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Abstract
Background: Due to their history of renal disease and exposure to immunosuppression, kidney transplant recipients with 
a failing graft may be at higher risk of adverse outcomes compared to nontransplant controls. Understanding the burden of 
disease in transplant recipients may inform treatment decisions of people whose native kidneys are failing and may be eligible 
for a transplant.
Objective: To compare mortality and morbidity in kidney transplant recipients with a failing graft to matched nontransplant 
controls.
Design: Retrospective cohort study.
Setting: Alberta, Canada.
Patients: Kidney transplant recipients with a failing graft were identified as having at least 2 estimated glomerular filtration 
rate (eGFR) measurements between 15-30 mL/min/1.73 m2 (90-365 days apart). We also identified nontransplant controls 
with a similar degree of kidney dysfunction.
Measurements: Mortality and hospitalization.
Methods: We propensity-score matched 520 kidney transplant recipients with a failing graft to 520 nontransplant controls.
Results: The median age of the matched cohort was 57 years and 40% were women. Compared to matched nontransplant 
controls, recipients with a failing graft had a higher hazard of death (hazard ratio, 1.54; 95% confidence interval [CI], 1.28-
1.85; p < .001) and a higher rate of all-cause hospitalization (rate ratio, 1.67; 95% CI, 1.42-1.97; p < .001). Kidney transplant 
recipients also had a higher rate of several cause-specific hospitalizations including genitourinary, cardiovascular, and infectious 
causes.
Limitations: Observational design with the risk of residual confounding.
Conclusions: A failing kidney transplant is associated with an increased burden of mortality and morbidity beyond chronic 
kidney disease. This information may assist the discussion of prognosis in kidney transplant recipients with a failing graft and 
the design of strategies to minimize risks.

Abrégé 
Contexte: En raison de leurs antécédents de néphropathie et de leur exposition aux immunosuppresseurs, les receveurs 
d’une greffe rénale dont le greffon est défaillant pourraient être plus susceptibles de souffrir de pathologies associées que les 
patients non transplantés (contrôles). Comprendre le fardeau de la maladie pour les receveurs d’une greffe pourrait orienter 
les décisions de traitement pour les patients dont les reins natifs sont défaillants et qui sont admissibles à une greffe.
Objectif: Comparer la mortalité et les comorbidités de receveurs d’une greffe rénale dont le greffon est défaillant à celles 
de patients non greffés (contrôles).
Type d’étude: Étude de cohorte rétrospective.
Cadre: Alberta, Canada.
Sujets: Le statut de receveur avec greffon défaillant a été établi par au moins deux mesures de DFGe se situant entre 15 et 
30 ml/min/1.73 m2 (de 90 à 365 jours d’intervalle). Des patients non greffés présentant un dysfonctionnement rénal similaire 
ont servi de contrôles.
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What was known before

Kidney transplant recipients with a failing graft are at a high 
risk of mortality and morbidity. Information to assist the dis-
cussion of prognosis and management of kidney transplant 
recipients with a failing graft is insufficient and largely 
indirect.

What this adds

Compared to matched nontransplant controls, recipients with 
a failing graft have a higher hazard of death (hazard ratio, 
1.54; 95% confidence interval [CI], 1.28-1.85; p < .001) and 
a higher rate of all-cause hospitalization (rate ratio, 1.67; 
95% CI, 1.42-1.97; p <.001). For the first time, this study 
provides measures of disease burden that can be used to 
inform kidney transplant recipients with a failing graft about 
their prognosis, discuss treatment options for people whose 
native kidneys are failing or have kidney failure and are eli-
gible for a kidney transplant, and review transplant policies 
and strategies to minimize risks.

Introduction

Advances in immunosuppression regimens have improved 
short-term graft survival without significant changes to 

long-term graft survival.1,2 Most kidney transplants will fail 
at some point during the lifetime of the recipient, and 1 in 5 
transplant recipients of a deceased-donor kidney will experi-
ence graft failure within 5 years of their transplant.2 During 
the period of graft dysfunction, the recipient may be at 
increasing risk of adverse events.

