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Methods 

Study patients, ethical statements, and exposure 

We performed a retrospective observational study among all consecutive adult recipients who 

received a kidney transplant at Turin University Renal Transplant Center "A. Vercellone" from January 

2003 to December 2013. The local Ethical Committee approved this study (Comitato Etico 

Interaziendale A.O.U. Città Della Salute e Della Scienza di Torino - A.O. Ordine Mauriziano - A.S.L. Città 

di Torino, resolution number 1449/2019 on 11/08/2019). This study is conducted according to the 

principles of the Helsinki Declaration. All participants provided written informed consent after a 

detailed explanation of the study procedures. 

NODAT and T2DM were defined according to the American Diabetes Association criteria (HbA1c level 

≥ 6.5% or fasting blood glucose level ≥ 126 mg/dl or blood glucose level ≥ 200 mg/dl during glucose 

tolerance testing or random blood glucose level ≥ 200 mg/dl in the presence of typical diabetes 

symptoms, whereas, in the absence of unequivocal hyperglycemia, diagnosis requires two abnormal 

test results from the same sample or in 2 separate test samples)S1 and diabetic nephropathy 

according to 2012 KDOQIS2 (macroalbuminuria or microalbuminuria in the presence of diabetic 

nephropathy). 

All patients received only for cause biopsy, and we considered recurrent patients only subjects with 

clinical alterations and histological evidence of diabetic nephropathy. Patients without clinical signs 

and/or negative histology were classified as negative. The same nephropathologist team analyzed the 

biopsies, defining the recurrence of diabetic nephropathy in the case of typical nodular 

glomerulosclerosis, expansion of mesangial matrix, chronic interstitial inflammatory infiltrate, or 



severe interstitial fibrosis. For the sub-analysis of recurrence, patients with T1DM or NODAT were 

excluded. 

Acute transient hyperglycemia after steroid induction at transplant was defined according to the last 

guidelinesS3: briefly, pre-prandial capillary plasma glucose > 130 mg/dl and peak post-prandial 

capillary plasma glucose (made 1–2 h after the beginning of the meal) > 180 mg/dl. 

Simultaneously with a progressive reduction of steroid posology (day 0 500 mg i.v., day 1 200 mg i.v., 

day 2 50 mg i.v., from day 4 20 mg orally, to tape gradually), strict glycemic monitoring was 

performed; according to adopted protocol, the pre-prandial glycemic target was < 140 mg/dl, while 

the post-prandial one was < 180 mg/dl. In case of two consecutive pre-prandial values ≥ 180 mg/dl or 

post-prandial blood glucose values ≥ 220 mg/dl, insulin lispro was administered and, in case of basal 

blood glucose > 140 mg/dl, insulin glargine was added. The diabetes specialist was consulted if two 

blood glucose measurements were > 250 mg/dl or if intensification of insulin therapy was required 

three times. 

 

Posttransplant management and data collection 

All patients were initially managed by the Renal Transplant Center (Hub center) and received 

induction therapy (steroids and basiliximab/anti-thymocyte globulin [ATG] according to donor type 

and immune risk) and maintenance immunosuppression mainly composed of Tacrolimus (10−15 

ng/ml for the first three months and of 6−8 ng/ml thereafter), mycophenolate mofetil/mycophenolic 

acid, and/or steroids (progressively tapered to 5 mg/day or withdrawn according to patients 

characteristics and immunological risk).  

After discharge, post-transplant care followed a standardized schedule, and every recipient was 

followed by the transplant center (Hub center) with at least one annual visit and by the local 



nephrologist (eleven peripherical centers covering most of the Piedmont region) for their periodical 

follow-up. 

