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 Background: The disordered metabolism of liver function in liver cancer patients can affect postoperative survival after liver 
transplantation. We assessed whether the levels of various chemicals in liver metabolism prior to receiving 
a liver transplant were prognostic factors and metabolism markers in predicting survival rate.

 Material/Methods: Seventy-seven patients received a living donor liver transplant between June 2012 and April 2016. The basic 
level of fasting serum GLU, Crea, TBil, TC, TG, HDL, LDL, ApoA1, ApoB100, INR, and MELD scores of 77 patients 
were retrospectively analyzed. Each patient’s survival was monitored to evaluate prognosis and long-term 
survival.

 Results: The overall survival rates of all patients post-transplant at 6-, 12-, 24-, and 36-month follow-up were 90.9%, 
79.2%, 68.8%, and 64.9% respectively. Fasting serum levels of GLU (P=0.004), HDL (P=0.010), LDL (P=0.008), 
ApoA1 (P=0.028), and MELD scores (P=0.013) prior to liver transplantation were closely associated with the 
cumulative survival post-transplant in univariate analyses. Controlled fasting GLU of £5.12 mmol/L (P=0.019), 
LDL of £2.62 mmol/L (P=0.031), and MELD scores of £9 (P=0.013) before LT were significantly and indepen-
dently associated with increased cumulative survival in the multivariate analyses.

 Conclusions: Decreased fasting serum GLU, LDL, and MELD scores as independent risk factors prior to liver transplantation 
markedly increase cumulative survival.

 MeSH Keywords: Lipid Metabolism Disorders • Liver Transplantation • Survival Rate

 Abbreviations: GLU – glucose; Crea – creatinine; TC – total cholesterol; TG – triglyceride; HDL – high-density lipoprotein; 
LDL – low-density lipoprotein; ApoA1 – apolipoprotein A1; ApoB100 – apolipoprotein B100; INR – inter-
national standardized ratio; MELD scores – model for end-stage liver disease; SE(bi) – standard error of 
partial regression coefficient; RR – risk ratio

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/913700

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Laboratory Medicine, Third Affiliated Hospital, Sun Yat-sen 
University, Guangzhou, Guangdong, P.R. China

2 Department of Hepatic Surgery and Liver Transplantation Center of The Third 
Affiliated Hospital, Organ Transplantation Institute, Sun Yat-sen University, 
Guangzhou, Guangdong, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 2361-2367

DOI: 10.12659/MSM.913700

2361
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Liver cancer is the 5th most common cancer worldwide, [1]. 
Patients with hepatocellular carcinoma undergoing surgi-
cal resection alone have good survival, but actuarial survival 
at 4 years is low [2]. Liver transplantation (LT) had been shown 
to be an excellent treatment and it is the only therapeutic 
scheme that treats the cancer and underlying liver diseases 
simultaneously in appropriately selected patients with liver 
cancer. Patients should be considered for LT if they had ev-
idence of fulminant hepatic failure, a liver-based metabolic 
defect, or cirrhosis with complications such as ascites and 
bleeding caused by portal hypertension [3]. In recent de-
cades, advances in surgical technology and further develop-
ment of immunosuppressive regimens had led to improved 
patient survivals in patients undergoing LT, but basic evalu-
ation of transplant candidacy before the transplant is neces-
sary, including confirming the diagnosis and assessing hepatic 
synthetic function, electrolytes, and renal function and these 
may best be primarily determined by MELD score. MELD score 
is a mathematical score determined from the patient’s labora-
tory tests and is highly predictive of short-term mortality [4]. 
However, metabolic disorders are common clinical symptoms 
after hepatic failure and may lead to increased mortality af-
ter LT. Many studies suggest that there are multiple metabolic 
disorders after LT, such as excessive weight gain, obesity, and 
dyslipidemia [5,6], but one important aspect that is ignored 
is that the metabolic disorders existing before LT could be the 
key point affecting the survival rates after LT, and the iden-
tification of risk factors for such metabolic disorders has re-
mained an important issue with regard to long-term survival. 
Currently, 40% of patients with liver cancer have a chance 
to extend their lives through LT by assessing their metabolic 
function preoperatively. In the present study we evaluated 
the relationship between the patients’ metabolism before LT 
and long-term survival rates by analyzing metabolic data ob-
tained from fasting patients. The purpose of LT is to offer pa-
tients the best chance for long-term survival, and the initial 
poor function of patients’ metabolism before LT may be a sig-
nificant risk factors for patient survival after LT.

