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Abstract
Background: Quality indicators are required to identify gaps in care and to improve equitable access to kidney transplants. 
Referral to a transplant center for an evaluation is the first step toward receiving a kidney transplant, yet widespread 
reporting on this metric is lacking.
Objective: The objective was to use administrative health care databases to examine multiple ways to define referral for a 
kidney transplant evaluation by varying clinical inclusion criteria, definitions for end of follow-up, and statistical methodologies.
Design: This is a population-based cohort study.
Setting: This study linked administrative health care databases in Ontario, Canada.
Patients: Adults from Ontario, Canada, with advanced chronic kidney disease (CKD) between April 1, 2017, and March 
31, 2018.
Measurements: The primary outcome was the 1-year cumulative incidence of kidney transplant referral.
Methods: We created several patient cohort definitions, varying patient transplant eligibility by health status (eg, whether 
patients had a recorded contraindication to transplant). We presented results by advanced CKD status (ie, patients 
approaching the need for dialysis vs receiving maintenance dialysis) and by method of cohort entry (ie, incident only vs 
prevalent and incident patients combined), resulting in 12 unique cohorts.
Results: Sample size varied substantially from 414 to 4128 depending on the patient cohort definition, with the largest 
reduction in cohort size occurring when we restricted to a “healthy” (eg, no evidence of cardiovascular disease) group of 
patients. The 1-year cumulative incidence of transplant referral varied widely across cohorts. For example, in the incident 
maintenance dialysis population, the cumulative incidence varied more than 2-fold from 16.3% (95% confidence interval [CI] 
= 15.0%-17.7%) using our most inclusive cohort definition to 40.0% (95% CI = 36.0%-44.5%) using our most restrictive 
“healthy” cohort of patients.
Limitations: Administrative data may have misclassified individuals’ eligibility for kidney transplant.
Conclusions: These results can be used by jurisdictions to measure transplant referral, a necessary step in kidney 
transplantation that is not equitable for all patients. Adoption of these indicators should drive quality improvement efforts 
that increase the number of patients referred for transplantation and ensure equitable access for all patient groups.

Abrégé 
Contexte: Des indicateurs de qualité sont nécessaires pour révéler les lacunes dans les soins et favoriser l’accès équitable 
aux greffes de rein. L’aiguillage dans un centre de transplantation pour une évaluation est la première étape vers la greffe de 
rein, mais il n’existe pas de rapports à grande échelle sur cette mesure.
Objectif: Utiliser des bases de données administratives en santé pour examiner les différentes façons de définir l’aiguillage 
pour une évaluation en vue d’une greffe de rein en faisant varier les critères cliniques d’inclusion, les définitions de la fin du 
suivi et les méthodes d’analyse statistique.
Conception: Étude de cohorte basée sur une population.
Cadre: Bases de données administratives couplées du système de santé ontarien (Canada).
Sujets: Adultes (Ontario, Canada) atteints d’insuffisance rénale chronique (IRC) de stade avancé entre le 1er avril 2017 et 
le 31 mars 2018.
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Mesures: Le principal critère d’évaluation était l’incidence cumulée sur un an d’aiguillage vers un centre de transplantation 
rénale.
Méthodologie: Nous avons créé plusieurs définitions de cohortes de patients en faisant varier l’admissibilité à la 
transplantation selon l’état de santé (p. ex., patients avec ou sans contre-indication consignée à la transplantation). Nous 
avons présenté les résultats selon la gravité de l’IRC (patients approchant le besoin de dialyse par rapport à ceux qui 
recevaient une dialyse d’entretien) et selon la méthode d’entrée dans la cohorte (patients incidents seulement par rapport 
aux patients à la fois prévalents et incidents), ce qui s’est traduit par douze cohortes uniques.
Résultats: La taille des échantillons variait considérablement selon la définition de la cohorte (de 414 à 4 128 individus), la 
plus importante réduction de taille de cohorte s’étant produite lorsque nous nous sommes limités à un groupe de patients « 
en bonne santé » (p. ex., sans preuve de maladie cardiovasculaire). L’incidence cumulée sur un an d’aiguillage vers un centre 
de transplantation variait considérablement d’une cohorte à l’autre. Par exemple, dans la population incidente pour la dialyse 
d’entretien, l’incidence cumulée a varié de plus de deux fois, passant de 16,3 % (IC 95:% 15,0 %– 17,7 %) avec notre définition 
la plus inclusive à 40 %(IC 95:% 36,0 %- 44,5 %) avec notre définition la plus restrictive (patients « en santé »).
Limites: L’admissibilité des personnes à une greffe de rein pourrait avoir été mal classée dans les données administratives.
Conclusion: Ces résultats peuvent être utilisés par les provinces pour mesurer les taux d’aiguillage vers un centre de 
transplantation, une étape nécessaire du parcours de transplantation rénale qui n’est pas équitable pour tous les patients. 
L’adoption de ces indicateurs devrait stimuler les efforts d’amélioration de la qualité visant à augmenter le nombre de 
patients aiguillés pour une transplantation et garantir un accès équitable pour tous les groupes de patients.
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Introduction

Compared with dialysis, a kidney transplant offers patients a 
longer and better quality of life.1,2 Unfortunately, many bar-
riers impede patients’ access to transplant.3-7 One barrier is a 
lack of transparency and accountability for ensuring timely 
and equitable access to transplant.8 Quality indicators in kid-
ney transplantation are needed to identify care gaps and to 
monitor improvement.9 However, transplant quality indica-
tors have typically focused on downstream metrics (eg, 
patient survival) instead of upstream events (eg, transplant 
referral), with the latter providing insight into access to kid-
ney transplant.10 Unintended consequences associated with 
post-transplant outcome metrics have led to calls to reform 
kidney transplant quality indicators to include measures of 
transplant access.9,11-16

One of the first steps in receiving a kidney transplant is a 
referral to a transplant center for an evaluation. However, 
measurement of this crucial step is rarely reported. Despite 
data showing substantial geographic variability and inequities 
in kidney transplant referral,16-17 most jurisdictions, including 
the United States and Canada, do not mandate reporting of 
any indicator relating to referral for transplantation.12,18,19

