risk factors for PTHL.

MATERIALS AND METHODS

Study population

All adult (age ≥ 18 years old) patients undergoing LDLT from January 2007 to May 2009 at the First Affiliated Hospital, Zhejiang University School of Medicine, China were included in this retrospective study. Patients who died within 3 months of LDLT were excluded. A total of 115 (96 male and 19 female) patients with a mean age of 44.7 ± 10.11 years (median: 46 years, range: 18-64 years) at transplantation were finally included. The indications for LT included cirrhosis (n = 63, 54.8%), acute liver failure (n = 28, 24.3%) and hepatocellular carcinoma (n = 24, 20.9%). Patient characteristics are shown in Table 1. Written informed consent was acquired from all donors and recipients before transplantation. Each organ donation and transplantation at our center was strictly carried out under the guidelines of the Ethics Committee of the First Affiliated Hospital, Zhejiang University, the regulation of Organ Transplant Committee of Zhejiang Province and the Helsinki Declaration of 1975. No prisoners were included in this study.

All patients received a triple immunosuppressive regimen incorporating tacrolimus, prednisolone, and mycophenolate mofetil as described previously [15]. An IL-2 receptor blocker was used in some patients. Prednisolone was withdrawn within the first post-transplant month. A reduced dose of tacrolimus was given to patients who developed post-transplant renal impairment. All patients were routinely followed up at the out-patient clinic and the mean follow-up time was 2.66 ± 1.02 years (median: 1.98 years, range: 0.50-4.63 years). 

Data collection

The data were extracted from the China Liver Transplant Registry (CLTR) database: age (donor/recipient), gender (donor/recipient), underlying liver diseases, cold ischemic time, graft-to-recipient weigh ratio (GR/WR), graft volume to standard liver volume ratio (GV/SLV), donor’s hepatic steatosis, recipient’s pre-transplant metabolic status [history of smoking, alcohol abuse, diabetes mellitus, hypertension, hyperlipidemia, body mass index (BMI)], recipient’s post-transplant liver function (bilirubin, alanine transaminase, aspartate transaminase, cholinesterase and international normalized ratio), recipient’s pre/post-transplant renal function (serum creatinine), donor’s and recipient’s pre/post-transplant serum lipid profile (total triglycerides, total cholesterol), immunosuppressive regimen (agents and plasma levels), and recipient’s post-transplant complications. 

Hyperlipidemia was defined as serum triglycerides ≥150 mg/dL or serum cholesterol ≥ 200 mg/dL or the need for pharmacologic treatment [16]. Patients were divided into the PTHL group (n = 28) and non-PTHL group (n = 87) according to their serum lipid levels at the sixth month after LDLT. EAD was defined by the presence of at least one of the following features: total bilirubin > 10 mg/dL, prothrombin time ≥ 17 s, or hepatic encephalopathy from day 2 to 7 post-transplantation [17]. ERD was defined as serum creatinine ≥ 2 mg/dL and/or the need for renal replacement therapy in the first post-transplant week [18]. Renal insufficiency was defined as pre-transplant serum creatinine > 1.5 mg/dL [18]. 

Statistical analysis

Quantitative variables were presented as mean ± standard deviation or median with range. Categorical variables were expressed as numbers and percentages. The Student’s t test or Mann-Whitney U test was used to compare quantitative variables and the χ2 test was used to compare categorical variables. Pearson’s correlation and scatter plot graph were used for correlation analysis. Logistic regression was used to identify the risk factors for PTHL. Variables that were statistically significant in univariate analysis were entered into multivariate analysis. The Kaplan-Meier method and log-rank test were used for survival analysis. SAS software version 9.2 (SAS institute, Cary, NC, USA) was used to complete all the analyses, and a P value of less than 0.05 was considered statistically significant. Data analysis was performed by the CLTR Statistical Department.

RESULTS

Prevalence and prognosis of hyperlipidemia 

Of 115 eligible recipients, 19 (16.5%) had pre-transplant hyperlipidemia and 28 (24.3%) developed PTHL. Of the recipients with and without pre-transplant hyperlipidemia, the incidence of PTHL did not differ significantly (21.1% vs 25%, P = 0.714). 

Of 115 donors, 13 (11.3%) were diagnosed with hyperlipidemia and 9 (7.8%) had hepatic steatosis. However, neither donor hyperlipidemia nor hepatic steatosis was found to be differently distributed between the PTHL group and non-PTHL group (both P > 0.05) (Table 1). 

