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OBJECTIVES:

 

Donor age is a known risk factor for
chronic allograft failure (CAF) in renal transplant recipi-
ents. We have recently shown that advanced recipient age
is also a risk factor for CAF. To investigate the interaction
between donor and recipient age, we analyzed 40,289 pri-
mary solitary Caucasian adult renal transplants registered
at the United States Renal Data System (USRDS) from
1988 to 1997.

 

DESIGN:

 

CAF was defined as allograft loss beyond 6
months posttransplantation, censored for death, recurrent
disease, acute rejection, thrombosis, noncompliance, infec-
tion, or technical problems. Cox proportional hazards
models were used to investigate the risk of allograft loss
secondary to CAF. All models were corrected for 15 cova-
riates including donor and recipient demographics, is-
chemic time, and human leukocyte antigen match. Donor
and recipient age were categorized, and relative risk for al-
lograft loss of the interaction between the obtained cate-
gorical covariates was evaluated.

 

SETTING:

 

Retrospective data analysis using the USRDS.

 

PARTICIPANTS:

 

All primary Caucasian renal transplant
recipients from 1988 to 1997.

 

RESULTS:

 

Patients aged 55 and older who received do-
nor kidneys had a 110% increased risk of CAF (relative
risk (RR) 

 

�

 

 2.1, 95% confidence interval (CI) 

 

�

 

 1.9–2.3,

 

P

 

 

 

�

 

 .001) and recipients aged 65 and older had a 90% in-
creased risk for CAF (RR 

 

�

 

 1.9, 95% CI 

 

�

 

 1.61–2.1, 

 

P

 

 

 

�

 

.001), compared with the youngest reference groups. In
addition, there was an additive and, in the long term, syn-
ergistic interaction between donor and recipient age in de-
termining allograft loss.

 

CONCLUSIONS:

 

Donor and recipient age had an inde-
pendent, equivalently detrimental effect on renal allograft

survival. An overall additive and, in the long term (beyond
36 months posttransplant), synergistic deleterious effect
on renal allograft survival was observed for the interaction
of donor and recipient age. 
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C

 

hronic renal allograft failure (CAF) is the major cause
of late allograft failure after renal transplantation.

 

1–4

 

Previous studies have demonstrated that donor age is a
significant risk factor for chronic allograft failure.

 

1,5,6

 

 In
addition, we have recently shown that, for Caucasian re-
nal transplant patients, recipient age is an independent risk
factor for CAF.

 

7

 

 A recent study by Basar et al.

 

8

 

 reported a
significantly lower allograft survival at 1 and 5 years in
older patients receiving kidneys from donors aged 60 and
older compared with from those younger than 60. Simi-
larly, Smits et al.

 

5

 

 have reported a persistent risk of al-
lograft loss for transplants from older donors into older
recipients. The lack of a control group (younger recipients
receiving organs from older donors) limits these studies.
Therefore, these studies establish that older donor age is a
risk factor for chronic allograft loss but have not ascer-
tained whether a synergy between older donor and recipi-
ent age exists.

Donor and recipient age may act together to affect re-
nal allograft survival. The impact of recipient age on CAF

 

7

 

may act through different mechanisms of injury than does
donor age.

 

9

 

 We sought to determine whether an interac-
tion exists between these two variables.

 

MATERIALS AND METHODS

 

To investigate the nature of the interaction between donor
and recipient age in determining long-term renal allograft
survival, we analyzed data from 40,289 adult primary sol-
itary Caucasian renal transplant patients registered in the
U.S. Renal Data System (USRDS) database between 1988
and 1997. African-American recipients were excluded from
the analysis because of the strong independent impact that
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African-American race has on the development of chronic
allograft failure.

