
HAL Id: hal-01881151
https://inserm.hal.science/hal-01881151

Submitted on 21 Sep 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Propensity score-based comparison of the graft failure
risk between kidney transplant recipients of standard

and expanded criteria donor grafts: Toward increasing
the pool of marginal donors

A. H Querard, F Le Borgne, A Dion, Magali Giral, Georges Mourad, Valerie
Garrigue, L Rostaing, N Kamar, A Loupy, C Legendre, et al.

To cite this version:
A. H Querard, F Le Borgne, A Dion, Magali Giral, Georges Mourad, et al.. Propensity score-based
comparison of the graft failure risk between kidney transplant recipients of standard and expanded
criteria donor grafts: Toward increasing the pool of marginal donors. American Journal of Transplan-
tation, 2018, 18 (5), pp.1151-1157. �10.1111/ajt.14651�. �hal-01881151�

https://inserm.hal.science/hal-01881151
https://hal.archives-ouvertes.fr


1 

 

Propensity score-based comparison of the graft failure risk between kidney transplant 

recipients of standard and expanded criteria donor grafts: towards increasing the pool of 

marginal donors. 

 

AH Querard1,2, F Le Borgne2,3, A Dion2, M Giral4,5, G Mourad6, V Garrigue6, L Rostaing7, N 

Kamar7, A Loupy8, C Legendre8, E Morelon9, F Buron9, Y Foucher2,10 and E Dantan2 

 

1 Department of Nephrology, Dialysis and Transplantation, Departmental Hospital of Vendée, 

La Roche -sur- Yon, France. 2 INSERM UMR 1246 - SPHERE, Nantes University, Tours University, 

Nantes, France. 3 IDBC/A2com, Pacé, France. 4 Centre de Recherche en Transplantation et 

Immunologie UMR1064, Inserm, Université de Nantes, Institut de Transplantation Urologie 

Néphrologie, CHU Nantes, France. 5 Biotherapy Clinical Investigation Center, Labex 

Transplantex, 30 bd Jean Monnet, 44093, Nantes, France. 6 Nephrology, Dialysis and 

Transplantation Department, Lapeyronie University Hospital, Montpellier, France. 7 

Nephrology, Dialysis, and Organ Transplantation Department, Rangueil University Hospital 

and University Paul Sabatier, Toulouse, France. 8 Kidney Transplant Center, Necker University 

Hospital, APHP, RTRS « Centaure », Paris Descartes and Sorbonne Paris Cité Universities, Paris, 

France. 9 Nephrology, Transplantation and Clinical Immunology Department, RTRS « Centaure 

», Edouard Herriot University Hospital, Hospices Civils, Lyon, France. 10 Nantes University 

Hospital, Nantes, France. 

 

Corresponding author: Dr. Anne-Hélène QUERARD. Department of Nephrology, Dialysis and 

Transplantation, Departmental Hospital of Vendée, 1 Bd Stéphane Moreau, 85 000 La Roche 

sur Yon, France. Phone: + 33-2 51 44 61 63, Fax: + 33-2 51 44 63 02. Email: anne-

helene.querard@chd-vendee.fr 

Running title: ECD validation from a French kidney recipient cohort  

Words counts: 3184 



2 

 

Keywords: Kidney transplantation, Expanded Criteria Donor, Validation study, Long-term 

survival, Causal inference. 

Abbreviations: ECD: Expanded Criteria Donor; SCD: Standard Criteria Donor; BMI: Body Mass 

Index; HBP: High Blood Pressure; HLA: Human Leukocyte Antigen; 95% CI: 95% Confidence 

Interval; HR: Hazard Ratio; DSA: Donor Specific Antibody; CIT: Cold Ischemia Time; SD: 

Standard Deviation; ATT: Average Treatment effect on the Treated; CVA: CerebroVascular 

Accident; DIVAT: Données Informatisées et VAlidées en Transplantation; IPW: Inverse 

Probability Weighted 

 

  



3 

 

