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New-onset diabetes after transplantation (NODAT) is a serious and common complication following solid organ 
transplantation and has been reported to occur in 2 to 53 % of all solid organ transplants. Various risk factors are 
associated with NODAT, however, the pathogenic mechanisms are still not very clear. In addition to the traditional risk 
factors for type 2 diabetes mellitus (T2DM) such as age, family history, obesity, ethnicity etc, exposure to 
immunosuppressive agents often leads to the occurrence of NODAT. Renal transplant patients who develop NODAT are 
at higher risk of cardiovascular events, infections, graft loss and patient loss. The incidence of NODAT has been reported 
to be high in early transplant period due to the exposure to the high doses of corticosteroids and calcineurin inhibitors 
and decreased physical activity during that period. Besides the traditional risk factors, genetic factors also play a major 
role in the development of NODAT. Knowledge of these factors at the earlier stage may help in identifying the high risk 
patients and implementing the preventive measures to reduce the development of NODAT. In the present article we 
reviewed the literature on the occurrence, traditional and genetic risk factors and the diagnostic criteria in the 
development of NODAT. Assessment of β-cell function and analysis of genetic factors would help in the control and 
management of NODAT in near future. 

 
 

Keywords:  NODAT, Transplantation, Genetic factors, HCV, CMV, Calcineurin inhibitors. 

 

INTRODUCTION 
 

New-onset diabetes after transplantation (NODAT) refers to 
the occurrence of diabetes in previously non-diabetic persons 
after solid organ transplantation as well as bone marrow and 
hematopoietic stem cells [1,2]. Kidney transplantation is the 
best therapy for end-stage renal disease (ESRD) with 
increased survival rates and better quality of life as compared 
with dialysis patients [3]. But NODAT is among one of the 
leading obstacles to long-term allograft and recipient survival 
[4]. According to data from the US renal data system (USRDS), 
40% of kidney transplant recipients (KTRs) have probability to 
develop NODAT by their third year post transplantation [5].  

This number is distressing because NODAT is a major risk 
factor for cardiovascular disease [6] and mortality [7-10] as well 
as associated with adverse impact on graft survival, graft 
rejection and graft loss [11,12], rate of infections [13-15] and 
increased health care costs [16].  

According to International Consensus Guidelines on NODAT 
which were published in 2003, NODAT should be diagnosed 
based on the American diabetes Association (ADA) criteria for 
type 2 diabetes published in 2003 [17,18]. The 2003 ADA 
diagnostic criteria for diabetes cohere with the WHOs 
diagnostic criteria of 1999. The NODAT guidelines recommend 
fasting plasma glucose (FPG) to be the desired test for the 
diagnosis of NODAT, but studies have indicated that a two 
hour post glucose (2hrPG) after an oral glucose tolerance test 
(OGTT) might be more sensitive for the detection of NODAT.  

The definition of diabetes mellitus which was prevailing in 
the clinical practice was FPG ≥ 7.0 mmol/dl (126 mg/dl) and 
2hrPG ≥ 11.1 mmol/dl (200 mg/dl). And later FPG limit was 
modified to 110 mg/dl from 126 mg/dl which corresponds to 
impaired fasting glucose (IFG) by the International Expert 
Committee, based on epidemiologic prognostic data [19]. 

http://www.donnishjournals.org/djar
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Since 2009, International Expert Committee recommended the 
use of standardized HbA1c (≥ 6.5%) assay for the diagnosis of 
diabetes which was approved by ADA in 2010 [20]. The Expert 
Committee also stated that HbA1c assay cannot be used in the 
condition that change red cell turnover, which is the case of 
end-stage renal disease (ESRD) patients and newly 
transplanted kidney recipients. These patients are usually 
anemic (due to surgical blood loss, iron deficiency, 
immunosuppressive drugs, graft dysfunction and 
instantaneous discontinuation of erythropoietin administration) 
which may lead to spurious HbA1c results [21,22]. 

Even though there is more prevalence of diabetes in the 
general population and increasing number of NODAT in kidney 
transplant recipients (KTRs), there are very few studies on 
NODAT from India. Owing to this, we have undertaken to 
review the occurrence, traditional risk factors, transplant 
specific factors and genetic risk factors of NODAT. 
Understanding the root causes of the disease is important as it 
will help to prevent the development of post-transplant 
diabetes. Though the underlying pathogenic mechanisms of 
NODAT are still unclear, the knowledge of these risk factors is 
of greater importance to identify the higher risk patients and to 
adapt the therapeutic strategies accordingly for the prevention 
of disease.  

The purpose of this review is to focus on the genetic risk 
factors of NODAT, since there was limited understanding of 
genetic role in the development of NODAT. Moreover, knowing 
the genetic risk factors at earlier stage might help the 
transplant recipients to take precautionary measures to avoid 
the occurrence of NODAT, which will help them to lead a 
healthy and better quality of life. 
 
HISTORY AND INCIDENCE OF NODAT 
 

The first cases of NODAT were illustrated by Thomas Starz 
after a liver transplant in 1964, which occurred mainly during 
the first 6 months post transplantation during treatment with 
high doses of immunosuppressant. The annual incidence of 
diabetes after 6 months is similar to that observed in patients 
on the waiting list i.e. 6% per year [16]. 

The incidence of NODAT among different types of 
transplant recipients is shown in Table 1. It has been reported 
that NODAT occurs in 2% to 53 % of all solid organ transplants 
[17], 4% to 25 % of renal transplant recipients [8], 4% to 40% 
of heart transplant recipients [23], 30% to 35% of lung 
transplant recipients [24], 2.5% to 25% of liver transplant 
recipients [25] and 40% to 60% of hepatitis C virus (HCV)-
infected liver transplant recipients [26]. The variation in the 
reported NODAT incidence may be explained by the 
differences in the study plan, transplant populations, the type 
of organ transplants, and the duration of follow-up and also the 
lack of standard definition of the condition.  

The prospective study of Vincenti et al [27] provided the 
most accurate incidence of NODAT  under calcineurin inhibitor 
(CNI) therapy, reporting an incidence of 20.5% within the first 6 
months post renal transplantation. In some patients the risk of 
developing NODAT has been observed up to 15 years post 
transplantation [28].  
 
RISK FACTORS FOR NODAT 
 

Various risk factors associated with the development of 
NODAT are non-modifiable, modifiable or potentially modifiable 
risk factors; the former category helps in the identification of 
high risk individuals, and the latter two categories help in 
optimizing the management of NODAT. 

NON-MODIFIABLE RISK FACTORS  
 

Older age is considered to be an important risk factor for the 
development of NODAT. Transplant recipients of age more 
than 45 years were 2.2 times more likely to develop NODAT 
than those of younger recipients [28]. Kasiske et al [8] showed 
a strong association between older age and NODAT in an 
analysis of the US Renal Data System (USRDS) consisting of 
over 11,000 Medicare beneficiaries who received primary 
kidney transplants between 1996 and 2000. When compared 
to a reference range of 18-44 years of age, transplant 
recipients between the age of 45-59 years were found to have 
a relative risk of 1.9 for NODAT(P < 0.0001), whereas 
recipients who were ≥60 years of age had a relative risk of 
2.09 (P< 0.0001) [28]. Gourishankar et al [29] reported that 
there is 1.5 fold increased risk for NODAT for every 10 year 
increase in age. 

