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Summary 
New-onset diabetes after kidney transplant (NODAT) is a serious metabolic complication that occurs frequently in 

recipients after renal transplantation. Analysis of NODAT causes and the associated aspects is crucial to understanding its 

origin. This study aimed to address the risk factors and associations that predispose to diabetes after kidney transplant 

with the relative increase in weight, BMI, viral infections and the effect of immunosuppressant therapy  

Hence we conducted a cross-sectional study included 90 post-renal transplant patients Demographic and clinical 

parameters including age, gender, body mass index (BMI),  glycated Hemoglobin (HbA1c) associated viral infections, 

preemptive kidney transplant or previously hemodialysis,  primary causes of renal failure, and cyclosporin, prednisolone 

doses were analyzed. All patients were on cyclosporine, mycophenolate mofetil and prednisone treatment. Patients with 

and without NODAT were compared. Findings revealed that the mean age of patients was  39.8 ± 1.5 (range: 18-70) years 

, they were 27 females and 63 males. Donor type was live-related 16 (17.8%) and live-unrelated about 74 (82.2%). In 

addition, 27 patients (30%) have O+ blood group. The remaining 70% of the patients have other blood group. The second 

and third highest percentages of blood groups are 26 (28.9%) and 24 (26.7%) for B+ and A+ respectively. Thirteen 

patients (i.e. 14.4%) were not on dialyses (preemptive kidney transplant) while 77 recipients (presenting 85.6% of all the 

recipients) were on hemodialysis. About 58 patients (46.4%) did not develop diabetes after 90 days of transplant (post-

transplant) while 32 patients (35.6%) were diagnosed with diabetes after 90 days post kidney transplant. In respect to our 

inclusion criteria for this study, 19 patients (21.1%) were CMV positive by real time PCR prior transplantation time, 9 

patients (10%) were diagnosed with HCV and 2 patients (2.2%) have HBV. In conclusion, number of predictors either 

negatively or positively affect the outcome such as glycated hemoglobin. These are found to influence the elective 

tendencies of individuals undergoing renal transplant to develop diabetes mellitus type-2. Patients who are HCV and CMV 

positive are predicted to develop DM. Similarly, patients with blood group O+, with prior history of hemodialysis and a 

relatively high BMI pre-transplant, are more prone to have a higher level of HbAC1 following a successful transplant. 

This augments the probability of manifesting with DM type-2. 
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1. INTRODUCTION 

Renal transplantation is the best-known treatment procedure for patients diagnosed with end-

stage renal disease (ESRD) due to foreseen advantages. Despite so, new-onset diabetes after 

transplantation (NODAT) is a common and serious complication that is estimated to occur in 

10–53% of recipients who are not diagnosed as being diabetic prior to the transplantation (1, 

2). NODAT is also associated with increased risk of the renal allograft, development of 

infections, and cardiovascular morbidity (3, 4). Despite these effects, it is not until 2003 the 

World Health Organization (WHO) (following the American Diabetes Association (ADA)) 

established the first international consensus guidelines (5, 6) Thus, the NODAT refers 

strictly to patients not diagnosed with pre-transplant diabetes mellitus and acute infections, 

nor on a stable maintenance immunosuppressive regimen (7). For epidemiological and 

clinical inentions, it is critical to differentiate NODAT from other forms of post-transplant 

hyperglycemia such as stress-induced hyperglycemia or transient post-transplant 

hyperglycemia. The International Congress Guidelines (ICG) stated that diagnosis of 

NODAT should fulfill the following conditions:  

a. fasting glucose ≥ 126 mg/dL (7 mmol/L) in more than one occasion. 

b.  random glucose ≥ 200 mg/dL (11.1 mmol/L) with symptoms.  

c. two-hour glucose after a 75-g oral glucose tolerance test (OGTT) ≥ 200 mg/dL (11.1 

mmol/L).  

d. hemoglobin A1C (HbA1c) ≥ 6.5%. 

we choose the HbA1C percentage for the availability of data in our patients 

records,Regarding  the American Diabetes Association (ADA) criteria , when a patient has a 

different test with a conflict results,the test result above the diagnostic cut-off point better to 

be repeated with evidence that possibility of interposing HbA1C assay. For example, if a 

patient affiliates the HbA1C needed for diabetes criterion but not the one related to fasting 

plasma glucose, that person should even so be considered to have diabetes. 

