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Introduction
Dialysis therapy and kidney transplantation are treatments 
for patients with end-stage renal disease (ESRD). 
Renal transplantation is an effective treatment method 
associated with a higher quality of life and better patient 
survival in these people (1,2).

In recent decades, significant progress has been made 
regarding the short-term complications of kidney 
transplantation such as delayed kidney function and acute 

rejection, but a proportional advancement in long-term 
outcomes, including cardiovascular deaths, infectious and 
malignant causes, was not observed (3-5). PTDM is one 
of the metabolic complications of transplantation that is 
life threatening, because older patients and those with 
diabetes are at higher risk of cardiovascular disease and 
infections (3,6-8). At the international consensus meeting 
in 2013, guidelines for the diagnosis and management of 
PTDM were updated and advocated the World Health 

Introduction: Post-transplantation diabetes mellitus (PTDM) is a metabolic complication 
following transplantation, which is associated with cardiovascular disease and leads to increased 
post-ttransplantation morbidity and mortality. 
Objectives: To identify the incidence of PTDM and its risk factors in kidney recipients at a 
single-center in Iran.
Patients and Methods: This retrospective study was conducted on 379 kidney recipients with 
a negative history of diabetes mellitus who underwent transplant before January 2017. PTDM 
was defined according to the diagnostic criteria of the American Diabetes Association (ADA) 
and the World Health Organization (WHO). Data on demographic, clinical characteristics 
and laboratory parameters were collected. Kaplan-Mayer analysis was used to evaluate the 
cumulative incidence of PTDM. The association between risk factors and PTDM incidence 
was identified with stepwise Cox regression.
Results: The cumulative incidence of PTDM during a 24-month follow-up was 30.1% (95% 
CI: 25.6-34.8). By univariate analysis, modifiable or non-modifiable risk factors for PTDM 
development included recipient age, body mass index (BMI), marital status, family history 
of diabetes, smoking, type of transplant, hepatitis C virus (HCV), cytomegalovirus (CMV), 
transplant rejection, TG, tacrolimus, cyclosporine and beta blocker. In this study, family 
history of diabetes, type of transplant, HCV, CMV, TG, tacrolimus, and beta blocker were 
predictors of development of PTDM in Cox proportional hazard models.
Conclusion: The incidence of PTDM was high. Identification of risk factors determines 
appropriate strategies for PTDM incidence risk reduction.

A R T I C L E  I N F O

Keywords: 
Ciclosporin, 
Immunosuppression, 
Post-transplantation diabetes 
mellitus, Renal transplantation, 
Tacrolimus 

Article History:
Received: 3 August 2020 
Accepted: 15 October 2020 
ePublished: 23 November 2020
 

Article Type:
Original

A B S T R A C T

http://orcid.org/0000-0001-9415-9319
https://orcid.org/0000-0001-8576-5026
http://orcid.org/0000-0002-5231-1658
http://orcid.org/0000-0002-7495-4937
http://orcid.org/0000-0001-5905-428X
http://orcid.org/0000-0002-0893-1374
http://orcid.org/0000-0002-2125-9244
http://orcid.org/0000-0002-9195-9094
https://doi.org/10.34172/jrip.2021.14
http://crossmark.crossref.org/dialog/?doi=10.34172/jrip.2021.14&domain=pdf&date_stamp=2020-11-23


Journal of Renal Injury Prevention, Volume 10, Issue 2, June 2021 http://journalrip.com                                              2 

Ramezanzadeh E et al

Organization (WHO) and the American Diabetes 
Association (ADA) criteria for the diagnosis of diabetes 
mellitus (DM) and impaired glucose tolerance (IGT) (9).

The prevalence of PTDM in various studies depends on 
the duration of follow-up, diagnostic criteria, as well as the 
immunosuppressive regimen used after transplantation. 
This type of diabetes mostly occurs within 6 months of 
transplantation. The six months after transplantation, the 
annual incidence of diabetes is similar to those on the 
waiting list (10). 

