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Organ shortage prompts transplant teams to seek new 
strategies to increase the donor pool, including the 

use of lower-quality kidneys recovered from expanded cri-
teria donors, despite the known increased risk associated 
with poorer long-term outcomes.1,2 Precise assessment of 
the quality of kidneys is challenging, suggesting that devel-
oping improved risk prediction models would be helpful in 
decision-making.

In 2009, Rao et al3 developed the Kidney Donor Risk Index 
(KDRI) as a prediction model for long-term graft survival, a 
risk score derived from donor and transplant data. Later, the 
Kidney Donor Profile Index (KDPI) was derived from the 
KDRI, removing the transplant-related factors and converting 
10 donor factors into a normalized percentile (0%–100%). 
The KDPI is currently used for recipient counseling, allocation 
policies, and graft survival assessment in the United States, 
and many other countries have already validated it for clini-
cal practice.3–7 In addition, the KDPI proved to perform bet-
ter in predicting long-term graft survival than the traditional 
dichotomic classification of standard or expanded criteria.3,8 
Another key parameter associated with long-term kidney 
transplant outcomes is the 1-y estimated glomerular filtration 
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Background. The association between Kidney Donor Profile Index (KDPI) and 1-y estimated glomerular filtration rate 
(eGFR) with long-term kidney graft survival is well known. Yet, the association between KDPI and 1-y eGFR remains uncer-
tain considering the several concurrent competing risk factors. Methods. This single-center, retrospective cohort study 
analyzed data from 3059 consecutive deceased donor kidney transplant recipients with a 1-y follow-up from January 2013 
to December 2017. The aim was to determine the association between the KDPI strata (0%–35%, 36%–50%, 51%–85%, 
86%–100%) and 1-y eGFR estimated by the CKD-EPI equation. Results. The incidence of delayed graft function (50.6% 
versus 59.3% versus 62.7% versus 62.0%; P < 0.001) and cytomegalovirus infection (36.7% versus 36.6% versus 43.3% 
versus 57.8%; P < 0.001) increased with increasing KDPI strata but not biopsy-proven acute rejection (9.1% versus 9.8% 
versus 8.4% versus 9.1%; P = 0.736). The median 1-y eGFR decreased with increasing KDPI strata (64.8 versus 53.5 ver-
sus 46.9 versus 39.1 mL/min/1.73 m2; P < 0.001). In the Cox regression, the higher the KDPI was, the lower the probability 
of a lower 1-y eGFR was. Assuming the 0%–35% strata as the reference, the likelihood of eGFR <50 mL/min/1.73 m2 was 
increased by 76.6% (hazard ratio [HR] = 1.767, 95% confidence interval [CI] = 1.406–2.220), 2.24- and 2.87-fold higher 
for KDPI higher >35%–50% (HR = 2.239, 95% CI = 1.862–2.691), and >51%–85% (HR = 2.871, 95% CI = 2.361–3.491), 
respectively. Other variables associated with a lower graft function were donor sex (HR male versus female = 0.896, 95% CI 
= 0.813–0.989) and cold ischemia time (HR for each hour = 1.011, 95% CI = 1.004–1.019). This association was sustained 
after the Poisson mediation analysis, including delayed graft function, cytomegalovirus, and acute rejection as mediators. 
Conclusions. In this cohort of deceased donor kidney recipients, KDPI, and cold ischemia time were the major inde-
pendent risk factors associated with lower 1-y kidney function.
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rate (eGFR).9–12 Therefore, KDPI and eGFR are associated 
with long-term graft survival.3,13 Although the association 
between KDPI and long-term outcomes has emerged as a pos-
sible milestone in the allocation system in a few countries, 
this index has not been validated in other ones, such as Brazil. 
Although the Brazilian transplantation system has one of the 
world’s largest transplant programs, the KDPI has not previ-
ously been investigated as a predictor of kidney transplant 
success. The primary objective of this study was to determine 
the association of the KDPI with 1-y eGFR and to identify 
independent risk factors associated with reduced kidney func-
tion at the end of the first year of transplantation.

