
CLINICAL RESEARCH
Corre

Gener

Unive

istvan

Recei

Novem

282
Older Age is Associated With Lower

Utilization of Living Donor Kidney

Transplant
Afsaneh Raissi1, Aarushi Bansal1, Oladapo Ekundayo1, Sehajroop Bath1,

Nathaniel Edwards1, Olusegun Famure1, Sang Joseph Kim1,2 and Istvan Mucsi1

1Ajmera Transplant Center and Division of Nephrology, University Health Network, University of Toronto, Toronto, Ontario,

Canada; and 2Institute of Health Policy, Management and Evaluation, University of Toronto, Toronto, Ontario, Canada
Introduction: Older adults (65 years or older) constitute a substantial and increasing proportion of patients

with kidney failure, potentially needing kidney replacement therapy. Living donor kidney transplant (LDKT)

offers superior outcomes for suitable patients of all ages. However, exploring LDKT and finding a living

donor could be challenging for older adults. Here, we assessed the association between age and utilization

of LDKT and assessed effect modification of key variables such as ethnicity and language.

Methods: This is a retrospective cohort study of patients with kidney failure referred for kidney transplant

(KT) assessment in Toronto between January 2006 and December 2013. The association between age and

having a potential living donor identified was assessed using logistic regression and the association be-

tween age and the receipt of LDKT was assessed using Cox proportional hazards models.

Results: Of the 1617 participants, 50% were middle-aged (45�64 years old), and 17% were $65 years old.

In our final multivariable adjusted models, compared to young adults, middle-aged and older adults had

lower odds of having a potential living donor identified (odds ratio [OR], 0.47; confidence interval [CI],

[0.35�0.63]; OR, 0.30; CI, [0.20�0.43]; P < 0.001, for middle-aged and older adults, respectively), and were

less likely to receive LDKT (hazard ratio [HR], 0.79; CI, [0.63�0.99]; P ¼ 0.04; HR, 0.47; CI, [0.30�0.72]; P ¼
0.001, for middle-aged and older adults, respectively.)

Conclusion: Age is an independent predictor of receiving LDKT. Considering that nearly 90% of patients

with kidney failure in Canada are >45 years of age, these results point to important and potentially

modifiable age-related barriers to LDKT.
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O
lder adults constitute a rapidly increasing pro-
portion of patients with kidney failure, poten-

tially needing kidney replacement therapy (KT or
dialysis).1,2 In Canada, more than 50% of the patients
who started kidney replacement therapy in 2019 were
aged 65 years and older.3 Older adults are also
increasingly waitlisted for KT.4

LDKT is associated with fewer perioperative com-
plications, shorter waiting time, and better graft and
patient survival, compared to deceased donor kidney
transplantation (DDKT), even for older adults.5-11

Among older KT recipients, the outcomes of LDKT,
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even from older living donors, are superior when
compared to DDKT.12 Nevertheless, LDKT remains
underutilized among older adults. Previous studies
found that older age was associated with lower likeli-
hood of approaching and recruiting living donors,13-15

and receiving LDKT.14,16,17

Social isolation,18 smaller social networks,19 and
concerns about transplant-related risks to donors20 may
impact older adults’ ability and motivation to actively
identify a potential donor. Compared to young adults,
older adults perceive relatively short life expectancy,
which may reduce their motivation to approach po-
tential living donors, who are often younger family
members. The spouse or siblings of older patients may
be perceived as being too old to donate by the patient
or health care professionals. They may also be ineligible
because of comorbidities, thus precluding donor can-
didacy. Furthermore, the public and internalized
stigma associated with aging may result in feelings of
Kidney International Reports (2023) 8, 282–293
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shame and guilt for wanting a KT, further discouraging
older adults from even considering this treatment op-
tion or accepting a living donor offer.

There may be cultural variations in attitudes and
behaviors toward older family members,21 which could
potentially influence the likelihood of an older indi-
vidual finding a potential donor candidate. Addition-
ally, cultural values and beliefs, traditional health
perceptions and religious concerns may influence atti-
tudes of older adults toward identifying and
approaching potential living donors.22 For similar rea-
sons, adults from various ethnic backgrounds may be
more hesitant to consider donating their kidney, thus
limiting the potential living donor pool for older re-
cipients. For example, older African American in-
dividuals are less likely to consider living donation due
to concerns regarding the perceived impact of living
donation on eventual burial and spiritual
considerations.23

Patients who are referred to a transplant center are
routinely asked if they have a potential living donor
identified at the first pretransplant assessment visit. A
positive response to this question can serve as a sur-
rogate marker of advanced stages of readiness for
LDKT, because it implicitly identifies patients who
have contemplated LDKT, considered potential donors,
or even engaged in discussions with them.24-26 In
contrast, a negative response suggests the potential
presence of barriers (external or self-perceived) to
LDKT, which may include age-related medical, cul-
tural, religious, or emotional factors.27,28