Risk factors for PTDM are the same as those for type 2 
diabetes, but additional transplant related factors include 
immunosuppression (especially glucocorticoids and 
calcineurin inhibitors) and infection (hepatitis C [HCV]  
and cytomegalovirus [CMV]) (11).

Transplant patients are very vulnerable. PTDM, 
like other metabolic diseases, can increase the cost of 
treatment. This problem puts a huge financial burden on 
the health system. 

Objectives
Due to few similar studies on the incidence of PTDM 
and the risk factors affecting it in Iran, we conducted this 
study to evaluate it in patients who underwent kidney 
transplantation at Razi hospital in Rasht.

Patients and Methods 
Study design
This is a retrospective cross-sectional study conducted on 
renal recipients who transplanted before 2017 at the Razi 
hospital (renal transplant center of Guilan, Iran). 

Regarding ADA and WHO  definition for PTDM we 
defined it as a fasting plasma glucose of at least 126 mg/dL 
or random plasma glucose equal to or greater than 200 mg/
dL, more than 2 weeks with persistent hyperglycemia, or 
the necessity of hypoglycemic drugs after transplantation) 
(12).

Patients with multiple organ transplants, second 
transplantation, history of diabetes mellitus before ESRD, 
follow up period <24 months, and incomplete records 
were excluded. 

Minimum sample size, according to the formula,  was 
estimated to be 360 renal recipients based on the study of 
Kasiske et al in which, relative risk PTDM based on body 
mass index (BMI) was 1.73 (7), with a 95% confidence 
interval, 90% test power. The sampling method was based 
on kidney recipients from new to old. Data were extracted 
from patients’ clinical records and the transplant center 
clinical records. 

Variables including donor type (living or deceased), 
donor gender, and for recipients including age, gender, 
marital status, education, occupation, smoking, family 
history of diabetes, BMI, etiology of ESRD, HCV, CMV 
transplant, TG, LDL-c, uric acid, tacrolimus, cyclosporine, 
sirolimus, prednisolone, cellcept, atorvastatin and beta-
blocker were collected.

Ethical issues
The research followed the tenets of the Declaration of 
Helsinki. This study was approved by the Guilan University 
of Medical Sciences Ethics Committee (No. IR.GUMS.
REC.1398.098). Informed consent was obtained from 
patients. This study was extracted from M.D thesis of 
Azin Tirbakhsh at this university (Thesis# 1100).

Data analysis
Demographic, clinical and laboratory characteristics 
of kidney recipients with PTDM were compared with 
those non-PTDM, to investigate the incidence of PTDM 
and find out various risk factors associated with it. 
Univariate analysis of factors associated with PTDM was 
performed with chi-square test for categorical variables 
and independent t test and Mann-Whitney U test for 
continuous variables, respectively. The independent 
association between the factors and development of 
PTDM in the second year after discharge was examined 
using stepwise Cox regression. Survival free to onset of 
PTDM was illustrated using Kaplan-Meier survival curves. 
All analyses were performed using SPSS 16.0 TM (SPSS 
Inc., Chicago, IL). Statistical significance for comparisons 
was defined as P < 0.05.

Results
In this study, 379 patients who underwent kidney 
transplantation in Razi hospital in Rasht before 2017 were 
selected and evaluated for developing PTDM and also 
the factors affecting it. These patients were followed for 
24 months, 114 developed PTDM, and 265 out of a total 
of patients showed no evidence of diabetes. Out of 265 
non-PTDM patients, 11 (4.2%) people developed blood 
glucose disorders during these 24 months, which were 
transient and resolved without treatment.

In our study, the cumulative incidence of NODAT 
during a 24-month follow-up was 30.1%. This amount 
at 1, 3, 6 and 12 months were 16.1%, 20.3%, 27.5% and 
29.0%, respectively. This finding shows that the highest 
incidence was during the first year (Table 1). 

