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Objective: To investigate the risk factors related to new-onset diabetes mellitus (NODM) 
and the significance of IL-6.
Methods: A retrospective analysis was conducted on clinical data from 64 patients who 
received either a living donor liver transplantation or a donation after circulatory death from 
September 2013 to October 2020 and attended regular follow-up visits for six or more 
months. During follow-up, patients were randomized into groups and followed up until the 
completion of the study or the death of the patient.
Results: The incidence of NODM was 31.25% (n = 20). The median age in the NODM 
group was 52.15 years (p < 0.01). Age (OR = 1.089; 95% CI: 0.0211–0.1495, p = 0.003) and 
elevated preoperative IL-6 (OR = 1.122; 95% CI: 0.0619–0.1677, p = 0.029) were found to 
be independent risk factors for NODM. HBV-induced liver cirrhosis, warm ischemia time 
(WIT), body mass index (BMI), and high preoperative fasting blood glucose (FBG) were 
also found to be risk factors for NODM. The recipient had a higher risk of NODM if the 
donor had a high BMI and poor hepatic function. The concentrations of IL-6, procalcitonin 
(PCT), FBG, and tacrolimus (TAC) in the first month postoperatively were significantly 
higher in the NODM group than in the NO-NODM group. The survival rate of the patients 
was not affected by NODM.
Conclusion: HBV-induced liver cirrhosis, WIT, BMI, and high preoperative FBG levels are 
risk factors for NODM, and age and preoperative IL-6 levels are independent risk factors. To 
a certain extent, higher BMI and poor hepatic function had reference significance for the 
incidence of NODM. Patients with a high concentration of FBG, IL-6, and TAC in the first 
month postoperatively had an increased risk of suffering from NODM.
Keywords: liver transplantation, HBV, IL-6, immunosuppressants, NODM

Introduction
Since the first liver transplant in 1963 by Professor Starzl et al, liver transplantation 
(LT) has developed as a unique and effective method of treatment for various end- 
stage liver diseases. It has a success rate of over 90%, a postoperative one-year 
survival rate of 90%, and a five-year survival rate of approximately 70%1 and has 
benefited from improvements in surgical techniques, perioperative management, 
and the introduction and application of immunosuppressants.

However, many clinicians are concerned about complications after LT, espe-
cially glucose metabolism disorder. Approximately 30–50% of patients recovered 
in a short time without treatment with insulin, and the remaining patients suffered 
from irreversible new-onset diabetes mellitus (NODM),2 which increases the risk of 
cardiovascular disease, infection, and graft dysfunction and results in higher 
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mortality among recipients. The pathogenesis of NODM is 
identical to type 2 diabetes mellitus (T2DM). Midtvedt 
et al believed that insulin resistance is its primary patho-
genesis, especially in the Impaired Glucose Tolerance 
(IGT) and Impaired Fasting Glucose (IFG) stages,3 but 
Hur et al suggested that impaired insulin secretion may 
be the primary mechanism of the development of NODM.4 

The onset of NODM is correlated with various factors, 
such as Hepatitis C virus with a family history of diabetes, 
elevated BMI, and the administration of immune inhibi-
tors, especially tacrolimus and glucocorticosteroids.5

Most of the liver transplant recipients in China suffer 
from chronic hepatitis B, and some of those have under-
gone diabetes or impaired glucose tolerance before opera-
tion. Hepatitis B virus can cause liver damage and induce 
glucose metabolism disorders. Some studies have shown 
that IL-6 can promote the release of inflammatory media-
tors and have an important impact on the pathogenesis of 
viral hepatitis.6 Luo et al indicated that after the body is 
infected with HBV, the immune system is activated, indu-
cing hepatocytes to synthesize and secrete IL-6 and IL-8. 
These cytokines mediate the inflammatory reaction in the 
liver, promote the chronicity and fibrosis, and exacerbate 
the disease eventually.7