 

7

 

 The data for the analysis were provided
by the U.S. Renal Transplant Scientific Registry and sup-
plemented with end-stage renal disease data from the US-
RDS. Patients were followed from transplantation date
until allograft loss, death, or the study end date of June
30, 1998. The primary study endpoint was CAF, defined
as allograft loss 6 months posttransplantation, and cen-
sored for patient death or allograft loss secondary to acute
rejection, allograft thrombosis, infection, surgical compli-
cations, or recurrent disease. This definition of CAF comes
closer to the definition of grafts lost to chronic allograft
nephropathy than to the traditionally used definition of
death-censored allograft survival, in that all attributable
causes of allograft loss not related to chronic allograft
nephropathy are eliminated.

 

7,10

 

 Secondary study endpoints
included overall allograft survival, death-censored allograft
survival, and death with functioning allograft. Overall al-
lograft survival included all grafts lost to any cause of al-
lograft loss or patient death.

Death-censored allograft survival was defined as al-
lograft survival in which only allograft losses not second-
ary to patient death were considered. In this analysis,
when a patient died with a functioning allograft, the pa-
tient was excluded at time of death from the analysis with-
out being counted as study event.

Death with a functioning allograft was defined as death
occurring during the follow-up with a working transplant,
excluding deaths occurring after resuming dialysis. For this
definition, patients were censored upon resuming dialysis.

Cox proportional hazards models adjusted for poten-
tial confounding factors, including a categorical interac-
tion term between donor age and recipient age, evaluated
the effect of donor and recipient age on the primary and
secondary study endpoints. In this analysis, donor and re-
cipient age were categorized as shown in Figure 1. In addi-
tional Cox proportional hazards models, donor and recip-
ient age were treated as continuous variables. In addition
to donor and recipient age, all Cox models were corrected
for the following potential confounding factors: donor and
recipient race, gender, cytomegalovirus serology, immuno-
globulin G (IgG) antibody status, primary cause of end-
stage renal disease, donor source (cadaveric vs living), cold
and warm ischemia times, human leukocyte antigen
(HLA) mismatch, presensitization, cyclosporine versus tac-
rolimus treatment, induction versus no induction treat-
ment, mycophenolate mofetil versus azathioprine, acute
rejection within the first 6 months posttransplantation,
and delayed allograft function. Delayed allograft function
was defined as a need for one or more dialysis treatments
in the first week posttransplantation.

A probability of type 1 error (

 

�

 

) 

 

�

 

 0.05 was consid-
ered to be the threshold of statistical significance. For mul-
tiple comparisons, the threshold of statistical significance
was corrected by the Bonferroni adjustment. All statistical
analysis was performed using SPSS software (Version 7.0
for Windows 95, SPSS, Inc., Chicago, IL).

 

RESULTS

 

Both donor and recipient age were significant independent
risk factors for the development of chronic allograft fail-
ure. If treated as continuous variables, donor age con-

ferred a 1.018 relative risk (RR) per year (95% CI 

 

�

 

1.011–1.025, 

 

P

 

 

 

�

 

 .001), and recipient age conferred a
1.014 RR per year (95% CI 

 

�

 

 1.008–1.020, 

 

P

 

 

 

�

 

 .001) for
the development of CAF (data not shown). When donor
and recipient age were analyzed as categorical variables,
the RR for the highest donor age group (55 and older) was
2.1 (95% CI 

 

�

 

 1.9–2.3, 

 

P

 

 

 

�

 

 .001) for the development of
CAF, whereas the RR for the highest recipient age group
(65 and older) was 1.9 for the development of CAF (95%
CI 

 

�

 

 1.6–2.1, 

 

P

 

 

 

�

 

 .001, Table 1).
The RRs for the interaction between the categorized

donor and recipient age variables are shown in Figure 1.
The RR for CAF increased significantly and additively
with increasing donor and recipient age.

Figure 1. Relative risk for chronic allograft failure by donor
and recipient age.

