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Abstract
AIM: To evaluate the prophylaxis of chronic kidney dis-
ease (CKD) after liver transplantation (LT) with low-dose 
calcineurin inhibitor (CNI) and mycophenolate mofetil 
(MMF).

METHODS: From March 1999 to December 2009, a 
total of 572 patients (478 males and 94 females) under-
went LT enrolled in the study. Initial immunosuppression 
was by triple-drug regimens that included a CNI, MMF, 
and prednisone. The initial dose of CNI was 0.05-0.10 
mg/kg per day for tacrolimus (TAC) and 5-10 mg/kg per 
d for cyclosporine A (CSA) respectively, and was gradu-
ally reduced based on a stable graft function. The serum 
trough level of CNI was 6-8 ng/mL for TAC and 120-150 
ng/mL for CSA 3-mo post-operation, 4-6 ng/mL for TAC 
and 80-120 ng/mL for CSA 1-year after transplantation 

was expected with stable liver function. MMF was per-
sonalized between 1.0-1.5 g/d. Glomerular filtration rate 
(GFR) was estimated by an abbreviated Modification of 
Diet in Renal Disease formula. Risk factors of CKD were 
examined by univariate and multivariate logistic regres-
sion. 

RESULTS: With a definition of GFR < 60 mL/min per 
1.73 m2, the incidence of CKD was 17.3% 5-year after 
LT. There were 68.3% (293 of 429 cases) patients man-
aged to control their TAC trough concentrations within 
8 ng/mL and 58.0% (83 of 143 cases) patients’ CSA 
trough concentrations within 150 ng/mL. Of the 450 
recipients followed-up over 1 year, 55.5% (183 of 330 
cases) of which were treated with TAC had a trough 
concentration ≤ 6 ng/mL while 65.8% (79 of 120 
cases) of which were treated with CSA had a concentra-
tion ≤ 120 ng/mL. The incidence of CKD in the groups 
of lower CNI trough concentrations was significantly 
lower than the groups with CNI concentrations above 
the ideal range. Patients with CKD had much higher 
CNI trough concentrations than that of patients without 
CKD. MMF was adopted in 359 patients (62.8%). Pa-
tients administrated with MMF had a relatively low CNI 
trough concentrations but with no significant difference. 
The graft function remained stable during follow-up. No 
difference was found between different groups of CNI 
trough concentrations. Pre-LT renal dysfunction, ages, 
acute kidney injury, high blood trough concentrations of 
CNI in 3 mo (TAC > 8 ng/mL, CSA > 150 ng/mL) and 
hypertension after operation were associated with CKD 
progression, while male gender and adoption of MMF 
were protection factors. 

CONCLUSION: Low dose of CNI combined with MMF 
managed to prevent CKD after LT with stable graft func-
tion.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Since the introduction of  calcineurin inhibitor (CNI) 
in the 1980s, its use in clinical solid organ has greatly 
increased transplant recipient survival rates and reduced 
graft rejection rates[1]. More and more patients with end 
stage liver disease are benefiting from liver transplanta-
tion (LT) in the last three decades. However, although the 
number of  long-term surviving recipients has increased, 
many of  them suffer from chronic complications. Chron-
ic kidney disease (CKD) is one such complication that 
has severely affected the quality of  life and survival of  
organ recipients[2-7]. Cohen et al[8] reported that 27.5% of  
191 patients had progressive renal dysfunction [glomeru-
lar filtration rate (GFR) < 40 mL/min] 5 years after LT. 
Ojo et al[9] found that GFR < 29 mL/min was in up to 
18% of  patients by 5 years post LT, and that chronic re-
nal failure elevated the risk of  death after transplantation 
(relative risk 4.55). Long duration of  CNI-taken is one of  
the many factors adversely affecting renal function after 
transplantation[2,4-7]. Its nephrotoxicity is seen by kidney 
biopsy, which includes severe tubular atrophy, interstitial 
fibrosis and focal hyalinosis of  small renal arteries and ar-
terioles[10,11]. Lee et al[12] pointed out that rapid progression 
of  kidney disease was associated with CNI nephrotoxicity 
which significantly increased the risk by a factor of  4.24.