It has been found in animal studies that the hyper-
osmolar hyperglycemic state can aggravate hepatic 
ischemia reperfusion injury (HIRI), during which 
Kupffer cell and macrophage activation can boost the 
release of inflammatory factors, such as interleukin 1 
beta (IL-1β), tumor necrosis factor alpha (TNF-α), and 
IL-6, contributing to apoptosis.8 The extended time taken 
for LT, extensive trauma, intraoperative hemodynamic 
changes, and HIRI can result in a systemic inflammatory 
response, which contributes to an increase in the release 
of cytokines. Over the past few years, studies have 
demonstrated the relationship between inflammatory fac-
tors, insulin resistance, and the subsequent development 
of T2DM.9 Kim et al showed that the excessive release 
of inflammatory factors is closely associated with obe-
sity, insulin resistance, and T2DM.10 Studies by Rotter 
et al proved that the release of insulin is inhibited by IL- 
6 by inhibiting the activity of PIK3.11 The tyrosine 
phosphorylation of the insulin receptor substrate 1 
(IRS-1) blocks the transcription of the insulin signal 
transduction and downregulates the glucose transporter 
protein type-4, directly contributing to insulin 
resistance.12 In addition, IL-6 can reduce the adiponectin 
level and compete with the signaling pathway of the 

Leptin system, decreasing the inhibition of Leptin 
against insulin secretion and resulting in hyperinsuline-
mia and insulin resistance.13 In vitro studies have shown 
that significantly inhibiting IL-1β and IL-6 increases 
glycogen storage in the insulin-stimulated primary cul-
ture of rat hepatocytes.14 The above evidence suggests 
that IL-6 may play an important role in NODM.

As a result, this study was primarily designed to ana-
lyze the risk factors for NODM, especially the relationship 
between IL-6 and NODM, to investigate the significance 
of inflammatory factors in the occurrence of NODM after 
LT surgery.

Methods and Materials
Exclusion Criteria and Data Acquisition
The present study is a retrospective single-center study. 
A total of 163 patients who received a liver transplant in 
our hospital from September 2013 to October 2020 were 
selected. Exclusion criteria: (1) death within 24 hours after 
surgery, (2) preoperative diabetes, (3) transplant per-
formed at another center and followed up in our depart-
ment, (4) less than 18 years old, (5) autologous LT, (6) 
multi-organ combined transplantation, and (7) follow-up 
time less than six months. A total of 64 patients were 
included in this study. The LT surgeries were all per-
formed by the same surgical team using the piggy-back 
method, and duct-to-duct anastomosis was used for biliary 
reconstruction. The data collected included patients’ gen-
eral data and laboratory tests within the first month after 
surgery. At the follow-up visits after discharge, blood 
glucose, liver function, kidney function, and plasma con-
centrations were tested. The last follow-up visit was in 
December 2020.

All patient data relating to the liver transplants were 
provided by the Liver Transplantation Center of the First 
Affiliated Hospital of the Xinjiang Medical University and 
collected by special personnel. All organs were donated 
voluntarily with written informed consent, and that this 
was conducted in accordance with the Declaration of 
Istanbul. The study was subject to the Declaration of 
Helsinki: Ethical Principles for Medical Research 
Involving Human Subjects. All procedures performed in 
studies involving human participants follow the ethical 
standards developed by the Ethics Committee of The 
First Affiliated Hospital of Xinjiang Medical University 
(K202106-01). Written informed consent was obtained 
from all participants.
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Diagnostic Criteria for NODM
The diagnostic criteria used in clinical practice are based 
on the American Diabetes Association’s 2003 and the 
World Health Organization’s criteria, ie, the patient should 
be experiencing symptoms of diabetes mellitus (DM), with 
a random plasma glucose ≥11.1 mmol/L, a fasting plasma 
glucose ≥7.0 mmol/L, or an oral glucose tolerance test 
two-hour plasma glucose ≥11.1 mmol/L. These results 
were verified by retesting. Once these diagnostic criteria 
are met, a diagnosis of NODM is established. NODM was 
defined as patients still requiring insulin for glycemic 
control after the six-month follow-up visit, under the pre-
mise of taking the maintenance dose of immunosuppres-
sants, having a stable graft function, and being free of 
various acute/chronic complications.