The risk factors related to the NODAT can generally by classified into modifiable and 

nonmodifiable factors (8). The former factors include types of immunosuppressive 

mdications and regimens such as corticosteroids and tacrolimus/cyclosporine-containing 

regimens and high body mass index (BMI) (8, 9). The latter are associated with the recipient 

such as age, DM family history, ethnicity, presense of other diseases such as hepatitis C 
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virus (HCV) and cytomegalovirus (CMV) (9, 11).     

The Glucocorticoid-associated hyperglycemia often occurs in coincidence with obesity and 

usually due to acquired insulin resistance (12). Multiple mechanisms are probably involved 

in the origin of glucocorticoid-induced insulin resistance. The exertion of Glucocorticoids 

and their effect on metabolism may interfere with many different tissues in the body. In the 

presence of glucocorticoids, there is an increase in adiposity, as well as an increase in 

lipolysis, leading to elevated levels of free fatty acids in the blood circulation and an increase 

in insulin resistance. Suppressed insulin secretion and β-cells apoptosis may be accompanied 

with insulin resistance to glucocorticoid-associated hyperglycemia (13). Diabetes develops 

after some weeks or months of oral glucocorticoids therapy. cyclosporine and tacrolimus 

exert their diabetogenic properties, which can be worsened by the concomitant use of 

glucocorticoids in a high-dose. CNIs can induce glucose intolerance by different 

mechanisms, including a decrease in insulin secretion (14), an increase in insulin resistance 

and toxicity on β-cells (15). The effects of tacrolimus are more profound and intense than 

cyclosporine . It should be noted that the tacrolimus specific binding protein (FKBP-12) is 

located in β-cells. Thus, tacrolimus can potentiate glucolipotoxicity in β-cells, possibly by 

sharing common pathways of β-cell dysfunction. In contrast, the (cyclophilin) which regards 

as a binding protein for cyclosporine is mostly be located in the heart, liver, and kidney (16). 
 

 

2. PATIENTS and METHODS 

This study was conducted over a time span of one year in Zheen Private Hospital in Erbil 

following the standard protocol of the thics and Scientific  Committee of the Council of 

Kurdistan Board for Medical Specialties (KBMS) and according to the declaration of  

Helsinki by the World  Medical Association, the EU protocol on protection of animals used 

for scientific purposes (EU Directive 210/63/EU), and the ethical principles of Framingham 

consensus of 1997. This is a cross-sectional study which aims to compare cases versus non-

cases of diabetes Mellitus type-2 following renal transplant. Data analytics and statistical 

analyses, including Frequentist statistics and non-Bayesian statistical models, were 

conducted using SPSS version 24 from IBM with the Analysis ToolPak plugin. A 

questionnaire was prepared to evaluate the positive and negative association of the patient 

inclusion criteria, which we expect to have in any aspect of our study. The questionnaire 
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presents data of a single-centre within  1 year for 90 patients from 0 to 90 days post-

transplant period. The samples investigated are to ethnicity restricted.. All the patients (27 

female (30%) and 63 male (70%) in the range 18– 70 years) were on standard treatment, with 

prednisone, mycophenolate mofetil, and cyclosporine that compromise the standard 

immunosuppressant regimen. All the inclusion criteria were obtained as follows: Body Mass 

Index (BMI) was calculated as the ratio of body weight in kg to the square value of height. 

Obesity is associated to BMI value equal or greater than30. The HbA1c values are expressed, 

in the present study, in a percentage format. Other parameters included age, sex, blood 

group, viral infections (HCV, HBV, CMV) and immunosuppressive drugs. Patients under the 

age 18 years old, with diabetes prior to transplantation, were excluded. The importance of 

this study is to identify the risk factors responsible for the new-onset diabetes mellitus after 

live donor kidney transplantation. This will help decreasing modifiable risk factors among 

transplant recipients with obesity, hepatitis C virus, CMV virus infection and those affected 

with immunosuppressant medication. To decrease the incidence of graft loss and better 

patient survival on early detection post kidney transplant.  