There are two main strategies for CNI induced CKD, 
one is CNI withdrawal and conversion to a non-nephro-
toxic immunosuppressant, such as sirolimus, mycopheno-
late mofetil (MMF) and azathioprine; the other is dose 
reduction in combination with an auxiliary immuno-
suppressant[4,6,7,13,14]. Shenoy et al[13] found no significant 
improvement in renal function after 12 mo’ follow-up in 
a prospective trial of  CNI withdrawal and replacement 
with sirolimus for renal insufficiency in liver transplant 
recipients. Cantarvich et al[15], on the other hand, found 
significant improvement in the renal function of  long-
term liver-transplant recipients with renal dysfunction by 
introducing MMF and tapering cyclosporine A (CSA) to 
a very low dose (50 mg/d), however, this strategy may in-
crease the risk of  acute rejection (AR). No agreement has 
been reached on this issue. Since it has been proven that 

the nephrotoxicity was associated with the dosage and 
duration of  CNI, we can expect that administration of  
initial low-dose CNI and maintaining low blood concen-
trations after would prevent the progression of  renal dys-
function. However, such a conclusion cannot be drawn 
yet because most researches were based on patients who 
had pre-existing renal dysfunction. Moreover, there is no 
consensus on the minimum CNI dose which is consid-
ered to be safe for LT recipients.

In our center, a protocol of  combining CNI [tacrolimus 
(TAC) or CSA] with MMF was adopted after LT. The 
CNI initial dose and blood concentrations after were kept 
at a relatively low level. The purpose of  this study was to 
delineate the risk factors for developing CKD, and more 
important, to find out whether the strategy of  combina-
tion low-dose CNI and MMF can make a successfully 
prophylaxis of  CKD after LT.

MATERIALS AND METHODS
Study population
Data from the clinical records of  772 consecutive Chinese 
patients who underwent LT from March 1999 until De-
cember 2009 were retrospectively analysed. Patients were 
monitored till August 2010 or to their death. Recipients 
with a short follow-up (less than 3 mo), died within 3 
mo after transplantation and younger than 18 years old 
were excluded. All the liver grafts were from brain-dead 
donors or living donors. Living and deceased donations 
were voluntary in all cases, approved by the West China 
Hospital Ethics Committee, and in accordance with the 
ethical guidelines of  the Declaration of  Helsinki.

Evaluation of kidney function
Renal function was assessed by estimated glomerular fil-
tration rate (eGFR) using the abbreviated Modification of  
Diet in Renal Disease formula: eGFR = 186 × creatinine 
(mg/dL)−1.154 × (age)−0.203 × (0.742 if  female). Acute kid-
ney injury (AKI) was defined as more than 25% decrease 
of  GFR in the first post-operative week compared with 
the pre-operative level by the RIFLE (risk, injury, failure, 
loss and end-stage renal failure) criteria[16]. CKD was defin
ed as GFR < 60 mL/min per 1.73 m2 for at least 3 con-
secutive months. Hepatorenal syndrome was defined as 
Salerno et al[17] reported: cirrhosis with ascites, serum cre-
atinine > 1.5 mg/dL, no improvement of  serum creati-
nine after at least 2 d with diuretic withdrawal and volume 
expansion with albumin, no current or recent treatment 
with nephrotoxic drugs, absence of  parenchyma kidney 
disease. Renal dysfunction before LT was also defined as 
eGFR < 60 mL/min per 1.73 m2.

Definitions of other clinical parameters
According to the latest guideline of  prevention and treat-
ment of  plasma lipid abnormality for Chinese adults, hy-
percholesterolemia was defined as total plasma cholester-
ol ≥ 6.22 mmol/L, hypertriglyceridemia as triglyceride ≥ 
2.26 mmol/L[18]. Diabetes mellitus (DM) was diagnosed if  
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random blood glucose ≥ 11.1 mmol/L or fasting plasma 
glucose ≥ 7.0 mmol/L. AR was confirmed either by liver 
biopsy or recovery from high-dose methylprednisolone. 
If  chronic rejection (CR) was suspected, liver biopsy was 
also carried out. Hypertension was defined as a systolic 
blood pressure over 140 mmHg or diastolic pressure over 
90 mmHg twice at different time. Mayo end-stage liver 
disease (MELD) scores were calculated for each patient.