Although the association between older age and
lower likelihood of receiving an LDKT has been re-
ported previously,14,16,17 to our knowledge, no recent
studies have systematically assessed this association in
the setting of a publicly-funded, universally accessible
health care system and an ethnically diverse popula-
tion. Therefore, we designed this retrospective cohort
study to assess whether older age is associated with
reduced utilization of LDKT at a large Canadian trans-
plant center and whether this association is modified
by the ethnicity of the recipient.
METHODS

Study Design and Population

This was a single center, retrospective cohort study of
1617 adults ($18 years) referred for KT assessment to
the Toronto General Hospital in Toronto, Canada,
conducted between January 1, 2006 and December 31,
2013. Multiorgan transplant candidates, patients with
missing psychosocial information, and patients with no
information about potential living donor at the time of
pretransplant assessment were excluded. The KT
Kidney International Reports (2023) 8, 282–293
program at Toronto General Hospital is the largest in
Canada, and 1 of the 3 KT programs serving the Greater
Toronto Area, which has a population of approximately
5 million. In Toronto, many patients with estimated
glomerular filtration rate <20 or kidney failure fisk
equation >10% over 2 years are followed in multicare
kidney clinics, where modality education and prepa-
ration take place. KT education and workup may be
started in these clinics, or in dialysis programs. Once
KT workup testing is near complete, the patient is
referred to the transplant program; a patient can only
be referred or waitlisted at one transplant program at
any given time.

The Research Ethics Board of the University Health
Network (REB # 15-8863 AE) approved this study and
waived the requirement for informed consent. The
clinical and research activities reported are consistent
with the Principles of the Declaration of Istanbul as
outlined in the “Declaration of Istanbul on Organ
Trafficking and Transplant Tourism.”

Data Sources and Management

Information regarding having a potential living donor
was abstracted from clinical notes housed within the
Organ Transplant Tracking Record (OTTR) software,
which is the electronic medical record system used by
the Toronto General Hospital Transplant Program for
patients who are referred and/or receiving care at our
center since the year 2000. We also recorded the rela-
tionship of the potential donor to the recipient. This
information was then entered into our research
database.

The remaining of our data collection procedures
have been described elsewhere.29 Of note, information
about ethnicity, language barrier, employment status,
and marital status were abstracted from the pretrans-
plant social work assessment notes, found in OTTR.

The data abstracted for this study was audited and
merged with our in-center research database, the
Comprehensive Renal Transplant Research Information
System (CoReTRIS).30 CoReTRIS contains recipient,
donor, transplant, laboratory, pathology, treatment,
and follow-up data for all patients who received a KT at
our center since the year 2000. These data elements
were abstracted from patient charts (electronic and
paper), audited for completeness and quality, and
entered into the database.

Exposure and Outcome Variables

The primary exposure of interest was age, categorized
as young (<45 years of age), middle-aged (45�64 years
of age), and older ($65 years of age) adults. The
coprimary outcomes of interest were as follows: (i)
likelihood of having at least 1 potential living donor
identified at the time of pretransplant assessment and
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(ii) time from transplant referral to receipt of LDKT. We
also assessed the time from referral for transplant to
receipt of any KT (LDKT or DDKT).

Patient Follow-up and Censoring Events

The dates of referral to the transplant center, receipt of
KT (LDKT or DDKT), or death were stored in the
CoReTRIS.30 The time of origin for the time-to-event
analyses was the date of referral. Patients were fol-
lowed until transplantation or the end of study (March
31, 2016). For time to receipt of LDKT analysis,
censoring events included being deemed ineligible for
transplantation, receipt of DDKT, death, lost to follow-
up, or transfer to another center.

Covariates

Demographic and clinical covariates for multivariable
analyses were selected based on potential association
with exposure and/or outcome variables supported by
theoretical considerations, clinical experience, and data
from the literature. These covariates included sex,
ethnicity, marital status, language barrier (as described
by the social worker in the notes), employment status,
socioeconomic status, presence of diabetes, presence or
history of coronary heart disease or myocardial
infarction, history of previous transplant, cause of
kidney failure, and blood type. We also included the
variable “having a potential living donor identified” in
the time to event analyses, where receipt of LDKT or
any KT was the outcome.

In order to characterize the socioeconomic status of
participants, in addition to individual level self-
reported variables, such as employment, we used the
Ontario Marginalization Index.31 The Ontario Margin-
alization Index is a census-based and geographically-
based index of material deprivation. Participants are
assigned to a deprivation quintile according to their
residential postal code, with quintile 1 representing the
least deprived and quintile 5 representing the most
deprived group.

Statistical Analysis

Categorical variables were described as frequencies and
percentages whereas continuous variables were pre-
sented using mean (SD) for normally distributed data
and median (interquartile range) for skewed variables.
We used parametric and nonparametric tests to identify
potential differences in baseline characteristics across
the 3 age groups, as appropriate.

