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Background: New-onset diabetes after transplantation (NODAT) is a serious complication following liver 
transplantation (LT). The present study aimed to investigate the incidence of and risk factors for NODAT 
using the Korean Organ Transplantation Registry (KOTRY) database. 
Methods: Patients with history of pediatric transplantation (age ≤18 years), re-transplantation, multi-organ 
transplantation, or pre-existing diabetes mellitus were excluded. A total of 1,919 non-diabetic adult patients 
who underwent a primary LT between May 2014 and December 2017 were included. Risk factors were 
identified using Cox regression analysis. 
Results: NODAT occurred in 19.7% (n=377) of adult liver transplant recipients. Multivariate analysis 
showed steroid use, increased age, and high body mass index (BMI) in recipients, and implantation of a left-
side liver graft was closely associated with NODAT in adult LT. In living donor liver transplant (LDLT) 
patients (n=1,473), open donor hepatectomy in the living donors, steroid use, small for size liver graft (graft 
to recipient weight ratio ≤0.8), increased age, and high BMI in the recipient were predictive factors for 
NODAT. The use of antimetabolite and basiliximab induction reduced the incidence of NODAT in adult LT 
and in adult LDLT. 
Conclusions: Basiliximab induction, early steroid withdrawal, and antimetabolite therapy may prevent 
NODAT after adult LT. High BMI or advanced age in liver recipients, open donor hepatectomy in living 
donors, and small size liver graft can predict the occurrence of NODAT after adult LT or LDLT.
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Introduction

Advancements in surgical techniques for liver transplantation 
(LT), optimization of immunosuppressive regimens 
and perioperative monitoring methods are improving 
the survival of LT recipients. Thus, key post-transplant 
concerns are now long-term complications and quality of 
life after LT as opposed to short-term complications and 
perioperative mortality in the past. 

New-onset diabetes after transplantation (NODAT) 
is currently the most common postoperative metabolic 
complication after LT (1). NODAT refers to the development 
of post-transplant diabetes in previously non-diabetic 
patients (i.e., patients who are not diabetic before 
transplantation, but show sustained high blood glucose 
levels after transplantation and meet the World Health 
Organization diagnostic criteria for diabetes). The 
development of NODAT is closely associated with acute 
rejection, infection, chronic cardiovascular disease, chronic 
renal insufficiency and decreased graft survival, all of which 
are leading causes of mortality among LT recipients (2-10). 
In addition, patients who develop NODAT have increased 
health care costs (1,2,11). However, the mechanisms 
underlying NODAT after LT has not been investigated 
extensively and NODAT after LT has received less attention 
compared to NODAT after kidney transplantation. 
NODAT is a serious complication of LT that negatively 
affects patients’ health and graft survival. The reported 
incidence of NODAT after LT ranges from 9% to  
63.3% (5).

Multiple risk factors for NODAT in liver transplant 
recipients have been reported: increased recipient age, 
African–American ethnicity, hepatitis C virus (HCV) 
infection, advanced liver cirrhosis, liver graft from deceased 
donor, tacrolimus use, alcoholic liver disease, steroid 
use, high body mass index (BMI), hypomagnesemia, 
biopsy-proven acute rejection, and cytomegalovirus  
infection (1,5,9,12).

Studies based on national registries and other administrative 
datasets have made enormous contributions to the science of 
organ transplantation. The Korean Organ Transplantation 
Registry (KOTRY) is a nationwide prospective cohort 
designed to play an academically oriented role beyond that 
of just an administrative registry. The KOTRY compiles 

and analyzes at regular intervals demographic and clinical 
information of new liver transplant patients and donors, 
as well as data on the use of immunosuppressive drugs, 
post-operative outcomes and other endpoints (13,14). 
In 2015, there were 44 liver transplant centers in Korea, 
among which 15 participated in the KOTRY. Due to a 
high number of large-volume centers joining the KOTRY, 
77.1% of LT performed annually were enrolled in the 
KOTRY database.

Data regarding the risk factors, incidence, and clinical 
consequences of NODAT in Korean liver transplant 
recipients are lacking. Nearly 70% of liver transplants 
recorded in the KOTRY have been from living donors; 
the risk factors for NODAT in KOTRY are likely to be 
inconsistent with the risk factors identified in studies based 
on deceased donor liver transplantation (DDLT) (1,2,12). 
Using the KOTRY database, we aimed to investigate the 
occurrence of NODAT in South Korea, to evaluate its 
impact on prognosis of graft survival and identify possible 
risk factors for NODAT. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/hbsn.2019.10.29).