Information to assist the discussion of prognosis and 
management of kidney transplant recipients with a failing 
graft is insufficient and largely indirect. Available evidence 
is based on studies including people who survived to kidney 
failure and were treated with dialysis. In a systematic review, 
we found that the risk of mortality for kidney transplant 
recipients who received dialysis was highest in the first year 
after returning to dialysis (annual mortality: 12% in year 1 
vs 5%-6% in years 2-4),3 suggesting a high risk of mortality 
during the transition from predialysis to postdialysis care. 
Unfortunately, there was insufficient information on cardio-
vascular and infection-related events in this population. We 
also found that outcomes of kidney transplant recipients 
with a failing graft not yet treated with dialysis were under-
studied. Understanding the disease burden of transplant 
recipients with a failing graft may help discussion about 
their prognosis and treatment decisions. In addition, this 
information may help discuss treatment options for people 
whose native kidneys are failing or have kidney failure and 
are eligible for a kidney transplant, and review transplant 
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Méthodologie: Nous avons jumelé 520 receveurs avec greffon défaillant à 520 patients non greffés sur la base du score de 
propension.
Résultats: L’âge médian des sujets était de 57 ans et 40 % étaient des femmes. Les patients avec un greffon défaillant ont 
présenté un risque de mortalité (rapport de risque : 1.54; IC 95 % : 1.28-1.85; p < .001) et un taux d’hospitalization toutes 
causes confondues (rapport des taux : 1.67; IC 95%, 1.42-1.97; p < .001) plus élevés que les patients non greffés. Ils étaient 
également hospitalisés plus fréquemment, notamment pour des problèmes génito-urinaires ou cardiovasculaires, ou pour 
des infections.
Limites: La nature observationnelle de l’étude pourrait comporter des facteurs de confusion résiduels.
Conclusion: Une transplantation rénale défaillante a été associée à un plus grand risque de morbidité et de mortalité que 
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policies and strategies to minimize risks in transplant 
recipients.

In this study, we assessed clinically important outcomes 
in kidney transplant recipients with a failing graft. We exam-
ined the rate of death and hospitalizations in kidney trans-
plant recipients with a failing graft and compared these 
outcomes to matched nontransplant controls with a similar 
degree of chronic kidney disease. We hypothesized that kid-
ney transplant recipients with a failing graft may have an 
increased rate of complications compared to the nontrans-
plant population.

Materials and Methods

Design and Setting

We conducted a retrospective population-based cohort study 
using linked healthcare databases within the Alberta Kidney 
Disease Network, which incorporates data from Alberta 
Health, the provincial health ministry.4 Over 99% of Alberta 
residents are registered with Alberta Health and have univer-
sal access to hospital care and physician services. We fol-
lowed guidelines for the reporting of observational studies 

(Supplemental Table S1) and a protocol approved by the 
research ethics boards at the University of Alberta and the 
University of Calgary, with a waiver of patient consent. A 
schematic of the study design is presented as Figure 1.

Data Sources

We ascertained baseline characteristics, covariate informa-
tion, and outcome data from database records (Supplemental 
Table S2). The Alberta Health database contains informa-
tion on demographic data, vital statistics, and diagnostic 
and procedural information for inpatient and outpatient 
physician services. We identified kidney transplant recipi-
ents from the Northern and Southern Alberta Renal Program 
databases, which provide care to all patients treated with 
chronic dialysis or kidney transplantation in the province. 
We linked these data sources to a provincial laboratory 
repository via unique, encoded, patient identifiers.5,6 We 
used validated coding algorithms applied to physician 
claims and hospitalization data7,8 to define comorbidities at 
baseline based on International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) and 
International Statistical Classification of Diseases, Tenth 

Figure 1. Study design.
Note. eGFR = estimated glomerular filtration rate.
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Revision (ICD-10). We identified comorbidities using one 
or more diagnostic or procedural codes in the 3 years prior 
to the index date or validated algorithms to capture diagno-
ses, such as hypertension and diabetes mellitus (Supplemental 
Table S2).9,10

Populations

Kidney transplant recipient population. We considered all 
prevalent kidney transplant recipients between May 1, 2002 
and December 31, 2015 in Alberta. We excluded pediatric 
recipients (<18 years old), recipients with a previous organ 
transplant, and recipients who had received a simultaneous 
multiorgan transplant (eg, kidney-pancreas).