Race/ethnicity also plays a role in the development of 
NODAT. According to data from USRDS, NODAT was more 
common among African Americans (RR = 1.68, P < 0.0001) 
and Hispanics (RR = 1.35, P < 0.0001) as compared to 
Caucasians. The difference in the incidence of NODAT in 
patients of different ethnicity has been observed due to the 
differential pharmacokinetics and diabetogenic effects of 
immunosuppressive drugs [30]. Davidson et al [17] reported 
that tacrolimus has potent diabetogenic effects in African 
Americans as compared to whites. 

Recipients with a family history of diabetes among first-
degree relatives are at greater risk for the development of 
NODAT, with one study reporting a seven fold increase in the 
condition [17]. Other non-modifiable risk factors include male 
gender recipient, the presence of certain human leukocyte 
antigens (HLA) such as HLA A30, B27, and B42, increasing 
HLA mismatches, deceased donor kidneys, male donor and 
acute rejection history [31]. Polycystic kidney disease also has 
been suggested to increase the risk for developing diabetes 
after renal transplantation in few studies but was contradicted 
by others [32-35].  
 
MODIFIABLE RISK FACTORS 

 
Starlz described the contributory role of corticosteroids on 
NODAT in 1964 in renal transplant recipients [28,36]. The 
diabetogenic effect of corticosteroids depends on the dose 
given to the recipients. Single-center studies have suggested 
that oral prednisolone dose reduction to 5 mg daily 
considerably improves glucose tolerance during the first year 
of transplantation [37] while a 0.01 mg/kg/day increase in 
prednisolone dose increases the risk to 5% for developing 
NODAT [38]. 

Tacrolimus (Tac) has been reported to have a greater 
diabetogenic effect as compared to cyclosporine A (CSA) 
among renal and non-renal transplant recipients. In a meta-
analysis regarding incidence of NODAT, Heisal et al [39] 
reported a higher incidence of insulin dependent diabetes 
mellitus (IDDM) in Tac- versus CSA-treated liver, heart, and 
lung transplant recipients. IDDM occurred in 9.8% of Tac-
treated versus. 2.7% of CSA-treated patients (P < 0.00001) in 
renal transplant recipients. Similar trends were reported among 
non-renal transplant recipients (11.1% versus 6.2%, 
respectively (P < 0.003).  

Bloom et al [40] reported that among the HCV positive 
patients, NODAT development was more in the Tac- compared 
with the CSA- treated patients (57.8% versus 7.7%, P, 0.0001).  
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Table 1. Overall incidence of NODAT among different types of Transplant Recipients 

 

Types of Transplantation Overall incidence (%) 

New-onset diabetes after transplantation 2-53 % 

Renal transplant 4-25  % 

Heart transplant 4-40 % 

Lung transplant 30-35 % 

Liver transplant 2.5-25 % 

HCV infected liver transplant 40-60 % 

 
 

 
In one single-center study, tacrolimus in combination with 
sirolimus was found to be associated with a higher incidence of 
NODAT than tacrolimus alone [41]. 

Obesity (BMI ≥ 30 kg/m
2
) has been observed to be 

associated with the development of NODAT and according to 
the analysis of USRDS database, it is considered to be one of 
the strongest risk factors for NODAT (RR of 1.73, P < 0.0001) 
[42]. The pattern of body fat distribution also has been 
suggested to play a contributory role. It is hypothesized that 
intra-abdominal fat or waist-to-hip ratio could be more 
significant risk factors for NODAT development than total body 
weight or BMI [17]. 

Earlier studies have suggested that the greater number of 
metabolic syndrome components is associated with greater 
risk for NODAT development [43]. However, multivariate 
analysis, including the individual metabolic syndrome 
components as covariates demonstrated by Bayer et al [44], 
showed that only low density lipoprotein (LDL) was 
independently associated with the development of NODAT 
among all the pre-transplant metabolic syndrome components. 

In a single-center retrospective analysis comprising of 254 
renal transplant recipients, Van Laecke et al [45] reported that 
hypomagnesemia during the first-month post transplantation 
was associated with NODAT development, independent of the 
immunosuppressive regimen used. Whether Mg 
supplementation and adjustment of Mg deficiency would 
reduce the incidence of insulin resistance or NODAT has to be 
studied. 
 
POTENTIALLY MODIFIABLE RISK FACTORS  
 

In a study composing of 490 kidney transplant recipients, 
Cosio et al [46] reported that higher pretransplant glucose is a 
risk factor for the development of NODAT at one year. 
Compared to patients with pretransplant FPG levels between 
90-100 as the reference group, patients with plasma glucose 
<90mg/dl have lower risk of NODAT (OR = 0.46, P = 0.01). 
Whereas, the risk for developing NODAT increases as the 
pretransplant FPG levels increases (FPG = 101-109, OR = 1.5; 
FPG = 110-125, OR = 7.6, P < 0.0001). 

It has been suggested that Hepatitis C virus (HCV) 
infection is associated with IFG or the development of type 2 
diabetes mellitus in the general population. Bloom et al [47] 
reported that the potential mechanisms for the diabetogenic 
effect of HCV infection include insulin resistance, decreased 
hepatic glucose uptake and glycogenesis, and direct cytopathic 
effect of the virus on pancreatic β cells. 

Studies suggested that asymptomatic CMV infection and 
CMV disease, both are independently associated with the 
development of NODAT. Hjelmesaeth et al [48] reported that 
asymptomatic CMV infection was associated with a four-fold 
increased risk of NODAT, in a study comprising of 160 non-
diabetic renal transplant recipients who were monitored for 
CMV infection during the first 3 months after transplantation.  

Patients with active CMV infection had considerably lower 
median insulin release when compared with their CMV 
negative counterparts, suggesting that the potential 
mechanism for the diabetogenic effect of CMV infection might 
include impaired insulin release from pancreatic β cells. It is 
suggested that CMV-induced release of proinflammatory 
cytokines might lead to apoptosis and functional disturbances 
of pancreatic β cells [49]. 
 
 
 
 
PROBABLE MECHANISMS OF Β-CELL DAMAGE AFTER 
HCV AND CMV INFECTION LEADING TO NODAT 
 

Proinflammatory cytokines may play a major role in the 
pathogenesis of both type 1 [50] and type 2 diabetes [51]. 
Tumour necrosis factor (TNF)-α, interferon (IFN)-γ and 
interleukin (IL)-1 have detrimental effects on pancreatic β-cells, 
and TNF-α and IL-6 induce insulin resistance. The detrimental 
effect of cytokines on β-cell could be due to the induction of 
apoptosis [52], or toxic effects caused by reactive oxygen or 
nitrogen species, or elevated free fatty acids and by insulin 
resistance in the β-cell itself [51]. Probable mechanisms for 
HCV and CMV-induced β-cell damage leading to NODAT are 
demonstrated in Figure 1.  

