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New-Onset Diabetes After Kidney Transplantation:
Prevalence, Risk Factors, and Management

Gerardo Sarno,1,3 Giovanna Muscogiuri,2 and Paride De Rosa3

New-Onset Diabetes After Transplantation (NODAT) is an increasingly recognized severe metabolic complication of
kidney transplantation causing lower graft function and survival and reduced long-term patient survival mainly due to
cardiovascular events. The real incidence of NODAT after kidney transplantation is difficult to establish, because
different classification systems and definitions have been employed over the years. Several risk factors, already present
before or arising after transplantation, in particular the employed immunosuppressive regimens, have been related to
the development of NODAT. However the responsible pathogenic mechanisms are still far to be perfectly known.
Awareness of NODAT and of the NODAT-related factors is of paramount importance for the clinicians in order to
individuate higher risk patients and arrange screening strategies. The risk of NODAT can be reduced by planning
preventive measures and by tailoring immunosuppressive regimens according to the patient characteristics. Once
NODAT has been diagnosed, the administration of specific anti-hyperglycemic therapy is mandatory to reach a tight
glycemic control, which contributes to significantly reduce posttransplant mortality and morbidity.

Keywords: Kidney transplantation, Posttransplant complications, Diabetes mellitus, Immunosuppressive therapy,
Insulin, Antihyperglycemic agents.
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D iabetes is a well-known complication of transplanta-
tion, and its development is associated with lower graft

function and survival and reduced long-term patient survival
mainly because of cardiovascular events (1Y3). The real in-
cidence of new-onset diabetes after transplantation (NODAT)
is difficult to establish, mainly because different classifica-
tion systems have been used over the years. The NODAT has
been related to several risk factors, and the used immuno-
suppressive medications such as calcineurin inhibitors (e.g.,
cyclosporine and tacrolimus) and corticosteroids play an im-
portant role on its pathogenesis (4). In nondiabetic renal
transplant recipients, the reported incidence of NODAT

ranges between 4% and 25% (5), while preexisting diabetes
contributes to increase the risk of posttransplant complica-
tions and poor outcome (6). The complications related to
NODAT impose a careful preoperative assessment of the
diabetic risk and a close monitoring of patients after trans-
plantation, to tailor therapy accordingly and to avoid inap-
propriate immunosuppressive therapy administration.

This article reviews the more recent evidence available
concerning the development of NODAT in the renal trans-
plant population, the contributing risk factors, and the ther-
apeutic approaches that may help to reduce diabetes-related
complication after renal transplantation.

NODAT IN KIDNEY TRANSPLANT
RECIPIENTS: CLINICAL IMPLICATIONS

AND SCREENING STRATEGIES
Several studies have assessed the clinical impact of

NODAT on outcome after renal transplantation. Over the
past 10 years, NODAT has been well established as an in-
dependent predictor for lower patient survival (3) increasing
the risk of all-cause mortality up to 87% and determining
a higher rates of graft failure and death-censored graft fail-
ure when compared with the risk of nondiabetic patients (7).
Two recent studies confirmed the strong association between
NODAT and reduced patient survival (2, 8). Joss et al. (8)
reported in 787 renal transplants a 5- and 10-year survival
of 86.1% and 67.1%, respectively, for patients who devel-
oped NODAT, which was significantly worse than the 90.9%
and 81.9% survival of nondiabetics (PG0.01), while there
was no significant difference in graft survival. Bee et al. (2) in
388 renal transplants confirmed a significant difference in
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long-term survival between patients with NODAT and non-
diabetics. Five- and 10-year survival was 85.7% and 72.0%,
respectively, for patients with NODAT, compared with 96.1%
and 89.3% for those without diabetes (PG0.001). Further-
more, there was a significant difference in graft survival:
5- and 10-year graft survival was 89.4% and 81.0%, respec-
tively, for patients with NODAT compared with 94.0% and
85.2% for those without diabetes (P=0.045).