Abstract 

From a prospective and multicentric French cohort, we proposed an external validation study 

for the Expanded Criteria Donor (ECD), based on 4833 kidney recipients transplanted for the 

first time between 2000 and 2014. We estimated the subject-specific effect from a 

multivariable Cox model. We confirmed a 1.75-fold (95%CI from 1.53 to 2.00, p<0.0001) 

increase in graft failure risk if a given patient received an ECD graft compared to a graft from 

a donor with standard criteria (SCD). Complementarily, we estimated the population-average 

effect using propensity scores. We estimated a 1.34-fold (95%CI from 1.09 to 1.64, p=0.0049) 

increase in graft failure risk among ECD patients receiving an ECD graft compared to receiving 

a SCD graft. With a 10 years’ follow-up, it corresponded to a decrease of 8 months of the mean 

time to graft failure due to ECD transplantation (95%CI from 2 months to 14 months). The 

population-average relative risk due to ECD transplantation and the corresponding absolute 

effect seems finally not so high. Regarding the increase of quality of life in transplantation, our 

study constitutes an argument to extend the definition of marginality by considering more 

grafts at high risk and therefore to enlarge the pool of kidney grafts. 
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Introduction 

Kidney transplantation is recognized as the best treatment for end-stage renal disease in 

terms of morbidity, mortality and quality of life (1). Its development and expansion is limited 

on one hand by donor organ shortfalls, resulting in the search for new donors, and on the 

other hand by optimizing the use of available grafts. Due to an ageing population, waiting lists 

are increasing, further exacerbating the need to increase successful transplants by extending 

the pool of available kidneys (2). One possibility is to consider marginal grafts for kidney 

transplantation as they may deliver sufficient ‘renal function’ to improve patient wellbeing.  

In 2002, the Expanded Criteria Donor (ECD) was proposed in the United States (3). The ECD is 

defined as a donor older than 60 years, or one aged between 50 and 59 years with at least 

two other comorbidities: serum creatinine higher than 1.5 mg/dL, a history of high blood 

pressure or a cerebro-vascular accident as the cause of donor death. The ECD classification 

was proposed in order to obtain a subject-specific relative risk of graft failure equal to 1.7 

compared to the Standard Criteria Donor (SCD). More precisely, such a subject-specific effect 

can be interpreted as follows: on average, the graft failure risk for a given patient is multiplied 

by 1.7 if she/he received an ECD graft instead of a SCD graft.  

We recently confirmed this subject-specific effect in a meta-analysis (4) based on 5 studies (5–

9), where we also demonstrated the lack of external validation studies for this criteria. Indeed, 

no European study was selected in this meta-analysis. However, Aubert et al. (10) recently 

confirmed these results in France. More recently, Ma et al. (11) described that this effect 

seemed more important among younger recipients, while it could not be significantly shown 

for older recipients. In kidney transplantation, it is well known that ECD grafts are 

preferentially attributed to older recipients resulting in a possible shift of the recipient age 

distributions between ECD and SCD recipients. A consequence may be the difficulty to 

interpret the ECD transplantation effect among young recipients. Nevertheless, no report in 

the literature has examined this positivity assumption that requires that one can observe both 

ECD and SCD recipients at every combination of the values of the observed confounders (12).  

From a French prospective and observational cohort of kidney recipients, we proposed an 

external validation study of the subject-specific effect of ECD transplantation. Beyond this 

scope, thanks to the recent developments in propensity score-based analyses and more 

generally in causal inference, the main objective of our study was to propose an alternative 



5 

 

and complementary estimation by providing the absolute effect of ECD transplant organs on 

graft failure risk. More precisely, we compared for the first time the observed graft survival in 

ECD recipients and the expected graft survival if all ECD recipients had received SCD grafts. In 

order to ensure the robustness of this propensity score-based analysis, we paid special 

attention to the respect of the assumptions necessary to achieve causality. 

 

Materials and methods 

Study Population 

All data were extracted from the French, multicentric, observational and prospective DIVAT 

cohort of transplanted patients (www.divat.fr, CNIL final agreement, decision DR-2025-087 

(N°914184) the 15th February 2015). A total of 5048 patients met the following inclusion 

criteria: adult recipients of a single kidney, transplanted for the first time between January 

2000 and December 2014, from heart beating deceased donor, and ABO-compatible. We used 

the ECD definition as proposed by Port al. (3). We did not include 215 patients since they had 

missing data on at least one variable involved in the ECD definition. Finally, 4833 patients 

constituted the studied population. 

