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Introduction

Summary

Detailed data on living donor age, and its interplay with recipient age, in predict-
ing allograft and recipient outcomes are wanting. We used the Scientific Registry
of Transplant Recipients (2000-2009, n = 49 589) to assess the effect of living
donor age on delayed graft function (DGF), total graft failure, death-censored
graft failure, death with graft function, and graft failure with death as a competing
risk using logistic and Cox proportional hazards models. Potential nonlinear asso-
ciations were modeled using fractional polynomial functions. There was a signifi-
cant 1.87-fold increase in the adjusted odds of DGF in the oldest versus youngest
age groups. The 10-year adjusted hazard ratios (HR) for total graft failure, death-
censored graft failure, and death with graft function increased in a nonlinear
fashion across the range of living donor age studied. Graft failure was most accen-
tuated in the youngest recipient age groups in competing risk models. Adjustment
for renal function at 6- and 12-months post-transplant markedly attenuated the
association between living donor age and graft/patient outcomes. Our findings
confirm the important influence of living donor age on transplant outcomes and
provide detailed estimates of risk across the living donor age continuum.

candidates for kidney transplantation, and the rising age of
both recipients and the general population, has led to a

With the increasing prevalence of kidney failure, there has
been an increased demand for kidney donors. Living donor
kidney transplantation (LDKT) not only allows for the
expansion of the donor pool but also provides superior
short- and long-term graft survival when compared with
deceased donor kidney transplantation (DDKT) [1-3]. The
improved outcomes associated with LDKT are best
explained by a reduction in ischemic injury, shorter waiting
time on dialysis, and the transplantation of “healthier” kid-
ney tissue when compared with DDKT.

Older deceased donors have been associated with a higher
risk of graft failure [4-7]. This provides a rationale for incor-
porating broad recipient-donor age matching into kidney
allocation algorithms to better align graft quality with life
expectancy [8]. Yet, the increasing number of potential
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greater acceptance of living donation from older individuals.

In light of the known decrease in glomerular filtration
rate with advancing age, several studies have sought to
establish the relation between donor age and allograft fail-
ure and function following LDKT [9-13]. A recent study by
Chang et al. [14] showed that, with the exception of recipi-
ents aged 18-39 years who had the best outcomes with
donors aged 18-39 years, living donor age between 18 and
64 years had minimal effect on the half-life of kidney allo-
grafts. This study, however, included a relatively small
number of living donors >60 years and the analysis did not
account for death as a competing risk.

A recent meta-analysis of 12 clinical studies that assessed
patient survival in addition to allograft failure showed infe-
rior 5-year survival in recipients of kidneys from older
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living donors compared with younger donors. The studies
included in this review were mostly small single-center
reports and demonstrated significant between-study heter-
ogeneity [15]. More recent studies have focused on the out-
comes of kidney transplants from the oldest living donors
(i.e., >70 years) [9,10] or had insufficient power to detect
nonlinear associations [12,13].

The current study seeks to determine the impact of living
donor age on short- and long-term outcomes in recipients
of LDKT of various age categories in the United States and
to better define the spectrum of risk. Our analysis further
supplements the current state of knowledge by assessing the
impact of living donor age on recipient survival and by
accounting for the possibility that death with graft function
may act as a competing risk for allograft failure.

Patients and methods

Study population

We conducted a retrospective cohort study using the Stan-
dard Analysis Files of the Scientific Registry of Transplant
Recipients (SRTR). All U.S. end-stage renal disease (ESRD)
patients who underwent LDKT from 1 Jan 2000 to 31 Dec
2009 were eligible for study inclusion. Exclusion criteria
included: (i) recipients <18 years, (ii) living donors
<18 years at the time of donation; (iii) multi-organ trans-
plant recipients (including kidney-pancreas), (iv) re-trans-
plants, and (v) kidney transplants that never functioned
(i.e., primary nonfunction).

Exposur e and outcome measurements

The exposure of interest was the age (in years) of the
living donor at the time of transplantation. Living donor
age was categorized a priori into the following groups:
18-29.9 years, 30-39.9 years, 40—49.9 years, 50-59.9 years,
and 60+ years. The relation between living donor age and
the outcomes of interest were modeled both as categorical
and continuous variables.