To assess the association between age group and
having a potential living donor identified, we built
multivariable logistic regression models that were suc-
cessively fitted with expanding sets of covariates. Four
models were explored, as follows: (i) unadjusted model;
(ii) adjusted for ethnicity, sex, and marital status; (iii)
284
Model 2 plus Ontario Marginalization Index, employ-
ment status, and presence of language barrier; and (iv)
Model 3 plus blood group, cause of kidney failure, his-
tory of diabetes, coronary artery disease or myocardial
infarction, and previous transplant.

We graphically assessed the cumulative probabilities
of LDKT and any KT using the Kaplan–Meier product
limit method and examined differences across survival
functions using the log-rank test. We further explored
the association between age group and the receipt of
LDKT and any KT using Cox proportional hazards
models. The multivariable models were successively
fitted with expanding sets of covariates. Five models
were explored, which were as follows: (i) unadjusted
model; (ii) adjusted for having a potential donor iden-
tified at the time of pretransplant assessment; (iii)
Model 2 plus ethnicity, sex, and marital status; (iv)
Model 3 plus Ontario Marginalization Index, employ-
ment status, and presence of language barrier; and (v)
Model 4 plus blood group, cause of kidney failure,
history of diabetes, coronary artery disease or
myocardial infarction, and previous transplant.

For the time-to-event analyses, date of referral was
considered the time of origin. Patients who were
deemed ineligible for transplantation, were lost to
follow-up, transferred to another center or died were
censored at the time of the event. Patients who were
still in the cohort at study end (n ¼ 355) were censored
at that time. For analyses using LDKT as end point,
patients receiving DDKT were censored at the time of
the transplant.

The proportional hazards assumptions were tested
using scaled Schoenfeld residuals. No important de-
partures from proportionality were detected. Multi-
collinearity was assessed using a variance-covariance
matrix > 0.4 and variance inflation factor > 5.

We also tested the association between age group
and receipt of LDKT in predefined subgroups formed
by the following variables: sex, ethnicity, diabetes,
having a potential living donor identified at pretrans-
plant assessment, and presence of language barrier.
Potential interactions were formally tested by
including relevant interaction terms to assess effect
modification. Because preemptive transplant candidates
may represent a group of patients with characteristics
that are different from the recipient pool as a whole, we
performed a sensitivity analysis in which preemptive
candidates (n ¼ 229) were excluded. These findings are
presented in the Supplementary Materials.

Missingness was <5% for all variables, except for
history of coronary artery disease or myocardial
infarction variable (11%). We used the method of
multiple imputation by chained equations to address
missingness.32 All statistical analyses were performed
Kidney International Reports (2023) 8, 282–293



Adult patients referred for assessment of 
eligibility for kidney transplantation at 
Toronto General Hospital between 
January, 1 2006 and December 31, 2013.

(n=2299)

Excluded (n=682)
• Pancreas-kidney (n=62)
• Liver-Kidney (n=22)
• Missing potential living 

kidney donor information 
(n=254)

• Missing psychosocial 
information (n=344)

Censoring events
• Death (n=121)
• Not activated (n=249)
• Lost of follow-up (n=2)
• Transferred (n =18)
• Study end (n=355)

Primary outcomes
• Having at least one potential living donor 

identified at the time of pre-transplant 
assessment (n=925)

• Receipt of LDKT (n=465)
Secondary outcome

• Receipt of any KT (LDKT or DDKT) (n=872)

Final cohort
N=1617

Figure 1. Study flow diagram. DDKT, deceased donor kidney
transplant; KT, kidney transplant; LDKT, living donor kidney
transplant.
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using Stata 15.0 (StataCorp, College Station, TX). A 2-
sided P value of <0.05 was considered statistically
significant.
RESULTS

Of the 2299 patients referred for assessment of KT
eligibility, 1617 patients were included in the final
study cohort (Figure 1). Patients who were included in
the analysis had similar characteristics (age and sex) to
those who were excluded due to missing living donor
or psychosocial information. Of the 1617 included pa-
tients, 526 (33%) were young (<45 years), 816 (50%)
were middle-aged (45�64 years), and 275 (17%) were
older adults ($65 years). The baseline characteristics of
the study cohort are shown in Table 1. Diabetes was
the most common cause of kidney failure among the
Kidney International Reports (2023) 8, 282–293
middle-aged and older adults, and glomerular disease
was the most frequent cause of kidney failure among
the young adults.

Of the 1617 patients, 925 (57%) said they had at least
1 potential living donor identified at time of pretrans-
plant assessment. Of these patients, 368 (40%) were
young, 443 (48%) were middle-aged, and 114 (12%)
were older adults. In addition, 872 (54%) of the sample
underwent a KT during the study period. The median
follow-up was 2.58 (interquartile range, 1.30�4.29)
years. Of the 872 KTs, 465 (53%) were LDKT. The
proportion of LDKT was highest among young adults
(42%), followed by middle-aged adults (26%), and
older adults (10%) (P < 0.001). The number of patients
with a potential living donor at the time of presentation
who eventually received an LDKT differed consider-
ably between the age cohorts as follows: 58% of young
patients with a potential living donor eventually
received LDKT, compared to 43% and 20% of middle-
aged and older recipients, respectively (Table 2).