Approximately 6% of dialysis patients waiting for re-
nal transplantation develop diabetes annually (9). On the
basis of this evidence, it is of paramount importance to de-
tect diabetic individuals to permit appropriate therapeutic
intervention before transplant. Moreover, it should be con-
sidered that dialysis patients may have a diminished insulin
metabolism associated with kidney dysfunction that could
mask a preexisting diabetes in otherwise normoglycemic
patients. In this population, 2-hr oral glucose tolerance test
(OGTT) may help to detect diabetes mellitus (10). Pretrans-
plant OGTT also plays an important role in identifying pre-
diabetes state such as impaired glucose tolerance or impaired
fasting glucose, which are associated with more than a 2.5-
fold increase in the incidence of NODAT (11), compared
with normoglycemic status, and in addition, they represent a
risk to develop cardiovascular diseases after transplant (12),
mostly related to carotid atherosclerosis (13).

Several studies have shown that OGTT before trans-
plantation could be a useful tool to identify glucose derange-
ments, therefore providing an opportunity to prevent the
onset of NODAT, suggesting a healthier lifestyle and pro-
posing a less diabetogenic protocol after transplantation
(14, 15).

NODAT is diagnosed according to the American Di-
abetes Association criteria: symptoms of diabetes along with
casual plasma glucose concentration Q200 mg/dL (casual
being defined as any time of the day without regard to time
since last meal) or fasting glucose Q126 mg/dL (fasting de-
fined as no caloric intake for at least 8 hr). Moreover, all
renal transplant recipients found to have a fasting glucose
between 100 and 125 mg/dL should subsequently undergo
an OGTT which might reveal diabetes if 2-hr plasma glucose
is Q200 mg/dL, or glucose intolerance if it ranges between
140 and 199 mg/dL (16).

Because glucose abnormalities may be related to sur-
gical stress and exposure to immunosuppressive medications
(17), NODAT is diagnosed when there is persistent hyper-
glycemia after hospital discharge in patients without preex-
istent diabetes. On the basis of this assumption, the screening
test to detect NODAT should be performed in the time frame
between 1 and 12 months posttransplant, because by 4 weeks
after transplantation patients are clinically stable and on
stable doses of immunosuppression, and the highest inci-
dence of NODAT occurs within the first year posttransplant
(7, 9). Patients who may have developed transient hyper-
glycemia only in the immediate posttransplant period be-
cause of surgical stress and high-dose corticosteroid therapy
are not considered (18). However, one should keep in mind
that, although transient hyperglycemia in the first month
after transplantation cannot be used as a parameter to di-
agnose NODAT, it represents a strong independent predic-
tor of NODAT at 1 year (18). On the basis of these data, the
‘‘Kidney Disease: Improving Global Outcomes (KDIGO)
Transplant Work Group’’ recommends instead frequent
early screening tests for abnormal glucose metabolism, in par-
ticular fasting plasma glucose, oral glucose tolerance, and/or
glycosylated hemoglobin (HbA1C) weekly for 4 weeks, every
3 months for 1 year, and annually thereafter (19).

The best predictive screening test to diagnose NODAT
is still a matter of debate. Fasting blood glucose represents
a reliable tool to detect NODAT, because it is easy to use in
a clinical setting; however, Caillard et al. (14) demonstrated
that fasting glucose diagnosed diabetes in only three quarters
of kidney recipients, but there is a remaining one quarter
of patients in whom diabetes was diagnosed by OGTT, which
is more sensitive and specific than fasting glucose. This
discrepancy is easy to understand, in fact fasting glucose is
primarily determined by a feedback interaction between liver
and beta cells, whereas postprandial glucose is mostly de-
pendent on glucose uptake by insulin-sensitive tissues such
as muscle and liver (20). Recently, HbA1C has been impli-
cated in the diagnosis of NODAT. Although HbA1C should
be used along with fasting blood glucose to select recipi-
ents who should undergo OGTT after transplantation (21),
it could be underestimated in uremic patients before trans-
plant (22) (Table 1).