MATERIALS AND METHODS

Study Design
This single-center, retrospective cohort study compared the 

KDPI with the kidney function at the end of the first year 
after transplantation. The Federal University of São Paulo 
Research Ethics Committee approved this study (CAEE 
10021419.0.0000.5505).

Population
For this analysis, we included data from all deceased donor 

kidney transplant recipients from January 2013 to December 
2017. All patients were matched for ABO compatibility and 
received a transplant with a negative T and B complement-
dependent cytotoxicity crossmatch, without donor-specific 
anti-HLA antibodies in loci A, B, and DR with MFI ≥1500. 
We excluded recipients younger than 18 y and those receiv-
ing combined liver or pancreas transplants. Static cold storage 
was used for graft preservation for all patients. Brazilian allo-
cation policy discards HCV+ donors, as well as donation after 
circulatory death. Thus, here, all transplants were performed 
with HCV- and brain-dead donors.

Immunosuppressive Regimen
All patients received induction therapy with antithymo-

cyte globulin. Maintenance therapy consisted of a combina-
tion of tacrolimus and prednisone for all patients, added with 

mycophenolate, azathioprine, or mammalian target of rapamy-
cin inhibitors, based on donor type (standard criteria donor or 
expanded criteria donor) and perceived immunological risk.

Prevention of Infections
Preemptive therapy for cytomegalovirus (CMV) infection 

was used for patients using mycophenolate, patients with 
(D+/R−) CMV serostatus, or after treatment of acute rejection 
episodes. This strategy consisted of monitoring viral replica-
tion every other week up to the end of the third month, using 
CMV pp65 antigenemia assay or real-time polymerase chain 
reaction. All patients received oral trimethoprim/sulfameth-
oxazole for prophylaxis against Pneumocystis jirovecii and 
albendazole for parasitic infection prophylaxis.

Definitions
Patients were classified into 4 groups according to KDPI 

strata: 0%–35%, 36%–50%, 51%–85%, and 86%–100% 
(Figure 1). These KDPI strata were based on published cut-
offs associated with good quality (KDPI <35%) and expanded 
criteria donor (KDPI >85%) kidneys.3,5,14 The eGFR was cal-
culated using the CKD-EPI equation.15,16 Delayed graft func-
tion (DGF) was defined by the need for dialysis during the 
first week of transplantation, except for 1 dialysis during the 
first 24 h.17 Episodes of CMV infection or disease were defined 
based on the Third International CMV Consensus.18 CMV 
infection was diagnosed based on the CMV pp65 antigen-
emia (at least 10 positive cells per 200 000 cells) or DNAemia 
(>5000 UI/mL) in asymptomatic patients. CMV disease was 
based on the evidence of CMV replication, regardless of the 
number of pp65 positive cells or the DNAemia, and associated 
symptoms.19 Graft loss was defined as the definitive need to 
return to dialysis. The biopsy-proven acute rejection (BPAR), 
including borderline changes, was categorized according to 
the Banff 2013 classification.20 Presumed acute rejection was 
defined as a successfully treated episode of acute graft dys-
function without biopsy confirmation. Treated acute rejec-
tion included BPAR, borderline changes, and presumed acute 
rejection episodes. Low renal function was arbitrarily defined 
as <50 mL/min/1.73 m², based on investigators’ criteria.

