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	 Background:	 Access to kidney transplantation is limited for elderly patients with end-stage renal disease (ESRD), who often 
die while on the waiting list or receive kidneys from marginal deceased donors. In our transplantation center, 
most donated kidneys were from younger living relatives, in whom donations to elderly outcomes were not 
previously studied. In this study, we aimed to determine the short- and long-term outcomes of patients aged 
³65 years to justify the use of kidneys from younger donors in older recipients. We also compared the out-
comes between those who received kidneys from living donors (LDs) and deceased donors (DDs).

	 Material/Methods:	 We analyzed the patients’ demographic data and the 1-, 5-, and 10-year patient and graft survival rates of pa-
tients aged ³65 years who received kidney transplants between January 2005 and December 2020.

	 Results:	 Among 158 patients, 136 received kidneys from LD and 22 from DD. The mean age was 69 years old. In this 
cohort, the most common cause of ESRD was diabetes. The graft survival rates were 99%, 96%, and 94% after 
1, 5, and 10 years, respectively. Patient survival was 94%, 83%, and 61% after 1, 5, and 10 years, respectively. 
Delayed graft function rates, 1-year patient survival, and 5- and 10-year graft survival rates were lower in the 
DD group. Ischemic heart disease and transplantation from DD were independent risk factors for mortality.

	 Conclusions:	 Our study demonstrated reasonably good patient and graft survival rates in older patients. Outcomes were 
better in patients who received kidneys from LD.
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	 Abbreviations:	 ATG – anti-thymocyte globulin; DD – deceased donor; DGF – delayed graft function; ESRD – end-stage re-
nal disease; HLA – human leukocyte antigen; HRQoL – health-related quality of life; LD – living donor; 
RRT – renal replacement therapy; USRDS – United States Renal Data System
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Background

Older adults have an increased prevalence of end-stage renal 
disease (ESRD) owing to continuous improvements in medical 
care and the ability to treat co-morbid conditions. Data from 
the United States Renal Data System (USRDS) registry showed 
that half of the patients in the United States who initiated 
renal replacement (RRT) therapy were over 65 years old [1]. 
However, dialysis may not be considered the best modality 
of RRT for these patients compared with kidney transplanta-
tion [2,3]. The 1-year mortality after dialysis initiation in old-
er adults is 30%, according to the USRDS registry [4]. There is 
evidence that older patients undergoing chronic haemodial-
ysis have a high burden of frailty [5], accidental falls [6], and 
cognitive impairment [7]. Improved quality of life and survival 
after kidney transplantation have been demonstrated in sev-
eral studies [2,8-10]. Lonning et al showed a clinically signifi-
cant improvement in health-related quality of life (HRQoL) af-
ter kidney transplantation in 120 patients aged 65 years or 
older [11]. The HRQoL scores were similar to those described 
in an age-matched general population, except in the social 
function domain after 12 months of engraftment [11]. Oniscu 
et al reported that kidney transplantation offered a significant 
survival advantage over dialysis in 325 elderly patients who 
were suitable transplant candidates [9].

Although aging is no longer considered a contraindication to 
transplantation, several factors, such as shortened life expec-
tancy, limited donor pool, and co-morbid conditions, result in 
limited access to transplantation for older patients [12,13]. The 
likelihood of being listed for transplant falls with increasing 
age. Even for patients listed for transplantation, the probabil-
ity of older patients receiving a transplant is much lower than 
for younger patients; only 8% of listed patients aged 65-75 
years old receive transplants within 5 years of dialysis initia-
tion [14]. Owing to these challenges, transplantation from living 
donors (LD) may be a good option for older patients; however, 
this remains debatable because of the shorter life expectan-
cy, especially if potential donors are from younger age groups.

Our center is one of the largest in the Middle East for organ 
transplantations. In 2021, we performed 356 kidney trans-
plants (314 adult and 42 pediatric patients). Approximately 
one-quarter of our patients had type II diabetes and other 
co-morbid conditions. As the risk of ESRD is higher in elder-
ly populations, our center has been performing kidney trans-
plantations in aging patients. In Saudi Arabia, approximately 
80% of kidney transplantations are performed with kidneys 
from LDs, as the deceased kidney donation program is not 
well established. Our country has an extended family system, 
and many people are willing to donate kidneys to their rela-
tives. For older patients, their children usually come forward 
to donate kidneys.

