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Abstract
Background: Patients with diabetes mellitus (DM) have worse graft and overall survival, but recent evidence suggests that 
the difference is no longer significant.
Objective: To compare the outcomes between patients with end-stage kidney disease due to DM (ESKD-DM) and ESKD 
due to nondiabetic etiology (ESKD-non-DM) who underwent kidney transplantation (KT) up to 10 years of follow-up.
Design: Survival analysis of a retrospective cohort.
Setting and Patients: All patients who underwent KT at the Hospital Universitario San Ignacio, Colombia, between 2004 
and 2022.
Measurements: Overall and graft survival in ESKD-DM and ESKD-non-DM who received KT. Patients who died with 
functional graft were censored for the calculation of kidney graft survival.
Methods: Log-rank test, Cox proportional hazards model, and competing risk analysis were used to compare overall and 
graft survival in patients with ESKD-DM and ESKD-non-DM who underwent KT.
Results: A total of 375 patients were included: 60 (16%) with ESKD-DM and 315 (84%) with ESKD-non-DM. Median follow-
up was 83.3 months. Overall survival was lower in patients with ESKD-DM at 5 (75.0% vs 90.8%, P < .001) and 10 years 
(55.0% vs 86.7%, P < .001). Cardiovascular death was higher in patients with diabetes (27.3% vs 8.2%, P = .021). Death-
censored graft survival was similar in both groups (96.7% vs 93.3% at 5 years, P = .324). On multivariate analysis, the factors 
associated with global survival were DM (hazard ratio [HR] = 2.11, 95% confidence interval [CI] = 1.23-3.60, P = .006), 
recipient age (HR = 1.05, 95% CI = 1.02-1.08, P < .001), delayed graft function (HR = 2.07, 95% CI = 1.24-3.46, P = .005), 
and donor age (HR = 1.03, 95% CI = 1.01-1.05, P = .002). In the competing risk analysis, DM was associated with mortality 
only in the cardiovascular death group (sub-hazard ratio [SHR] = 6.06, 95% CI = 1.01-36.4, P = .049).
Limitations: Change in diabetes treatment received over time and adherence to glycemic targets were not considered. 
The sample size is relatively small, which limits the precision of our estimates. The Kidney Donor Profile Index and the 
occurrence of treated acute rejection were not included in the regression models.
Conclusion: Overall survival is lower in patients with diabetes, possibly due to older age and cardiovascular comorbidities. 
Therefore, patients with diabetes should be followed more closely to control cardiovascular risk factors. However, there is 
no difference in graft survival.