FIGURE 1. Flowchart of the study cohort. DDKT, deceased donor kidney transplant; KDPI, Kidney Donor Profile Index.
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Statistical Analysis
Numerical variables were compared using the Kruskal-

Wallis test with the Mann-Whitney post hoc pairwise test and 
Bonferroni correction and presented as medians and inter-
quartile ranges. Categorical variables were compared using χ2 
and presented in absolute numbers and percentages. Linear 
regression was used to verify the association between the 1-y 
eGFR and KDPI. For this analysis, eGFR data were censored 
in patients with graft loss, death, or loss of follow-up. For 
patients who returned to dialysis, 1-y eGFR was considered 0. 
Patient and graft survivals were calculated using the Kaplan-
Meier method and compared using the log-rank test. We per-
formed univariate and multivariate Cox regression analyses 
to assess the variables associated with 1-y eGFR <50 mL/
min/1.73 m², shown as hazard ratios. Collinear variables with 
the eGFR (recipient age, sex, and race) and KDPI (donor age, 
race, hypertension, diabetes, KDRI, expanded criteria donor, 
and brain death etiology) were excluded from the model. In an 
additional analysis, the events acute rejection, CMV infection, 
and DGF were considered in a Poisson mediation analysis to 
assess the role of these mediators on eGFR <50 mL/min/1.73 
m², considering exposure time.21 Poisson distributions with 
exposure to acute rejection and CMV infection were assumed. 
As for the DGF, the binomial distribution was adopted. The 
model was estimated via a system of generalized structural 
equations (generalized structural equation modeling). For all 
statistical tests, a significance level of 5% was used. The sta-
tistical analyses were performed using SPSS Statistics software 
version 28 (SPSS Inc, Chicago, IL) and STATA 17 statistical 
package (StataCorp, 2021, Stata Statistical Software: Release; 
17; StataCorp LLC, College Station, TX).

RESULTS

Demographics
Between January 2013 and December 2017, 3161 deceased 

donor kidney transplants were performed, but 102 were 
excluded, resulting in 3059 patients eligible for this study 
(Figure  1). All donor-derived variables used for KDPI cal-
culation were statistically different among the KDPI strata. 
There were no differences in cold ischemia time (CIT) and the 
proportion of donors with positive CMV serology. Median 
recipient age was higher in group KDPI 86%–100% than 
in groups KDPI 0%–35%, KDPI 36%–50%, and KDPI 
51%–85%. Hemodialysis as a  previous renal replacement 
therapy had a lower incidence in group KDPI 0%–35% than 
in groups KDPI 51%–85% and KDPI 86%–100%. Positive 
panel-reactivity antibodies class I was more frequent in KDPI 
86%–100% than in the other strata. PRA class II was higher 
in KDPI 36%–50% than in KDPI 51%–85% and KDPI 
86%–100%. Retransplantation was less frequent in KDPI 
86%–100% than in the other groups (Table 1).

The distribution of kidney transplant recipients accord-
ing to the KDPI followed a nonnormal pattern, shifting to 
the right (higher KDPI). Among the transplants performed, 
18.34% used kidneys with a KDPI of 0%  to  35%, 11.8% 
with a KDPI of 36%  to  50%, 42.14% with a KDPI of 
51%  to 85%, and 27.72% with a KDPI of 86%  to 100% 
(Figure 2A). In this cohort, 36.5% of transplants were derived 
from expanded criteria donors, comprising 27.2% of the kid-
neys with KDPI 51%–85% and comprising 90.2% of those 
with KDPI 86%–100% (Figure 2B).

Association Between KDPI Strata and 
Transplant Outcomes During the First Year After 
Transplantation

The overall incidence of DGF was 59.9%, with a lower 
incidence in the group KDPI 0%–35% (50.6%) than in the 
other KDPI strata. The median duration of DGF was 5 d, 
similar between the groups. The incidence of CMV infection 
or disease increased from 36.7% in the KDPI 0%–35% to 
57.8% in the KDPI 86%–100%. The overall incidence of 
treated acute rejection episodes was 17.6%, whereas the inci-
dence of BPAR was 9.1%. There was no difference in the inci-
dence of acute rejection across KDPI strata (Table 2).