Hepatitis C virus (HCV) has become one of the important 
risk factors of T2DM and NODAT by elevating the levels of 
proinflammatory cytokines such as TNF-α and IL-6 leading to 
insulin resistance [53]. This may induce the apoptosis of β-cells 
and occurrence of diabetes after renal transplantation in HCV 
positive patients.  

During CMV infection also, various types of cells produce 
proinflammatory cytokines. Firstly, β-cells express toll-like 
receptors such as TLR 2 and TLR4 [54], TLR2 is involved in 
binding of CMV to target cells [55]. Activated TLR2 in β-cells 
leads to activation of NF-κB (nuclear factor kappa-light-chain-
enhancer of activated B cells) following the production of low 
levels of proinflammatory cytokines leading to apoptosis of β-
cells which may further develop NODAT [54].  

Secondly, infiltration of T-cells, granulocytes, monocytes 
and macrophages inside the islet cells due to CMV infection, 
may lead to local production of proinflammatory cytokines 
causing β-cell dysfunction [56]. Binding of CMV to monocytes 
induces IL-1β production and release [57], which further 
activates TNF-α production in human pancreatic duct cells 
leading to apoptosis of β-cells [58]. Thirdly, CMV infection may 
also infect the neighbouring pancreatic cells (endothelial cells 
and fibroblasts) leading to the production of cytokines. 
Endothelial cells produce increased levels of IL-1β due to CMV 
infection with subsequent induction of apoptosis of β-cells [59]. 
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Figure 1. Probable mechanisms of β- cell damage after CMV and HCV infection leading to NODAT. (A). CMV 
infection inducing β- cells to produce proinflammatory cytokines, leading to the apoptosis of the cells. (B). 
Production of proinflammatory cytokines due to CMV infection by infiltration of T- cells, granulocytes, 
monocytes and macrophages in islet cells, leading to apoptosis of β-cells. (C). CMV induced apoptosis of β-
cells by production of proinflammatory cytokines in other islet cells (endothelial cells and fibroblasts). (D). 
Insulin resistance by release of proinflammatory cytokines due to HCV infection, leading to apoptosis of β- 
cells. (E). Balance between Th1and Th2 lymphocytes during CMV infection after renal transplantation, leading 
to β-cell destruction with predominant Th1 response. Abbreviations: β- β-cells, T- T-cells, Grnl- granulocytes, 
Mac- macrophages, M- monocytes, E- endothelial cells, F- fibroblasts,  
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During CMV infection after renal transplantation, the immune 
response may depend upon the balance between T helper 1 
(Th1) and T helper 2 (Th2) lymphocytes with a predominant 
Th1 response leading to β-cell dysfunction [52]. Among Th1 
cytokines, IL-2 activates T cytotoxic lymphocytes, while IFN-γ 
induces macrophages to produce proinflammatory cytokines 
like IL-1β, IL-6 and TNF-α, which may induce the apoptosis of 
β-cells.   
 
ASSOCIATION OF NODAT WITH IMMUNOSUPPRESSIVE 
AGENTS 
 

Immunosuppressive agents also play a major role in the 
development of NODAT. Immunosuppressive drugs account 
for 74% of the risk for NODAT development [30]. The 
association between corticosteroids and NODAT has been 
established clearly and is mostly dependent on the cumulative 
dosages and therapy duration [17,60]. In the early years of 
transplantation, higher dosages of corticosteroids were used, 
which was responsible for higher NODAT incidence as 46%.  

Later, the progressive reduction in corticosteroids dosages 
resulted in a parallel reduction in the incidence of NODAT [39]. 
It has been reported by large, prospective, multicenter trial that 
steroid withdrawal at 3 months did not reduce the incidence of 
NODAT significantly, whereas, corticosteroid avoidance from 
the first day resulted in a significant reduction of NODAT 
[61,62].  

Even though cyclosporine therapies permitted for reduction 
in steroid dosages with subsequent reduction of NODAT 
incidence, calcineurin inhibitors (CNI) also have been found to 
be associated with glucose metabolism impairment [17]. It has 
been demonstrated in both animal models and human studies 
that calcineurin inhibitors exhibit their diabetogenic effect by 
inhibiting insulin secretion [63,64]. Probable pathway of 
calcineurin inhibitors leading to NODAT are demonstrated in 
Figure 2. Analysis of USRDS reported that the risk for 

developing NODAT was 53% more in patients who were 
treated with tacrolimus, and also the rate of NODAT diagnosis 
during the second year was greater [8,16].  

In a review consisting of 4102 renal transplant recipients, it 
was found that the RR for NODAT at 1 and 3 year were 
1.86(95% CI 1.11 to 3.09) and 3.86(95% CI 2.01 to 7.41) 
higher with tacrolimus, respectively [65]. A similar NODAT risk 
was also found in non renal transplants [39]. Cyclosporine and 
tacrolimus trough blood levels were not related to the 
appearance of NODAT at discharge; 3 and 6 months; and 1,3 
and 5 year after transplantation. However, early post 
transplantation levels are associated with NODAT 
development. It has been reported that the tacrolimus trough 
levels >15ng/ml during first month are associated with the 
development of NODAT [66]. Boots et al [67] reported that a 
33% reduction in tacrolimus level resulted in a 36% 
improvement in pancreatic β-cell secretion capacity. 
Tacrolimus has been considered to be associated with a higher 
rate of NODAT but not with a reduced risk for graft failure [8].  

The use of azathioprine and mycophenolate mofetil has 
been associated with a lower risk for NODAT, probably 
because it may allow the clinicians to reduce the dosages of 
more diabetogenic immunosuppressive agents. Patients who 
were on azathioprine and mycophenolate mofetil therapy were 
found to have a 16% and 22% lower incidence of NODAT, 
respectively, yet it has not been confirmed in a meta-analysis 
[8,65]. The role of sirolimus in glucose metabolism is 
controversial. However, a higher incidence of NODAT in black 
patients was noticed who received sirolimus in combination 

with tacrolimus, suggesting the possibility of sirolimus 
association with impaired glucose metabolism [68].  

Impaired glucose homeostasis has been seen in renal 
transplant recipients who received basiliximab, a CD25 
antibody indirectly suppressing T-cell proliferation. In the 
basiliximab group, 51.5% of patients were found to develop 
NODAT, impaired glucose tolerance, or impaired fasting 
glucose, versus 36.9% of patients in the group without 
basiliximab, but the pathogenic mechanism were unknown 
[69]. 
 