All clinical and medical information was collected from patients' charts, including donors' data, 

immunosuppressive medications, demographic and clinical characteristics such as sex, Body Mass 

Index (BMI), age at transplant, age at T2DM diagnosis, pre-transplant arterial hypertension, and 

cardiovascular disease, pre-transplant and transplant vascular complications, post-transplant 

infectious complications; additionally, in the sub-analysis among patients with T2DM smoking abit 

and pre-transplant glycolipid profile (the last available before graft) were recorded. Renal allograft 

function (eGFR), when available, was estimated by the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation. Serum creatinine, eGFR, and proteinuria were analyzed at 

discharge, at 3 and 6 months, and 1, 2, 5, and 10 years after transplant. 

 

Outcomes 

The primary endpoint of this study was to identify and compare the significant risk factors for NODAT 

in the overall population without pre-transplant T2DM and for diabetic nephropathy recurrence 

among patients with pre-transplant T2DM. Secondary endpoints are the potential impact of these 

variables and the recurrence by itself on death-censored graft survival rates and graft function.  

 

Statistical methods 

Continuous variables were described as the median and interquartile range (IQR) according to their 

non-normal distribution. The Mann-Whitney test was used to compare independent groups, and the 

Wilcoxon signed-rank test was used to compare related variables. Categorical variables were 

presented as a fraction, and Pearson's 2c or, for small samples, Fisher's exact test was employed to 



compare groups. The odds ratios (OR) with a 95% Confidence Interval (CI) were used to measure 

relative risk. Some cut-offs of continuous variables were selected with ROC curves. Kaplan-Meier (KM) 

curves analyzed cumulative survival. Relevant variables were checked first in univariate analysis and 

then, if p<0.1, included in a logistic regression model and Cox regression analysis. The significance 

level for all tests was set at α<0.05. All statistical analyses were performed using Spss (IBM Corp. 

Released 2021. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp.). 

 

Population characteristics 

Among the 1127 consecutive transplants performed during the analyzed period, we included only 

patients with available records (n=1061). The demographic and clinical characteristics of the overall 

population of KTRs without pre-transplant T2DM stratified for the occurrence of NODAT are 

summarized in Table S1: no differences were noted among groups for sex, weight at transplant, blood 

group, Rh factor, pre-transplant vascular complications and post-transplant infectious complications. 

Also, donors' characteristics, including the Karpinski pre-transplant histological score on renal biopsy, 

and the percentage of donors with a history of diabetes or hypertension were similar among groups. 

Some conditions previously related in literature to NODAT were also noted in our population: higher 

age at transplant (53.5 years (44.6-62.7)  in NODAT group vs. 57.3 (48.8-63.3) in no NODAT, p=0.005), 

number of patients treated with Tacrolimus at discharge (97.4% in NODAT vs. 93.3% in no NODAT, 

p=0.049), pre-transplant history of cardiovascular disease and hypertension (p=0.039 e p=0.022). 

However, acute transient hyperglycemia after steroid induction seems to be strongly correlated to 

NODAT (p<0.001, OR 10.05 [7.05-14.32]). Patients in both groups received Basiliximab in 90.5% of 

cases (9.5% received Thymoglobulines alongside Basiliximab or as an exclusive therapy). After the 



transplant, as expected, steroid withdrawal was more frequent in the NODAT group (p=0.038 at one 

year and p=0.003 at five years vs. no NODAT). 

For the sub-analysis in KTRs with pre-existing T2DM stratifying for the recurrence of diabetic 

nephropathy (Table S2), no differences were noted among groups for sex, BMI, age at T2DM 

diagnosis, blood group, Rh factor, smoking, pre-transplant arterial hypertension and cardiovascular 

disease, pre-transplant, and vascular transplant complications and post-transplant infectious 

complications. Also, donors' characteristics, including the Karpinski pre-transplant histological score 

on renal biopsy, were similar between patients with or without recurrence. Induction included the 

administration of Basiliximab in 93% of cases (only 7% received Thymoglobulines alongside 

Basiliximab or as an exclusive therapy). Maintenance treatment was composed of the triple standard 

treatment (Tacrolimus, Mycophenolate Mofetil [MMF], or Mycophenolic Acid [MPA] and steroid) on 

53.6% of patients, while 15.5% of them received Tacrolimus and steroid, 2.8% Tacrolimus and 