The main outcomes of interest included delayed graft
function (DGF), total graft failure, death-censored graft fail-
ure, and death with graft function. DGF was defined as the
need for at least one dialysis session in the first week after
kidney transplantation. Total graft failure was a composite
of death-censored graft failure and death with graft func-
tion. Death-censored graft failure referred to graft losses
from all causes other than death with graft function. Death
with graft function included all deaths prior to graft loss.

Potential confounders

The following potential confounders were examined in
multivariable models: (i) recipient factors (i.e., age, gender,
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race, cause of ESRD, peak panel reactive antibody level,
body mass index, time on dialysis prior to transplant); (ii)
donor factors (i.e., gender, race, pre-operative serum creati-
nine, body mass index); and (iii) transplant factors (i.e.,
cold ischemia time, number of HLA mismatches, type of
induction therapy, and transplant era). Patients with miss-
ing data on key variables for analysis were excluded
(N = 6938 or 4.4% of the initial cohort).

Statistical analysis

Frequencies within categories of each study variable and
their distributions were compared across living donor age
groups. The risk of DGF as a function of living donor age
was examined in a multivariable logistic regression model,
adjusting for potential confounders. Time-to-event out-
comes, stratified by living donor age group, were assessed
using the Kaplan—Meier product limit method and differ-
ences across survival curves were evaluated using the log-
rank test. The association between living donor age and the
outcomes of interest were assessed in multivariable Cox
proportional hazards regression models. Fractional polyno-
mials were used to flexibly capture the relative hazard of
each outcome as a continuous function of living donor age
[16]. The proportional hazards assumption was assessed
using tests based on the Schoenfeld residuals and an exami-
nation of log (cumulative hazard) curves. No significant
departures from proportionality were detected.

A sensitivity analysis was performed to account for death
as a competing event in the analysis of graft failure. Cumu-
lative incidence functions were compared with Kaplan—
Meier failure functions. Estimates of the relative hazard for
graft loss, while accounting for death as a competing risk,
were derived from a Cox proportional subdistribution haz-
ards model [17] and compared with the results from a con-
ventional Cox model. We also conducted secondary
analyses to assess the relation between living donor age and
the time-to-event outcomes adjusting for eGFR (based on
the CKD-EPI formula) at 6- and 12-months post-trans-
plant in subcohorts of patients surviving with a functioning
graft to these time points. These follow-up times were cho-
sen as kidney function was most reliably captured at these
intervals in the registry.

All statistical analyses were performed using stata/MP
12.0 (StataCorp, College Station, TX, USA www.stata.com).
A two-sided P-value of <0.05 was considered statistically
significant. The research ethics board of the University
Health Network approved the study.

Results

In total, LDKT was performed in 59 338 patients over the
study period. Pediatric recipients and donors (age
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<18 years; n = 3462 and n = 7, respectively), re-transplants
(n = 5257), recipients of prior nonrenal solid-organ trans-
plants (n = 881), and recipients with primary nonfunction
of the renal allograft (n = 142) were excluded from the
analysis. The final study cohort included 49 589 recipients
who underwent a first LDKT from 1 Jan 2000 to 31 Dec
2009. The baseline recipient, donor, and transplant charac-
teristics of the study cohort by predefined categories of liv-
ing donor age at transplantation are presented in Table 1.
There was a higher prevalence of recipients who were older,
diabetic, White race, and pre-emptively transplanted in the
highest age category (i.e., age 60+ years). Older living
donors were also more likely to be of White race and
female. Renal function and BMI were comparable across
living donor age groups.

Delayed graft function occurred in 3.5%, 4.1%, 4.0%,
4.5%, and 5.5% of the patients across increasing living
donor age categories. A logistic regression model adjusting
for recipient, donor, and transplant characteristics showed
an 87% increase in the odds of DGF [OR 1.87 (95% CI:
1.49-2.35)] when comparing the fifth category to the first
category of living donor age (Table 2). The risk monotoni-
cally increased across ascending categories (P for trend
<0.001). The fractional polynomial model showed that a
linear relation between living donor age and the log hazard
ratio for DGF was a good fit to the data. For every 10-year
increase in living donor age, the odds of DGF increased by
15% [OR 1.15 (95% CI: 1.11-1.20)].