 

3. RESULTS 

A total of  90 patients were involved in this study, of them 27(30%) females and 63(70%) 

males live-related donor were16 (17.8%) and about 74 (82.2%) live-unrelated. 27 patients 

(30%) have O+ blood group. blood group B+ 26 (28.9%) and A+ 24 (26.7%). 13 patients 

(14.4%) not on dialyses (preemptive kidney transplant) and 77 (85.6% ) recipients on 

hemodialysis. 32 patients (35.6%) diagnosed with diabetes post kidney transplant, (Table1). 

The mean body mass index (BMI) pre-transplant (time of transplantation) was 23.8± 0.59 

kg/m² while post transplant BMI was 25.54±0.48 kg/m². The mean glycated haemoglobin 

(HbA1c) was (5.12% ± 0.038%) pre-transplantation with a mean value of 5.74%± 0.08% 

after 90 days post-transplant. The mean cyclosporine used at transplantation time was 

503.5±10.6 in the range 296-800 mg. This increases in the post- transplantation from 184-

to-420 mg with a mean value of 274.4 ± 5.1 mg The mean prednisolone dose  was 44.3±0.9 

and 9.6±0.13) at pre- transplantation and post transplantation, respectively. All patients 

received anti-thymocyte globulin (ATG) as induction therapy , (Table 2).  

The mean age of patients developing diabetes post transplant was 44.7± 2.5 years. As 
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regarding the mean BMI pre-transplant was 22.8±0.62 kg/m² for non diabetes and 25.7± 0.9 

kg/m² for diabetes. The BMI post at 90 days post transplant was 24.4 ± 0.55 kg/m² for non-

diabetes and 27.48±0.8 kg/m² for the diabetes. According to  the American Diabetic 

Association criteria for diagnosis of diabetes, the mean  HbA1c for pre- transplantation 

patients was 5.35±0.04% for non diabetes and 5.27±0.07% for the diabetes patients at 95% 

confidence interval.  

The mean HbA1c for patients 90 days post transplantation was 5.21±0.05% for non-diabetes 

and 6.7±0.09% for diabetes at 95% confidence interval. The mean cyclosporine at the time 

of transplantation was 489.16±12.4 mg for patient not developing diabetes and a mean value 

of 529.62±19.1 mg for patient who become diabets at 95% confidence interval. The mean 

cyclosporine dose was 262.26±5.6 mg at day 90 post-transplant with no diabetes. For those 

with diabetes the mean cyclosporine was 296.4±9.0 at 95% confidence interval. The 

average mean for prednisolone pre-transplant was 43.19±1.13 mg for non-diabetes and 

46.41±1.6 mg  for diabetes at 95% confidence interval. After 90 days post kidney transplant 

the mean prednisolone was 9.74±0.14 mg for patient with no diabetes and 9.53 ±0.26 mg 

for non-diabetes at 95% confidence interval. The mean number of age for patients with 

blood group O, after 90 days post transplant, was 38.37±2.4 years for non-diabetes and 

40.52±1.9 years for diabetes at 95% confidence interval, (Table 3).   

The mean BMI at time of transplantation with blood group O+ was 24.56±1.1 and 23.5±0.6 

for other blood groups at 95% confidence interval. The mean BMI with hihest for blood 

group O+  equal to 26.3±0.9 kg/m² and 25.2±0.56 kg/m² for other blood groups at 95% 

confidence interval. The mean HbA1c with blood group O+ pre-transplant was 5.08±0.08% 

and 5.13±0.04% with other blood groups at 95% confidence interval. A higher results 

obtained for the mean HbA1c with blood group O+ after 90 days of transplant was 

5.98±0.6% and 5.64±0.10% for other blood groups at 95% confidence interval. For 

cyclosporine at the time of transplantation the mean value was 497.92±18.3 mg for blood 

group O+ and 505.95±13.1 mg for other blood groups at 95% confidence interval. The 

mean cyclosporine dose after 90 days post-transplant for blood group O+ was 279.61±10.2 

mg and 272.18±5.9 mg for other blood groups at 95% confidence interval. We found that a 

weak relationship in the mean of prednisolone dose with blood group O+ pre-transplant was 

43.33±1.8 mg and 44.76±1.1 mg for other blood groups with p-value =0.817 at 95% 
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confidence interval. The mean for prednisolone with blood group O+ at 90 days was 