Recipients’ gender, education, occupation, etiology of 
ESRD, LDL-c, uric acid, donor’s gender, use of sirolimus, 
and atorvastatin had no significant difference between 
two groups (P > 0.05). Married recipients (P = 0.004), 
family history of diabetes (P < 0.001), smoking (P < 0.001), 
HCV infection(P < 0.001), cytomegalovirus (CMV) 
infection (P = 0.001), transplant rejection (P < 0.001), 
deceased donor (P < 0.001), administration of tacrolimus 

Table 1. Incidence of PTDM in kidney transplant recipients

PTDM Count
95% CI

Lower Upper

Yes 114 (30.1) 25.6 34.8
No 265 (69.9) 65.2 74.4
Total 379 (100.0) - -
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(P = 0.002) and beta blocker (P = 0.030), and recipients’ 
age (P = 0.001), BMI (P = 0.001), and TG (P = 0.006)are 
significantly higher in PTDM group (Tables 2 and 3).

Around 28.9% of PTDM occurred within the first 
month after transplantation. More than 50% occurred 

under two months and over three-quarters of the cases 
(76.3%) occurred during the first three months after 
transplantation (Table 4).

The disease-free survival rates of the patients in the 1st, 
3rd, 6th, 12th, and 24th months were 91.3±1.4, 79.7±2.1, 

Table 2. Demographic and laboratory parameters in PTDM and non- PTDM kidney transplant Recipients

Parameter Missing data PTDM (n=114) Non- PTDM  (n=265) P value

Recipient age, y 0 (0) 44.2±13.9 39.2±13.4 0.001a

Recipient BMI, kg/m2 0 (0) 26.6±5.4 24.9±4.6 0.001a

Recipient sex 0 (0)
Male 58 (28.7) 144 (71.3)

0.536c

Female 56 (31.6) 121 (68.4)
Marital status 47 (12.4)
Married 77 (34.5) 146 (65.5)

0.004c

Single 21 (19.3) 88 (80.7)
Education 34 (9.0)
High school 46 (29.7) 109 (70.3)

0.853cDiploma 26 (26.8) 71 (73.2)
College & post-college 28 (30.1) 65 (69.9)

Occupation 91 (24.0)
Farmer 5 (33.3) 10 (66.7)

0.992c

Student 6 (33.3) 12 (66.7)
Employee 21 (31.3) 46 (68.7)
Self-employed 27 (30.0) 63 (70.0)
Housewife 26 (29.2) 63 (70.8)
Unemployed 2 (22.2) 7 (77.8)

Family history of diabetes 26 (6.9)
Yes 70 (52.2) 64 (47.8)

<0.001c

No 35 (16.0) 184 (84.0)
Smoking 0 (0)

Yes 39 (54.9) 32 (45.1)
<0.001c

No 75 (24.4) 233 (75.6)
Cause of ESRD 0 (0)
Hypertension 27 (36.5) 47 (63.5)

0.466c

ADPKD 13 (39.4) 20 (60.6)
Urological 16 (32.0) 34 (68.0)
GN 24 (30.4) 55 (69.6)
Other 28 (23.5) 82 (76.5)
Unknown 6 (25.0) 18 (75.0)

Donor type 42 (11.1)
Alive 53 (22.3) 185 (77.7)

<0.001c

Deceased 45 (45.5) 54 (54.5)
Donor sex 67 (17.7)
Male 69 (29.5) 165 (70.5)

0.395c

Female 27 (34.6) 51 (65.4)
HCV 7 (1.8)
Positive 25 (73.5) 9 (26.5)

<0.001c

Negative 87 (25.7) 251 (74.3)
CMV 25 (6.6)
Positive 46 (41.8) 64 (58.2)

0.001c

Negative 61 (25.0) 183 (75.0)
Transplant rejection 28 (7.4)
Yes 56 (50.9) 54 (49.1)