This study aimed to evaluate patient and graft outcomes in 
older patients with ESRD who received kidney transplantations 
from young living kidney donors. We also aimed to compare 
the outcomes between those who received kidneys from LDs 
and deceased donors (DDs).

Material and Methods

All patients aged ³65 years who underwent kidney transplants 
between January 2005 and December 2020 were included in 
this study. Clinical data were collected from the hospital clin-
ical record system and the solid organ transplant registry. 
These data included age, sex, causes of ESRD, co-morbid con-
ditions, type of renal replacement therapy, type of immuno-
suppression, and immunological profile. Outcome data were 
reported for graft and patient survivals at 1, 5, and 10 years 
after transplantation.

Anti-thymocyte globulin (ATG) was used as an induction 
agent for patients who received kidneys from DDs or ABO-
incompatible donors or who had >3 (out of 6) human leu-
kocyte antigen (HLA) mismatches or donor-specific antibod-
ies. ATG was also used in female patients receiving kidneys 
from their children. Patients typically received 3 doses of ATG 
(1.5 mg/kg/dose). No induction agent was used for full HLA-
matched pairs. The remaining patients received basiliximab 
(20 mg/dose) on days 0 and 4. Maintenance immunosuppres-
sion therapy consisted of prednisone, tacrolimus, and myco-
phenolate mofetil. Patients also received prophylaxis against 
pneumocystis (sulfamethoxazole and trimethoprim or pent-
amidine for 6 months) and cytomegalovirus infection (val-
ganciclovir/ganciclovir for 3 months). Isoniazid was used for 
9 months unless the purified protein derivative skin test for 
tuberculosis had been negative for both donor and recipient.

Acute rejection was defined according to the Banff classifica-
tion system [15-18]. Delayed graft function (DGF) was defined 
as the dialysis requirement in the first 7 days after transplan-
tation. All patients were followed up in our center.

Statistical Analysis

Data were analyzed using GraphPad Prism 9 software (GraphPad 
Software, San Diego, CA). Data are expressed as frequencies 
(percentages), means, standard deviations, and ranges, as ap-
propriate. The chi-square or Fisher’s exact test was used to 
compare categorical variables. The t test was used to compare 
means of the 2 groups. Mortality data were analyzed using 
Kaplan–Meier curves and the log-rank test. Univariate and mul-
tivariate analyses were performed using Cox proportional haz-
ards regression models. P<0.05 indicated statistical significance, 
and all interval estimates were calculated for 95% confidence.
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Ethics Approval

The study was approved by the institution’s ethics committee 
(Study Number: 2221050). Informed consent was waived be-
cause of the retrospective nature of the study.

Results

Demographic Data

A total of 158 patients were included in this study. Among 
these, 73% were male, and 86% received kidneys from LDs 
(Table 1). The mean age at the time of transplantation was 69 
(65-84) years old. In our cohort, 53% of the patients had de-
veloped ESRD due to diabetes, and 17% due to hypertension. 
However, almost all patients were hypertensive, and one-quar-
ter had ischemic heart disease (Table 1). Immunologically, al-
most 73% of the patients had £3 HLA mismatches with their 
donors, and most of them had negative flow crossmatches 
(89%) (Table 1). The most common induction agent was ATG 
(60%), followed by basiliximab (38%); 2 patients did not re-
ceive any induction agent (Table 1). The donors were young 
(mean 35 years), 81% were male, and 74% were offspring of 
the recipients (Table 2).

Outcomes

Of the 158 recipients, 136 received kidneys from LD and 22 
from DD. The mean follow-up period was 5.2 years. Sixteen pa-
tients (10%) developed DGF. The DGF rates were significantly 
higher in the DD group than in the LD group (P<0.01) (Table 3). 
Acute rejection was recorded in 11% of the total patients, 10% 
of the LD, and 23% of the DD groups (P=0.14). The serum cre-
atinine level at the end of the first year was significantly high-
er in the DD group than in the LD group (124 vs 86 µmol/l, 
P<0.01). The graft survival in the first year was 99.4%. None 
of the LD grafts were lost in the first year. Ten patients died 
in the first year; more patients died in the DD group than in 
the LD group (P=0.03) (Table 3, Figure 1).