 

Data collected 

Recipient pre-transplantation variables included: age, gender, Body Mass Index (BMI), initial 

nephropathy (relapsing disease or not), histories of either High Blood Pressure (HBP), 

diabetes, dyslipidemia, cardiovascular diseases, neoplasia, urological disease, dialysis 

technique before transplantation, time spent on dialysis and CytoMegaloVirus serology. 

Immunization against class I or class II Anti-Human Leukocyte Antigen (HLA) was scored 

positive if at least one Donor Specific Antibody (DSA) was identified by Luminex® Single 

Antigen Bead technology within the 6 months pre-transplantation, unless if at least one DSA 

was not identified but later determined by Luminex® screening or other technology (ELISA or 

CDC). Transplantation parameters were Cold Ischemia Time (CIT), HLA A-B-DR 

incompatibilities and type of induction treatment (depleting vs. non-depleting).  

 

 

 

http://www.divat.fr/
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Statistical analyses 

Patient characteristics were expressed as mean, standard deviation (SD), first and third 

quartile for continuous variables, or as count and percentage for categorical variables. 

Comparisons regarding the ECD and SCD status were performed using Student’s t-tests, or Chi-

square tests for quantitative or categorical variables, respectively. For each variable, 

standardized differences between ECD and SCD recipients were calculated on the original 

sample. The median event-free follow-up time was obtained by the reverse Kaplan-Meier 

method (13). 

Similarly to the initial study (3), the main judgment criteria was the time from the 

transplantation (baseline) to graft failure which was defined as a return-to-dialysis or a death 

with a functioning graft. To estimate the subject-specific relative risk of graft failure related to 

the ECD, we used a multivariable Cox proportional hazards model (14). In addition, we 

estimated the population-average effect of ECD (15,16) in a propensity score-based analysis 

by using the Inverse Probability Weighted (IPW) estimator (17,18) with the robust variance 

estimator (19). More precisely, we estimated the Average Treatment effect on Treated (ATT) 

effect (20–22), i.e. the patient-graft survival of ECD recipients in a counterfactual world in 

which these recipients would have instead received SCD graft. Logistic regression was used to 

compute propensity scores. Positivity assumption was graphically evaluated (Web 

Supplementary Figure S1). Standardized differences on the pseudo-population were all lower 

than 10%, illustrating that the propensity score-based analysis allows to straighten up the 

initial covariates’ imbalance between ECD and SCD recipients. Adjusted survival curves were 

estimated by using the weighted Kaplan-Meier estimator (23,24). The corresponding 

restricted mean survival times were also estimated (25).  

Concerning the subject-specific estimation, a pool of variables initially selected on univariable 

survival analysis (p<0.20) as presented in Web Supplementary Table S1 was reduced to a lower 

number by a descending selection procedure (p<0.05) in a multivariable Cox model. Then, 

each significant remaining variable was removed if it did not affect the estimation of the 

hazard ratio associated with ECD transplantation of more than 10%, in order to appraise the 

efficient confounding variables. Concerning the population-average estimation, we first 

selected variables only associated with graft failure in univariable survival analysis (p<0.20). 

Second, this pool of selected variables was included in a multivariable logistic regression and, 
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then, reduced to a lower number by a descending selection procedure (p<0.05), allowing to 

retain the efficient confounding variables and to limit the imprecision in the estimation (26). 

The final retained variables were used to estimate the propensity score used to define ATT 

weights. Log-linearity assumption was graphically verified. Log-minus-log survival curves 

allowed graphical assessment of the proportional hazards assumption.  

We additionally studied the time from the transplantation to the death-censored graft failure 

and the time from the transplantation to the patient death with graft function (returns in 

dialysis were right censored). Note that we only reported relative risks by using a cause-

specific approach to deal with competing events, i.e. death with functioning graft and return 

in dialysis. Indeed, one can expect an important competition in the ECD population because 

of the age of recipients. We did not report the absolute effects, which would have been based 

on the cumulative incidence functions, for instance by using the Aalen-Johansen estimator 

(27). However, to our knowledge, no one has developed this estimator in an Inverse 

Probability of Treatment Weighting framework. 

