
 Kidney Blood Press Res 2017;42:598-607
DOI: 10.1159/000481375
Published online: September 20, 2017

© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr 598

Guthoff et al.: Glucose metabolism after kidney transplantation

Original Paper

Accepted: May 12, 2017

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution 
for commercial purposes as well as any distribution of modified material requires written permission.

DOI: 10.1159/000481375
Published online: September 20, 2017

© 2017 The Author(s) 
Published by S. Karger AG, Basel
www.karger.com/kbr

Dynamics of Glucose Metabolism After 
Kidney Transplantation

Martina Guthoffa,b,c    Robert Wagnera,b,c    Karoline Weichbrodta    Silvio Nadalind    
Alfred Königsrainerd    Hans-Ulrich Häringa,b,c    Andreas Fritschea,b,c    Nils Heynea,b,c

aDept. of Endocrinology and Diabetology, Angiology, Nephrology and Clinical Chemistry, University of 
Tübingen, Tübingen, bInstitute for Diabetes Research and Metabolic Diseases of the Helmholtz Center 
Munich at the University of Tübingen, Tübingen, cGerman Center for Diabetes Research (DZD e.V.), 
Neuherberg, dDept. of General-, Visceral- and Transplant Surgery, University of Tübingen, Tübingen, 
Germany

Key Words
Kidney transplantation • Posttransplantation diabetes mellitus • Prediabetes • Incidence • 
Dynamics • Risk factors

Abstract
Background/Aims: Posttransplantation diabetes mellitus (PTDM) impacts patient and 
allograft survival after kidney transplantation. Prediabetes, which is an independent risk 
factor for PTDM, is modifiable also in a post-transplant setting. Understanding the risks 
and dynamics of impaired glucose metabolism after transplantation is a key component 
for targeted intervention. Methods: A retrospective chart analysis of all adult non-diabetic 
renal allograft recipients (n=251, 2007-2014) was performed. Longitudinal follow-up 
included fasting plasma glucose and HbA1c, as well as data on allograft function and 
immunosuppression at consecutive time points (months 3-6 to >5 years post transplantation). 
Results: Throughout follow-up, median prevalence of prediabetes and PTDM was 53.3 [52.4-
55.7]% and 15.4 [15.0-16.5]%, respectively. Continuously high fluxes between states of glucose 
metabolism, with individual patients’ state deteriorating or improving over time, resulted in 
a high number of incident patients even long after transplantation. The greatest number 
of patients shifted between normal glucose tolerance and prediabetes, followed by those 
between prediabetes and PTDM. Conclusion: Prediabetes and PTDM are highly prevalent 
after kidney transplantation and incidences remain relevant throughout follow-up. Patient 
fluxes into and out of the prediabetic state show that glucose metabolism is highly dynamic 
after transplantation. This provides a continuous opportunity for intervention in an aim to 
reduce diabetes-associated complications.
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Introduction

Posttransplantation diabetes mellitus (PTDM) has been recognized as an increasing 
problem in solid organ transplantation, with a profound impact on patient morbidity and 
mortality. PTDM affects not only patient outcome [1] but also, via death with a functioning 
graft, allograft survival [2]. Incident PTDM within the first year after kidney transplantation 
doubles long-term mortality [3]. Diabetes-associated complications develop at a faster rate 
in PTDM than in non-transplant patients [4]. Comprehension of the risk factors and dynamics 
of PTDM is therefore crucial for developing preventive strategies in post-transplant patient 
care.

As in type 2 diabetes, insulin sensitivity and -secretion are key determinants of  glucose 
homeostasis after transplantation [5–8]. However, differences in relative contribution 
compared to a non-transplant population have been reported [5]. As in type 2 diabetes, 
reduced ß-cell function will eventually result in overt PTDM [5]. This is underlined by the 
fact that PTDM and type 2 diabetes share several risk genes, most of which affect ß-cell 
function [9, 10]. In addition to the classic risk factors, other transplant-specific factors such as 
immunosuppression contribute to the overall risk of developing PTDM [11, 12]. Prediabetes, 
one of the classic risk factors for progression to overt type 2 diabetes [13–15], has also been 
shown to increase the risk for PTDM [16–18]. Prediabetes comprises (i) impaired fasting 
glucose (IFG), (ii) impaired glucose tolerance (IGT) in standardized oral glucose tolerance 
test (OGTT), and (iii) glycated haemoglobin A1c (HbA1c) levels between 5.7% and 6.4% 
[19]. In type 2 diabetes, intervention in the state of prediabetes has been shown to be highly 
effective in reducing diabetes incidence [20].

Published incidences of PTDM after kidney transplantation vary between 7 and 46% 
[21–23]. This is largely due to the lack of uniform diagnostic criteria. In light of this, a 
consensus meeting was held in 2013 to establish diagnostic and therapeutic approaches 
to patients with PTDM [12]. Definition of PTDM was clarified and diagnostic criteria were 
adopted from the American Diabetes Association (ADA) guidelines for type 2 diabetes [19].