No accepted metric captures the process of transplant 
referral for patients with kidney failure. Developing a quality 
indicator requires careful consideration of the methodology 
selected20 which includes defining the cohort of interest (eg, 
restricting to transplant eligible patients), censoring events 
(eg, stopping follow-up when a patient is no longer trans-
plant eligible), and statistical methodologies (eg, accounting 
for the competing risk of death). In previous work examining 
pre-emptive kidney transplantation as a quality indicator, we 
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found that varying the inclusion criteria (eg, including all 
patients approaching the need for dialysis vs excluding those 
with a contraindication to transplantation) resulted in a wide 
variation in the incidence of kidney transplantation from 
1.02 to 2.21 per 100 person-years.21

Using administrative health care databases, we developed 
different measures of referral for a kidney transplant evalua-
tion by varying clinical inclusion criteria, definitions for end 
of follow-up, and statistical methodologies.

Methods

Study Overview

We conducted a population-based cohort study to identify 
adults from Ontario, Canada, with advanced chronic kidney 
disease (CKD) between April 1, 2017, and March 31, 2018. 
This time frame was selected to represent a fiscal year based 
on data availability at the time of analysis. We created 12 
patient cohorts by varying the following parameters: (1) 
level of kidney function (ie, patients approaching the need 
for dialysis or receiving maintenance dialysis); (2) presence 
or absence of a recorded contraindication to transplant; (3) 
whether patients met a prespecified “healthy” definition 
(described in Table 1 below); and (4) type of cohort entry 
(incident vs prevalent). All individuals in this study would 
have been under the care of a nephrologist, with patients 
approaching the need for dialysis receiving their care at one 
of Ontario’s multidisciplinary CKD clinics.

Design and Setting

We used administrative health care databases from Ontario, 
Canada, held at ICES (ices.on.ca/). ICES is an independent, 
nonprofit research institute whose legal status under 
Ontario’s health information privacy law allows it to collect 
and analyze health care and demographic data, without 
consent, for health system evaluation and improvement. 
These data sets were linked using unique encoded identifi-
ers and analyzed at ICES Western. The use of data in this 
project was authorized under section 45 of Ontario’s 
Personal Health Information Protection Act, which does 
not require review by a Research Ethics Board. To report 
this study, we used the Reporting of studies Conducted 
using Observational Routinely-collected health Data 
(RECORD) Statement (Supplementary Table 1).

Database Sources

We used several linked administrative databases, including 
the Ontario Renal Reporting System to identify specialized 
kidney clinic visits and to identify patients receiving mainte-
nance dialysis. We applied the 2021 CKD-EPI creatinine 
equation without race to calculate the estimated glomerular 
filtration rate (eGFR) with serum creatinine captured from 

the Ontario Laboratories Information System (OLIS).22 We 
combined eGFR and the urine albumin-to-creatinine ratio 
from OLIS to calculate the 2-year probability of kidney fail-
ure using the kidney failure risk equation (KFRE).23 To cap-
ture kidney transplant referrals, we used data from the 
Trillium Gift of Life Network-Ontario Health, the agency 
responsible for coordinating organ and tissue donation and 
transplantation services across the province of Ontario. 
Supplementary Table 2 provides further details on the data-
bases and coding definitions used.

Cohort Definitions

We included both prevalent (ie, entered the cohort on April 1, 
2017) and incident patients (ie, entered the cohort between 
April 2, 2017, and March 31, 2018). We presented data using 
incident patients alone as well as a combined cohort of inci-
dent and prevalent patients. We allowed individuals to be 
included in more than 1 cohort (ie, cohorts were not mutually 
exclusive). Cohort definitions are detailed in the following 
sections and in Table 1.

Cohort 1a: Approaching the Need for Dialysis

We included adults (ie, aged ≥ 18 years) who attended a 
specialized kidney clinic in Ontario and satisfied at least 
one of the following kidney function criteria: (1) 2 outpa-
tient eGFR values <15 mL/min per 1.73 m2 or (2) two, 
2-year KFRE measures ≥25%. To ensure stability of kid-
ney function, the 2 measures had to be separated by at least 
90 days but no more than 12 months. We excluded indi-
viduals who received a kidney transplant referral prior to 
cohort entry.

Cohort 1b: Maintenance Dialysis

We included adults (ie, aged ≥ 18 years) receiving mainte-
nance dialysis (in-center or at home). We required all indi-
viduals to receive dialysis for at least 90 days to ensure we 
were not capturing patients receiving acute dialysis and 
excluded individuals who received a kidney transplant refer-
ral prior to cohort entry.

Cohorts 2a and 2b: Advanced Chronic Kidney 
Disease With No Recorded Contraindication to 
Kidney Transplant

In addition to the inclusion and exclusion criteria for cohorts 
1a and 1b, we created a cohort of individuals who had no 
recorded contraindication to kidney transplant. For this 
cohort, patients were excluded if one or more of the follow-
ing was present: age >75 years old, end-stage kidney disease 
(ESKD) modified Charlson comorbidity index score ≥7, 
home oxygen use, dementia, residence at a long-term care 
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Table 1.  Description of the Inclusion and Exclusion Criteria Across Cohort Definitions.