Material and Methods

Study population

Study data were obtained from primary hepatic carcinoma 
patients who were admitted for orthotopic living donor liver 
transplantation at the Third Affiliated Hospital of Sun Yat-Sen 
University, China, between June 2012 and April 2016. The in-
dication for a living donor liver transplantation in our hospi-
tal was evidence of hepatic failure and the clinicopathologi-
cal features. The preoperative clinicopathological features of 

patients were analyzed by the tumors’ maximum diameter, 
the number of tumor lesions, the vascular invasion, and the 
alpha-fetoprotein (AFP) level. Diagnostic criteria mainly included 
the following: (1) All of the patients were consistent with he-
patocellular carcinoma (HCC) clinical diagnostic criteria; and 
(2) All of the cases were histologically diagnosed with hepato-
cellular carcinoma and all of the patients with a living donor 
liver transplantation met the Milan criteria with early hepa-
tocellular carcinoma (EHCC) in this cohort. Seventy-seven pa-
tients, including 72 males and 5 females, who received living 
donor liver transplantation were recruited. The average age 
was 51.1±9.81 (28~74) years. One patient with intrahepatic 
cholangiocarcinoma, 55 patients with hepatocellular carcinoma 
with viral hepatitis or cirrhosis, 13 patients with hepatocellu-
lar carcinoma with B viral hepatitis, and 8 patients with he-
patocellular carcinoma were assessed before receiving a liver 
transplantation.

Laboratory data

Laboratory data and anthropometric measurements were ob-
tained at admission or on the day before surgery for each 
patient. We obtained data from 77 patients undergoing LT, 
including fasting serum glucose (GLU), creatinine (Crea), total 
bilirubin (TBil), total cholesterol (TC), triglyceride (TG), high-den-
sity lipoprotein cholesterol (HDL), low-density lipoprotein cho-
lesterol (LDL), apolipoproteinsA1 (ApoA1), apolipoproteinsB 100 
(ApoB100), and international normalized ratio (INR). Model 
for end-stage liver disease (MELD) scores were calculated 
before living donor liver transplantation as a formula 3.8ln 
[TBil(mg/dl)]+11.2ln(INR)+9.6ln [Cr(mg/dl)]+6.4(Etiology: bil-
iary or alcoholic liver disease =0, other=1.).

Statistical analysis

Data were analyzed using SPSS version 18.0 (SPSS, Inc., 
Chicago, IL). Data are expressed as the mean±standard error 
of the mean (SEM). X-tile software was used to determine the 
optimal cut-off values for each index of cumulative survival for 
further analysis. Laboratory variables and continuous variables 
were compared between groups using the t-test and the Mann-
Whitney U test for variables with abnormal distribution. The 
chi-squared test or Fisher’s exact probability test was used to 
compare the survival rate and gender among groups. Univariate 
and multivariate analyses were performed with Cox regres-
sion. Survival curves between groups were prepared using 
the Kaplan-Meier method and compared using the log-rank 
test. A P value <0.05 was considered statistically significant.

Data analysis with X-tile software is a well-established method 
called the Minimum P value Approach. For continuous vari-
ables, patients are usually divided into 2 groups according to 
the threshold value to evaluate prognostic effects on clinical 

2362
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Li X. et al.: 
LDL predicts post-transplant survival

© Med Sci Monit, 2019; 25: 2361-2367
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



outcomes, and the difference in survival rate between 2 groups 
is also analyzed. For the selection of the boundary value, the 
original data can be divided into 2 groups according to differ-
ent measured data, and the statistical quantity is selected ac-
cording to the maximum chi-square value by the logarithmic 
rank test with X-tile software.

Results

Overall patient survival

The overall survival rates of all patients are shown in Figure 1. 
The overall follow-up duration and median follow-up duration 
were 53 months and 22 months, respectively. The 6-, 12-, 24- 
and 36-month overall survival rates were 90.9%, 79.2%, 68.8%, 
and 64.9%, respectively.

Univariate analysis of preoperative clinical data

Preoperative fasting data were collected on admission before 
LT. Table 1 lists all the baseline and pre-transplant factors con-
sidered. We found the cut-off values for age, GLU, Crea, TC, TG, 
HDL, LDL, ApoA1, ApoB100, INR, and MELD score of each index 
were 50, 5.12, 72, 4.09, 0.87, 0.93, 2.62, 1.08, 0.86, 1.15, and 9, 
respectively, for further analysis by X-tile software. Univariate 
analysis revealed positive associations for each of these pa-
rameters with overall survival rate at 3 years, except for age 
(£50 y, P=0.866); Sex (P=0.754); Crea (£72 umol/L, P=0.054); 
TC (£4.09 mmol/L, P=0.517); TG (£0.87 mmol/L, P=0.813); 
ApoB100 (£0.86 g/L, P=0.323) and INR (£1.15 P=0.772) (GLU, 
P=0.004; HDL, P=0.010; LDL, P=0.008; ApoA1, P=0.028, and 
MELD score, P=0.013) (Table 1).