Methods

Patients

The study population comprised of patients who 
underwent LT between April 2014 and December 2017 
(n=2,648). The KOTRY organizational structure, patient 
enrollment and informed consent have been described in 
previous reports (15,16). Patients with history of pediatric 
transplantation (age ≤18 years), re-transplantation, multi-
organ transplantation, or pre-existing diabetes mellitus 
were excluded. A total of 1,919 patients without pre-
existing diabetes were included in the final study cohort. 
Both donors and recipients were required to register with 
the KOTRY before transplantation. All registered patients 
were routinely followed up at their outpatient clinic. This 
study was approved by the KOTRY, which is the only 
authorized national LT registry in South Korea. The study 
was initiated after obtaining approval from the ethics 
committee for each participating center, according to the 
Regulations on Human Organ Transplant and national legal 

Submitted May 26, 2019. Accepted for publication Aug 05, 2019.

doi: 10.21037/hbsn.2019.10.29

View this article at: http://dx.doi.org/10.21037/hbsn.2019.10.29



HepatoBiliary Surgery and Nutrition, Vol 9, No 4 August 2020 427

© HepatoBiliary Surgery and Nutrition. All rights reserved.   HepatoBiliary Surg Nutr 2020;9(4):425-439 | http://dx.doi.org/10.21037/hbsn.2019.10.29

requirements. The procedures were in accordance with 
the Helsinki declaration. All patients provided informed 
consent prior to participation in the study.

Definition of NODAT 

The presence of diabetes as a co-morbid condition prior 
to transplantation was identified by querying the KOTRY 
database entries for our patient population. NODAT 
was defined using the American Diabetes Association 
(ADA) diagnostic criteria: an fating plasma glucose level  
≥126 mg/dL (7.0 mmol/L), symptoms of polyuria, 
polydipsia and/or unexplained weight loss, a random plasma 
glucose concentration of ≥200 mg/dL, and an HbA1c value 
of ≥6.5% (17). Fasting was defined as no caloric intake 
for at least 8 hours. Glomerular filtration rate (GFR) was 
calculated using the MDRD equation (18). CKD in the 
post-transplant was defined as more than stage 3 (GFR  
<60 mL/min).

The presence of NODAT was identified in the previously 
non-diabetic transplant recipients when at least one record 
of diabetes was entered in the follow-up reports after LT. If 
diabetes disappeared after steroid withdrawal or 6 months 
in the post-transplant, we did not define NODAT case in 
those patients. The date of onset of NODAT was assumed 
to be the date of the earliest report of diabetes after liver 
transplant.

Data collection in recipients and donors, and transplant-
related factors

We assessed the following recipient-related risk factors; 
gender, age, history of hypertension, pre-transplant BMI 
(kg/m2), primary liver disease, hepatocellular carcinoma 
(HCC), Child-Pugh class, Model for End-stage Liver 
Disease (MELD) scores for chronic liver disease or 
cirrhosis, urgent status in Korean Network for Organ 
Sharing (KONOS), and serum creatinine levels at 1 month, 
6 months, 1 year, 2 years, and 3 years. Donor-related 
factors included donor gender, presence of hypertension or 
diabetes, and BMI. Transplant-related factors included LT 
type (DDLT or LDLT), ABO-incompatibility, liver graft 
(whole liver, left-side liver graft, or right-side liver graft), 
macrosteatosis in the donor liver, living related donor, 
surgical approach in living liver donor (open or minimal 
invasive approach, including laparoscopic or robotic donor 
hepatectomy), small size liver graft [graft to recipient weight 
ratio (GRWR) ≤0.8], hospitalization after LT, basiliximab 

induction, selection of calcineurin inhibitors (tacrolimus 
or cyclosporine) at discharge, use of antimetabolite 
(mycophenolate mofetil or mycophenolic acid) or steroid at 
discharge, and use of mTOR inhibitors at 6 months.

The current KONOS system utilizes an urgent DDLT 
allocation system for adult patients similar to that used by 
the previous United Network for Organ Sharing (UNOS) 
system. UNOS status 1 including early retransplantation 
and status 2A categories are identical to KONOS status 
1 and status 2A, respectively (19). Patients with known 
hepatitis B virus (HBV) infection cannot be KONOS status 
1 due to the high prevalence of HBV in Korea and difficulty 
in discerning acute liver failure from acute-on-chronic liver 
failure in these patients.

Statistical analysis

Continuous data are expressed as the mean ± SD. Statistical 
comparisons were made using independent t-tests for 
normally distributed data. Continuous variables, including 
donor and recipient BMI, MELD score, and macrosteatosis 
in liver grafts were categorized since their effects on 
outcomes are not linear. Categorical data are expressed as 
numbers or percentages and the significance of differences 
between groups was analyzed using the chi-square test 
or Fisher’s exact test. Kaplan-Meier curves were used to 
represent allograft survival. Diabetes-free survival rates 
were estimated by the Kaplan-Meier method using the log-
rank test. Patient death, graft loss, re-transplantation, and 
loss to follow-up were censored in the diabetes-free survival 
analyses. Univariate and multivariate analyses for predicting 
NODAT development were performed using a Cox 
proportional hazard model. All P values were two-tailed, 
and a P value at or below 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SAS version 9.4 (SAS, Inc., Cary, NC, USA) and SPSS ver. 
22.0 (SPSS, Inc., Chicago, IL, USA).