 

Table 1. Relative Risk (RR) for Chronic Allograft Failure by
Cox Proportional Hazard

 

Variable RR 95% CI

 

P

 

-value

Recipient age (18–35) 1.0 Reference
36–45 1.0 0.9–1.1 ns
46–55 1.2 1.1–1.3

 

�

 

.001
56–65 1.4 1.3–1.5

 

�

 

.001

 

�

 

65 1.9 1.6–2.1

 

�

 

.001
Donor age (15–25) 1.0 Reference

26–35 1.2 1.1–1.3

 

�

 

.001
36–45 1.4 1.3–1.5

 

�

 

.001
46–55 1.5 1.4–1.6

 

�

 

.001

 

�

 

55 2.1 1.9–2.3

 

�

 

.001

 

Note:

 

 Additional variables corrected for in the model but not displayed in the ta-
ble are: donor and recipient gender, donor race, cold ischemia time, cause of end
stage renal disease, human leukocyte antigen mismatch, immunosuppressive regi-
men, presensitization, cytomegalovirus serology, time on dialysis pretransplanta-
tion, year of transplant, and acute rejection.
CI 

 

�

 

 confidence interval; ns 

 

�

 

 nonsignificant.
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As shown in Table 2, the RR for patient death with
functioning allograft increased as expected to a high of 5.4
for the recipients aged 65 and older. In addition, donor
age was a significant risk factor for patient death with
functioning allograft. The RR for patient death for a do-
nor age of 55 or older was 1.4.

The interaction between the categorized donor and re-
cipient age variables from the Cox model for allograft sur-
vival beyond 36 months is shown in Figure 2. The interac-
tion between donor and recipient age conferred a significant
risk for long-term allograft loss. This interaction between
donor and recipient age for long-term allograft survival was
statistically significant (

 

P

 

 

 

�

 

 .05) when donor and recipient
age and the interaction term were entered as continuous
variables into the Cox model.

 

Figure 3 shows the Kaplan-Meier analysis of death-
censored allograft survival beyond 6 months posttransplan-
tation with extreme donor and recipient age groups. A young
donor kidney (aged 15–25) transplanted into a young recipi-
ent (aged 18–35) had the best long-term allograft survival. A
young donor kidney (aged 15–25) transplanted into an
older recipient (aged 65 and older) had allograft survival
as good as that of a young recipient during the first 5 years
posttransplantation, but after 5 years the allograft survival
became significantly worse. An older donor kidney (aged
55 and older) transplanted into a young recipient (aged
18–35) had significantly worse allograft survival com-
pared with a young kidney transplanted into the same age
group, emphasizing the effect of donor age. Overall, an
older donor kidney transplanted into an older recipient
had by far the worst allograft survival.

 

DISCUSSION

 

Previous studies have reported on the detrimental effect of
increased donor age on long-term renal allograft sur-
vival.

 

1–3

 

 Recently, we demonstrated that recipient age is
also a significant and independent risk factor for the devel-
opment of CAF.

 

7

 

 It has also been noted that the exclusive
allocation of kidneys from older donors to older recipients
produces surprisingly poor results.

 

8

 

 In our present analy-
sis, the detrimental effect of recipient age is of similar mag-
nitude to that of donor age. Furthermore, donor and re-
cipient age seem to have an additive effect for increasing
the risk of chronic allograft failure, and, for allografts sur-
viving beyond 3 years, the interaction becomes synergistic.

To date, our study is the first to quantify this potential
interaction. The increasing age of the end-stage renal dis-
ease population and the consequently progressively increas-
ing age of renal transplant recipients, combined with the
growing use of older and more-marginal kidney donors,

 

4

 

makes this a particularly important finding.
We would like to make clear that our analysis is not

intended to address issues of allocation of donor kidneys
but rather to describe and quantify the interaction of do-
nor and recipient age in determining long-term renal al-
lograft survival. Potential conclusions about allocation would

 

Table 2. Relative Risk (RR) for Death with Functioning
Graft by Cox Proportional Hazard

 

Variable RR 95% CI

 

P

 

-value

Recipient age (18–35) 1.0 Reference
36–45 1.4 1.3–1.6 ns
46–55 2.1 1.9–2.4

 

�

 

.001
56–65 3.4 3.1–3.8

 

�

 

.001

 

�

 

65 5.4 4.7–6.2

 

�

 

