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NODAT

CJ Yates et al, Am J Transplant 2011

IFG
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NODAT: incidence
(Various definitions)

CJ Yates et al, Am J Transplant 2011



•

NODAT: incidence
(ADA/WHO definitions)

CJ Yates et al, Am J Transplant 2011

15 – 20% 25 – 30%



•

NODAT incidence in France

M Marin et al, Transplant Proc 2005

F Trempé et al, Nephrol Thér 2005 (IC 11% à 3 ans)

N Kamar et al, Nephrol Dial Transplant 2007



NODAT: diagnostic criteria

• Fasting blood glucose = poor sensitivity

– Pre-RT OGTT = 8.1% underdiagnosed diabetes

– 78% would have been ignored using FBG!

• Post-RT OGTT in case of IFG detected only 47% 

of those with NODAT!

• Pre-evening meal glucose level is probably the 

most consistent marker.

HA Bergrem et al, Clin J Am Soc Nephrol 2010

TG Valderhaug et al, Transplantation 2009 



NODAT: new diagnostic criteria?

• Afternoon capillary blood glucose

• HbA1C:

– Pro: 

• less biologic variability;

• greater preanalytic stability,• greater preanalytic stability,

– Con:

• Lack of universal availability,

• Discordances with OGTT,

• Confounding factors (Hb, EP, hemolysis etc.).

JN Clore et al, Endocr Pract 2009

DM Nathan et al, Diabetes Care 2009 



Who needs an OGTT?

HbA1C > 5.7%, 91% NODAT but 50% of patients tested

TG Valderhaug et al, Transplantation 2009



IGT

PTDM

IFG

NGT

NODAT: why screening?

TG Valderhaug et al, Diabetologia 2011

1410 patients

OGTT at 10 weeks



NODAT: risk factors

Incidence and complications  increase with age

Afro-american et hispanic

A Sharif et al, Nature Rev Nephrol 2010

APKD and glomerulonephritis

Male > female

IL-6 gene promoter, TranscriptionCF7L2, HNF1beta, 

Mannose Binding Lectin level 

* Transplantation specific risk factor 



NODAT: genetic susceptibility (IL6p)

J Bamoulid et al, J Am Soc Nephrol 2006

43,8%
42,4%
13,8%



NODAT: genetic susceptibility (TSF7L2)

ES Kang et al, Diabetes Care 2008



NODAT: genetic susceptibility (HNF1ß)

J Zuber et al, Nature Rev Nephrol 2009



NODAT: innate immunity
(serum mannose-binding lectin)

M Ibernon et al, Transplantation 2009



NODAT: risk factors

Any glucose abnormality, 1 week

Interaction with tacrolimus

A Sharif et al, Nature Rev Nephrol 2010

* Transplantation specific risk factor 

Interaction with tacrolimus



NODAT: cytomegalovirus

1. CMV-induced cytopathic 

effects on ß cells,

2. Proinflammatory cytokines 

released by CMV-infected ß 

cells,

J Hjelmeaeth et al,  Nephrol Dial Transplant 2005

cells,

3. Proinflammatory cytokines 

released by other islet cells,

4. Proinflammatory cytokines 

released by other cells,

5. CMV-specific T cells.



NODAT: HCV infection

RD Bloom et al, J Am Soc Nephrol 2002

S Baid-Agrawal et al, Am J Transplant 2009



NODAT and immunosuppressive drugs

AG Jardine et al, Lancet 2011
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CJ Yates et al, Am J Transplant 2011
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Immunosuppression: UNOS 2010

Am J Transplant 2012
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Immunosuppression: UNOS 2010

Am J Transplant 2012
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NODAT and CNIs

C Drachenberg et al, Transplantation 1999



• In case of NODAT:

– Stop steroids,

– Convert from tacrolimus to:

• Cyclosporine,

• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,

• Betatacept,

• To prevent NODAT:

• Avoid steroids or early withdrawal,

• Lower tacrolimus or use CsA instead,

• Avoid CNIs,

• Early insulin therapy.



NODAT, steroids and tacrolimus

JP van Hooff et al, Transplantation 2005



NODAT and steroids: late withdrawal

J Pascual et al, Transplantation 2009



NODAT and steroids: late withdrawal

J Pascual , Cur Op Organ Transplant 2011



• In case of NODAT:

– Stop steroids,

– Convert from tacrolimus to:

• Cyclosporine,

• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,

• Betatacept,

• To prevent NODAT:

• Avoid steroids or early withdrawal,
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• Early insulin therapy.



NODAT: conversion tacrolimus - CsA

L Ghisdal et al, Transplant Int 2008
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Influence of CNI-sparing IS on NODAT

A Sharif et al, J Am Soc Nephrol 2011



• In case of NODAT:

– Stop steroids,

– Convert from tacrolimus to:

• Cyclosporine,

• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,
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NODAT: conversion CsA/belatacept

L. Rostaing et al,Clin  J Am Soc Nephrol 2012



• In case of NODAT:

– Stop steroids,

– Convert from tacrolimus to:

• Cyclosporine,

• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,

• Betatacept,

• To prevent NODAT:

• Avoid steroids or early withdrawal,

• Lower tacrolimus or use CsA instead,

• Avoid CNIs,

• Early insulin therapy.



