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New onset of diabetes after transplantation (NODAT) is a serious and common complication following solid
organ transplantation. NODAT has been reported to occur in 2% to 53% of renal transplant recipients. Several
risk factors are associated with NODAT, however the mechanisms underlying were unclear. Renal transplant
recipients who develop NODAT are reported to be at increased risk of infections, cardiovascular events, graft
loss and patient loss. It has been reported that the incidence of NODAT is high in the early transplant period
due to the exposure to the high doses of corticosteroids, calcineurin inhibitors and the physical inactivity during
that period. In addition to these risk factors the traditional risk factors also play a major role in developing
NODAT. Early detection is crucial in the management and control of NODAT which can be achieved through
pretransplant screening there by identifying high risk patients and implementing the measures to reduce the
development of NODAT. In the present article we reviewed the literature on the epidemiology, risk factors,
mechanisms involved and the diagnostic criteria in the development of NODAT. Development of diagnostic
tools for the assessment of β-cell function and determination of the role of glycemic control would include future
area of research.
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1. Introduction

New-onset diabetes after transplantation (NODAT) refers to the
occurrence of diabetes in previously non-diabetic persons after organ
transplantation. The incidence rates of NODAT vary by organ
transplanted and post-transplant interval. The estimated incidence
rates at 12 months post-transplant are 2–52% for kidney transplants,

9–21% for liver transplants, and approximately 20% for lung transplants.
NODAT, an unavoidable consequence of the transplant and immuno-
suppressive process, has been labeled as type 2 diabetes mellitus
(T2DM). Besides the traditional risk factors for T2DM (age, family histo-
ry, obesity, and ethnicity), exposure to immunosuppressive agents
often leads to the occurrence of NODAT. NODAT is characterized not
only by abnormal glucose homeostasis but also by deterioration in the
lipid profile, higher BP, and elevated inflammatory markers.

Transplantation is a cost effective treatment offering best quality of
life when compared to other modalities available to end-stage renal
disease patients. With the increase in the number of kidney transplant
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recipients (KTR)worldwide there is a relative increase in the number of
individuals with new onset of diabetes after transplantation. New onset
of diabetes after transplantation associated with adverse impact on pa-
tient survival, graft rejection and graft loss as well as high risk of cardio-
vascular disease [1], rate of infections [2–4] leading to graft failure [5,6]
andmortality[7–10]. The wide variations in the incidence of NODAT re-
ported were may be due to thewide variations in the criteria for the di-
agnosis of diabetes, diverse population and different protocols followed
for immunosuppression.

International Consensus Guidelines on NODAT were published in
2003, recommending that NODAT should be diagnosed based on the
American Diabetes Association (ADA) criteria for type 2 diabetes
published in 2003 [11,12]. The 2003 ADA criteria for the diagnosis of di-
abetes, coheres with the WHOs criteria of 1999. The NODAT guidelines
recommend that fasting plasma glucose (FPG) is the preferred test for
diagnosing NODAT, but studies have indicated that a two hour glucose
(2hrPG) after an oral glucose tolerance test (OGTT) may be more
sensitive for the identification of NODAT. The definition of diabetes
mellitus in clinical practice, was fasting plasma glucose ≥7.0 mmol/L
(126 mg/dL), two-hours post-glucose ≥ 11.1 mmol/dL (200 mg/dL).
And later the fasting plasma glucose limit was revised to 110 mg/dl
from 126 mg/dl which corresponds to impaired fasting glucose (IFG)
by the International Expert Committee, based on epidemiologic
predictive data [13]. International Expert Committee also recommend-
ed the use of standardized HbA1c (≥6.5%) assay for the diagnosis of
diabetes which has been approved by ADA in 2010 [14].

Owing to the high prevalence of diabetes in general population, and
very few studies from India on NODAT, which is a prominent long-term
problem for the success of both patient and graft survival, we have
undertaken to review the epidemiology, development, mechanism,
risk factors and prevention of NODAT and to compare the differences
if any in Indian population, from other population. If the goal is to
understand the root causes of the epidemic, it is important to first re-
view the literature to understand the timing and origin of the epidemic.
This type of epidemiologic analysismay provide insights into the poten-
tial etiologies that can then be used in the experimental setting. In this
review we will not discuss the treatment or the management of
NODAT which was well reviewed. The intent of this review is to focus
on the underlying patho-physiological mechanism of NODAT, since
there was limited understanding of the exact mechanism of events
leading to NODAT.