ASSOCIATION OF NODAT WITH GENETIC FACTORS 

 
There are not many reports of NODAT with respect to genetic 
background. Some studies showed the association between 
human leukocyte antigen (HLA) phenotypes and NODAT but 
they were conflicting. Therefore, HLA phenotype cannot be 
considered as a reliable risk factor for NODAT [17]. In previous 
studies, HLA-B42 [70] and HLA-B27 [38] has been identified as 
predictive factors for NODAT. Recently, HLA-B13 and HLA-
B15 phenotypes have been reported as independent predictors 
of NODAT [71].  
     A study carried out in 70 kidney transplant recipients has 
reported that patients with vitamin D receptor TaqI t allele were 
at a higher risk for NODAT than the control group with the TT 
genotype [72]. In the general population, several genetic 
polymorphisms are considered to have contribution to 
diabetes. Previous studies reported that the IL-6 gene 
promoter polymorphisms at position -174 (GC) has been 
associated with type 2 diabetes [73] and insulin resistance [74, 
75]. Bamoulid et al [76] also demonstrated that polymorphism 
in IL-6 gene promoter region at position -174 (GC) were 
associated with the later development of NODAT.  

The risk for NODAT was found to be significantly higher in 
homozygous (GG) wild-type patients than in homozygous (CC) 
mutant patients independent of age, BMI, and other 
confounding factors. Moreover, the incidence of NODAT 
increased linearly from low to intermediate and high IL-6 
production capacity. Furthermore, insulin sensitivity as 
assessed by HOMA-IR index was lower in homozygous wild-
type GG recipients without diabetes than in homozygous CC 
mutant recipients without diabetes, suggesting a role for IL-6 in 
insulin resistance.  

Various genes previously reported to be associated with 
T2DM susceptibility include transcription factor 7-like 2 
(TCF7L2), peroxisome proliferator-activated receptor gamma 
(PPARG), potassium inwardly-rectifying channel, subfamily J, 
member 11 (KCNJ11), solute carrier family 30 (zinc 
transporter), member 8 (SLC30A8), cyclin-dependent kinase 
inhibitors CDKN2A/CDKN2B, the insulin-like growth factor 2 
mRNA binding protein 2 (IGF2BP2), and others [77-79]. It has 
been reported that many of the genes influence diabetes risk 
by affecting insulin secretion [80]. 

Chakkera et al [81] analyzed 15 previously identified 
variants in 8 genes associated with T2DM which included 
rs12255372 and rs7901695 in TCF7L2, rs5219 and rs5215 in 
KCNJ11, rs 1801282 in PPARG, rs13266634 in SLC30A8, 
rs10811661 and rs564398 in CDKN2A/CDKN2B, rs4402960 
and rs1470579 in IGF2BP2, rs10946398, rs7756992, 
rs7754840 in CDKAL1, and rs1111875 and rs5015480 in 
HHEX but they did not find statistically significant evidence for 
association between markers in any of these genes and risk of 
NODAT development. 
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Figure 2. Probable pathway of calcineurin inhibitors leading to NODAT. (1). Cyclosporine and tacrolimus bind 
to specific regulatory proteins, cyclophilin A and FK506 binding protein-12, which bind to the interface of the 
calcineurin A/B heterodimer and prevent activation of the nuclear factorof activated T cells (NFAT). (2). 
Activation of T-cell receptor results in increased intracellualar calcium concentration, leading to activation of 
calcineurin. (3). Dephosphorylation of NFATc protein caused by calcineurin and activated NFATc translocate 
into nucleus from cytoplasm. (4). NFATc congregate on DNA regulatory sequences to alter gene expression. 
(5). Release of IL-2  preventing immune cell activation and leading to apoptosis of β-cell.  

 
 

 
Ghisdal et al [82] analyzed 11 well-established type 2 diabetes 
susceptibility genes (TCF7L2, FTO, CDKAL1, KCNJ11, HHEX-
IDE region, SLC30A8, CDKN2A-CDKN2B region, IGF2BP2, 
HNF1B, WFS1, and PPARG genes) and the occurrence of 
NODAT within 6 months after transplantation in a large cohort 
of predominantly white renal transplant patients. TCF7L2 was 
the only polymorphism found to be significantly associated with 
NODAT in the whole cohort. The risk for NODAT was found to 

be significantly higher in patients with CT and TT genotype as 
compared to CC genotype. 
Yang et al [83] assessed the genetic risk factors associated 
with NODAT in Hispanic kidney transplant recipients. 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 
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(rs1801278) were found to be significantly associated with 
NODAT. 

Ergun et al [84] analyzed the relationship between the 
enzyme endothelial nitric oxide synthase gene intron 4 
polymorphism and NODAT in kidney allograft recipients. This 
enzyme is involved in the synthesis of nitric oxide, which 
mediates insulin-induced uptake and metabolism of glucose in 
the skeletal muscle. Having a 4a allele of the endothelial nitric 
oxide synthase gene intron 4 polymorphism was found to be 
an independent risk factor for NODAT development. 

Kang et al [85] suggest an association between adiponectin 
gene polymorphism and NODAT. In Korean kidney transplant 
recipients, 276G/T single nucleotide polymorphism (SNP) of 
adiponectin gene (rs1501299) was found to be associated with 
NODAT in a gender – specific manner. Moreover, reduced pre-
transplantation serum adiponectin concentrations are also 
found to be associated with NODAT development [86, 87]. 
Hence estimation of pre transplant serum adiponectin will be a 
useful marker in the assessment of NODAT. 

Jeong et al [88] suggested that chemokine ligand 5 (CCL5) 
gene polymorphisms was also associated with the 
development of NODAT in Korean kidney transplant recipients. 
Elevated serum CCL5 concentrations are observed in some 
inflammatory conditions, including kidney transplantation 
[89,90] and type 2 diabetes mellitus (T2DM) [91-93].  

Bruna et al [94] analyzed the association of 276G/T 
adiponectin gene polymorphism and rs2280789 and 
rs3817655 CCL5 gene polymorphisms with NODAT 
development in Caucasian kidney transplant recipients. The TT 
genotype of 276G/T adiponectin gene polymorphism was 
significantly more frequent in NODAT than non-NODAT 
patients compared with GG/GT genotypes. They did not find 
any association between CCL5 SNPs and NODAT. There were 
no differences in genotype distribution and allele frequency of 
rs2280789 and rs3817655 CCL5 gene polymorphisms 
between NODAT and non-NODAT groups. 

Yu et al [95] investigated the association between 
adiponectin gene polymorphism at position 45 and 276, that is, 
SNP-45: T/G, SNP-276: G/T and the risk of post 
transplantation diabetes mellitus (PTDM) in Chinese renal 
allograft recipients. The incidence of PTDM was significantly 
higher in patients with the GG genotype than those with the TG 
and TT genotypes for both SNP-45 and SNP-276.  

Laure et al [96] reported the association of single-
nucleotide polymorphisms in peroxisome proliferator-activated 
receptor α (PPARα) and P450 oxidoreductase (POR) with the 
development of NODAT in kidney transplant recipients treated 
with tacrolimus. They assessed two variants in PPARα 
(rs4253728 G>A and rs4823613 A>G and one coding variant 
in POR (rs1057868; POR*28; A503V) and found that PPARα 
rs4253728 G>A and POR*28 variant alleles were both 
independently associated with an increased risk for developing 
NODAT after kidney transplantation. 
 
