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Abstract

Objective: To discuss the onset of and relevant risk factors for new-onset diabetes after a transplant (NODAT) in patients
who survive more than 1 year after undergoing a renal transplant and the influence of these risk factors on complications
and long-term survival.

Method: A total of 428 patients who underwent a renal transplant between January 1993 and December 2008 and were not
diabetic before surgery were studied. The prevalence rate of and relevant risk factors for postoperative NODAT were
analyzed on the basis of fasting plasma glucose (FPG) levels, and differences in postoperative complications and survival
rates between patients with and without NODAT were compared.

Results: The patients in this study were followed up for a mean of 5.65 6 3.68 years. In total, 87 patients (20.3%) developed
NODAT. Patients who converted from treatment with CSA to FK506 had increased prevalence rates of NODAT (P ,0.05).
Multi-factor analysis indicated that preoperative FPG level (odds ratio [OR] = 1.48), age (OR = 1.10), body mass index (OR =
1.05), hepatitis C virus infection (OR = 2.72), and cadaveric donor kidney (OR = 1.18) were independent risk factors for
NODAT (All P ,0.05). Compared with the N-NODAT group, the NODAT group had higher prevalence rates (P , 0.05) of
postoperative infection, hypertension, and dyslipidemia; in addition, the survival rate and survival time of the 2 groups did
not significantly differ.

Conclusion: Among the patients who survived more than 1 year after a renal transplant, the prevalence rate of NODAT was
20.32%. Preoperative FPG level, age, body mass index, hepatitis C virus infection, and cadaveric donor kidney were
independent risk factors for NODAT. Patients who converted from treatment with CSA to FK506 after a renal transplant had
aggravated impairments in glycometabolism. Patients with NODAT were also more vulnerable to postoperative
complications such as infection, hypertension, and hyperlipidemia.
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Introduction

Since the first renal transplant was performed in the United

States in 1954, the number of renal transplant recipients has

greatly increased along with the continuous promotion and

maturation of the renal transplantation technique. In China, the

first renal allotransplant was performed in 1960, and more than

5,000 renal transplants are now conducted in this country each

year [1,2]. The survival time of renal transplant recipients has

gradually increased because of the improved survival rate during

the perioperative period and enhancements in treatment with anti-

rejection drugs [3–6]; as a result, long-term complications and the

quality of life of transplant recipients have recently received more

attention.

New-onset diabetes after transplantation (NODAT) is an

important complication after a renal transplant and is officially

considered a risk factor for patients undergoing a renal transplant

according to the 2003 NODAT international consensus guidelines

[7]. Although there is evidence that novel glycometabolism and

several chronic diabetic complications are improved by kidney

transplantation [8–12], NODAT severely affects the quality of life

and long-term survival rate of renal transplant recipients [13–16];

NODAT is the major factor leading to dysfunction of the renal

graft and patient death and is a risk factor for cardiovascular

diseases in these patients [17–19]. Several in-depth clinical and
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animal studies have been conducted to study the prevalence rate,

risk factors, and pathogenesis of NODAT [20,21,34,35]. With the

increasing number of patients with extended survival, the long-

term influence of NODAT has been gradually emerging; thus, in

recent years, the focus of research has shifted to long-term

complications and their influences on continuing human/renal

survival.

Our clinical investigation was based on detailed and accurate

data from renal transplant cases at Zhongshan Hospital as well as

their standardized and orderly postoperative management. Using

relevant data from renal allotransplant recipients from January

1993 to December 2008 who survived more than 1 year after

surgery, combined with data in the literature on the prevalence

rate, outcome, and relevant risk factors for NODAT, this study

evaluated the influence of NODAT on complications and long-

term survival of these patients and provides a new clinical basis for

the prevention and treatment of NODAT.

Subjects and Methods

1. Subjects
We retrospectively analyzed the records of 709 patients who

underwent a renal transplant at Zhongshan Hospital, Fudan

University, from January 1993 to December 2008. The following

patients were excluded: 162 patients with unclear data on

preoperative medical history and missing postoperative follow-up

information, 75 patients whose renal graft survived less than 1 year

after surgery, 10 patients with a combined liver-kidney transplant

or other multi-organ transplant, 16 patients who underwent 2 or

more renal transplants, and 18 patients who were diabetic before

surgery. The remaining 428 non-diabetic patients who underwent

a renal transplant for the first time and had a renal graft survival

time of more than 1 year and complete data were included for

analysis. This study was approved by the institutional review board

of Zhongshan Hospital, Fudan University, and all participants

provided written informed consent.

2. Methods
(1) Collection of data. Hospitalization and outpatient data

from patients who underwent a renal transplant at Zhongshan

Hospital, Fudan University, between January 1993 and December

2008 were collected. Basic preoperative data included general data

(gender, age, BMI), preoperative examination, history of smoking

and family history of diabetes, primary renal diseases and source of

donor kidney, and preoperative biochemical indicators. Data on

the patient’s condition during the perioperative period included

intraoperative immune induction, initial immunosuppressant

regimen, acute rejection (AR), and recovery of renal function.

Postoperative follow-up data included postoperative fasting plasma

glucose (FPG) level, blood lipid level, glycated hemoglobin level,

renal function, hepatitis B virus/hepatitis C virus/cytomegalovirus

markers, postoperative immunosuppressant maintenance regimen,

drug dosage and concentration, complications (AR, history of

major infections, tumor), renal graft (normal function, dysfunc-

tion), and patient survival or death. Endpoints were defined as

death of patients or dysfunction of renal grafts.

(2) Immunosuppressant treatment regimen after a renal

transplant. A triple regimen of cyclosporin (CSA) plus

mycophenolate mofetil/azathioprine plus glucocorticoids or ta-

crolimus (FK506) plus mycophenolate mofetil/azathioprine plus

glucocorticoids was used for postoperative immunosuppressant

treatment. Primary CSA-treated patients were converted to

treatment with FK506 or rapamycin if adverse reactions such as

liver and kidney poisoning, insensitivity to CSA, significant

gingival hyperplasia, chronic rejection, or malignant tumors were

observed. Drug concentrations were monitored during follow-up,

and drug dosages were adjusted on the basis of the plasma drug

concentrations and the particular conditions of the patients. Peak

concentration was monitored for CSA and trough concentration

was monitored for FK506; plasma drug concentrations were

maintained within the therapeutic window (Table 1).