Immunosuppressive protocols
Initial immunosuppression was by triple-drug regimens 
that included a CNI (TAC or CSA), MMF and predni-
sone. The initial dose of  CNI was 0.05-0.10 mg/kg per 
day for TAC and 5-10 mg/kg per day for CSA respec-
tively. MMF was personalized between 1.0-1.5 g/d. At 
the early phase in our center, patients were administrated 
with MMF only when they were diagnosed hypertension 
and DM; however, all recipients in the late period were 
administrated with it unless severe gastrointestinal side 
effects or myelosuppression happened. Prednisone was 
generally discontinued within 3 mo after transplantation.

Adjustment of calcineurin inhibitor dose during follow-up
Observations of  clinical indices including CNI trough 
concentrations were checked daily for the first week and 
weekly for the next three in the first month post-opera-
tion, monthly within 3-mo and every three months there-
after. The ideal serum trough level of  CNI was 6-8 ng/
mL for TAC and 120-150 ng/mL for CSA 3-mo post-
operation. Liver function was monitored intensely while 
adjusting the CNI dose. If  AR happened, prior dosage 
was restarted, together with the prednisone increase or 
high-dose methylprednisolone administration. Dose re-
duction was more carefully and slowly carried out. A 
trough level of  4-6 ng/mL for TAC and 80-120 ng/mL 

for CSA one year after transplantation was expected with 
stable liver function.

Statistical analysis
SPSS 17.0 statistical software (SPSS Company, Chicago, 
IL) was used to analyse the relevant data. Numerical data 
are presented as the mean ± SD or as the median. Con-
tinuous data were compared using the independent t-test 
if  data were normally distributed, or using the rank-sum 
test if  data were non-normally distributed. Categorical 
data were compared using the χ 2 test. Univariate logistic 
regression analysis was used to discover risk factors for 
CKD. Variables reaching statistical significance were then 
included for multivariate analysis. Results were reported 
as odds ratios with 95% confidence intervals.

RESULTS
Patients population
The medical records of  572 patients [male:female 478:94, 
mean age 44 (20-69) years old] meeting the inclusion cri-
teria were reviewed retrospectively. Mean follow-up dura-
tion was 28 (3-125) mo. Pre-operation baseline included 
DM in 36 (6.29%) patients, hypertension in 13 (2.27%) 
patients, renal dysfunction in 54 (9.44%) patients, and 
hepatorenal syndrome in 27 (4.72%) patients, 19 (3.32%) 
were given hemodialysis therapy within a 2-wk period 
before surgery. The main indications for LT were tumors 
and end stage liver diseases, with 268 (46.9%) and 276 
(48.2%) patients respectively. More than 80% patients 
were found to be hepatitis B virus (HBV) related. The 
deceased donor transplantation rate was 75.5%.

Incidence of chronic kidney disease 
The eGFR was calculated after each visit of  a patient. 
And once met the criterion of  CKD, they were registered 
into the CKD group. As shown in Figure 1, 17.3% of  the 
whole population (99 cases) developed CKD during the 
5-year’s follow-up.

Our analysis of  the difference in over 20 clinical indi-
ces between patients with and without CKD showed that 
the CKD group had older age, higher MELD scores, more 
female, more patients with pre-operative renal dysfunction, 
more with hepatorenal syndrome and more received pre-
operative hemodialysis. There was also a between-group 
difference in immunosuppression protocols, TAC and 
MMF was preferred in the non-CKD group. Of  the 85 
cases of  AKI (14.9%), 32 progressed to CKD. In addi-
tion, the CKD group had more patients with post-opera-
tive DM, hypertension and hypertriglyceridemia (Table 1). 

Subgroups of calcineurin inhibitor trough concentrations 
The CNI trough concentrations were recorded in each vis-
it too. Mean concentrations of  both TAC and CSA were 
calculated at different time points. A decreasing trend was 
discovered with lengthening of  follow-up time (Figure 2).

