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INTRODUCTION
The occurrence of diabetes for the rst time post-organ transplantation 
in a previously non-diabetic transplant recipient is dened as 
"NODAT." It is only applicable to patients who did not have diabetes 
mellitus prior to the transplant and who are on a steady maintenance 
immunosuppressive regimen with no signs of ongoing acute 
infections. The diagnosis and categorization of NODAT(2003 
consensus guidelines) was made in accordance with World Health 
Organisation (WHO) denition of  diabetes and IGT(Impaired glucose 
tolerance).Identication of NODAT results in decreased longevity of 

(1-3) renal allograft as documented in prior studies.

Multiple studies revealed ,variable incidence of NODAT after kidney 
transplantation. In a study by Porrini et al NODAT prevalence was 27 

(4)%,31% and 30 % at post transplant months 3,12 and 36 respectively . 
NODAT can hasten cardiovascular disease (CVD), which is one of the 
leading causes of death in the post-transplant period.It can also end in 
graft rejection in some subsets of patients. Recognizing high-risk cases 
and enforcing measures to limit the development of NODAT may 
ameliorate the transplant candidates' long-term risk of mounting a 
rejection response and graft survival.

The long-term survival of recipients may be enhanced by the 
identication of at-risk patients. A number of modiable and non-
modiable risk factors contribute to the occurrence of NODAT in the 
recipient. They potentially include age, the male gender of the 
recipient, a family history of diabetes, the presence of HLA 
mismatches, and the donor being male. Apart from these, the 
modiable factors include the presence of HCV infection, CMV 

(5), viremia obesity and the effect of immunosuppressive medications 
that can equally contribute to the occurrence of  NODAT.

In this cross sectional observational study, we evaluated a cohort of 
renal allograft recipient patients attending our post transplant clinic to 
assess the prevalence, and various factors  associated with the 
development and progression of NODAT.

MATERIALS AND METHODS
The study design is an observational cross-sectional study including 
all adult kidney allograft recipients attending the post-renal transplant 
clinic at Maduarai Medical College Hospital,Madurai.The individuals 
who took part in our study gave their prior, written consent.

The diagnosis was made on the basis of the International Consensus 

Guidelines of NODAT (2003), which recommended following ADA 
guidelines for the diagnosis of DM. A diagnosis of NODAT was 
dened according to the American Diabetes Association criteria (a 
fasting sugar value  126 mg/dL, glycosylated haemoglobin [Hb A1c]   
6.5 percent, a 2-hour value in an OGTT  200 mg/dL, or a random 
plasma glucose value  200 mg/dL along with the occurrence of 
glycemic symptoms or any need for antiglycemic drugs). Patients with 
diabetes mellitus prior to transplant or with transient post-transplant 
diabetes (hyperglycemia within 1 month of transplant and 
spontaneously resolved within 3 months) were excluded from the 
study.

Patient characteristics like age, weight, BMI,gender,native kidney 
disease, dialysis vintage, nature of kidney transplant (live vs. 
cadaveric), nature of drugs used in induction as well as maintenance 
and rejection episodes, and history of DM in other family members 
were collected from direct patient interaction and medical records. 
Laboratory values like a complete haemogram, serum urea and 
creatinine, liver function tests, fasting and postprandial glucose, 
Hba1c, HIV, HCV, CMV, urinalysis, a fasting lipid prole, uric acid, 
and tacrolimus trough levels were obtained.

Statistical Analysis
Demographic, biochemical, and immunosuppressive parameters were 
compared among the subjects classied into the NODAT and Non-
NODAT groups. The statistical analysis was performed using R 
programming and SPSS 22.0 software version.Utilizing the chi-square 
test and Fischer exact test, the demography and risk factors of the 
patients were analysed between those in NODAT as well as non-
NODAT groups. Biochemical data among the two groups were 
analysed using an independent sample t test. To identify the important 
causal variables for the development of the NODAT logistic regression 
model was used.

RESULTS
A total of 90 subjects who fullled the essential inclusion criteria were 
enrolled in the study, of which 24 were female. Among the 90 patients, 
21 (23.3%) were diagnosed with NODAT. Out of the 21 patients who 
were diagnosed with NODAT, 13 (61.9%) were diagnosed with the 
disease within 1 year of transplantation. In our investigation, the 
presence of NODAT was not connected to any sex preference. 
Although the mean recipient age in our study was higher at the time of 
kidney transplantation, it was statistically insignicant in our study. 
Positive family histories such as diabetes mellitus among the rst-
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degree relatives were signicantly more common in the patients 
belonging to the NODAT group. Among the 90 patients, 71 underwent 
a live-related renal transplant. The presence of HCV co-infection 
(38.1%) posed a statistically signicant risk for the development of 
NODAT among the recipients enrolled in our study.