Preoperative serum GLU £5.12 mmol/L was identified as a pre-
dictive factor of long post-LT survival in univariate analysis 
(c2=8.275, P=0.004). LDL and MELD scores were £2.62 mmol/L 
and £9, respectively. Patients with lower LDL (£2.62 mmol/L) 
also had significantly longer survival at 12 months (85.4±5.5)% 
and 36 months (74±8.0)% than patients with higher level 
(>2.62 mmol/L) at 12 months (72.2±7.5)% and 36 months 
(42.8±10.6)% (c2=7.125, P=0.008). Similarly, MELD score was 
a useful determinant of survival rates in LT patients. Patients 
with lower MELD scores (≤9) had significantly better survival at 
12 months (85.4±5.5)% and 36 months (77.8±6.5)% than pa-
tients with higher levels (>9) at 12 months (72.2±7.5)% and 36 
months (40±10.4)% in univariate analysis (c2=6.155, P=0.013). 
However, patients with higher HDL (>0.93 mmol/L) had a bet-
ter survival rate at 12 months (92.1±4.4)% and 36 months 
(77.7±7.0)% than patients with lower levels (£0.9 3 mmol/L) 
at 12 months (66.7±7.5)% and 36 months (42.3±10.0)% 
(c2=6.550, P=0.010). Patients with higher ApoA1(>1.08 g/L) 
also had a significantly better survival rate at 12 months 
(92.1±4.4)% and 36 months (71±9.2)% than patients with lower 
levels (£1.08 g/L) at 12 months (66.7±7.5)% and 36 months 
(47.3±9.8)% (c2=4.835, P=0.028).

Multivariate analysis of the preoperative clinical data

From the results of the univariate analyses identifying factors 
of significance, multivariate analyses were performed to iden-
tify independent variables of significance that could be used to 
predict patient and graft survival at 36 months. Multivariate 
analysis indicated that GLU, LDL, and MELD score were the sig-
nificant parameters (P£0.05). GLU, LDL, and MELD score were 
the independent predictors of poor prognosis (GLU, RR=2.926, 
P=0.019; LDL, RR=2.452, P=0.031; MELD score, RR=2.858, 
P=0.013; Table 2). We found that the level of serum GLU be-
fore LT was 1 unit higher, which would increase the relative 
long-survival rate by 2.926-fold after LT. Similarly, the 1-unit 
higher level of LDL before LT increased the relative long-term 
survival rate by 2.452-fold after LT. If the model for end-stage 
liver disease score had been elevated by 1 point, the pre-LT 
survival rate would increase 2.858-fold. Figure 2 shows the 
overall survival curves according to GLU, LDL, and MELD scores. 
Independent effects analysis revealed that the cumulative sur-
vival rate of patients with fasting serum glucose £5.12 mmol/L 
before LT was about 80% at 36 months, while the cumulative 
survival rate of patients with preoperative fasting blood glu-
cose higher than 5.12 mmol/L was about 40% at 36 months 
(Figure 2A). Similarly, the cumulative survival rate of patients 
with LDL £2.62 mmol/L before LT was about 78% at 36 months 
after surgery, while those with LDL >2.62 mmol/L was about 
40% (Figure 2B). Calculating the MELD score of each patient 
before LT and entering data into a multivariate analysis model 
to screen MELD scores less than 9, we found that the cumula-
tive survival rate at 36 months reached 80%, but if the patients 
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Figure 1.  The overall survival curve of all patients with liver 
transplantation at 6, 12, 24, and 36 months; time 
is plotted on the x-axis; overall survival rate (%) 
is plotted on the y-axis.
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Characteristic Cases
Survival rates 