Résumé 
Contexte : Les patients diabétiques (DB) sont ceux qui présentent les pires résultats de greffe et de survie globale, mais des 
données récentes suggèrent que la différence n’est désormais plus significative.
Objectif : Comparer les résultats des patients atteints d’insuffisance rénale terminale causée par le DB (IRT-DB) et ceux des 
patients non-diabétiques (IRT-nonDB) pour une période de 10 ans après une transplantation rénale (TR).
Conception : Analyse de la survie d’une cohorte rétrospective
Sujets et cadre de l’étude : Tous les patients qui ont subi une TR à l’Hôpital Universitario San Ignacio (Colombie) entre 
2004 et 2022.
Mesures : La survie globale et la survie du greffon chez les patients IRT-DB et IRT-nonDB après une TR. Les patients 
décédés avec un greffon fonctionnel ont été censurés pour le calcul de la survie du greffon.
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Méthodologie : Le test logarithmique par rangs, un modèle de régression à effet proportionnel de Cox et une analyse des 
risques concurrents ont été utilisés pour comparer la survie globale et la survie du greffon des patients atteints d’IRT-DB et 
d’IRT-nonDB après une TR.
Résultats : Au total, 375 patients ont été inclus à l’étude, soit 60 patients (16 %) atteints d’IRT-DB et 315 (84 %) atteints 
d’IRT-nonDB. La durée médiane du suivi était de 83,3 mois. La survie globale était plus faible chez les patients atteints d’IRT-
DB à 5 ans (75,0 c. 90,8 %; p<0,001) et à 10 ans (55,0 % c. 86,7 %; p<0,001). Les décès de causes cardiovasculaires ont été 
plus nombreux chez les patients diabétiques (27,3 % c. 8,2 %; p=0,021). La survie du greffon censurée pour le décès était 
similaire pour les deux groupes (96,7 % c. 93,3 % à 5 ans, p=0,324). Dans l’analyse multivariée, les facteurs associés à la survie 
globale étaient le DB (RR=2,11; IC95 : 1,23-3,60; p=0,006), l’âge du receveur (RR=1,05; IC95 : 1,02-1,08; p<0,001), le retard 
de fonction du greffon (RR = 2,07; IC95 : 1,24-3,46; p = 0,005) et l’âge du donneur (RR = 1,03; IC95 : 1,01-1,05; p=0,002). 
Dans l’analyse des risques concurrents, le DB a été associé à la mortalité uniquement dans le groupe de patients décédés de 
causes cardiovasculaires (RRS=6,06; IC95 : 1,01-36,4; p=0,049).
Limites : Les modifications dans le traitement du diabète au fil du temps et l’observance des cibles glycémiques n’ont pas été 
prises en compte. La taille de l’échantillon est relativement faible, ce qui limite la précision des estimations. L’indice de profil 
du donneur (Kidney Donor Profile Index—KDPI) et la survenue d’un rejet aigu traité n’ont pas été inclus dans les modèles 
de régression.
Conclusion : La survie globale est plus faible chez les patients diabétiques, peut-être en raison de l’âge avancé et des 
comorbidités cardiovasculaires de ces patients. Les patients diabétiques devraient par conséquent faire l’objet d’un suivi plus 
rapproché afin de surveiller les facteurs de risque cardiovasculaire. Aucune différence n’a cependant été observée pour la 
survie du greffon.
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Introduction
Diabetes mellitus (DM) and hypertension are the major 
causes of advanced chronic kidney disease (CKD), account-
ing for approximately 80% of cases.1,2 It is estimated that 
more than 40% of people with diabetes will develop CKD 
and are at risk of progressing to end-stage renal disease 
(ESRD) and requiring renal replacement therapy (RRT).3,4 
Elderly patients with diabetes on dialysis have up to a 3.9-
fold increased risk of mortality compared with the general 
population.5

Kidney transplantation (KT) is the best renal replacement 
therapy considering the longer survival, better quality of life, 
and lower cost compared with dialysis.6-8 However, patients 
with ESRD have significant comorbidities and are elderly, 
which can be associated with significant mortality rates, such 
as those associated with cancer and primarily cardiovascular 
causes, which are higher than in the general population and 
account for approximately one third of deaths from known 
causes in transplant patients.9-13 Pretransplant and posttrans-
plant risk factors associated with graft mortality and graft 
survival have been described. These include, age, heart fail-
ure, severe infections, number of rejection episodes, cadav-
eric donor transplantation, BK virus nephropathy, acute 
rejection and retransplantation, graft function, and 
DM.10,14-16

Patients with diabetes have limited access to the benefits 
of this therapy due to age and comorbidities, limiting their 
access to the waiting list.17 Kervinen et al18 showed that 

patients with type 2 diabetes (T2DM) had a relative probabil-
ity to receive KT of 0.51 compared with patients with type 1 
diabetes (T1DM) and 0.59 compared with patients without 
diabetes, after adjustment for age, sex, laboratory values, and 
comorbidities.

There are significant disparities in reported post-trans-
plant outcomes in patients with end-stage kidney disease 
due to DM (ESKD-DM). Previous publications show that 
overall and graft survival at 5 years is lower in patients with 
DM compared with non-DM (69% vs 93% for overall sur-
vival and 70% vs 96% for graft survival, respectively),19,20 
which may be associated with older recipient age, higher 
body mass index (BMI), and greater cardiovascular dis-
ease.20 However, some recent data have shown a significant 
reduction in 5-year mortality risk in patients with diabetes 
(hazard ratio [HR] = 0.88, 95% confidence interval [CI] = 
0.81-0.95), with similar survival in both groups (88% DM 
vs 93% non-DM) at 5 years posttransplant.18,21 Another 
study showed similar results, where the 10-year survival of 
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transplanted DM patients was 90.91% versus 95.34% in 
non-DM patients, but the graft survival was 82.95% versus 
90%, respectively.14

There are no published data in the literature evaluating the 
long-term outcomes of transplantation in Latin American 
patients with diabetes. The aim of the present study was to 
evaluate the differences in overall and kidney graft survival 
in patients with ESKD-DM compared with ESKD-non-DM 
(ESKD due to nondiabetic etiology) who underwent KT in a 
cohort of patients managed in a kidney transplant referral 
center in Colombia.