Additionally, we investigated the level of marginality within the ECD recipient cohort. We 

therefore performed a subgroup analysis by comparing the risk between recipients of ECD 

grafts from donors older than 75 years versus recipients of ECD graft from younger donors. 

All analyses were performed using R software version 3.0.2 (28). The IPW-based analyses were 

performed using the 0.4 version of the IPWsurvival package (www.labcom-risca.com). 

 

Results 

Description of kidney transplant recipients at baseline 

Among the 4833 studied patients, 2105 (44%) received an ECD graft and 2728 (56%) received 

an SCD graft. We observed a larger proportion of patients receiving an ECD graft compared to 

the 15% of ECD transplantation in the initial work of Port et al. (3), confirming that marginal 

grafts are increasingly used. We observed 25% of patients with a donor aged between 50 and 

59 years, 35% of patients had a donor older than 60 years, while 5% of patients had received 

a graft from a donor older than 75 years. The maximum donor age was 89 years. Moreover, 

14% of donors presented a serum creatinine higher than 1.5 mg/dL and 31% of donors had 

history of high blood pressure. Fifty-seven percent of donors died from cerebro-vascular 

accident, 28% died from trauma (including 12% of public road accident), 12% died from anoxia, 
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and 3% died from others causes (intoxication, meningitides, tumor, etc.). Demographic 

characteristics of recipients are summarized in Table 1. When comparing ECD and SCD 

recipients, significant differences were expected, notably concerning recipient age since grafts 

were matched on age where possible. As also illustrated in Web Supplementary Figure S2, ECD 

kidneys are preferentially proposed to older recipients with a mean recipient age estimated 

at 61 years for ECD and 45 years for SCD (p<0.0001). As might be expected, ECD recipients 

presented significantly more comorbidity histories than SCD recipients: notably concerning 

diabetes (20% for ECD vs. 10% for SCD, p<0.0001), dyslipidemia (37% for ECD vs. 24% for SCD, 

p<0.0001) and cardiovascular diseases (38% for ECD vs. 26% for SCD, p<0.0001). 

 

Description of the follow-up 

792 patients returned to dialysis and 488 patients died with a functioning graft. The causes of 

the recipient death were not collected. The cumulative follow-up covered 22406 patient-

years. The median follow-up time was 5.22 years. The patient-graft survival probability at 3, 6 

and 10 years post-transplantation were 85% (95% CI from 84% to 86%), 73% (95% CI from 72% 

to 75%) and 58% (95% CI from 56% to 60%), respectively. Patient-graft survival curves for ECD 

and SCD kidney recipients are presented in Web Supplementary Figure S3. 

 

Subject-specific effect on patient and graft survival 

Table 2 presents results for the multivariable Cox model. The subject-specific relative risk 

related to ECD versus SCD was estimated at 1.75 (95%CI from 1.53 to 2.00, p<0.0001). In other 

words, we confirmed a 1.75-fold increase in the risk of graft failure if a given patient received 

an ECD graft compared to a graft from a SCD donor. This estimation should be interpreted 

independently of recipient age. Nevertheless, regarding the important shift of the recipient 

age distributions in the ECD and SCD groups (Web Supplementary Figure S2), this effect should 

not be interpreted for young recipients, since they do not have an equal chance to receive 

ECD or SCD graft. 

 

Population-average effect on patient and graft survival 

The recipient age was the only significant variable retained in the final logistic regression used 

to estimate the propensity score. This variable also appeared significantly associated with the 
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patient-graft survival (Web Supplementary Table S1). The Table 3 presents the distribution of 

the characteristics of the pseudo-population obtained by propensity score weighting. In this 

pseudo-population, where the characteristics at baseline between ECD and SCD were 

balanced and comparable with the observed characteristics of the ECD recipients (fifth column 

of the Table 1), we estimated a population-average relative risk of graft failure between the 