2. Epidemiology

Renal transplant recipients with NODAT exhibit similar complica-
tions as those seen in the general population with type 2 diabetes, but
at an accelerated rate [15]. There is a nine fold risk of diabetes in solid
organ transplant recipients than their age matched controls [16]. Most
of the studies reported cumulative frequencies of the incidence of
NODAT while few reports were on sequential basis, differentiating the
early, late and transient incidence of diabetes [17,18]. It was observed
that the higher rate of incidence occurred in the first 6 months after
transplantation. The few Indian studies present, highlighted only the
risk factors for the incidence of NODAT [19–24]. Madhav et al. [19] in
their retrospective study of 218 post-transplant patients, reported cu-
mulative rates of 14.01% and 19.8% at 3 and 12 months respectively
and observed an incremental incidence of 14.97% during the first post-
transplant year. They also stated that the earliest incidence of NODAT
was at 9 days after transplant and the risk factors were recipient age
(≥36 years), Hepatitis C virus infection, HLA-B13, family history of
DM, body mass index (≥30), and calcineurin inhibitor therapy. They
also noted that NODAT had no influence on biochemical parameters.
Jayant.T. Mathew et al. [20] in their prospective study of non-diabetic
ESRD patients who were followed over 2 years after transplantation
found persistent abnormal glucose tolerance in 45% patients and
observed that pre-transplant factors like greater age, abnormal glucose

tolerance parameters, and rapid gain in dry weight on hemodialysis
(HD), along with higher prednisolone and cyclosporine (CsA) doses
early post-transplant were important factors associated with the devel-
opment of NODAT. Sharma R.K et al. [24] in their retrospective analysis
of 1023 Indian transplanted patients between 1989 and 2000 showed
no association between cytomegalovirus (CMV) and NODAT.

Epidemiological studies globally reported, using the United States
Renal Data System (USRDS) records indicated that 40% of kidney trans-
plant recipients will have developed NODAT by third year post-
transplantation [25]; Kasiske et al. [8] reported a cumulative incidence
rate of 9.1% at three months, 16% at 12 months and 24% at 36 months
post-transplantation; Hur et al. [17] differentiated between persistent,
transient and late onset of NODAT. They reported an overall incidence
of NODAT of 39% at one year and 35.1% at seven years respectively for
NODAT and defined persistent NODAT (23.4%) who had hyperglycemia
within the first year of transplantation that continued unto the seventh
year post-transplant. They also noted that other subgroups in their
study had transient NODAT (15.6%) in which hyperglycemia started
and endedwithin the first year, and late NODAT (11.7%)whodeveloped
hyperglycemia after the first year post-transplantation. A study from
Kuwait [26] reported a cumulative prevalence of 21.2% of NODAT and
in the same study they observed a higher (29.6%) incidence of NODAT
in a subgroup of Arab ethnicity. A report from Warsaw [16,27] showed
a 10.5% prevalence of NODAT. Gourishankar et al. [28,29] have shown
9.8% of NODAT prevalence in Canadian transplant recipients. Yagnik
C.S. [30] in his report elucidated that early life malnutrition coupled
with over-nutrition later might play a role in the pathogenesis of
non-insulin-dependent diabetes mellitus (NIDDM) which is common
in India [31].

3. Pathophysiological mechanisms and development of NODAT

The pathophysiology of NODAT is similar to that of type 2 diabetes
mellitus [11] but is complicated by both transplantation specific and
non-transplantation related risk factors. Multiple cellular and physio-
logicalmechanismsmay be involved in the pathogenesis of NODAT. Ear-
lier studies [32] reported that there was a high incidence of de novo
hyperglycemia immediately after transplantation which can be associ-
atedwith the exposure of pancreaticβ-cells to several stress factors, col-
lectively the surgical procedure, weight gain due to physical inactivity
immediately after surgery (insulin sensitivity), high doses of corticoste-
roids and initiation of CNIs. The underlyingmechanism of development
of NODAT can be classified into insulin resistance and defect in insulin
secretion. Surgical stress has a deleterious effect on pancreatic β-cell
function such asmetabolic stress, release of catabolic hormones, inhibi-
tion of insulin secretion resultant hyperglycemia and hypo-insulinemia
leading to peri-operative keto-acidosis.

Early transplant hyperglycemia contributes to the reductionof glucose
induced insulin secretion (GIIS) and β-cell hypertrophy. Glucotoxicity
may result from oxidative stress due to the presence of reactive oxygen
species within the β-cell from the mitochondrial electron transport
chain [33]. It is well established that chronic hyperglycemia leads to
β-cell degranulation and reduction of GIIS [34]. Progressive β-cell failure,
reduction in β-cell mass and increase in β-cell apoptosis could be one of
the pathophysiological mechanisms behind the development of NODAT
(Fig. 1).

It is even observed [35] that absence of hepatic glucose production
has no effect on the fasting plasma glucose concentration and compen-
satory induction of gluconeogenesis occurs in kidney and intestine driv-
en by glucagon, glucocorticoids and acidosis. Could this be one of the
reasons associated with early post-transplant hyperglycemia? Control
of gluconeogenesis is mediated by glucagon. Whether estimating the
levels of glucagon would help in finding any mechanism in NODAT?
Shalev favors the theory that any excessive demand on beta cells to pro-
duce insulin to counteract elevated blood sugar eventually stresses the
β-cells, which become less able to make enough insulin to meet the
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