Association of KDPI With 1-y eGFR
The median 1-y eGFR was 47.8 mL/min/1.73 m² and was 

higher in patients without DGF and with shorter CIT (Table 2; 
Table S1, SDC, http://links.lww.com/TXD/A520). Simple lin-
ear regression showed the association between KDPI scores 
and 1-y eGFR (r² = 0.212, P < 0.001; Figure 3A), with no 
clear association with the occurrence of DGF (Figure 3B) or 
with higher CIT (Figure 3C). There was an inverse association 
between the median eGFR and the KDPI strata, decreasing 
from 64.8 mL/min/1.73 m² for patients receiving kidneys with 
KDPI 0%–35% to 39.1 mL/min/1.73 m² for those receiv-
ing kidneys with KPDI 86%–100% (Table  2; Figure  4A). 
The median eGFR decreased with increasing KDPI strata in 
patients with or without DGF and those who received kid-
neys with lower or higher CIT (Table S1, SDC, http://links.
lww.com/TXD/A520). Interestingly, within the same stra-
tum, a  lower median eGFR was observed only in patients 
who developed DGF on the lower KDPI 0%–35% stratum 
(Figure 4B; Table S1, SDC, http://links.lww.com/TXD/A520), 
whereas the influence of CIT was observed only in the KDPI 
51%–85% stratum (Figure 4C, Table S1, SDC, http://links.
lww.com/TXD/A520).

Overall, 45.7% of the recipients achieved eGFR >50 mL/
min/1.73 m2. The proportion of patients with eGFR <50 mL/
min/1.73 m2 increased with increasing KDPI strata (Table 2). 
In a Cox regression analysis, an increase in KDPI strata and 
CIT were associated with an increased risk of reaching 1-y 
eGFR <50 mL/min/1.73 m2, whereas receiving a kidney from 
a male donor was associated with a reduced risk (Table 3). 
This association persisted using CIT as a dichotomous vari-
able (>22 h, Table S2, SDC, http://links.lww.com/TXD/A520) 
and with lower 1-y eGFR cutoffs of <40 and <30 mL/min/1.73 
m2 (P < 0.001, Tables S3, S4, SDC, http://links.lww.com/TXD/
A520). The mediation analysis confirmed the association of 
KDPI and CIT with kidney function but also showed the acute 
rejection as an event associated with lower graft function at 
the end of the first year of transplantation (hazard ratio = 
1.36; 1.21–1.53; P < 0.001; Table S5, SDC, http://links.lww.
com/TXD/A520).

Survivals
The 1-y graft survival was 91.9% (Figure  5A), whereas 

death-censored graft survival was 95.1% (Figure 5B). In the 
KDPI 36%–50% stratum, there was an abnormally higher 
incidence of technical complications early in the posttrans-
plantation period that reduced graft survival in this group, 
but these data were not related to the donor quality itself 
(Figure 5B; Table S6, SDC, http://links.lww.com/TXD/A520). 
The main cause of death was infectious (69.4%), followed 
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FIGURE 2. Donor distribution of this study by KDPI and standard/expanded criteria. A, Histogram of the distribution of kidney transplant 
recipients according to KDPI. B, Distribution of standard vs expanded criteria donors classification by KDPI strata. KDPI, Kidney Donor Profile 
Index.

TABLE 1.

Demographic characteristics of the donors and recipients according to KDPI strata