TABLE 1. NODAT: diagnostic, screening, and management strategies

Before transplantation After transplantation

Screening Assessment of diabetes risk factors FPG, OGTT, and/or HbA1c at least

75 g OGTT Y Weekly for 4 wk

Y Every 3 mo for 1 yr

Y Annually, thereafter

Treatment Counseling on weight control, diet, and exercise Y Minimize immunosuppressive regimen

Y Follow-up of all patients, especially those with prediabetes

For patients who developed NODAT:

Y Diabetes education

Y Appropriate antidiabetic therapy

Y Monitoring macro and microvascular complications

Y Evaluate and control comorbid conditions, such as blood
hypertension, dyslipidemia, hyperuricemia, and other

FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; HbA1c, glycosylated hemoglobin; NODAT, newYonset diabetes after transplantation.
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RISK FACTORS FOR NODAT
Several factors are believed to predispose renal trans-

plant patients to NODAT and should be evaluated to prevent
the development of posttransplant diabetes. Although the
pathogenic mechanisms are still not perfectly known, the
knowledge of these risk factors is of paramount importance
to individualize the higher risk patients and tailor the ther-
apeutic strategy accordingly.

PATIENTS’ CHARACTERISTICS
Aging plays an important role in the development of

NODAT. Transplant recipients older than 45 years were
found to be 2.2 times more likely to develop NODAT than
younger recipients (23), and the evidence of an age-increased
risk has been further confirmed (7). Furthermore, African
Americans and Hispanics were reported to be at higher risk
for NODAT than whites (7, 24). An increased risk has also
been reported in Asiatic cohorts (25, 26). A higher risk of
NODAT has also been described for recipients of kidneys
from male donors (7).

Obesity represents a consistent risk factor for NODAT
and, in fact, data coming from ‘‘The United States Renal
Data System’’ revealed that obese patients have a relative
risk for NODAT of 1.73% (7). Similar to obesity, overweight
conditions are also at risk for NODAT (27). However, it should
be considered that although many patients experience con-
siderable weight gain during the first year after transplantation,
the incidence of NODAT did not correlate significantly with
the amount of weight gain (27). The underlying mechanism
is poorly understood, although it is known that obesity in
itself is associated with peripheral insulin resistance, a pre-
disposing risk factor for type 2 diabetes. Moreover, adipose
tissue is implicated in the secretion of adipokines that may
play a role in the incidence of NODAT. It was reported that
for every 1 Kg/mL decrease in serum adiponectin concen-
tration, the risk of developing NODAT increases by 13%
(28). Obesity is also associated with an increase in serum in-
flammatory markers that in turn cause insulin resistance.
Ibernon et al. (29) reported that a pretransplant decrease in
low serum mannose-binding lectin (a liver-synthesized in-
nate immune molecule) is associated with insulin resistance
and therefore with increased risk of NODAT.

GENETIC BACKGROUND
Similar to type 2 diabetes, the genetic background may

contribute to the development of NODAT, and although the
influence of different genetic factors has already been eval-
uated, the determination of a genetic susceptibility for all
patients still requires further study. Over the years, several
human leukocyte antigens (HLAs), such as HLA-B42 (24)
and HLA-B27 (30), have been analyzed and considered as
predictive factors for NODAT. More recently, HLA-B13 and
HLA-B15 phenotypes have been identified as independent
predictors of NODAT (2). Previous reports have detected
that a family history of type 2 diabetes increases up to seven
times the risk for NODAT (24, 30). Moreover, several genetic
polymorphisms have been considered as contributing to di-
abetes. A study performed in 70 kidney transplant recipients
has shown a significantly higher frequency of posttransplant
diabetes in patients with the vitamin D receptor TaqI t al-

lele than in the control group with the TT genotype (31).
Bamoulid et al. (32) have also identified the interleukin-6
gene promoter polymorphism at position j174(GYC) to
be associated with the later development of NODAT. In par-
ticular, the risk for NODAT was significantly higher in ho-
mozygous (GG) wild-type patients than in homozygous (CC)
mutant patients. Furthermore, the incidence of NODAT in-
creased linearly with the interleukin-6 production capacity.
Ghisdal et al. (33) in a large cohort of predominantly white
renal transplant patients analyzed 11 well-established type 2
diabetes susceptibility genes and the occurrence of NODAT
within 6 months after transplantation, finding TCF7L2 as
the only polymorphism significantly associated with NODAT
in the whole cohort (odds ratio: 1.55 EP=0.02^ for CT geno-
type and odds ratio: 1.79 EP=0.04^ for TT genotype).