SUMMARY 
 

NODAT is a serious complication after renal transplantation 
associated with graft loss and patient loss. Therefore, there is 
a necessity to prevent the occurrence of NODAT. Various 
factors are responsible for the development of NODAT, but 
most studies have stated that insulin impairment and insulin 
resistance are the primary cause for the development of 
NODAT. The mechanism of NODAT are still unclear, however, 
immunosuppressants, HCV and CMV infection play an 
important role in the development of NODAT.  

Most of the mechanisms involved in the development of 
NODAT release proinflammatory cytokines, which has 
cytopathic effect on β-cells. Apart from traditional factors 
responsible for NODAT, genetic factors also play a major role 
in the development of NODAT. Knowledge of genetic factors 
can help in identifying high risk patients and implementing 
preventive measures to reduce NODAT development. 
Identifying the genetic factors at earlier stage can help the 
clinicians to adopt the individualized immunosuppressants, 
thereby avoiding the occurrence of NODAT.  

Aiming at uncovering the underlying genes responsible for 
the development of NODAT, adopting appropriate medications 
and preventive measures might reduce the burden of diabetes, 
thereby increasing the long term allograft function and better 
survival rates in the organ transplant recipients. 
 
ABBREVIATIONS 
 
NODAT: New-Onset Diabetes After Transplantation 

T2DM: Type-2 Diabetes Mellitus 

ESRD: End Stage Renal Disease 

USRDS: United States Renal Data System 

KTR: Kidney Transplant Recipient 

ADA: American Diabetes Association 

OGTT: Oral Glucose Tolerance Test 

FPG: Fasting Plasma Glucose 

2hrPG: Two Hour Post Glucose 

IFG: Impaired Fasting Glucose 

HCV: Hepatitis C Virus 

CMV: Cytomegalovirus 

CNI: Calcineurin Inhibitots 

RR: Relative Risk 

OR: Odds Ratio 

HLA: Human Leukocyte Antigens 

Tac: Tacrolimus 

CSA: Cyclosporin A 

BMI: Body Mass Index 

LDL: Low Density Lipoprotein 

TNF: Tumour Necrosis factor 

INF: Interferon 

IL: Interleukin 

 
COMPETING INTERESTS 
 

The authors declare that they do not have competing interests. 
 
AUTHOR’S CONTRIBUTIONS 

 
We conceived the plan of the review, drafted the manuscript 
and revised it. All authors read and approved the final 
manuscript.

  

 
AUTHORS DETAILS 
 
1
Bhagwan Mahavir Medical Research Center, Hyderabad, 

India. 
2
Department of Genetics, Osmania University, Hyderabad, 

India. 
3
Department of Biochemistry and Immunology, Transimmun, 

Hyderabad, India.  

 



S h a z i a  e t  a l                      D o n n .  J .  G e n e t .  M o l e c u l .  B i o .  | 013 

         www.donnishjournals.org 

REFERENCES 
 
1. Viberti G (2001) Diabetes mellitus: a major challenge in 

transplantation. Transplant Proc 33: 3S–7S.  
2. Woo M, Przepiorka D, Ippoliti C, Warkentin D, Khouri I, et al. (1997) 

Toxicities of tacrolimus and cyclosporine A after allogeneic blood 
stem cell transplantation. Bone Marrow Transplant 20: 1095–1098.  

3. Wolfe RA, Ashby VB, Milford EL, et al.Comparison of mortality in all 
patients on dialysis, patients on dialysis awaiting transplantation, 
and recipients of a first cadaveric transplant. N Engl J Med 1999; 
341:1725–1730 

4. Krentz AJ, Wheeler DC. New-onset diabetes after transplantation: a 
threat to graft and patient survival. Lancet 2005; 365: 640–642 

5. National Institutes of Health NIoDaDaKD. US Renal Data System 
USRDS 2011 Annual Data Report: Atlas of Chronic Kidney 
Disease and End-Stage Renal Disease in the United States. 
http://www.usrds.org/2011/view/v2_07.asp 

6. Hjelmesaeth J, Hartmann A, Leivestad T et al. The impact of early 
diagnosed new-onset post-transplantation diabetes mellitus on 
survival and major cardiac events. Kidney Int 2006; 69: 588–595 

7. Valderhaug TG, Hjelmesaeth J, Hartmann A et al. The association 
of early post-transplant glucose levels with long-term mortality. 
Diabetologia 2011; 54: 1341–1349 

8. Kasiske BL, Snyder JJ, Gilbertson D et al. Diabetes mellitus after 
kidney transplantation in the United States. Am J Transplant 2003; 
3(2): 178–185 

9. Cosio FG, Pesavento TE, Kim S et al. Patient survival after renal 
transplantation: IV. Impact of post-transplant diabetes. Kidney Int 
2002; 62: 1440–1446 

10. Cole EH, Johnston O, Rose CL et al. 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 

11. Valderhaug TG, Hjelmesaeth J, Jenssen T et al. Early 
posttransplantation hyperglycemia in kidney transplant recipients 
is associated with overall long-term graft losses. Transplantation 
2012; 94: 714–720 

12. Matas AJ, Gillingham KJ, Humar A et al. Posttransplant diabetes 
mellitus and acute rejection: impact on kidney transplant outcome. 
Transplantation 2008; 85: 338–343 

13. Pietrzak-Nowacka M, Safranow K, Dziewanowski K et al. Impact of 
posttransplant diabetes mellitus on graft function in autosomal 
dominant polycystic kidney disease patients after kidney 
transplantation. Ann Acad Med Stetin 2008; 54: 41–48 

14. Siraj ES, Abacan C, Chinnappa P et al. Risk factors and outcomes 
associated with posttransplant diabetes mellitus in kidney 
transplant recipients. Transplant Proc 2010; 42: 1685–1689 

15. Von Kiparski A, Frei D, Uhlschmid G et al. Post-transplant diabetes 
mellitus in renal allograft recipients: a matched-pair control study. 
Nephrol Dial Transplant 1990; 5: 220–225 

16. Woodward RS, Schnitzler MA, Baty J et al. Incidence and cost of 
new onset diabetes mellitus among U.S. wait-listed and 
transplanted renal allograft recipients. Am J Transplant 2003; 3: 
590–598 

17. Davidson J, Wilkinson A, Dantal J, Dotta F, Haller H, Hernandez D, 
Kasiske BL, Kiberd B, Krentz A, Legendre C, Marchetti P, Markell 
M, van der woude FJ, Wheeler DC: New-onset diabetes after 
transplantation: 2003 international consensus guidelines. 
Proceedings of an international expert panel meeting. Barcelona, 
Spain, 19 February 2003. Transplantation 75[Suppl 10]: SS3–
SS24, 2003. 