To date, most publications describe single point prevalence or cumulative incidences of 
prediabetes [24] or PTDM [21–23] at different time points. Glucose metabolism, however, is 
not static. So, instead of regarding incident prediabetes or PTDM as an endpoint, we provide 
longitudinal data on the dynamics of glucose metabolism after kidney transplantation on 
the basis of the long-term follow-up of individual patients. We demonstrate that patient 
fluxes between different states of glucose metabolism are continuously high after kidney 
transplantation, and thus identify prediabetes as a key target for intervention in post-
transplant care.

Materials and Methods

The aim of the present analysis was to assess incidence, prevalence and dynamics of prediabetes and 
PTDM in long-term follow-up after kidney transplantation.

Patients
All consecutive renal transplant recipients between 01/2007 and 05/2014 at the Tübingen University 

Hospital Collaborative Transplant Center were retrospectively analyzed by chart review. Inclusion criterion 
was kidney transplantation at our transplant center, exclusion criteria were known diabetes prior to 
transplantation, combined transplantation (liver/kidney or pancreas/kidney) and children (below 18 years 
of age). As a retrospective chart analysis, the need for approval was waived by the institutional review board.

Definition of prediabetes and PTDM
Definition of prediabetes and PTDM was in accordance with ADA criteria [19] and the consensus paper 

on PTDM [12]: Prediabetes was defined as fasting plasma glucose (FPG) of 5.6-6.9 mmol/l or an HbA1c level 
of 5.7-6.4%, PTDM was defined as FPG of ≥ 7 mmol/l or an HbA1c of ≥ 6.5%. To rule out transient post-
transplant hyperglycemia, data collection did not begin until 3 months after transplantation.
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Parameters and time intervals
At each follow-up, FPG, HbA1c and anthropometrics, as well as data on allograft function and 

immunosuppression were collected. Estimated glomerular filtration rate (eGFR) was calculated according to 
the abbreviated modification of diet in renal disease (MDRD) equation in all patients [25, 26]. Corticosteroid 
use was documented as dose of prednisolone (in mg); for calcineurin inhibitor (CNI) and mammalian 
target of rapamycin (mTOR) inhibitor use, respective trough levels were recorded. Antimetabolite use was 
recorded qualitatively. At every follow-up, the necessity of increased corticosteroid dose (due to rejection or 
other causes) since the last observation point was assessed.

As in a retrospective analysis appointments for post-transplant care were not uniform, time intervals 
were defined in which a single individual follow-up was recorded. Time intervals were defined as follows: 
month 3-6, month 6-9, month 9-12, year 1-2, year 2-3, year 3-5 and > 5 years post transplantation.

Dynamics of glucose metabolism
At each individual follow-up, patients were classed according to their glucose metabolism into normal 

glucose tolerance (NGT), prediabetes or PTDM. Both FPG and HbA1c were taken into account at each time 
point. Prevalent and incident changes in glucose metabolism were described as follows: Prevalence was 
calculated as the number of patients with a present condition in proportion to the total number of patients at 
the respective time point. Incidence was calculated as the number of patients with a newly present condition 
compared to the preceding time point in proportion to the total number of patients at the respective time 
point. Since no baseline data was available from the date of transplantation, prevalences are described from 
the initial time interval on, whereas incidences are not reported until months 3-6. Throughout follow-up, 
shifts among states of glucose metabolism were assessed for each individual patient. Patient fluxes between 
states could thus be calculated for each time interval. Upon initiation of antidiabetic drug therapy, patients 
were excluded from further analysis. Patients who were treated by dietary means only continued follow-up.

Statistical analysis
Unless otherwise stated, data are given as median [interquartile range] or mean ± standard error of 

the mean. The association of factors with glycemic variables in every observation period was examined 
with linear mixed models. By default, we used random intercept models, taking the patient ID as random 
variable and also adjusting for time after transplantation. If appropriate, we also accounted for random 
slopes associated with time after transplantation. Calculations were carried out with R version 3.2.2 (R 
foundation for statistical computing, Vienna, Austria) using the lme4 package. Results with values of p ≤ 
0.05 were considered statistically significant.

Results

During the period of time investigated, 365 kidney transplantations were performed 
at the Tübingen University Hospital Collaborative Transplant Center. Of those, 23 children, 
13 patients with combined transplantation and 74 patients with known diabetes prior to 
transplantation were excluded from analysis. Four patients were lost to follow-up.

Of the 251 patients included in the analysis, 214 underwent their first transplantation, 
while 37 patients had a second or higher transplantation. Median follow-up was 2.3 [1.6 - 
4.6] yrs. During follow-up, graft failure occurred in 5 patients and a further 4 patients died 
with a functioning allograft.