We used laboratory data to identify kidney transplant 
recipients who achieved a functioning graft posttransplant 
and then experienced a loss of graft function during the study 
period (Supplemental Figure S1). We calculated the esti-
mated glomerular filtration rate (eGFR) using the Chronic 
Kidney Disease-Epidemiology Collaboration (CKD-EPI) 
equation.11 Although data on race were not available, mis-
classification of eGFR was expected to be minimal since 
~3% of the Alberta population are black.12 We included 
recipients who survived at least 1 year with a functioning 
graft defined as at least one eGFR >30 mL/min/1.73 m2 
measurement after the first transplant year. We considered 
only eGFR measurements beyond the first year posttrans-
plant to ensure stability of renal function and immunosup-
pression regimen.13-15 We excluded recipients who had graft 
failure (death or return to dialysis) within 1 year posttrans-
plant or whose baseline eGFR was <30 mL/min/1.73 m2 
throughout the entire follow-up period. From this initial 
cohort, we identified recipients who developed a loss of graft 
function based on at least 2 outpatient eGFR measurements 
between 15 and 30 mL/min/1.73 m2 that were obtained 
between 90 and 365 days apart. We excluded recipients who 
had an eGFR <15 mL/min/1.73 m2 or who received dialysis 
in between these 2 measurements. To maintain independence 
between matched samples, we also excluded transplant 
recipients who were captured in the control sample. We used 
the second of the 2 eGFR measurements as the index date for 
follow-up.

Chronic kidney disease population. We identified members 
of the general population in Alberta with a similar degree 
of chronic kidney disease between May 1, 2003 and 
December 31, 2016, to coincide with the eligible labora-
tory dates of the recipients (Supplemental Figure S2). As 
in the transplant recipient population, we identified adults 
(≥18 years old) with at least 2 outpatient eGFR measure-
ments between 15 and 30 mL/min/1.73 m2 that were 
obtained between 90 and 365 days apart to ensure chronic-
ity. The second of these 2 measurements was used as the 
index date for follow-up. We excluded patients who had 

evidence of a previous transplant or were on maintenance 
dialysis prior to their index date.

Matching

We used propensity score methods to match kidney transplant 
recipients with a failing graft to nontransplant controls with 
chronic kidney disease in a 1:1 ratio. We estimated the pro-
pensity score as the conditional probability of receiving a 
transplant using a logistic regression model in which we 
regressed transplant status on the following baseline covari-
ates: age (and its squared term), sex, socioeconomic status 
(quintile of neighborhood income), location of residence 
(urban vs rural), distance from home to transplant center, year 
of cohort entry, index eGFR, index albuminuria, and baseline 
comorbidities. We modeled age, distance from home to trans-
plant center, and index eGFR as continuous variables. To 
enhance group comparability, we specified exact matching 
for categories of index year (<2005, 2005-2010, and >2010), 
age (<65 and ≥65), sex (men and women), nonmetastatic 
cancer (present and absent), and albuminuria. Index albumin-
uria was defined by albumin-to-creatinine ratio (ACR), pro-
tein-to-creatinine ratio (PCR), or urine dipstick based on 
outpatient random spot urine measurements. Measurements 
were categorized as none/mild (A1: dipstick negative/trace, 
PCR <15 mg/mmol, ACR <30 mg/g), moderate (A2: dip-
stick 1+, PCR 15-50 mg/mmol, ACR 30-300 mg/g), or severe 
(A3/A4: dipstick ≥2+, PCR >50 mg/mmol, ACR >300 
mg/g).16 ACR was the primary measure of albuminuria, and if 
unavailable, was supplemented with PCR. When both ACR 
and PCR were unavailable, urine dipstick was used. All out-
patient ACR or PCR measurements or urine dipsticks in the 
90 days before the index eGFR were used to establish base-
line albuminuria. For those with multiple albuminuria mea-
surements, we used the median value rounded down to the 
nearest category.

For matching, demographic data were complete except 
for socioeconomic status, location of residence, and index 
albuminuria (≤5% missing in the kidney transplant recipient 
cohort). Those with missing socioeconomic data were reclas-
sified in the third (middle) quintile of neighborhood income 
and those with missing location of residence data were 
reclassified as urban. Due to its potential to indicate a lower 
level of quality of care, we treated missing index albumin-
uria as a separate category such that the resulting variable 
was categorical with 4 levels (ie, none/mild, moderate, 
severe/nephrotic, or missing). We matched transplant recipi-
ents to nontransplant controls on the logit of the propensity 
score using a caliper width equal to 0.2 of the standard devia-
tion of the logit of the propensity score within categories 
defined by exact matching variables.17 We matched without 
replacement using a greedy nearest neighbor algorithm in 
random order. We compared differences in baseline charac-
teristics between transplant recipients and nontransplant 
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chronic kidney disease patients using graphical methods and 
standardized differences. A standardized difference less 
than 10% was considered to be indicative of a negligible 
difference between groups.18 We used the MatchIt package 
(version 3.0.2) in R (version 3.4.4) for matching.19,20