ECD and SCD groups at 1.34 (95%CI from 1.09 to 1.64, p=0.0049). In other words, we estimated 

a 1.34-fold decrease in risk of graft failure between patients who had received an ECD and the 

same patients if they received instead an SCD graft. The corresponding patient-graft adjusted 

survival curves are presented in Figure 1. The ECD curve represents the estimated patient-

graft survival probability for ECD recipients of an ECD kidney while the SCD curve represents 

the estimated patient-graft survival probability for ECD patients in the hypothetical situation 

of receiving a SCD kidney. The survival rates at 3, 6 and 10 years post-transplantation were 

respectively 77%, 62% and 40% for ECD recipients and 82%, 68% and 53% for the comparable 

group of SCD recipients. Therefore, at 10 years post-transplantation, the absolute risk excess 

due to ECD transplantation was 13% (95%CI from 2% to 24%). This means that, if 100 patients 

followed-up to 10 years had received an SCD instead of an ECD graft, 13 graft failures would 

have been prevented. The corresponding number needed to treat was about 8 (95%CI from 4 

to 45). This means that we have to transplant 8 patients with an SCD graft instead of an ECD 

graft in order to prevent one graft failure at 10 years post-transplantation. For a cohort with 

a 10 years’ follow-up, the mean time to graft failure were respectively 6.63 years for ECD 

recipients (95%CI from 6.44 years to 6.83 years) and would have been 7.31 years (95%CI from 

6.85 years to 7.75 years) if they had received an SCD graft. It therefore corresponded to a 

decrease of 8 months due to ECD transplantation (95%CI from 2 months to 14 months). 

  

Cause-specific risk of graft failure and cause-specific risk of death with functioning graft 

As presented in Web Supplementary Table S2, we estimated a 1.84-fold increase in the 

population-average risk of death-censored graft failure between ECD and SCD recipients 

(95%CI from 1.33 to 2.55). This population-average relative risk was 0.97 for the risk of death 

with graft function (95%CI from 0.73 to 1.30). 
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ECD grafts from donors older than 75 years versus ECD grafts from younger donors  

We estimated a non-significant population-average relative risk of graft failure between 

patients with an ECD graft from donors older than 75 years versus recipients with an ECD graft 

from younger donors (HR=1.19, 95%CI from 0.90 to 1.58). At 5 years post-transplantation, the 

graft survival was 46% (95%CI from 28% to 64%) in the recipients of older donors versus 60% 

(95%CI from 45% to 75%) in the recipients of younger donors. We therefore estimated an 

absolute risk increase due to donor age at 14% (95% CI from -10% to 38%). This non-significant 

difference was also observed for the risk of death with graft function (HR=0.98, 95%CI from 

0.64 to 1.51), and for the risk of death censored graft failure (HR=1.39, 95%CI from 0.97 to 

1.99). These estimates are also summarized in Web supplementary Table S2.  

 

Discussion 

From the French multicentric DIVAT cohort, we confirmed that the subject-specific relative 

risk of graft failure between ECD and SCD is close to the one obtained in the initial study: 

HR=1.75 (95%CI from 1.53 to 2.00) versus 1.70 (95%CI not available). Nevertheless, to our 

knowledge, no study has estimated the population-average effect of ECD transplantation. 

Namely, what would the decrease in patient-graft survival be if patients received ECD kidneys 

instead of SCD? Alternatively, what would the results have been for a clinical trial among the 

potential ECD recipients with a randomization into the ECD and SCD groups? Although 

randomized trials are the gold standard study design for estimating a population-average 

effect, such a design is not conceivable here, since ethically the graft allocation could not be 

randomized. Our study proposes an interesting solution using a suitable methodology 

providing population-average effects. We estimated a 1.34-fold increase in graft failure risk 

between the ECD recipients and a comparable group of patients receiving SCD grafts (95%CI 

from 1.09 to 1.64). This relative risk may possibly not be explained by a difference in the risk 

of death with a functioning graft (HR=0.97, 95%CI from 0.73 to 1.30). Our propensity score-

based approach presents a major interest since it also provides confounder-adjusted absolute 

effects. At 10 years post-transplantation, the decrease in the mean time to graft failure due 

to ECD transplantation was estimated at 8 months (95%CI from 2 months to 14 months). We 

also described a difference of 13% in terms of patient and graft survival at 10 years post-
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transplantation (95%CI from 2% to 24%), corresponding to a number needed to treat at 8 

patients (95%CI from 4 to 45).  