As we mentioned before, an ideal concentration was 
expected at 3-mo and 1-year post LT. The results showed 
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Figure 1  Incidence of chronic kidney disease 5 years after liver transplan-
tation. The estimated glomerular filtration rate (eGFR) was calculated by the 
abbreviated Modification of Diet in Renal Disease formula after each visit of a 
patient. And once met the criterion of chronic kidney disease (CKD) (eGFR < 60 
mL/min per 1.73 m2), they were registered into the CKD group. Seventeen point 
three percents of the whole population (99 cases) developed CKD during the 
5-year’s follow-up.
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that there were 68.3% (293 of  429 cases) patients man-
aged to control their TAC trough concentrations within 
8 ng/mL and 58.0% (83 of  143 cases) patients’ CSA 
trough concentrations within 150 ng/mL. Of  the 450 
recipients followed-up over 1 year, 55.5% (183 of  330 
cases) of  which were treated with TAC had a trough 
concentration ≤ 6 ng/mL while 65.8% (79 of  120 cases) 
of  which were treated with CSA had a concentration ≤ 
120 ng/mL. The incidence of  CKD in the groups of  
lower CNI trough concentrations was significantly lower 
than the groups with CNI concentrations above the ideal 
range (Table 2). At the same time, we compared the CNI 
trough concentrations between patients with and without 
CKD. As shown in Figure 2A and B, the CKD group had 
much higher CNI trough concentrations than that of  pa-
tients without CKD.

Also, recipients were grouped by whether MMF was 
used. We found its adoption in 359 patients (62.8%). It 
was used in 49.5% of  the CKD group and 65.5% of  
the non-CKD group (P = 0.003). Although patients ad-
ministrated with MMF had a relatively low CNI trough 
concentrations, but no significant difference was found 

between groups (Figure 2C and D).
To assess the impact of  CNI concentrations on the 

chronic complications and graft function post transplan-
tation, patients were still grouped according to the CNI 
trough concentrations 3-mo post transplantation. The ana
lysis showed between-group differences in these param-
eters were without statistical significance (Table 3).

Risk factors for chronic kidney disease progression
Together with the different CNI concentrations and whe
ther uses of  MMF, over twenty parameters were examined 
by univariate logistic analysis to identify the risk factors of  
CKD (Table 4). All the factors with statistical significance 
were chosen for multivariate logistic analysis, and seven 
of  them were singled out. Age at LT, pre-operative renal 
dysfunction, AKI, high CNI concentration 3 mo after LT 
(TAC > 8 ng/mL or CSA > 150 ng/mL), post-operative 
hypertension were risk factors of  CKD; male, use of  MMF 
were protective factors of  CKD (Table 5).

DISCUSSION
The incidence of  CKD increases with survival time after 
LT. As its nephrotoxicity proved by more researches, every 
center realized the importance of  CNI dose adjustment. 
But how and when to adjust it still remains a question. 
There are two mainly strategies for CNI induced CKD, 
one is CNI withdrawal and conversion to a non-nephro-
toxic immunosuppressant, such as sirolimus, MMF and 
azathioprine; the other is CNI dose reduction in combina-
tion with an auxiliary immunosuppressant[4,6,7,13,14]. Both  
were used. However, because of  the CNI withdrawal time 
and dose reduction level differed among different centers, 
no agreement was reached.

Unlike the strategies mentioned above, in our center, 
an initial low CNI dose was administered. And by in-
tensely monitoring of  the graft function and gradually 
CNI dose reduction, a low blood concentration of  CNI 
was maintained thereafter. The results displayed that over 
half  the patients managed to maintain a CNI level within 
the target range in 3-mo and 1-year post LT and graft 
function remained stable compared with the high CNI 
level group. Moreover, groups of  CNI concentrations 
within target range had significantly lower CKD inci-
dence than the rest.

It was reported that CKD incidence varied to a great 
distance. Data from different centers varies partly because 
of  different definitions of  CKD[2-7]. We defined CKD as 
GFR < 60 mL/min per 1.73 m2 in this research, a level at 
which the prevalence of  complications of  CKD begins 
to increase[19,20]. By this criterion, the incidence of  CKD 5 
years after LT was 17.3%, lower than many reports. Five 
factors have been incriminated as etiologic factors of  CKD  
as demonstrated by the multivariate logistic analysis.