Outcomes

We followed participants from their index date until the first 
of death, emigration from the province, or end of study 
(March 31, 2017). The primary outcome was time to all-
cause mortality. Secondary outcomes included all-cause hos-
pitalization and hospitalization (most responsible diagnosis) 
for genitourinary (ICD-10: N00-N99), cardiovascular (ICD-
10: I00-I99), infectious (ICD-10: A00-A99, B00-B99), can-
cer (ICD-10: C00-C97, D00-D48), endocrine (ICD-10: 
E00-E90), respiratory (ICD-10: J00-J99), and gastrointesti-
nal (ICD-10: K00-K93) causes. In these analyses, we consid-
ered hospitalization counts (ie, each participant could have 
multiple hospitalizations).

Statistical Analysis

Analysis approach. We summarized mortality data using the 
Kaplan-Meier method. We estimated the hazard ratio (HR) 
for mortality and corresponding 95% confidence interval 
(CI) using Cox proportional hazards regression. We assessed 
model validity and goodness of fit by means of formal tests 
of significance and graphical methods based on residuals. 
We used negative binomial regression to compare rates of 
hospital admissions, by including in each count model an 
offset term representing the log of the time at risk. Individu-
als were considered not at risk while hospitalized for the out-
come of interest. We accounted for the matched nature of the 
sample using robust variance estimation.21 We used STATA, 
version 14 (www.STATA.com) and R, version 1.1.442 
(R-project.org) for all analyses.

Power considerations. Based on data from southern Alberta, 
we hypothesized that over the study period, approximately 
500 transplant recipients would have met the eligibility crite-
ria. Assuming a mortality rate of 8% per year in the nontrans-
plant control group5 and an exponential distribution of the 
hazard function, we estimated that this study would have 
more than an 80% probability of detecting a between-group 
difference in mortality as low as 2% per year (eg, 8% vs 
10%; HR exposed vs unexposed = 1.25) at the 1% signifi-
cance level with a 2-sided test.

Results

Baseline Characteristics

There were 2723 prevalent kidney transplant recipients in 
Alberta, Canada between May 1, 2002 and December 31, 

2015. Of these, 562 (21%) met the study inclusion criteria 
(Supplemental Figure S1) and were matched 1:1 with non-
transplant controls with a similar degree of chronic kidney 
dysfunction (Supplemental Figure S2). The matching algo-
rithm excluded 42 recipients (7%). Thus, the final cohort 
consisted of 520 kidney transplant recipients and 520 non-
transplant controls. As expected, the 2 populations were sub-
stantially different prior to matching, particularly in terms of 
age and comorbidities such as heart failure, dementia, and 
cancer (Supplemental Table S3). After matching, the 2 
groups were comparable with all measured standardized dif-
ferences <10% (Table 1).

The median age of the matched cohort was 57 years and 
40% were women. The median time from transplant to the 
index date (ie, time to moderate-severe graft dysfunction) 
for the matched recipients was 7 years (interquartile range 
[IQR] 4-11) with an index eGFR of 27 mL/min/1.73 m2 
(IQR, 24-28). Of these recipients, 66% of patients had a 
history of hypertension and 37% of patients had diabetes 
mellitus.

Mortality

After a median follow-up of 5 years (range, 0.01-14.2 years; 
5824 patient-years at risk), 348 participants died. There were 
206 (40%) deaths in the kidney transplant recipient group 
and 142 (27%) deaths in the matched nontransplant group 
(73 vs 47 deaths per 1000 person-years; Table 2). The median 
survival time was 4.9 years among the transplant recipients 
and 5.4 years among the nontransplant controls. The hazard 
for death was constant over follow-up time. Figure 2 shows 
the survival probabilities over time. The hazard of death was 
54% higher in kidney transplant recipients compared to 
matched nontransplant controls (HR, 1.54; 95% CI, 1.28-
1.85; p < .001).