In our study, the type of renal donor (whether living or deceased) was 
not associated with being a signicant risk factor for the establishment 
of NODAT. Basiliximab was used as the induction agent in 42 patients, 
rabbit anti-thymocyte globulin in 33 patients, and no induction agents 
were used in 5 patients. The use of any particular agent was not found 
to be a signicant factor in the development of NODAT. Four patients 
had a history of delayed graft function, but its presence was not 
signicantly associated with NODAT. All the patients were treated 
with steroids. The majority of patients in our cohort (73.7%) received 
an immunosuppressive combination of Tacrolimus, Mycophenolate 
Mofetil, and Steroids. Six patients received a combination of 
Cyclosporine, MMF, and steroids; four patients received Tacrolimus, 
Azathioprine, and steroids; four patients received Cyclosporine, 
Azathioprine, and steroids; and two patients received Everolimus, 
MMF, and steroids. After comparing the different immunosuppressive 
regimens, none of them were signicantly associated with NODAT. 
The occurrence of acute rejection episodes, HCV infection, and CMV 
infection were all signicantly associated with NODAT patients in our 
study. Also, patients with NODAT had a high BMI (statistically 
signicant, p = 0.001).

Systemic hypertension was signicantly higher in the NODAT group 
(81% vs. 62.7%), but it was statistically insignicant. HbA1c levels, 
serum total cholesterol, triglyceride levels, and LDL levels were 
signicantly higher in patients with NODAT. Although the mean blood 
urea and serum creatinine levels were higher in the NODAT group, 
they were found to be statistically insignicant. Serum uric acid levels 
were found to be signicantly higher in patients with NODAT (p = 
0.002). The mean Tacrolimus trough levels were found to be higher in 
the NODAT group in our cohort (6.3 ng/mL vs. 7.7 ng/ml).On logistic 
regression analysis, higher BMI and a history of HCV infection were 
found to be independent risk factors for NODAT.

Table 1 : Demographic And Clinical Variables

Table 2: Biochemical Parameters Of Patients

Table 3: Factors That Affecting DM Using Binary Logistic 

Regression Model

DISCUSSION
The prevalence of NODAT was 23.3% in our study population. 
According to previous studies, the incidence of NODAT is between 4% 

(6)and 25% . The majority of patients (61.9%) developed NODAT 
within 1 year of transplantation. This is similar to a multicenter study 
by Malik et al., in which the incidence of NODAT after renal 
transplantation was around 29% and approximately two-thirds of the 

(7)patients developed NODAT within 1 year of transplantation . In an 
analysis of the US Renal Data System (USRDS) consisting of primary 
kidney transplant patients, Kasiske et al. showed a strong association 

(8)between older age and NODAT . In our study, although the mean age 
in the NODAT group was higher, it was statistically insignicant.

With one study indicating a sevenfold increase in the illness, there is 
signicant evidence that people with rst-degree relatives who have 
had diabetes are at an elevated risk of having NODAT. Across all forms 
of solid organ transplantation, the higher prevalence of NODAT 
connected to a familial history of diabetes has been established. A 
denitive family history of diabetes mellitus was linked to a 50 percent 
increase in the chance of acquiring NODAT in a multicenter study 
carried out in Spain on subjects involving kidney, heart, and lung 

(9)transplants . Additionally, a substantial link between the emergence 
of NODAT and a rst-degree relative's history of diabetes mellitus was 
found by our research.

The implication of steroid regimens in the progress of NODAT was 
initially recognised by Starlz among the kidney transplant subjects in 

(10,11)1964 .Steroids tend to produce dose-related hyperglycemia, as 
evidenced by multiple studies. In many studies, the proportion of 
kidney recipients who were diagnosed with glucose intolerance came 
down signicantly when oral prednisolone tapering to a dose of 5 mg 

(12,13)daily was achieved .Similarly, even a mild increase of 0.01 
mg/kg/day resulted in weight gain and a 5% threat of the emergence of 
NODAT. Luan et al. found that post-transplant regimens that were 
steroid-free resulted in a signicantly lower risk of NODAT incidence 

(14)in comparison to regimens containing steroids . Because all of the 
patients in our cohort were given steroids, we were unable to assess the 
effect of steroids on the incidence of NODAT.

There were multiple trials implicating the role of calcineurin inhibitors 
in NODAT. Tacrolimus was found to be more likely than Cyclosporine 

(15,16)to cause NODAT .Tacrolimus regimens had a statistically higher 
incidence of NODAT development at six months compared to 
cyclosporine-based regimens, according to the DIRECT STUDY, a 
multicenter, open-label, and randomised study that compared 

(17).glycemic disturbances among renal transplant recipients Elevated 
Tacrolimus trough levels were a signicant risk factor for NODAT, 
according to a single-center investigation by Maes et al. Despite 
comparing many immunosuppressive regimens in our study, no 
particular regimen was identied as a risk factor for NODAT. This 
might be because tacrolimus and an MMF-based regimen were used to 
treat the majority of our patients. Tacrolimus trough levels, on the other 
hand, were found to be signicantly higher in the NODAT group.

It has been previously established that acute rejection events increase 
the risk of development of NODAT.Higher need for steroids as well as 
other immuosupressive drugs may be the etiology behind this.The 
combined analysis of 12 case control studies revealed that the risk of 
developing NODAT following  renal transplantation is 1.95 times 

(19)higher in cases of acute rejection . Acute rejection events were also 
identied as a potential risk factor for NODAT development in our 
study population.