9.44±0.6 mg and 9.7±1.35 mg  for other blood groups,p-value=0.817 at 95 % confidence 

interval, (Table 4) 

The mean age for primary kidney disease with hypertension was 52.6±1.9 years with a 

strong significant p-value of <0.001 and  For CKD, this value was 36.2±1.94 years and for 

others it was 33.41 ±3.25 years at 95 % confidence interval. The mean BMI for primary 

kidney disease in the pre and post transplantation periods was 22.69±0.6 kg/m2  and other 

blood groups was 22.67±1.5 kg/m2 sharing no significsnce unlike for HTN 27.26±0.99 

kg/m2 with p-value of <0.001, at 95 % confidence interval. As thr same results obtained for 

the mean BMI with primary kidney disease and CKD of 90 days post-transplant was 

24.55±0.55 kg/m2, 28.11±0.94 kg/m2 for HTN, and  24.98 kg/m2 for others at 95 % 

confidence interval. The mean for HbA1c for primary kidney disease with CKD at the time 

of transplant was 5.09±0.05%. This value was found equal to 5.19±0.08 %for HTN and 

5.10±0.08% for other groups at 95 % confidence interval. The mean HbA1c for primary 

kidney disease with CKD at 90 days was 5.80±0.12% and 5.74±0.17 for HTN group and 

5.57±0.17% for other groups at 95% confidence interval. The mean for cyclosporine dose 

for a patient with primary kidney disease complaining from CKD at the time of transplant 

was 482.60±12.8 mg and 581.95 ±19.9 mg for HTN group and 459.05±20.3 mg  for other 

groups at 95% confidence interval. The mean for cyclosporine for CKD group as a cause of 

primary kidney disease at 90 days was 264.81±5.7 mg and 306.38±9.5 mg  and 259.38±13.9 

mg  for other blood group at 95% confidence interval. The mean prednisolone dose for 

CKD patient at time of transplantation was 42.8±1.3 mg and 48.7±1.4 mg  for HTN group 

and 42.94±2.1 mg  for others at 95% confidence interval. The mean prednisolone dose at 90 

days for CKD patient as a cause for primary kidney disease and HTN  was 9.6 ±0.19 mg  

and 9.41±0.4 mg for others, (Table 5).  

Pearson’s bivariate correlation analysis revealed a strong positive correlation between age, 

BMI pre-Trnasplantation and BMI post-Trnasplantation (P<0.001). A weak correlation 

between HbA1c and BMI  pre-transpant (P=0.003).  A strong correlation between 

cyclosporine dose at the time of transplantation and BMI with significant value of 0.001 or 

less. In addition, prednisolone and pre-transplant BMI show significant correlation 

(P=0.001). a poor correlation was noticed between post-Trnasplantation prednisolone and 
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BMI at 90 days (Pearson's correlation coeffecient=0.025, P.value=0.817). Pearson's Chi-

square of independence and Fisher's yield conclusive results concerning the categorical 

variables' independence or association. Using SPSS, we ran automatic linear modelling as a 

function of regression analysis to explore the existence of potential significant predictors 

concerning the two variables  diabetes and  blood group O+  regarding the dosing of 

cyclosporine at the time of transplantation and after 90 days (Pearson's correlation 

coefficient = 0.854, p-value = 0.001 and 0.695, p-value = 0.001). Based on independent 

sample t-testing for unpaired test for diabetes versus non-diabetes post renal transplant, we 

found all not significant except for 90 days post transplant regarding BMI t=3.032, p-value 

= 0.004, mean difference 3.00711 at  95% confidence interval of 1.02 - 4.99. For HbA1c, t 

= 14.29, p-value = 0.001, mean difference = 1.485 at 95% confidence interval 1.277-1.96. 

For cyclosporine t = 3.95, p-value = 0.002, mean difference 34.15 at 95% confidence 

interval 12.73-55.57. Based on independent sample t-testing for unpaired test for blood 

group O+ versus other groups we found it insignificant at 95% confidence interval. In 

opposition a significant test result was obtained at 90% confidence interval t = 1.725, p-

value = 0.091, mean difference 0.34. According to chi square test there is a strong 

significant association between HCV and patients developed diabetes (fisher’s exact test p-

value < 0.001, Cramer’s V = 0.371, odd ratio for HCV N/Y = 19. The incidence of  HCV in 

patients developing NODAT is shown in (Figure 1).  

