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Abstract

Posttransplantation diabetes mellitus (PTDM) occurs in a significant proportion of renal allograft recipients (RTRs)

adversely affecting both patient and graft survival. It may be diagnosed at any time after transplantation, but highest

incidence is seen in first one year. This article attempts to provide a brief overview of PTDM resulting after renal

transplantation.
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Introduction

Posttransplantation diabetes mellitus (PTDM) or new-
onset diabetes mellitus after transplantation (NODAT)
occurs in a significant number of renal transplant
recipients (RTRs) and is associated with higher rates of
cardiovascular disease (CVD) and infection, contributing
to increased morbidity and mortality. It is characterized
by both B-cell dysfunction and reduced insulin sensitivity.
International consensus guidelines regarding PTDM were
published in 2003 and updated in 2014, which prefers to
use the term PTDM over NODAT, since some of these
cases might represent unknown diabetes that was present
before transplantation [1]. These guidelines use standard
World Health Organization (WHO) and American Diabetes
Association (ADA) criteria for the diagnosis [2].

PTDM may be diagnosed at any time after
transplantation by any of the following:
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- Symptoms of diabetes plus random plasma glucose
2200 mg/dL (11.1 mmol/L)

- Fasting plasma glucose 2126 mg/dL (7.0 mmol/L)

- Two-hour plasma glucose 2200 mg/dL (11.1 mmol/L)
during an oral glucose tolerance test (OGTT). The test
should be performed as described by the WHO, using a
glucose load containing the equivalent of 75 g
anhydrous glucose dissolved in water.

The glycated hemoglobin (HbAlc) cannot be
accurately interpreted within the first three months after
transplantation and is not recommended for the diagnosis
in early posttransplant period. After three months
posttransplant, a HbAlc 26.5% can be used to diagnose
diabetes by ADA criteria, with a HbAlc of 5.7-6.4%
consistent with prediabetic state.

The term "prediabetes," includes impaired fasting
glucose and/or impaired glucose tolerance and is
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diagnosed by a fasting plasma glucose between 100 and
125 mg/dL (5.6 and 6.9 mmol/L) or a two-hour plasma
glucose between 140 and 199 mg/dL (7.8 and 11.0
mmol/L) during an OGTT, respectively, according to ADA
guidelines. The normal range of fasting plasma glucose
differs according to ADA and WHO criteria; an abnormal
fasting glucose is defined as 2100 mg/dL (5.6 mmol/L) by
the ADA and 2110 mg/dl (6.1 mmol/L) by the WHO. The
lower threshold advocated by the ADA is more sensitive
in identifying patients at risk for PTDM [3]. The two-hour
OGTT is more sensitive than the fasting blood glucose for
detecting prediabetes. Postprandial hyperglycemia is the
typical presentation of PTDM as opposed to elevated
fasting blood glucose levels.

The incidence rates of PTDM are higher in the first one
year after transplantation. The reported incidence rates
are variable due to differences in the definitions used,
time since transplantation, duration of follow-up, study
population, immunosuppressive regimen, and other
modifiable and non-modifiable risk factors. In the
literature, the reported prevalences of PTDM varied from
16.75% to 54.5% [4-8]. Studies that use the current
criteria for diagnosis suggest that up to one-third of
nondiabetic RTRs develop persistently impaired glucose
metabolism by six months posttransplantation, however
the prevalence of PTDM appears to be decreased in recent
years [9].

The risk factors for PTDM include increased age,
obesity or other component of metabolic syndrome,
African American race, Hispanic ethnicity, family history
of diabetes, gestational diabetes, pretransplant impaired
fasting glucose or impaired glucose tolerance, polycystic
kidney disease, increased HLA mismatches, deceased
donor allografts, history of acute rejection, hepatitis-C
(HCV) and cytomegalovirus (CMV) infections, use of
immunosuppressive  drugs like  glucocorticoids,
calcineurin inhibitors (CNIs) and mammalian target of
rapamycin (mTOR) inhibitors [8]. The role of induction
agents in causing PTDM is controversial. One study from
North India concluded that relative risk of PTDM with
basiliximab induction was 2.3 (95% CI 1.4-3.9) compared
to that of patients without induction [10].