An important risk factor for CKD was CNI trough 
concentrations 3 mo after LT (OR = 2.935). Dose of  CNI 
varies between different centers. Nevertheless, there is a 
consensus that the CNI concentration should be as low as 

Table 1  Clinical features between chronic kidney disease and 
non-chronic kidney diseas recipients  n  (%)

Clinical features CKD group 
(n  = 99)

Non-CKD group 
(n = 473)

P  value

Age (median years) 49  42 0.001
Sex (male/female) 70/29 408/65 0.001
Donor type (DDLT/LDLT) 82/17 350/123 NS
Indications for LT
   Cirrhosis 38 (38.4) 160 (33.8) NS
   Chronic active hepatitis 13 (13.1) 39 (8.2) NS
   Tumors 34 (34.3) 234 (49.5) 0.006
   Others 14 (14.1) 40 (8.5) NS
   HBV infection 80 (80.8) 401 (85.0) NS
Complications pre-LT
   DM 10 (10.1) 26 (5.5) NS
   Renal dysfunction 22 (22.2) 32 (6.8) 0.001
   HRS 11 (11.1) 16 (3.4) 0.003
   Hemodialysis 9 (9.1) 10 (2.1) 0.002
   Hypertension 5 (5.1)   8 (1.7) NS
   MELD scores 14 11 0.001
   CNI type (TAC/CSA) 64/35 365/108 0.009
   MMF adoption 49 (49.5) 310 (65.5) 0.003
Complications post-LT 
   DM 27 (27.3)   85 (18.0) 0.034
   Hypertension 19 (19.2) 35 (7.4) 0.001
   Hypercholesterolemia 19 (19.2)   57 (12.1) NS
   Hypertriglyceridemia 26 (26.3)   81 (17.1) 0.034
   AKI 32 (32.3)   53 (11.2) 0.001
   AR 18 (18.2)   56 (11.8) NS
   CR 4 (4.0) 11 (2.3) NS
   Graft failure 6 (6.1) 11 (2.3) NS
   Re-transplantation 5 (5.1)   8 (1.7) NS

CKD: Chronic kidney disease; Age: Age at transplantation; DDLT: De-
ceased donor liver transplantation, LDLT: Living donor liver transplan-
tation; NS: No significance; LT: Liver transplantation; HBV: Hepatitis B 
Virus; DM: Diabetes mellitus; HRS: Hepatorenal syndrome; MELD: Mayo 
end-stage liver disease; CNI: Calcineurin Inhibitor; TAC: Tacrolimus; CSA: 
Cyclosporine A; MMF: Mycophenolate mofetil; AKI: Acute kidney injury; 
AR: Acute rejection; CR: Chronic rejection.
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possible to avoid CKD. Morard et al[21] identified trough 
levels of  CSA ≥ 150 ng/mL or TAC ≥ 10 ng/mL at 1 
year and CSA ≥ 100 ng/mL or TAC ≥ 8 ng/mL at 5 
years as independent risk factors for impaired renal func-
tion. However, no agreement has yet been reached on 
what is the minimum and safe CNI dose for LT recipients.

Pre-LT baseline renal function has a major impact on 
that post-transplantation[3,6,7,22]. In this study, both renal 
dysfunction pre-operation and AKI post-operation prov
ed to be important risk factors for CKD. Velidedeoglu  
et al[23] suggested that a combination of  events during the 
first postoperative week after LT serve as a physiologic 
“stress test” for the kidneys. Patients who failed the test 
(peak creatinine > 2 mg/dL) were at increased risk of  

chronic renal disease. Although both pre-operative renal 
dysfunction and AKI were considered to be reversible, 
with persistently nephrotoxication of  CNI, the chance of  
recovery for kidney function is small and the injury could 
become irreversible and chronic finally. Induction therapy 
with both lymphocyte-depleting and non lymphocyte-
depleting antibodies and delayed introduction of  CNI 
(3-7 d) may preserve or ameliorate renal function in LT 
recipients with pre-transplant renal dysfunction without 
increasing the risk of  rejection or compromising patient 
and graft survival[24-26].

Table 2  Chronic kidney disease incidence between groups 3 
mo and one year after liver transplantation

Groups Cases (CKD incidence %) P  value

Three months after LT
   CSA trough concentrations 
      > 150 ng/mL    20/60 (32.3) 0.036
      ≤ 150 ng/mL    15/83 (18.1)
   TAC trough concentrations
      > 8 ng/mL  32/136 (23.5) 0.001
      ≤ 8 ng/mL  32/293 (10.9)
One year after LT
   CSA trough concentrations
      > 120 ng/mL    19/41 (46.3) < 0.001
      ≤ 120 ng/mL    12/79 (15.2)
   TAC trough concentrations
      > 6 ng/mL  36/147 (24.5) < 0.001
      ≤ 6 ng/mL 17/183 (9.3)