The population-average effects of ECD transplantation may appear not so high in our 

population. The absolute risk difference between marginal donor transplantation and non-

marginal donor transplantation could be authorized to be higher and this may constitute an 

argument in favor of extending the definition of marginality criteria. To better discuss this 

possibility, we have further compared the recipients of a graft older than 75 years compared 

to patients receiving a younger ECD graft. The risk excess may be considered as low with a 

population-average relative risk of graft failure estimated at 1.19 (95%CI from 0.90 to 1.58) 

while the confounder-adjusted patient and graft survival at 5 years post-transplantation was 

46% (95%CI from 28% to 64%) in the oldest group versus 60% (95%CI from 45% to 75%) in the 

youngest group. These results definitively encourage to increase the pool of marginal donors 

by considering higher risk grafts. One could for instance allow older donors. Nevertheless, to 

more precisely address the possible increase of the donor pool, future studies should consider 

patient survival if the sample of ECD recipients had received no graft, i.e. the population-

average of ECD versus dialysis. 

Several limitations may be highlighted from our observational study. First, we could not 

exclude the potential bias induced by non-observed confounders. Second, we did not include 

patients with missing data concerning variables used in the ECD definition. It concerns 215 

patients, i.e. less than 5% of the whole sample. Third, even if the ECD status has the advantage 

of simplicity as a binary criteria defined from only four donor characteristics, an important 

limit of our work is not to study a graduating scale of donor marginality. In 2014, the American 

Organ Procurement and Transplantation Network (OPTN) proposed the Kidney Donor Risk 

Index (KDRI) (29), a continuous score of donor marginality, with few external validations (30). 

As a perspective of our work, future studies should externally validate the KDRI by studying 

both subject-specific and population-average effects. Finally, we believe that the most 

important limit of the ECD definition is to be only based on donor characteristics. This limit is 

also true for other scoring systems of graft quality, such as the Deceased Donor Score (31), 

the Donor Risk Score (32), the Maryland Aggregate Pathology Index (33), or the KDRI (29). 

None of these scoring systems takes into account the interactions between donors and 
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recipients characteristics. But, the kidney graft marginalization should not be determined as 

an absolute criteria but should depend on the recipients’ features.  

In conclusion, even if our study confirmed the subject-specific relative risk related to ECD 

versus SCD, the population-average effects of ECD transplantation seemed not so important. 

Using a propensity score-based analysis, we proposed an alternative estimation of ECD 

transplantation at a population level, not better than the traditional multivariate modeling 

giving subject-specific estimation, but allowing a complementary interpretation. This study 

reinforces the idea of further increasing the pool of marginal kidneys. This perspective has 

probably to integrate both the donor and recipient characteristics for better identify recipients 

who will benefit of being transplanting by such highly marginal grafts. 
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Figure legends 

Table 1: Description of recipient, donor and transplantation characteristics for the sample of 

kidney transplanted patients (n=4833) according the ECD/SCD transplantation. 

 

Table 2: Multivariable Cox model to study the association of ECD and the risk of graft failure, 

adjusted on the year of transplantation (n=4833). 

 

Table 3: Description of recipient, donor and transplantation characteristics for the pseudo-

population obtained after ATT weighting. 

 

Figure 1: Adjusted patient-graft survival curves estimated by the IPW Kaplan–Meier estimator 

for ECD kidney recipients (solid line) and SCD kidney recipients (dashed line).  
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Table 1 

 
Missing 

data 
Global 

N=4833 

SCD recipients 
N=2728 
(56.4%) 

ECD recipients 
N=2105 
(43.6%) 

p-value 
Standardized 
difference (%) 

Quantitative characteristics : 
mean ± SD 
(1st quartile - 3rd quartile) 

      

Recipient age (years) 0 
51.813.4  

(43 – 62) 
44.711.9 

(36 – 54) 
60.98.9 
(56 – 67) 