The most commonly reported relationship to the
identified potential living donor were spouse (32%, 299
patients) and sibling (32%, 294 patients). Among older
adults, the most commonly reported relationship were
children (52%, 59 patients), followed by spouse (34%,
39 patients); whereas the most commonly reported
relationship among the middle-aged were spouse (38%,
167 patients) and sibling (30%, 131 patients); and
among young adults were sibling (40%, 149 patients)
and parent (32%, 118 patients).

Compared to young adults, middle-aged and older
adults were less likely to have a potential living donor
identified at the time of pretransplant assessment (un-
adjusted odds ratio [OR], 0.51; confidence interval [CI],
[0.40�0.64]; P < 0.001; and OR, 0.30; CI, [0.22�0.41];
P < 0.001, respectively) (Table 3). Unadjusted OR es-
timates did not substantially change after covariates
were sequentially added to the models. In the fully
adjusted model (Model 4), both middle-aged and older
adults were less likely to have a potential donor iden-
tified at the time of pretransplant assessment, compared
to young adults (OR, 0.47; CI, [0.35�0.63]; P < 0.001,
and OR, 0.30; CI, [0.20�0.43]; P < 0.001, respectively).

Compared to young adults (53% [48�59]), both
middle-aged (36% [32�41]), and older adults (13%
[9�19]) had lower cumulative probability of receiving
LDKT during the follow up period (P < 0.001;
Figure 2). In a univariable Cox proportional hazards
model, middle-aged and older adults were significantly
less likely to receive an LDKT (hazard ratio [HR], 0.58;
CI, [0.48�0.70]; P < 0.001; and HR, 0.23; CI,
[0.16�0.35]; P < 0.001, respectively), compared to
young adults. The point estimates did not substantially
change when covariates were sequentially added to the
285



Table 1. Baseline characteristics by age group

Characteristics
Whole cohort
(N [ 1617)

Young (<45)
(n [ 526, 33%)

Middle-aged (45--64)
(n [ 816, 50%)

Older (‡65)
(n [ 275, 17%) P value

Age, mean (SD) 51 (14) 34 (8) 55 (5) 69 (3) < 0.001

Male n (%) 986 (61) 291(55) 508 (62) 187 (68) 0.001

Ethnicity n (%)

Caucasian 827(53) 259(51) 413(53) 155(59) 0.08

African-Canadian 198(13) 73(14) 90(11) 35(13)

Asian (East Asian and South Asian) 392(25) 125 (25) 217(28) 50(19)

Other 135(9) 49(10) 62(8) 24(9)

Dialysis vintage n (%)

Preemptive 229 (16) 105 (23) 104 (14) 20 (7) < 0.001

0–24 mo 954 (65) 265 (59) 500 (67) 189 (70)

>24 mo 279 (19) 81 (18) 137 (18) 61 (23)

Cause of kidney failure n (%)

GN 506 (31) 240 (46) 208 (25) 58 (21) < 0.001

DM 486 (30) 73 (14) 295 (36) 118 (43)

PKD 160 (10) 39 (7) 106 (13) 15 (5)

HTN 163 (10) 35 (7) 83 (10) 45 (16)

Other/unknown 302 (19) 139 (26) 124 (15) 39 (14)

Had previous kidney KT (yes) n (%) 131 (8) 57 (11) 68 (8) 6 (2) < 0.001

Blood group n (%)

A 535 (33) 187 (35) 264 (32) 84 (31) 0.86

AB 85 (5) 27 (5) 44 (5) 14 (5)

B 266 (16) 82 (16) 137 (17) 47 (17)

O 731 (45) 230 (44) 371 (45) 130 (47)

Marital status n (%)

Single, never married 328 (20) 240 (46) 78 (10) 10 (4) < 0.001

Married, domestic partnership or common law 1012 (63) 239 (46) 570 (70) 203 (74)

Widowed, divorced or separated 272 (17) 44 (8) 166 (20) 62 (22)

Language barrier (present) n (%) 138 (9) 23 (4) 85 (10) 30 (11) < 0.001

Employment n (%)

Unemployed 700 (44) 230 (44) 438 (54) 32 (12) < 0.001

Employed 535 (33) 243 (46) 271 (33) 21 (8)
Other 365 (23) 50 (10) 102 (13) 213 (80)

Ontario marginalization index n (%)

1 (least deprived) 297 (19) 103 (21) 157 (20) 37 (14) 0.48

2 338 (22) 102 (20) 180 (23) 56 (21)