Cohort 1a: approaching the 
need for dialysis

Cohort 1b: maintenance 
dialysis

Cohorts 2a and 2b: 
approaching the need for 
dialysis and maintenance 
dialysis cohort with no 
recorded contraindication to 
kidney transplant

Cohorts 3a and 3b: 
approaching the need for 
dialysis and maintenance 
dialysis “healthy” cohort

Inclusion 
criteria

-Attending a specialized kidney 
clinic

- 2 eGFR values <15 mL/
min per 1.73 m2 or 2 KFRE 
measures ≥25% separated 
by >90 days but within 365 
days

-Receiving maintenance 
dialysis (ie, remained 
on dialysis for at least 
90 days)

Same as cohorts 1a and 1b Same as cohorts 1a and 1b

Exclusion 
criteria

-<18 years of age
-Referral to a transplant 

center for an evaluation 
or added to the deceased 
donor waitlist prior to 
cohort entry

- Included in one of the other 
cohorts

-<18 years of age
-Referral to a transplant 

center for an 
evaluation or added 
to the deceased 
donor waitlist prior to 
cohort entry

- Included in one of the 
other cohorts

Same as cohorts 1a and 1b 
AND

Evidence of ≥1 recorded 
contraindication to 
transplant:

-End-stage kidney disease 
modified Charlson 
comorbidity index score 
≥7

-Home oxygen use
-Age ≥75 years
-Dementia
- Long-term care facility
- Physician house call
-Malignancy (ie, active 

multiple myeloma, bladder 
cancer, liver cancer, 
colorectal cancer, cervical 
cancer, lung cancer or 
lymphoma)

Same as cohorts 1a and 1b 
AND Evidence of ≥1:

-Aged >60 years old
-Cardiovascular 

disease in the last 5 
years (ie, abdominal 
aortic aneurysm, 
cerebrovascular 
disease, coronary artery 
angioplasty or bypass 
surgery, coronary artery 
disease with angina, 
congestive heart failure, 
myocardial infarction, 
or peripheral vascular 
disease)

-Diagnosis of any cancer in 
the last 2-years

Cohort 
entry date

-Incident cohort: (1) 
specialized CKD clinic visit 
date (ie, satisfied kidney 
function criteria within 
1-year prior to clinic visit 
date) or (2) date kidney 
function criteria were 
satisfied (ie, lab date). For 
individuals with multiple 
eligible cohort entry dates, 
we selected the first 
qualifying date.

-Prevalent cohort: 
April 1, 2017 (ie, met 
aforementioned criteria on 
or prior to this date)

-Incident cohort: 90 days 
after dialysis initiation

-Prevalent cohort: 
April 1, 2017 (met 
the aforementioned 
criteria on or prior to 
this date)

Same as cohorts 1a and 1b Same as cohorts 1a and 1b

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KFRE, kidney failure risk equation.

facility, received at least 1 physician house call in the past 
year, and select malignancies. This definition was based on 
our previous work which found 97% of individuals with at 
least one of these characteristics never received a kidney 
transplant during follow-up.24

Cohorts 3a and 3b: Advanced Chronic Kidney 
Disease and “Healthy”

In addition to the inclusion and exclusion criteria for cohorts 
1a and 1b, we further restricted our cohort, creating a 
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“healthy” cohort of individuals. We included only individu-
als who were 18 to 60 years old without a diagnosis of car-
diovascular disease or cancer. We recognize that this is a 
strict definition, but we included this cohort as virtually all 
patients meeting these criteria should be referred for trans-
plantation. We have used a similar definition in our previous 
work.25

Kidney Transplant Referral

Our primary outcome was referral to a kidney transplant cen-
ter for an evaluation (ie, kidney transplant referral) within 
1-year of cohort entry. We also examined referrals occurring 
within 2- and 3 years of cohort entry. We included referral for 
both kidney-only and kidney combination transplants (eg, 
kidney-pancreas). Although there is no established bench-
mark for a timely referral, most clinicians agree that referrals 
should be made within 1-year of meeting the referral eligibil-
ity criteria. In Ontario, Canada, patients are eligible for trans-
plant referral with an eGFR <15 mL/min/1.73 m2 or a 2-year 
KFRE ≥25% or when maintenance dialysis is initiated; they 
also must have no absolute contraindications to kidney trans-
plant (eg, no active malignancy).26

In the province of Ontario, physicians in the CKD pro-
grams are responsible for sending referrals to 1 of 6 trans-
plant centers. Unlike in the United States, patient self-referral 
for transplantation is not permitted.27

End of Follow-up Events

For cohorts 1 and 3, we stopped following individuals at 
death and end of follow-up. We stopped follow-up in the 
cohort of patients approaching the need for dialysis when 
they initiated maintenance dialysis; once these individuals 
started dialysis, they contributed person-time to the mainte-
nance dialysis cohort. For cohort 2 (ie, no recorded contrain-
dications to transplant), we stopped following individuals at 
death, end of follow-up, or if a patient developed a recorded 
contraindication to transplant (individuals who became older 
than age 75 years during follow-up remained in the study). 
We also stopped following individuals at the maximum  
follow-up, which for the incident cohort was March 31, 
2019, March 31, 2020, or March 31, 2021, when estimating 
the 1-, 2-, and 3-year cumulative incidence of referral, 
respectively. When examining the combined incident and 
prevalent population cohorts, the end of follow-up was the 
same as the end of accrual period, with a follow-up from 
April 1, 2017, to March 31, 2018.

Statistical Analysis

For baseline characteristics, we used medians (25th, 75th 
percentiles) for continuous variables and frequencies (pro-
portions) for categorical variables. We calculated the cumu-
lative incidence of transplant referral (95% confidence 

interval) using the nonparametric Aalen-Johansen estimator 
of cumulative incidence function (CIF) to account for the 
competing risk of death and in the approaching the need for 
dialysis cohort, the competing risk of initiating maintenance 
dialysis.28 The literature suggests using the CIF when the risk 
of the competing event is high to avoid potentially overesti-
mating the cumulative incidence which may occur with more 
traditional methods such as the Kaplan-Meier estimator.28,29 
To understand how the estimates were affected by using 
more traditional methods (ie, Kaplan-Meier estimator), we 
also calculated the cumulative probability of transplant 
referral.

Similar to the incident cohort, when we examined the 
combined incident/prevalent cohort, we reported the cumu-
lative incidence of referral using the CIF. However, at cohort 
entry, the prevalent patients had delayed/staggered entries as 
a function of their disease onset. Thus, we adopted a left-
truncated and right-censored (LTRC) approach, where the 
risk set for the Aalen-Johansen estimator naturally accounts 
for both left-truncation and right-censoring.30 This type of 
analysis is also known as period analysis, which is com-
monly used in the cancer literature.31,32 The estimated cumu-
lative incidence in this analysis reflects a projection of 
referral activity on a hypothetical population. Supplementary 
Table 3 provides a summary of the traditional methodology 
used in our incident population vs the LTRC approach used 
in our combined incident and prevalent population.