Nine recipients (7.8%) developed cardiovascular events, including four with nonfatal myocardial infarction, two with cardiac arrhythmia, one with cardiac arrest and two with stroke, with a mean onset time of 10.5 months (median: 8 mo, range: 3-15 mo). Compared to the non-PTHL group, the PTHL group had a higher incidence of cardiovascular events after LDLT (n = 5, 17.9% vs n = 4, 4.6%, P = 0.037). The 1- and 3-year cumulative survival rates were 89.3% and 85.7% in the PTHL group, and 97.7% and 85.0% in the non-PTHL group, respectively. There was no statistically significant difference between the two groups in cumulative survival (P = 0.956).

Graft function and post-transplant hyperlipidemia

As shown in Figure 1, alanine transaminase, aspartate transaminase and bilirubin, which indicate hepatic cellular injury, decreased sharply in the first post-transplant month and continued to decline to the normal range during the next two months. Cholinesterase, which represents hepatocellular synthetic function, remained at a low level during the first post-transplant month and gradually increased to an ideal level at post-transplant month 3. Of these parameters, cholinesterase had a significant positive correlation with serum cholesterol level at post-transplant month 1 (r = 0.341, P = 0.001) and month 3 (r = 0.280, P = 0.003), respectively (Figure 2A and B). However, cholinesterase was not associated with the development of PTHL following logistic regression analysis (P > 0.05).

EAD occurred in 18 (15.7%) of 115 recipients. At the third post-transplant month, EAD had resolved in 77.8% (14/18) of patients. Primary graft non-function was not observed. The incidence of PTHL did not differ significantly between patients with EAD and those without EAD (33.3% vs 20.6%, P = 0.236).

Renal function and post-transplant hyperlipidemia 

Serum creatinine levels decreased during the first post-transplant month (Figure 1) and were significantly related to serum triglyceride level at the first (r = 0.440, P < 0.001) and third (r = 0.250, P = 0.007) post-transplant month, respectively (Figure 2C and D). Serum creatinine levels at the first post-transplant month differed significantly between the PTHL and non-PTHL groups (1.10 ± 0.67 mg/dL vs 0.73 ± 0.25 mg/dL, P = 0.001). 

ERD occurred in 16 (13.9%) of 115 post-transplant recipients. There was a statistically significant difference between ERD and non-ERD recipients in pre-transplant renal function (Table 2). Serum creatinine remained high during the first 6 post-transplant months in ERD recipients. Of the 16 recipients with ERD, 9 and 5 needed hemodialysis in the first and third post-transplant month, respectively. The prevalence of PTHL in ERD patients was significantly higher than that in non-ERD patients (56.3% vs 19.2%, P = 0.003), notably for hypertriglyceridemia (56.3% vs 12.1%, P < 0.001). 

Risk factors for post-transplant hyperlipidemia 

We postulated that donors’ pre-transplant hyperlipidemia and hepatic steatosis, GR/WR (%) and GV/SLV (%); recipients’ pre-transplant serum creatinine level, pre-transplant BMI and pre-transplant hyperlipidemia, post-transplant tacrolimus level, post-transplant diabetes within the first six months after LDLT [15], post-transplant BMI at the sixth month after LDLT, EAD and ERD were potential risk factors for PTHL. Following univariate analysis, five variables were identified as significant risk factors for PTHL and were entered into the multivariate analysis (Table 3). We subsequently found that ERD (OR = 9.593, P < 0.001) and BMI (OR = 6.358, P = 0.002) were independent risk factors for PTHL. 

DISCUSSION

The most important finding in this study was the correlation between renal function and PTHL, which may be of great help in better understanding the pathogenesis of PTHL, and as much as possible, preventing its development. It was demonstrated that post-transplant serum creatinine had a significant positive correlation with serum triglycerides both in the first and third post-transplant month. More importantly, using multivariate regression analysis, ERD was found to be an independent risk factor for PTHL. Patients with ERD usually had a relatively long-term and severe renal insufficiency before transplantation, and impaired renal function resolved very slowly during the first 6 months after transplantation. Here, we provide the first evidence that delayed recovery of renal function after transplantation, which was probably due to chronic kidney injury before transplantation, can result in PTHL, especially hypertriglyceridemia. 

    In fact, it is well known that chronic kidney disease is associated with hyperlipidemia. In the kidney, the apical surface of proximal tubules has a high capacity for receptor-mediated uptake of filtered lipid-binding plasma proteins [19]. Therefore, hyperlipidemia induced by impaired renal function is characterized by abnormal metabolism of plasma lipoproteins [20, 21]. The reduced catabolic rate of triglyceride-rich lipoproteins and the growing hepatic production of triglyceride-high lipoproteins may explain why hypertri- glyceridemia is one of the most common quantitative lipid abnormalities in patients with chronic kidney disease [22, 23]. Consistent with previous findings, the impaired renal function and recovered liver synthetic function in patients with ERD during the early post-transplant period may explain the development of hypertriglyceridemia in this study. Therefore, more emphasis should be placed on this issue, as more and more patients are undergoing liver transplantation with higher serum creatinine levels in the era of MELD.