Kaplan—Meier curves for total graft survival (a), death-
censored graft survival (b), and death with graft function
(c), stratified by living donor age categories, are presented
in Fig. 1. Ten-year estimates for total graft survival were
61%, 60.5%, 60.8%, 60%, and 52% across ascending living
donor age categories. Ten-year estimates for death-cen-
sored graft survival and survival with graft function were
73%, 76.1%, 76.3%, 74.4%, 71.5%, and 83.7%, 79.5%,
79.7%, 80.6%, 72.4%, respectively. The overall differences
in the survival functions for all three end-points were statis-
tically significant (log-rank test, P < 0.001).

Predefined categories of living donor age, and their asso-
ciations with total graft failure, death-censored graft failure,
and death with graft function, were examined in multivari-
able Cox proportional hazards models (Table 2). A 53%
increase in the hazard for total graft failure was seen in the
oldest versus youngest living donor age groups [hazard
ratio or HR 1.53 (95% CI: 1.37-1.70)]. Similarly, there was
a 79% increase in the hazard for death-censored graft fail-
ure [HR 1.79 (95% CI: 1.55-2.07)] and a 27% increase in
the hazard for death with graft function [HR 1.27 (95% CI:
1.08-1.50)]. A sensitivity analysis that formally addressed
death as a competing risk in graft failure analysis (Table 2)
showed results that were nearly identical to the analysis that
treated death as a censoring event.

© 2013 The Authors
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The continuous relations between living donor age and
total graft failure (a), death-censored graft failure (b), and
death with graft function (c) were explored using Cox pro-
portional hazards models adjusted for the recipient, donor,
and transplant characteristics shown in Table 1. Living
donor age was represented by a fractional polynomial term
in the Cox model to flexibly capture nonlinear associations.
An increasing curvilinear relation between living donor age
and the adjusted log hazard ratio for death-censored graft
failure was observed, with a steeper rise beyond 50 years
age (Fig. 2). The same cutoff for living donor age was asso-
ciated with a less pronounced rise in the adjusted log haz-
ard ratio for total graft failure and death with graft
function.

The associations of living donor/recipient age sub-
group combinations and the risk of total graft failure,
death-censored graft failure, and death with graft function
are displayed as diamond plots in Fig. 3. The diamond
plots depict the effect of two categorical predictors on a
continuous outcome [18]. The shaded region in each cell
represents the excess risk above a HR of 1 and is standard-
ized to the subgroup that exhibits the lowest HR (i.e., the
cell labeled “1*”). The height, width, and area of the shaded
region in each cell are proportional to the HR. Figure 3
reveals that the HRs for total graft failure are most pro-
nounced with increasing living donor age in the youngest
and oldest recipient age groups. A similar plot constructed
for death-censored graft failure revealed that the youngest
recipients were the main drivers of the observed association
while a plot of death with graft function showed that the
oldest recipients took over this role. Of note, however, is a
higher HR for death with graft function among the oldest
recipients with kidney transplants from living donors
>40 years of age, and a twofold increase in the HR of death
with graft function in the youngest recipient age with
LDKTs from the oldest compared with younger age catego-
ries.

The results of our secondary analyses are presented in
Table 3. The graded associations of living donor age and
total graft failure, death-censored graft failure, or death
with graft function were considerably attenuated after
adjustment for recipient eGFR at 6- or 12-months post-
transplant. In fact, after adjustment for recipient eGFR, a
significant increase in the relative hazard for all outcomes
persisted only in the oldest living donor age group (i.e.,
60+ years) at the 6-month time point post-transplant. At
the 12-month time point post-transplant, the association
was essentially nullified.

Discussion

In this retrospective cohort study using data from the
SRTR, we have shown that living donor age is an important
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Table 1. Baseline characteristics by living donor age categories.

Sapir-Pichhadze et al.