Our data were largely complete except for the following 
baseline variables: rural residence (<1% missing with urban 
residence imputed), income quintile (<1% missing with 
income quintile 3 imputed), and KFRE (≤1.5% missing in 
the approaching the need for dialysis cohort and kept the 
missing category). Our capture of referral to a transplant cen-
ter for an evaluation was largely complete, with our previous 
work demonstrating 1.35% of patients had a missing referral 
date (ie, patient had evidence of being placed on the trans-
plant waitlist or received a kidney transplant, but there was 
no evidence of a referral date).33 We have previously 
described our handling of missing transplant referral data.33

Confidence interval widths were not adjusted for multiple 
testing. We conducted all analyses using the SAS version 9.4 
(SAS Institute, Cary, North Carolina).

Additional Analyses

In our prespecified subgroup analyses, we presented the 
results by age (<65 vs ≥65 years old) and sex (male vs 
female) for cohort 1.

Results

Approaching the Need for Dialysis Cohorts

We included 8204 individuals approaching the need for 
dialysis in our most inclusive cohort (cohort 1a), 4637 
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individuals after restricting to individuals with no recorded 
contraindications to kidney transplant (cohort 2a), and 
1313 patients after further restricting to a “healthy” cohort 
(cohort 3a).

Maintenance Dialysis Cohorts

In our most inclusive cohort, we included 9700 individuals 
receiving maintenance dialysis (cohort 1b), with 1090 of 
these individuals originally in the cohort of patients approach-
ing the need for dialysis but started maintenance dialysis dur-
ing the accrual window. After restricting to individuals with 
no recorded contraindications to kidney transplant our cohort 
size decreased to 4906 individuals (cohort 2b), with 633 of 
these individuals originally in the approaching the need for 
dialysis cohort. Restricting to a “healthy” cohort resulted, in 
1069 individuals (cohort 3b), with 174 of these individuals 
originally in the approaching the need for dialysis cohort. 
The flow diagram for all cohorts is provided in Supplementary 
Figures 1a-1l.

Baseline Characteristics

Baseline characteristics are presented for the approaching 
the need for dialysis cohorts in Table 2 and for the mainte-
nance dialysis cohorts in Table 3. In the maintenance dialysis 
cohorts, the median age was the highest in Cohort 1b (71 
years [only cohort to include individuals >75 years]) and the 
lowest in Cohort 3b (48 years; excluded individuals >60 
years). Our most inclusive cohort (ie, Cohort 1b) had the 
highest proportion of individuals with comorbid conditions 
whereas cohort 3b (ie, healthy cohort) had the lowest propor-
tion of individuals with comorbid conditions. For example, 
in the maintenance dialysis population, cohort 1b had 7.2% 
of individuals residing in a long-term care home and 72.3% 
with cardiovascular disease compared to 1.6 and 0%, in 
cohort 3b, respectively.

Cumulative Incidence of Kidney Transplant 
Referral

Approaching the need for dialysis.  The 1-year cumulative inci-
dence of kidney transplant referral in the incident cohort of 
patients approaching the need for dialysis varied more than 
3-fold across definitions, with estimates of 6.1% (95% CI = 
5.5%-6.8%), 10.4% (95% CI = 9.4%-11.6%), and 20.7% 
(95% CI = 17.8%-20.4%), for the most inclusive (cohort 
1a), the no recorded contraindications to transplant cohort 
(cohort 2a), and the most restrictive “healthy” cohort (cohort 
3a), respectively (Figure 1). Similar variability was observed 
when examining the combined incident and prevalent cohort 
and when examining the 2- and 3-year cumulative incidence 
(Table 4).

Maintenance dialysis.  The 1-year cumulative incidence of 
referral in the incident maintenance dialysis cohort varied 
more than 2-fold across definitions, with estimates of 16.3% 
(95% CI = 15.0%-17.7%), 27.1% (24.9%-29.5%), and 
40.0% (95% CI = 36.0%-44.5%) (Figure 2), for the most 
inclusive (cohort 1b), the no recorded contraindications to 
transplant cohort (cohort 2b) and the most restrictive 
“healthy” cohort (cohort 3b), respectively (Table 4). Similar 
variability was observed when examining the combined inci-
dent and prevalent cohort and when examining the 2- and 
3-year cumulative incidence (Table 4). The cumulative inci-
dence of referral was consistently higher in the maintenance 
dialysis cohort compared to the approaching the need for 
dialysis cohort.

In both the approaching the need for dialysis and the 
maintenance dialysis cohorts, the absolute number of refer-
rals generally decreased as we used more restrictive denomi-
nators. For example, the number of transplant referrals in the 
incident maintenance dialysis cohort decreased from 431 in 
our most inclusive cohort to 166 referrals in our most restric-
tive “healthy” cohort.

For both the approaching the need for dialysis cohort and 
maintenance dialysis cohort, the Kaplan-Meier estimator 
always resulted in a higher cumulative probability of referral 
compared to when using the CIF (Supplementary Tables 
4a-c).

End of Follow-up Events

We found that the end of follow-up events varied consider-
ably depending on the cohort definition used. For example, 
in the “healthy” cohort, 1.8% of patients receiving dialysis 
died during follow-up vs 12.8% in our most inclusive cohort 
(Supplementary Table 5).

Additional Analyses

In both the approaching the need for dialysis and mainte-
nance dialysis incident cohorts, individuals aged ≥65 years 
had a substantially lower incidence of transplant referral at 1 
year compared to individuals aged <65 years (Table 5). 
When examining sex, females had a slightly lower cumula-
tive incidence of kidney transplant referral compared to 
males.