<0.0001 153.67 

Recipient BMI (kg/m²) 40 
24.44.4 

(21.3 – 27.1) 
23.94.5 

(20.8 – 26.4) 
25.14.2 

(22.1 – 27.6) 
<0.0001 26.56 

Time spent on dialysis (years) 13 
3.43.2 

(1.3 – 4.6) 
3.53.3 

(1.3 – 4.7) 
3.23.1 

(1.2 – 4.4) 
0.0052 8.10 

CIT (hours) 30 
19.97.6 

(14.4 – 24.0) 
20.07.9 

(14.0 – 24.8) 
19.87.2 

(14.8 – 23.5) 
0.2460 3.36 

Categorical characteristics : N (%)       

Recipient men 0 2970 (61.5) 1661 (60.9) 1309 (62.2) 0.3737 2.67 

History of HBP 0 3644 (75.4) 2022 (74.1) 1622 (77.1) 0.0206 6.84 

History of diabetes 0 704 (14.6) 282 (10.3) 422 (20.0) <0.0001 27.30 

History of dyslipidemia 0 1442 (29.8) 655 (24.0) 787 (37.4) <0.0001 29.31 

History of cardiovascular diseases 0 1501 (31.1) 709 (26.0) 792 (37.6) <0.0001 25.18 

History of neoplasia 0 395 (8.2) 138 (5.1) 257 (12.2) <0.0001 25.67 

History of urological disease 0 753 (15.6) 405 (14.8) 348 (16.5) 0.1182 4.64 

Dialysis technique 5    0.2131 5.09 

      Pre-emptive transplantation  378 (7.8) 199 (7.3) 179 (8.5)   

      Peritoneal dialysis  324 (8.7) 177 (6.5) 147 (7.0)   

      Hemodialysis  4126 (85.5) 2350 (86.2) 1776 (84.5)   

Relapsing initial disease 14 1326 (27.5) 883 (32.5) 443 (21.1) <0.0001 25.81 

Recipient CMV infection  42 2880 (60.1) 1535 (56.7) 1345 (64.5) <0.0001 15.87 

Detectable daily anti-HLA class I 1706 698 (22.3) 374 (21.1) 324 (24.0) 0.0598 6.93 

Detectable daily anti-HLA class II 1790 536 (17.6) 280 (16.2) 256 (19.4) 0.0261 8.28 

HLA A-B-DR incompatibilities ≥ 5 121 681 (14.5) 367 (13.8) 314 (15.3) 0.1835 4.02 

Depleting induction 31 1883 (39.2) 1060 (39.0) 823 (39.5) 0.7875 0.87 
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Table 2 

 HR 95% CI p 

Marginal donor criteria (ECD vs. SCD) 1.75 1.53 – 2.00 <0.0001 
Recipient age (years) 1.02 1.01 – 1.03 <0.0001 
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Table 3 

 SCD recipients in 
the pseudo-
population 

N=2054 
(49.4%) 

ECD recipients in 
the pseudo-
population 

N=2105 
(50.6%) 

Standardized 
difference 

(%) 

Quantitative characteristics : 
mean ± SD 

   

Recipient age (years) 60.99.1 60.98.9 0.18 

Recipient BMI (kg/m²) 25.14.3 25.14.2 1.10 

Time spent on dialysis (years) 3.63.7 3.23.1 12.85 

CIT (hours) 20.28.0 19.87.2 5.99 

Categorical characteristics : N (%)    

Recipient men 1152 (56.1) 1309 (62.2) 12.42 
History of HBP 1570 (76.4) 1622 (77.1) 1.51 
History of diabetes 463 (22.5) 422 (20.0) 6.04 
History of dyslipidemia 725 (35.3) 787 (37.4) 4.35 
History of cardiovascular diseases 824 (40.1) 792 (37.6) 5.12 
History of neoplasia 185 (9.0) 257 (12.2) 10.43 
History of urological disease 303 (14.7) 348 (16.5) 4.94 
Dialysis technique   4.35 
      Pre-emptive transplantation 156 (7.6) 179 (8.5)  
      Peritoneal dialysis 132 (6.4) 147 (7.0)  
      Hemodialysis 1767 (86.0) 1776 (84.5)  
Relapsing initial disease 467 (22.7) 443 (21.1) 3.92 
Recipient CMV infection  1354 (66.1) 1345 (64.5) 3.49 
Detectable daily anti-HLA class I 359 (27.5) 324 (24.0) 8.06 
Detectable daily anti-HLA class II 284 (22.3) 256 (19.4) 7.21 
HLA A-B-DR incompatibilities ≥ 5 324 (16.1) 314 (15.3) 2.22 
Depleting induction 817 (39.9) 823 (39.5) 0.81 
 