(3) Blood sugar management regimen. All patients

underwent periodic follow-up after surgery as required by the

follow-up system at our medical center. FPG and blood lipid levels

were measured, and the immunosuppressant regimen was adjusted

according to the particular conditions of the patients during

follow-up. Patients who were diabetic before a transplant and

patients with NODAT were treated and monitored according to

the 2005 guidelines for treatment and management of NODAT

[22].

(4) Criteria of relevant indexes. Patients were considered

to have NODAT if they were not diabetic before surgery and did

not have an acute glycometabolism disorder after surgery but met

the diagnostic criteria for diabetes with a sustained high

hyperglycemic state or normal blood sugar level and were

currently being treated with insulin or an oral anti-diabetic drug.

The diagnosis of NODAT was based on the following diagnostic

criteria for diabetes proposed by the American Diabetes Associ-

ation in 2007: typical symptoms of diabetes with a random blood

glucose level $11.1 mmol/L, an FPG level $7.0 mmol/L, and a

2-hour blood glucose level after glucose load (75 g anhydrous

glucose) $11.1 mmol/L on an oral glucose tolerance test

(OGTT); an FPG level between 5.6 and 6.9 mmol/L is considered

impaired fasting glucose (IFG), and a 2-hour blood glucose level

between 7.8 and 11.0 mmol/L is considered impaired glucose

tolerance (IGT) [23].

Patients may have significantly different recovery of early renal

function after a renal transplant. For the purposes of our research,

all patients in this study were divided into 4 categories: (1)

immediate recovery of renal function: serum creatinine level

decreased to less than 140 mmol/L within 7 days after surgery; (2)

slow recovery of renal function: serum creatinine level decreased

to less than 140 mmol/L after 1 week, but hemodialysis was not

needed; (3) delayed recovery of renal function: serum creatinine

level decreased to less than 140 mmol/L after 1 week, but

postoperative oliguria or anuria was observed and dialysis

transition was needed; and (4) impaired recovery of renal function:

serum creatinine level was greater than 140 mmol/L 30 days after

surgery. Delayed recovery of renal function was not included in

the cases of impaired recovery of renal function.

On the basis of the time of NODAT, patients were considered

to have early NODAT (new-onset diabetes within 1 year after a

renal transplant), late NODAT (new-onset diabetes more than 1

year after a renal transplant), or no NODAT (N-NODAT) (no

NODAT was observed after surgery and until the endpoint of

follow-up). According to whether NODAT existed continuously,

the patients were considered to have transient NODAT (T-

NODAT) (NODAT persisted for at least 3 months and returned to

normal during follow-up) or persistent NODAT (P-NODAT)

(NODAT existed during follow-up and to the endpoint).

(5) Statistical analysis. SPSS 16.0 and SAS 8.2 software

packages were used for statistical analysis. Measurement data are

expressed as mean 6 standard deviation, and count data are

expressed as values and percentages. Intergroup comparisons of

measurement data that are in accordance with normal distribution

and show homogeneity of variance were performed using the t test

or single-factor analysis of variance; otherwise, the grouped

Wilcoxon test was used. Count data were analyzed using chi-
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square test or Fisher exact probability test. P , 0.05 was

considered to be a statistically significant difference. Analysis of the

influences of immunosuppressant therapy on FPG and blood lipid

levels before and after immunosuppressant conversion was

performed using t test. Logistic multivariate stepwise regression

analysis was used for multi-factor analysis of risk factors for

NODAT. The Kaplan–Meier method was used for survival

analysis to estimate the survival rate, and the stratified log-rank test

was used to compare the 2 survival curves. The Cox proportional

hazards model was used to analyze factors that affect the survival

of renal transplant recipients.

Results

1. General preoperative conditions of patients with and
without NODAT

After eliminating 281 of the 709 renal transplant recipients on

the basis of the exclusion criteria, 428 non-diabetic patients who

underwent a renal transplant for the first time and had a renal

graft survival time of more than 1 year and complete data were

included for analysis. Patients were divided into the NODAT and

N-NODAT groups according to their postoperative FPG levels;

the general preoperative condition of the patients is shown in

Table 2. Compared with the N-NODAT group, the NODAT

group was older, had higher body mass index (BMI) values, and

had higher proportions of patients with a preoperative history of

smoking and a family history of diabetes in first-degree relatives.

HCV and CMV infection rates were higher in the NODAT group

than in the N-NODAT group, whereas there was no significant

difference in hepatitis B virus infection rates between the 2 groups.

Preoperative total cholesterol (TC) and triglyceride (TG) levels

were both higher in the NODAT group than in the N-NODAT

group.

2. Prevalence and outcome of NODAT
The 428 patients who were non-diabetic before surgery

(including 45 patients with IFG and 383 patients with normal

fasting glucose levels) had an average follow-up time of 5.65 6

3.68 years until the endpoints of follow-up. Eighty-seven (20.32%)

of these patients had onset of NODAT, and 57 of these cases

occurred within 1 year (accounting for 65.5% of all cases of

NODAT). Among all patients with NODAT, 72 had persistent

NODAT and 15 (17.2%) shifted to normal fasting glucose or IFG

(Figure 1).

3. Risk factors for NODAT
(1) Risk factors for NODAT. Risk factors that might be

involved in postoperative onset of NODAT were analyzed using

single factor analysis, and the results are shown in Table 3. The

proportion of patients with a cadaveric donor kidney was higher in

the NODAT group than in the N-NODAT group. The early

postoperative FPG level 7 days after surgery was higher in the

NODAT group than in the N-NODAT group. The proportion of

patients treated with basic CSA or FK506 immunosuppressant

regimens at discharge was not statistically significant between the 2

groups. However, during the course of disease, 19 patients (21.8%)

in the NODAT group and 30 patients (8.8%) in the N-NODAT

group converted from treatment with CSA to FK506, which was

significantly different between the 2 groups. In the NODAT

group, some of the patients experienced onset of NODAT after

adjustment of their immunosuppressant regimen (conversion from

CSA to FK506). In terms of the comparison of anti-rejection drug

dosage and plasma drug concentration, the daily dosage of

corticosteroid maintenance therapy was not significantly different

between the 2 groups. CSA peak concentrations in the NODAT

group at 6 months and 1 year were greater than those of the N-

NODAT group, and the difference was statistically significant;

however, differences in FK506 trough concentrations at each

period were not statistically significant.
Risk factors for NODAT (multi-factor analysis). Logistic

multivariate regression analysis was performed to analyze age,

BMI, history of smoking, family history of diabetes, source of

donor kidney, HCV infection and CMV infection, preoperative

TC and TG levels, postoperative immunosuppressant regimen,

daily dosage of corticosteroid maintenance for different times of

year, and plasma concentration of CSA and FK506. As shown in

Table 4, age, BMI, HCV infection, preoperative FPG level, and a

cadaveric donor kidney can increase the risk of NODAT.