Discussion

Using administrative health care databases, we explored dif-
ferent cohort definitions, methods, and end of follow-up 
definitions to measure the cumulative incidence of kidney 
transplant referral. We found that the cumulative incidence 
of transplant referral varied widely across cohort definitions, 
with the 1-year cumulative incidence varying more than 
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Table 2.  Baseline Characteristics for Patients in the Combined Incident/Prevalent Approaching the Need for Dialysis Cohort, 
Presented by 3 Cohort Definitions.

Characteristics Cohort 1aa (N = 8204) Cohort 2ab (N = 4637) Cohort 3ac (N = 1313)

Demographics  
Age (years) 71 (60-79) 63 (54-70) 50 (42-56)
  18 to <40 314 (3.8) 303 (6.5) 262 (20.0)
  40 to 60 1765 (21.5) 1634 (35.2) 1051 (80.0)
  >60 to 75 3210 (39.1) 2700 (58.2) 0
  >75 2915 (35.5) 0 0
Female 3378 (41.2) 1769 (38.1) 537 (40.9)
Neighborhood income quintiled  
  1 (lowest) 2139 (26.1) 1206 (26.0) 366 (27.9)
  2 1867 (22.8) 1048 (22.6) 300 (22.8)
  3 (middle) 1624 (19.8) 949 (20.5) 261 (19.9)
  4 1397 (17.0) 783 (16.9) 220 (16.8)
  5 (highest) 1177 (14.3) 651 (14.0) 166 (12.6)
Rural (population <10 000)e 976 (11.9) 566 (12.2) 158 (12.0)
Status at cohort entry  
  Prevalent (entered the cohort on April 1, 2017) 4076 (49.7) 2345 (50.6) 628 (47.8)
  Incident (entered the cohort after April 1, 2017) 4128 (50.3) 2292 (49.4) 685 (52.2)
Kidney-specific characteristics  
Estimated glomerular filtration rate (mL/min/1.73 m2)f 14.79

(12.19-18.67)
15.80

(12.49-19.92)
16.50

(12.73-21.22)
Estimated 2-year risk of kidney failure (%)g 41 (30-60) 46 (33-67) 54 (38-76)
Comorbidities  
ESKD-modified Charlson comorbidity index scoreh 1 (0-3) 1 (0-2) 0 (0-1)
  0 3131 (38.2) 2075 (44.7) 881-889 (67.1-67.7)
  1 1615 (19.7) 1059 (22.8) 306 (23.3)
  2 1192 (14.5) 603 (13.0) 98 (7.5)
  3 999 (12.2) 495 (10.7) 18 (1.4)
  4 to 6 1024 (12.5) 405 (8.7) <6*
  7+ 243 (3.0) 0 <6*
Diabetes 5132 (62.6) 2911 (62.8) 583 (44.4)
Hypertension 7503 (91.5) 4051 (87.4) 967 (73.6)
Chronic obstructive pulmonary disease 1087 (13.2) 351 (7.6) 28 (2.1)
Myocardial infarction 647 (7.9) 270 (5.8) Not reportedµ

Stroke or transient ischemic attack 745 (9.1) 289 (6.2) Not reportedµ

Recorded contraindication to kidney transplant  
  Home oxygen use 311 (3.8) 0 <6*
  Dementia 572 (7.0) 0 9 (0.7)
  Long-term care facility 322 (3.9) 0 9 (0.7)
  Physician house call 386 (4.7) 0 17 (1.3)
  Malignancyi 286 (3.5) 0 9 (0.7)¥

Additional recorded contraindications to transplant
  Cardiovascular diseasej 4381 (53.4) 2071 (44.7) 0
  Malignancy in the last 2 yearsk 324 (3.9) 92 (2.0)¶ 0

Data are presented as n (%) or median (25th, 75th percentile).
aCohort 1a: Incident and prevalent patients approaching the need for dialysis.
bCohort 2a: Incident and prevalent patients approaching the need for dialysis with no recorded contraindication to kidney transplant.
cCohort 3a: Incident and prevalent patients approaching the need for dialysis and considered “healthy.”
dIncome quintile is constructed using neighborhood-level income. Missing data were imputed into category 3 (<0.5% of individuals had missing data).
eMissing data were imputed into urban (<0.5% of individuals had missing data).
fOutpatient estimated glomerular filtration rate within 1 year of the cohort entry date (if multiple values the most recent one was selected).
gOutpatient estimated 2-year risk of kidney failure within 1-year of the cohort entry date (if multiple values the most recent one was selected). This 
information was missing in <1.5% of individuals across cohort definitions.

(continued)
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Table 3.  Baseline Characteristics for Patients in the Combined Incident/Prevalent Maintenance Dialysis Cohort, Presented by 3 Cohort 
Definitions.

Characteristics Cohort 1ba (N = 8610) Cohort 2bb (N = 4273) Cohort 3bc (N = 895)

Demographics  
Age (years) 71 (60-79) 62 (53-69) 48 (39-55)
  18 to <40 357 (4.1) 343 (8.0) 234 (26.1)
  40 to 60 1887 (21.9) 1594 (37.3) 661 (73.9)
  >60 to 75 3231 (37.5) 2336 (54.7) 0
  >75 3135 (36.4) 0 0
Female 3501 (40.7) 1663 (38.9) 378 (42.2)
Income quintiled  
  1 (lowest) 2658 (30.9) 1422 (33.3) 353 (39.4)
  2 1922 (22.3) 937 (21.9) 162 (18.1)
  3 (middle) 1642 (19.1) 824 (19.3) 151 (16.9)
  4 1299 (15.1) 617 (14.4) 136 (15.2)
  5 (highest) 1089 (12.6) 473 (11.1) 93 (10.4)
Rural (population <10 000)e 918 (10.7) 543 (12.7) 129 (14.4)
Status at cohort entry  
Prevalent (entered the cohort on April 1, 2017) 7050 (81.9) 3388 (79.3) 655 (73.2)
  Incident (entered the cohort after April 1, 2017) 1560 (18.1) 885 (20.7) 240 (26.8)
Dialysis vintage (years)f 1.74