Patient characteristics
Patient characteristics are displayed in Table 1. Median body mass index (BMI) 

throughout follow-up was in the upper normal range. Median eGFR ranged between 46 and 
50 ml/min/1.73m² during the period of observation. The majority of the patients started 
on standard immunosuppression regimen comprising tacrolimus, mycophenolate and 
corticosteroids. Since late corticosteroid withdrawal (> 1 yr. after transplantation) was 
center practice in standard immunological risk patients during the period of observation, 
most patients later progressed to corticosteroid-free maintenance immunosuppression.
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PTDM throughout follow-up was 21.0 [19.6-22.3]% and 7.2 [5.4-7.8]%, respectively. A tran-
sient decline in the incidence of prediabetes was observed in the year 2-3 interval.

Median prevalence of prediabetes and PTDM was 53.3 [52.4-55.7]% and 15.4 [15.0-
16.5]%, respectively. Accordingly, a transient decrease in the prevalence of prediabetes 
was observed in the 2-3 year interval, with an increase in normal glucose tolerance (NGT) 
in return. Throughout follow-up, prevalence of allograft recipients with normal glucose 
regulation was approximately one third of the patients.

Dynamics of glucose metabolism after transplantation
Figure 2 summarizes the dynamics of glucose metabolism after kidney transplantation 

over time. For each follow-up, both the proportion of patients in respective states of glucose 
metabolism (NGT, prediabetes and PTDM; colored bars) and patient fluxes compared to the 
preceding time interval (arrows) are provided. In between time intervals, the glucose metab-
olism of a substantial proportion of patients deteriorated (gray arrows) or improved (blue 
arrows) without any antidiabetic treatment other than dietary measures. Absolute numbers 
of patients in respective states of glucose metabolism and absolute patient fluxes are indi-
cated in the figure. Width of arrows indicates the percentage of patients shifting between 

Table 1.  Patient characteristics

Fig. 1. Incidence (A) and prevalence (B) of prediabetes and posttransplantation 
diabetes mellitus (PTDM) in the respective time intervals.

Incidence 
and prev-
alence of 
p r e d i a -
betes and 
PTDM
I n c i -

dence and 
prevalence of 
prediabetes 
and PTDM 
are shown in 
Figure 1 A, B. 
Median inci-
dence of pre-
diabetes and 
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Fig. 2. Patient flux-
es among different 
states of glucose 
metabolism over 
time. Height of 
colored bars dis-
plays percentage 
of patients in the 
respective state of 
glucose metabo-
lism (vertical axis), 
absolute numbers 
are provided in the 
table below. Ar-
rows indicate pa-
tients shifting from 
one state of glucose 
metabolism to an-
other, compared 
to the preceding 
time interval. Shifts 
within the first year are given as cumulated data, in comparison to months 3-6 (baseline). Gray arrows in-
dicate worsening; blue arrows improvement of glucose metabolism. Absolute numbers are given in the Fig.. 
Width of arrows indicates the percentage of patients shifting between time intervals (axis on top of Fig.). 
NGT: normal glucose tolerance; PTDM: Posttransplantation diabetes mellitus.

time intervals. Highest fluxes were observed between NGT and prediabetes, followed by pre-
diabetes and PTDM. Only a small number of patients surpassed the state of prediabetes and 
moved from NGT to PTDM or vice versa. Even after the first year, substantial fluxes among 
states of glucose metabolism were continuously detected throughout the period of observa-
tion.

Factors influencing glucose metabolism after transplantation
Factors associated with glucose metabolism throughout the observation intervals were 

analyzed with mixed models. Recipient age had a significant influence on both FPG and 
HbA1c. Within our cohort, changes in BMI were minor, and BMI was not associated with glu-
cose metabolism. Furthermore, allograft function, expressed as eGFR, was not significantly 
associated with glucose metabolism.

Throughout follow-up, corticosteroid withdrawal was routinely performed in standard 
immunologic risk in about two thirds of the patients investigated. However, some patients 
required higher doses of corticosteroids (above maintenance therapy) due to allograft re-
jection or for other reasons (Table 1). Corticosteroid use had a significant association with 
HbA1c, which was dose dependent, whereas no association of corticosteroids with FPG was 
observed (Table 2).

Discussion

The present investigations reveal two main findings. Firstly, incidence and prevalence 
of prediabetes and PTDM are consistently high after kidney transplantation, with only about 
one third of patients showing normal glucose regulation. Secondly, the persistent patient 
fluxes into and out of the prediabetic state reflect the fact that glucose metabolism is highly 
dynamic, even several years after transplantation.

D
ow

nl
oa

de
d 

by
: 

H
el

m
ho

ltz
 Z

en
tr

um
 M

ün
ch

en
 D

eu
ts

ch
es

 F
or

sc
hu

ng
sz

en
tr

um
 f

14
6.

10
7.