•

SE Woodle et al, Ann Surgery 2008

NODAT and steroids: 

early withdrawal  or maintenance?

SE Woodle et al, Ann Surgery 2008



NODAT and steroids: 

early withdrawal or avoidance?

J Pascual , Cur Op Organ Transplant 2011



NODAT and steroids: 

avoidance or maintenance?

J Pascual et al, Nephrol Dial Transplant 2011



• In case of NODAT:

– Stop steroids,

– Convert from tacrolimus to:

• Cyclosporine,

• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,

• Betatacept,

• To prevent NODAT:

• Avoid steroids or early withdrawal,

• Lower tacrolimus or use CsA instead,

• Avoid CNIs,

• Early insulin therapy.



NODAT, steroids and tacrolimus

JP van Hooff et al, Transplantation 2005



Symphony study : design

DaclizumabDaclizumab
Low dose CsALow dose CsA
MMF 2gMMF 2g

B
5050––100 100 
ng/mlng/ml

115050--300 ng/ml for 3 months300 ng/ml for 3 months
100100--200 ng/ml thereafter 200 ng/ml thereafter 

Normal dose CsANormal dose CsA
MMF 2gMMF 2g
SteroidsSteroids

A

TxTx 6 mo6 mo 12 mo   12 mo   

MMF 2gMMF 2g
SteroidsSteroids

ng/mlng/ml

Low dose SRLLow dose SRLD MMF 2gMMF 2g
SteroidsSteroids

DaclizumabDaclizumab44--8 ng/ml8 ng/ml

Low dose TACLow dose TAC
MMF 2gMMF 2g
SteroidsSteroids

DaclizumabDaclizumab33--7 7 
ng/mlng/mlC

H Ekberg et al, N Engl J Med 2007



Symphony study: side effects

H Ekberg  et al, N Engl J Med 2007
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NODAT and tacrolimus

RS Woodward et al, Am J Transplant 2003



F Vincenti et al, Am J Transplant 2007F Vincenti et al, Am J Transplant 2007



F Vincenti et al, Am J Transplant 2007F Vincenti et al, Am J Transplant 2007F Vincenti et al, Am J Transplant 2007



• In case of NODAT:

– Stop steroids,

– Convert from tacrolimus to:

• Cyclosporine,

• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,

• Betatacept,

• To prevent NODAT:

• Avoid steroids or early withdrawal,

• Lower tacrolimus or use CsA instead,

• Avoid CNIs,

• Early insulin therapy.



Belatacept and NODAT

Y Vanrenterghem et al, Transplantation 2011
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• mTOR-inhs,

NODAT: how to modify immunosuppression ?

• mTOR-inhs,

• Betatacept,

• To prevent NODAT:

• Avoid steroids or early withdrawal,

• Lower tacrolimus or use CsA instead,

• Avoid CNIs,

• Early insulin therapy.
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NODAT: early insulin therapy

M Hecking et al, J Am  Soc Nephrol 2012
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NODAT: early insulin therapy

M Hecking et al, J Am  Soc Nephrol 2012
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M Hecking et al, J Am  Soc Nephrol 2012



Death with a 

functioning graft

Failure after Y1
(Graft loss of 

Cardiovascular 

Cancer 

Infection 

Over-immunosuppression ? 

(Graft loss of 

any cause) 

Chronic allograft 

dysfunction
(death-censored graft loss) 

Rejection 

Nephrotoxicity 

Recurrence 

Miscellaneous Under-immunosuppression ? 



A Sharif et al, Nature Rev Nephrol 2012

Are NODAT-induced complications equivalent to 

that of diabetes in non-transplanted patients?



No diabetes
(n = 1186)

NODAT
(n =  293)

NODAT and mortality 

FG Cosio et al, Kidney Int 2002

Pre-RT diabetes
(n = 332) 

(n =  293)

A: Day 0 = RT date

B: Day 0 = NODAT diagnosis date



IGT

PTDM

IFG

NGT

NODAT and mortality 

TG Valderhaug et al, Diabetologia 2011



NODAT and overall graft failure 

EH Cole et al, Clin J Am Soc Nephrol 2008



Control

IFG

NODAT and cardiovascular disease 

FG Cosio et al, Kidney Int 2005

IFG

PTDM

p < 0.0005



A Sharif et al, Nature Rev Nephrol 2012



NODAT: treatment.

L Ghisdal et al, Diabetes Care 2012



NODAT: conclusions

• NODAT is associated with adverse patient and graft

outcomes.

• The pathophysiology of NODAT is similar to that of type 2

diabetes mellitus but is complicated by both transplantation-

sepcific and nontransplantation-related risk factors.sepcific and nontransplantation-related risk factors.

• An understanding of nonmodifiable risk factors for NODAT

can enable preemptive risk stratification of patients to

prevent development of NODAT.

• The attenuation of modifiable risk factors for NODAT may

inhibit the evolution of transplant-associated hyperglycemia

and/or NODAT.
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L Ghisdal et al, Diabetes Care 2012