Morbidity

The rate of all-cause hospitalization was 67% higher in kid-
ney transplant recipients compared to matched nontrans-
plant controls (rate ratio [RR], 1.67; 95% CI, 1.42-1.97; 
p < .001). Kidney transplant recipients also had signifi-
cantly higher rates of hospitalization for several causes 
(Table 2), including genitourinary, cardiovascular, infec-
tious, and respiratory disease causes (Figures 3 and 4). There 
were no statistically significant differences between the 
transplant recipients and nontransplant controls with respect 
to the rate of hospitalization for cancer, endocrine, and gas-
trointestinal causes.

Discussion

In this study of 520 kidney transplant recipients with a fail-
ing graft, we found that both mortality and morbidity were 
higher compared to matched nontransplant controls with a 

www.STATA.com
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Table 1. Baseline Characteristics of Kidney Transplant Recipients With a Failing Graft and Matched Nontransplant Patients With 
Chronic Kidney Disease at the Time of Cohort Entry.

Characteristic
Transplant recipients  

(n = 520)
Nontransplant controls 

(n = 520)
Standardized 
differencea

Age, years 56.6 (45.4-65.4) 56.7 (46.3-65.6) 2.2
 >65 years 134 (26) 134 (26) 0
Women 208 (40) 208 (40) 0
Socioeconomic statusb

 Lowest quintile 130 (25) 115 (22) 6.8
 Second quintile 132 (25) 133 (26) 0.4
 Middle quintile 106 (20) 113 (22) 3.3
 Fourth quintile 68 (13) 76 (15) 4.5
 Highest quintile 84 (16) 83 (16) 0.5
Urban residencec 450 (87) 451 (87) 0.6
Distance to transplant center, kmd 25.9 (13.5-164.4) 23.4 (13.0-139.5) 5.4
 <50 km 329 (63) 340 (65) 4.4
 50.1-150 km 54 (10) 61 (12) 4.3
 150.1-300 km 67 (13) 53 (10) 8.4
 >300 km 70 (13) 66 (13) 2.3
Northern Alberta recipient 363 (63) N/A N/A
Year of transplant
 1994-2000 178 (34) N/A N/A
 2001-2007 202 (39) N/A N/A
 2008-2015 58 (11) N/A N/A
 Missing 82 (16) N/A N/A
Transplant to index date, years 7.0 (3.6-10.8) N/A N/A
Index date
 2002-2006 162 (31) 155 (30) 2.9
 2007-2011 187 (36) 196 (38) 3.6
 2012-2017 171 (33) 169 (32) 0.8
Index eGFR, mL/min/1.73 m2 26.7 (24.1-28.4) 27.0 (24.0-28.6) 2.7
 26-30 353 (68) 362 (70) 3.7
 21-25 121 (23) 114 (22) 3.2
 15-20 46 (9) 44 (8) 1.4
Index albuminuria
 None/mild 152 (29) 152 (29) 0
 Moderate 132 (25) 132 (25) 0
 Severe 210 (40) 210 (40) 0
 No measurement 26 (5) 26 (5) 0
Comorbiditiese

 Hypertension 343 (66) 354 (68) 4.5
 Diabetes mellitus 194 (37) 198 (38) 1.6
 Myocardial infarction 31 (6) 34 (7) 2.4
 Percutaneous coronary intervention/coronary artery bypass 

graft
21 (4) 18 (3) 3.0

 Heart failure 63 (12) 56 (11) 4.2
 Atrial fibrillation 35 (7) 32 (6) 2.4
 Stroke/transient ischemic attack 38 (7) 40 (8) 1.5
 Peripheral vascular disease 41 (8) 45 (9) 2.8
 Chronic pulmonary disease 69 (13) 60 (12) 5.3
 Peptic ulcer disease 15 (3) 17 (3) 2.2
 Liver disease 17 (3) 12 (2) 5.8
 Dementia 8 (2) 10 (2) 2.9
 Lymphoma 10 (2) 9 (2) 1.4

(continued)
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Table 2. Mortality and Morbidity in Kidney Transplant Recipients (n = 520) and Matched Nontransplant Patients (n = 520).