Results

The incidence of NODAT

NODAT occurred in 377 (19.7%) of 1,919 liver recipients 
with a mean follow-up time of 13.1±10.6 months. The 
incidence of NODAT was 19.6% and 20.8% at 6 and 
12 months after LT, respectively (Figure 1). A total of 
447 (23.3%) and 1,472 (76.7%) patients received DDLT 
and LDLT, respectively. The incidence of NODAT in 
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the LDLT group was greater than in the DDLT group 
(P=0.031).

The recipient, donor, and immunosuppression variables 
according to the presence of NODAT are summarized 
in Table 1. The recipients who developed NODAT were 
older, had higher BMI, and included a greater proportion 
of living-related donors, open donor hepatectomy, and 
small size liver grafts (GRWR ≤0.8) compared with patients 
without NODAT. With regard to immunosuppression, the 
proportion of basiliximab induction, cyclosporine use, and 
steroid use in patients with NODAT was greater than in 
patients without NODAT, but antimetabolite use in the 
patients with NODAT was lower than in patients without 
NODAT (Table 1).

Risk factors for NODAT

Multivariate analyses showed that increased recipient age, 
high recipient BMI, implantation of left-side liver graft, 
and steroid use were predisposing factors for developing 
NODAT in adult LT patients, whereas basiliximab 
induction and antimetabolite use were significantly 
associated with a decreased risk of NODAT (Table 2). In 
DDLT patients, increased recipient age (HR, 1.028; 95% 
CI, 1.005–1.052; P=0.020) was only an independent factor 
for NODAT (Table S1). In LDLT patients, increased 
recipient age, high recipient BMI, Child-Pugh class, 
small size liver grafts (GRWR ≤0.8), and steroid use were 

predisposing factors for NODAT, but the presence of 
HCC, minimally invasive donor hepatectomy, basiliximab 
induction, and antimetabolite use were closely associated 
with protective effects against NODAT (Table 3). 

Graft survival 

We found no significant difference in terms of the graft 
survival rates between patients with NODAT and patients 
without NODAT (Figure 2). In fact, we found that the graft 
survival rates in patients with NODAT were similar to those 
in patients without NODAT after DDLT and LDLT. 

Discussion

In this study using the KOTRY liver transplant database, 
NODAT was reported in 19.7% of recipients of an initial 
liver graft with a median follow-up time of 1 year. In fact, 
most of the NODAT cases in this study (90%) reported 
within 6 months after liver transplant. The incidence of 
diabetes is 10.22% in middle-aged Koreans (20). Therefore, 
the incidence of NODAT is higher than that of diabetes 
in general population. A study based on the Organ 
Procurement and Transplant Network/United Network for 
Organ Sharing (OPTN/UNOS) liver transplant database 
showed that NODAT occurred in 26.4% of liver recipients 
with a median follow-up of about 2 years, and more than 
80% of NODAT occurred within 1 year after LT. The onset 

Figure 1 NODAT incidence. (A) New-onset diabetes after transplantation (NODAT) incidence in adult liver recipients and (B) NODAT 
incidence in DDLT and LDLT recipients.
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Table 1 Comparison of transplant patients with and without NODAT

Variables No NODAT (n=1,542) NODAT (n=377) P value

Recipient gender (male) 1,081 (70.1) 276 (73.2) 0.256

Recipient age 52.7±9.4 54.8±8.1 <0.001

Recipient hypertension 103 (6.7) 23 (6.1) 0.816

Recipient body mass index 23.8±3.6 24.6±3.8 <0.001

Body mass index in recipient <0.001

<18.5 69 (4.5) 20 (5.3)

18.5–25 953 (61.9) 196 (52.0)

25–30 433 (28.1) 129 (34.2)

>30 85 (5.5) 32 (8.5)

Unknown 2 (1.3) –

Primary liver disease 0.496

HBV 892 (57.8) 214 (56.8)

HCV 107 (6.9) 30 (8.0)

Alcoholic 351 (22.8) 89 (23.6)

Cryptogenic 66 (4.3) 21 (5.6)

Others 126 (8.2) 23 (6.1)

Hepatocellular carcinoma 772 (50.1) 175 (46.4) 0.207

Child-Pugh class 0.883

A 477 (30.9) 103 (27.3)

B 462 (30.0) 141 (37.4)

C 603 (39.1) 133 (35.3)

MELD score 17.8±10.4 17.4±9.3 0.657

MELD score 0.589

<15 775 (50.3) 189 (50.1)

15–34 592 (38.4) 158 (41.9)

≥35 175 (11.3) 30 (8.0)

Urgent status in KONOS 0.151

1 35 (2.3) 9 (2.4)

2 123 (8.0) 17 (4.5)

3 91 (5.9) 26 (6.9)

4 253 (16.4) 58 (15.4)

5 1,040 (67.4) 267 (70.8)

ABO-incompatible 236 (15.3) 68 (18.0) 0.208

Table 1 (continued)
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Table 1 (continued)

Variables No NODAT (n=1,542) NODAT (n=377) P value

Liver graft 0.344

Whole 355 (23.0) 71 (18.8)