18.0-29.9 years 30.0-39.9 years 40.0-49.9 years 50.0-59.9 years 60+ years
Living donor age categories N = 9227 N=13704 N=15216 N =9314 N=2128
Recipient characteristics
Age in years, mean (SD) 42.6(13.7) 47.4(13.3) 47.9(13.7) 49.1 (13.4) 55.5(13.4)
Gender (%)
Male 5511(59.7) 8043 (58.7) 9228 (61.3) 5713 (61.3) 1315 (61.8)
Female 3716 (40.3) 5661 (41.3) 5988 (39.3) 3601 (38.7) 813(38.2)
Race (%)
White 4680 (50.7) 8342 (60.9) 10 795 (70.9) 7230 (77.6) 1756 (82.5)
Black 1975 (21.4) 2544 (18.6) 2028 (13.3) 898 (9.6) 131(6.2)
Hispanic 1940 (21.0) 2048 (14.9) 1676 (11.0) 699 (7.5) 136 (6.4)
Others 632 (6.9) 770 (5.62) 717 (4.7) 487 (5.2) 105 (4.9)
Cause of ESRD
Glomerulonephritis 2949 (32.0) 3955 (28.9) 4321 (28.4) 2546 (27.3) 476 (22.4)
Diabetes mellitus 2043 (22.1) 3278(23.9) 3482 (22.9) 2171 (23.3) 573(26.9)
Hypertension 1831 (19.8) 2527 (18.4) 2415 (15.8) 1220(13.1) 320(15.0)
Polycystic kidney disease 513 (5.6) 1296 (9.5) 2057 (13.5) 1446 (15.5) 289 (13.6)
Others 1891 (20.5) 2648 (19.3) 2941 (19.3) 1931 (20.7) 470(22.1)
Peak PRA (%)
0% 5764 (62.5) 8725 (63.7) 9641 (63.4) 5989 (64.3) 1384 (65.0)
0-10% 1729 (18.7) 2512 (18.3) 2920(19.2) 1773 (19.0) 421(19.8)
>10% 1734 (18.8) 2467 (18.0) 2655 (17.5) 1552 (16.7) 323(15.2)
Time on dialysis (%)
Pre-emptive 2555 (24.4) 3912 (28.5) 4931 (32.4) 3177 (34.1) 766 (36.0)
0-0.5 years 1105 (12.0) 1730 (12.6) 1999 (13.1) 1224 (13.1) 234(11.0)
0.6-1.0 years 1465 (15.9) 2209 (16.1) 2385(15.7) 1469 (15.8) 295(13.9)
1.1-2.0 years 1980 (21.5) 2709 (19.8) 2848 (18.7) 1604 (17.2) 388(18.2)
2.1-3.0 years 919(10.0) 1237 (9.0) 1261 (8.3) 782 (8.4) 207 (9.7)
3.1-4.0 years 519 (5.6) 618 (4.5) 651 (4.3) 379 (4.1) 81(3.8)
>4.0 years 733(7.9) 886 (6.5) 748 (4.9) 428 (4.6) 95 (4.5)
Missing or unknown 251 (2.7) 403 (2.9) 393 (2.6) 251 (2.7) 62 (2.9)
Body mass index in kg/mz, 26.4(7.8) 26.8(7.5) 26.5(7.2) 26.5(7.5) 26.8(7.4)
median (IQR)
Donor characteristics
Gender (%)
Male 4557 (49.4) 5952 (43.4) 5564 (36.6) 3323(35.7) 835(39.2)
Female 4670 (50.6) 7752 (56.6) 9652 (63.4) 5991 (64.3) 1293 (60.8)
Race (%)
White 4808 (52.1) 8559 (62.5) 11 153(73.3) 7531(80.9) 1816 (85.3)
Black 1871 (20.3) 2345 (17.1) 1767 (11.6) 727 (7.8) 100 (4.7)
Hispanic 1946 (21.1) 2074 (15.1) 1679 (11.0) 694 (7.5) 129(6.1)
Others 602 (6.5) 726 (5.3) 617 (4.1) 362 (3.9) 83(3.9)
Pre-op serum creatinine in 0.90 (0.39) 0.91(0.41) 0.89(0.42) 0.90(0.41) 0.90 (0.43)
mg/dl, mean (SD)
Body mass index in kg/m?, 25.8 (6.5) 26.7 (6.3) 26.7 (6.0) 26.6 (5.7) 26.4(5.4)
median (IQR)
Transplant characteristics
Induction therapy
Yes 6332 (68.6) 9489 (69.2) 10 592 (69.6) 6612 (71.0) 1531(71.9)
No 2895 (31.4) 4215 (30.8) 4624 (30.4) 2702 (29.0) 597 (28.1)
Cold ischemia time in hours, 1(1) 1(1) 1(1) 1(1) 1(1)
median (IQR)
HLA mismatches, mean (SD) 3.0(1.6) 3.1(1.7) 3.2(1.7) 3.3(1.7) 3.5(1.6)
Transplant era (%)
2000-2003 3517 (38.1) 5548 (40.5) 5895 (38.7) 3204 (34.4) 646 (30.4)
2004-2006 2940 (31.9) 4370 (31.9) 4879 (32.1) 2916 (31.3) 649 (30.5)
2007-2009 2770 (30.0) 3786 (27.6) 4442 (29.2) 3194 (34.3) 833(39.3)
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Table 2. Association of living donor age and the risk of delayed graft function, total graft failure, death-censored graft failure, and death with graft