Methods

A survival analysis was performed on a retrospective cohort 
that included all patients above18 years of age who under-
went preemptive living and deceased donor KT at the Hospital 
Universitario San Ignacio, Bogotá (Colombia) between 
December 2004 and January 2022. Those with combined 
pancreas and KT and with less than 3 months of follow-up 
were excluded because of the possibility of primary graft 
failure due to surgical, vascular, or immunologic causes that 
could affect renal graft survival. The protocol was approved 
by the Research and Ethics Committee of the Pontificia 
Universidad Javeriana and the Hospital Universitario San 
Ignacio in Bogotá (act number: MI 056-2022).

Data were collected in a standardized database. 
Information was systematically recorded at each visit. 
Information evaluated included recipient data: age, BMI, 
sex, cause of CKD, type of dialysis, date of waiting list entry, 
date of dialysis initiation, comorbidities, serostatus for hepa-
titis and cytomegalovirus (CMV); donor data: age, type 
(deceased or living); transplant data: date, number of trans-
plants, ischemia time, HLA mismatch, induction therapy, BK 
polyomavirus infection, cellular rejection, delayed graft 
function; and follow-up data (date of last follow-up, date and 
cause of graft loss, date and cause of mortality). When miss-
ing information was identified, we consulted the institutional 
electronic medical record. In patients with loss of follow-up, 
the vital status was consulted in the electronic page of the 
administrator of the resources of the General System of 
Social Security in Health—ADRES, where the information 
of the affiliates to the Colombian health system is registered 
in a mandatory way.

The diagnosis of diabetes-related ESKD was made by the 
clinical nephrologist who referred the patient to the trans-
plant group. The etiology of the kidney disease was deter-
mined from the medical records. Most patients did not have 
a renal biopsy. Delayed graft function was defined as acute 
dysfunction of the transplanted kidney requiring dialysis 
during the first week after transplantation. BK polyomavirus 
infection was excluded during the first months after trans-
plantation and was diagnosed by molecular testing (poly-
merase chain reaction [PCR] in blood). All patients received 
CMV prophylaxis with valganciclovir for 90 days, except 

those at high risk, who received treatment for 180 days. The 
diagnosis of CMV infection was confirmed by blood or tis-
sue PCR. Cellular rejection was diagnosed by biopsy accord-
ing to the Banff criteria.22

The sample size was calculated to detect a difference in 
survival functions using the log-rank test by Freedman’s 
method23 with adjustment for unbalanced allocation as sug-
gested by Hsieh.24 Assuming an HR between diabetics and 
nondiabetics of 0.7 and a ratio of diabetics to nondiabetics of 
1/3, with an alpha error of 0.05 and 80% power, a total sam-
ple size of 59 in the ESKD-DM group and 295 in the ESKD-
non-DM group was calculated.

Statistical Analysis

Absolute and relative frequencies were used to describe cat-
egorical variables. Continuous variables were expressed as 
median and interquartile range because there were no vari-
ables that met the assumption of normal distribution accord-
ing to the Shapiro-Wilk test. Differences between patients 
with ESKD-DM and ESKD-non-DM were evaluated using 
the chi-squared test for categorical variables and the Mann-
Whitney U test for continuous variables. The Kaplan-Meier 
method was used to evaluate overall and graft survival func-
tions. Patients who died with a functional graft were cen-
sored for the calculation of kidney graft survival. Curves 
were compared using the log-rank test.