Left-side graft 46 (3.0) 21 (5.6)

Right-side graft 1,141 (74.0) 285 (75.6)

Donor macrosteatosis (%) 4.2±6.6, 2 [0–58] 4.1±7.0, 1 [0–58] 0.366

Macrosteatosis in donor 0.464

<10% 1,197 (77.6) 313 (83.0)

10–30% 186 (12.1) 46 (12.2)

>30% 32 (2.1) 5 (1.3)

Unknown 127 (8.2) 13 (3.4)

Hospitalization (days) 28.3±22.8 28.0±23.6 0.201

Follow-up durations (months) 12.9±10.7 14.0±9.8 0.011

Living donor liver transplantation (n=1,472) 1,170 302

Relationship in LDLT <0.001

Living-related donor 901 (77.0) 275 (91.1)

Living-unrelated donor 269 (23.0) 27 (8.9)

Living donor operation (minimally invasive surgery) 184 (15.7) 28 (9.3) 0.004

GRWR 1.17±0.31 1.13±0.31 0.008

GRWR >0.8 in LDLT 1,062 (90.8) 258 (85.4) 0.003

Basiliximab induction 1,205 (78.1) 270 (71.8) 0.008

Tacrolimus at discharge 1,325 (85.9) 367 (97.3) 0.946

Cyclosporine at discharge 15 (1.1) 10 (2.7) 0.046

Antimetabolite at discharge 1,165 (75.6) 259 (68.7) 0.007

Steroids at discharge 1,359 (88.1) 362 (96.0) <0.001

Use of mTOR inhibitors at 6 months post-transplant 170 (11.0) 35 (9.3) 0.353

Donor gender (male) 991 (64.3) 233 (61.8) 0.371

Donor age (years) 35.3±14.3 34.0±13.0 0.228

Hypertension in donor 103 (6.7) 23 (6.1) 0.644

Diabetes in donor 49 (3.2) 10 (2.7) 0.475

Donor body mass index 23.2±3.2 23.3±3.0 0.484

Donor body mass index 0.095

<18.5 73 (4.7) 15 (4.0)

18.5–25 1,063 (68.9) 276 (73.2)

25–30 358 (23.2) 78 (20.7)

>30 47 (3.0) 8 (2.1)

Unknown 1 (0.1) –

Data are shown as mean ± standard deviation or number (percentage).
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Table 2 Risk factors for NODAT in adult liver transplant patients (n=1,919)

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Recipient gender (male) 1.17 0.931–1.469 0.178

Recipient age 1.024 1.012–1.036 <0.001 1.022 1.010–1.034 <0.001

Hypertension in recipients 1.346 1.035–1.750 0.027

Body mass index in recipients 0.003 0.003

<18.5 1 1 1 1

18.5–24 0.728 0.460–1.153 0.729 0.458–1.159

25–29 1.029 0.642–1.648 1.028 0.638–1.656

≥30 1.245 0.712–2.177 1.242 0.706–2.185

Primary liver disease 0.452

Alcohol 1 1

Cryptogenic 1.259 0.782–2.025

Hepatitis B virus 0.946 0.739–1.212

Hepatitis C virus 1.057 0.699–1.599

Others 0.733 0.463–1.159

Hepatocellular carcinoma 0.878 0.717–1.075 0.208

Disease progression 0.092

Cirrhosis 1 1

Acute 0.938 0.584–1.507

Acute on chronic 0.459 0.228–0.926

Child-Pugh class 0.016

A 1 1

B 1.357 1.053–1.750

C 1 0.773–1.294

MELD score 0.175

<15 1 1

15–34 1.07 0.866–1.322

≥35 0.738 0.502–1.085

Urgent status in KONOS 0.363

1 1 1

1 (retransplantation) 2.351 0.295–18.739

2 0.64 0.276–1.483

3 1.139 0.516–2.516

4 0.972 0.464–2.035

5 1.075 0.532–2.171

Table 2 (continued)
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of diabetes within the first 6 months of LT has been found 
to be associated with high doses of corticosteroid, and with 
immune suppression due to other medications and physical 
inactivity (1,4,5,7,10,12,21,22). 

The reported incidence of NODAT after LT ranges 
from 7% to 30%; the differences between study results may 
have been due to differences in diagnostic criteria, statistical 
methods, use of immunosuppressive agents, the length of 

follow-up and study populations (1,4,9,10). The timing of 
diagnostic screening for NODAT is also important. Almost 
all patients will have post-operative hyperglycemia due 
to the stress of surgery and administration of high-dose 
steroids. In addition, post-transplant patients may suffer 
from surgical complications, infections, and other comorbid 
conditions in the first year, leading to hospitalizations and 
“stress” itself during that time (23,24).