Regimen of Immunosuppressive Drugs
All patients were treated with a calcineurin inhibitor (TAC 
or CsA), CellCept (mycophenolate mofetil [MMF]), and 
hormones as routine immunosuppressive therapy after LT, 
starting with the administration of TAC at 0.15 mg/kg/d or 
CsA at 5 mg/kg/d and MMF at 1500 mg/d BID within 48 
hours after the operation and the intravenous injection of 
500 mg methylprednisolone intraoperatively into the portal 
vein, with subsequent intravenous injection of 240, 200, 
160, 120, 80 and 40 mg from day one to day seven, 
respectively. This was then changed to oral administration 
of prednisone, with an initial dose of 20 mg/d, which was 
progressively decreased by 5 mg every 10 days and dis-
continued once the dose reached zero. Cephalosporins 
were used for early postoperative anti-infection. Within 
3–5 days after the operation, antifungal and antiviral 
drugs were routinely used against infection. Lamivudine 
or entecavir was orally administered against the recurrence 
of hepatitis B.

Detection Methods
Biochemical Index
Serum urea nitrogen, creatinine, AST, alt, total bilirubin, 
direct bilirubin and indirect bilirubin were measured by 
automatic biochemical analyzer (Hitachi 7600, Japan). The 
kit was purchased from Shanghai Changzheng Co., Ltd. 
(Shanghai, China).

Blood Glucose
Blood glucose was measured by glucose oxidase method. 
The kit was purchased from Shanghai Changzheng Co., 
Ltd. (Shanghai, China).

Inflammatory Factors
Serum IL-6 was detected by Luminex lx-200 analyzer 
(BD, America). CRP was detected by Purman analyzer. 
PCT was detected by Roche Cobas E411 electrochemilu-
minescence analyzer.

Endpoints
The primary endpoint was the occurrence of postoperative 
NODM, with patients’ survival rate as the secondary end-
point. The survival rate was defined as the time from the 
first day following the transplant to the date of death from 
various causes. The last follow-up visit record was used as 
the endpoint index for patients who were lost to follow-up 
(LTFU), with LTFU case records and cases without out-
come events until the end of the final follow-up visit being 
defined as censored data. Primary and secondary outcomes 
after the operation were compared.

Data Analysis Method
All data were collected using R language software. The 
measurement data were expressed as mean ± standard 
deviation, and the enumerated data were expressed as 
numerical values. The normality and homogeneity of var-
iance of the measurement data were tested and further 
confirmed by the Shapiro–Wilk test. Single-factor analysis 
measurement data were tested using the t-test, and enum-
erated data using the chi-square test. Variables with p < 
0.05 in the univariate analysis were included in the multi-
variate logistic regression analysis, and the 95% CI was 
recorded. Postoperative survival was analyzed using 
GraphPad Prism 8 (San Diego, CA), a Kaplan–Meier 
curve was constructed, and a Log rank test was conducted, 
and p < 0.05 was considered to be statistically significant.