function.

Study end-point*

18.0-29.9 years OR/HR
(95% Ch)t
N = 9227

30.0-39.9 years OR/HR

(95% Clyt
N =13 704

40.0-49.9 years OR/HR

(95% Cht
N=15216

50.0-59.9 years OR/HR

(95% Ch)t
N =9314

60+ years OR/HR
(95% Cl)f
N =2128

Delayed graft function

Total graft failure

Death-censored
graft failure

Death with graft
function

Graft failure
(competing risk)

Referent
Referent
Referent

Referent

Referent

1.24(1.07, 1.43)
1.03(0.97, 1.10)
1.00(0.92, 1.09)
1.06 (0.95, 1.18)

1.00(0.92, 1.09)

1.32(1.14,1.52)
1.10(1.03, 1.18)
1.13(1.04, 1.23)
1.06 (0.95, 1.18)

1.13(1.04, 1.09)

1.53(1.31,1.79)
1.20(1.12, 1.29)
1.25(1.14,1.37)
1.13(1.01, 1.28)

1.24(1.12,1.36)

1.87(1.49, 2.35)
1.53(1.37, 1.70)
1.79 (1.55, 2.07)
1.27(1.08, 1.50)

1.76(1.53, 2.03)

*All models adjusted for characteristics listed in Table 1.
tMeasure of association for delayed graft function is the odds ratio (OR) while the other endpoints are expressed as hazard ratios (HR).
+Graft failure accounting for death with graft function as a competing risk; the measure of association for this analysis is the subdistribution HR.
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determinant of short- and long-term outcomes in the con-
temporary era of kidney transplantation. Furthermore,
after accounting for recipient age and other relevant covari-
ates, living donor age is associated with an increased risk of
death-censored graft failure, and even death with graft
function. This risk is accentuated beyond the donor age of
50 years especially for total graft failure and death-censored
graft failure. The associations of living donor age and graft/
patient outcomes were markedly attenuated after adjusting
for recipient eGFR at 6- or 12-months post-transplant.

The importance of living donor age on allograft survival
was recently assessed in a systematic review by Iordanous
et al. [15]. Similar to our findings, recipients of kidneys
from older living donors ( > 60 years) were found to have
poorer 5-year patient and graft survival than recipients of
kidneys from younger donors [72% vs. 80%, unadjusted
relative risk 0.89 (95% CI: 0.83-0.95)]. In meta-regression,
this association diminished over time [relative risk 0.79
(95% CI: 0.65-0.96) in 1980s vs. 0.91 (95% CI: 0.85-0.99)
in 1990s].