Table 2 (continued)

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Donor type (LDLT) 1.309 1.016–1.686 0.037

ABO-incompatible 1.214 0.934–1.577 0.15

Liver graft 0.005 0.013

Whole liver 1 1 1 1

Left-side liver graft 2.22 1.364–3.614 2.065 1.262–3.380

Right-side liver graft 1.283 0.989–1.664 1.275 0.981–1.657

Macrosteatosis in liver graft 0.497

<10% 1 1

10–30% 0.929 0.682–1.266

≥30% 0.607 0.251–1.469

Basiliximab induction 0.738 0.589–0.923 0.008 0.682 0.543–0.855 <0.001

Calcineurin inhibitors at discharge 1.975 0.702–9.402 0.228

Tacrolimus at discharge 0.876 0.467–1.643 0.68

Cyclosporine at discharge 1.994 1.064–3.737 0.031

Antimetabolite at discharge 0.721 0.580–0.896 0.003 0.692 0.554–0.863 0.001

Use of mTOR inhibitors at 6 months  
post-transplant

0.771 0.544–1.091 0.142

Steroid at discharge 2.979 1.777–4.993 <0.001 3.144 1.842–5.367 <0.001

Donor gender (male) 1.256 1.010–1.561 0.04

Donor age 0.992 0.985–1.000 0.04

Hypertension in donor 0.866 0.568–1.321 0.505

Diabetes in donor 0.818 0.437–1.533 0.531

Body mass index in donor 0.38

<18.5 1 1

18.5–24 1.239 0.737–2.083

25–29 1.047 0.603–1.820

≥30 0.845 0.358–1.992
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Table 3 Risk factors for NODAT in adult living donor liver transplant patients (n=1,473)

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Recipient gender (male) 1.188 0.916–1.541 0.193

Recipient age 1.021 1.008–1.035 0.002 1.025 1.011–1.040 <0.001

Hypertension in recipients 1.325 0.995–1.765 0.054

Body mass index in recipients 0.003 0.009

<18.5 1 1 1 1

18.5–24 0.76 0.440–1.314 0.732 0.438–1.327

25–29 1.025 0.586–1.791 0.985 0.580–1.808

≥30 1.525 0.806–2.887 1.376 0.729–2.715

Primary liver disease 0.271

Alcohol 1 1

Cryptogenic 1.03 0.610–1.737

Hepatitis B virus 0.814 0.613–1.082

Hepatitis C virus 0.798 0.483–1.318

Others 0.57 0.325–1.000

Hepatocellular carcinoma 0.81 0.647–1.016 0.068 0.7 0.536–0.913 0.009

Disease progression 0.376

Cirrhosis 1 1

Acute 0.993 0.528–1.865

Acute on chronic 0.562 0.250–1.260

Child-Pugh class 0.018 0.043

A 1 1 1 1

B 1.417 1.094–1.836 1.112 0.836–1.483

C 1.055 0.776–1.435 0.752 0.521–1.079

MELD score 0.53

<15 1 1

15–34 1.124 0.888–1.424

≥35 1.238 0.690–2.221

Urgent status in KONOS 0.935

1 1 1

2 0.61 0.127–2.935

3 0.674 0.149–3.041

4 0.571 0.138–2.363

5 0.584 0.145–2.347

Table 3 (continued)
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Table 3 (continued)

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

ABO-incompatible 1.129 0.861–1.481 0.382

Liver graft 0.016

Left-side liver graft 1 1

Right-side liver graft 0.579 0.371–0.901

Macrosteatosis in liver graft 0.751

<10% 1 1

10–30% 0.865 0.593–1.261

≥30% 1.018 0.253–4.091

Living related donor 1.726 1.170–2.547 0.006

Minimal invasive donor hepatectomy 0.365 0.246–0.542 <0.001 0.397 0.257–5.858 <0.001

GRWR ≤0.8% 1.718 1.227–2.410 0.002 1.553 1.070–2.193 0.016

Basiliximab induction 0.603 0.471–0.772 <0.001 0.677 0.525–0.881 0.003

Calcineurin inhibitors at discharge 1.183 0.294–4.751 0.813

Tacrolimus at discharge 0.708 0.365–1.375 0.308

Cyclosporine at discharge 2.146 1.106–4.167 0.024

Antimetabolite at discharge 0.7 0.547–0.895 0.004 0.712 0.555–0.921 0.009

Use of mTOR inhibitors at 6 months  
post-transplant

0.719 0.481–1.074 0.107

Steroid at discharge 3.166 1.685–5.947 <0.001 3.802 2.080–7.986 <0.001

Donor gender (male) 1.224 0.962–1.559 0.101

Donor age 0.988 0.978–0.999 0.033

Hypertension in donors 1.144 0.567–2.309 0.707

Diabetes in donors 0.98 0.244–3.938 0.978

Body mass index in donors 0.188

<18.5 1 1

18.5–24 1.466 0.725–2.966

25–29 1.114 0.532–2.335

≥30 1.023 0.355–2.948

LT populations in Korea and Western countries differ 
in several aspects, such as race, diet, genetic background 
and etiology of liver diseases. HCV infection, obesity 
and alcoholic cirrhosis are the three major risk factors 
of NODAT in Western countries, but not in Korea. It is 
unclear if the incidence of NODAT in Korean transplant 
recipients is similar to that in Western countries. It is also 

unclear whether NODAT is related to the primary liver 
disease, donor liver, surgical procedures and/or the use of 
immunosuppressive treatments.