There were 104 patients who completed 5 years of follow-up 
(including those who either died or lost grafts during this pe-
riod). Five-year graft survival was 92%; graft loss was higher 

Total patients 	 158

Male sex (%) 	 116	 (73.4)

Mean age (range) (years) 	 69	 (65-84)

Donor type (%)
	 Living
	 Deceased

	 136	 (86.1)
	 22	 (13.9)

Age bands (%) (years)
	 65-69
	 70-75
	 >75

	 106	 (67.1)
	 42	 (26.6)
	 10	 (6.3)

Cause of ESRD (%)
	 Diabetes
	 Unknown/other
	 Hypertension
	 Glomerulonephritis
	 Urological

	 83	 (52.5)
	 33	 (20.9)
	 26	 (16.5)
	 11	 (7.0)
	 5	 (3.2)

Comorbidities (%)
	 Hypertension
	 Diabetes
	 Ischemic heart disease

	 152	 (96.2)
	 98	 (62.0)
	 40	 (25.3)

Renal replacement therapy (%)
	 Haemodialysis
	 Peritoneal dialysis
	 Pre-emptive

	 142	 (89.9)
	 8	 (5.1)
	 8	 (5.1)

Mismatches (%)
	 0
	 1
	 2
	 3
	 4-6

	 7	 (4.4)
	 26	 (16.5)
	 34	 (21.5)
	 48	 (30.4)
	 43	 (27.2)

Induction (%)
	 Anti-thymocyte globulin
	 Basiliximab
	 None
	 Campath

	 95	 (60.1)
	 60	 (38.0)
	 2	 (1.3)
	 1	 (0.6)

Crossmatch (%)
	 Negative
	 Negative with DSAs
	 B flow positive
	 B and T positive

	 125	 (79.1)
	 16	 (10.1)
	 11	 (7.0)
	 6	 (3.8)

Table 1. Demographic data of recipients.

ESRD – end-stage renal disease; DSA – donor-specific antibody.

Total 	 158

Male sex (%) 	 128	 (81.0)

Mean age (range) (years)
	 All
	 Living donor
	 Deceased donor

	 34.6	 (18-63)
	 32.8	 (18-60)
	 46.4	 (24-63)

Relation to recipient (%)
	 Offspring
	 Deceased donor
	 Unrelated
	 Other
	 Sibling
	 Wife

	 117	 (74.1)
	 22	 (13.9)
	 7	 (4.4)
	 7	 (4.4)
	 4	 (2.5)
	 1	 (0.6)

Table 2. Demographic data of donors.
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in the DD group (P=0.02) (Table 3). Patient survival was 83%, 
and there was no difference in survival rates between the DD 
and LD groups (P=1.00) (Figure 1).

Forty-nine patients completed 10 years of follow-up (including 
those who either died or lost grafts during this period). The 
10-year graft survival was 82%, and graft survival was signif-
icantly lower in the DD group (Table 3). Patient survival was 

61%, and survival rates were similar between the 2 groups 
(P=1.00) (Table 3, Figure 1).

Mortality was higher in female patients (38%) in comparison 
to male patients (29%) but this difference was not statistical-
ly significant in the univariate (P=0.33) and multivariate anal-
ysis (P=0.06).

Nineteen patients (12%) developed malignancies during the fol-
low-up period. The malignancy rate during the first year was 4%. 
Ten patients were diagnosed with solid organ/tissue cancers, 6 
with Kaposi sarcoma, 2 with lymphoma, and 1 with skin cancer.

Mortality and Graft Loss

During the follow-up period, 50 patients died. Of these, 20 
(40%) died of cardiac causes, 9 (18%) due to malignancy, 9 
(18%) due to sepsis, 6 (12%) due to COVID-19, and 6 (12%) 
due to other causes.

Excluding graft loss due to death, 9 grafts were lost during 
the follow-up period. Four grafts were lost due to chronic al-
lograft nephropathy, 3 due to unresolved acute kidney injury 
after an acute illness, and 1 due to BK nephropathy. One graft 
was lost because of primary non-function.