More recently, Yang et al. (34) evaluated the genetic
risk factors for NODAT in Hispanic kidney transplant re-
cipients. Among 14 alleles in nine genes, hepatocyte nuclear
factor 4 alpha AA (rs2144908), hepatocyte nuclear factor 4
alpha TT (rs1884614), and insulin receptor substrate 1 AA+
AG (rs1801278) remained significantly associated with
NODAT in kidney transplant patients with Hispanic eth-
nicity. Ergün et al. (35) evaluated the relationship between
the enzyme endothelial nitric oxide synthase gene intron 4
polymorphism and NODAT in kidney allograft recipients.
This enzyme is implicated in the synthesis of nitric oxide
which mediates insulin-induced uptake and metabolism of
glucose in skeletal muscle. Having a 4a allele of the endo-
thelial nitric oxide synthase gene intron 4 polymorphism was
found to be an independent risk factor for the development
of NODAT.

VIRAL INFECTIONS
The association of viral infections and NODAT has a

long been suggested, although the pathogenetic mechanisms
linking this association are poorly understood and further
perspective study needs to clarify this issue. The United States
Renal Data System registry supplied evidence of a signifi-
cant increase in 1-year incidence of NODAT in hepatitis C
virus (HCV)-positive patients compared with HCV-negative
patients (7). Moreover, Kamar et al. (36) demonstrated that
successful pretransplant treatment of hepatitis C with in-
terferon could potentially reduce the incidence of NODAT
after kidney transplantation.

The diabetogenic effect of HCV may be explained by
the HCV properties to cause insulin resistance, mostly de-
creasing hepatic insulin sensitivity with a consequent in-
crease in hepatic glucose production. Although still not fully
clarified, the main pathogenic mechanism determining in-
sulin resistance involves the serine phosphorylation on the
insulin receptor substrate (IRS)-1 and impairment of the Akt
signaling pathway; the specific target of this pathway is re-
lated to virus genotype. Although all HCV genotypes can
induce insulin resistance, genotypes 1 or 4 are more prone
than those with genotype 3 to develop insulin resistance (37).
The latter, in particular the core protein of genotype 3a,
seems to down-regulate peroxisome proliferator-activated
receptor-F and up-regulate the suppressor of cytokine signal
7 (SOCS-7), whereas the core protein of genotype 1b acti-
vates mammalian target of rapamycin and SOCS-3; all these
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mechanisms cause the phosphorylation of the IRS-1 (38). In
addition, increased production of SOCS is related to phos-
phorylation of the Akt and phosphatidylinositol 3 kinase
pathways, which in turn inhibits the production of glucose
transporter 4 and, therefore, glucose uptake (39). HCV in-
fection is associated with an increase in tumor necrosis
factor-> that have been shown to be major stimuli of Ser 307
phosphorylation of IRS-1 through the activation of both c-Jun
N-terminal kinase and inhibitor JB kinase-A. Tumor ne-
crosis factor-> stimulates phosphorylation of Ser residues of
both IRS-1 and IRS-2 in hepatocytes (40, 41). Moreover, HCV
seems to have a direct cytopathic effect on pancreatic beta
cells contributing also to insulin secretion derangements (42).

Besides HCV, the role of cytomegalovirus infection as
a risk factor for NODAT is debated. Hjelmesaeth et al. (1)
found a higher risk for the development of NODAT in both
symptomatic and asymptomatic patients with cytomegalovirus.

IMMUNOSUPPRESSIVE REGIMENS
The relationship between NODAT and the immunosup-

pressive medications used after transplantation has been well
documented (4), and immunosuppressive drugs accounted
for up to 74% of the risk of NODAT development (27, 43).