(1y, %, X±SD, %)
Survival rates 

(3y, %, X±SD, %)
c2 p Value for 

difference

Age (y) 0.028 0.866

 £50 39 79.5±6.5 57.7±9.9

 >50 38 78.9±6.6 61.9±9.0

Sex 0.098 0.754

 Male 72 79.2±4.8 59.7±7.0

 Female 5 80±17.9 60±21.9

GLU (mmol/L) 8.275 0.004*

 £5.12 40 85±5.6 78.4±6.9

 >5.12 37 73±7.3 37.1±11.3

Crea (umol/L) 3.708 0.054

 £72 41 68.3±7.3 51.2±9.1

 >72 36 91.7±4.6 68.2±10.3

TC (mmol/L) 0.420 0.517

 £4.09 39 76.9±6.7 69.2±7.4

 >4.09 38 81.6±6.3 48.4±11.2

TG (mmol/L) 0.056 0.813

 £0.87 40 77.5±6.6 67.5±7.4

 >0.87 37 81.1±6.4 54.2±9.8

HDL (mmol/L) 6.550 0.010*

 £0.93 39 66.7±7.5 42.3±10.0

 >0.93 38 92.1±4.4 77.7±7.0

LDL (mmol/L) 7.125 0.008*

 £2.62 41 85.4±5.5 74±8.0

 >2.62 36 72.2±7.5 42.8±10.6

ApoA1 (g/L) 4.835 0.028*

 £1.08 39 66.7±7.5 47.3±9.8

 >1.08 38 92.1±4.4 71±9.2

ApoB100 (g/L) 0.975 0.323

 £0.86 39 76.9±6.7 71.8±7.2

 >0.86 38 81.2±6.3 40.8±10.4

INR 0.084 0.772

 £1.15 41 80.5±6.2 61.1±9.0

 >1.15 36 69.4±7.7 57.3±10.2

MELD 6.155 0.013*

 £9 41 85.4±5.5 77.8±6.5

 >9 36 72.2±7.5 40±10.4

Table 1.  Univariate analysis of the impact of clinical data preoperatively on cumulative survival of 77 patients with liver 
transplantation.

GLU – glucose; Crea – creatinine; TC – total cholesterol; TG – triglyceride; HDL – high-density lipoprotein; LDL – low density lipoprotein; 
ApoA1 – apolipoprotein A1; ApoB100 – apolipoprotein B100; INR – international standardized ratio; MELD scores – model for end-
stage liver disease; MELD Score=3.8ln[TBil(mg/dl)]+11.2ln(INR)+9.6ln [Cr(mg/dl)]+6.4. Continuous variables are presented as mean 
±SD. Categorical variables are presented as number (%). * P<0.05.
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Figure 2.  (A–C) Cumulative survival curves for patients with liver transplantation in different groups.
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Variables
Partial regression 

coefficient (bi)
SE(bi) P value RR

95% 
confidence interval

GLU 1.074 0.458 0.019* 2.926 1.192~7.186

LDL 0.897 0.416 0.031* 2.452 1.085~5.543

MELD score 1.050 0.422 0.013* 2.858 1.251~6.532

Table 2.  Multivariate analysis of the impact of the clinical data preoperatively on the overall survival of 77 patients with liver 
transplantation.

GLU – glucose; LDL – low density lipoprotein; MELD scores – model for end-stage liver disease; SE(bi) – standard error of partial 
regression coefficient; RR – risk ratio; * P<0.05.
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had pre-LT MELD scores above 9, the postoperative cumula-
tive survival rate was only about 40% (Figure 2C). In addition, 
we found that each cumulative survival rate of patients with 
lower fasting blood GLU and blood LDL or lower MELD score 
before LT were significantly higher than the average level of 
overall survival rates after LT (Figure 1).

Discussion

Metabolic disorders are common complications before liver 
transplantation (LT) and may lead to increased morbidity 
and mortality. Unlike previous studies, which focused on 
determining whether metabolic abnormality of the serum bio-
chemical index had a certain effect on the survival of patients 
or animal models after LT [7–12] or during the operation [13], 
our study focused on the effect of basal preoperative metabolic 
level on postoperative survival in patients with LT.

In our study, the risk of metabolic factors was analyzed for 
pre-LT survival rate based on data from fasting patients. The 
relationship between serum indexes and the survival rates 
among patients were evaluated after LT. Fasting levels of glu-
cose, lipids, and other body metabolism indexes of 77 patients 
undergoing primary LT were prospectively analyzed and data 
were evaluated preoperatively. We found that HDL, ApoA1, 
GLU, LDL, and MELD scores before LT were associated with 
postoperative survival rate in the univariate analysis (P<0.05). 
We found that the serum levels of HDL (>0.93 mmol/L), ApoA1 
(>1.08 g/L), GLU (£5.21 mmol/L), and LDL (£2.62 mmol/L), and 
MELD score (£9) among patients before LT were closely associ-
ated with postoperative survival, especially at 3 years.