3.
4 

- 
11

/2
7/

20
17

 1
2:

55
:3

3 
P

M

http://dx.doi.org/10.1159%2F000481375


 Kidney Blood Press Res 2017;42:598-607
DOI: 10.1159/000481375
Published online: September 20, 2017

© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr 603

Guthoff et al.: Glucose metabolism after kidney transplantation

The observed prevalences of prediabetes and PTDM are exceedingly high, with only 
some 30% of patients after kidney transplantation displaying normal glucose metabolism. 
By comparison, the combined prevalence of prediabetes and diabetes in the general 
population is currently around 15% [27]. The higher prevalence may be explained by the 
fact that transplantation entails a number of risk factors for disturbed glucose metabolism, 
such as infection, hypomagnaesemia, allograft rejection and immunosuppression [11]. In 
our cohort, the state of prediabetes invariably comprised the largest proportion of patients 
throughout follow-up. Data on the prevalence of prediabetes after kidney transplantation 
is scarce. In a cross-sectional analysis of a post-transplant cohort of 187 patients, Tilmann 
and co-workers report a single point prevalence of 30% at a mean of 60 months after kidney 
transplantation [24]. Given the magnitude of the problem, continuous screening and the 
development of preventive strategies are highly warranted.

To date, prediabetes and PTDM have mostly been reported as single point prevalence 
or as cumulative incidences at different time points after transplantation [21–24]. The 
present investigations now clearly demonstrate the dynamic nature of glucose metabolism 
after transplantation, questioning in particular the concept of reporting cumulative 
incidences in long-term follow-up after transplantation. Porrini and colleagues were the 
first to demonstrate the reversibility of prediabetes and PTDM in follow-up after kidney 
transplantation [18]. Our results are in line with and extend these findings, illustrating not 
only the overall evolution between months 3 and 36 but also the highly dynamic nature 
of glucose metabolism at sequential time points after kidney transplantation. The natural 
history of prediabetes in the general population is such that, after 3-5 years, about 25% of 
patients progress to manifest diabetes, whereas 50% remain in the state of prediabetes and 
a further 25% reverse to normal glucose metabolism [28]. In kidney transplant recipients, 
within a similar period of observation, both Porrini et al. and our data demonstrate substantial 
shifts from the prediabetic state towards both manifest diabetes and NGT. In comparison to 
the general population, the proportion of patients normalizing glucose metabolism (43%) is 
higher after transplantation [18].

Our current understanding of the pathophysiology of type 2 diabetes in a non-transplant 
population comprises a genetic predisposition [29–31] as well as environmental factors [32]. 
A genetic predisposition largely contributes to defects in insulin secretion [15, 33], whereas 
environmental factors such as BMI predominantly determine insulin sensitivity [34]. PTDM 
differs from type 2 diabetes in the general population as far as the relative contribution of 
insulin secretion and -sensitivity is concerned [5]. Genetics, as an inherent predisposition, 
has been shown to play a role in PTDM [9]. Our finding of substantial patient fluxes, however, 
may point towards a contribution of external, fluctuating factors in a post-transplant setting.

Prediabetes has been shown to be an independent risk factor for progression to PTDM 
[16–18], albeit a modifiable one. Our data clearly show that the risk zone of prediabetes 
prevails for many years after transplantation, thus providing a continuous opportunity for 
targeted intervention. The concept of a risk zone is supported by the recent work of Eide 
and co-workers [35], demonstrating that long-term allograft survival is not compromised in 
patients with early prediabetes, such as in PTDM. Prediabetes can be modified by structured 

Table 2.  Factors influencing glucose metabolism after transplantation
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lifestyle intervention. This has proved effective in type 2 diabetes in the general population 
[20] as well as in a post-transplant setting [36]. Pilot studies address the concept of 
antidiabetic drug intervention in prediabetes after kidney transplantation [37], which may 
be a promising concept for the future.

The impact of maintenance immunosuppression, as a modifiable risk factor, on glucose 
metabolism has often been discussed. Corticosteroids are known to affect glucose metabolism 
via various pathways, the most predominant of which is the increase in insulin resistance 
[38]. In our cohort, late corticosteroid withdrawal was routinely performed in patients with 
standard immunologic risk, thereby enabling us to assess the impact of corticosteroid use. 
Parallel to corticosteroid withdrawal, with around 50 and 65% of patients on corticosteroid-
free maintenance immunosuppression in the 1-2 year and 2-3 year interval, respectively, a 
transient drop in incident prediabetes was observed. Since the remaining immunosuppression 
was left unaltered, changes are likely to represent the effect of corticosteroid withdrawal. 
In mixed model analysis adjusted for time effects, corticosteroid use was significantly 
associated with higher HbA1c in our cohort. Of note, corticosteroids had no effect on 
FPG. This is in accordance with pathophysiological considerations that a morning dose of 
corticosteroids has little influence on fasting plasma glucose but causes an increase in plasma 
glucose concentrations at midday and in the afternoon. Determination of afternoon plasma 
glucose concentrations has therefore been proposed for diagnosis of PTDM [39]. In our 
cohort, corticosteroid withdrawal showed a beneficial effect on glucose metabolism without 
compromising allograft outcome. This is in line with the recently published HARMONY trial 
[40]. However, studies investigating the benefit of corticosteroid withdrawal or avoidance 
for PTDM risk yielded conflicting results [41]. Calcineurin inhibitors lead to impaired β-cell 
growth and function [42], in which tacrolimus is more diabetogenic than ciclosporin [43]. 
Reversal of manifest PTDM after conversion from tacrolimus to ciclosporin has been shown 
[44], however, newer studies point towards a dosing effect of the diabetogenic potential [45]. 
Current guidelines recommend not to choose or alter immunosuppression according to the 
risk of PTDM [12] since the risk of allograft injury outweighs the potential benefit of an 
improvement in glucose metabolism with regard to patient prognosis.