21 

 

Figure 1 
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Web supplementary materials 

Table S1. Univariable patient-graft survival analyses for each possible confounding variable. 

 

 Hazard Ratio 95% CI p 

Marginal donor criteria (ECD vs. SCD) 2.35 2.11 – 2.63 <0.0001 
Recipient age (years) 1.03 1.02 – 1.04 <0.0001 
Recipient BMI (kg/m²)   <0.0001 

18-29 vs. <18 0.86 0.69 – 1.06  
≥30 vs. <18 1.45 1.13 – 1.86  

Recipient gender (men vs. women) 1.03 0.92 – 1.15 0.6270 
History of HBP (positive vs. negative) 0.93 0.81 – 1.06 0.2650 
History of diabetes (positive vs. negative) 1.84 1.60 – 2.11 <0.0001 
History of dyslipidemia (positive vs. negative) 1.21 1.07 – 1.36 0.0016 
History of cardiovascular diseases (positive vs. negative) 1.57 1.41 – 1.76 <0.0001 
History of neoplasia (positive vs. negative) 1.44 1.19 – 1.73 0.0002 
History of urological disease (positive vs. negative) 1.01 0.87 – 1.18 0.8490 
Dialysis technique   0.0152 
      Peritoneal dialysis vs. pre-emptive transplantation 1.13 0.81 – 1.57  
      Hemodialysis vs. pre-emptive transplantation 1.35 1.06 – 1.72  
Recipient initial disease (relapsing vs. not relapsing) 0.88 0.78 – 0.99 0.0387 
Recipient CMV infection (positive vs. negative) 1.24 1.10 – 1.39 0.0002 
Daily anti-HLA class I (detectable vs. non detectable) 1.35 1.14 – 1.59 0.0005 
Daily anti-HLA class II (detectable vs. non detectable) 1.11 0.90 – 1.37 0.3456 
CIT (hours) 1.01 1.00 – 1.02 0.0447 
Time spent on dialysis (years) (≥3 years vs. < 3 years) 1.13 1.01 – 1.26 0.0360 
HLA incompatibilities (≥5 vs. < 5) 1.10 0.94 – 1.28 0.2410 
Induction treatment (depleting vs. non depleting) 0.96 0.86 – 1.08 0.4859 
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Table S2. Population-average effect for patient-graft survival, graft survival with death 

censored and patient survival with graft function given the comparison of ECD and SCD 

transplantation and the comparison of ECD recipients of donor older than 75 years  and ECD 

recipients of younger donor. 

 

 
   

 Patient-Graft survival Graft survival (death  censored) 
Patient survival with graft 

function 

 
Hazard 
Ratio 

95% CI p 
Hazard 
Ratio 

95% CI p 
Hazard 
Ratio 

95% CI p 

ECD vs. SCD transplantation          
Population-average effect 1.34 1.09 – 1.64 0.0049 1.84 1.33 – 2.55 0.0002 0.97 0.73 – 1.30 0.8562 
Among ECD, 
Donor age > 75 years vs.  75 ≤ 
years 

         

Population-average effect 1.19 0.90 – 1.58 0.2290 1.39 0.97 – 1.99 0.0697 0.98 0.64 – 1.51 0.9366 
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Figure S1: Distribution of the propensity score according to the ECD/SCD status. 
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Figure S2: Distribution of the recipient age according to the ECD/SCD transplantation. 
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Figure S3: Patient-graft survival curves estimated by the Kaplan–Meier estimator for ECD 

kidney recipients (solid line) and SCD kidney recipients (dashed line).  

 

 
 