(2) Comparison of risk factors between P-NODAT and T-

NODAT. As shown in Table 5, compared with T-NODAT, the

P-NODAT group was older, had higher BMI values, had greater

proportions of patients with a family history of diabetes and a

cadaveric donor kidney, and had higher preoperative and 1-year

postoperative FPG, TC, and TG levels; these differences were

statistically significant, whereas the concentrations of immunosup-

pressants showed no significant differences between the 2 groups.

It is noteworthy that the prevalence rate of AR in the T-NODAT

group was higher than that in the P-NODAT group (P = 0.043).

(3) Influence of immunosuppressant conversion on FPG

level and NODAT. Single factor analysis indicated that

adjustment of immunosuppressant therapy (conversion from

CSA to FK506) is a risk factor for onset of NODAT. Hence, for

the 51 patients who converted from treatment with CSA to FK506

and the 32 patients who converted from treatment with CSA to

rapamycin, the FPG levels and the number of cases of NODAT

before and after drug adjustment were matched separately to

analyze the influence of adjustment of immunosuppressant

therapy. As shown in Figures 2A and 2B, the FPG levels and

the NODAT prevalence rate for the patients who converted from

treatment with CSA to FK506 were significantly elevated, and

both were statistically significant. However, the FPG levels and the

number of cases of NODAT for patients who converted from

treatment with CSA to rapamycin showed no significant changes.

These results indicate that the impairment of glycometabolism was

aggravated in patients who converted from treatment with CSA to

FK506, but the glycometabolism of patients who converted from

treatment with CSA to rapamycin was not significantly affected.

Table 1. Reference plasma drug concentration (ng/ml) of immunosuppressor in different periods after transplantation.

Drug
1 month after
transplantation

2–3 months after
transplantation

4–6 months after
transplantation

7–12 months after
transplantation

1 year after
transplantation

Cmin of FK506 6–15 8–15 7–12 5–10 7–9

Cmax of CSA 1200–1500 1000–1200 800–1100 700–1000 650–900

doi:10.1371/journal.pone.0099406.t001
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4. Influence of NODAT on complications and survival rate
(1) Influence of NODAT on complications after a renal

transplant. As shown in Table 6, compared with the N-

NODAT group, the NODAT group had statistically significant

higher prevalence rates of postoperative infection, hypertension,

and lipid metabolism disorder, whereas the prevalence rate of

malignant tumors was not significantly different.

(2) Influence of NODAT on the survival rate of renal

transplant recipients. As of December 2009, 34 renal graft

recipients who did not have preoperative diabetes had died (7.9%);

the major causes of death were cardiovascular diseases, malignant

tumors, infections, bone marrow suppression, gastrointestinal

bleeding ulcers and other hemorrhagic diseases, and renal

insufficiency (Figure 3). Survival analysis showed that the 5-year

survival rate of the NODAT group was not significantly different

from that of the N-NODAT group, and the 10-year survival rate

of the NODAT group was lower than that of the N-NODAT

group with no statistical difference (Table 7). The previously

mentioned results suggest that after an average follow-up time of

5.65 6 3.68 years, there were no significant differences in the

postoperative survival rate and survival time between the NODAT

group and the N-NODAT group. Potential risk factors that might

affect the death of renal transplant recipients were analyzed using

Cox regression analysis (Table 8) after calibrating for age, year of

transplant, postoperative onset of tumor, postoperative infection,

and other risk factors that might affect the death of patients. The

mortality hazard ratio of NODAT was 1.216 (95% confidence

interval, 0.804–1.840), but it was not statistically significant (P =

0.354).

Discussion

1. Prevalence and outcome of NODAT
The prevalence rate of diabetes in patients with NODAT is

significantly elevated compared with the normal population [24].

In a recent study [25] in which 209 renal transplant recipients

underwent OGTT, the prevalence rates of NODAT, impaired

glucose tolerance, and IFG were 19%, 14%, and 17%, respec-

tively. The prevalence rate of NODAT in our study was 20.32%,

which is close to the prevalence rate reported in the literature. In

this study, 15 patients (17.2% of all cases of NODAT) regained a

normal FPG level during follow-up. It has been reported [26,27]

Table 2. Characteristics of patients with NODAT versus N-NODAT before transplantation.

Clinical index NODAT (n = 87) N-NODAT (n = 341) P-Value

Gender (Male) 60(69.0%) 228(66.9%) 0.798

Age (year) 45.6169.86 38.89612.67 0.004

BMI (kg/m2) 24.8464.12 20.9762.81 0.010

History of smoking 25(28.7%) 37(10.9%) ,0.001

History of diabetes 20(23.0%) 20(5.9%) ,0.001

Type of dialysis

Hematodialysis 68(78.2%) 277(81.3%) 0.505

Peritoneal dialysis 5(5.7%) 30(8.8%)

Without dialysis 14(16.1%) 34(10%)

Duration of dialysis 423.676536.42 344.656439.45 0.154

HBV infection 11(12.6%) 28(8.2%) 0.212

HCV infection 18(20.7%) 27(7.9%) 0.001

CMV infection 15(17.2%) 27(7.9%) 0.020

FPG (mmol/L) 5.4860.79 4.3960.55 0.002

TC (mmol/L) 4.5861.26 4.0560.96 0.045

TG (mmol/L) 1.8661.06 1.4360.76 0.024

Abbreviations: NODAT: new onset diabetes after transplantation; N-NODAT: no NODAT; BMI: body mass index; HBV: hepatitis B virus; HCV: hepatitis C virus; CMV:
cytomegalovirus; FPG: fasting plasma glucose; TC: cholesterol; TG: triglyceride.
doi:10.1371/journal.pone.0099406.t002

Figure 1. Prevalence and outcome of NODAT. Abbreviations: IFG: impaired fasting glucose; NFG: normal fasting glucose; NODAT: new onset
diabetes after transplantation; E-NODAT: early-NODAT; L-NODAT: late NODAT; N-NODAT: no NODAT; T-NODAT: transient-NODAT; P-NODAT:
persistent-NODAT.
doi:10.1371/journal.pone.0099406.g001
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that one-third to one-half of patients will spontaneously remit with

time. However, clinical observation indicates that impaired

glycometabolism cannot be reversed in all patients with NODAT

[27]. Our study found that patients with P-NODAT have more

recognized adjustable or nonadjustable risk factors, whereas

patients with T-NODAT have a higher prevalence rate of AR

compared with patients with P-NODAT (P = 0.043), indicating

that AR might be a risk factor for the onset of T-NODAT. The

outcome is similar to the results reported in previous literature

[28].