<0.001c

No 57 (23.7) 184 (76.3)
LDL-c 212 (55.9) 118.2±83.2 94.9±38.5 0.737b

TG 145 (38.3) 196.9±127.8 150.5±75.4 0.006b

Uric acid 194 (51.2) 8.0±10.4 6.9±5.1 0.644b

a Independent t test, b Mann-Whitney test, c Chi-square test.
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72.5±2.3, 70.9±2.3, and 69.8±2.4, respectively, according 
to the Kaplan-Meyer plot (Figure 1).

Multivariate Cox regression model confirmed the 
independent risk factors were; family history of diabetes 
(HR=2.240, 95% CI: 1.020-4.920), donor type (HR = 2.370, 
95% CI: 1.064-5.281), TG (HR = 1.005, 95% CI: 1.001-
1.010), HCV (HR=3.946, 95% CI: 1.095-14.226), CMV 
(HR = 2.910, 95% CI: 1.147-7.383), tacrolimus use 
(HR = 2.464, 95% CI: 1.179-5.148), and beta blocker use 
(HR = 5.577, 95% CI: 1.868-16.652; Table 5).

Discussion
PTDM is a common and important metabolic complication 
of renal transplantation (6-8). In our study, the cumulative 
incidence of PTDM during a 24-month follow-up was 
30.1%. This amount at 1, 3, 6 and 12 months were 16.1%, 

20.3%, 27.5% and 29.0%, respectively. This finding shows 
that the highest incidence was during the first year. Recent 
studies reported that 4%–30% of patients will develop 
PTDM within the first year post-transplant (6, 12, 13). 
According to Kasiske et al study, the cumulative incidence 
of PTDM was 9.1%, 16.0%, and 24.0% at 3, 12, and 36 
months post-transplant, respectively (7). This discrepancy 
in findings can be due to multifactor such as criterion for 
diagnostic of DM, follow-up period, variability in the 
types and amounts of immunosuppression used, and the 
presence of pre-transplant risk factors. 

PTDM risk factors are categorized into two groups 
of non-modifiable and modifiable risk factors. Non-

Table 3. Immunosuppression used in PTDM and non- PTDM kidney transplant recipients

Immunosuppression Missing data PTDM (n=114) Non- PTDM (n=265) P value
Tacrolimus 15 (4.0)
Yes 50 (41.3) 71 (58.7)

0.002a

No 61 (25.1) 182 (74.9)
Cyclosporine 11 (2.9)
Yes 41 (20.7) 157 (79.3)

<0.001a

No 71 (41.8) 99 (58.2)
Sirolimus 15 (4.0)
Yes 25 (39.7) 38 (60.3)

0.103a

No 88 (29.2) 213 (70.8)
Cellcept 6 (1.6)
Yes 66 (28.3) 167 (71.7)

<0.001a

No 48 (34.3) 92 (65.7)
Atorvastatin 8 (2.1)
Yes 60 (28.3) 152 (71.7)

0.297a

No 53 (33.3) 106 (66.7)
Beta blocker 18 (4.7)
Yes 19 (45.2) 23 (54.8)

0.030a

No 92 (28.8) 227 (71.2)
Prednisolone 1 (0.3)
Yes 107 (30.5) 244 (69.5)

0.366a

No 6 (22.2) 21 (77.8)
a Chi-square test.