3 343 (22) 105 (21) 173 (22) 65 (25)

4 279 (18) 91 (18) 139 (17) 49 (18)

5 (most deprived) 303 (19) 100 (20) 146 (18) 57 (22)

Comorbidity n (%)

DM 609 (39) 96 (19) 364 (46) 149 (58) < 0.001

CAD/MI 396 (28) 38 (8) 237 (33) 121 (47) < 0.001

CHF 112 (7) 12 (2) 58 (7) 42 (16) < 0.001

Stroke/TIA 112 (7) 23 (4) 56 (7) 33 (12) < 0.001

PVD 157 (10) 21 (4) 78 (10) 58 (22) < 0.001

Chronic lung disease 108 (7) 26 (5) 66 (8) 16 (6) 0.06

Nonskin cancer 124 (8) 20 (4) 65 (8) 39 (15) < 0.001

CAD, coronary artery disease; CHF, congestive heart failure; DM, diabetes mellitus; GN, glomerulonephritis; HTN, hypertension; KT, kidney transplant; MI, myocardial infarction; PKD,
polycystic kidney disease; PVD, peripheral vascular disease; TIA, transient ischemic attack.

Table 2. The number of patients who had a living donor identified, received an LDKT, or any KT
Outcome variable Whole cohort (N [ 1617) Young (n [ 526) Middle-aged (n [ 816) Older (n [ 275) P value

Had a living donor at pretransplant assessment (yes), n (%) 925 (57) 368 (70) 443 (54) 114 (41) < 0.001

Number of patients who said they had a living donor at pretransplant
assessment and eventually received an LDKT, n (%)

427 (46) 212 (58) 192 (43) 23 (20) < 0.001

Received KT (yes), n (%) 872 (54) 326 (62) 430 (53) 116 (42) < 0.001

KT, kidney transplant; LDKT, living donor kidney transplant.

CLINICAL RESEARCH A Raissi et al.: Association Between Age and LDKT
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Table 3. Multivariable adjusted odds of having a potential living
kidney donor at the time of pretransplant assessment (reference ¼
Young)
Logistic regression
model

Middle-aged odds
ratio (95% CI) P value

Older odds ratio
(95% CI) P value

Model 1a 0.51 (0.40, 0.64) < 0.001 0.30 (0.22, 0.41) < 0.001

Model 2b 0.41 (0.31, 0.53) < 0.001 0.22 (0.16, 0.31) < 0.001

Model 3c 0.44 (0.33, 0.58) < 0.001 0.27 (0.19, 0.39) < 0.001

Model 4d 0.47 (0.35, 0.63) < 0.001 0.30 (0.20, 0.43) < 0.001

CI, confidence interval; OMI, Ontario Marginalization Index.
aUnivariable.
bModel 1 þ ethnicity, sex, and marital status.
cModel 2 þ OMI, employment status, and presence of language barrier.
dModel 3 þ blood group, cause of kidney failure, history of: diabetes, coronary artery
disease/myocardial infarction, and previous transplant.

Table 4. Multivariable adjusted likelihood of receiving LDKT (Cox
proportional hazards model; reference ¼ Young)
Cox proportional
hazards model

Middle-aged hazard ratio
(95% CI) P value

Older hazard ratio
(95% CI) P value

Model 1a 0.58 (0.48, 0.70) < 0.001 0.23 (0.16, 0.35) < 0.001

Model 2b 0.70 (0.58, 0.84) < 0.001 0.33 (0.22, 0.49) < 0.001

Model 3c 0.64 (0.52, 0.80) < 0.001 0.29 (0.19, 0.44) < 0.001

Model 4d 0.70 (0.57, 0.87) 0.001 0.39 (0.25, 0.59) < 0.001

Model 5e 0.79 (0.63, 0.99) 0.04 0.47 (0.30, 0.72) 0.001

CI, confidence interval; LDKT, living donor kidney transplant; OMI, Ontario Marginali-
zation Index.
aUnivariable.
bModel 1 þ having a potential donor identified.
cModel 2 þ ethnicity, sex, and marital status.
dModel 3 þ OMI, employment status, and presence of language barrier.
eModel 4 þ blood group, cause of kidney failure, and history of: diabetes, coronary
artery disease/myocardial infarction, previous transplant.
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model and in the fully adjusted model (Model 5),
middle-aged and older adults remained significantly
less likely to receive an LDKT (HR, 0.79; CI,
[0.63�0.99]; P ¼ 0.04; and HR, 0.47; CI, [0.30�0.72];
P ¼ 0.001, respectively) (Table 4). In a sensitivity
analysis, we found overall similar results after
excluding preemptive candidates (n ¼ 229)
(Supplementary Table S1).