2. Risk factors for NODAT
The meta-analysis by Montori [29] showed that nonadjustable

risk factors clearly related to NODAT include age, black or

Hispanic ethnicity, and HCV infection. Seventy-four percent of

Table 3. Comparison of risk factors between NODAT and N-NODAT (single factor analysis).

Risk factors NODAT (n = 87) N-NODAT (n = 341) P-value

Graft type (cadaveric) 79(90.8%) 249(73.0%) ,0.001

Recovery of graft function

Immediately 52(59.8%) 232(68.0%) 0.258

Slowly 23(26.4%) 62(18.2%)

Delayed 8(9.2%) 24(7.0%)

Difficult to recover 4(4.6%) 23(6.7%)

Induction therapy (antiCD25) 38(43.7%) 171(50.1%) 0.337

Acute rejection 14(16.1%) 45(13.2%) 0.488

FPG 1week after transplant (mmol/L) 6.4664.24 5.1261.14 0.005

FK506/CSA on discharge 11/76 31/310 0.317

AZA/MMF 13/74 44/297 0.156

CSA convert to FK506 19(21.8%) 30(8.8%) 0.020

CSA convert to rapamycin 6(6.9%) 25(7.3%) 1.000

Daily dose of glucocorticoid (mg)

On discharge 26.2664.77 26.7365.00 0.435

3 months after transplantation 17.4264.75 16.1363.26 0.132

6 months after transplantation 13.5162.70 13.9163.45 0.573

1 year after transplantation 12.7463.78 11.4763.26 0.061

Cmax of CSA (ng/ml)

On discharge 1284.806282.44 1276.806367.74 0.853

3 months after transplantation 1016.506251.64 1002.306328.35 0.861

6 months after transplantation 1030.806332.04 906.386304.97 0.012

1 year after transplantation 929.816278.86 785.516226.02 0.006

Cmin of FK506 (ng/ml)

On discharge 11.0363.39 9.0463.93 0.144

3 months after transplantation 10.6067.26 7.7962.57 0.054

6 months after transplantation 7.8562.48 7.5262.01 0.808

1 year after transplantation 7.4462.28 7.2062.76 0.836

Abbreviations: NODAT: new onset diabetes after transplantation; N-NODAT: no NODAT; FPG: fasting plasma glucose; AZA: azathioprine; MMF: mycophenolate mofetil;
FK506: tacrolimus; CSA: cyclosporin.
doi:10.1371/journal.pone.0099406.t003

Table 4. Logistic regression analysis of risk factors for NODAT (multiple-factor analysis).

Risk factors OR 95% confidence interval P-value

Age 1.10 1.02–1.23 0.044

BMI 1.05 1.04–1.14 0.029

HCV infection 2.72 1.20–6.34 0.008

Cadaveric graft 1.58 1.43–1.90 0.035

Preoperative FPG level 1.48 1.02–1.57 0.036

Abbreviations: NODAT: new onset diabetes after transplantation; BMI: body mass index; HCV: hepatitis C virus.
doi:10.1371/journal.pone.0099406.t004
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the difference in the prevalence rate of NODAT occurring within

the first year after a transplant can be explained by the type of

immunosuppressant used.

(1) Glucocorticoids. There is evidence that treatment with

glucocorticoids is the greatest risk factor for NODAT [30]. In this

study, there were no differences in the daily doses at each time

point within 1 year after surgery between the NODAT group and

the N-NODAT group. Although postoperative withdrawal of

corticosteroid therapy is still controversial in clinical studies of a

renal transplant, it is commonly recognized that postoperative

short-term pulsed therapy and low-dose maintenance therapy are

not only safe but also reduce the risk of NODAT [31].

(2) Calcineurin inhibitors. CSA and FK506 are both

calcineurin inhibitors (CNIs) with similar mechanisms. Studies

have shown that CNI is closely correlated with glucometabolic

disorders and diabetic complications in organ transplantation [32–

35,37–42]. Animal and clinical studies have demonstrated that

CSA has toxic effects on pancreatic b cells [34–36], especially CSA

formulations improved by micro-emulsion technology to achieve

better oral absorbability and a higher level of drug exposure [37].

The application of CSA micro-emulsion helps explain our finding

that the prevalence rate of AR significantly decreased but the

prevalence rate of NODAT did not decrease correspondingly.

Studies have shown that NODAT is positively correlated with

CSA concentration [38,39]. Single factor analysis in this study

showed that the patient’s CSA peak concentrations 6 months and

12 months after surgery are risk factors for NODAT, indicating

that exposure to a high concentration of CSA in the early

postoperative stages after a renal transplant is a risk factor for

NODAT. Similarly, there are also animal and clinical studies

which have demonstrated that FK506 has toxic effects on

pancreatic b cells [36,40,41]. Many studies pointed out that

FK506’s effect on glucose metabolism was dose-dependent. With

the increased use of FK506, the occurrence of NODAT was on

the rise [42]. Another study [43] showed that the prevalence rate

of NODAT was 20.2% higher when using FK506 instead of CSA.

In our study, due to the risk of NODAT with FK506 therapy and

economic concerns, our center tends to use CSA as an

immunosuppressant regimen. Conversion from treatment with

CSA to FK506 is a risk factor for NODAT. This also indicates

Table 5. Comparison of risk factors between P-NODAT and T-NODAT.