MMF/MPA, 1.4% Tacrolimus, Azathioprine and steroid, 1.4% Tacrolimus, Sirolimus, and steroid, 23.9% 

Cyclosporine instead of Tacrolimus, 1.4% Ciclosporin and steroid. The limited number of KTRs with 

early steroid withdrawal does not differ among patients with or without recurrence. There wasn't 

statistical significance about rejection treatment with steroid boluses, antiproteinuric therapy with 

Angiotensin Converter Enzyme inhibitors, or Angiotensin Receptor Blockers between transplant and 

recurrence, as the use of statins at the moment of transplant and delayed graft function. 

Considering patients with pre-transplant T2DM according to the recurrence of dianetic nephropathy 

after transplant, in univariate analysis, a pre-transplant LDL-cholesterol ≥100 mg/dl, calculated by ROC 

curves, was most frequently observed in KTRs who developed a recurrence (68.4% vs. 36.5% in KTRs 

without recurrence, p=0.03, OR 3.76, 95% CI [1.23-11.53]). In contrast, pre-transplant Hb1Ac or 

triglycerides appear not to influence the risk of recurrence (p>0.05). Most KTRs with pre-transplant 



T2DM were already treated with insulin before the transplant (68.6%), and only a trend without 

statistical significance for increased pre-transplant and post-transplant insulin use was noted (Table 

S5). A pre-transplant HDL-cholesterol ≤40 mg/dl showed a trend to an increased occurrence in 

patients with recurrence without significance (68.4% vs. 42.3%, p=0.06) (Table S5). 

 



Supplementary Table S1. Demographic and clinical characteristics of kidney-transplant patients 

according to NODAT occurrence. Data are expressed as percentages or medians with IQR according to 

their distribution.  

 No NODAT (n=800) NODAT (n=190) 
 

p OR [95% CI] 

Men, n (%)  513 (64.1) 107 (56.3) 0.055  

Age at transplant, median (25-
75 percentile) 

53.5 (44.6-62.7) 57.3 (48.8-63.3) 0.005  

Hemodialysis before transplant, 
n (%) 

636 (79.5) 146 (76.8) 0.317  

HCV positive before transplant, 
n (%) 

69 (8.6) 13 (6.8) 0.586  

Pre-transplant  
arterial hypertension, n (%) 

658 (82.3) 168 (88.4) 0.039 1.66 [1.03-2.68] 

Acute transient hyperglicemia 
after transplant, n (%) 

126 (15.8) 124 (65.3) <0.001 10.05 [7.05-
14.32] 

Pre-transplant  
cardiovascular disease, n (%)  

228 (28.5) 71 (37.4) 0.022  1.48 [1.06-2.06]  

Pre-transplant and transplant 
vascular complications, n (%)  

210 (26.3) 54 (28.4) 0.585    

Post-transplant  
infectious complications, n (%)  

532 (66.5) 134 (70.5) 0.385   

Post-transplant vascular 
complications, n (%) 

194 (24.3) 72 (37.9) <0.001 1.86 [1.33-2.6] 

Donor history of diabetes, n (%) 58 (7.3) 14 (7.4) 0.875  

Donor history of hypertension, n 
(%) 

362 (45.3) 82 (43.2) 0.738  

Delayed graft function after 
transplant, n (%) 

206 (25.8) 51 (26.8) 0.118  

Weight at transplant, median 
(25-75 percentile) 

65 (58-75) 67 (58-76) 0.192  

Weight one year after transplant 
(25-75 percentile) 

65 (57-75) 68 (58-77) 0.153  

Weight five years after 
transplant (25-75 percentile) 

66 (59-76) 70 (60-78) 0.086  

Tacrolimus at discharge, n (%) 746 (93.3) 185 (97.4) 0.049 2.480 [0.98-
6.31] 

Tacrolimus one year after 
transplant, n (%) 

714 (94.7)* 184 (96.8)* 0.261    

Steroids one year after 
transplant, n (%) 