Patients were divided by the calcineurin inhibitor types and trough con-
centrations 3 mo post transplantation. Groups with ideal trough concen-
trations [cyclosporine A (CSA) trough concentrations ≤ 150 ng/mL, tacro-
limus (TAC) trough concentrations ≤ 8 ng/mL] had much lower chronic 
kidney disease (CKD) incidence. Patients followed-up over 1-year (n = 450) 
were divided by the calcineurin inhibitor types and trough concentrations 
at one year post transplantation. Groups with ideal trough concentrations 
(CSA trough concentrations ≤ 120 ng/mL, TAC trough concentrations ≤ 
6 ng/mL) had much lower CKD incidence. LT: Liver transplantation.

Table 3  Chronic complications and graft function between dif-
ferent groups of calcineurin inhibitor trough concentrations

Complications Cases 
(CKD incidence %)

Group 1 
(%)

Group 2 
(%)

P  
value

DM 112 (19.6) 17.6 23.5 NS
Hypertriglyceridemia 107 (18.7) 18.1 19.9 NS
Hypercholesterolemia   76 (13.3) 12.8 14.3 NS
Hypertension 54 (9.4) 8.2 11.7 NS
AR   74 (12.9) 11.7 15.3 NS
CR 15 (2.6)   2.1   3.8 NS
Graft failure 17 (3.0)   2.7   3.6 NS
Re-transplantation 13 (2.3)   2.1   2.6 NS

Patients were divided according to the trough concentrations 3 mo after 
liver transplantation. Group 1: 376 cases, tacrolimus (TAC) ≤ 8 ng/mL or 
cyclosporine A (CSA) ≤ 150 ng/mL; Group 2: 196 cases, TAC > 8 ng/mL  
or CSA > 150 ng/mL. No statistical significance was found between 
groups. DM: Diabetes mellitus; AR: Acute rejection; CR: Chronic rejection; 
CKD: Chronic kidney disease.

Clinical factors P  value OR 95% CI

Factors before LT
   Gender (female = 0, male = 1) 0.001 0.385 0.232-0.638
   Ages at LT 0.001 1.048 1.025-1.072
   Liver cirrhosis 0.303 1.590 0.658-3.840
   End stage liver disease 0.014 1.740 1.120-2.703
   HBV infection 0.327 0.756 0.432-1.323
   DM 0.091 1.932 0.900-4.147
   Hypertension 0.052 3.092 0.990-9.659
   Renal dysfunction 0.001 3.937 2.173-7.134
   HRS 0.002 3.570 1.603-7.953
   Hemodialysis 0.001 4.630   1.830-11.716
   TB 0.014 1.001 1.000-1.003
   MELD 0.000 1.049 1.023-1.075
Factors after LT
   Re-operation 0.454 1.324 0.635-2.761
   Use of TAC 0.010 0.541 0.340-0.861
   Use of MMF 0.003 0.520 0.336-0.805
   CNI trough concentrations 0.001 2.528 1.627-3.927
   AKI 0.001 3.785 2.275-6.296
   Hypertension 0.001 2.972 1.619-5.455
   DM 0.035 1.712 1.037-2.824
   AR 0.509 1.107 0.820-1.494
   CR 0.338 0.565 0.176-1.814
   Graft failure 0.055 2.710 0.978-7.510
   Re-transplantation 0.052 3.092 0.990-9.659
   Hypertriglyceridemia 0.036 1.724 1.038-2.863
   Hypercholesterolemia 0.059 1.733 0.979-3.070

Table 4  The risk factors of chronic kidney disease by univari-
ate logistic regression

OR: Odds ratios; CI: Confidence intervals; LT: Liver transplantation; HBV: 
Hepatitis B virus; DM: Diabetes mellitus; HRS: Hepatorenal syndrome; TB: 
Total serum bilirubin at baseline; TAC: Tacrolimus; MMF: Mycophenolate 
mofetil; AKI: Acute kidney injury; AR: Acute rejection; CR: Chronic rejec-
tion.

OR: Odds ratios; CI: Confidence intervals; LT: Liver transplantation; AKI: 
Acute kidney injury; CNI: Calcineurin inhibitor; MMF: Mycophenolate 
mofetil.