(0.35-4.35)
1.34

(0.18-4.19)
0.94

(0.03-5.11)
Comorbidities  
Primary cause of end-stage kidney disease  
  Diabetes 3244 (37.7) 1656 (38.8) 214 (23.9)
  Glomerulonephritis/autoimmune diseases 1043 (12.1) 676 (15.8) 230 (25.7)
Nephropathy, drug-induced 132 (1.5) 63 (1.5) 17 (1.9)
  Other 1776 (20.6) 883 (20.7) 220 (24.6)
  Polycystic kidney disease 285 (3.3) 164 (3.8) 46 (5.1)
  Renal vascular disease 1326 (15.4) 474 (11.1) 82 (9.2)
  Unknown 804 (9.3) 357 (8.4) 86 (9.6)
ESKD-modified Charlson comorbidity index scoreg 2 (1-4) 1 (0-3) 0 (0-1)
  0 1854 (21.5) 1153 (27.0) 469 (52.4)
  1 1777 (20.6) 1063 (24.9) 298 (33.3)
  2 1150 (13.4) 559 (13.1) 65 (7.3)
  3 1449 (16.8) 689 (16.1) 44 (4.9)
  4 to 6 1920 (22.3) 809 (18.9) 12 (1.3)
  7+ 460 (5.3) 0 7 (0.8)

hA higher ESKD-modified Charlson Comorbidity Index score indicates greater comorbidity.
iMalignancy defined as active multiple myeloma, bladder cancer, liver cancer, colorectal cancer, cervical cancer, lung cancer, or lymphoma in the last 5 
years except liver cancer which was defined as a diagnosis any time prior to cohort entry.
jCardiovascular disease was defined as abdominal aortic aneurysm, cerebrovascular disease, coronary artery angioplasty or bypass surgery, coronary 
artery disease with angina, congestive heart failure, myocardial infarction, or peripheral vascular disease. We looked back 5 years for all of the 
aforementioned conditions except for congestive heart failure which we looked back to the beginning of data availability.
kMalignancy in the last 2 years includes any cancer type recorded in the Ontario Cancer Registry.
*In accordance with ICES privacy policies, cell sizes less than or equal to 5 cannot be reported.
µWe did not report this information as both myocardial infarction and stroke/transient ischemic attack were exclusion criteria in the cohort creation. 
The baseline characteristic definition of myocardial infarction and stroke/transient ischemic attack are slightly different than the exclusion criteria so there 
could be some individuals who had these characteristics.
¥Although cohort 3 excluded individuals with a malignancy in the last 2 years, the definitions of malignancy between cohorts 2 and 3 were slightly 
different resulting in some individuals (n = 9) having malignancy according to the definition used in cohort 2.
¶Although cohort 2 excluded individuals with a malignancy, the definitions of malignancy between cohorts 2 and 3 were slightly different resulting in some 
individuals (n = 92) having malignancy in the last 2 years, according to the definition used in cohort 3.

Table 2. (continued)

(continued)
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Table 3. (continued)

Characteristics Cohort 1ba (N = 8610) Cohort 2bb (N = 4273) Cohort 3bc (N = 895)

Diabetes 4969 (57.7) 2404 (56.3) 327 (36.5)
Hypertension 8103 (94.1) 3911 (91.5) 705 (78.8)
Chronic obstructive pulmonary disease 1548 (18.0) 502 (11.7) 44 (4.9)
Myocardial infarction 1219 (14.2) 458 (10.7) Not reportedµ

Stroke or transient ischemic attack 1162 (13.5) 432 (10.1) Not reportedµ

Recorded contraindication to kidney transplant  
  Home oxygen use 571 (6.6) 0 12 (1.3)
  Dementia 723 (8.4) 0 7 (0.8)
  Long-term care facility 619 (7.2) 0 14 (1.6)
  Physician house call 379 (4.4) 0 11 (1.2)
  Malignancyh 389 (4.5) 0 10 (1.1) ¥

Additional recorded contraindications to transplant
  Cardiovascular diseasei 6229 (72.3) 2769 (64.8) 0
  Malignancy in the last 2 yearsj 448 (5.2) 128 (3.0)¶ 0

Data are presented as n (%) or median (25th, 75th percentile).
aCohort 1b: Incident and prevalent patients receiving maintenance dialysis. This does not include patients approaching the need for dialysis who started 
dialysis during follow-up.
bCohort 2b: Incident and prevalent patients receiving maintenance dialysis with no recorded contraindication to kidney transplant. This does not include 
patients approaching the need for dialysis who started dialysis during follow-up.
cCohort 3b: Incident and prevalent patients receiving maintenance dialysis and considered “healthy.” This does not include patients approaching the need 
for dialysis who started dialysis during follow-up.
dIncome quintile is constructed using neighborhood-level income. Missing data were imputed into category 3 (≤0.7% of individuals had missing data).
eMissing data were imputed into urban (≤0.7% of individuals had missing data).
fDialysis vintage was defined as the time on dialysis prior to cohort entry.
gA higher ESKD-modified Charlson Comorbidity Index score indicates greater comorbidity.
hMalignancy defined as active multiple myeloma, bladder cancer, liver cancer, colorectal cancer, cervical cancer, lung cancer, or lymphoma in the last 5 
years except liver cancer which was defined as a diagnosis any time prior to cohort entry.
iCardiovascular disease was defined as abdominal aortic aneurysm, cerebrovascular disease, coronary artery angioplasty or bypass surgery, coronary 
artery disease with angina, congestive heart failure, myocardial infarction, or peripheral vascular disease. We looked back 5 years for all of the 
aforementioned conditions except for congestive heart failure which we looked back to the beginning of data availability.
jMalignancy in the last 2 years includes any cancer type recorded in the Ontario Cancer Registry.
µWe did not report this information as both myocardial infarction and stroke/transient ischemic attack were an exclusion criteria in the cohort creation. 
The baseline characteristic definition of myocardial infarction and stroke/transient ischemic attack are slightly different than the exclusion criteria so there 
could be some individuals who had these characteristics.
¥Although cohort 3 excluded individuals with a malignancy in the last 2 years, the definitions of malignancy between cohorts 2 and 3 were slightly 
different resulting in some individuals (n = 10) having malignancy according to the definition used in cohort 2.
¶Although cohort 2 excluded individuals with a malignancy, the definitions of malignancy between cohorts 2 and 3 were slightly different resulting in some 
individuals (n = 128) having malignancy in the last 2 years, according to the definition used in cohort 3.