701 (93)* 167 (87.9)* 0.038  

Tacrolimus five years after 
transplant, n (%) 

610 (92.7)* 162 (93.6)* 0.118  

Steroids five years after 431 (65.5)* 91 (52.6)* 0.003 0.596 [0.42-



transplant, n (%) 0.84] 

*Percentage calculated on functioning graft at the f/up time 

 

 

 

 



Supplementary Table S2. Demographic and clinical characteristics of kidney-transplant patients with 

pre-existing T2DM with or without clinically relevant and biopsy-proven recurrence of diabetic 

nephropathy. Data are expressed as percentages or medians with IQR according to their distribution.  

 No recurrence 
of diabetic 

nephropathy 
(n=52) 

Recurrence of 
diabetic 

nephropathy 
(n=19) 

 

p OR [95% CI] 

Men, n (%)  43 (82.7) 11 (57.9) 0.06  0.29  [0.09-0.92]  

Age at T2DM diagnosis, median 
(25-75 percentile) 

35 (32-43) 41 (32-48) 0.21   

BMI on waiting list, median (25-75 
percentile)  

25.85 (23.5-28.7) 26.2 (24.35-29.5) 0.58   

Sub-Saharan heritage, n (%) 2 (3.8) 3 (15.7) 0.12  

Smoking, n (%)  29 (55.8) 8 (42.1) 0.42  0.58 [0.2-1.67]  

Pre-transplant  
arterial hypertension, n (%)  

52 (100) 19 (100)     

Pre-transplant  
cardiovascular disease, n (%)  

26 (50) 11 (57.9) 0.6  1.37 [0.48-3.97]  

Pre-transplant and transplant 
vascular complications, n (%)  

31 (59.6) 7 (36.8) 0.1  0.36 [0.12-1.07]  

Donor history of diabetes, n (%) 2 (3.8) 0 (0) 0.34  

Post-transplant  
infectious complications, n (%)  

43 (82.7) 16 (84.2) 0.99  1.11 [0.27-4.65]  

Steroid withdrawal at three 
months, n (%) 

7 (13.5) 3 (15.8) 0.52  

Post-transplant BMI at five years, 
median (25-75 percentile) 

26.8 (24.8-28.5) 26.7 (24.8-28.5) 0.4  

Acute rejection episodes, n (%) 5 (9.6) 3 (15.7) 0.68  

 

 



Supplementary Table S3. Multivariate analysis of clinical determinants of clinically relevant and 

biopsy-proven recurrence of diabetic nephropathy. 

 p  OR [95% CI]   

Glycemic decompensation after steroid induction at transplant  <0.001  57.51 [7.68-430.96]  

Post-transplant insulin  0.97  0.96 [0.07-12.31]  

Pre-transplant LDL-cholesterol ≥100 mg/dl  0.93  1.08 [0.21-5.63]  

Pre-transplant  
HDL-cholesterol ≤40 mg/dl 

0.06  5.64 [0.9-35.25]  

 



Supplementary Table S4. Risk factors for glycemic decompensation after steroid induction at 

transplant. Data are expressed as percentages or medians with IQR according to their distribution.  

 No glycemic 
decompensation 

after steroid 
induction 

at transplant 
(n=49) 

Glycemic 
decompensation 

after steroid 
induction 

at transplant 
(n=22) 

p OR [95% CI] 

Men, n (%)  42 (85.7) 12 (54.5) 0.005  0.17 [0.05-0.57]  

BMI on waiting list, median (25-
75 percentile)  

26.7 (23.7-29.4)  25 (23.8-27.6)  0.23   

Age at T2DM diagnosis  
median (25-75 percentile) 

37 (33-43.75)  36.5 (30-43.5) 0.54   

Smoking, n (%)  26 (53) 11 (50) 0.8  0.85 [0.31-2.32]  

Pre-transplant  
arterial hypertension, n (%)  

49 (100) 22 (100) /  /  

Pre-transplant cardiovascular 
disease, n (%) 