In our study, recipient risk factors for NODAT 
identified in adult post-transplant patients by multivariate 
analyses were increased age, high recipient BMI, steroid 
use, and left-side liver graft, while basiliximab induction 
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and antimetabolite use had a protective effect on the 
development of NODAT. In adult LDLT patients, risk 
factors for NODAT were increased recipient age, patients 
without HCC, high recipient BMI, advanced liver cirrhosis, 
steroid use, open donor hepatectomy, and small size liver 
grafts (GRWR ≤0.8), while basiliximab induction and 
antimetabolite use had a protective effect. 

Increased age is an established risk factor for NODAT in 
liver transplant recipients. A previous study reported older 
age as an independent predictor for NODAT in a cohort 
of 555 liver transplant recipients (25). A more recent study 
using OPTN/SRTR data also reported increased recipient 
age (≥50 years) as a risk factor for NODAT in a cohort 
of 15,463 liver transplant recipients (12). In this study, 
increased recipient age was an independent risk factor for 
NODAT in both adult LDLT and DDLT recipients. 

Obesity has been shown to be an independent risk factor 
for NODAT in LT. A previous multicenter study reported 
that a BMI greater than 25 kg/m2 was associated with an 
increased risk of NODAT (26). OPTN/SRTR data revealed 
that overweight/obesity (BMI ≥25 kg/m2) was associated 
with an 18.6% increased risk for NODAT in LT recipients 
after adjustment for other factors (12). Our study showed 
that obesity (recipient BMI ≥30 kg/m2) was an independent 
factor in adult LT and LDLT patients. However, the 
predictive effect of the recipient BMI should be interpreted 
with caution, due to severe ascites contributing to the high 
BMI values in some patients. Additionally, present study 
showed that non-HCC patients were related with NODAT. 
The median MELD score in HCC patients is lower than 
in the non-HCC patients (10 vs. 20, P<0.001). Additionally, 
the proportion of Child-Pugh class C in the HCC patients 
was lower than in the non-HCC patients (16.1% vs. 60.1%, 
P<0.001). Physical inactivity or poor performance might 
contribute NODAT development in terms of elderly 
recipient, obesity, and advanced liver cirrhosis.

Specific immunosuppressive regimens may influence the 
development of NODAT after solid organ transplantation. 
In liver recipients, maintenance immunosuppression with 
tacrolimus and steroid has been associated with an increased 
risk of NODAT (22-24,27). In this study, both tacrolimus 
and steroid use at discharge were associated with an 
increased risk of NODAT in LT recipients in univariate and 
multivariate analyses, whereas basiliximab induction therapy 
and use of antimetabolite at discharge were associated 
with a decreased risk. However, we found that the use of 
mammalian target of rapamycin inhibitors at 6 months was 
not associated with the risk of NODAT. 

Figure 2 Graft survival: (A) all adult LT patients, (B) DDLT 
patients, and (C) LDLT patients.
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In present study, 76.9% of liver recipients had induction 
therapy. The incidence of NODAT was significantly lower 
in recipients who received induction therapy, compared 
with those who did not (P=0.008). In the multivariate 
analysis, induction therapy decreased the risk of NODAT 
in adult LT and LDLT recipients. Basiliximab induction 
reduced the risk of NODAT onset in adult LT and LDLT, 
with odd ratios of 0.682 and 0.677, respectively. We thought 
that basiliximab induction and antimetabolites allow to 
decrease tacrolimus exposure, thus resulting in reduced 
risk of NODAT. if needed. In meta-analysis studies, 
induction therapy with steroid-free immunosuppression has 
been shown to decrease the incidence of NODAT in LT 
recipients (23,24). 

Corticosteroids have a well-recognized diabetogenic 
effect; the main mechanism underlying this effect is insulin 
resistance, which causes increased hepatic gluconeogenesis 
(22-24,27). Meta-analyses of LT study data found that 
withdrawal of glucocorticoids after LT may reduce the 
risk of NODAT, and no unfavorable effects were observed 
after steroid withdrawal over short-term follow up (23,24). 
Suggested mechanisms for the hyperglycemia related to 
NODAT include increased insulin resistance, increased 
hepatic gluconeogenesis, and decreased insulin secretion (28). 
The risk of NODAT increases proportionally to both the 
dose and duration of corticosteroid therapy (22-24).