Compared to young adults (73% [68�78]), both
middle-aged (65% [61�70]), and older adults (61%
[53�69]) had lower cumulative probability of receiving
KT during the follow-up period (P ¼ 0.001; Figure 3).
In a univariable Cox proportional hazards model,
middle-aged and older adults were significantly less
likely to receive KT (HR, 0.82; CI, [0.71�0.94]; P ¼
0.006 and HR, 0.70; CI, [0.56�0.86]; P ¼ 0.001,
respectively), compared to young adults. The rela-
tionship between age and KT remained significant in
Model 2 and Model 3. However, in Model 4 and Model
5 (the fully adjusted model), this association was not
significant (Table 5).
Figure 2. Cumulative probability of receiving LDKT by age group.
Censoring events included being deemed ineligible for trans-
plantation, receipt of DDKT, death, lost to follow-up or transfer to
another center. DDKT, deceased donor kidney transplant; LDKT,
living donor kidney transplant.

Kidney International Reports (2023) 8, 282–293
In subgroup analysis, we explored the association
between age groups and the likelihood of receiving
LDKT. Using the young adults as the reference group,
we assessed interaction terms between age group and
various characteristics, including sex, ethnicity, pres-
ence of diabetes mellitus, availability of a living donor,
and presence of language barrier (Figure 4). None of
these interactions were significant (Figure 4).

DISCUSSION

We report here that recipient age is an independent
predictor of receipt of LDKT in an ethnically diverse
Canadian cohort. When compared to adults aged 44
years or younger, both middle-aged (45�64 years of
age) and older adults ($65 years of age) were less
likely to have a potential living donor identified at
the time of pretransplant assessment. Importantly,
both middle-aged and older adults were also less
likely to receive an LDKT. Considering that nearly
Figure 3. Cumulative probability of receiving KT by age group.
Censoring events included being deemed ineligible for trans-
plantation, death, lost to follow-up or transfer to another center. KT,
kidney transplant.
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Table 5. Multivariable adjusted likelihood of receiving any KT (Cox
proportional hazards model; reference ¼ Young)
Cox proportional
hazards model

Middle-aged hazard
ratio (95% CI) P value Older hazard ratio (95% CI) P value

Model 1a 0.82 (0.71, 0.94) 0.006 0.70 (0.56, 0.86) 0.001

Model 2b 0.88 (0.76, 1.01) 0.09 0.80 (0.64, 0.99) 0.04

Model 3c 0.84 (0.72, 0.99) 0.03 0.76 (0.58, 0.92) 0.008

Model 4d 0.89 (0.75, 1.04) 0.14 0.86 (0.67, 1.09) 0.22

Model 5e 0.96 (0.81, 1.13) 0.61 0.96 (0.74, 1.23) 0.74

CI, confidence interval; KT, kidney transplant; OMI, Ontario Marginalization Index.
aUnivariable.
bModel 1 þ having a potential donor identified.
cModel 2 þ ethnicity, sex, and marital status.
dModel 3 þ OMI, employment status, and presence of language barrier.
eModel 4 þ blood group, cause of kidney failure, and history of: diabetes, coronary
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90% of those living with kidney failure in Canada
are older than 45 years of age,3 these results repre-
sent an important and potentially modifiable gap in

artery disease/myocardial infarction, previous transplant.
Exposures and 
subpopulation Age Group

Participants (% of 
Subgroup)

Sex
Male

Female

Ethnicity

African

Asian

Diabetes Mellitus
No

Yes

LKD at Referral
No

Yes

Language Barrier
Present

Absent Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

Young
Middle Aged
Old

265 (18%)
463 (31%)
173 (12%)

212 (14%)
291 (20%)

78 (5%)

259 (18%)
413 (29%)
155 (11%)

73 (5%)
90 (6%)
35 (2%)

125 (9%)
217 (15%)

50 (4%)

383 (27%)
396 (28%)
104 (7%)

83 (6%)
326 (23%)
130 (9%)

143 (10%)
341 (23%)
144 (10%)

334 (23%)
413 (28%)
107 (7%)

19 (1%)
77 (5%)
29 (2%)

456 (31%)
675 (46%)
221 (15%)

0

White

Figure 4. The association between age group and the receipt of LDKT in
the fully adjusted models are shown with corresponding confidence interv
donor identified, and presence of language barrier. CI, confidence interva

288
the utilization of LDKT among patients with kidney
failure.