Table 4. Cumulative incidence of PTDM within 24 months kidney transplant 
recipients

PTDM incidence time (mon) No. % Cumulative percent
0.25 12 10.5 10.5
0.50 3 2.6 13.2
0.75 18 15.8 28.9
1.0 28 24.6 53.5
2.0 16 14.0 67.5
3.0 10 8.8 76.3
4.0 15 13.2 89.5
5.0 2 1.8 91.2
6.0 6 5.3 96.5
12.0 4 3.5 100.0
Total 114 100.0 Figure 1. Kaplan–Meier curve estimating the survival free from PTDM.
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modifiable risk factors include advanced age, gender, 
ethnicity, genetic background, a positive family history 
of DM, Pre-diabetes, and underlying kidney disease. 
All of these risk factors can usually be identified 
before transplantation. There are many risk factors for 
PTDM that may be considered modifiable, at least on 
a theoretical basis. Some of these risk factors include 
obesity, immunosuppressive therapies (e.g., tacrolimus, 
cyclosporine and corticosteroid), infectious agents (e.g., 
BK virus, HCV and CMV), and hypomagnesaemia after 
transplant (12,14-17).

The results of current study showed that the highest 
percentage of PTDM was in the age group of 50 years 
and above (40.38%). In univariate analysis, age was an 
influential factor, but in multivariate analysis, this factor 
was not significant.

In the majority of studies, older age has been identified 
as the strongest and most important risk factor for PTDM 
(7,18,19). In the study by Cosio et al, recipients older than 
45 years old were 2.9 times more likely to become PTDM 
than younger recipients. In addition, age increased the 
risk for development of PTDM 1.5-fold for every 10-year 
increase in age (20).

Based on the findings of the present study, there is no 
statistically significant relationship between the gender of 
recipients and the gender of donors with the incidence of 
PTDM, which is consistent with previous studies (20,21). 
However, in some studies, the male donor was a risk factor 
for PTDM (7).

We found that renal recipients with a history of smoking 
were two-fold more likely to develop PTDM, but this 
relationship did not confirm in multivariate analysis, 
while in the study by Santos et al, the multivariate analysis 
identified smoking habit as an independent risk factor 
for PTDM (21). On other hand, Dedinska et al showed 
that smoking is not a risk factor for developing PTDM 
(22). The lack of significance in our study may be due to 
the absence of accurate data about smoking history and 
inattention to passive smokers.

There was no significant relationship between 
education and occupation of kidney recipients with the 
development of PTDM. Additionally, the incidence of 
PTDM in married people was significantly higher than 

single people (34.5 versus 19.3%). Because the age variable 
is in multivariate analysis, marital status after entering the 
analysis lost its significance because married patients were 
probably older. Unfortunately, we did not have patients’ 
pre-transplant weight, and only the post-transplant BMI 
was recorded.

The incidence of PTDM in obese people with a BMI 
above 30 was equal to 44.2% and was more than other 
groups. BMI was considered as a significant index in 
univariate analysis. In most studies, weight and BMI have 
been associated with PTDM (7,18,20,23). In addition to 
obesity, overweight people (BMI between 25 and 30 kg/
m2) also have a higher risk of developing diabetes (18). 
Obese people with IGT test reduced the risk of type 2 
diabetes mellitus significantly (from 23% to 11%) with life 
style modification (24). Therefore, lifestyle modification, 
both in transplant waiting list patients and after kidney 
transplantation, can reduce the risk of developing diabetes 
(18,20).

In our study, 70 (52.2%) patients with PTDM had a 
family history of diabetes. However, only 37.9% of non-
PTDM mentioned it, and the difference between the two 
groups was significant. In multivariate analysis, there was 
a 2.2-fold increased risk of PTDM in kidney recipients 
with a family history of diabetes, and this association was 
significant. Previous studies have detected that a family 
history of diabetes increases up to seven times the risk of 
PTDM (19). In fact, people with a positive family history 
of diabetes have a higher genetic predisposition that may 
contribute to the development of PTDM.

The majority of our patients received kidneys from a 
living donor (70.6%). The incidence of PTDM was higher 
in the deceased donor than the living donor (45.4% versus 
22.3%). In the deceased donor, the incidence of PTDM 
was 2.4 times that of the living. Various studies have shown 
that kidney transplantation from a deceased donor has 
been associated with a higher incidence of PTDM (10,25). 
Since, patients who receive a kidney from a deceased 
donor usually need higher doses of immunosuppressive 
drugs, to prevent rejection.