In addition, a significant association was observed between CMV and post-transplant 

diabetes at 90% confidence interval Pearson chi square value = 3.065, p-value=0.80, 

Cramer’s V = 0.185, odd ratio for CMV N/Y = 2.475. In opposite, no association was 

observed between gender, type of donor, blood group, primary kidney disease, hemodialysis 

of HBV and diabetes post transplant at 90 days period. The incidence of CMV patients 

developing  NODAT is shown in (Figure 2).  

According to the paired sample t-test, we found a significant difference for individuals 

before and after kidney transplant regarding the glycated haemoglobin (HbA1c) with a 

mean value of 0.625, t = -0.75, p-value < 0.001, and a BMI mean value of -1.68, t = -6.8, p-

value < 0.001.  Based on independent sample t-testing, there was a significant difference 

between patients with HCV and CMV as compared with those lacking the virus in relation 

to the HbA1c post-transplant with t = 4.63, p-value = 0.001, mean difference = 1.27 and 
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with t = 2.68, p-value = 0.011, mean difference = 0.52. No significant difference in relation 

to HBV was observed. According to multiple linear regression and predictors importance 

analysis, we assumed that glycated haemoglobin post-Trnasplantation is the dependent 

variable while all the HCV, HbA1c, BMI post-Trnasplantation, CMV, Hemodialysis, blood 

group, Pred.-post-Trnasplantation, BMI Pre-Trnasplantation variables are predictor 

independent ones. The significance of risk factors in NODAT patients is shown in (Figure 

3). 

It was found that the predictor importance for HCV (0.25, p < 0.001), HbA1c pre-

Trnasplantation (0.15, p-value = 0.005), BMI post-Trnasplantation (0.15, p-value = 0.005), 

CMV (0.15, p-value = 0.006), HD (0.10, p-value = 0.023), blood group (0.08, p-value = 

0.046), pred.- post-Trnasplantation (0.06, p-value =  0.077), BMI pre-Trnasplantation (0.06, 

p-value = 0.079). The risk factors associated with the HbA1c post-transplant and the 

predictors of harmful and protective effects are shown in (Figures 4 & 5). 

  

 

Table 1. General characteristics of patient criteria with NODAT 

Variable No. % 

Number of 

recipients with 

NODAT 

Gender 
Male 63 70.0 23 

Female 27 30.0 9 

Type of donor 
LR 16 17.8 8 

LU 74 82.2 24 

Blood group 
O+ 27 30.0 12 

Others 63 70.0 20 

Primary cause of 

kidney disease 

CKD 50 55.5 20 

HTN 23 25.6 8 

Others 17 18.9 4 

Hemodialysis 
Yes 77 85.6 30 

No 13 14.4 2 

Virology 

HBV 2 2.2 1 

HCV 9 10.0 8 

CMV 19 21.1 10 
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Table 2. Summary of recipients’ criteria included in the study of NODAT  

Variable 
Pre-Transplantation Post-Transplantation 

Mean SE Mean SE 

Age (year) 39.8 1.5  -   -  

BMI (kg/m²) 23.8 0.55 25.5 0.48 

HbA1C (%) 5.1 0.038 5.7 0.08 

Cyclosporine A 503.5 10.68 274.4 5.13 

Prednisolone 44.3 0.94 9.6 0.13 

 

Table 3. The criteria mean values for the recipients with diabetes before and after kidney 

transplantation.   

Variable* Pre-transplant Post-transplant 

BMI 

 

Diabetic  25.69 ±  0.98 27.48  ±  0.81 

Non-diabetic 22.83 ± 0.62 24.47  ±  0.55 

HbA1C (%) 

 

Diabetic  5.27  ± 0.07 6.70 ± 0.09 

Non-diabetic 5.35 ± 0.04 5.21 ± 0.05 

Cyclosporine (mg) 

 

Diabetic  529.6  ± 19.17 296.4 ± 9.06 

Non-diabetic 489.1 ± 12.48 262.2 ± 5.66 

Prednisolone (mg) 

 

Diabetic  46.4 ± 1.65 40.5 ± 1.93 

Non-diabetic 9.5  ± 0.26 9.7 ± 0.14 

*All values presented as mean ± Standard error 
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Table 4. The association of blood group with mean values of  BMI, HbA1C and medications among 

recipients with diabetes 

Variable* Blood group O 
Other  

blood group 

P. value 

BMI (kg/m²) 