Studies have reported that the increase of fasting plasma glu-
cose before LT is inversely proportional to the survival rate af-
ter transplantation [14], and the effects of fasting plasma glu-
cose may be due to underlying microangiopathy. However, we 
found that the 3 parameters of GLU, LDL, and MELD were inde-
pendent factors affecting survival after LT in the multivariate 
analysis. Importantly, patients with serum GLU £5.12 mmol/L 
before LT had significantly better overall survival compared to 
patients with GLU >5.12 mmol/L during the observation period. 
Fasting GLU £5.12 mmol/L before LT was associated with sig-
nificantly decreased survival after LT. Our data disagree with 
recent reports demonstrating that the node of fasting GLU 
was a value of 100 mg/dL [14]. However, fasting GLU may be 
a better marker for prognosis than HbA1c [14], because HbA1c 
and GA are considered useful clinical markers for blood glu-
cose control at all times, but many studies found they were 
not useful in cirrhotic patients [15]. Our study suggests that 
the level of fasting GLU should be maintained at no more than 
5.12 mmol/L among patients before LT.

Cumulative survival of patients with lower LDL (£2.62 mmol/L) 
was also better than among patients with higher level of LDL 
(>2.62 mmol/L). There are no reports on the preoperative level 
of serum LDL as a survival indicator after LT. The concept of 
“HCC-MELD-exception” [16] was proposed in 2015. Some re-
search shows that post-transplantation survival of patients with 
HCC without an “HCC-MELD-exception” is significantly worse 
than the survival of patients without HCC [17]. The most im-
portant predictors of poor post-LT survival were MELD score 
>20 [17]. But in our study, at aspect of association between 
cumulative survival and MELD, the cumulative survival of pa-
tients over score 9 was significantly less than that of patients 
scores below 9. This could be due to that patient pre-operation 
with a physiological MELD scores 7 would develop significant 
cholestasis one week following liver transplantation [18]. Use 
of the X-tile software revealed the MELD node preoperatively 
was 9, but there may be some differences in the characteris-
tics of the population, such as the protopathy with liver cirrho-
sis or liver cancer or others compared with other research. The 
basic profiles of our population were 1 patient of intrahepatic 
cholangiocarcinoma, 55 patients of hepatocellular carcinoma 
with viral hepatitis or cirrhosis, 13 patients of hepatocellular 
carcinoma with B viral hepatitis and 8 patients of hepatocel-
lular carcinoma were present before received LT. Thus, large 
and multicenter case series could be needed to refine the es-
timates to post-LT outcomes.

In our study, if the level of serum GLU, LDL and MELD score 
preoperative were elevated every one unit or one point, the 
relative survival risk would be increased to 2.926, 2.452 and 
2.858 times respectively. We also found that the cumulative 
survival rate of patients with lower fasting GLU, LDL, and lower 
MELD score preoperative were significantly higher than the av-
erage survival rate after LT. Therefore, restraining serum levels 
of GLU, LDL among patients before LT would significantly af-
fect long-term survival among patients. And the evaluation of 
MELD score preoperative would also be important to survival.

Survival should be remained the main criteria to assess LT [19] 
at present. In the cumulative survival curve analysis, the post-
operative cumulative survival rate of preoperative patients with 
higher fasting GLU, higher blood LDL or higher MELD score were 
significantly lower than the overall survival rates at 36-month 
after surgery respectively. On contrary, the cumulative survival 
rate of patients with lower fasting GLU, lower blood LDL and 
lower MELD score preoperative were significantly higher than 
the average survival rate after LT. The cumulative survival rate 
of 36-months was up to 80%. Therefore, pre-operative GLU, LDL, 
and MELD scores could probably be used as a guide for the in-
troduction of patients undergoing liver transplantation. In addi-
tion, the lower level of GLU, LDL and MELD scores were timely 
evaluated and controlled before LT to improve the survival rate.
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Conclusions

Finally, although there are several limitations to our study, we 
suggest that an examination of factors associated with higher 
risk factors such as higher GLU, higher LDL, and higher MELD 
scores pre-LT must be accurately measured and monitored at 
the right level. Higher GLU and LDL levels and MELD scores 
preoperatively were found to be independent risk factors for 
the cumulative survival rate. Assessing the preoperative lev-
els of GLU and LDL and MELD scores could improve liver trans-
plantation outcomes and patient prognosis.
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