 
Total 

(n = 3059) 
KDPI 0%–35%  

(n = 561) 
KDPI 36%–50%  

(n = 361) 
KDPI 51%–85%  

(n = 1289) 
KDPI 86%–100%  

(n = 848) P 

Donors       
 KDPI, %, median (IQR) 70 (44–87) 22 (14–29) 44 (40–47) 71 (61–79) 94 (90–98) <0.001
 KDRI, median (IQR) 1.22 (0.95–1.52) 0.76 (0.71–0.82) 0.94 (0.91–0.97) 1.23 (1.11–1.36) 1.76 (1.6–2.04) <0.001
 Expanded criteria, n (%) 1116 (36.5) 0 (0.0) 0 (0.0) 351 (27.2) 765 (90.2) <0.001
 Age, y, median (IQR) 49 (37–57) 27 (22–32) 39 (32–44) 49 (44–54) 61 (56–66) <0.001
 Male, n (%) 1737 (56.8) 438 (78.1) 213 (59.0) 692 (53.7) 394 (46.5) <0.001
 White, n (%) 1632 (53.4) 296 (52.8) 199 (55.1) 704 (54.6) 433 (51.1) <0.001
 Hypertension, n (%) 1249 (40.8) 9 (1.6) 39 (10.8) 577 (44.8) 624 (73.6) <0.001
 Diabetes mellitus, n (%) 242 (7.9) 4 (0.7) 7 (1.9) 73 (5.7) 158 (18.6) <0.001
 Positive CMV serology (IgG), n (%) 2687 (87.8) 482 (85.9) 317 (87.8) 1135 (88.1) 753 (88.8) 0.436
 Brain death etiology, n (%)   <0.001
  Cerebrovascular 1852 (60.5) 100 (17.8) 158 (43.8) 883 (68.5) 711 (83.8)  
  Trauma 936 (30.6) 364 (64.9) 155 (42.9) 321 (24.9) 96 (11.3)  
  Anoxia 181 (5.9) 58 (10.3) 30 (8.3) 64 (5.0) 29 (3.4)  
  Others 90 (4.9) 39 (6.9) 18 (5.0) 21 (1.6) 12 (1.4)  
 Creatinine, mg/dL, median (IQR) 1.50 (1.00–2.60) 1.20 (0.80–2.10) 1.40 (0.90–2.78) 1.53 (1.00–2.60) 1.70 (1.16–2.70) <0.001
 CIT, h, median (IQR) 23 (19–28) 23 (18–29) 22 (19–28) 23 (19–28) 23 (19–29) 0.513
Recipients     
 Age, y, median (IQR) 49.7 (39.2–58.6) 47.8 (37.1–56.9) 48.0 (36.5–57.9) 49.7 (39.3–58.5) 51.4 (41.4–60.1) <0.001
 Male, n (%) 1872 (61.2) 327 (58.3) 225 (62.3) 781 (60.6) 539 (63.3) 0.222
 White, n (%) 1392 (45.5) 251 (44.7) 161 (44.6) 583 (45.2) 397 (46.8) 0.116
 CKD etiology, n (%)    0.127
  Undetermined 1428 (46.7) 246 (43.9) 165 (45.7) 611 (47.4) 406 (47.9)  
 Diabetes 539 (17.6) 99 (17.6) 49 (13.6) 236 (18.3) 155 (18.3)  
  Glomerulonephritis 510 (16.7) 94 (16.8) 66 (18.3) 218 (16.9) 132 (15.6)  
  Polycystic kidney disease 244 (8.0) 44 (7.8) 33 (9.1) 94 (7.3) 73 (8.6)  
  Others 338 (11.0) 78 (13.9) 48 (13.3) 130 (10.1) 82 (9.6)  
 Positive CMV serology (IgG), n (%) 2879 (94.1) 529 (94.3) 340 (94.2) 1216 (94.3) 794 (93.6) 0.917
 Duration of dialysis, mo, median (IQR) 39.7 (22.3–70.3) 41.9 (23.2–75.1) 38.6 (20.4–69.6) 39.6 (22.0–71.8) 38.2 (23–65.9) 0.473
 Renal replacement therapy, n (%)   0.024
  Hemodialysis 2771 (90.6) 497 (88.6) 326 (90.3) 1166 (90.5) 782 (92.2)  
  Hemodialysis/peritoneal dialysis 169 (5.5) 47 (8.4) 22 (6.1) 70 (5.4) 30 (3.5)  
  Peritoneal dialysis 108 (3.5) 14 (2.5) 11 (3.0) 49 (3.8) 34 (4.0)  
  Preemptive 11 (0.4) 3 (0.5) 2 (0.6) 4 (0.3) 2 (0.2)  
 Panel-reactive antibodies >0%, n (%)    
  Class I 731 (23.9) 159 (28.3) 92 (25.5) 312 (24.2) 168 (19.8) 0.002
  Class II 329 (10.8) 66 (11.8) 54 (15.0) 135 (10.5) 74 (8.7) 0.012
 HLA mismatch (ABDR), median (IQR) 2 (2–3) 2 (1–3) 2 (2–3) 2 (2–3) 2 (2–3) 0.103
 Retransplantation, n (%) 225 (7.4) 52 (9.3) 34 (9.4) 114 (8.8) 25 (2.9) <0.001