Cox regression model was used to evaluate the effect of 
diabetes on overall and graft survival, controlling for vari-
ables identified as significant in univariate analysis and some 
that have been shown to be associated in previous studies: 
recipient age, donor age, sex, donor type, heart failure, coro-
nary artery disease, delayed graft function, cold ischemia 
time, type of dialysis, number of HLA mismatches, and BK 
polyomavirus infection.10-12,15,16,25,26 Bivariate analysis was 
followed by multivariate analysis. P values of <.05 were 
considered significant. The assumption of Cox proportional 
hazards was assessed with the Schoenfeld residuals analysis 
and confirmed with the graphical analysis of log(–log(s(t))) 
versus t or log(t), which showed a parallelism between the 
groups with and without diabetes.

Finally, a competing risk analysis was performed to assess 
the effect of diabetes on overall survival, considering cardio-
vascular and COVID-related deaths as competing risks. The 
Aalen-Johansen method was used because it has been shown 
to be more appropriate for evaluating renal survival.27 
Statistical analyses were performed using STATA software 
(Stata Statistical Software: Release 16. College Station, TX: 
StataCorp LLC).

Results

A total of 392 transplanted patients were included in the 
cohort. Seventeen patients were excluded, 9 for graft loss 
before 3 months posttransplant (6 for acute renal vein 
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Table 1. Characteristics of the Donor and Recipient According to the Diagnosis of Diabetes Mellitus.

Characteristic
ESKD-DM
(n = 60)

ESKD-non-DM
(n = 315) P value

Recipient
 Type of DM, no. (%) — —
  T1DM 11 (2.93)
  T2DM 49 (13.07)
 HbA1c 3 months posttransplant, median (IQR) 7 (6.9-8) —  
 Recipient age (y), median (IQR) 60.7 (63.7-64.8) 45.1 (34.2-52.3) <.001
 Waiting timea (mo), median (IQR) 16.4 (5.9-39.5) 16 (5.6-29.9) .680
 Recipient gender (males), no. (%) 49 (81.7) 179 (56.83) <.001
 Recipient BMI, kg/m2, median (IQR) 25.9 (23.6-28.9) 23.3 (20.96-25.6) <.001
 Duration of dialysis (y), median (IQR) 5.6 (2.98-9.33) 4.41 (2.20-6.46) .007
 Type of dialysis
  HD 39 (65) 210 (66.67) .098
  Both 6 (10) 41 (13.02)
  Peritoneal 15 (25) 48 (15.24)
  No dialysis 0 (0) 16 (5)
 Positive CMV serostatus, no. (%) 55 (91.67) 287 (91.4) .946
 Retransplantation, no. (%) 4 (4.7) 29 (9.21) .524
 Comorbidities, no. (%)
  Viral hepatitis 1 (1.67) 9 (2.86) .600
  Arterial hypertension 57 (95.0) 255 (80.9) .008
  Heart failure 24 (40.0) 70 (22.2) .004
  Coronary heart disease 24 (40.0) 70 (22.2) .004
  Stroke/TIA 2 (3.33) 17 (5.4) .504
 Cause of CKD  
  DM 59 (99.3) 0  
  Arterial hypertension 0 74 (23.5)  
  SLE 0 20 (6.35)  
  Vasculitis 0 3 (0.95)  
  GMN 1 (1.67) 54 (17.14)  
  Congenital 0 57 (18) <.001
  Other 0 19 (6)  
  Idiopathic 0 88 (27.94)  
 Induction therapy, no. (%) .360
  Basiliximab 40 (66.7) 180 (57.14)  
  Daclizumab 0 (0) 6 (1.90)  
  rATG 18 (30) 122 (38.73)  
Donor
 Living donor, no. (%) 4 (6.67) 26 (8.25) .678
 Donor age (y), median (IQR) 45 (33-53) 39 (26-50) .006
 HLA mismatch 5-6 ± SD 6 (10.0) 53 (16.8) .183

Note. ESKD-DM = end-stage kidney disease due to diabetes; ESKD-non-DM = end-stage kidney disease due to nondiabetes etiology; T1DM = type 1 
diabetes mellitus; T2DM = type 2 diabetes mellitus; IQR = interquartile range; BMI = body mass index; HD = hemodialysis; CMV = cytomegalovirus; 
TIA = transient ischemic attack; both = peritoneal dialysis and hemodialysis; CKD = chronic kidney disease; SLE = systemic lupus erythematosus; GMN 
= glomerulonephritis; rATG = rabbit anti-thymocyte globulin.
aWaiting time: time on waiting list for transplant.

thrombosis, 3 for hyperacute rejection) and 8 for mortality 
before 3 months posttransplant (5 for sepsis, 2 for cardiovas-
cular causes, and 1 for COVID-19). A total of 375 patients 
were included in the analysis. Table 1 shows the characteris-
tics of recipients and donors.