Pre-Transplantation 24.5 ± 1.14 23.5 ± 0.62 
0.003 sig 

Post-Transplantation 26.3 ± 0.95 25.2 ± 0.56 

HbA1C (%) 
Pre-Transplantation 5.08 ± 0.08 5.13 ± 0.04 

0.001 sig 
Post-Transplantation 5.98 ± 0.59 5.64 ± 0.10 

Cyclosporine(mg) 
Pre-Transplantation 497.9 ± 18.35 505.9 ± 13.16 

0.002 sig 
Post-Transplantation 279.6 ± 10.28 272. ± 5.9 

Prednisolone(mg) 
Pre-Transplantation 43.3 ± 1.8 44.7 ± 1.1 

0.817 ns 
Post-Transplantation 9.4 ± 0.59 9.7 ± 1.35 

*All values presented as mean ± Standard error, sig: significant, ns: not significant 
 

 

 

Table 5. The association of primary kidney disease with criteria of patients  

Variable* 
Primary kidney disease 

P. value 
HTN CKD Others 

Age (year) 52.6 ± 1.9 36.2 ± 1.9 33.4  ± 3.2 <0.001
S
 

BMI (kg/m²) 

Pre- 

Transplantation 
27.2 ± 0.9 22.69 ± 0.6 22.6 ± 0.6 

0.001
S
 

Post- 

Transplantation 
28.1 ± 0.9 24.5 ± 0.5 24.9 ± 1.3 

HbA1C (%) 

 

Pre- 

Transplantation 
5.7 ± 0.17 5.09 ± 0.04 5.10 ± 0.08 

0.003
S
 

Pre- 

Transplantation 
5.7 ± 0.17 5.8 ± 0.12 5.57 ± 0.1 

Cyclosporine 

(mg) 

Post- 

Transplantation 
581.9 ± 19.9 482.6 ± 12.8 459.05 ± 20.3 

0.001
S
 

Pre- 

Transplantation 
306.3 ± 9.5 264.8 ± 5.7 259.3 ± 13.9 

Prednisolone 

(mg) 

Post- 

Transplantation 
48.70 ± 1.41 42.8 ± 1.3 42.9 ± 2.1 

0.817
NS

 
Pre- 

Transplantation 
NA 9.6  ± 0.1 9.4 ± 0.4 

*All values presented as mean ± Standard error, sig: significant, ns: not significant, NA: not available 
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Figure 1. The incidence of  HCV in patient developing NODAT 

 

 

 

 

Figure 2. The incidence of CMV patients developing  NODAT 
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Figure 3. The significance of risk factors in NODAT patients  

 

 

Figure 4. The risk factors associated with the HbA1c post-transplant.  

 



Al-Tabbakh et al., JMSP , 2021;7 ( 4):128-146 

 

140 
 

 

Figure 5. Predictors of harmful and protective effect in relation to HbA1c post-transplant. 

 

4. DISCUSSION 

Diabetes mellitus has been cited as one of the most frequent causes of CKD. About more 

than 30% of non-diabetic patients with renal transplantation experience NODAT which is 

also referred to as PTDM (17-19). In the present study, our findings agree with these 

findings where diabetes mellitus (DM) developed after renal transplantation in 32 out of 90 

patients such that a percentage of 35.6% is obtained. The true incremental incidence of 

diabetes occurs mainly during the first 6 months post transplantation when patients are 

treated with high doses of immunosuppressive medication. The NODAT incidence is six 

times higher among recipients during the first year of transplantation (20). Among the non-

modifiable risk factors, age is considered the strongest risk factor for the development of 

PTDM (21). A study by Cosio et al., which included 2078 allograft recipients, showed that 

individuals older than 45 were 2.9 times more likely to develop PTDM than those younger 
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at the time of transplantation (22). Age increased the risk for the development of diabetes 

1.5-fold for every 10-year increase in age. 