An optimum strategy to reduce PTDM and associated complications comprises all 
phases of transplantation and starts on the waiting list, where about one third of patients 
have prediabetes [46]. Already on the waiting list, lifestyle intervention can be effective in 
reducing the risk of later PTDM. At the time point of transplantation, early basal insulin 
administration has been shown to be effective in lowering the risk of PTDM by reducing 
glucotoxicity to ß-cells and preserving insulin secretion, as demonstrated in a pilot study by 
Säemann and colleagues [47]. This is particularly valuable in elderly patients, the majority of 
whom have impaired insulin secretion [46]. Age, also in the present analysis, was the single 
influencing factor of FPG after transplantation. Since age cannot be modified, it underlines 
the importance of specific management in these patients. As discussed above, a significant 
proportion of allograft recipients is continuously in a risk zone after transplantation, thus 
underlining the ongoing need for screening and intervention to prevent PTDM. However, it 
remains a matter of debate as to whether improved glycemic control will actually lead to a 
better patient outcome after kidney transplantation, and respective studies are therefore 
highly warranted.

The present investigations do have limitations. As a retrospective analysis, FPG and 
HbA1c were available, while OGTT was not. Given that a certain proportion of patients 
is diagnosed solely via OGTT [48, 49], the incidence of PTDM and prediabetes might be 
even higher in our population. Diagnostic accuracy of HbA1c in chronic kidney disease 
[50] and after transplantation [51] is hampered by higher erythrocyte turnover, again 
underestimating the prevalence of disturbed glucose metabolism. Nonetheless, this is the 
first study to report long-term follow-up of glucose metabolism in individual patients after 
kidney transplantation in a large European cohort.
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Conclusion

We demonstrate that the prevalence of prediabetes and PTDM is continuously high, with 
substantial patient fluxes among different states of glucose metabolism. Prediabetes offers a 
continuous opportunity for active intervention to improve glucose metabolism. Prospective 
trials are required to determine whether this improves diabetes-associated complications 
and patient outcome after kidney transplantation.

Disclosure Statement

The authors of this manuscript state that they do not have any conflict of interests and 
nothing to disclose.

Acknowledgements

We acknowledge support by the Deutsche Forschungsgemeinschaft and the Open Access 
Publishing Fund of the University of Tübingen.

References

1 	 Joss N, Staatz CE, Thomson AH, Jardine AG: Predictors of new onset diabetes after renal transplantation. 
Clin Transplant 2007;21:136-143.

2 	 Dienemann T, Fujii N, Li Y, Govani S, Kosaraju N, Bloom RD, Feldman HI: Long-term patient survival and 
kidney allograft survival in post-transplant diabetes mellitus: a single-center retrospective study. Transpl 
Int 2016;29:1017-1028.

3 	 Cole EH, Johnston O, Rose CL, Gill JS: Impact of acute rejection and new-onset diabetes on long-term 
transplant graft and patient survival. Clin J Am Soc Nephrol 2008;3:814-821.

4 	 Burroughs TE, Swindle J, Takemoto S, Lentine KL, Machnicki G, Irish WD, Brennan DC, Schnitzler MA: 
Diabetic complications associated with new-onset diabetes mellitus in renal transplant recipients. 
Transplantation 2007;83:1027-1034.

5 	 Hecking M, Kainz A, Werzowa J, Haidinger M, Döller D, Tura A, Karaboyas A, Hörl WH, Wolzt M, Sharif A, 
Roden M, Moro E, Pacini G, Port FK, Säemann MD: Glucose metabolism after renal transplantation. Diabetes 
Care 2013;36:2763-2771.

6 	 Nam JH, Mun JI, Kim SI, Kang SW, Choi KH, Park K, Ahn CW, Cha BS, Song YD, Lim SK, Kim KR, Lee HC, Huh 
KB: beta-Cell dysfunction rather than insulin resistance is the main contributing factor for the development 
of postrenal transplantation diabetes mellitus. Transplantation 2001;71:1417-1423.

7 	 Midtvedt K, Hartmann A, Hjelmesaeth J, Lund K, Bjerkely BL: Insulin resistance is a common denominator 
of post-transplant diabetes mellitus and impaired glucose tolerance in renal transplant recipients. Nephrol 
Dial Transplant 1998;13:427-431.