Sixty (16%) had ESKD-DM (82% T2DM and 18% 
T1DM), and the median age was higher in recipients  
with diabetes (60.7 vs 45.1 years, P < .001), as was the 

proportion of men (81.7% vs 56%) and BMI (median 26 
vs 23 kg/m2, P < .001). The most common cause of CKD 
in the nondiabetic population was idiopathic, followed by 
hypertension and glomerulonephritis (most common were 
IgA nephropathy and focal and segmental glomerulopa-
thy) and congenital, in which the most common causes 
were polycystic kidney disease (45.6%) and Alport syn-
drome (22.8%).
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Table 2. Characteristics of Kidney Transplantation and Outcomes According to the Diagnosis of Diabetes Mellitus.

Characteristic
ESKD-DM
(n = 60)

ESKD-non-DM
(n = 315) P value

Cold ischemia (h), median (IQR) 12 (9-16) 13 (9-16) .798
Delayed graft function, no. (%) 13 (22.0) 52 (16.5) .304
BK polyomavirus,a no. (%) 4 (6.6) 20 (6.4) .924
Cause of graft lost, no. (%)
 IFTA 4 (57.1) 15 (34.0)  
 Chronic antibody-mediated rejection 1 (14.3) 14 (31.8)  
 BK polyomavirus 1 (14.3) 4 (9.0)  
 Acute rejection 0 2 (4.6) .177
 Other 1 (14.3) 9 (20.4)  
Cause of death, no. (%)
 Infection 10 (30.3) 16 (32.6)  
 Cardiovascular disease 9 (27.3) 4 (8.2)  
 COVID-19 8 (24.2) 15 (30.6) .021
 Idiopathic 4 (12.2) 6 (12.2)  
 Cancer 2 (6) 0  
 Other 0 8 (16.3)  

Note. ESKD-DM = end-stage kidney disease due to diabetes; ESKD-non-DM = end-stage kidney disease due to nondiabetes etiology; IQR = interquartile 
range; IFTA = interstitial fibrosis and tubular atrophy.
aMolecular testing: in the first year as screening and those with compromised renal function.

The median time on dialysis in the ESKD-DM population 
was 5.6 versus 4.4 years in the ESKD-non-DM population (P 
< .001). There were no differences in waiting list time, dial-
ysis type, CMV infection, kidney retransplantation, or induc-
tion therapy between the groups. Patients with ESKD-DM 
had a higher percentage of arterial hypertension, heart fail-
ure, and coronary artery disease (Table 1).

The median donor age was higher in the ESKD-DM group 
(45 vs 39 years, P < .001). Eight percent of the population 
received a living-donor transplant; there was no difference in 
transplant type or HLA mismatch between the groups. Cold 
ischemia time, delayed graft function, and BK virus infec-
tion were similar between the 2 groups. The main cause of 
graft loss was IFTA (interstitial fibrosis and tubular atrophy) 
(37.2%), followed by chronic antibody-mediated rejection 
(29.41%), with no significant differences between groups. 
The main cause of death in both groups was infection (22 
patients due to septic shock of bacterial etiology, 2 due to 
candidemia, 1 due to histoplasmosis, and 1 due to meningeal 
cryptococcosis). Cardiovascular mortality was higher in the 
diabetes group (27.3 vs 8.2%, P = .021). There was no dif-
ference in mortality due to COVID-19 Table 2).

The median follow-up per patient was 84.3 months, with 
a minimum of 3 months and a maximum of 120 months. 
Kaplan-Meier curves for death-censored graft survival are 
shown in Figure 1. There was no significant difference 
between recipients with and without diabetes (log-rank test P 
= .783).