Previous studies have reported that antiproliferative 
agents and mTOR inhibitors do not cause hyperglycemia. 
However, our study revealed that use of antimetabolite 
reduced the incidence of NODAT, but mTOR inhibitors 
did not affect NODAT occurrence. The known side effects 
of calcineurin inhibitors include diabetes, possibly as a result 
of impaired insulin secretion and sensitivity, inhibition 
of insulin gene transcription and/or direct damage to 
pancreatic islet cells (29). There is evidence indicating 
the incidence of NODAT is greater in LT patients 
receiving tacrolimus compared with those treated with  
cyclosporine (11), but the reason for this difference is 
unclear (30). A recent study reported that a minimal 
tacrolimus regimen can decrease the risk of long-term 
NODAT after LT (21). Univariate analyses of our data 
found that cyclosporine usage predicted NODAT, but 
multivariate analyses found cyclosporine treatment did not 
predict NODAT in adult LT and LDLT patients. Our study 
did not demonstrate tacrolimus use or cyclosporine use were 
not risk factor for NODAT because many patients (97.3%) 
in our study population accounted for the tacrolimus. In 
addition, the combination of low dose calcineurin inhibitors 

and antimetabolite is commonly used for maintenance 
therapy in Korea. 

The associations between small size liver graft or 
minimally invasive donor hepatectomy in living donor 
hepatectomy and NODAT have rarely been examined 
in previous studies. Logistic regression analyses in the 
present study found that small size liver graft (GRWR 
≤0.8) or minimally invasive donor hepatectomy, including 
laparoscopic donor hepatectomy or robotic donor 
hepatectomy, in LDLT were independent risk factors for 
NODAT. Three to five centers performed the minimal 
invasive donor hepatectomy according to their indications. 
Laparoscopic donor hepatectomy in our center performed 
nearly all cases. The mechanism underlying the influence 
of these factors on the occurrence of NODAT in the LT 
recipients from living donor hepatectomy is unclear, but 
we speculate that hepatic inflammation may be involved. 
We cannot explain clearly the protective effect of minimal 
invasive donor hepatectomy in our study. More researches 
should be needed to define the relevance of small size 
liver graft or minimally invasive donor hepatectomy to 
developing NODAT.

Liver surgery induces acute hepatic inflammation, which 
is characterized by the production and release of various 
chemical mediators, including cytokines (31). An increase 
in lipid peroxidation was found to be important for normal 
proliferative processes to occur in the remnant liver after 
partial hepatectomy (31). The pathophysiology of hepatic 
ischemic-reperfusion injury is not only related to the direct 
cell impairment caused by ischemic insult, but also results 
from the restoration of blood flow, which triggers the pro-
inflammatory environment (32). Therefore, ischemic-
reperfusion injury is associated with inflammation and 
oxidation processes. Reactive oxygen species and oxidative 
stress in hepatic ischemic/reperfusion injury ultimately 
result in the production of lipid peroxidation (33). LT 
using small size liver grafts (GRWR ≤0.8) leads to rapid 
post-transplant liver regeneration, while obtaining liver 
grafts through open donor hepatectomy requires a large 
incision. Both small size liver grafts and large incision 
may induce greater production of reactive oxygen species 
and oxidative stress in the donors or recipients compared 
to LT using liver grafts procured by minimally invasive 
donor hepatectomy from living liver donors or using liver 
grafts with sufficient volumes. This topic requires further 
investigation.

The association of chronic liver disease with impaired 
glucose metabolism is well known. In cirrhotic patients, the 
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prevalence of impaired glucose tolerance is estimated to be 
approximately 60% to 80% (34). Analysis of OPTN/SRTR 
data indicated that pre-transplant cirrhosis (alcoholic or 
non-alcoholic) was an independent risk factor for NODAT 
in liver transplant recipients (12), but our data showed that 
pre-transplant cirrhosis or urgent status for liver transplant 
candidates could not predict NODAT in Korean LT 
recipients.

The findings from published studies regarding the effect 
of NODAT on graft failure or patient death after LT are 
inconsistent. Previous studies reported significantly lower 
survival rates of both recipients and grafts in the patients 
who developed NODAT compared to non-NODAT 
patients (2,11). However, other studies reported that the 1- 
and 2-year survival rates did not differ significantly between 
the two patient groups (7,12,35). Our study also found 
NODAT did not have an impact on patient survival. 

NODAT is a common and serious complication after LT 
in Western countries and China (10,12), however, it does 
not seem to influence graft survival in the adult Korean LT 
recipients in our study. One should note, however, that the 
follow-up duration in our study was relatively short. Timely 
intervention for treatment of hyperglycemia may prevent 
poor outcomes in patients who develop NODAT. In Korea, 
the government, academic expert groups, national insurance 
program, and hospitals are very active in the diagnosis, 
treatment, and management of diabetes, which may serve to 
reduce diabetes-related complications (36).