18. Expert Committee on the Diagnosis and Classification of Diabetes 
Mellitus. Report of the expert committee on the diagnosis and 
classification of diabetes mellitus. Diabetes Care 2003;26(Suppl. 
1):S5-S20. 

19. Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Kahn R, et 
al. Expert Committee on the Diagnosis and Classification of 
Diabetes Mellitus. Follow-up report on the diagnosis of diabetes 
mellitus. Diabetes Care 2003;26:3160-3167. 

20. American Diabetes Association. Diagnosis and classification of 
diabetes mellitus. Diabetes Care 2010;33(Suppl. 1):S62-S69. 

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

22. Winkelmayer WC, Chandraker A. Posttransplantation anemia: 
management and rationale. Clin J Am Soc Nephrol 2008;3(Suppl. 
2):S49–S55 

23. Ye X, KuoH T, Sampaio MS, Jiang Y, Reddy P, et al. (2010) Risk 
factors for development of new-onset diabetes mellitus in adult 
heart transplant recipients. Transplantation 89:1526–1532. 

24. Silverborn M, Jeppsson A, Mårtensson G, Nilsson F (2005) New-
onset cardiovascular risk factors in lung transplant recipients. J 
Heart Lung Transplant 24: 1536–1543. 

25. Pageaux GP, Faure S, Bouyabrine H, Bismuth M, Assenat E 
(2009) Long-term outcomes of liver transplantation: diabetes 
mellitus. Liver Transpl 15: S79–S82. 

26. Knobler H, Stagnaro-Green A, Wallenstein S, Schwartz M, Roman 
SH (1998) Higher incidence of diabetes in liver transplant 
recipients with hepatitis C. J Clin Gastroenterol 26: 30–33.  

27. Vincenti F, Friman S, Scheuermann E, Rostaing L, Jenssen T, et 
al. (2007) Results of an international, randomized trial comparing 
glucose metabolism disorders and outcome with cyclosporine 
versus tacrolimus. Am J Transplant 7: 1506–1514. 

28. Cosio FG, Pesavento TE, Osei K, Henry ML, Ferguson RM. 
Posttransplant diabetes mellitus: increasing incidence in renal 
allograft recipients transplanted in recent years. Kidney Int. 
2001;59(2): 732–737. 

29. Gourishankar S, Jhangri GS, Tonelli M, Wales LH, Cock- S294 
Journal of the American Society of Nephrology J Am Soc Nephrol 
17: S291–S295, 2006 field SM: Development of diabetes mellitus 
following kidney transplantation: A Canadian experience. Am J 
Transplant 4: 1876–1882, 2004. 

30. Montori VM, Basu A, Erwin PJ, Velosa JA, Gabriel SE, Kudva YC. 
Posttransplantation diabetes: a systematic review of the literature. 
Diabetes Care. 2002;25(3):583–592. 

31. Pham PT, Danovitch GM, Pham PC. The medical management of 
the renal transplant recipient. In: Johnson RJ, John Feehally, 
editors. Comprehensive Clinical Nephrology, 3rd ed. Philadelphia, 
PA: Mosby; 2007:1085–1101. 

32. Hamer RA, Chow CL, Ong AC, McKane WS. Polycystic kidney 
disease is a risk factor for new-onset diabetes after 
transplantation. Transplantation. 2007;83:36–40. 

33. Ducloux D, Motte G, Vautrin P, Bresson-Vautrin C, Rebibou JM, 
Chalopin JM. Polycystic kidney disease as a risk factor for post-
transplant diabetes mellitus. Nephrol Dial Transplant. 
1999;14:1244–1246 

34. De Mattos AM, Olyaei AJ, Prather JC, Golconda MS, Barry JM, 
Norman DJ. Autosomal dominant polycystic kidney disease as a 
risk factor for diabetes mellitus following transplantation. Kidney 
Int. 2005;67:714–720. 

35. Hjelmesaeth J, Hartmann A. Insulin resistance in patients with 
adult polycystic kidney disease. Nephrol Dial Transplant. 
1999;14(10): 2521–2522. 

36. Jindal RM, Revanur VK, Jardine AG. In: Hakim N, Stratta R, Gray 
D, editors. Immunosuppression and Diabetogenicity, 1st ed. 
(Pancreas and islet transplantation). New York: Oxford University 
Press; 2002: 247–27. 

37. Hjelmesaeth J, Hartmann A, Kofstad J, Egeland T, Stenstrom J, 
Fauchald P. Tapering off prednisolone and cyclosporine the first 
year after renal transplantation: the effect on glucose tolerance. 
Nephrol Dial Transplant. 2001;16:829–835. 

38. Hjelmesaeth J, Hartmann A, Kofstad J, et al. Glucose intolerance 
after renal transplantation depends upon prednisolone dose and 
recipient age. Transplantation. 1997;64(7):979–983. 

39. 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(4):583–595 

40. Bloom RD, Rao V, Weng F, Grossman RA, Cohen D, Mange KC. 
Association of hepatitis C with posttransplant diabetes in renal 
transplant patients on tacrolimus. J Am Soc Nephrol. 
2002;13(5):1374–1380. 

41. Sulanc E, Lane JT, Puumala SE, Groggel GC, Wrenshall LE, 
Stevens RB. New-onset diabetes after kidney transplantation: an 
application of 2003 International Guidelines. Transplantation. 
2005;80(7):945–952. 

42. Bonato V, Barni R, Cataldo D, et al. Analysis of posttransplant 
diabetes mellitus prevalence in a population of kidney transplant 
recipients. Transplant Proc. 2008;40(6):1888–1890. 



S h a z i a  e t  a l                      D o n n .  J .  G e n e t .  M o l e c u l .  B i o .  | 014 

         www.donnishjournals.org 

43. Eckel RH. Mechanisms of the components of the metabolic 
syndrome that predispose to diabetes and atherosclerotic CVD. 
Proc Nutrition Soc. 2007;66(1):82–95. 

44. Bayer ND, Cochetti PT, Kumar MSA, et al. Association of 
metabolic syndrome with development of new-onset diabetes after 
transplantation. Transplantation. 2010;90(8):861–866. 

45. Van Laecke S, Van Biesen W, Verbeke F, De Bacquer D, Peeters 
P, Vanholder R. Postransplantation hypomagnesemia and its 
realtion with immunosuppression as predictors of new-onset 
diabetes after transplantation. Am J Transplant. 2009;9(9):2140–
2149. 

46. Cosio FG, Kudva Y, van der Velde M, Larson TS, et al. New onset 
hyperglycemia and diabetes mellitus are associated with 
increased cardiovascular risk after kidney transplantation. Kidney 
Int. 2005;67(6):2415–2421. 

47. Bloom RD, Lake JR. Emerging issues in hepatitis C virus-positive 
liver and kidney transplant recipients. Am J Transplant. 
2006;6(10): 2232–2237. 