Risk factors P-NODAT (n = 72) T-NODAT (n = 15) P-value

Age (year) 42.5869.21 38.73612.91 0.046

BMI (kg/m2) 25.9863.32 22.1766.92 0.036

Gender (male) 51(21%) 9(60%) 0.540

History of diabetes 19(26.4%) 1(6.7%) 0.045

History of smoking 23(31.9%) 2(13.3%) 0.213

HBV infection 10(13.9%) 1(6.7%) 0.681

HCV infection CMV infection 16(22.2%) 2(13.3%) 0.526

CMV infection 5(6.9%) 0 0.582

FK506/CSA on discharge 9/63 2/13 1.000

AZA/MMF 11/61 2/13 1.000

CSA convert to FK506 17(23.6%) 2(13.3%) 0.506

CSA convert to rapamycin 4(5.6%) 2(13.3%) 0.275

Cmax of CSA (ng/ml)

3 months after transplantation 1231.906262.03 1272.106243.19 0.875

1 year after transplantation 962.196289.08 816.476224.28 0.042

Cmin of FK506 (ng/ml)

3 months after transplantation 8.5662.52 8.9062.30 0.419

1 year after transplantation 8.6861.29 7.0060.71 0.103

Graft type (cadaveric) 67(93.1%) 12(80.0%) 0.046

Acute rejection 9(12.5%) 5(33.3%) 0.043

FPG (mmol/L)

Pretransplantation 5.5560.81 4.5560.62 0.040

1 year after transplantation 8.6664.12 5.8561.69 0.032

TC (mmol/L)

Pretransplantation 5.6561.27 3.8661.06 0.041

1 year after transplantation 6.3661.10 5.7461.72 0.022

TG (mmol/L)

Pretransplantation 1.8161.13 0.9460.32 0.002

1 year after transplantation 2.3960.88 2.2060.63 0.526

Abbreviations: P-NODAT: persistent-new onset diabetes after transplantation; T-NODAT: transient-new onset diabetes after transplantation; BMI: body mass index; HBV:
hepatitis B virus; HCV: hepatitis C virus; CMV: cytomegalovirus; AZA: azathioprine; MMF: mycophenolate mofetil; FK506: tacrolimus; CSA: cyclosporine; FPG: fasting
plasma glucose; TC: cholesterol; TG: triglyceride.
doi:10.1371/journal.pone.0099406.t005
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that FK506 is a risk factor for NODAT, which is consistent with

reports in the literature [40–43]. The FK506 trough concentra-

tions in the NODAT group at each time point within 1 year after

surgery showed no statistically significant difference compared

with the N-NODAT group. This might be because our center

followed the guidelines for the treatment and management of

NODAT, closely monitored FK506 concentrations at postopera-

tive follow-up visits, and reduced the dosage as much as possible.

(3) Conversion of immunosuppressant therapy. Patients

had a high conversion rate of immunosuppressant regimens at our

situation. In our investigation, after converting patients who were

initially treated with CSA to FK506, their glycometabolism

disorder was exacerbated. However, another study [44] showed

that conversion in late stages from CSA to FK506 had no

significant influence on glycometabolism. Patients who were

converted from treatment with CSA to rapamycin in this study

showed no significant changes in glycometabolism before and after

conversion; however, in a study conducted by Teutonico [45],

who observed the influence of CNI withdrawal with conversion to

Table 6. Comparison of complications after transplantation between NODAT and N-NODAT.

Complications NODAT (n = 87) N-NODAT (n = 341) P-value

Malignancy 5(5.7%) 11(3.2%) 0.337

Frequency of hospitalization for infection 0.7761.227 0.4860.754 0.036

Days of hospitalization for infection 16.67630.25 7.42613.23 0.006

Antihypertensive agents 1.9861.26 1.2661.05 ,0.001

TC (mmol/L)

3 months after transplantation 5.7860.85 5.3160.91 0.012

6 months after transplantation 5.9361.06 5.3561.01 0.015

1 year after transplantation 5.7561.23 5.2061.01 0.004

TG (mmol/L)

3 months after transplantation 2.2660.86 2.0760.84 0.275

6 months after transplantation 2.5061.12 1.9260.81 0.023

1 year after transplantation 2.3560.82 1.8760.99 0.004

Abbreviations: NODAT: new onset diabetes after transplantation; N-NODAT: no NODAT; TC: cholesterol; TG: triglyceride.
doi:10.1371/journal.pone.0099406.t006

Figure 3. Proportion of death causes in renal transplant
recipients.
doi:10.1371/journal.pone.0099406.g003

Figure 2. A: FPG before and after immunosuppressor conversion. B: Prevalence of NODAT before and after immunosuppressor
conversion. Abbreviations: NODAT: new onset diabetes after transplantation; FPG: fasting plasma glucose; FK506: tacrolimus; CSA: cyclosporine;
*P,0.05 compared with pre-conversion.
doi:10.1371/journal.pone.0099406.g002
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rapamycin on glycometabolism, showed that the prevalence rate

of impaired glucose tolerance increased by 30%, with 4 new cases

of NODAT.

(4) Preoperative and early-stage postoperative

glycometabolism disorders. Both single factor analysis and

multi-factor analysis (OR [odds ratio] = 1.48) suggested that

preoperative FPG level is clearly correlated with NODAT.

International studies have also shown that preoperative glycome-

tabolism disorder is an independent risk factor for NODAT [46].

Patients with end-stage renal disease did not show improvements

in glycometabolism as renal function recovered after a renal

transplant and developed NODAT. This can be explained by the

‘‘second strike’’ theory. Single factor analysis in our study also

found that elevation of the FPG level in the first week after surgery

is a risk factor for NODAT; similar results have also been reported

by relevant international studies [47]. Early postoperative hyper-

glycemia can be used to predict postoperative glycometabolism

disorder (OR = 5.4); this is thought to be related to accumulated

doses of corticosteroids after surgery.

(5) Others. Both single factor analysis and multi-factor

analysis (OR = 1.58) suggest that recipients of cadaveric donor

kidneys are at higher risk for NODAT; this has also been reported

in a related study [48]. In clinical practice, recipients of living

donor kidneys are usually treated with lower doses of immuno-

suppressants compared with recipients of cadaveric donor kidneys,

so this could be the main reason. Our investigation found that

HCV and CMV are related to NODAT and that HCV infection is

an independent risk factor for NODAT (OR = 2.72), which has

also been reported in related studies [49,50]. The mechanism of

diabetes caused by virus infection is unclear, but it has been

speculated that insulin resistance and defects in islet cell secretion

are both involved.

3. Influence of NODAT on patients’ complications and
survival rate

In our investigation, the frequency and days of hospitalization

due to infections in patients with NODAT are both higher than

those of patients with N-NODAT. Use of immunosuppressants

after an organ transplant reduces the resistance of the body to

exogenous infections, and recipients with concomitant NODAT

are more vulnerable to infections. This is considered to be related

to the lower chemotaxis, migration, and phagocytic function of

neutrophil granulocytes in diabetic patients compared with

healthy people [51]. In this study, patients in the NODAT group

had more severe postoperative concomitant hypertension and lipid

metabolism disorder compared with the N-NODAT group, that is,

an increased prevalence rate of metabolic syndrome (MS).