Higher doses of glucocorticoids among RTRs have
been associated with the development of PTDM. Steroid
induced diabetes is characterized especially by increased
postprandial blood glucose and reduced insulin
sensitivity. Though glucocorticoid induced dysglycemia is
dose dependent, complete steroid withdrawal has not
been clearly shown to reduce the incidence of PTDM
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[11,12]. Corticosteroids induce diabetes predominantly
by promoting insulin resistance, and CNIs cause islet cell
toxicity and may directly affect transcriptional regulation
of insulin expression [13]. Hypomagnesemia induced by
CNIs may also precipitate glucose intolerance. Among
CNIs, tacrolimus is more diabetogenic than cyclosporine
as shown in Diabetes Incidence after Renal
Transplantation: Neoral C Monitoring Versus Tacrolimus
(DIRECT) study [14]. In the Efficacy Limiting Toxicity
Elimination (ELITE) study, higher rates of PTDM
developed at one year in patients receiving low-dose
tacrolimus (8.4%) versus those receiving standard-dose
cyclosporine (6%), low-dose cyclosporine (4.2%), and
low-dose sirolimus (6.6%) [15]. Few meta-analyses also
showed higher incidence of PTDM in patients receiving
tacrolimus compared to cyclosporine [16,17]. Sirolimus is
also diabetogenic. In one study, conversion to sirolimus
from tacrolimus or cyclosporine has been associated with
a significant worsening rather than an improvement in
insulin resistance [18]. Azathioprine and mycophenolate
mofetil (MMF) do not induce PTDM. The glycemic effects
of immunosuppressive drug combination regimens have
been compared in few studies. The combination of either
CNI with sirolimus may be more diabetogenic than the
combination of a CNI with MMF [19]. Use of few drugs
such as statins, angiotensin converting enzyme inhibitors
(ACEI), angiotensin receptor blockers (ARB), and co-
trimoxazole may be associated with a reduced risk of
PTDM [20,21].

In a meta-analysis HCV infected RTRs were at almost
four times greater risk of developing PTDM compared
with uninfected individuals [22]. Proposed mechanisms
include HCV-induced islet cell dysfunction, insulin
resistance, and abnormalities in glucose metabolism. HCV
therapy prior to transplantation may reduce the incidence
of PTDM. One larger retrospective study from North India
which looked at long-term outcomes of HCV infected
RTRs showed significantly high prevalence of PTDM in
HCV positive group (39.6%) as compared to HCV negative
group (18.9%) [23]. In this study all the HCV infected
patients received therapy prior to transplantation. The
role of CMV infection is controversial. In one study,
asymptomatic CMV infection was associated with a
fourfold increased risk of PTDM [24].

Pretransplant impaired glucose tolerance is a risk
factor for the development of PTDM. In one study, 35% of
patients with PTDM had impaired glucose tolerance
pretransplant [25]. Transient hyperglycemia is much
more common in immediate posttransplant period and
may itself is a risk factor for future development of PTDM.
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The risk due to perioperative transient hyperglycemia is
identified in few studies. In one study, 29% of patients
with perioperative hyperglycemia developed PTDM
within the first year after transplantation [26]. Another
study showed that posttransplant hyperglycemia was
associated with a fourfold increased risk of PTDM [27]. In
the same study, PTDM was developed in 46.7%
of patients with posttransplant hyperglycemia. Some
researchers have defined PTDM as a long-term (>3
months) requirement for glycemic control therapy to
prevent overdiagnosis.

The development of PTDM has adverse effect upon
both patient and graft survival, mainly by increased risk
of CVD and infections. PTDM correlates with increased
cardiovascular mortality, which is the most likely cause of
poor long-term survival in these patients [28]. The
mechanism by which PTDM may decrease allograft
survival independent of increased mortality (death-
censored allograft loss) is not clear. De novo diabetic
nephropathy in the allograft due to PTDM can also result
in graft loss [29]. Another possibility is that efforts to
decrease immunosuppressive therapy for glycemic
control may increase rates of rejection. PTDM has also
been associated with an increased risk for infections like
urinary tract infection, pneumonia and CMV infections.

The management includes pretransplant evaluation,
posttransplant monitoring, lifestyle modification, and
anti-diabetic therapy. Pretransplant assessment should
include proper history, evaluation for evidence of the
metabolic syndrome and for other cardiovascular risk
factors and PTDM risk assessment with fasting plasma
glucose or OGTT. Posttransplant screening usually
includes regular monitoring of blood glucose levels -
weekly during the first four weeks, then at three and six
months posttransplant, and then yearly. HbAlc can be
checked after three months posttransplant.