Studies on hepatitis C have shown that the disease 
predisposes a person to hypoglycemia (7,26). In our 
study, HCV was significantly associated with PTDM in 

Table 5. Adjusted hazard ratios for PTDM after transplantation

Variables B SE P value Adjusted HR
95.0% CI for HR

Lower Upper
Family history of diabetes (yes/no) 0.806 0.401 0.045 2.240 1.020 4.920
TG 0.005 0.002 0.020 1.005 1.001 1.010

Donor type (deceased/alive) 0.863 0.409 0.035 2.370 1.064 5.281

HCV (yes/no) 1.373 0.654 0.036 3.946 1.095 14.226

CMV (yes/no) 1.068 0.475 0.024 2.910 1.147 7.383

Tacrolimus (yes/no) 0.902 0.376 0.016 2.464 1.179 5.148
Beta blocker (yes/no) 1.719 0.558 0.002 5.577 1.868 16.652
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multivariate analysis. Therefore, in kidney recipients with 
HCV, the risk of PTDM was about 4-fold higher. This 
factor is so important because antiviral treatment of HCV 
in transplant patients can have a preventive effect on the 
incidence of diabetes and also improves glycemic control 
in the patient (7).

About 46% of people with PTDM and 31% of Non-
PTDM had history of CMV positive. In kidney recipients 
with CMV, the risk of PTDM was about 3-fold higher. 
Hjelmesaeth et al showed that CMV infection has been 
linked to type 1 diabetes and may also increase the 
incidence of PTDM (27).

According to the results, TG in the two groups of 
patients (PTDM versus Non-PTDM) was statistically 
significant. However, in multivariate analysis, the effect of 
this factor on the incidence of PTDM was very small and 
was reported at half a percent. Chakkera et al achieved 
similar findings (28).

Regarding the effects of drugs on the incidence of 
PTDM, our findings showed that kidney transplant 
patients who took tacrolimus had a higher incidence of 
developing PTDM. This significance was also confirmed 
in multivariate analysis, which is consistent with other 
studies (7,18,29).

The findings of our study showed a significant 
relationship between the use of beta-blockers (whether 
selective or non-selective) and the incidence of PTDM. Its 
users were about 5.5-fold more likely to develop PTDM 
than those who do not. Messerli et al also showed that, 
taking beta-blockers in non-diabetics could increase the 
risk of developing diabetes(30). In the study by Gress et 
al, the incidence of diabetes in patients receiving beta-
blocker was 28% higher than those who did not take 
the drug (31). Of course, it should be noted that the 
type of beta blocker also has a significant effect on its 
diabetogenicity. New beta-blockers do not have these side 
effects and are suitable drugs to control blood pressure in 
diabetic patients(32).

Some studies such as study of Van Laecke et al, showed 
that patients with magnesium levels less than 1.9 mg/
dL had a higher risk of PTDM (33). Hence, we decided 
to compare the magnesium levels of patients, which 
unfortunately could not be compared due to lack of 
sufficient information.

Conclusion
Post-transplant diabetes is an important complication of 
renal transplantation that appears to have a high incidence. 
Classification of risk factors and intervention to minimize 
their complications should be an integral part of transplant 
recipients’ management. In this regard, the long-term 
consequences associated with this disease is minimized. 
Non-modifiable risk factors for development of PTDM 
are family history of diabetes, and deceased donor. 
Modifiable risk factors are TG, HCV and CMV infections, 
use of tacrolimus and beta blocker. In patients at risk for 

PTDM, exposure to diabetogenic immunosuppressive 
drugs should be reduced carefully.

Limitations of the study
Limitations of our study were the lack of uric acid and 
magnesium levels in patients’ records, the lack of an exact 
dose of corticosteroids, and the form and duration of 
smoking.
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