Results
Baseline Data Analysis
The baseline characteristics of the subjects in the two 
groups are described in Table 1. Of the 64 patients, 20 
(31.25%) were diagnosed with NODM and 35 (54.67%) 
received donation after circulatory death (DCD) trans-
plantation. The univariate analysis revealed that six vari-
ables were significantly associated with NODM. The 
mean age was 52.15 ± 8.47 years in the NODM group 
and 39.27 ± 11.49 years in the NO-NODM group (p < 
0.001). Recipients with HBV-induced liver cirrhosis had 
a higher risk of NODM (p < 0.001). The BMI of patients 
was 25.8 ± 4.99 in the NODM group and 20.4 ± 3.40 in 
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the NO-NODM group (p < 0.001). NODM was more 
likely to occur if warm ischemia time was prolonged (4.5 
± 3.05 vs 7.5 ± 4.30, p = 0.008). The level of IL-6 before 
LT was higher in the NODM group (43.4 ± 57.9) than in 
the NO-NODM group (12.8 ± 9.67, p < 0.05). The FBG 
level before LT was higher in the NODM group (8.01 ± 
4.32) than in the NO-NODM group (5.86 ± 2.32, p < 
0.05). Donor-related factors are described in Table 2. 
The results indicate that recipients of living donor liver 
transplantation (LDLT) who are obese, male and have 
a fatty liver, cerebral hemorrhage, or poor liver function 
have a higher risk of NODM after surgery.

NODM-Related Multivariate Logistic 
Regression Analysis
Meaningful indicators from the univariate analysis were 
included in the multivariate logistic regression analysis. 
The risk of NODM increased 1.089 times for every 
extra year of age, as described in Table 3 (OR = 1.089, 
95% CI: 0.0211–0.1495; p = 0.003). The risk of NODM 
was 1.122 times higher in subjects with elevated preopera-
tive levels of IL-6 than subjects with NO-NODM IL-6 
levels (OR = 1.122, 95% CI: 0.0619–0.1677; p = 0.029). 

Table 1 Clinical Parameters of Liver Transplant Recipients with 
Diagnosis of NODM and without NODM

NO-NODM NODM P

Age(years) 39.27±11.49 52.15±8.47 <0.001

Gender 0.221
Male 22 14

Female 22 6

Donor type 0.053

DCD 24 5
LDLT 20 15

Etiology
HBV cirrhosis 21 14 <0.001

HCV cirrhosis 3 3

Cancer 14 2
Other 6 1

MELD score 19.3±7.68 16.9±8.45 0.287

Child-Pugh grade 0.139

A 5 5
B 19 4

C 20 11

Hypertension 4 5 0.191

Alcohol consumption 12 4 0.756

Smoking history 13 6 1

Previous surgery 12 8 0.467

BMI(kg/m2) 20.4±3.40 25.8±4.99 <0.001

Immunosuppression 0.268

TAC 30 17
CsA 14 3

Hospitalization,(days) 32.9±10.8 34.4±16.8 0.706

Follow-up time,(days) 1296±761 1034±566 0.573

TC(mmol/L) 2.20±1.34 2.26±0.624 0.806

Triglycerides(mmol/L) 1.12±0.68 0.874±0.493 0.115

HDL-C(mmol/L) 0.684±0.522 1.12±2.03 0.359

LDL-C(mmol/L) 1.42±0.84 1.24±0.53 0.308

AST(U/L) 89.5±110 172±334 0.145

ALT(U/L) 85.8±181 175±479 0.283

DB(umol/L) 75.9±97.3 88.7±91.9 0.622

IB(umol/L) 69.4±84.4 82.0±75.0 0.571

TBIL(umol/L) 145±166 169±158 0.593

ALB(g/L) 30.6±8.80 29.1±6.52 0.513

(Continued)

Table 1 (Continued). 