CIT, cold ischemia time; CKD, chronic kidney disease; CMV, cytomegalovirus; IQR, interquartile range; KDPI, Kidney Donor Profile Index; KDRI, Kidney Donor Risk Index.
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by cardiovascular disease (19.4%), whereas the main cause 
of graft loss was vascular thrombosis (32.9%), followed by 
immunological interstitial fibrosis/tubular atrophy (IFTA; 
18.1%) and nonimmunological IFTA (14.8%), with no sig-
nificant differences according to the KDPI (Table S6, SDC, 
http://links.lww.com/TXD/A520). Finally, the patient survival 
rate was 96.8% (Figure 5C).

DISCUSSION

In this retrospective, single-center analysis, we showed that 
increasing KDPI score was independently associated with a 
decreasing 1-y eGFR in kidney transplant recipients. This 
association was confirmed across increasing KDPI strata and 
after Cox regression analysis. Previous studies have shown 
this inverse relationship between KDRI/KDPI and kidney 
function in the US population and in recipients of high-KDPI 
kidneys or of grafts from donors with acute kidney injury.22–24 
In a cohort of 469 kidney transplants with a median KDPI 
of 67%, short CIT (4 h), and low incidence of DGF (<20%), 
those recipients of high-KDPI kidneys showed inferior kid-
ney function compared with those who received kidneys with 
lower KDPI.5 In another single-center cohort study including 
580 kidney transplants with a median KDPI of 71%, short 
CIT (10 h), and low incidence of DGF, the mean 1-y eGFR 
decreased according to increasing KDPI strata (KDPI <35%: 
65 mL/min/1.73 m2, KDPI 35%–85%: 53 mL/min/1.73 m2, 
KDPI >85%: 39 mL/min/1.73 m2).4 A retrospective Australian 
cohort study including 2923 recipients of kidneys with a 
median KDPI of 54% and a median CIT of 11 h also con-
firmed an inverse association between KDPI and 1-y reduced 
kidney function, defined by a GFR<30 mL/min/1.73 m2.25 
Compared with these studies, our study population had a 

higher prevalence of high-KDPI kidneys, longer CIT (23 h), 
and, importantly, significantly higher incidences of DGF 
(60%). Considering these substantial differences in donor and 
transplant demographics, we sought to determine the associa-
tion between KDPI and 1-y kidney function and whether this 
association is modified by associated risk factors, particularly 
CIT and DGF.

In our cohort, increasing KDPI stratum was consistently 
and independently associated with 1-y reduced kidney func-
tion, regardless of the defined threshold (<50, <40, and 
<30 mL/min/1.73 m²). The donor male sex was associated 
with a lower risk of 1-y reduced kidney function; the larger 
number of nephrons26,27 and the metabolic requirements of 
the recipient are involved,28 directly influencing graft function 
and survival.29,30

Another risk factor associated with 1-y reduced kidney func-
tion was CIT. Although CIT is a known risk factor for DGF,31 
both have been associated with inferior graft survival.32,33 In 
our analysis, the effect size of CIT on the incidence of 1-y 
reduced kidney function was relatively small (1.7% increased 
risk per additional hour), becoming more relevant after 22 h 
(28% increased risk). Interestingly, DGF, a major risk factor 
for graft loss,32,34 was not associated with reduced 1-y kid-
ney function, even when CIT was removed from the multi-
variate analysis. Although various studies have associated the 
incidence of DGF with inferior long-term graft survival,35 its 
intuitive association with 1-y reduced kidney function is elu-
sive. In a previous analysis including 1412 deceased donor 
kidney transplant recipients, we showed that only those who 
developed DGF lasting longer than 15 d showed 1-y reduced 
kidney function.36 In a retrospective, Brazilian, multicenter 
cohort study, with an incidence of DGF of 54% and a median 
CIT of 22 h, increasing duration of DGF was associated with 

TABLE 2.