Another study showed that MS and NODAT were significantly

correlated after a renal transplant [52]. A study by Porrini et al

[53] found that patients with NODAT after a renal transplant

were more likely to have MS during follow-up, with a lower

human/renal survival rate. Several studies have shown the adverse

effects of NODAT on renal transplantation, which is considered

the second most influential factor of long-term survival after acute

and chronic rejections [53–55]. In this study, the 5-year survival

rates of the NODAT and N-NODAT groups were both 93%, and

the 10-year survival rates were 81% and 85%, respectively. The

difference between the 2 groups was not statistically significant (P

= 0.959). This is slightly different from the results reported in the

literature [28,56]. We consider the differences may be due to

different inclusion criteria and duration of follow-up [57].

We recognize limitations of our study. First, the early

preoperative OGTT data from renal transplant recipients at our

hospital were not complete. The postoperative diagnosis of

NODAT was only based on FPG level, so the prevalence rate of

NODAT might be biased. On the one hand, diabetic patients with

normal preoperative FPG but high 2-hour postprandial blood

glucose levels, who met the diabetes diagnostic criteria, were not

excluded, which may have caused bias and increased the

prevalence rate of NODAT. On the other hand, the prevalence

rate of glycometabolism disorders in our patients might have been

underestimated, especially impaired glucose tolerance. Second,

blood glucose, FPG, 2-hour postprandial blood glucose, and

glycosylated hemoglobin levels should be routinely tested postop-

Table 7. Comparison of risk survival rateand survival time between NODAT and N- NODAT (P = 0.959).

Group N 5-year survival rate 10-year survival rate Mean survival time (month) 95% confidence interval

NODAT 87 93% 81% 171.80068.010 156.106–187.511

N-NODAT 341 93% 85% 172.16065.130 162.090–182.232

Abbreviations: N: number;NODAT: new onset diabetes after transplantation; N-NODAT:no NODAT.
doi:10.1371/journal.pone.0099406.t007

Table 8. Cox regression analysis of risk factors affecting death.

Parameter HR P-value 95% confidence interval

Age 1.040 0.017 1.007–1.075

NODAT 1.216 0.354 0.804–1.840

Malignancy 3.463 0.003 1.518–7.899

Days of hospitalization
for infection 1.019 0.001 1.008–1.031

Cadaveric graft 1.650 0.647 0.193–14.112

Abbreviations: NODAT: new onset diabetes after transplantation.
doi:10.1371/journal.pone.0099406.t008

Factors, Complications, Survival Rate of NODAT after Renal Transplant

PLOS ONE | www.plosone.org 8 June 2014 | Volume 9 | Issue 6 | e99406



eratively and monitored on follow-up. Third, we believe that the

homeostasis model of insulin resistance should be used to assess the

insulin resistance level of patients; however, relevant data were

only available from a small number of patients. Fourth, this was a

single-center study and thus we are unable to reach a general

conclusion. Fifth, due to the significantly extended survival time of

renal transplant recipients, sample sizes should be enlarged and

follow-up time should be extended as much as possible. Sixth,

although the influence of NODAT on the long-term survival of

patients has not emerged, its influence on the cardiovascular

system might have already appeared, so extensive cardiovascular

examinations should be performed to evaluate cardiovascular

influences on NODAT.

In conclusion, NODAT is a severe metabolic complication after

an organ transplant and has many adverse, long-term influences

on the patient’s life. Certain issues still need further study. First,

the pathogenesis of NODAT is still unknown. Inflammation,

dimethylarginines and homocysteine are recently reported to

participate in the pathogenesis of diabetes, while few studies focus

on pathogenesis of NODAT [51,58,59,60]. Deep researches on

pathogenesis of NODAT are needed. Second, more optimized

immunosuppressant regimens need to be studied and developed to

reduce the effects of risk factors for NODAT and thus reduce the

prevalence of NODAT. At last, transplant recipients treated with

long-term immunosuppressant therapy should be strictly followed

up to assess the prevalence rate, type, and risk factors for long-term

complications of diabetes.

Author Contributions

Conceived and designed the experiments: MXY XG. Performed the

experiments: CYL MLC MX. Analyzed the data: CYL GPX YZ SH.

Contributed reagents/materials/analysis tools: MJX JG. Wrote the paper:

CYL MXY XG TYZ.

References

1. Huang J (2007) Ethical and legislative perspectives on liver transplantation in the
People’s Republic of China. Am J Transplant 13: 193–196.

2. Hanto DW (2008) Ethics committee oversight of living related donor kidney

transplantation in China. Am J Transplant 8: 1765–1766.

3. Aktas A (2014) Transplanted kidney function evaluation. Semin Nucl Med 44:

129–145.

4. D’Addio F, Vergani A, Di Fenza R, Tezza S, Bassi R, et al. (2012) Novel

immunological aspects of pediatric kidney transplantation. G Ital Nefrol 29: 44–

48.

5. Del Carro U, Fiorina P, Amadio S, De Toni Franceschini L, Petrelli A, et al.

(2007) Evaluation of polyneuropathy markers in type 1 diabetic kidney
transplant patients and effects of islet transplantation: neurophysiological and

skin biopsy longitudinal analysis. Diabetes Care 30: 3063–3069.

6. Orsenigo E, Socci C, Fiorina P, Cristallo M, Castoldi R, et al. (2004)
Simultaneous pancreas-kidney transplantation: short- and long-term results.

Transplant Proc 36: 568–588.

7. Davidson J, Wilkinson A, Dantal J (2003) New-onset diabetes after transplan-

tation: 2003 International Consensus Guidelines. Transplantation 75: SS3–
SS24.

8. Folli F, Guzzi V, Perego L, Coletta DK, Finzi G, et al. (2010) Proteomics reveals

novel oxidative and glycolytic mechanisms in type 1 diabetic patients’ skin which
are normalized by kidney-pancreas transplantation. Plos one 5: e9923.

9. Fiorina P, Vezzull P, Bassi R, Gremizzi C, Falautano M, et al. (2012) Near
normalization of metabolic and functional features of the central nervous system

in type 1 diabetic patients with end-stage renal disease after kidney-pancreas

transplantation. Diabetes Care 35: 367–374.