NO-NODM NODM P

FBG(mmol/L) 5.86±2.32 8.01±4.32 0.047

PCT(ng/L) 1.22±1.94 8.10±21.9 0.177

IL-6(pg/mL) 12.8±9.67 43.4±57.9 0.029

CRP(mg/L) 4.99±8.19 7.17±7.50 0.301

Urea(mmol/L) 5.69±4.47 4.63±2.02 0.194

CRE(umol/L) 65.0±31.3 60.8±20.2 0.531

CIT(h) 2.49±1.42 3.00±1.60 0.227

WIT(min) 4.5±3.05 7.5±4.30 0.009

Surgery time(h) 10.7±3.17 10.6±2.05 0.876

Anhepatic stage time(h) 1.61±0.76 1.45±0.57 0.348

Blood loss(mL) 2655±1741 2325±1105 0.365

Abbreviations: LDLT, living donor liver transplantation; DCD, donation after 
circulatory death; HBV, hepatitis B virus; HCV, hepatitis C virus; BMI, body mass 
index; TAC, tacrolimus; TC, total cholesterol; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; DB, direct bilirubin; IB, indirect bilirubin; TBIL, 
total bilirubin; ALB, albumin; FBG, fast blood glucose; PCT, Procalcitonin; IL-6, 
interleukin-6; CRP, C-reactive protein; CRE, creatinine; CIT, cold ischemia time; 
WIT, warm ischemia time.

https://doi.org/10.2147/IJGM.S324462                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 4786

Sun et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The logistic regression equation, Logit (P) = −16.78 + 0.83 
× X1 + 0.87 × X2 + 0.211 × X3 + 0.252 × X4 + 0.054 × 
X5 (X1: age, X2: HBV cirrhosis, X3: BMI, X4: FBG, and 
X5: WIT), was established. The ROC curve (AUC = 
0.868, 95% CI: 0.745–0.992; see Figure 1) was also 
drawn, and the calibration curve was constructed, proving 
that the model had a good fit and a small error.

Correlation Between Postoperative 
Inflammatory Factors and NODM
The IL-6, CRP, and PCT levels were measured on days 1, 4, 
7, 14, 21, and 28 postoperatively and compared between the 
groups. On days 1, 7, 14, 21 and 28 postoperatively, the IL-6 
levels were significantly higher in the NODM group than in 
the NO-NODM group (p<0.05; see Figure 2A). On days 1, 
4, 21, and 28 postoperatively, the PCT levels were signifi-
cantly higher in the NODM group than in the NO-NODM 
group (p<0.05; see Figure 2B). There was no significant 
difference in the CRP levels between the two groups at 
any of the time points (p<0.05; see Figure 2C).

Correlation of TAC Plasma 
Concentration and NODM
TAC is a well-recognized risk factor for NODM. On days 
16, 21, and 28 postoperatively, the TAC concentrations 
were significantly higher in the NODM group than in the 
NO-NODM group (p<0.05; see Figure 3).

Correlation of Postoperative FBG and 
NODM
In the first month postoperatively, the FBG levels were 
significantly higher in the NODM group than in the NO- 
NODM group (p < 0.05; see Figure 4).

Correlation Between NODM and 
Outcome
In the NO-NODM group, 11 patients (25%) died, with the 
follow-up time being 1296 ± 761. In the NODM group, 4 
patients (20%) died, with the follow-up time being 1034 ± 
566. The Kaplan–Meier survival curve was constructed, 
and the Log rank test was performed, and both showed 

Table 2 Clinical and Preoperative Laboratory Test Parameters of 
DCD & LDLT Donor

NO-NODM NODM P

DCD

Gender 0.018
Male 10 14

Female 10 1

Age(years) 36.2±4.87 37.9±3.61 0.792

BMI(kg/m2) 21.8±1.40 23.4±1.39 0.003

Hepatic steatosis 20 15 0.005

Cause of death

Cerebral hemorrhage 11 15 0.011
Cranial trauma 8 0

Other 1 0

Use of vasopressor agents 0.089

Norepinephrine 16 7

Norepinephrine+Dopamine 4 8

ICU stay(days) 16.9±5.95 17.5±5.38 0.77

Infection 20 15 0.669

AST(U/L) 31.2±11.1 49.7±15.4 0.001

ALT(U/L) 26.6±11.3 43.2±13.3 0.001

TBIL (umol/L) 14.5±2.76 17.5±3.91 0.018

Na+(mmol/L) 144±6.56 143±6.94 0.797

IL-6(pg/mL) 7.55±3.06 8.28±2.72 0.471

LDLT

Gender 1
Male 17 4

Female 7 1

Age(years) 38.8±6.74 38±5.24 0.792

BMI(kg/m2) 23.1±1.42 24.7±1.48 0.003

Hepatic steatosis 24 5 0.572

IL-6(pg/mL) 2.02±1.50 2.07±1.58 0.942

Abbreviations: BMI, body mass index; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; TBIL, total bilirubin; IL-6, interleukin-6.