The agents most strongly associated with NODAT are
corticosteroids and tacrolimus (4, 7, 44, 45). Increased in-
sulin resistance and weight gain are widely thought to be
the main mechanisms involved in corticosteroid-induced
NODAT (44). The association between corticosteroids and
NODAT is mostly dependent on cumulative dosages and
therapy duration (46). Although avoidance, minimization,
or early withdrawal of corticosteroids seem as favorable op-
tions to reduce the incidence of corticosteroid-induced
NODAT (4), data from randomized controlled trials regard-
ing this strategy are scarce and in general demonstrate modest
reductions in the rate of metabolic complications, includ-
ing NODAT, but higher rates of acute rejections (47). Thus,
the adoption of steroid-free maintenance immunosuppres-
sion seems to be suitable only for selected patients at low
immunological risk.

In fact, although withdrawal or avoidance of
prednisolone/prednisone ameliorated glucose metabolism,
it was associated with an increase in the risk of graft rejec-
tion and chronic allograft nephropathy (48). In addition, as
reported by Woodle et al. (49), the steroid withdrawal did
not significantly reduce the incidence of NODAT but it
contributes to improve the glycemic control and decrease the
amount of insulin in the withdrawal arm. Decreasing pred-
nisolone below 5 mg/dL may represent a good compromise
in risk of rejection and metabolic derangements (19). Con-
versely, the calcineurin inhibitors exert their diabetogenic
properties through the inhibition of insulin secretion, as dem-
onstrated in both animal models and human studies (50, 51).
Tacrolimus has been reported to have a greater diabetogenic
effect than cyclosporine. Woodward et al. (9) found a 2-year
posttransplant incidence of NODAT of almost 18% and
30%, respectively, among patients receiving cyclosporine or
tacrolimus. More recently, the DIRECT Study, the first mul-
ticenter open label, randomized trial to assess the glucose
abnormalities in de novo kidney transplant patients, ran-
domized to cyclosporine- or tacrolimus-based immunosup-

pression, confirmed a significantly decrease of NODAT at
6 months posttransplant in cyclosporine-treated compared
with tacrolimus-treated patients (45). In particular, a recent
study performed by Tavira et al. (52) identified KCNQ1 gene
variants as determinants of the risk of developing NODAT
in tacrolimus-treated patients. It is intriguing to report that
the diabetogenicity of tacrolimus depends also on ethnicity;
in fact, several studies conducted in Chinese population re-
ported a low prevalence of NODAT in tacrolimus-treated
patients (25, 26).

In an attempt to reduce the risk of NODAT, the
conversion of calcineurin inhibitors to sirolimus has been
suggested. Nevertheless, sirolimus showed to have higher di-
abetogenic property, through a mechanism involving a defect
in the compensatory pancreatic A-cell response and a fall in
insulin sensitivity (53). Moreover, Johnston et al. (54) found
sirolimus to be independently associated with NODAT in
a cohort 20,124 adult recipients without preexisting diabe-
tes undergoing a first kidney transplant. Compared with
patients treated with cyclosporine and either mycophenolate
mofetil or azathioprine, sirolimus-treated patients were at
increased risk for NODAT, whether it was used in combi-
nation with cyclosporine (hazard ratio EHR^: 1.6; confidence
interval ECI^: 1.36Y1.90), tacrolimus (HR: 1.66; CI: 1.42Y
1.93), or an antimetabolite (mycophenolate mofetil or
azathioprineVHR: 1.36; CI: 1.09Y1.69). An increased risk for
NODAT was also recorded in patients treated with tacroli-
mus in combination with either mycophenolate mofetil or
azathioprine. In this group of patients, the diabetogenic risk
was even higher than in patients treated with sirolimus in
combination with either mycophenolate mofetil or azathi-
oprine (HR: 1.36; CI: 1.09Y1.69 vs. HR: 1.4; CI: 1.29Y1.52).