Figure 1.  The 1-year cumulative incidence of kidney transplant referral in the incident cohort of patients approaching the need for 
dialysis, including the most inclusive (cohort 1a), the no recorded contraindications to transplant cohort (cohort 2a) and the most 
restrictive “healthy” cohort (cohort 3a).
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Figure 2.  The 1-year cumulative incidence of referral in the incident maintenance dialysis cohort including the most inclusive (cohort 
1b), the no recorded contraindications to transplant cohort (cohort 2b), and the most restrictive “healthy” cohort (cohort 3b).

Table 4.  1-, 2-, and 3-Year Cumulative Incidence of Referral to a Transplant Center for an Evaluation, Presented Across Cohorts.

Cohort definition Cohort N

Transplant  
referral¶  
N (%)

1-year cumulative 
incidence %  

(95% CI)

2-year cumulative 
incidence %  

(95% CI)

3-year cumulative 
incidence %  

(95% CI)

Cohort 1a (incident): Approaching the need 
for dialysis (eGFR <15 mL/min per 1.73 
m2 or 2-year KFRE measures ≥25%)

4128 252 (6.1) 6.1
(5.5-6.8)

9.1
(8.4-9.8)

10.6
(9.6-11.6)

Cohort 1a (incident + prevalent): 
Approaching the need for dialysis (eGFR 
<15 mL/min per 1.73 m2 or 2-year KFRE 
measures ≥25%)

8204 355 (4.3) 6.6
(5.7-7.5)

10.5
(9.4-11.8)

13.5
(12.1-15.2)

Cohort 1b (incident): Maintenance dialysis 2650 431 (16.3) 16.3
(15.0-17.7)

23.9
(22.3-25.6)

26.0
(24.4-27.7)

Cohort 1b (incident + prevalent): 
Maintenance dialysis

9700 661 (6.8) 16.4
(15.0-17.9)

22.7
(20.9-24.5)

26.5
(24.6-28.4)

Cohort 2a (incident): Approaching the 
need for dialysis with no recorded 
contraindications to transplant

2292 233 (10.2) 10.4
(9.4-11.6)

15.9
(14.5-17.5)

18.8
(17.4-20.3)

Cohort 2a (incident + prevalent): 
Approaching the need for dialysis 
with no recorded contraindications to 
transplant

4637 355 (7.2) 11.1
(9.8-12.6)

17.7
(15.6-20.1)

22.5
(20.0-25.4)

Cohort 2b (incident): Maintenance dialysis 
with no recorded contraindications to 
transplant

1518 397 (26.2) 27.1
(24.9-29.5)

39.6
(37.2-42.2)

42.9
(40.3-45.8)

Cohort 2b (incident + prevalent): 
Maintenance dialysis with no recorded 
contraindications to transplant

4906 583 (11.9) 25.8
(23.4-28.3)

36.1
(33.4-38.9)

42.9
(39.9-46.1)

Cohort 3a (incident): Approaching the need 
for dialysis “healthy”

  685 142 (20.7) 20.7
(17.8-24.1)

30.3
(27.1-34.0)

34.4
(30.7-38.5)

Cohort 3a (incident +prevalent): 
Approaching the need for dialysis 
“healthy”

1313 180 (13.7) 19.3
(16.3-22.8)

31.9
(27.5-36.9)

39.8
(34.7-45.6)

Cohort 3b (incident): Maintenance dialysis 
“healthy”

  414 166 (40.1) 40.0
(36.0-44.5)

53.1
(48.7-57.7)

55.2
(50.7-60.2)

Cohort 3b (incident + prevalent): 
Maintenance dialysis “healthy”

1069 192 (18.0) 37.7
(33.3-42.7)

49.3
(44.3-54.7)

56.7
(50.9-63.2)

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KFRE, kidney failure risk equation.
¶Represents the number of transplant referral events for 1 year of follow-up (incident cohorts) and for the combined incident and prevalent cohorts it 
represents the number of events during the 1-year accrual window.
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Table 5.  1-Year Cumulative Incidence of Referral to a Transplant Center for an Evaluation, Presented by Age and Sex.

Characteristics Cohort size (N) Referral N (%) Cumulative incidence % (95% confidence interval)

Approaching the need for dialysis¶

Age (years)  
  <65 1391 208 (15.0) 14.9 (13.3-16.8)
  ≥65 2737 44 (1.6) 1.6 (1.2-2.2)
Sex  
  Female 1685 93 (5.5) 5.5 (4.6-6.6)
  Male 2443 159 (6.5) 6.5 (5.6-7.5)
Maintenance dialysis¥

Age (years)  
  <65 1016 317 (31.2) 31.2 (28.4-34.2)
  ≥65 1634 114 (7.0) 7.0 (6.0-8.2)
Sex  
  Female 1029 148 (14.4) 14.4 (12.4-16.7)
  Male 1621 283 (17.5) 17.4 (5.7-19.4)

¶Cohort 1a (incident): Approaching the need for dialysis (eGFR <15 mL/min per 1.73 m2 or 2-year KFRE measures ≥25%).
¥Cohort 1b (incident): Maintenance dialysis.

2-fold from 16.3% to 40.0% in the maintenance dialysis pop-
ulation. Our definitions for kidney transplant referral can be 
used to monitor and improve access to kidney transplant in 
CKD clinics and dialysis centers. This research highlights 
the importance of exploring different definitions to select a 
quality indicator that is most appropriate from the patient’s 
perspective as well as the health care system.