NODAT  occurrence has been linked to the existence of HCV infection 
as a potential risk factor in many trials.Resistance to insulin, 
diminished liver glucose reuptake are possible explanations for the 

(20,21)NODAT incidence  HCV infection was found to be an independent 
risk factor in the emergence of NODAT in our sample population.

An established risk factor for NODAT is obesity. In a study by Bonato 
(22),V. Barni  the BMI (body mass index) at baseline was found to be a 

decisive factor in the development of post-transplant diabetes. Patients 
with NODAT were frequently overweight and had higher incidences of 
acute rejection episodes than their counterparts. In our investigation, 
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Variable Non –NODAT 
N=69(%)

NODAT 
N=21 (%)

P value

Hemoglobin (gm/dl) 12.7±2.6 12.5±3.1 0.734
Blood Urea (mg/dl) 33.7±10.8 33.8±18.1 0.968
Serum Creatinine (mg/dl) 1.8±0.9 1.7±1.2 0.658
Serum Uric acid (mg/dl) 7.0±1.7 5.3±1.6 0.001
HBA1C 5.1±0.5 6.5±1.3 0.001
Serum total Cholesterol 
(mg/dl)

214.5±25.0 265.5±22.7 0.001

Serum triglyceride (mg/dl) 162.3±20.4 207.4±16.6 0.001
Serum LDL(mg/dl) 144.6±7.2 170.0±8.3 0.001
Tacrolimus trough level 
(ng/ml)

6.3±1.5 7.7±1.2 0.001

Variable Non NODAT 
N=69 (%)

NODAT 
N=21 (%) 

P Value

Mean age (in years) 37.1 35.9 0.614
Male 38 (64.4%) 18 ( 85.7%) 0.067
Female 21(35.6%) 3(14.3%)
Mean Recipient Age (in years) 50.1 53.8 0.412
Family history of diabetes 
mellitus in rst degree relative

20 (29.4%) 10 (45.5) 0.004

Live donor 53 (89.8%) 18 (85.7%) 0.691
Deceased donor 6 (10.2 %) 3 (14.3%)
Delayed graft function 3 (5.1%) 1 (4.8%) 0.954
Acute rejection 11(16.1%) 5 (22.7%) 0.003
HCV infection 1(1.7%) 8(38.1%) 0.001
CMV infection 4(5.8%) 3(13.6%) 0.004
Basiliximab 30 (43.4%) 12(57.1%) 0.948
ATG 25(36.2%) 8(38.1%)
No induction 14(20.2%) 1 (4.7%)

2Body mass index (kg/m ) 23.8±3.2 26.8±4.5 0.001
Hypertension 37(62.7%) 17 (81.0%) 0.04

Predictors p-value OR 95% C.I.for OR
HCV infection 0.043 64.700 [1.146 -3654.386]
BMI 0.008 1.052 [1.013- 1.092]
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higher BMI was found to be an independent risk factor for the 
emergence of NODAT. Patients with NODAT had considerably higher 
rates of dyslipidemia and hypertension in our study. According to a 

(24)study by Bayer et al. , the prevalence of NODAT at one year 
signicantly increased in accordance with the increasing number of 
metabolic syndrome elements.

(25)Previous research by Hjelmesaeth et al. revealed that asymptomatic 
CMV infection may inuence the occurrence of NODAT.A fourfold 
increased incidence of NODAT was linked to the presence of 
asymptomatic CMV viremia, particularly during the rst three months 
after kidney transplantation.In an observatory study involving 160 
non-diabetic kidney transplant subjects, CMV viremia-induced pro-
inammatory milieu with resultant pancreatic beta cell dysfunction is 
the proposed mechanism for the risk of developing NODAT. In a 
similar vein, our study revealed a strong correlation between NODAT 
and CMV infection.

In a ten-year cohort study of renal transplant recipients by Tanaka et al. 
(27), a signicant association between uric acid levels and NODAT was 
found after adjusting for other identiable risk factors, including 
factors affecting serum uric acid. In our study, higher uric acid levels 
were also identied as a potential risk factor for NODAT occurrence.

Our study has a few limitations. Firstly, the number of participants was 
limited. Secondly, as all the patients were treated with steroids, we 
were not able to assess the effect of a steroid-free regimen on the 
development of NODAT. Moreover, most of the patients were on a 
Tacrolimus and MMF regimen and therefore could not assess the 
signicant effect of each immunosuppressive regimen.

CONCLUSION
NODAT in renal transplant recipients is a common yet important 
complication. In our study, the prevalence of NODAT appeared to be 
higher in subjects with a family history of diabetes mellitus, acute 
rejection episodes, CMV infection, higher Tacrolimus trough levels, 
higher uric acid levels, and dyslipidemia. Increased BMI and HCV 
infection were found to be independent risk factors for the 
development of NODAT. Identication of potential causative and 
contributing factors for NODAT, as well as measures to reduce such 
factors, should be part of the treatment of kidney recipients.
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