Impaired glucose homeostasis has been recorded also
in renal transplant recipients receiving basiliximab, a CD25
antibody indirectly suppressing T-cell proliferation, as in-
duction therapy at transplantation. In the basiliximab group,
51.5% of patients developed NODAT, impaired glucose tol-
erance, or impaired fasting glucose, versus 36.9% of patients
in the group without induction therapy, but the pathogenic
mechanism remains unknown (55). A better metabolic risk
profile has been described in two recent phase III studies
evaluating the role of belatacept, a costimulation blocker that
selectively inhibits T-cell activation, compared with cyclo-
sporine A-based regimen (56). The patient populations in-
cluded patients who did not have diabetes at baseline.
NODAT (assessed 12 months after transplantation) occurred
less often in the belatacept compared with the cyclosporine A
groups, in a prespecified pooled analysis of the two studies
(PG0.05).

OTHER RISK FACTORS
Still doubtful risk factors for NODAT are represented

by proteinuria and hypomagnesemia. Roland et al. (57)
found an association between the grade of proteinuria after
kidney transplant and the development of NODAT. Patients
at highest risk had early low-grade proteinuria.

However, proteinuria after kidney transplant is not
always associated with transplant in itself, but it could be
a consequence of the immunosuppressive therapy, or a re-
sidual native kidney proteinuria; furthermore, it generally
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resolves some weeks after transplantation (58), for which
reason it cannot be definitively accepted as a reliable pre-
dictive factor for NODAT.

The relation between hypomagnesemia and NODAT
is still not clear because conflicting results have been re-
ported (59, 60). It should be noticed that magnesium ho-
meostasis is necessary to preserve insulin secretion, cellular
transport of glucose, and insulin-insulin receptor interac-
tions (61). Van Laecke et al. (60) found hypomagnesemia as
an independent predictor of NODAT, whose occurrence
seemed to be induced by calcineurin inhibitors (60), which
cause obligatory renal loss and decrease transcriptional ex-
pression of the magnesium transporter in the distal collecting
tubule (62). Conversely, Osorio et al. (59) demonstrated that
delayed calcineurin inhibitors’ introduction along with the
use of sequential therapy with anti-CD25 antibodies was
associated with higher magnesemia levels during the first
year posttransplantation, but no differences in magnesium
were observed among patients who developed NODAT com-
pared with the non-NODAT cohort. However, the differ-
ences in the results reported in these retrospective studies
are presumably because of different methodologies used as
to when and how magnesium levels were ascertained. A re-
cent randomized controlled trial (63) has helped to clarify
this issue and confirmed early posttransplantation hypomag-
nesemia to be a predictor of NODAT.

Finally, several evidence have been supplied regarding
the role of autosomic-dominant polycystic kidney disease as
a risk factor for NODAT (64, 65). Patients with autosomic-
dominant polycystic kidney disease were at a three-fold in-
creased risk for development of posttransplant diabetes
mellitus within the first year after renal transplantation (64).

INTERVENTION
The best therapeutic approach should be started with

prevention, trying to optimize modifiable risk factors, such
as obesity and immunosuppressive therapy, and encouraging
an healthy lifestyle (Table 1).

As already known, physical activity plays an important
role in ameliorating glucose metabolism in obesity; in the

same manner, regular exercise along with an appropriate nu-
trition therapy have shown to improve glucose metabolism
and prevent the development of NODAT in kidney recipi-
ents who experienced hyperglycemia during the first month
after transplant (66).

When lifestyle modifications fail to reach adequate
glycemic control, medical intervention is necessary. The se-
lection of antihyperglycemic agents and/or insulin therapy
should be made according to the pharmacological properties
of compounds (efficacy and safety) and clinical character-
istics of patients (stage of disease, body weight, kidney, and
liver function). Posttransplantation hyperglycemia may de-
velop acutely, resembling type 1 diabetes, and immediate
intervention with fluids, electrolytes, and insulin administra-
tion may be needed to avoid serious consequences, whereas
the majority of cases of NODAT resemble type 2 diabetes
and it may therefore be appropriate to start therapy with oral
antidiabetic compounds. The mechanism of action of oral
antidiabetic compounds targets insulin sensitivity (metfor-
min, pioglitazone, and rosiglitazone), insulin secretion (sul-
fonylureas and meglitinides), or reduce glucose absorption
(acarbose; Fig. 1).