Another finding in this study was that graft function was associated with cholesterol metabolism after LDLT. Our results showed the smooth recovery of decompensated liver function during the early post-transplant period. Furthermore, elevated serum cholinesterase level, which represents the recovery of hepatic cellular synthetic function, was significantly correlated with an increase in cholesterol level within the normal range. It is noteworthy that cholesterol plays an active role during liver regeneration. It is not only a structural component, but also a significant regulator in the control of the intermediate metabolism of different liver cell types [24]. This implies that there may be mutual benefits between improved graft synthetic function and cholesterol homeostasis. 

Since donor pre-transplant serum lipid level may play an essential role in the development of PTHL [25], we also analyzed the association between pre-transplant donor serum lipid level and post-transplant recipient serum lipid level. No significant difference in the incidence of PTHL was found between the recipients receiving grafts from pre-transplant hyperlipidemic and non- hyperlipidemic donors. The pre-transplant serum triglyceride and cholesterol levels of donors in the PTHL group were not significantly higher than those in the non-PTHL group. Therefore, in this study, there was no obvious evidence to show that pre-transplant donors’ serum lipid level or fatty liver exerted crucial effects on the development of PTHL. 

High BMI was found to be another independent risk factor for PTHL in this study. As a main component of the metabolic syndrome, high BMI or obesity before LT has been reported to be associated with an increased prevalence of PTHL [26]. It seems unlikely that dietary habits and unhealthy lifestyle can be changed and thus patients retain their obesity status, resulting in abnormalities in lipid metabolism. It was notable that some patients had pre-transplant hyperlipidemia, but did not have PTHL in this study. A possible reason for this is that pre-transplant hyperlipidemia, which resulted mainly from hepatorenal syndrome due to end-stage liver disease, could be improved or resolved by the recovery of liver and kidney function after liver transplantation. 

A high blood concentration of tacrolimus has been reported to contribute to PTHL in LDLT [27]. However, in the present study, we did not find an association between immunosuppressive drugs and PTHL. This may be due to the early steroid withdrawn and low tacrolimus concentration protocol. Furthermore, reduced-dose tacrolimus with or without an IL-2 receptor blocker was given to patients who developed post-transplant renal impairment, which also minimizes the side-effects of immunosuppressive drugs on lipid metabolism. 

There were some limitations in this study. Firstly, it was not a prospective study. The impact of graft and kidney function on the development of PTHL requires confirmation in prospective studies with larger samples. Secondly, a longer period of follow-up is necessary to identify the natural history of PTHL and to determine the influence of PTHL on a recipient’s prognosis. Thirdly, a study at the molecular level should be performed as the donor’s genotype may play a role in the development of metabolic diseases.

In conclusion, renal and graft function correlated with lipid metabolism after LDLT. Severe pre-transplant renal insufficiency may lead to long-term post-transplant renal dysfunction, and consequently cause PTHL, especially hypertriglyceridemia. Appropriate clinical treatment such as the prophylactic use of fibrates or statins may be considered to prevent PTHL in patients who develop ERD or have longstanding pre-transplant renal dysfunction. Well- designed and large-sample studies are needed to verify these results.

COMMENTS

Background

Post-transplant hyperlipidemia (PTHL) is a major and serious complication after liver transplantation. It is estimated that 45% - 70% of recipients develop PTHL, which is well recognized as one of the major risk factors for cardiovascular diseases, including myocardial infarction, ischemic stroke and peripheral arterial disease, and exerts negative effects on the recipient’s long-term survival and quality of life. It is well known that the liver plays an essential role in lipoprotein metabolism and is involved in almost every key step during lipid anabolism and catabolism. More importantly, renal insufficiency, which is common in liver transplant candidates, is closely associated with significant alterations in lipid metabolism. Therefore, it is necessary to determine the associations between both renal and hepatic function and PTHL. 

Research frontiers

The pathogenesis of PTHL remains to be elucidated. Possible factors which may increase the risk of PTHL include overweight or obesity, advanced age, and the use of immunosuppressive agents. Immunosuppressive drugs were considered to have a major effect on the development of metabolic syndromes in previous years. Today, immunosuppressive drugs are known to have a reduced impact on glucose or lipid metabolism. Low toxicity immunosuppressive protocols (e.g., early withdrawal of steroids and low-dose calcineurin inhibitors) have decreased the impact of immunosuppressive drugs on PTHL. 