48. Hjelmesaeth J, Sagedal S, Hartmannn A, et al. Asymptomatic 
cytomegalovirus infection is associated with increased risk for 
new-onset diabetes and impaired insulin release after renal 
transplantation. Diabetologia. 2004;47(9);1550–1556. 

49. Hjelmesaeth J, Muller F, Jenssen T, Rollag H, Sagedar S, 
Hartmann A. Is there a link between cytomegalovirus infection and 
new-onset posttransplant diabetes mellitus? Potential mechanisms 
of virus induced β-cell damage. Nephrol Dial Transplant. 
2005;20(11): 2311–2315. 

50. Rabinovitch A, Suarez-Pinzon WL. Cytokines and their roles in 
pancreatic islet beta-cell destruction and insulindependent 
diabetes mellitus. Biochem Pharmacol 1998; 55: 1139–1149 

51. Greenberg AS, McDaniel ML. Identifying the links between obesity, 
insulin resistance and β-cell function: potential role of adipocyte 
derived cytokines in the pathogenesis of type 2 diabetes. Eur J 
Clin Invest 2002; 32 [Suppl 3]: 24–34 

52. Butler AE, Janson J, Bonner-Weir S, Ritzel R, Rizza RA, Butler PC. 
b-cell deficit and increased b-cell apoptosis in humans with type 2 
diabetes. Diabetes 2003; 52: 102–110 

53. Fabrizi F, Lampertico P, Lunghi G, Mangano S, Aucella F, Martin 
P. Review article: hepatitis C virus infection and type-2 diabetes 
mellitus in renal diseases and transplantation. Aliment Pharmacol 
Ther 2005; 21: 623–632 

54. Vives-Pi M, Somoza N, Fernandez-Alvarez J et al. Evidence of 
expression of endotoxin receptors CD14, toll-like receptors TLR4 
and TLR2 and associated molecule MN-2 and of sensitivity to 
endotoxin (LPS) in islet b cells. Clin Exp Immunol 2003; 133: 208–
218 

55. Compton T. Receptors and immune sensors: the complex entry 
path of human cytomegalovirus. Trends Cell Biol 2004; 14: 5–8 

56. Hohmeier HE, Tran VV, Chen G, Gasa R, Newgard CB. 
Inflammatory mechanisms in diabetes: lessons from the b-cell. Int 
J Obes Relat Metab Disord 2003; 27: S12–S16 

57. Yurochko AD, Huang E-S. Human cytomegalovirus binding to 
human monocytes induces immunoregulatory gene expression. J 
Immunol 1999; 162: 4806–4816 

58. Movahedi B, van de Casteele M, Caluwe´ N et al. Human 
pancreatic duct cells can produce tumour necrosis factor-a that 
damages neighbouring beta cells and activates dendritic cells. 
Diabetologia 2004; 47: 998–1008 

59. Dengler TJ, Raftery MJ, Werle M, Zimmermann R, Schonrich G. 
Cytomegalovirus infection of vascular cells induces expression of 
pro-inflammatory adhesion molecules by paracrine action of 
secreted interleukin-1b. Transplantation 2000; 69: 1160–1168 

60. Rames Prasad GV, Kim SJ, Huang M, Nash MM, Zaltzman JS, 
Fenton SSA, Cattran DC, Cole EH, Cardella CJ: Reduced 
incidence of new-onset diabetes mellitus after renal 
transplantation with 3-hydroxy-3-methylglutaryl-coenzyme a 
reductase inhibitors (statins). Am J Transplant 4: 1897–1903, 2004 

61. Vanrenterghem Y, van Hooff JP, Squifflet JP, Salmela K, Rigotti P, 
Jindal RM, Pascual J, Ekberg H, Sicilia LS, Boletis JN, Grinyo JM, 
Rodriguez MA; European Tacrolimus/ MMF Renal Transplantation 
Study Group: Minimization of immunosuppressive therapy after 
renal transplantation: results of a randomized controlled trial. Am J 
Transplant 5: 87–95, 2005 

62. Rostaing L, Cantarovich D, Mourad G, Budde K, Rigotti P, Mariat 
C, Margreiter R, Capdevilla L, Lang P, Vialtel P; the CARMEN 
Study Group: Corticosteroid-free immunosuppression with 
tacrolimus, mycophenolate mofetil, and daclizumab induction in 
renal transplantation. Transplantation 79: 807–814, 2005 

63. Paty BW, Harmon JS, Marsh CL, et al. Inhibitory effects of 
immunosuppressive drugs on insulin secretion from HIT-T15 cells 
and Wistar rat islets. Transplantation 2002; 73: 353. 

64. Duijnhoven EM, Boots JM, Christiaans MH, et al. Influence of 
tacrolimus on glucose metabolism before and after renal 
transplantation: A prospective study. J Am Soc Nephrol 2001; 12: 
583 

65. Webster AC, Woodrofe RC, Taylor RS, Chapman JR, Craig JC: 
Tacrolimus versus ciclosporin as primary immunosuppression for 
kidney transplant recipients: Meta-analysis and meta-regression of 
randomized trial data. BMJ 331: 810–821, 2005 

66. Maes BD, Kuypers D, Messiaen T, Evenepoel P, Mathieu C, 
Coosemans W, Pirenne J, Vanrenterghem YF: Posttransplantation 
diabetes mellitus in FK-506-treated renal transplant recipients: 
Analysis of incidence and risk factors. Transplantation 72: 1655–
1661, 2001 

67. Boots JMM, van Duijnhoven EM, Christiaans MHL, Wolffenbuttel 
BHR, van Hoof JP: Glucose metabolism in renal transplant 
recipients on tacrolimus: The effect of steroid withdrawal and 
tacrolimus trough level reduction. J Am Soc Nephrol 13: 221–227, 
2002 

68. Hricik DE, Anton HA, Knauss TC, Rodriguez V, Seaman D, Siegel 
C, Valente J, Schulak JA: Outcomes of African American kidney 
transplant recipients treated with sirolimus, tacrolimus, and 
corticosteroids. Transplantation 74: 189–193, 2002 

69. Aasebo W, Midtvedt K, Valderhaug TG, et al. Impaired glucose 
homeostasis in renal transplant recipients receiving basiliximab. 
Nephrol Dial Transplant 2010; 25: 1289. 

70. Sumrani NB, Delaney V, Ding ZK, et al. Diabetes mellitus after 
renal transplantation in the cyclosporine eraVAn analysis of risk 
factors. Transplantation 1991; 51: 343. 

71. Bee YM, Tan HC, Tay TL, et al. Incidence and risk factors for 
development of new-onset diabetes after kidney transplantation. 
Ann Acad Med Singapore 2011; 40: 160. 