Number 
of events

Events per 1000 
person-years (95% CI)

Hazard or rate 
ratio (95% CI)a P-value

All-cause mortality
 Transplant recipients 206 73 (64-84) 1.54 (1.28-1.85) <.001
 Nontransplant controls 142 47 (40-56)
All-cause hospitalizations
 Transplant recipients 2508 1202 (1051-1354) 1.67 (1.42-1.97) <.001
 Nontransplant controls 1770 720 (631-810)
Genitourinary hospitalizations
 Transplant recipients 353 132 (113-152) 1.91 (1.51-2.41) <.001
 Nontransplant controls 208 69 (57-81)
Cardiovascular hospitalizations
 Transplant recipients 355 154 (124-184) 1.38 (1.04-1.84) .024
 Nontransplant controls 276 111 (87-136)
Infection hospitalizations
 Transplant recipients 212 85 (66-106) 3.52 (2.47-5.01) <.001
 Nontransplant controls 71 24 (17-31)
Cancer hospitalizations
 Transplant recipients 62 26 (16-37) 1.37 (0.78-2.39) .27
 Nontransplant controls 53 19 (12-27)
Endocrine hospitalizations
 Transplant recipients 244 103 (75-130) 1.29 (0.88-1.89) .19
 Nontransplant controls 215 80 (57-102)
Respiratory hospitalizations
 Transplant recipients 203 81 (63-99) 1.87 (1.30-2.69) .001
 Nontransplant controls 111 43 (31-56)
Gastrointestinal hospitalizations
 Transplant recipients 207 77 (61-94) 1.22 (0.84-1.77) .29
 Nontransplant controls 187 63 (43-83)
Other hospitalizations
 Transplant recipients 872 354 (307-400) 1.46 (1.21-1.77) <.001
 Nontransplant controls 649 241 (207-277)

aCox proportional hazard regression models were used to calculate the hazard ratio with 95% CI for death and negative binomial regression was used to 
compare hospitalization rate ratios with 95% CI. CI = confidence interval.

Characteristic
Transplant recipients  

(n = 520)
Nontransplant controls 

(n = 520)
Standardized 
differencea

 Cancer (nonmetastatic) 34 (7) 34 (7) 0
 Cancer (metastatic) 3 (1) 3 (1) 0
 Human immunodeficiency virus/acquired immunodeficiency 

syndrome
2 (0) 1 (0) 3.6

Note. Data are presented as number (%) or as median (interquartile range). The time of cohort entry is the date of the second of 2 eligible estimated 
glomerular filtration rate measurements. N/A, not applicable.
aStandardized differences provide a measure of the difference between groups divided by the pooled standard deviation; >10% is interpreted as a 
meaningful difference between the groups.
bIncome was categorized according to fifths of average neighborhood income (1 = low, 5 = high).
cUrban indicates a population >10 000 or a population >1000 with population density >400/km2.
dValues >500 km were imputed as 500 km.
eAssessed by the presence of diagnostic or procedural codes in the 3 years prior to the index date, based on validated algorithms, where applicable 
(Supplemental Table S2).

Table 1. (continued)
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similar degree of chronic kidney disease. With the exception 
of cancer, endocrine, and gastrointestinal causes, kidney 
transplant recipients with a failing graft experienced a sig-
nificantly higher rate of hospitalizations for various causes, 
especially infections. Our findings suggest that mortality and 
morbidity is higher amongst patients with a kidney trans-
plant compared to moderate-severe nondialysis-dependent 
chronic kidney disease. These results are likely to be of even 
great significance in the future given that transplant centers 
are increasingly accepting recipient candidates who are 
older and have more comorbidities.1,22 As a result, the popu-
lation of kidney transplant recipients with a failing graft will 
be older and more medically complex than ever and may 
require specialized care to mitigate the risk of mortality and 
morbidity.

To our knowledge, this is one of the largest studies com-
paring the outcomes of kidney transplant recipients with a 
failing graft to nontransplant controls with a similar degree 
of chronic kidney disease. Previous studies have shown that 
in the chronic kidney disease population and kidney trans-
plant recipient population, decreased kidney function is asso-
ciated with an increased risk of all-cause mortality.5,6,23 For 
kidney transplant recipients, poor graft function at 1 year is 
associated with long-term posttransplant death and graft 
loss.6,13 In our study, we report on the risk of death for recipi-
ents who initially had good graft function after their first 
transplant year, and subsequently developed poor graft func-
tion in follow-up. We observed a 54% higher mortality in 
transplant recipients compared to nontransplant controls. 
Thus, our results extend upon previous findings by showing 

that there is a mortality risk for recipients who have moder-
ate-severe graft dysfunction, not just for those who experi-
ence complete graft failure.3,24