Our large prospective cohort study has several limitations 
that warrant consideration. First, the KOTRY database 
does not include actual medical examination data, such as 
physical examination findings and laboratory results, or 
intraoperative data, such as operative time, hemodynamics, 
or medications used during surgery that may be closely 
linked to the development of NODAT after LT. Other large 
transplant-related datasets may contain data not available 
in the KOTRY-based datasets. Second, the KOTRY 
database is heterogeneous and subject to flaws inherent in 
the nature of all registry databases such as reporting bias 
or error. NODAT is defined based on follow-up reporting 
to the KOTRY database. The actual incidence of NODAT 
is difficult to determine due to different definitions of 
NODAT being used by the 15 medical centers reporting 
transplant data to the KOTRY. The date of NODAT events 
reported to the KOTRY may be inconsistent with the actual 
date of NODAT onset. In addition, immunosuppression 
protocols and the management of NODAT in participating 

institutions are heterogeneous. Third, the follow-up 
period in our study was relatively short, with a median 
follow-up duration of about one year, therefore the effect 
of NODAT on end-stage renal disease, long-term graft 
and patient survival could not be assessed. Additionally, 
KOTRY database does not have information regarding 
diabetes therapy such as insulin or oral drugs, surveillance, 
or screening of vascular complications. Further studies 
using a longer follow-up time are needed to assess the long-
term effects of NODAT on cardiovascular events, graft and 
patient outcomes in LT.

Nonetheless, the present study is the first to assess 
the incidence of  NODAT in Korean LT patients 
included in the KOTRY database, and the results may be 
informative for future transplant patient management. 
In addition, our study is one of the largest prospective 
registry studies of NODAT following adult LT. These 
data are also meaningful in reflecting racial and social 
differences between western and Asian countries. Present 
study contributed the change of our center’s policy which 
included minimal invasive donor hepatectomy in nearly all 
LDLT cases and immunosuppressive protocols after LT.

In conclusion, the incidence of NODAT is about 20% 
within the first year after adult LT in Korean transplant 
recipients. Advanced recipient age, high BMI in recipient, 
and implantation of a left-side liver graft increased the 
risk of NODAT in adult LT patients, while basiliximab 
induction and use of antimetabolite decreased the risk of 
NODAT in these patients. Along with the same risk factors 
for NODAT in adult LT patients, small size liver grafts or 
open donor hepatectomy were also found to increase the 
risk of NODAT in LDLT recipients. The present study 
showed that NODAT did not affect graft survival over the 
relatively short follow-up period in patients who were not 
non-diabetic before transplantation. 

The findings indicate greater attention should be paid 
to monitoring and managing impaired glucose regulation 
after transplantation to prevent renal dysfunction, which 
should improve the long-tern survival and quality of life of 
LT recipients. Prospective studies are needed to identify 
whether modifiable risk factors are present before and/or 
after LT to reduce the incidence of NODAT.
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Table S1 The risk factors for NODAT in adult deceased donor liver transplant patients (n=446)

Factors
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Recipient gender (male) 1.066 0.660–1.723 0.794

Recipient age 1.028 1.004–1.051 0.02 1.028 1.005–1.052 0.020

Hypertension in recipient 1.278 0.657–2.486 0.471

Body mass index in recipient 0.111

<18.5 1 1

18.5–24 0.573 0.242–1.354

25–29 0.97 0.399–2.359

≥30 0.405 0.101–1.622

Etiology 0.484

Alcohol 1 1

Cryptogenic 1.787 0.539–5.921

Hepatitis B virus 1.07 0.627–1.828

Hepatitis C virus 1.838 0.882–3.828

Others 1.254 0.565–2.780

Hepatocellular carcinoma 0.897 0.537–1.498 0.677

Disease progression 0.323

Cirrhosis 1 1

Acute 1.033 0.496–2.155

Acute on chronic 0.342 0.084–1.398

Child-Pugh class 0.59

A 1 1

B 1.028 0.218–4.841

C 1.449 0.354–5.925

MELD score 0.386

<15 1 1

15–34 1.054 0.546–2.036

≥35 0.719 0.338–1.527

Urgent status in KONOS 0.505

1 1 1

1 (Retransplantation) 2.44 0.294–20.277

2 0.587 0.213–1.615

3 1.207 0.468–3.112

4 0.847 0.336–2.136

5 0.98 0.401–2.398

Liver graft 0.582

Whole liver 1 1

Left-side liver graft 2.38 0.019–16.396

Right-side liver graft 1.597 0.526–3.700

Macrosteatosis in liver graft 0.49

<10% 1 1

10–30% 1.191 0.673–2.108

≥30% 0.568 0.177–1.828

Basiliximab induction 1.47 0.856–2.523 0.163

Calcineurin inhibitors at discharge 2.836 0.410–358.067 0.377

Tacrolimus at discharge 1.627 0.226–11.717 0.629

Cyclosporine at discharge 1.127 0.157–8.107 0.906

Antimetabolite at discharge 0.715 0.446–1.146 0.163

Use of mTOR inhibitors at 6 months post-
transplant

1.01 0.503–2.029 0.977

Steroid at discharge 2.162 0.872–5.357 0.096

Donor gender (male) 1.447 0.874–2.396 0.151

Donor age 1.008 0.993–1.023 0.31

Hypertension in donor 0.914 0.519–1.609 0.755

Diabetes in donor 0.955 0.459–1.988 0.902

Body mass index in donor 0.503

<18.5 1 1

18.5–24 0.732 0.330–1.624

25–29 1.025 0.436–2.413

≥30 0.51 0.106–2.455
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