When living donor and recipient age categories were
cross-classified, it was apparent that the relative hazard
for total graft failure was highest in the extremes of reci-
pient age. Separating the outcome of total graft failure
into its two components revealed that the risk of death
with graft function was most marked in the oldest recipi-
ent age group. Of note, however, is a higher HR for
death with graft function among the oldest recipients
with kidney transplants from living donors >40 years of
age and a twofold increase in the HR of death with graft
function in the youngest recipient age group using kid-
neys from the oldest age group. While the increased risk
for mortality in the older age group is not unexpected
[19,20], these findings re-affirm the importance of ade-
quate kidney allograft function for optimizing patient
survival in all recipient age groups, particularly in the
youngest recipients.

Schnitzler et al. assessed the associations of eGFR at the
first transplant anniversary with graft and patient survival
up to 9 years post-transplant. Using a multivariate nonlin-
ear regression model, the authors found the likelihood of
graft loss and death to increase significantly with lower
eGFR. The impact of poor eGFR was most pronounced
among living donor recipients [21]. Indeed, when adjusting
our analysis for recipient eGFR at 6- or 12-months, the
effect of living donor age was considerably attenuated. In
fact, the association was essentially nullified after adjust-
ment for eGFR in patients surviving with a functioning
graft at 12-months post-transplant. These findings suggest
that living donor age does not independently predict graft
loss or death beyond the 12-month mark, emphasizing the
importance of achieved renal function on the prognosis of
kidney transplant recipients. Of note, patients with graft

© 2013 The Authors
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Table 3. Association of living donor age and the risk of total graft failure, death-censored graft failure, or death with graft function adjusting for

eGFR at 6- or 12-months post-transplant.

Adjustment ~ 18.0-29.9 years  30.0-39.9 years 40.0-49.9 years 50.0-59.9 years 60+ years
Study end-point* for eGFR HR (95% Cl) HR (95% Cl) HR (95% CI) HR (95% CI) HR (95% CI)
Conditioning on 6-month survival
Total graft failure No Referent 1.03(0.96,1.11)  1.10(1.03,1.18) 1.19(1.10, 1.29)  1.57(1.40, 1.77)
Yes Referent 1.00(0.94,1.08)  1.02(0.95,1.10) 1.02(0.94,1.11)  1.21(1.08, 1.37)
Death-censored graft failure ~ No Referent 1.00(0.91, 1.09) 1.13(1.03,1.24) 1.23(1.11,1.36) 1.87(1.59, 2.19)
Yes Referent 0.95(0.87,1.04) 1.00(0.91,1.10) 0.97(0.87,1.08) 1.29(1.10, 1.51)
Death with graft function No Referent 1.08 (0.96, 1.21) 1.06(0.94,1.19) 1.14(1.00,1.29) 1.32(1.10, 1.57)
Yes Referent 1.07(0.95, 1.20)  1.04(0.92,1.17)  1.09(0.95,1.24)  1.20(1.00, 1.43)
Conditioning on 12-month survival
Total graft failure No Referent 1.03(0.95, 1.10) 1.09(1.01, 1.17) 1.16(1.07,1.26) 1.50(1.32, 1.69)
Yes Referent 0.98(0.91,1.06) 0.99(0.92,1.06) 0.94(0.86,1.02) 1.06(0.93, 1.20)
Death-censored graft failure ~ No Referent 0.99(0.90, 1.09) 1.11(1.01,1.21) 1.18(1.06, 1.31)  1.72(1.45, 2.03)
Yes Referent 0.92(0.84,1.01) 0.93(0.85,1.03) 0.84(0.75,0.93) 1.04(0.87,1.23)
Death with graft function No Referent 1.07(0.95,1.21) 1.07(0.94,1.21) 1.14(0.99, 1.30)  1.29(1.07, 1.56)
Yes Referent 1.06(0.94,1.12) 1.05(0.93,1.18) 1.07(0.93,1.23) 1.15(0.95, 1.39)

*All models adjusted for characteristics listed in Table 1 and eGFR measured at 6- or 12-months post-transplant where specified.

loss or death prior to 6- or 12-months would not be
included in these analyses.