.001
Donor age (15–25) 1.0 Reference

26–35 1.0 0.9–1.1

 

�

 

.001
36–45 1.2 1.1–1.3

 

�

 

.001
46–55 1.3 1.1–1.4

 

�

 

.001

 

�

 

55 1.4 1.2–1.5

 

�

 

.001

 

Note:

 

 Additional variables corrected for in the model but not displayed in the ta-
ble are: donor and recipient gender, donor race, cold ischemia time, cause of end
stage renal disease, human leukocyte antigen mismatch, immunosuppressive regi-
men, presensitization, cytomegalovirus serology, time on dialysis pretransplanta-
tion, and year of transplant.
CI 

 

�

 

 confidence interval; ns 

 

�

 

 nonsignificant.

Figure 2. Relative risk for graft failure beyond 36 months by
donor and recipient age.

Figure 3. Death-censored graft survival beyond 6 months post-
transplantation.
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have to include an evaluation of all other significant risk
factors for allograft and patient survival, in addition to
ethical and economical considerations.

The univariate Kaplan-Meier analysis of death-cen-
sored allograft survival beyond 6 months posttransplanta-
tion further strengthens our hypothesis of the interaction
between donor and recipient age in causing long-term al-
lograft failure. In fact, in the Kaplan-Meier analysis, for
older patients receiving a young donor organ there is an
accelerated allograft loss late after transplantation, espe-
cially after 5 years posttransplantation. From this analysis,
in which acute rejection was not corrected for, on close
observation there was a tendency toward better death-cen-
sored allograft survival from early after transplantation up
until 4 years in older people receiving an ideal young kid-
ney. This is probably an effect of the lower incidence of
acute rejection in older people. In light of this, the late
drop in death-censored allograft survival is even more im-
pressive and points toward a process that is deleterious in
the long term despite initially very favorable conditions.
This observation strengthens our previously published hy-
pothesis that the pathophysiological milieu of the aging re-
cipient might have a deleterious long-term effect on trans-

 

planted kidneys.

 

7

 

 From the Kaplan-Meier analysis in Figure
3, but also from the multivariate analysis, it is clear that older
recipients receiving an older kidney experience a dramatic de-
cline in allograft survival from early after transplantation.
These observations suggest that the pathophysiological mi-
lieu of the aging body might exacerbate the intrinsic vulner-
ability of an older donor kidney and, subsequently, with
time might also be detrimental to a younger donor kidney.

Although the multivariate analyses confirm that the
observed interactions between donor and recipient age are
independent of potential confounding variables, the univari-
ate Kaplan-Meier analysis of donor-recipient pairings at the
extremes of age is helpful in defining the timing of allograft
loss and in graphically depicting and understanding the in-
teraction.

The cause of the interaction between donor and recip-
ient age in CAF has yet to be determined. Preexisting vas-
culopathy in an older donor kidney

 

3,6,11

 

 in combination with
the older recipient’s aging milieu may hasten the progression
of chronic allograft nephropathy. Apolipoproteins, homocys-

 

teine, sex hormones, and T-cell derived growth factor-

 

�

 

12–18

 

are a few mediators that undergo significant changes with
aging and that might promote chronic allograft nephropathy
and might constitute the “aging milieu.”

Interestingly, donor age and recipient age are signifi-
cant risk factors for patient death with a functioning al-
lograft. It is not surprising that recipient age is associated
with increase mortality posttransplantation. However, it is
not intuitive why donor age affects patient survival. It is
possible that worse clearance translates into more hyper-
tension or is intrinsically a risk factor for patient survival,

but, based on our data, we are hesitant to speculate about
the pathogenesis of this finding.

In summary, the risk of chronic allograft nephropathy
dramatically increases via the interaction between donor
and recipient age. Our observations strengthen the hypothe-
sis that the aging milieu exacerbates the intrinsic vulnerabil-
ity of an older donor kidney. The exact pathogenesis of the
interaction between donor and recipient age and the possi-
ble impact on organ allocation will require further study.
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