Table 3 Risk Factors of NODM in Multivariate Logistic 
Regression Analysis

OR 95% CI P

Age(years) 1.089 0.0211–0.1495 0.003

BMI(kg/m2) 1.235 0.0284–0.3931 0.248

HBV cirrhosis 2.376 0.1116–1.6197 0.251
FBG(mmol/L) 1.287 0.0087–0.4953 0.300

IL-6(pg/mL) 1.122 0.0619–0.1677 0.029

WIT(min) 1.171 0.1037–0.21209 0.731

Abbreviations: BMI, body mass index; FBG, fast blood glucose; IL-6, interleukin-6; 
WIT, warm ischemia time.
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that there was no significant difference in patient survival 
between the two groups (p = 0.973; see Figure 5).

Discussion
The results of this study confirmed that IL-6 is a risk factor 
for NODM. Previous studies have shown a strong correla-
tion between IL-6 levels, insulin resistance, and T2DM,15 

but there have been no reports on the correlation between 
NODM and IL-6 levels. As a result, we have broken new 
ground with this study. The main findings of this study 
were as follows: (1) BMI, warm ischemia time, and ele-
vated preoperative blood glucose levels are risk factors for 
NODM, while age and high preoperative IL-6 levels are 
independent risk factors for NODM. (2) High IL-6 and 
FBG levels and TAC plasma concentration in the first 
month postoperatively are risk factors for NODM. (3) 
NODM has no significant effect on the long-term survival 
rate of patients.

This study revealed that patients with high preopera-
tive IL-6 levels had a higher incidence of NODM (OR = 
1.122, 95% CI: 0.0619–0.1677; p = 0.029). It is possible 
that these patients already had preoperative insulin resis-
tance caused by chronic inflammation. In addition, even 
in the presence of confounders, such as the use of 
antibiotics and individual differences in patient charac-
teristics, at days 1, 7, 14, 21, and 28 postoperatively, the 
IL-6 concentrations were significantly higher in the 
NODM group than in the NO-NODM group. IL-6 is 
normally present in all tissues, but it can lead to inflam-
mation, which further leads to insulin resistance and 
T2DM when it is produced irregularly and expressed 
abundantly.9 IL-6, a pro-inflammatory cytokine, can 
induce cytokine signaling 3, resulting in the inhibition 
of the transduction of insulin signals. IL-6 receptors are 
related to the cytokine class I receptor family and can 
activate the transcription factor JAK/STAT signaling 
pathway to induce STAT phosphorylation to regulate 
the transcription of target genes.16 Kanemaki et al 

Figure 1 Constructed Logistic regression model was used to predict the test set 
and construct the ROC chart. It can be seen from the figure that AUC=0.868, 95% 
CI: 0.745, 0.992, indicating that the prediction effect of the model is excellent.

Figure 2 (A) The IL-6 levels of NO-NODM group in NODM combination after liver transplantation, the inner lines represent the median, the bars represent the 25% and 
75% confidence intervals, and the error bars represent the 5% and 95% confidence intervals. (B) The PCT levels of NO-NODM group in NODM combination after liver 
transplantation, the inner lines represent the median, the bars represent the 25% and 75% confidence intervals, and the error bars represent the 5% and 95% confidence 
intervals. (C) The CRP levels of NO-NODM group in NODM combination after liver transplantation, the inner lines represent the median, the bars represent the 25% and 
75% confidence intervals, and the error bars represent the 5% and 95% confidence intervals.
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showed that under the pathological state, the liver glu-
cose metabolism was preferentially controlled by cyto-
kines (IL-1β and IL-6) rather than glucose regulatory 
hormones, further leading to the occurrence of insulin 
resistance.14 Insulin resistance and inflammatory 
response interacted with and aggravated each other. 