In addition to all-cause mortality, Meier-Kriesche et al 
reported on 58 900 kidney transplant recipients between 
1988 and 1998 and found that recipients with higher serum 
creatinine values at 1-year posttransplant had progressively 
increased risk of cardiovascular deaths and infectious deaths, 
but not malignancy-related deaths.25 While we did not assess 
cause-specific death in our study due to potential measure-
ment error, we did find a similar pattern in our morbidity 
outcome, as recipients with a failing graft had a higher risk of 
hospitalization due to cardiovascular events and infection, 
but not cancer.

Hospitalizations are associated with morbidity and sig-
nificant costs to the healthcare system. A 2013 study of 
6079 Canadian kidney transplant recipients from 2001 to 
2008 reported that the risk of all-cause hospitalization was 
6 times higher than the nontransplant general population.26 
Compared to the general population, recipients had a 
higher risk of hospitalizations due to genitourinary disease 
(standardized hospitalization ratios [SHR] 18), circulatory 
disease (SHR 4), infectious disease (SHR 31), and cancer 
(SHR 3). In this study, recipients with a failing graft had an 
increased rate of all-cause hospitalization and various 
cause-specific hospitalizations when compared to non-
transplant controls with chronic kidney disease. This may 
be due to the prolonged history of chronic kidney disease 
for recipients as well as the continued exposure to immu-
nosuppression. Although the rate of hospitalization due to 
cancer was higher in recipients with a failing graft com-
pared to nontransplant controls with chronic kidney dis-
ease, it did not reach statistical significance (Table 2). 
Despite being at higher risk of skin cancers and viral-
related cancers, such as posttransplant lymphoproliferative 
disorder, transplant recipients may be at lower risk of 
developing other types of cancers, such as prostate and 
breast cancer, due to the rigorous screening and evaluation 
process for transplant candidacy.27 We found similar asso-
ciations with endocrine and gastrointestinal causes.

Our study has a number of strengths including the identifi-
cation and follow-up of more than 500 kidney transplant recipi-
ents with a failing graft based on multiple serum creatinine and 
eGFR measurements in a large Canadian province. We also 
compared our outcomes to nontransplant controls with a simi-
lar degree of chronic kidney disease to assess the excess risk 
among transplant recipients with severe nondialysis-dependent 
chronic kidney disease. Our rich data sources allowed us to 
apply eligibility criteria that maximized the identification of 
stable patients with sustained chronic deterioration of kidney 
function and link this information to important clinical out-
comes using validated algorithms. There are limitations worth 
noting. First, given its observational nature, our study remains 
at risk of bias due to residual confounding. While we used rec-
ommended methods to minimize the impact of measured 

Figure 2. Kaplan-Meier estimated survival probabilities stratified 
by transplant status.
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Figure 3. Cause-specific hospital admission rates (most responsible diagnosis, bars indicate 95% CI) per 1000 person-years by 
transplant status.
Note. CI = confidence interval.

Figure 4. Proportion of cause-specific hospitalizations (most responsible diagnosis) by transplant status.
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confounding, only a randomized design would allow inference 
about causation. Second, we lacked data on certain characteris-
tics such as smoking, blood pressure control, and body mass 
index, transplant-related factors, such as cause of kidney fail-
ure, as well as medical history variables such as medication use 
and kidney biopsy results or pathology. However, we were able 
to identify and control for several other important confounders 
associated with mortality and morbidity. We used broad codes 
to characterize cause-specific hospitalizations, which may lead 
to misclassification; however, we would not expect this to be 
significantly different between the recipient and CKD groups. 
Finally, our study population had universal access to specialist 
care, and thus our findings may not be generalizable to health 
systems without universal access to care.

In summary, among 520 kidney transplant recipients with a 
failing graft, the rate of mortality and all-cause hospitalization 
was higher than nontransplant controls with a similar degree 
of chronic kidney disease. This information can be used to 
assist the discussion of prognosis in kidney transplant recipi-
ents with a failing graft. These data can also be used to assist 
decision making about treatment options for transplant failure 
and the design of clinical strategies to minimize the risk and 
management of complications in this patient population.
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