Using a cohort of US living donor kidney transplant
recipients (1988-2003), Chang et al. [14] concluded that,
living donor age between 18 and 64 years had a minimal
effect on allograft half-life with no graded association.
The only exception to this observation was that recipi-
ents aged 18-39 years, had the best outcomes with living
donors aged 18-39 years. Our analysis assessed allograft
outcomes more elaborately, including total graft failure,
death-censored graft failure, and death with graft func-
tion. We also considered death as a competing risk in
the graft failure analysis to ensure that any informative
censoring is appropriately addressed. Using a more con-
temporary U.S. experience over a 10-year period, and
including the largest cohort of living donors older than
60 years to date, we find that living donor age remains
a significant risk factor for graft outcome despite
advances in induction/maintenance immunosuppressive
therapies.

A recent Canadian retrospective cohort study reported
outcomes in a cohort of kidney recipients who underwent
living donor transplantation between January 2000 and
March 2008 [13]. The authors of this article report a prefer-
ential use of older allografts in older recipients and younger
allografts in younger recipients giving rise to a nonstatisti-
cally significant increase in the risk for total graft loss in
recipients of older (> 60 years) versus younger living
donor kidneys [adjusted HR 1.56 (95% CI, 0.98-2.49)].
Since the current study had more patients and events, we
were able to confirm a significantly increased adjusted HR
for total graft failure, death-censored graft failure, and
death with graft function. These findings were confirmed

© 2013 The Authors

both when living donor age was modeled as a categorical
variable and a nonlinear continuous variable.

Similar to data in DDKT [22-24] as well as previous
studies in LDKT [12,25,26], our analysis shows an
increased risk for DGF as a function of donor age. Unlike
DDKT, the cytokine storm associated with the dying pro-
cess and prolonged cold ischemia is not typically seen in
the living donor setting. Instead, the aging kidney may be
more susceptible to milder forms of ischemic injury [27].
Since DGF is associated with inferior graft and patient sur-
vival [28], the proclivity of older living donor kidneys to
reduced early function may partly contribute to their
poorer outcomes.

The utilization of living donor kidney allografts from
older living donors needs to be evaluated within the context
of the critical organ shortage, the survival advantage associ-
ated with kidney transplantation compared with dialysis,
and the desire to optimize graft survival post-transplant.
Our analysis showed a doubling of the risk of total graft
failure when recipients in the youngest age group
received kidney transplants from living donors 60+ years of
age compared with the referent groups of recipients
40-49.9 years receiving kidneys from living donors
40-49.9 years. Our data suggest that the enthusiasm to uti-
lize older living donor kidneys should be tempered with the
life expectancy of younger kidney transplant candidates
and the anticipated waiting time for a deceased donor kid-
ney transplant. Our analyses provide transplant candidates
and physicians with insights into the prognosis of kidney
transplants using living donors of various age groups as
well as preferable donor-recipient age combinations in the
presence of several possible living donors. Our findings by
no means discourage the use of organs from older living
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donors but rather support a process of risk stratification to
precede transplantation from older living donors.

Our study included a large, contemporary, nationally
representative cohort of living donor kidney transplant
recipients. We used multivariable modeling techniques to
provide risk estimates of receiving an older versus younger
living donor kidney on clinically important end-points. We
also estimated the impact of donor-recipient age category
combinations on allograft outcomes as a means to facilitate
decision-making and patient counseling. Despite these
advantages, our study has limitations. First, our analysis
does not take into consideration donors who were not
found to be suitable candidates for organ donation. Hence,
our results represent the effect of living donor age in the
context of current clinical practice in the United States. Sec-
ond, despite adjustment for an extensive set of covariates,
residual confounding cannot be entirely excluded. Finally,
this analysis does not answer the question whether a given
kidney transplant candidate would fare better should he/
she choose to wait for a standard criteria deceased donor
kidney over accepting an older living donor kidney. This
would be better addressed by a decision analysis incorpo-
rating survival data along with valuations of the different
treatment strategies and expected impact on quality-of-life.

In summary, our findings confirm the important influ-
ence of living donor age on allograft and patient outcomes
in the contemporary era of kidney transplantation. More-
over, we have shown that the risk is nonlinear across the
range of living donor age studied. To facilitate discussions
with potential recipients about the risks and benefits of
accepting an older living donor, our study provides detailed
estimates of risk across the living donor age continuum and
within recipient age categories.
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