Association between KDPI strata and transplant outcomes during the first year after transplantation

 Total (n = 3059) 
KDPI 0%–35% 

(n = 561) 
KDPI 36%–50% 

(n = 361) 
KDPI 51%–85% 

(n = 1289) 
KDPI 86%–

100% (n = 848) P 

Transplant outcomes  
 DGF, n (%) 1832 (59.9) 284 (50.6) 214 (59.3) 808 (62.7) 526 (62.0) <0.001
 Duration of DGF, d, median (IQR) 5 (2–9) 5 (2–9) 5 (2–9) 5 (2–9) 6 (2–9) 0.077
 CMV infection or disease, n (%) 1386 (45.3) 206 (36.7) 132 (36.6) 558 (43.3) 490 (57.8) <0.001
 Treated acute rejection, n (%) 539 (17.6) 100 (17.8) 55 (15.2) 228 (17.7) 156 (18.4) 0.618
 Presumed acute rejection, n (%) 34 (1.1) 10 (1.8) 3 (0.8) 14 (1.1) 7 (0.8) 0.362
 Borderline changes, n (%) 232 (7.6) 38 (6.8) 17 (4.7) 105 (8.1) 72 (8.5) 0.106
 Biopsy-proven acute rejection, n (%) 273 (9.1) 52 (9.1) 35 (9.8) 109 (8.4) 77 (9.1) 0.736
  IA 100 (3.3) 18 (3.2) 15 (4.2) 41 (3.2) 26 (3.1)  
  IB 72 (2.4) 13 (2.3) 9 (2.5) 23 (1.8) 27 (3.2)  
  IIA 60 (2.0) 13 (2.3) 5 (1.4) 25 (1.9) 17 (2.0)  
  IIB 20 (0.7) 3 (0.5) 5 (1.4) 8 (0.6) 4 (0.5)  
  III 5 (0.2) 2 (0.4) 0 (0.0) 3 (0.2) 0 (0.0)  
  Mixed 4 (0.1) 0 (0.0) 0 (0.0) 3 (0.2) 1 (0.1)  
  Antibody-mediated acute rejection 11 (0.4) 2 (0.4) 1 (0.3) 6 (0.5) 2 (0.2)  
  Chronic-active rejection 1 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  
 Graft loss, n (%) 149 (4.9) 18 (3.2) 23 (6.4) 57 (4.4) 50 (5.9) 0.040
 Death, n (%) 98 (3.2) 18 (3.2) 8 (2.2) 37 (2.9) 35 (4.1) 0.269
 Loss of follow-up, n (%) 104 (3.4) 23 (4.1) 15 (4.2) 42 (3.3) 24 (2.8) 0.497
 1-y eGFR, mL/min/1.73 m2, median (IQR) 47.8 (34.3–62.6) 64.8 (50.1–82.4) 53.5 (38.8–68.6) 46.9 (34.5–59.6) 39.1 (26.8–50.8)  
 1-y eGFR <50 mL/min/1.73 m2, n (%) 1661 (54.3) 140 (25.0) 158 (43.8) 739 (57.3) 624 (73.6)  