Blocking the related inflammatory response pathways 
may be an effective strategy for the prevention and 
treatment of NODM.

Age is a well-recognized risk factor. Kuo et al showed, 
in a large retrospective study with a sample size of 20,172, 
that age ≥50 years is an independent risk factor for 

Figure 3 The TAC plasma concentration of NO-NODM group in NODM combination after liver transplantation, the inner lines represent the median, the bars represent 
the 25% and 75% confidence intervals, and the error bars represent the 5% and 95% confidence intervals.

Figure 4 The FBG levels of NO-NODM group in NODM combination after liver transplantation, the inner lines represent the median, the bars represent the 25% and 75% 
confidence intervals, and the error bars represent the 5% and 95% confidence intervals.
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NODM.17,18 The present study demonstrated that the risk 
of NODM was increased 1.089 times (OR = 1.089; 95% 
CI: 0.0211–0.1495, p = 0.003) for each one-year increase 
in age.

In this study, univariate analysis revealed that HBV 
liver cirrhosis is a risk factor for postoperative blood 
glucose abnormalities. Some studies have shown that the 
failed liver has a direct “toxic” effect on β cells.19 The 
specific reasons for this effect still need to be investigated, 
but it is important to improve the treatment of β-cell 
functional maintenance in patients with liver cirrhosis. 
The insulin concentration in the portal vein is 2–3 times 
higher than in the peripheral vein, and the portal vein 
contains approximately 60% of the insulin secreted by 
the pancreas. Most of this insulin is removed in the liver, 
as an initial pathway.20,21 In the case of liver failure, the 
ability of the liver to remove insulin decreases, which 
results in insulin resistance.9 This may be the mechanism 
of postoperative NODM in patients with HBV liver cir-
rhosis. Patients with high preoperative blood glucose 
levels who have not been diagnosed with DM may have 
hepatogenic hyperglycemia. The research of Li confirmed 
that the high fasting blood glucose before operation was 
significantly correlated with the occurrence of NODM 
after operation. In our study, the incidence of postoperative 
NODM in these patients was higher than in patients with 
normal preoperative blood glucose levels (p < 0.05), which 
was related to both liver dysfunction and β-cell 
dysfunction.

Hartog et al confirmed that HIRI affected IRS-1, IRS- 
2, and phosphoinositide 3-kinase to induce insulin resis-
tance and was related to graft dysfunction, which was 
a risk factor for the occurrence of NODM in the early 
postoperative period.23 This study confirmed that the 
longer the duration of WIT, the greater the risk of 
NODM. The ischemia-reperfusion injury was essentially 

attributed to the liver injury and the release of inflamma-
tory factors. Ilmakunnas et al confirmed that the release of 
large amounts of high mobility group box 1 protein 
(HMGB1) from the inferior vena cava after LT in humans 
is an important marker of liver injury.24 As a member of 
the damage-associated molecular patterns family, HMGB1 
is an important pro-inflammatory factor that can induce the 
release of inflammatory factors, such as IL-1β, IL-6, and 
TNF-α, thereby aggravating liver injury.25 HMGB1 can be 
also combined with IL-1 to promote pancreatic islet 
inflammation and β-cell death. Multiple studies on 
T2DM have confirmed that HMGB1 participates in the 
development of insulin resistance by activating the NF- 
κB signaling pathway and promoting an increase in the 
expression of inflammatory mediators.26 Insulin resistance 
after LT may be related to HMGB1, and studies on 
HMGB1-related pathways may provide new ideas for the 
prevention and treatment of NODM.