1-year outcomes

Total patients All (158) LDT (136) DDT (22) p-value

Mean follow-up years (range) 	 5.2	(1-15) 	 5.3	(1-15) 	 4.7	(1-11) 0.53

Delayed graft function (%) 	 16	(10.1) 	 5	(3.2) 	 11	(50.0) <0.01

Acute rejection (%) 	 18	(11.4) 	 13	(9.6) 	 5	(22.7) 0.14

Mean creatinine (±SD) µmol/l 	 90.4	(30.7) 	 85.8	(27.9) 	 124.4	(66.4) <0.01

Urinary tract infections (%) 	 74	(46.8) 	 63	(46.3) 	 11	(50.0) 0.82

Graft survival (%) 	 157	(99.4) 	 136	(100) 	 21	(95.5) 0.14

Patient survival (%) 	 148	(93.7) 	 130	(95.6) 	 18	(81.8) 0.03

5-year Outcomes

Total Patients All (104) LDT (88) DDT (16) p-value

Graft survival (%) 	 96	(92.3) 	 84	(95.5) 	 12	(75) 0.02

Patient survival (%) 	 86	(82.7) 	 72	(81.8) 	 14	(87.5) 1.00

10-year Outcomes

Total patients All (49) LDT (42) DDT (7) p-value

Graft survival (%) 	 40	(81.6) 	 38	(90.5) 	 2	(28.6) <0.01

Patient survival (%) 	 30	(61.2) 	 26	(61.9) 	 4	(57.1) 1.00

Table 3. Outcomes.
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Figure 1. Patient survival.
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Multivariate Analysis

In the multivariate analysis, ischemic heart disease (OR 3.0, 
p<0.01) and kidneys from DDs (OR 2.9, P=0.04) were indepen-
dent risk factors for mortality (Table 4). Patients with more 
HLA mismatches had higher risk of acute rejection (P<0.01). 
Age, sex, kidneys used from DDs, and DGF were not associat-
ed with acute rejection (Table 4).

Discussion

Our study showed that older patients had good short- and 
long-term outcomes after kidney transplantation. Therefore, 
utilizing kidneys from younger donors is a reasonable option 
for older patients. Patient and graft survival rates were better 
in patients who received kidneys from LDs.

The USRDS database has reported that the number of elder-
ly patients starting dialysis is consistently increasing, which 
exceeded 1500 per million per year in 2018 [19]. The median 
age at dialysis initiation of patients in the United States is 64 
years [20]. The cost of dialysis in elderly patients is approxi-
mately 10-35% higher than in younger patients [21]. As the 
prevalence of ESRD in adults aged >65 years increases world-
wide [22], the number of older candidates for kidney trans-
plantation also increases [23]. Older patients with ESRD often 
have multiple co-morbid conditions, including cardiovascular 
disease and diabetes, which may affect their outcomes after 
transplantation. Despite this, outcomes in older patients after 
kidney transplantation remain better than those in patients 
with other modalities of renal replacement therapy [11,24].

Due to the shorter life expectancies of older people and short-
ages in the donor pool, patients may be either denied kidney 
transplantation, especially from LDs, or waitlisted for extended 
criteria donors. Unfortunately, many patients die while on the 
waiting list [25]. Stevens et al reported that the probability of 
being listed for DD transplants within 1 year of commencing 
RRT was 4% for patients aged between 65 and 74.9 years and 
0.8% for patients aged ³75 years [14]. If listed, the probabili-
ties of receiving a DD transplant within 5 years of starting RRT 
were 8% and 0%, respectively. Therefore, kidney transplanta-
tion from DDs is limited for elderly patients. In our program, 
most kidney donations are from living kidney donors because 
the deceased kidney donation program is not well-developed. 
Approximately 80% of our patients receive kidneys from LDs. 
In contrast, around 22% of kidney donations in the USA come 
from LDs [26]. One of the main reasons for this contrast is the 
extended family system and the willingness of people in Saudi 
Arabia to donate kidneys to their relatives. Approximately 75% 
of the elderly patients at our center receive kidneys from their 
offspring. The donation rates from close relatives in the USA 
are much lower; approximately 150 out of 5000 donors are 
close relatives of the recipients. Furthermore, our donor pop-
ulation was much younger (mean age 35 years at the time of 
donation) than that in the USA (more than 60% of the LDs are 
aged 40 or above) [26]. Because our donors are young, it is 
important to ensure that the outcomes of older patients jus-
tify kidney donation from younger donors.

Owing to advanced age and co-morbidities, mortality rates 
are higher in elderly transplant patients than in younger re-
cipients [27]. A study from Colombia reported that the surviv-
al rates of older kidney transplant recipients were 89%, 70%, 

Variables Odds ratio 95% CI P-value

Mortality

	 Age 1.0 0.95-1.1 0.41

	 Sex 0.44 0.18-1.0 0.06

	 Ischemic heart disease 3.0 1.3-7.1 <0.01

	 Diabetes 1.3 0.61-2.7 0.51

	 Deceased donor 2.9 1-8.5 0.04

	 Atg induction 1.5 0.65-3.5 0.35

Acute rejection

	 Age 1.1 0.92-1.3 0.41

	 Sex 1.2 0.40-3.6 0.70

	 Deceased donor 4.5 0.75-34 0.12

	 Mismatches 0.45 0.26-0.73 <0.01

	 Delayed graft function 0.28 0.05-1.4 0.11

Table 4. Multivariate analysis.