8 	 Hagen M, Hjelmesaeth J, Jenssen T, Morkrid L, Hartmann A: A 6-year prospective study on new onset 
diabetes mellitus, insulin release and insulin sensitivity in renal transplant recipients. Nephrol Dial 
Transplant 2003;18:2154-2159.

9 	 McCaughan JA, McKnight AJ, Maxwell AP: Genetics of new-onset diabetes after transplantation. J Am Soc 
Nephrol 2014;25:1037-1049.

10 	 Kurzawski M, Dziewanowski K, Łapczuk J, Wajda A, Droździk M: Analysis of common type 2 diabetes 
mellitus genetic risk factors in new-onset diabetes after transplantation in kidney transplant patients 
medicated with tacrolimus. Eur J Clin Pharmacol 2012;68:1587-1594.

11 	 Pham P-TT, Pham P-MT, Pham SV, Pham P-AT, Pham P-CT: New onset diabetes after transplantation 
(NODAT): an overview. Diabetes Metab Syndr Obes 2011;4:175-186.

D
ow

nl
oa

de
d 

by
: 

H
el

m
ho

ltz
 Z

en
tr

um
 M

ün
ch

en
 D

eu
ts

ch
es

 F
or

sc
hu

ng
sz

en
tr

um
 f

14
6.

10
7.

3.
4 

- 
11

/2
7/

20
17

 1
2:

55
:3

3 
P

M

http://dx.doi.org/10.1159%2F000481375


 Kidney Blood Press Res 2017;42:598-607
DOI: 10.1159/000481375
Published online: September 20, 2017

© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr 606

Guthoff et al.: Glucose metabolism after kidney transplantation

12 	 Sharif A, Hecking M, de Vries AP, Porrini E, Hornum M, Rasoul-Rockenschaub S, Berlakovich G, Krebs M, 
Kautzky-Willer A, Schernthaner G, Marchetti P, Pacini G, Ojo A, Takahara S, Larsen JL, Budde K, Eller K, 
Pascual J, Jardine A, Bakker SJ, Valderhaug TG, Jenssen TG, Cohney S, Säemann MD: Proceedings from an 
international consensus meeting on posttransplantation diabetes mellitus: recommendations and future 
directions. Am J Transplant 2014;14:1992-2000.

13 	 Gerstein HC, Santaguida P, Raina P, Morrison KM, Balion C, Hunt D, Yazdi H, Booker L: Annual incidence and 
relative risk of diabetes in people with various categories of dysglycemia: a systematic overview and meta-
analysis of prospective studies. Diabetes Res Clin Pract 2007;78:305-312.

14 	 Stefan N, Fritsche A, Schick F, Häring H-U: Phenotypes of prediabetes and stratification of cardiometabolic 
risk. Lancet Diabetes Endocrinol 2016;4:789-798.

15 	 Häring H-U: Novel phenotypes of prediabetes? Diabetologia 2016;59:1806-1818.
16 	 Chakkera HA, Weil EJ, Swanson CM, Dueck AC, Heilman RL, Reddy KS, Hamawi K, Khamash H, Moss AA, 

Mulligan DC, Katariya N, Knowler WC: Pretransplant risk score for new-onset diabetes after kidney 
transplantation. Diabetes Care 2011;34:2141-2145.

17 	 Caillard S, Eprinchard L, Perrin P, Braun L, Heibel F, Moreau F, Kessler L, Moulin B: Incidence and risk 
factors of glucose metabolism disorders in kidney transplant recipients: role of systematic screening by oral 
glucose tolerance test. Transplantation 2011;91:757-764.

18 	 Porrini EL, Díaz JM, Moreso F, Delgado Mallén PI, Silva Torres I, Ibernon M, Bayés-Genís B, Benitez-Ruiz R, 
Lampreabe I, Lauzurrica R, Osorio JM, Osuna A, Domínguez-Rollán R, Ruiz JC, Jiménez-Sosa A, González-
Rinne A, Marrero-Miranda D, Macía M, García J, Torres A: Clinical evolution of post-transplant diabetes 
mellitus. Nephrol Dial Transplant 2016;31:495-505.

19 	 American Diabetes Association: Diagnosis and classification of diabetes mellitus. Diabetes Care 
2010;33:S62-69.

20 	 Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, Nathan DM; Diabetes 
Prevention Program Research Group: Reduction in the incidence of type 2 diabetes with lifestyle 
intervention or metformin. N Engl J Med 2002;346:393-403.

21 	 Kasiske BL, Snyder JJ, Gilbertson D, Matas AJ: Diabetes mellitus after kidney transplantation in the United 
States. Am J Transplant 2003;3:178-185.

22 	 Heisel O, Heisel R, Balshaw R, Keown P: New onset diabetes mellitus in patients receiving calcineurin 
inhibitors: a systematic review and meta-analysis. Am J Transplant 2004;4:583-595.