In our study, both older and middle-aged adults had
lower odds of having a potential living donor identified
at the time of pretransplant assessment, compared to
young adults. Previous studies have shown that in-
dividuals who had a potential living donor were sub-
sequently more likely to receive LDKT.33 Although
both middle-aged and older adults were less likely to
have a potential living donor identified, the lower
likelihood of receiving LDKT was not entirely
explained by this, as demonstrated by the multivari-
able analysis. Moreover, in our study, among older
patients with a living donor identified, only 20% went
on to eventually receiving an LDKT, in contrast to 43%
and 58% of middle-aged and younger patients,
Hazard Ratio
(95% CI)

p value
for
interaction

0.132
reference
0.86 (0.63, 1.17)
0.33 (0.18, 0.60)

Reference
0.68 (0.48, 0.97)
0.65 (0.32, 1.31)

0.956Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

0.88 (0.66, 1.17)
0.50 (0.29, 0.88)

0.472

0.765

0.599

0.59 (0.19, 1.78)
0.52 (0.09, 2.93)

0.57 (0.32, 1.02)
0.17 (0.04, 0.77)

0.80 (0.61, 1.06)
0.48 (0.26, 0.90)

0.84 (0.48, 1.47)
0.38 (0.16, 0.89)

0.82 (0.35, 1.91)
0.64 (0.18, 2.28)

0.80 (0.63, 1.01)
0.39 (0.23, 0.64)

3.52 (0.39, 31.48)
0.57 (0.04, 7.74)

0.81 (0.63, 1.04)
0.41 (0.25, 0.68)

2.01.0

subgroups of participants. Multivariable adjusted hazard ratios from
als. Adjusted for: sex, ethnicity, presence of diabetes, having a living
l; LDKT, living donor kidney transplant; LKD, living kidney donor.
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respectively. The differences in the proportion of pa-
tients with identified donors who eventually received
LDKT might have been in part due to the fact that older
recipients may have had older donor candidates who
were not cleared as donors.

Our findings are consistent with previous reports
from the United States14,17 and the United Kingdom.16

There may be medical and motivational reasons un-
derlying the lower likelihood of receiving LDKT by
older adults. Comorbidities, including chronic lung and
heart diseases, cognitive decline, and frailty are more
prevalent among older adults.34-36 These comorbidities
may have an impact on self-perceived life expectancy
and may limit the motivation to explore LDKT and to
ask potential eligible donors, who are often younger
and healthier individuals, for a kidney. These comor-
bidities can also make active search for a living donor
difficult. Although communicating the need for a
donor through internet and social media may be quite
effective, older adults are less likely to use these
media.37,38

Ageism, both at individual (directed toward self or
others) and at structural levels may contribute to the
presented disparities. Older adults who hold negative
attitudes toward aging (self-directed ageism) are less
likely to engage in physical activities39 and preventive
healthbehaviors.40 Self-directed ageismcanprevent older
patients from approaching potential living donors. In
addition, people have negative perceptions about those
who are older and more disabled than themselves.41

Therefore, older healthy adults may also be reluctant to
offer living donation to older friends with kidney failure.

Structural ageism, “explicit or implicit policies, prac-
tices, or procedures of societal institutions that discrimi-
nate against older persons,” may potentially influence
attitudes or actions of health care professionals.42 A sys-
tematic review on ageism and health found that 84.6% of
over 400 studies identified age as an important determi-
nant of receiving certain procedures or treatments, mak-
ing “age dependent access to health services and
treatment” the most commonly cited form of structural
ageism.42 A study of 216 nephrologists from the United
States reported that age above 65 years was one of the top
three reasons for not considering a KT referral.43

Although age is not a contraindication to KT, physi-
cians may approach patients differently depending on
their age. This may result in older patients receiving
limited information regarding LDKT.

In general, dialysis is associated with poor quality of
life and loss of independence. Older adults on dialysis
will not be able to contribute to their family
(emotionally and materially) and they will need more
support from family members. This can result in a
substantial physical and mental burden on the family
Kidney International Reports (2023) 8, 282–293
caregivers.44 In addition, many older adults want to
enjoy the freedom to travel during their retirement
years; however, this could be greatly limited because
dialysis limits mobility and freedom to travel. KT can
lessen older adults’ dependence on family members,
and enable them to travel, and contribute to supervi-
sion of children or grandchildren.

In our study, lower utilization of LDKTwas not limited
to older adults. Middle-aged adults (45�64 years) were
42% less likely to receive LDKT, as opposed to DDKT,
compared to younger adults.Althoughwedefinedmiddle
age as 45 years to 64 years, 50% of these patients were
below 55 years. This is particularly important because
nearly 40% of the individuals who work full time or part
time in Canada are between 45 and 65 years of age.
Currently, the average wait time to receive KT in Ontario
is between 1 and 8 years.45Wait time is usually longer for
younger patients, meaning that theywill have to spend at
least 2 to 4 years on dialysis before they could return to
work. Patients on dialysis face many challenges to stay
employed.46,47 The ability to work is not only integral for
financial security, but also for maintaining one’s identity,
independence, and mental health.48,49 Importantly, loss
of productivity due to unemployment and/or premature
death of individuals with kidney failure also has eco-
nomic consequences for the society.48,50

The finding that LDKT is underutilized among
middle-aged and older adults has important societal
implications. Dialysis is more expensive than KT. It has
been reported that caring for patients on dialysis costs
more than twice that for patients with a functioning
transplant.51 If older patients remain on dialysis instead
of opting for KT and LDKT, this results in increasing
strain on health care systems. If more older patients are
waiting for DDKT, the waiting time for both younger
and older patients will become longer. Allocating older,
more marginal deceased donor kidneys for older adults
may address this to some extent; however, the out-
comes of those transplants are inferior compared to
receiving a KT from live donors.9