ATG – anti-thymocyte globulin.
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and 55% at 1, 5, and 10 years, respectively [28]; in our study, 
patient survival rates were 94%, 83%, and 61%, respective-
ly. The 10-year mortality rate is not surprisingly high owing to 
advanced age and co-morbid conditions. However, the prog-
nosis of elderly patients undergoing dialysis is worse [4,29]. A 
meta-analysis of 89 studies (294 921 elderly patients) report-
ed a 1-year survival rate of 73% after dialysis initiation [30]. A 
study of Medicare beneficiaries of elderly patients has shown 
mortality rates of >50% within 1 year of starting dialysis [4]. 
The 1-year mortality rate after dialysis initiation for adults >65 
years of age, based on the USRDS registry, was reported to 
be around 30% [4]. Our study found a 10-year mortality rate 
of around 40%, which equates to an annual mortality rate of 
approximately 4% in the elderly transplant population. The 
annual mortality on dialysis in Saudi Arabia is reported to be 
12%, regardless of age [31]. In comparison, the annual mor-
tality rate in the elderly USA population (³65 years) is approx-
imately 3% [32]. Therefore, although the annual mortality rate 
in our cohort is slightly higher than in the general population, 
it remains significantly lower than in the dialysis population.

The options for older patients with ESRD are limited; either 
they receive extended criteria kidneys or remain on the waiting 
list. Therefore, kidney transplantation from younger patients 
is a viable option, as shown by the outcomes of this study.

Our study results showed that graft survival rates were 99%, 
96%, and 94% after 1, 5, and 10 years, respectively. Our study 
also showed better graft survival rates in patients who received 
kidneys from LDs than in those who received kidneys from DDs. 
Dempster et al reported high DGF rates and poor graft survival 
in elderly patients, which were associated with older donors [2]. 
The DGF rates in the DD group in our study were significant-
ly lower (P<0.01). Similarly, graft survival rates have been re-
ported to be higher in patients receiving kidneys from LDs. A 
study from The Netherlands showed that death-censored graft 
survival after 1 year was significantly higher in patients who 
received kidneys from LDs [33]. Hiramitsu et al compared old 
with young donors for older recipients and concluded that pa-
tients who received kidneys from older donors had worse graft 
survival and mortality rates [34]. In our study, graft survival at 
5 and 10 years was worse in the DD group. Multivariate anal-
ysis revealed that transplantation from DDs was an indepen-
dent risk factor for mortality. This indicates that graft survival 
rates are better when utilizing young LDs compared with DDs.

The most common causes of death in our cohort were cardio-
vascular disease, malignancy, sepsis, and COVID-19. Ischemic 

heart disease was identified as an independent risk factor for 
mortality in the elderly transplant population. Similarly, isch-
emic heart disease is the most common cause of death in non-
transplant elderly populations [35]. A previous study showed 
that cardiovascular disease was the most common cause of 
death in transplant patients, particularly in the early post-trans-
plant period, while cancer-related deaths were more frequent 
at later time points [36]. A study from the UK showed that the 
3 most common causes of death in older transplant recipients 
were cardiac-related conditions (21%), infection (21%), and 
malignancy (20%) [37]. Therefore, careful patient selection is 
important to achieve better long-term outcomes.

Our study had some limitations. The first is the retrospective 
nature of the study; however, the data collection was thorough 
and complete, as all patients were followed up at our center. 
Second, we did not include a control group in this study, so it 
was not possible to compare the outcomes of elderly patients 
with those of young recipients. A better comparison could have 
been made with the patients who remained active on the wait-
ing list. However, previous studies have shown clear benefits of 
transplantation over other RRT methods. Our study is unique 
because young donors donated kidneys to elderly recipients. 
As the outcomes of elderly recipients were reasonably good, 
this seems to be a justified practice.

Conclusions

In conclusion, the present study showed good short- and long-
term outcomes of older patients who received kidneys from 
young donors. The outcomes in our cohort were significant-
ly better in the LD group than in the DD group. Therefore, 
young people should be encouraged to donate their kidneys 
to older patients.
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