10. Salonia A, D’Addio F, Gremizzi C, Briganti A, Deho F, et al. (2011) Kidney-

pancreas transplantation is associated with near-normal sexual function in
uremic type 1 diabetic patients. Transplantation 92: 802–808.

11. Orsenigo E, Socci C, Fiorina P, Zuber V, Secchi A, et al. (2005) Cardiovascular

benefits of simultaneous pancreas-kidney transplant versus kidney alone
transplant in diabetic patients. Transplant Proc 37: 3570–3571.

12. Fiorina P, Folli F, D’Angelo A, Finzi G, Pellegatta F, et al. (2004) Normalization
of multiple hemostatic abnormalities in uremic type 1 diabetic patients after

kidney-pancreas transplantation. Diabetes 53: 2291–2300.

13. Valderhaug TG, Hjelmesaeth J, Hartmann A, Roislien J, Bergrem HA, et al.
(2011) The association of early post-transplant glucose levels with long-term

mortality. Diabetologia 54: 1341–1349.

14. Fiorina P, Bassi R, Gremizzi C, Vergani A, Caldara R, et al. (2012) 31P-

magnetic resonance spectroscopy (31P-MRS) detects early changes in kidney

high-energy phosphate metabolism during a 6-month Valsartan treatment in
diabetic and non-diabetic kidney-transplanted patients. Acta Diabetol 49: 133–

139.

15. Fiorina P, Perseghin G, De Cobelli F, Gremizzi C, Petrelli A, et al. (2007)

Altered kidney graft high-energy phosphate metabolism in kidney-transplanted
end-stage renal disease type 1 diabetic patients: a cross-sectional analysis of the

effect of kidney alone and kidney-pancreas transplantation. Diabetes Care 30:

597–603.

16. Fiorina P, Venturini M, Folli F, Losio C, Maffi P, et al. (2005) Natural history of

kidney graft survival, hypertrophy, and vascular function in end-stage renal
disease type 1 diabetic kidney-transplanted patients: beneficial impact of

pancreas and successful islet cotransplantation. Diabetes Care 28: 1303–1310.

17. Ducloux D, Kazory A, Chalopin JM (2005) Post-transplant diabetes mellitus and
atherosclerotic events in renal transplant recipients: A prospective study.

Transplantation 79: 438–443.

18. Astorri E, Fiorina P, Gavaruzzi G, Astorri A, Magnati G (1997) Left ventricular

function in insulin-dependent and in non-insulin-dependent diabetic patients:

radionuclide assessment. Cardiology 88: 152–155.

19. Perseghin G, Fiorina P, De Cobelli F, Scifo P, Esposito A, et al. (2005) Cross-
sectional assessment of the effect of kidney and kidney-pancreas transplantation

on resting left ventricular energy metabolism in type 1 diabetic-uremic patients:

a phosphorous-31 magnetic resonance spectroscopy study. J Am Coll Cardiol
46: 1085–1092.

20. Hecking M, Werzowa J, Haidinger M, Horl WH, Pascual J, et al. (2013) Novel
views on new-onset diabetes after transplantation: development, prevention and

treatment. Nephrol Dial Transplant 28: 1–15.

21. Hagen M, Hjelmesaeth J, Jenssen T, Morkrid L, Hartmann A (2003) A 6-year
prospective study on new onset diabetes mellitus, insulin release and insulin

sensitivity in renal transplant recipients. Nephrol Dial Transplant 18: 2154–
2159.

22. Wilkinson A, Davidson J, Dotta F, Home PD, Keown P, et al. (2005) Guidelines

for the treatment and management of new-onset diabetes after transplantation.
Clin Transplant 19: 291–298.

23. Amer Diabet, Assoc (2007) Diagnosis and classification of diabetes mellitus.
Diabetes Care 30: S42–S47.

24. Wyzgal J, Paczek L, Sanko-Resmer J, Ciszek M, Nowak M, et al. (2007) Insulin
resistance in kidney allograft recipients treated with calcineurin inhibitors. Ann

Transplant 12: 26–29.

25. Brzezinska B, Junik R, Kaminska A, Wlodarczyk Z, Adamowicz A (2013)
Factors associated with glucose metabolism disorder after kidney transplantation.

Endokrynol Pol 64: 21–25.

26. Xu Y, Liang JX, Liu B, Yao B, Pokharel S, et al. (2011) Prevalence and long-

term glucose metabolism evolution of post-transplant diabetes mellitus in

Chinese renal recipients. Diabetes Res Clin Pract 92: 11–18.

27. Hur KY, Kim MS, Kim YS, Kang ES, Nam JH, et al. (2007) Risk factors

associated with the onset and progress of post transplantation diabetes in renal
allograft recipients. Diabetes care 30: 609–615.

28. Marin M, Renoult E, Bondor CI, Kessler M (2005) Factors influencing the onset

of diabetes mellitus after kidney transplantation: A single french center
experience. Transplant Proc 37: 1851–1856.

29. Montori VM, Basu A, Erwin PJ, Velosa JA, Gabriel EK, et al. (2002)
Posttransplantation diabetes: a systematic review of the literature. Diabetes Care

25: 583–592.

30. Luan FL, Steffick DE, Ojo AO (2011) New-onset diabetes mellitus in kidney
transplant recipients discharged on steroid-free immunosuppression. Transplan-

tation 91: 334–341.

31. Knight SR, Morris PJ (2010) Steroid avoidance or withdrawal after renal

transplantation increases the risk of acute rejection but decreases cardiovascular
risk. A Meta-Analysis. Transplantation 89: 1–14.

32. Fernandez LA, Lehmann R, Luzi L, Battezzati A, Angelico MC, et al. (1999)

The effects of maintenance doses of FK506 versus Cyclosporin A on glucose and
lipid metabolism after orthotopic liver transplantation. Transplantation 68:

1532–1541.

33. Maffi P, Bertuzzi F, De Taddeo F, Magistretti P, Nano R, et al. (2007) Kidney

function after islet transplant alone in type 1 diabetes: impact of immunosup-

pressive therapy on progressive of diabetic nephropathy. Diabetes Care 30:
1150–1155.

34. Ozbay LA, Smidt K, Mortensen DM, Carstens J, Jorgensen KA, et al. (2011)
Cyclosporin and tacrolimus impair insulin secretion and transcriptional

regulation in INS-1E beta-cells. Br J pharmacol 162: 136–146.