CMV, cytomegalovirus; DGF, delayed graft function; eGFR, estimated glomerular filtration rate; KDPI, Kidney Donor Profile Index.
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FIGURE 3. Association between KDPI and 1-y eGFR (A), stratified by the presence of DGF (B) and by the CIT (C). Deaths and graft losses 
were excluded from this analysis. CIT, cold ischemia time; DGF, delayed graft function; eGFR, estimated glomerular filtration rate; KDPI, Kidney 
Donor Profile Index.
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decreasing 1-y kidney function.37 In a German cohort study 
including 525 kidney transplant recipients with an incidence 
of DGF of 21% and a median CIT of 10 h, DGF was asso-
ciated with reduced kidney function as early as 3 mo after 
transplantation.38 Finally, in a US cohort study including 355 
patients, DGF lasting >20 d was associated with a 5.73-fold 
increased risk of 1-y eGFR <40 mL/min/1.73 m2.39 Altogether, 
the lack of association between DGF and kidney function in 
our cohort analysis is intriguing. Considering the high inci-
dence of DGF, we speculate that the fate of the kidney is 
already determined at the time of organ recovery. Previous 
studies have shown that this high incidence has been associ-
ated with late referral and inadequate maintenance of poten-
tial donors.36,40 Therefore, even recipients who do not develop 
DGF, using the standard criteria, show slow and perhaps 
incomplete kidney function recovery that is not discernable 
compared with those with DGF. The relatively short median 
duration of DGF and the low incidence of primary nonfunc-
tion and early graft loss, regardless of KDPI strata, CIT, and 
DGF, support this hypothesis. Whether natural ischemic pre-
conditioning plays any protective role is uncertain.41

The association between CMV infection and kidney trans-
plant outcomes has been well documented.42 However, whether 
current preventive strategies have changed this association is 
uncertain. The direct effect of viral infection, antiviral drug 
toxicity, immunosuppressive drug dose reduction, and con-
current risk of acute rejection are possible causal pathways 
leading to this observation.43,44 Nonetheless, this association 
has been challenged, as there are functional and histological 
data suggesting that kidney function is already reduced before 

the diagnosis of CMV infection.45,46 In our cohort, using the 
preemptive strategy, CMV infection increased with increasing 
KPDI strata but was not associated with 1-y reduced kidney 
function in the Poisson mediation analysis.

The overall incidence of acute rejection was low and 
similar across KDPI strata. This is perhaps associated with 
immunological selection and universal induction therapy. 
Nevertheless, acute rejection was still a major event associated 
with low 1-y kidney function.47,48 Both clinical and subclinical 
acute rejection episodes might negatively influence renal func-
tion,44 suggesting the need to further develop preventive and 
effective therapeutic strategies.

This analysis has several limitations involving its retrospec-
tive nature, single-center data source, unique donor demo-
graphic characteristics, and patient managements, including 
immunosuppressive regimens and CMV preventive strategies. 
On the other hand, considering the peculiar characteristics of 
the Brazilian transplantation program, notably the relative 
higher CIT and a high incidence of DGF, we could demon-
strate that KDPI is independently associated with 1-y graft 
function, even when clinical events such as acute rejection and 
CMV infection were included in the mediation analysis.

In conclusion, in a population for whose the KDPI has not 
been validated, it was associated with 1-y graft function, inde-
pendently of a high CIT, high incidence of DGF, or the occur-
rence of acute rejection.
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FIGURE 4. Box plots comparing median 1-y eGFR (CKD-EPI) after kidney transplantation according to KDPI strata ([A] P < 0.001), stratified 
by the presence of DGF ([B] P = 0.015 no DGF vs DGF, KDPI 0%–35%) and by the CIT ([C] P < 0,001, CIT<23 vs >23 h, KDPI 51%–85%). CIT, 
cold ischemia time; CKD, chronic kidney disease; DGF, delayed graft function; eGFR, estimated glomerular filtration rate; EPI, epidemiology; 
KDPI, Kidney Donor Profile Index.
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FIGURE 5. Kaplan-Meier plots of patient and graft survival categorized by KDPI strata. A, Kaplan-Meier analysis of 1-y patient survival by KDPI 
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The P value was obtained by the log-rank test. KDPI, Kidney Donor Profile Index.
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