Table 5  The risk factors of chronic kidney disease by multi-
variate logistic regression

Clinical factors P  value OR 95% CI

Age at LT 0.001 1.048 1.020-1.076
Pre-operative renal dysfunction 0.049 2.300 1.005-5.260
AKI 0.001 4.435 2.404-8.182
CNI trough concentration 0.001 3.233 1.923-5.438
Post-operative hypertension 0.035 2.230 1.059-4.696
Female 0.018 0.464 0.245-0.877
Use of MMF 0.002 0.435 0.255-0.741
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Hypertension commonly causes renal disease in ge
neral population, so it was not surprising that post-ope
rative hypertension became risk factor of  CKD. Once 
confirmed, recipients should receive active treatment. 
Administration of  angiotensin-converting enzyme in-
hibitors and angiotensin receptor blockers were recom-
mended, for they could theoretically protect these pa-
tients from both the acute hemodynamic component and 
chronic vascular and tubulointerstitial injury. The benefit 
of  the former class of  agents is conferred predominantly 
via reduction in CNI-induced afferent arteriolar vasocon-
striction and that of  the latter is conferred via the inhibi-
tion of  angiotensin Ⅱ effects of  transforming growth 
factor-β and other profibrotic mediators[27].

Our finding showed use of  MMF as a protective fac-
tor of  CKD. And as an accessory immunosuppressant, 
MMF does not have nephrotoxicity and could reduce the 
CNI dosage. Strategies to alleviate CNI nephrotoxicity in-
clude use of  MMF with CNI dose reduction or CNI-with-
drawal and conversion to MMF[4,6,7,13,14,28]. We found that,  
with an 1.0-1.5 g/d administration, most people had no 
severe side effects, which proved to be safe and effective.

Another protective factor of  CKD was male gender. 
In the general population, however, male gender is more 
closely associated with renal disease progression, but the 
reason for this inconsistency is unclear[5,29].

HBV infection was not a significant risk factor com-
pared to other causes in this research. This finding was 
similar to previous studies based on Asian people[12]. 
HCV infection was also not a significant risk factor for 
CKD progression. In western countries, HCV is the most 
common cause of  liver failure, and it increases CKD risk 
in liver transplantation primarily because it may cause 
glomerulonephritis[9,30]. Nevertheless, only 7 patients 
had HCV related cirrhosis in this cohort. Lamivudine 
combined with individualized low-dose hepatitis B im-
munoglobulin was used as a prophylaxis against HBV re-
currence after LT in our center. Adefovir, which is known 
to be nephrotoxic, was administrated with only a few 
patients[31]. This could partly explain why our center has a 
relatively low incidence of  CKD.

Posttransplantation DM is prevalent among LT recipi-
ents. It was reported earlier that the incidence of  post-
transplantation DM could reach 14.9% in the living donor 
liver transplantation[32]. However, in this study we found 
no relationship between DM and CKD. The proper expla-
nation maybe that insulin was widely accepted and used 
among LT recipients. Most people had his blood sugar 
under the ideal range. Complications of  DM were not as 
popular as usual.

While there is conflicting evidence in the literature 
on whether a TAC or CSA use is more beneficial[33,34], we  
found a lower incidence of  CKD in the TAC group and 
identified CSA as a risk factor for CKD by univariate 
logistic regression analysis. However, the analysis did not 
take into account a small number of  patients (n = 20)  
who switched CNIs during the follow-up. Therefore, the 
benefit of  TAC over CSA remains inconclusive. Random-
ized, prospective studies with a large number of  patients 

will be needed to resolve this issue.
In conclusion, many factors have been associated with 

CKD progression. With few practical and validate strat-
egy, we have shown that administration of  low-dose CNI 
in combination with MMF could lower CKD incidence 
and did not increase AR rate, which provided as a suc-
cessful experience for Chinese LT recipients. As mention
ed above, there was part of  the population left whose 
CNI concentration was above the target range. So the 
low dose was not adaptable for everyone. Closely moni-
toring of  liver function during tapering the CNI dose was 
needed. Dose reduction must be based on a stable liver 
function. Limitation of  this study is that data were col-
lected retrospectively and that GFR was evaluated rather 
than measured. Study of  prospective designed and CKD 
defined by measured GFR would be more convincing.
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