23 	 Cosio FG, Pesavento TE, Osei K, Henry ML, Ferguson RM: Post-transplant diabetes mellitus: increasing 
incidence in renal allograft recipients transplanted in recent years. Kidney Int 2001;59:732-737.

24 	 Tillmann F-P, Quack I, Schenk A, Grabensee B, Rump LC, Hetzel GR: Prevalence and risk factors of pre-
diabetes after renal transplantation: a single-centre cohort study in 200 consecutive patients. Nephrol Dial 
Transplant 2012;27:3330-3337.

25 	 Levey AS, Greene T, Kusek JW, Beck G, MDRD study goup: A simplified equation to predict glomerular 
filtration rate from serum creatinine [abstract]. J Am Soc Nephrol 2000;11:A0828.

26 	 Tsuda A, Ishimura E, Uedono H, Yasumoto M, Ichii M, Nakatani S, Mori K, Uchida J, Emoto M, Nakatani T, 
Inaba M: Comparison of the Estimated Glomerular Filtration Rate (eGFR) in Diabetic Patients, Non-Diabetic 
Patients and Living Kidney Donors. Kidney Blood Press Res 2016;41:40-47.

27 	 IDF Diabetes Atlas, 7th Edition, 2015.
28 	 Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, Pratley R, Zinman B; American Diabetes 

Association: Impaired fasting glucose and impaired glucose tolerance: implications for care. Diabetes Care 
2007;30:753-759.

29 	 Pierce M, Keen H, Bradley C: Risk of diabetes in offspring of parents with non-insulin- dependent diabetes. 
Diabet Med 1995;12:6-13.

30 	 Klein BE, Klein R, Moss SE, Cruickshanks KJ: Parental history of diabetes in a population-based study. 
Diabetes Care 1996;19:827-830.

31 	 Wagner R, Thorand B, Osterhoff MA, Müller G, Böhm A, Meisinger C, Kowall B, Rathmann W, Kronenberg 
F, Staiger H, Stefan N, Roden M, Schwarz PE, Pfeiffer AF, Häring HU, Fritsche A: Family history of diabetes 
is associated with higher risk for prediabetes: a multicentre analysis from the German Center for Diabetes 
Research. Diabetologia 2013;56:2176-2180.

32 	 Zimmet P, Alberti KG, Shaw J: Global and societal implications of the diabetes epidemic. Nature 
2001;414:782-787.

D
ow

nl
oa

de
d 

by
: 

H
el

m
ho

ltz
 Z

en
tr

um
 M

ün
ch

en
 D

eu
ts

ch
es

 F
or

sc
hu

ng
sz

en
tr

um
 f

14
6.

10
7.

3.
4 

- 
11

/2
7/

20
17

 1
2:

55
:3

3 
P

M

http://dx.doi.org/10.1159%2F000481375


 Kidney Blood Press Res 2017;42:598-607
DOI: 10.1159/000481375
Published online: September 20, 2017

© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr 607

Guthoff et al.: Glucose metabolism after kidney transplantation

33 	 Staiger H, Machicao F, Fritsche A, Häring H-U: Pathomechanisms of type 2 diabetes genes. Endocr Rev 
2009;30:557-585.

34 	 Friedman JE, Dohm GL, Leggett-Frazier N, Elton CW, Tapscott EB, Pories WP, Caro JF: Restoration of insulin 
responsiveness in skeletal muscle of morbidly obese patients after weight loss. Effect on muscle glucose 
transport and glucose transporter GLUT4. J Clin Invest 1992;89:701-705.

35 	 Eide IA, Halden TAS, Hartmann A, Dahle DO, Åsberg A, Jenssen T: Associations Between Posttransplantation 
Diabetes Mellitus and Renal Graft Survival. Transplantation 2017;101:1282-1289.

36 	 Sharif A, Moore R, Baboolal K: Influence of lifestyle modification in renal transplant recipients with 
postprandial hyperglycemia. Transplantation 2008;85:353-358.

37 	 Werzowa J, Säemann M, Haidinger M, Krebs M, Hecking M: Antidiabetic therapy in post kidney 
transplantation diabetes mellitus. Transplant Rev (Orlando) 2015;29:145-153.

38 	 van Raalte DH, Ouwens DM, Diamant M: Novel insights into glucocorticoid-mediated diabetogenic effects: 
towards expansion of therapeutic options? Eur J Clin Invest 2009;39:81-93.

39 	 Yates CJ, Fourlanos S, Colman PG, Cohney SJ: Screening for new-onset diabetes after kidney transplantation: 
limitations of fasting glucose and advantages of afternoon glucose and glycated hemoglobin. 
Transplantation 2013;96:726-731.