Death-censored graft survival for patients with and with-
out diabetes was 96.7% versus 93.3% at 5 years (P = .324) 
and 91.7% versus 88.0% at 10 years (P = .78). In both 

univariate and multivariate Cox regression analysis, DM was 
not associated with differences in graft survival. We found an 
association only with BK polyomavirus infection (HR = 
5.17, 95% CI = 2.43-11.0, P < .01) (Table 3). Overall sur-
vival curves are shown in Figure 2. A significant difference 
was found between recipients with ESKD-DM compared 
with ESKD-non-DM (log-rank test P < .001).

Overall survival was lower in patients with diabetes at 5 
(75.0% vs 90.8%, P < .001) and 10 years (55.0% vs 86.7%, 
P < .001). In univariate analysis, the factors associated 
with mortality were DM (HR = 4.12, 95% CI = 2.53-6.68, 
P < .001), male sex, coronary artery disease, heart failure, 
delayed graft function, and recipient and donor age. In 

Figure 1. Kaplan-Meier analysis of censored graft survival.
Note. KT = kidney transplant; DM = diabetes mellitus.
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multivariate analysis, the significant predictors of all-cause 
mortality were DM (HR = 2.11, 95% CI = 1.23-3.60, P = 
.006), recipient age, delayed graft function, and donor age 
(Table 4).

In the competing risk analysis, DM was associated with 
mortality in the cardiovascular death group (SHR = 6.06, 
95% CI = 1.01-36.4, P = .049), but not in the COVID-
related and all-cause death groups (Table 5).

Discussion
Chronic kidney disease affects more than 10% of the world’s 
population,28 and diabetes is a major cause. Of all patients 
with DM, 40% will develop CKD.29 In this population,  
the requirement for kidney replacement therapy is increas-
ing, with an increase in the risk of mortality.5 Kidney 

Figure 2. Kaplan-Meier analysis of global survival.
Note. KT = kidney transplant; DM = diabetes mellitus; CI = confidence 
interval.

Table 3. Univariate and Multivariate Cox Regression Analysis of Graft Loss in Kidney Transplant Patients.

Covariate

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

DM 0.87 0.34-2.23 .78 1.25 0.45-3.45 .65
Recipient age 0.98 0.96-1.00 .13 0.97 0.94-0.99 .02
Recipient gender 1.22 0.67-2.23 .51 —  
Type of dialysis 1.03 0.72-1.47 .86 —  
Heart failure 1.44 0.75-2.76 .27 —  
Coronary disease 1.44 0.75-2.76 .27 —  
Type of donor 0.32 0.04-2.33 .26 —  
Mismatch 1.09 0.95-1.26 .21 —  
DGF 0.70 0.27-1.77 .45 —  
Cold ischemia 0.99 0.93-1.06 .96 —  
Donor age 1.02 0.99-1.04 .07 1.02 0.99-1.04 .62
BK polyomavirus 5.18 2.47-10.8 <.001 5.17 2.43-11.01 <.001

Note. HR = hazard ratio; CI = confidence interval; DM = diabetes mellitus; DGF = delayed graft function.

transplantation is the treatment of choice showing a decrease 
in mortality when compared with dialytic therapy.6,7,30 There 
are reports of worse outcomes in transplanted patients with 
ESKD-DM compared with ESKD-non-DM, which has led to 
a decrease in the number of these patients on the waiting list 
and receiving kidney transplants.31,32 We found significant 
differences in overall survival related to cardiovascular 
death, but not in graft survival at 10-year follow-up.

In our study, the first cause of CKD was idiopathic, fol-
lowed by arterial hypertension. Diabetes mellitus was the 
third cause. Other comorbidities such as hypertension, con-
gestive heart failure, and coronary artery disease were more 
prevalent in kidney transplanted patients with DM, with the 
last 2 being almost doubled compared with patients without 
diabetes. The systematic review by Einarson et al33 showed 
that patients with DM are twice as likely to develop and die 
from cardiovascular disease (CVD), which occurred in 
32.2% of patients with type 2 DM and was the cause of death 
in 9.9% (50.3% of all deaths).