72. Numakura K, Satoh S, Tsuchiya N, Horikawa Y, Inoue T, 
Kakinuma H, Matsuura S, Saito M, Tada H, Suzuki T, Habuchi T: 
Clinical and genetic risk factors for posttransplant diabetes mellitus 
in adult renal transplant recipients treated with tacrolimus. 
Transplantation 80: 1419–1424, 2005 

73. Kubaszek A, Pihlajamaki J, Komarovski V, Lindi V, Lindstrom J, 
Eriksson J, Valle TT, Hamalainen H, Hanne- Parikka P, Keinanen-
Kinkaanniemi S, Tuomilehto J, Uusitupa M, Laakso M: Promoter 
polymorphisms of the TNF-alpha (G-308A) and IL-6 (C_174G) 
genes predict the conversion from impaired glucose tolerance to 
type 2 diabetes: The Finnish Diabetes Prevention Study. Diabetes 
52: 1872–1876, 2003 

74. Hamid YH, Rose CS, Urhammer SA, Glumer C, Nolsoe R, 
Kristiansen OP, Mandrup-Poulsen T, Borch-Johnsen K, Jorgensen 
T, Hansen T, Pedersen O: Variations of the interleukin-6 promoter 
are associated with features of the metabolic syndrome in 
Caucasian Danes. Diabetologia 48: 251–260, 2005 

75. Fernandez-Real J-M, Broch M, Vendrell J, Gutierrez C, 
Casamitjana R, Pugeat M, Richart C, Ricart W: Interleukin- 6 gene 
polymorphism and insulin sensitivity. Diabetes 49: 517–520, 2000 

76. Bamoulid J, Courivaud C, Deschamps M, et al. IL-6 promoter 
polymorphism -174 is associated with new-onset diabetes after 
transplantation. J Am Soc Nephrol 2006; 17: 2333. 

77. Altshuler D, Hirschhorn JN, Klannemark M, et al. The common 
PPARgamma Pro12Ala polymorphism is associated with 
decreased risk of type 2 diabetes. Nat Genet. 2000; 26:76. 
[PubMed: 10973253] 

78. Grant SF, Thorleifsson G, Reynisdottir I, et al. Variant of 
transcription factor 7-like 2 (TCF7L2) gene confers risk of type 2 
diabetes. Nat Genet. 2006; 38:320. [PubMed: 16415884] 

79. Van Dam RM, Hoebee B, Seidell JC, et al. Common variants in the 
ATP-sensitive K+ channel genes KCNJ11 (Kir6.2) and ABCC8 
(SUR1) in relation to glucose intolerance: population-based 
studies and meta-analyses. Diabet Med. 2005; 22:590. [PubMed: 
15842514] 



S h a z i a  e t  a l                      D o n n .  J .  G e n e t .  M o l e c u l .  B i o .  | 015 

         www.donnishjournals.org 

80. Grarup N, Rose CS, Andersson EA, et al. Studies of association of 
variants near the HHEX, CDKN2A/B, and IGF2BP2 genes with 
type 2 diabetes and impaired insulin release in 10,705 Danish 
subjects: validation and extension of genome-wide association 
studies. Diabetes. 2007;56:3105. [PubMed: 17827400] 

81. H.A.Chakkera, R.L. Hanson, S.M. Raza, J.K. Distefeno, M.P. 
Heilman, et al. Pilot Study: Association of Traditional and Genetic 
Risk Factors and New- Onset Diabetes Mellitus Following Kidney 
Transplantation. Transplant Proc. 2009;41(10): 4172-4177. 

82. Ghisdal L, Baron C, Le Meur Y, et al. TCF7L2 polymorphism 
associates with new-onset diabetes after transplantation. J Am 
Soc Nephrol 2009; 20: 2459 

83. Yang J, Hutchinson II, Shah T, et al. Genetic and clinical risk 
factors of new-onset diabetes after transplantation in Hispanic 
kidney transplant recipients. Transplantation 2011; 91: 1114 

84. Ergun I, Keven K, Sengu¨l S, et al. Endothelial nitric oxide synthase 
gene intron 4 polymorphism predicts new onset diabetes mellitus 
after transplantation in kidney allograft recipients treated with 
cyclosporine A. Int Urol Nephrol 2011; 43: 543 

85. Kang ES, Magkos F, Kim BS, et al. Variants of the adiponectin and 
adiponectin receptor-1 genes and posttransplantation diabetes 
mellitus in renal allograft recipients. J Clin Endocrinol Metab 2012; 
97: E129. 

86. Bayes B, Granada ML, Pastor MC, et al. Obesity, adiponectin and 
inflammation as predictors of new-onset diabetes mellitus after 
kidney transplantation. Am J Transplant 2007; 7: 416. 

87. Bayes B, Lauzurica R, Granada ML, et al. Adiponectin and risk of 
new-onset diabetes mellitus after kidney transplantation. 
Transplantation 2004; 78: 26 

88. Jeong KH, Moon JY, Chung JH, et al. Significant associations 
between CCL5 gene polymorphisms and post-transplantational 
diabetes mellitus in Korean renal allograft recipients. Am J Nephrol 
2010; 32: 356. 

89. Corsi MM, Leone G, Fulgenzi A, et al. RANTES and MCP-1 
chemokine plasma levels in chronic renal transplant dysfunction 
and chronic renal failure. Clin Biochem 1999; 32: 455. 

90. Baer PC, Koziolek M, Fierlbeck W, et al. CC-chemokine RANTES 
is increased in serum and urine in the early post-transplantation 
period of human renal allograft recipients. Kidney Blood Press Res 
2005; 28: 48. 

91. Herder C, Haastert B, Mu¨ller-Scholze S, et al. Association of 
systemic chemokine concentrations with impaired glucose 
tolerance and type 2 diabetes: results from the Cooperative Health 
Research in the Region of Augsburg Survey S4 (KORA S4). 
Diabetes 2005; 54: S11. 

92. Herder C, Peltonen M, Koenig W, et al. Systemic immune 
mediators and lifestyle changes in the prevention of type 2 
diabetes: results from the Finnish diabetes prevention study. 
Diabetes 2006; 55: 2340. 

93. Nomura S, Shouzu A, Omoto S, et al. Significance of chemokines 
and activated platelets in patients with diabetes. Clin Exp Immunol 
2000; 121: 437 

94. Bruna B. Nicoletto, Gabriela C. Souza, Natasha K O. Fonseca, et 
al. Association between 276G/T adiponectin gene polymorphism 
and new-onset diabetes after kidney transplantation. 
Transplantation 2013; 96: 1059-1064. 

95. Yu AR, Xin HW, Wu XC, Fan X, Liu HM, Li G, Bai Y. Adiponectin 
gene polymorphisms are associated with post transplant diabetes 
mellitus in Chinese renal allograft recipients. Transplant Proc. 
2011 Sep; 43 (7): 2838  

96. Laure Elens, Ferdi Sombogaard, Dennis A. Hesselink, Ron H.N. 
van Schaik, Teun van Gelder. Single-nucleotide polymorphisms in 
P450 oxidoreductase and peroxisome proliferator-activated 
receptor-α are associated with the development of new-onset 
diabetes after transplantation in kidney transplant recipients 
treated with tacrolimus. Pharmacogenet Genomics 2013 Dec; 23 
(12): 649-57 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 