Innovations and breakthroughs
Over the past few years, most researchers have focused their attention on immunosuppressive protocols and obesity status. However, together with the application of lower toxicity immunosuppressive protocols, an increasing number of articles have shown that novel immunosuppressive therapy has less of an impact on glucose and lipid metabolism. Therefore, authors looked into the possibility that kidney and graft function may have a potential relationship with PTHL. From the results, renal and graft function were shown to correlate with lipid metabolism after living donor liver transplantation. Severe pre-transplant renal insufficiency may lead to long-term post-transplant renal dysfunction, and consequently result in PTHL, especially hypertriglyceridemia. Appropriate clinical treatment such as the prophylactic use of fibrates or statins may prevent PTHL in patients who develop early renal dysfunction or have longstanding pre-transplant renal dysfunction.

Applications 

This study suggested that there was a correlation between renal function and PTHL, which may be of great help in better understanding the pathogenesis of PTHL, and as much as possible, preventing its development.

Peer review
This is a good retrospective study. There were some limitations in this study, but were reasonably explained by the authors. In my opinion, this study is original and it is acceptable for publication.
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Figure 1 Variation tendency of graft and renal function by post-transplant month 6 in all recipients. A: Alanine/aspartate transaminase; B: Total bilirubin; C: Cholinesterase; D: Serum creatinine. Data were presented as means ± standard error of mean.
Figure 2 Correlation between serum cholesterol and triglyceride level and cholinesterase at post-transplant. A: Correlation between serum cholesterol level and cholinesterase at post-transplant month 1; B: Correlation between serum cholesterol level and cholinesterase at post-transplant month 3; C: Correlation between serum triglyceride level and serum creatinine at post-transplant month 1; D: Correlation between serum triglyceride level and serum creatinine at post-transplant month 3.

Table 1 Patients’ characteristics in post-transplant hyperlipidemia group and non post-transplant hyperlipidemia group(means ± SD)
	
	PTHL group

(n = 28)
	Non-PTHL group
(n = 87)
	P

	Donor
	
	
	

	Age (yr)
	24.8 ± 4.3
	24.0 ± 6.4
	NS

	Male/female (n)
	27/1 
	80/7 
	NS

	Cold ischemia time (h)
	1.2 ± 0.5
	1.1 ± 0.4
	NS

	GR/WR (%)
	1.0 ± 0.2
	1.1 ± 0.2
	0.048

	GV/SLV (%)
	58.5 ± 5.6
	62.6 ± 10.7
	0.011

	Hepatic steatosis n (%)
	2 (7.1)
	7 (8.0)
	NS

	Serum triglyceride (mg/dL)
	90.9 ± 42.4
	96.2 ± 45.0
	NS

	Serum cholesterol (mg/dL)
	137.3 ± 30.9
	135.7 ± 27.1
	NS

	Recipient
	
	
	

	Age (yrs)
	45.4 ± 8.2
	44.5 ± 10.6
	NS

	Male/female (n)
	27/1 
	69/18 
	NS

	Primary liver diseases n (%)
	
	
	

	  Cirrhosis
	12 (42.9)
	51 (58.6)
	NS

	  Acute liver failure
	9 (32.1)
	19 (21.8)
	NS

	  Hepatocellular carcinoma
	7 (25)
	17 (19.5)
	NS

	Pre-transplant metabolic status
	
	
	

	BMI (kg/ m2)

	23.2 ± 3.16
	21.9 ± 2.79
	0.036

	Smoking n (%)
	7 (25)
	19 (21.8)
	NS

	Alcohol abuse n (%)
	3 (10.7)
	13 (14.9)
	NS

	Diabetes mellitus n (%)
	2 (7.1)
	4 (4.6)
	NS

	Hypertension n (%)
	3 (10.7)
	5 (5.7)
	NS

	Hyperlipidemia n (%)
	4 (14.3)
	15 (17.2)
	NS

	Pre-transplant MELD score
	23.8 ± 12.4
	20.1 ± 9.6
	NS

	Total bilirubin (mg/dL)
	14.2 (1.0-36.5)
	12.8 (0.8-33.6)


	NS

	International normalized ratio
	1.6 ± 1.1
	1.4 ±0.6
	NS

	Serum creatinine (mg/dL) 


	0.9 (0.5-4.0)
	0.7 (0.4-4.5)
	0.004

	Post-transplant tacrolimus level (ng/mL)
	
	
	