Among insulin sensitizers, it should be noted that met-
formin should be prescribed with great caution, given the
increased risk of lactic acidosis in patients with impaired
kidney function. Given its cardiovascular protective and anti-
diabetic properties (67), it may exert an important beneficial
effect in kidney recipients at risk for metabolic syndrome;
its use is recommended for this reason, and in the con-
text of renal or renal allograft insufficiency (e.g., epidermal
growth factor receptor 30Y60 mL/min), metformin, because
of a strong linear relationship between kidney function and
plasma metformin levels, could be prescribed based on these
plasma levels (68), but unfortunately they are not widely
available and are infrequently used for this purpose.

In the same manner, compounds as glyburide, met-
formin, and acarbose whose active metabolites have a renal
excretion (69) need to be used only after a careful evaluation
of kidney function.

In addition, it should be taken into account that
the pharmacokinetics of some antidiabetic drugs may be

FIGURE 1. New-onset diabetes after transplantation (NODAT): influence of pre- and posttransplant risk factors over
insulin resistance and insulin secretion, the targets of the main antihyperglycemic agents used.

* 2012 Lippincott Williams & Wilkins Sarno et al. 1193

 Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



modified by the interaction with immunosuppressant, and
in this regard, Pollock et al. (70) found that cyclosporine may
interfere with glyburide in animal study.

A new horizon is supplied by incretin-based therapy,
although data on its safety and efficacy are still unknown.
However, vildagliptin should be avoided in patients with he-
patic impairment or severe renal dysfunction, while the dose
of sitagliptin should be adjusted for renal insufficiency (71).

With regard to this topic, there is an ongoing random-
ized controlled trial evaluating the efficacy and safety of
vildagliptin in 32 renal transplant recipients with new diag-
nosis of NODAT (www.clinicaltrials.govVNCT 00980356).
Given the importance of pretransplant metabolic state, an
ongoing trial is evaluating the efficacy of treatment with
sitagliptin before transplant in preventing the onset of
NODAT (www.clinicaltrials.gov - trial identifier NCT00936663).
Whenever lifestyle changes and oral therapy fail to keep an
acceptable glucose control, insulin therapy needs to be started
using a wide variety of rapid-acting, intermediate-acting, and
long-acting insulin preparations currently available (72).

Although targeted metabolic control has not been
tested specifically in the kidney transplant population, it
is reasonable to assume that patients affected by NODAT
may have similar benefits compared with patients with either
type 1 or 2 diabetes, in whom tight glycemic control sig-
nificantly reduces mortality and morbidity.

Target HbA1C should be 7.0% to 7.5% in patients with
NODAT, trying to avoid value less than 6.0%, especially if
hypoglycemic events are common (19).

Similar to patients with type 1 or 2 diabetes, HbA1C
should be monitored every 3 months, keeping in mind
that severe anemia or advanced renal failure may influence the
result. In addition, self-monitoring blood glucose may also be a
useful tool in improving glucose metabolism in patients with
NODAT, as it occurs in the general diabetic population (73).

CONCLUSIONS
NODAT is a serious complication after kidney trans-

plantation, associated with worse patient and graft survival.
Despite the efforts made up until now, the available data
are usually based on retrospective and observational studies,
often with limited cohorts of patients. The pathophysiological
basis of NODAT has to be further investigated and clarified,
and prospective studies evaluating the causes and mechanisms
of impaired insulin secretion associated or not to insulin re-
sistance in this specific cohort of patients are needed.

Several risk factors, already present before or arising
after transplantation, have been related to the development
of NODAT, but again the pathogenic mechanisms are far
to be known. In this background, screening strategies play
an important role; knowledge of the various risk factors is
mandatory for the clinicians to adopt preventing measures
and tailor the immunosuppressive regimen, simultaneously
evaluating the risk of acute rejection. Once NODAT has
been diagnosed, and lifestyle cannot warrant glycemic con-
trol, the antihyperglycemic therapy has to take into account
patient characteristics and the pharmacological properties
of antidiabetic compounds, to achieve a tight glycemic con-
trol without impairing renal function. If validated in the on-
going trial, new compounds will become available soon.
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