As far as the non-modifiable risk factors are concerned, obesity was found associated with 

the development of PTDM in many cases (23). Analysis of the USRDS database revealed 

that the relative risk (RR) of obesity amounts to 1.73 with p-value < 0.0001. Although some 

studies failed in demonstrating an association between PTDM and obesity, the associated 

peripheric insulin resistance state is a known risk factor for type 2 diabetes. Shah et al. 

found that the risk of PTDM increased as BMI increased. As compared with patients having 

BMI < 0.001, patients with a BMI ≥30 kg/m2 shoed RR value of 1.64 and p-vlaue < 0.001. 

In the present study, obesity was determined as risk factors of PTDM (24). Several 

published reports demonstrated a higher incidence of NODAT following the introduction of 

calcineurin inhibitors in renal transplantation (25). In the present study we didn’t establish a 

comparison between tacrolimus and cyclosporine. Patients on tacrolim were excluded in this 

work. Studies showed no difference between the two CNI in developing NODAT (26). 

Previous studies suggested that asymptomatic CMV infection and CMV disease are 

independently associated with the development of NODAT (see for example (27)). Other 

studies reported that CMV was not a risk factor for NODAT (28).  

In the present study, we found that 50% of the recipients with CMV infection developed 

NODAT. HCV infection is associated with insulin resistance and a higher incidence of 

diabetes mellitus. We found that chronic HCV infection represented a risk factor for 

NODAT. A significant p-value less than 0.001 is obtained here. A meta-analysis confirmed 

an independent relationship between HCV infection and NODAT with an approximately 

four times greater risk of NODAT in HCV-infected recipients (29, 30). In HCV-infected 

recipients, NODAT manifests usually in the first months after transplantation when higher 

doses of immunosuppressants are administered (31). Assessment of pre-transplant HbA1c 

levels may be a valuable tool for an early diagnosis of NODAT in kidney transplant  

recipients. In the presnt study , patients with NODAT showed higher pre-transplant BMI 

and HbA1c than those without NODAT. In a study of 1499 non-diabetic primary kidney 

transplant recipents, interpretation of the data from the United States Renal Data System 

(USRDS) from 2005 to 2011 was considered. The HbA1c levels ≥ 6.5% were excluded for 

pre-transplant recipents. A relation between the pre-transplantation HbA1c level and PTDM 
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was recognized while 395 recipients (presenting 26.4% of the total recipents) developed 

PTDM over a median follow-up time of 1.8 years (32).   

In a study of 400 reciepents were followed up to 4 years after renal transplantation with a 

cyclosporine and prednisolone based regemin showed that increasing HbA1C levels and 

increasing the risk of developing pre-diabetes with low dose prednisolone(33) , in our 

patient we found a  weak relation ship between HbA1C and prednisolone after 90 days of 

trandsplantation with (p-value 0.817) and only small numerical difference observed that 

need more period of time to find significance result. In the prospective study by Boots et al., 

glucose metabolism improved after corticosteroid withdrawal of 10 mg of prednisolone by 

decreasing insulin resistance. Further dosage reduction under 5 mg/d has not been related to 

a clear improvement in glucose metabolism (34). As a result of the current lower dosages, 

several previous studies did not find any effect  of cumulative corticosteroid dosages on 

developing  NODAT. 

This study comes with several strengths as we assumed a relationship between patient 

developing higher HbA1C levels and in association with blood group O+ with a significant 

p-value=0.001, with a high predictive rate of prediabetic incidence within 90 days post 

kidney transplantation that has not seen in previous studies. Similar finding with high BMI 

level and a higher doses of cyclosporine has been noticed in the results for recipients after 

kidney transplantation with blood group O+ in comparison with others. 

  

 

5. CONCLUSIONS 

In conclusion, NODAT is a common and serious  issue after kidney transplant with more 

than one third of individuals developing it within 3 months post transplantation, so potential 

measures to minimize diabetes risk after kidney transplantation, that involve the choice of 

optimization the dose of immunosuppressant (CNIs) medication in the first year post 

transplantation period, identification of patients conditions with high BMI and prediabetic 

states , infections as with HCV , CMV should be considered to prevent NODAT. These 

reversible factors could exacerbate diabetes post transplant that necessitate monitoring of 

patient circumstances and establish early management to limit further complications. 

Further studies exploring the impact of ethnicity and genetics on the incidence of NODAT, 
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and new clinical trials considering specific medical treatment  for NODAT in kidney 

transplant patients are also needed. 
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