	Month 1
	8.1 ± 2.8
	9.8 ± 4.6
	NS

	Month 3
	9.2 ± 2.6
	8.3 ± 2.6
	NS

	Month 6
	6.7 ± 2.2
	7.7 ± 2.7
	NS

	Follow-up period (yr)
	2.7 ± 1.2
	2.6 ± 0.9
	NS


PTHL: post-transplant hyperlipidemia; GR/WR: Graft-to-recipient weight ratio; GV/SLV: Graft volume/standard liver volume; BMI: Body mass index; MELD: Model for end-stage liver disease; NS: Not significant; SD: Standard deviation.
Table 2 Comparison between patients with and without early renal dysfunction (means ± SD)
	
	ERD

(n=16)
	Non-ERD

(n=99)
	P

	Pre-transplant
	
	
	

	  MELD
	30.1 ± 11.7
	19.5 ± 9.4
	< 0.001

	Total bilirubin (mg/dL)
	15.2 (1.8-29.8)
	13.6 (0.8-36.5)
	NS

	International normalized ratio
	1.6 ± 0.9
	1.4 ± 0.7
	NS

	Serum creatinine (mg/dL)
	2.2 (0.7-4.0)
	0.8 (0.5-4.5)
	< 0.001

	Renal insufficiency >15 days n (%)
	11 (68.8)
	15 (15.2)
	< 0.001

	Hemodialysis n (%)
	11 (68.8)
	5 (5.1)
	< 0.001

	Serum triglyceride (mg/dL)
	77.7 ± 58.4
	77.7 ± 62.7
	NS

	Serum cholesterol (mg/dL)
	92.7 ± 42.9
	119.3 ± 55.6
	NS

	Post-transplant
	
	
	

	Serum creatinine (mg/dL)
	
	
	

	   At month 1 
	1.4 (0.6-2.8)
	0.7 (0.2-1.2)
	<0.001

	At month 3 
	1.0 (0.6-3.0)
	0.7 (0.3-1.3)
	0.008

	At month 6 
	1.1 (0.6-4.1)
	0.7 (0.3-1.5)
	<0.001

	Total bilirubin (mg/dL)
	
	
	

	   At month 1  
	1.3 (0.4-4.3)
	1.1 (0.3-5.8)
	NS

	At month 3 
	0.6 (0.2-2.5)
	0.7 (0.3-2.5)
	NS

	At month 6 
	0.6 (0.3-2.0)
	0.8 (0.4-2.8)
	NS

	  Cholinesterase (U/L)
	
	
	

	   At month 1  
	3681.3 ± 1354.3
	4403.9 ± 1323.6
	NS

	At month 3 
	5996.7 ± 1619.4
	6830.7 ± 1750.5
	NS

	At month 6 
	7255.4 ± 1662.9
	7171.5 ± 1721.6
	NS

	Hypertriglyceridemia n (%)
	9 (56.3)
	12 (12.1)
	< 0.001

	Hypercholesterolemia n (%)
	3 (18.8)
	9 (9.1)
	NS

	PTHL n (%)
	9 (56.3)
	19 (19.2)
	0.003


Hypertriglyceridemia was defined as serum triglycerides ≥150 mg/dL; Hypercholesterolemia was defined as serum cholesterol ≥ 200mg/dL. PTHL: Post-transplant hyperlipidemia; MELD: Model for end-stage of liver disease; ERD: Early renal dysfunction; NS: Not significant.
Table 3 Logistic regression analysis of variables relating to post-transplant hyperlipidemia


	
	Univariate analysis
	Multivariate analysis

	
	OR (95% CI)
	P
	OR (95% CI)
	P

	Pre-transplant serum creatinine
	≥ 1.5 mg/dL
	3.810 (1.203-12.063)
	0.023
	
	NS

	
	< 1.5 mg/dL
	
	
	
	

	GR/WR (%)
	< 1.0
	2.667 (1.116-6.372)
	0.027
	
	NS

	
	≥ 1.0
	
	
	
	

	GV/SLV (%)
	< 60
	2.806 (1.158-6.798)
	0.022
	
	NS

	
	≥ 60
	
	
	
	

	Pre-transplant BMI
	≥ 25 kg/ m2
	4.105 (1.435-11.752)
	0.008
	6.358 (2.026-19.958)
	0.002

	
	< 25 kg/ m2
	
	
	
	

	ERD
	With
	5.143 (1.789-16.383)
	0.003
	9.593 (2.803-32.827)
	< 0.001

	
	Without
	
	
	
	


PTHL: Post-transplant hyperlipidemia; GR/WR: Graft-to-recipient weight ratio; GV/SLV: Graft volume/standard liver volume; BMI: Body mass index; ERD: Early renal deficiency; NS: Not significant.
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