40 	 Thomusch O, Wiesener M, Opgenoorth M, Pascher A, Woitas RP, Witzke O, Jaenigen B, Rentsch M, Wolters 
H, Rath T, Cingöz T, Benck U, Banas B, Hugo C: Rabbit-ATG or basiliximab induction for rapid steroid 
withdrawal after renal transplantation (Harmony): an open-label, multicentre, randomised controlled trial. 
Lancet 2016;388:3006-3016.

41 	 Pascual J, Galeano C, Royuela A, Zamora J: A systematic review on steroid withdrawal between 3 and 6 
months after kidney transplantation. Transplantation 2010;90:343-349.

42 	 Heit JJ, Apelqvist AA, Gu X, Winslow MM, Neilson JR, Crabtree GR, Kim SK: Calcineurin/NFAT signalling 
regulates pancreatic beta-cell growth and function. Nature 2006;443:345-349.

43 	 Vincenti F, Friman S, Scheuermann E, Rostaing L, Jenssen T, Campistol JM, Uchida K, Pescovitz MD, 
Marchetti P, Tuncer M, Citterio F, Wiecek A, Chadban S, El-Shahawy M, Budde K, Goto N; DIRECT (Diabetes 
Incidence after Renal Transplantation: Neoral C Monitoring Versus Tacrolimus) Investigators: Results of an 
international, randomized trial comparing glucose metabolism disorders and outcome with cyclosporine 
versus tacrolimus. Am J Transplant 2007;7:1506-1514.

44 	 Ghisdal L, Bouchta NB, Broeders N, Crenier L, Hoang AD, Abramowicz D, Wissing KM: Conversion from 
tacrolimus to cyclosporine A for new-onset diabetes after transplantation: a single-centre experience in 
renal transplanted patients and review of the literature. Transpl Int 2008;21:146-151.

45 	 Chan L, Andres A, Bunnapradist S, Gugliuzza K, Parasuraman R, Peddi VR, Cassuto E, Hart M: Renal 
Function and NODM in De Novo Renal Transplant Recipients Treated with Standard and Reduced Levels of 
Tacrolimus in Combination with EC-MPS. J Transplant 2012;2012:941640.

46 	 Guthoff M, Vosseler D, Langanke J, Nadalin S, Königsrainer A, Häring H-U, Fritsche A, Heyne N: Diabetes 
Mellitus and Prediabetes on Kidney Transplant Waiting List- Prevalence, Metabolic Phenotyping and Risk 
Stratification Approach. PloS One 2015;10:e0134971.

47 	 Hecking M, Haidinger M, Döller D, Werzowa J, Tura A, Zhang J, Tekoglu H, Pleiner J, Wrba T, Rasoul-
Rockenschaub S, Mühlbacher F, Schmaldienst S, Druml W, Hörl WH, Krebs M, Wolzt M, Pacini G, Port FK, 
Säemann MD: Early basal insulin therapy decreases new-onset diabetes after renal transplantation. J Am 
Soc Nephrol  2012;23:739-749.

48 	 Peter A, Fritsche A, Stefan N, Heni M, Häring H-U, Schleicher E: Diagnostic value of hemoglobin A1c for type 
2 diabetes mellitus in a population at risk. Exp Clin Endocrinol Diabetes 2011;119:234-237.

49 	 Eide IA, Halden TAS, Hartmann A, Åsberg A, Dahle DO, Reisaeter AV, Jenssen T: Mortality risk in post-
transplantation diabetes mellitus based on glucose and HbA1c diagnostic criteria. Transpl Int 2016;29:568-
578.

50 	 Sharif A, Baboolal K: Diagnostic application of the A(1c) assay in renal disease. J Am Soc Nephrol 
2010;21:383-385.

51 	 Pimentel AL, Carvalho LSAK, Marques SS, Franco RF, Silveiro SP, Manfro RC, Camargo JL: Role of 
glycated hemoglobin in the screening and diagnosis of posttransplantation diabetes mellitus after renal 
transplantation: A diagnostic accuracy study. Clin Chim Acta 2015;445:48-53.

D
ow

nl
oa

de
d 

by
: 

H
el

m
ho

ltz
 Z

en
tr

um
 M

ün
ch

en
 D

eu
ts

ch
es

 F
or

sc
hu

ng
sz

en
tr

um
 f

14
6.

10
7.

3.
4 

- 
11

/2
7/

20
17

 1
2:

55
:3

3 
P

M

http://dx.doi.org/10.1159%2F000481375

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_26: 
	CitRef_28: 
	CitRef_29: 
	CitRef_30: 
	CitRef_31: 
	CitRef_32: 
	CitRef_33: 
	CitRef_34: 
	CitRef_35: 
	CitRef_36: 
	CitRef_37: 
	CitRef_38: 
	CitRef_39: 
	CitRef_40: 
	CitRef_41: 
	CitRef_42: 
	CitRef_43: 
	CitRef_44: 
	CitRef_45: 
	CitRef_46: 
	CitRef_47: 
	CitRef_48: 
	CitRef_50: 
	CitRef_49: 
	CitRef_51: 