Preemptive transplant and LDKT might be a more
cost-effective treatment compared to DDKT,52 even for
this age group,53,54 because long waiting times can
significantly diminish the clinical and economic bene-
fits of transplantation. An LDKT, even from older do-
nors, offers better outcomes for older recipients
compared to DDKT,12 because it eliminates waiting
time and allows time to plan surgery. Moreover,
because the surgical mortality and longterm survival
for older live donors are not significantly different than
for the age-matched non-donor population,55 LDKT
from older donors remains a suitable choice for eligible
older recipients. Although the advantages of KT, and
LDKT in particular, in older adults are well-
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documented, a thorough evaluation of comorbidities,
particularly cardiovascular disease, cancer, cognitive
impairment, depression, and other factors such as
frailty and physical functioning is strongly needed.56,57

In this study, we have confirmed and extended
previous findings in a large, ethnically diverse Canadian
cohort. Previous studies have reported diverse cultur-
ally influenced considerations about caring for older
family members. African-Americans58,59 reported
stronger feelings of responsibility to provide care for
older family members compared to White Americans. In
a meta-analysis of more than 100 studies, minority
caregivers had stronger “filial obligation” beliefs and
provided more hours of care to their older adults,
compared to White caregivers.21 In our study, the as-
sociation between age and LDKT was not moderated by
ethnicity. Further qualitative research is needed to un-
derstand if attitudes to LDKT differ between ethno-
cultural groups.

The strengths of this study include a relatively large
and ethnically diverse sample size, long follow-up, and
availability of detailed clinical and sociodemographic
information. However, we do recognize that our study
has several limitations. First, this study is a single
center study, which could limit the generalizability of
the findings. Second, compared to the number of
young adults and middle-aged adults, the number of
older adults was relatively small. Third, although we
adjusted for a number of key clinical variables, we
were not able to account for frailty, which is also
associated with poor KT outcomes.60 Fourth, we did not
systematically assess health literacy or transplant
knowledge, which may vary significantly with age.
Fifth, lower rates of LDKT among older adults might
be, in part, related to incompatibility due to sensiti-
zation, which could potentially be alleviated through
paired exchange programs. However, we did not have
data to assess this point. This can be investigated in
future studies. Finally, we did not have data to assess
potential underlying reasons for the observed dispar-
ities, which would require qualitative research
methods. Although we speculate that education
focused on outlining the benefits of LDKT, the negative
impact of spending years on dialysis while waiting for
a DDKT, clarifying the suitability of older donors and
the safety of live kidney donation may improve LDKT
rates both for older and middle-aged patients with
kidney failure, we did not have data to confirm this
hypothesis.

Although age itself is not modifiable, some of the
contributing factors to the observed age-related dis-
parities in accessing LDKT might be modifiable and
could be investigated through qualitative research.
There are several potential strategies to promote LDKT
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among older patients. Creating easily accessible, age-
specific, educational materials to inform both patients
and the general public (potential donor candidates)
about the benefits and safety of LDKT for older patients
might encourage potential donor candidates to come
forward and also motivate recipient candidates to
accept those potential offers. Social isolation may also
contribute to our findings. A recent systematic review
on social isolation61 showed that group interventions
may improve mental and physical health, alleviate so-
cial isolation, and result in increased social activation
among older adults. Such interventions may also help
patients with kidney failure to find potential donors by
fostering meaningful relationships. The reluctance of
older individuals to accept a kidney from their children
may also be amenable to culturally appropriate
educational interventions, because the well-being of
parents and older adults are key concepts among many
cultures. Communicating through patient stories, and
connecting older recipient and donor candidates to
volunteers with lived experience (either as kidney re-
cipients or donors) could further improve awareness
and acceptability of LDKT for older recipients.
Furthermore, strategies to promote LDKT among the
nephrology community should be considered. Inform-
ing community nephrologists, family physicians,
nurses, and allied health professionals in dialysis cen-
ters and in outpatient clinics about the safety of KT and
living donation for older patients could help reduce
these age-related disparities. Finally, accepting older
live donors, even with minor comorbidities (e.g., mild,
well-controlled hypertension) could increase the po-
tential pool for older recipient candidates.

In this Canadian cohort, older age independently
predicted a lower likelihood of receiving LDKT.
Compared to young adults, both middle-aged and older
adults were less likely to have a potential living donor
identified at the time of pretransplant assessment, and
were less likely to receive an LDKT. Although age itself
is not modifiable, some of the factors behind these
disparities may be modifiable. Qualitative research is
needed to help better understand these factors and to
design appropriate educational interventions to
potentially mitigate these disparities.
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