Nonpharmacologic therapy includes diet control,
weight reduction and exercise. The control of other
cardiovascular risk factors like hypertension and
dyslipidemia are also important. The potential benefit of
modification of immunosuppressive therapy must be
weighed against the risk of rejection. Glucocorticoid dose
may be decreased in patients with PTDM, but complete
steroid withdrawal is not recommended due to increased
risk of rejection. Switching to cyclosporine may be
considered among patients in whom diabetes remains
difficult to control on lower-dose tacrolimus. An open-
label randomized prospective pilot study from North
India demonstrated a significant improvement in HbAlc
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in the cyclosporine conversion arm compared with
tacrolimus continuation group among RTRs [30].
Conversion to sirolimus is not recommended as sirolimus
may further worsen insulin resistance and glycemia.

Oral hypoglycemic agents either as monotherapy or
combination therapy, or Insulin are required in most
patients at least in the first few months after
transplantation. Insulin is preferred during first few
weeks after transplantation and one study suggested
intensified early treatment with regimens that include
basal insulin significantly reduce risk of PTDM after one
year, presumably via insulin-mediated protection of 3
cells [31]. The oral hypoglycemic agents like sulfonylureas,
metformin (biguanide),  meglitinides,  dipeptidyl
peptidase-4 (DPP-4) inhibitors or gliptins, and
thiazolidinediones are the approved therapies for use in
PTDM.

Among sulfonylureas, glipizide, gliclazide and
glimepiride are preferred in patients with renal
insufficiency. Since sulfonylureas may have potential
toxicity in the setting of renal dysfunction, few prefer to
use meglitinides, such as repaglinide. Gliptins or incretin
mimetics are being widely used now even in RTRs.
Gliptins do not cause hypoglycemia (due to glucose
dependent action), do not induce weight gain and do not
seem to interact with immunosuppressive drugs.
Therefore it seems prudent to consider them as potential
first-line oral drugs to treat PTDM. They inhibit DPP-4, the
enzyme responsible for incretin degradation, which
increases insulin synthesis and decreases glucagon levels.
Sitagliptin, vildagliptin, repaglinide and nateglinide have
been used among transplant recipients in short-term
studies with documented safety and efficacy. Till date,
only one double-blind, placebo controlled randomized
trial has been performed in PTDM which concluded that
vildagliptin is efficacious in RTRs [32]. Sitagliptin may
prolong the QT interval, especially if used with
cyclosporine. Linagliptin is cleared by extra-renal
pathway and one Indian study evaluated its efficacy and
safety in PTDM [33]. Incretin mimetics - exenatide,
liraglutide and lixisenatide and sodium-glucose co-
transporter 2 (SGLT2) inhibitors - canagliflozin,
dapagliflozin, empagliflozin have not yet been validated
for use in PTDM. Metformin can be initiated in patients
with an estimated GFR (eGFR) as low as 45 ml/min and
most cases of metformin induced lactic acidosis have been
reported in combination with ACEI or ARB in patients
with reduced GFR. Metformin is contraindicated in
patients with an eGFR of <30 mL/min and not
recommended if the eGFR is <45 mL/min.
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Thiazolidinediones may worsen bone loss, lead to weight
gain, edema formation, anemia, congestive heart failure
and predispose to CNI toxicity. They are generally used as
a last resort of oral therapy. Alpha-glucosidase inhibitors
may worsen gastrointestinal side effects of MMF.

Conclusions

PTDM is widely prevalent affecting approximately
one-third of nondiabetic RTRs by six months
posttransplantation. It adversely affects both patient and
allograft survival. Glucocorticoids, CNIs
(tacrolimus>cyclosporine) and sirolimus increase the risk
of PTDM. The management includes pretransplant
evaluation, posttransplant monitoring, lifestyle
modification, and anti-diabetic therapy. Adjustment of
immunosuppression therapy aimed at improving glucose
tolerance must be weighed against the risk of rejection.
Among patients with poorly controlled PTDM despite a
reduction in tacrolimus dose, switching to cyclosporine
may be considered. Sulfonylureas, metformin,
meglitinides, gliptins, and insulin are the therapies
commonly used in patients with PTDM.
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