We found that the cohort size and resulting cumulative 
incidence of referral changed considerably across cohort 
definitions, with the most substantial change occurring when 
we restricted to a “healthy” cohort. For example, our cohort 
size was reduced by 84%, from 2650 to 414 incident patients 
receiving maintenance dialysis, after restricting to a “healthy” 
(eg, no evidence of cardiovascular disease) cohort of patients, 
and the 1-year cumulative of transplant referral changed 
from 16.3% to 40.0%. Changes in the cumulative incidence 
of referral occurred to a lesser degree when using different 
methodology (Kaplan-Meier vs CIF) and when including 
incident vs incident and prevalent patients.

There are several criteria to consider when selecting a 
quality indicator, including importance, measurability, 
actionability, evidence-based, feasibility, interpretability, 
and data quality.34 The optimal definition of kidney trans-
plant referral will likely vary by jurisdiction depending on 
data availability (ie, feasibility and data quality) and the 
intended use of the indicator. For example, cohort 1 is the 
easiest to adopt as it has the fewest number of exclusions; 
however, many of the patients in this cohort will never be 
eligible for transplant which can complicate the interpreta-
tion of the metric. In our jurisdiction, in addition to including 
patients receiving maintenance dialysis, it was important to 
include patients approaching the need for dialysis, given a 
provincial priority to increase pre-emptive kidney trans-
plants. However, some jurisdictions may not have access to 

lab data to define kidney function. Future studies may want 
to explore an alternative definition of kidney transplant refer-
ral for patients approaching the need for dialysis which 
requires these patients to also have a potential living donor. 
Unless it is expected that the patient will require dialysis 
within the next year, Ontario guidance is that the patient 
should only be referred if they have a potential living donor.35 
It is important to recognize that the creation of quality indi-
cators is a dynamic process for which modifications will 
need to be made based on factors such as user feedback, 
updated clinical guidelines and newly available data.36

Another important consideration when selecting a quality 
indicator is an understanding of potential unintended conse-
quences. For example, while increasing kidney transplant 
referrals is a laudable goal, we would not want to increase 
the number of inappropriate referrals (eg, increasing referrals 
in patients who would not be healthy enough to be placed on 
the waitlist). Therefore, it is important to have balancing 
measures, such as measuring the proportion of patients 
referred for kidney transplant who are placed on the trans-
plant waitlist. With transplant referrals, there is the added 
nuance of no national benchmark for their optimal timing; 
referring a patient too early may result in increased testing on 
the waitlist, whereas a referral too late may result in a missed 
opportunity for a pre-emptive kidney transplant.

Although the goal of this work was not to endorse a spe-
cific definition, the results of this work have provided us 
with insights on how we might want to report kidney trans-
plant referral in Ontario. First, we would present the trans-
plant referral metric using 2 different cohorts. One metric 
including all individuals and a second restricted to a trans-
plant eligible cohort; we found that the absolute number of 
referrals decreased as we used more restrictive cohort defini-
tions. Therefore, employing 2 cohort definitions will help 
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ensure we are capturing all referrals in Ontario. Second, it is 
important to present the results separately for patients 
approaching the need for dialysis vs patients receiving main-
tenance dialysis, given that the staff and clinic/unit caring for 
these populations are usually not the same. Last, we would 
likely present results using the combined incident/prevalent 
cohort given that it had more events, captured the complete 
population, and the results were similar to the incident 
cohort.

Regardless of the definition used in our study, the cumula-
tive incidence of kidney transplant referral was low. Even 
using our most restrictive “healthy” cohort definition, we 
found that only 55% of patients receiving maintenance dialy-
sis were referred for a transplant over 3 years. We thought 
that given the relative health in this cohort, the number of 
individuals referred would be closer to 100%. Potential rea-
sons for the healthy cohort referrals being substantially lower 
than 100%, include we could not examine patient preference 
for transplant, our administrative databases cannot capture 
all the complexities of transplant eligibility (ie, healthy 
cohort likely included some individuals with medical contra-
indications to transplant), lack of patient education on the 
potential benefits of a transplant compared to dialysis, and 
provider knowledge about transplant. This work highlights 
the need to understand barriers to referral, to regularly report 
on transplant referral to monitor improvements, to establish 
national referral benchmarks, and the need for interventions 
and policy changes to improve referrals.13,37 Other jurisdic-
tions have found similar results with a study conducted in 
Georgia, United States, finding the 1-year cumulative inci-
dence of referral in patients aged 18 to 70 years receiving 
dialysis was 24%.16 Similarly, Kim et al38 found that only 
17% of Canadian patients receiving maintenance dialysis 
were referred for transplant within 1 year.

In addition to there being multiple ways of defining the 
cohort, considerations for subgroup reporting are also crucial 
to understand equity in access to kidney transplant.39 Some 
important equity measures to consider include age, sex, race, 
geographic location, and socioeconomic status. Similar to 
previous work,40,41 we found that females had a lower cumu-
lative incidence of referral compared to males. Potential rea-
sons include physicians may view women as frailer, providers 
may be less likely to discuss transplant as a treatment option, 
female’s attitudes toward transplant, concerns about being a 
care burden, and lower self-advocacy.40,41 We also found 
older individuals were substantially less likely to be referred 
for kidney transplant.

Our study has several limitations. First, we conducted this 
study using data that was several years old. However, we do 
not anticipate that having more recent data would change our 
conclusions. Second, we tried to emulate transplant eligibil-
ity using cohort definitions based on administrative data, 
which may have misclassified individuals’ eligibility for kid-
ney transplant. Third, we did not adjust for patient character-
istics, using a metric such as the standardized referral ratio.42 

We opted to use restriction to account for patient characteris-
tics. Last, regions outside of Ontario may find it difficult to 
implement some of our cohort definitions due to a lack of 
available data.

In conclusion, our study demonstrates the importance of 
considering multiple ways to define patient cohorts when 
developing an indicator for quality measurement. The results 
from this study can be used by jurisdictions to implement a 
metric that appropriately measures the process of referral for 
transplantation, a necessary step that is not equitable for all 
patients. Ultimately, the adoption of a referral indicator world-
wide should drive quality improvement processes that increase 
the absolute numbers of patients referred for transplantation as 
well as ensure equitable access for all patient groups.
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