35. Heit JJ, Apelqvist AA, Gu X, Winslow MM, Neilson JR, et al. (2006)
Calcineurin/NFAT signaling regulates pancreastic bata-cell growth and

function. Nature 443: 345–349.

36. Polastri L, Galbiati F, Bertuzzi F, Fiorina P, Nano R, et al. (2002) Secretory

defects induced by immunosuppressive agents on human pancreatic beta-cells.

Acta Diabetol 39: 229–233.

Factors, Complications, Survival Rate of NODAT after Renal Transplant

PLOS ONE | www.plosone.org 9 June 2014 | Volume 9 | Issue 6 | e99406



37. Neumayer HH, Farber L, Haller P, Kohnen R, Maibucher A, et al. (1996)

Substitution of conventional cyclosporine with a new microemusion formulation
in renal transplant patients: result after 1 year. Nephrol Dial Transplant 11:

165–172.

38. Mathew JT, Rao M, Job V, Ratnaswamy S, Jacob CK (2003) Post-transplant
hyperglycaemia: a study of risk factors. Nephrol Dial Transplant 18: 164–171.

39. Cotovio M, Neves L, Rodrigues R, Alves R, Bastos M, et al. (2013) New-onset
diabetes after transplantations: assessment of risk factors and clinical outcomes.

Transplant Proc 45: 1079–1083.

40. Duijnhoven EM, Boots JM, Christiaans MH, Wolffenbuttel BH, Van Hooff JP
(2001) Influence of tacrolimus on glucose metabolism before and after

transplantation: a prospective study. J Am Soc Nephrol 12: 583–588.
41. Tamura K, Fujimura T, Tsutsumi T, Nakamura K, Ogawa T, et al. (1995)

Transcriptional inhibition of insulin by FK506 and possible involvement of
FK506 binding protein-12 in pancreatic beta-cell. Transplantation 59: 1606–

1613.

42. Davidson JA, Wilkinson A (2004) New-onset diabetes after transplantation 2003
international consensus guidelines - An endocrinologist’s view. Diabetes Care 27:

805–812.
43. Borda B, Lengyel C, Szederkenyi E, Eller J, Keresztes, et al. (2012) Post-

transplantation diabetes mellitus-Risk factors and effects on the function and

morphology of the allograft. Acta Physiol Hung 99: 206–215.
44. Luan FL, Zhang H, Schaubel DE, Miles CD, Cibrik D, et al. (2008)

Comparative risk of impaired glucose metabolism associated with cyclosporine
versus tacrolimus in the late post-transplant period. Am J Transplant 8: 1871–

1877.
45. Teutonico A, Schena PF, Di Paolo S (2005) Glucose metabolism in renal

transplant recipients: Effect of calcineurin inhibitor withdrawal and conversion

to sirolimus. J Am Soc Nephrol 16: 3128–3135.
46. Bergrem HA, Valderhaug TG, Hartmann A, Bergrem H, Hjelmesaeth J, et al.

(2010) Glucose tolerance before and after renal transplantation. Nephrol Dial
Transplant 25: 985–992.

47. Maldonado F, Tapia G, Ardiles L (2009) Early Hyperglycemia: A risk factor for

posttransplant diabetes mellitus among renal transplant recipients. Transplant
Proc 41: 2664–2667.

48. Kuo HT, Poommipanit N, Sampaio M, Reddy P, Cho YW, et al. (2010) Risk
factors for development of New-Onset Diabetes Mellitus in pediatric renal

transplant recipients: an analysis of the OPTN/UNOS Database. Transplan-
tation 89: 434–439.

49. Baid-Agrawal S, Frei U, Reinke P, Schindler R, Kopp MA, et al. (2009)

Impaired insulin sensitivity as an underlying mechanism linking hepatitis C and

posttransplant diabetes mellitus in kidney recipients. Am J Transplant 9: 2777–

2784.

50. Zelle DM, Corpeleijn E, VanRee RM, Stolk RP, van der Veer E, et al. (2010)

Markers of the hepatic component of the metabolic syndrome as predictors of

mortality in renal transplant recipient. Am J Transplant 10: 106–114.

51. Neetha S, Biju T, Amita R (2008) Comparison of neutrophil function in diabetic

and healthy subjects with chronic generalized periodontitis. J Indian Soc

Periodontol 12: 41–44.

52. Luan FL, Langewisch E, Ojo A (2010) Metabolic syndrome and new onset

diabetes after transplantation in kidney transplant recipients. Clin Transplant

24: 778–783.

53. Porrini E, Delgado P, Bigo C, Alvarez A, Cobo M, et al. (2006) Impact of

metabolic syndrome on graft function and survival after cadaveric renal

transplantation. Am J Kidney Dis 48: 134–142.

54. Wiesbauer F, Heinze G, Regele H, Horl WH, Schernthaner GH, et al. (2010)

Glucose control is associated with patient survival in diabetic patients after Renal

transplantation. Transplantation 89: 612–619.

55. Sezer S, Akgul A, Altunoglu A, Arat Z, Ozdemir FN, et al. (2012)

Posttransplantation diabetes mellitus: Impact of blood glucose regulation on

renal transplant recipient outcome. Transplant Proc 44: 2893–2893.

56. Orsenigo E, Fiorina P, Cristallo M, Scocci C, La Rocca E, et al. (2004) Long-

term survival after kidney and kidney-pancreas transplantation in diabetic

patients. Transplant Proc 36: 1072–1075.

57. Elmagd MM, Bakr MA, Metwally AH, Wahab AM (2008) Clinicoepidemiologic

study of posttransplant diabetes after living-donor renal transplant. Exp Clin

Transplant 6: 42–47.

58. Huang T, Ren J, Huang J, Li D (2013) Association of homocysteine with type 2

diabetes: a meta-analysis implementing Mendelian randomization approach.

BMC Genomics 14: 1471–2164.

59. Paroni R, Fermo I, Fiorina P, Cighetti G (2005) Determination of asymmetric

and symmetric dimethylarginines in plasma of hyperhomocysteinemic subjects.

Amino acids 28: 389–394.

60. Cighetti G, Fermo I, Aman CS, Ferraroni M, Secchi A, et al. (2009)

Dimethylarginines in complicated type 1 diabetes: roles of insulin, glucose,

and oxidative stress. Free Radic Biol Med 47: 307–311.

Factors, Complications, Survival Rate of NODAT after Renal Transplant

PLOS ONE | www.plosone.org 10 June 2014 | Volume 9 | Issue 6 | e99406