27 (55.1) 10 (45.5) 0.447 0.65 [0.24-1.79]  

Pre-transplant and transplant  
vascular complications, n (%)  

13 (26.5) 8 (36.4) 0.58  1.54 [0.52-4.52]  

Post-transplant  
infectious complications, n (%)  

39 (79.6)  19 (86.4) 0.74 1.46 [0.35-6.03]  

Pre-transplant insulin, n (%) 36 (73.5) 18 (81.8)  0.76  1.5 [0.42-5.32]  

Pre-transplant Hb1Ac, median 
(25-75 percentile)  

6 (5.2-7)  6 (5.3-7)  0.53   

Pre-transplant total cholesterol, 
median (25-75 percentile)  

150 (145/188.5)  196.5 (148.75-205)  0.013   

Pre-transplant triglycerides, 
median (25-75 percentile)  

110 (107/197.5)  179 (121.25-206.5)  0.05  

 



Supplementary Table S5. Pre-transplant and post-transplant insulin therapy, glycemic 

decompensation after steroid induction at transplant, and pre-transplant glycolipid profiles. 

 No recurrence 
of diabetic 

nephropathy 
(n=52) 

Recurrence of 
diabetic 

nephropathy 
(n=19) 

 

p OR [95% CI] 

Pre-transplant insulin, n (%)  33 (63.5)  15 (79)  0.26   

Glycemic decompensation  
after steroid induction  
at transplant, n (%)  

6 (11.5)  16 (84.2)  <0.001  40 [8.93-179.04]  

Post-transplant insulin, n (%)  32 (61.5)  18 (94.7)  0.009   

Pre-transplant Hb1Ac ≥6%, n (%)  25 (48.1)  13 (68.4)  0.18  2.34 [0.77-7.1]  

Pre-transplant  
LDL-cholesterol  
≥100 mg/dl, n (%)  

19 (36.5)  13 (68.4)  0.03  3.76 [1.23-11.53]  

Pre-transplant  
HDL-cholesterol ≤40 mg/dl, n 
(%)  

22 (42.3)  13 (68.4)  0.06  2.95 [0.97-8.99]  

Pre-transplant triglycerides  
≥147 mg/dl, n (%)  

20 (38.5)  12 (63.2)  0.1  2.74 [0.92-8.13]  

 

 



Supplementary Figure S1. Disease-free survival (DFS) for NODAT in the overall population without 

T2DM, according to acute steroid-induced hyperglycemia occurrence. 

 



Supplementary Figure S2. Changes in HbA1c at five years in patients with/without recurrence. 

 

 



Supplementary Figure S3. Death-censored graft survival in the overall cohort of kidney transplanted 

patients and in patients with pre-existing diabetes mellitus with/without recurrence of diabetic 

nephropathy.  

 



Supplementary Figure S4. Patient survival in kidney transplanted patients with pre-existing diabetes 

mellitus with/without recurrence of diabetic nephropathy. 

 

 



Supplemental Discussion 

In this highly detailed retrospective analysis of consecutive first single KTRs from deceased donors 

with homogeneous characteristics regarding immunosuppression therapy, clinical management, and 

interpretation of histological results, 190 KTRs developed NODAT, and 19 out of the 71 KTRs with pre-

transplant T2DM associated with diabetic nephropathy developed a clinically significant and biopsy-

proven recurrence. Both NODAT and recurrence of diabetes nephropathy showed a strong correlation 

with acute steroid-induced transient hyperglycemia after steroid induction. 

Many studies focused on potential therapies to avoid or reduce hyperglycemia in the early post-

transplant phase to reduce complications and increase graft survival, including steroid-free regimens 

or CNI abrogation using belataceptS4,5. For example, Rostaing et al. reported that patient/graft survival 

and renal function at 12 months were numerically higher with belatacept versus CyA but not 

statistically significantS6.  

The impact of acute steroid-induced transient hyperglycemia at transplant may suggest further 

studies to assess the proper immunosuppression characterized by a less metabolic effect. 
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