Our cohort of patients with KT and DM had a higher 
mean age at the time of transplantation compared with non-
DM (60.7 vs 45.1 years), with a longer time on dialysis and 
no difference in the time on the waiting list time between the 
2 groups. This may be related to the late inclusion of patients 
with diabetes on the waiting list, probably due to higher 
comorbidity. A French study of 549 patients with advanced 
CKD documented an association between DM and lower 
rates of pretransplant evaluation and waitlist entry.34 The rea-
sons for this were the older age of the patients, the higher 
BMI, and the higher morbidity. Kervinen et al18 showed that 
the 5-year survival of patients is not different between 
patients with and without diabetes, and recommends improv-
ing access to KT for these patients. They are also more likely 
to be inactivated from the waiting list.35 A study of 1265 
patients found that 38.8% of patients were removed from the 
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waiting list for CVD, with diabetes being a factor associated 
with an increased risk of CVD (HR = 5.13).36

In our study, overall survival is lower in transplanted 
patients with ESKD-DM compared with those with ESKD-
non-DM at both 5 and 10 years (75% and 55%, respectively, 
compared with 90.8% and 86.7% in non-DM patients). 
Kronson et al37 found a 5-year survival of 61% in patients 
with diabetes who received a kidney transplant. Rocha et al19 
studied 124 patients who received transplants, with 5-year 
and 10-year survival rates of 69% and 50% for patients with 
diabetes versus 96% and 84% without diabetes. However, 
more recent studies report an improvement in survival for 
transplanted patients with diabetes, with no difference in 
graft or patient survival compared with transplanted patients 
without diabetes,21 likely due to the effect of new treatments 
that may affect cardiovascular risk and improve glycemic 
control.38

Despite the decreased overall survival observed in our 
study, patients with ESKD-DM still have better survival 
compared with hemodialysis (HD) patients. In the survival 
analysis published by Vijayan et al,39 patients with diabetes 
on hemodialysis presented a survival of 20% at 5 years, 

similar to that reported by the 2014 United States Renal Data 
system reporting a survival of 37.2% at 5 years after initia-
tion of hemodialysis,1 much lower than the survival achieved 
in our study of 75% at 5 years.

Cardiovascular disease is the leading cause of death in the 
transplant population with diabetes.20,38 Similarly, in our 
study, cardiovascular disease accounted for 27.27% of all 
causes of death in patients with diabetes compared with 8% 
without diabetes, and our competing risks analysis showed 
that ESKD-DM was associated with the worst survival func-
tions only in the cardiovascular death group. However, in our 
study, infection was the leading cause of death in both dia-
betic (30.3%) and nondiabetic (32.6%) patients, probably 
related to the increased mortality associated with COVID 
during the pandemic. A study analyzed the mortality of 
COVID-19 infection in chronic kidney disease, evaluating 
patients in hemodialysis and with renal transplant compared 
with patients without kidney disease. The adjusted mortality 
in the CKD group and HD groups were significantly higher 
(HR = 2.88, 95% CI = 1.52-5.44, P = .001 and HR = 2.32, 
95% CI = 1.21-4.46, P = .011, respectively), but these were 
not significantly different in the renal transplant group.40 

Table 4. Univariate and Multivariate Cox Regression Analysis of Overall Mortality in Kidney Transplant Patients.

Covariate

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

DM 4.12 2.53-6.68 <.001 2.11 1.23-3.60 .006
Recipient age 1.07 1.05-1.10 <.001 1.05 1.02-1.08 <.001
Recipient gender 0.67 0.40-1.12 .13 —  
Type of dialysis 0.96 0.71-1.29 .80 —  
Heart failure 2.36 1.46-3.80 <.001 —  
Coronary disease 2.36 1.46-3.80 <.001 —  
Type of donor 0.37 0.09-1.52 .16 —  
Mismatch 1.01 0.89-1.14 .85 —  
DGF 2.42 1.45-4.01 <.001 2.07 1.24-3.46 .005
Cold ischemia 1.03 0.98-1.08 .19 —  
Donor age 1.05 1.03-1.07 <.001 1.03 1.01-1.05 .002
BK polyomavirus 0.82 0.29-2.24 .69 —  

Note. HR = hazard ratio; CI = confidence interval; DM = diabetes mellitus; DGF = delayed graft function.

Table 5. Competing Risk Regression Analysis From Subdistribution Hazard Models for Cardiac Death, COVID Death, and Overall 
Death in Kidney Transplant Patients.