In this study, it was found that higher BMI was an 
independent risk factor for NODM, and many studies have 
confirmed that a BMI >30 kg/m2 can result in an increase 
in the occurrence of cardiovascular diseases.22,27 Ling et al 
conducted a study on the China Liver Transplant Database 
and found that the incidence rate of New Onset Diabetes 
after Transplantation (NODAT) was 1.25 times higher 
when BMI was ≥25 kg/m2 than when it was <25 kg/ 
m2.28 However, subjects with end-stage liver disease 
were complicated by ascites and malnutrition, which may 
affect the results of the study. For obese patients, it is 
necessary to reduce weight and abdominal circumference 
as much as possible before surgery to decrease the inci-
dence of NODM.

In this study, the standard postoperative immunosup-
pressant regimen for most recipients (n = 47) was TAC. 
The use of TAC had no predictive significance for the 
incidence of postoperative NODM, but the plasma con-
centration one month after surgery was statistically sig-
nificantly higher in the NODM group than the NO-NODM 
group. It was further verified that TAC, as a calcineurin 
inhibitor, resulted in insulin resistance and further led to 
NODM in recipients. Yagi et al confirmed that a TAC 
plasma concentration ≥8 ng/mL three months after LDLT 
surgery is an independent risk factor for NODM.29 Ana 
confirmed that the toxicity of TAC dependent on insulin 
resistance caused by the existing β-cell dysfunction.30 

Transcription factors play an important role in the produc-
tion and proliferation of insulin, and TAC may not have 
a toxic effect if insulin resistance did not already exist.30 

Figure 5 Kaplan-Meier survival curve analysis of 2 group.
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Rostaing et al confirmed that the effect of tacrolimus 
sustained-release preparations is equivalent to the regular 
forms.31 Therefore, in the case of the same immunosup-
pressive effect, the use of the immunosuppressive therapy 
regimen that has the least impact on human glucose meta-
bolism may reduce the incidence of NODM.

This study showed that the rate of occurrence of NODM 
was lower in recipients of LDLT (17.24%) than those of 
DCD (42.86%). However, this difference was not statistically 
significant. The intra-group comparison revealed that the 
higher the BMI of the donor, the greater the risk of post-
operative NODM. In DCD donors, the risk of NODM was 
higher from donors with cerebral hemorrhage surgery, 
donors with elderly liver, donors with steatosis and donors 
with hepatic insufficiency. However, the sample size was 
small during intra-group comparison, which could lead to 
bias. Donor type and gene polymorphism were associated 
with an increased risk of NODM in recipients.32–34 In the era 
of DCD liver donation, regulating the glucose metabolism in 
the recipient and reducing the incidence of NODM are pro-
blems that still need to be solved.

This study had several limitations. Xinjiang is in north-
west China, and our hospital is the only one in Xinjiang 
that is qualified to perform LT. The sample size was small, 
and the retrospective study suffered from recall and infor-
mation bias. Therefore, we shared our data in as much 
detail as possible with the hopes of enriching the informa-
tion in the LT database and providing new ideas for future 
studies on the prevention of NODM.

Conclusion
NODM is a common complication after LT, and its occur-
rence is related to many factors. According to this study, 
patients with advanced age, hepatitis B cirrhosis, high 
preoperative levels of IL-6, high preoperative FBG levels, 
high BMI, and long warm ischemic times had a higher risk 
of developing NODM. Patients with high levels of IL-6, 
FBG, and TAC in the first month postoperatively were at 
an increased risk of developing NODM later. Recipients 
who received livers from patients with a high BMI and 
liver dysfunction had a higher risk of NODM after surgery, 
and strict follow-up was required. It is suggested that 
a prospective, multi-center collaborative cohort study 
should be carried out to further investigate the nature of 
and risk factors for NODM. It is significant for clinical 
practice to conduct a comprehensive assessment of the 
high-risk factors for NODM before surgery by understand-
ing its pathogenesis to enable early intervention and the 

formulation of individualized treatment measures to 
reduce the incidence of NODM and improve the long- 
term survival rate and quality of life of patients.
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