Covariate

Cardiovascular death COVID death Overall deatha

SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value

DM 6.06 1.01-36.4 .049 1.57 0.59-4.16 .355 1.66 0.83-3.33 .146
Recipient age 1.09 1.01-1.18 .033 1.07 1.03-1.11 <.001 1.03 1.00-1.06 .050
DGF 2.09 0.43-10.1 .358 3.33 1.27-8.70 .014 1.34 0.69-2.63 .381
Donor age 1.10 1.04-1.16 <.001 0.97 0.94-1.01 .210 1.04 1.01-1.07 .002

aOverall death: Death for causes different to cardiovascular death and COVID death; SHR = sub-hazard ratio; CI = confidence interval; DM = diabetes 
mellitus; DGF = delayed graft function.
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Another multicenter controlled study found similar results, 
with significantly higher mortality in older COVID-19 
patients with stage 3 to 5 CKD on maintenance HD com-
pared with older patients without CKD.41 In addition, publi-
cations have shown an increased risk of general infection in 
transplanted diabetic patients due to altered immunity.42

In multivariate analysis, the predictors of all-cause mor-
tality were DM, recipient age, delayed graft function, and 
donor age. These results confirm diabetes as an independent 
risk factor for mortality in this population. This is explained 
by the cardiovascular risk that diabetes confers by presenting 
endothelial damage, cellular dysfunction, increased oxida-
tion, mitochondrial dysfunction, neurohormonal activation 
with increased fibrosis, and cardiomyocyte hypertrophy.43

Regarding graft survival censored by death, no difference 
was found between the 2 groups at either 5 or 10 years after 
transplantation. In univariate and multivariate analysis, BK 
polyomavirus infection was the only factor associated with 
graft loss. Other studies have reported similar results, finding 
no effect of diabetes on graft survival.19,38 This may be 
related to new immunosuppressive regimens that reduce the 
likelihood of rejection, the first reported cause of graft loss in 
the kidney transplant population.44 However, Tsai et al45 
found increased IFTA in renal biopsies associated with 
increased graft failure in patients with diabetes. In our popu-
lation, no differences were found between the causes of graft 
loss between patients in both groups, including IFTA, BK 
polyomavirus, and rejection.

There are some limitations in our study. We did not collect 
information on changes in diabetes treatment over time or 
adherence to glycemic control goals, which could explain the 
differences seen in cardiovascular mortality in patients with 
diabetes. New prospective studies will be needed to evaluate 
whether changes in these variables over time may explain the 
differences observed compared with other transplant groups.

Another limitation is the relatively small sample size, 
which limits the precision of our estimates, especially in the 
competing risks analysis, where the number of cardiovascu-
lar death events was limited. However, our data are consis-
tent with recently published evidence and are also congruent 
with previous studies conducted in the United States.20,46

A potential limitation of our study was the different sam-
ple sizes between groups, as the smaller group may not accu-
rately represent the characteristics or distribution of the 
population studied, which may limit the generalizability of 
the findings and make it difficult to apply the results to the 
larger population. However, the characteristics of our 
patients, in terms of older age and higher body mass index of 
the patients with diabetes compared with the general popula-
tion, are similar to those of the Latin American and Caribbean 
diabetic population reported in previous studies.47 To miti-
gate this risk, we performed a differential sample calculation, 
and the analysis was performed by subgroups, independently 

analyzing the different causes of mortality in the population 
with the competing risk analysis.

Another limitation is the probability of residual confound-
ing associated with the unbalanced presence of some factors 
between the 2 groups, some of which were not ultimately 
included in the final model; in addition, the Kidney Donor 
Profile Index and the occurrence of treated acute rejections 
were not included in the regression models. New studies 
with larger sample sizes and inclusion of additional risk fac-
tors should be performed to confirm our findings.

Conclusion

Death-censored kidney graft survival was similar in patients 
with and without DM. Overall survival was lower in patients 
with diabetes and was associated with higher cardiovascular 
death, older mean age, and higher BMI. However, survival is 
better compared with patients on dialysis. It is recommended 
that the management of comorbidities such as hypertension, 
dyslipidemia, and coronary artery disease be considered to 
facilitate access of patients with diabetes to the kidney trans-
plant waiting list.
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