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ABSTRACT
Background Most kidney failure risk calculators are based on methods that censor for death. Because
mortality is high in people with severe, nondialysis-dependent CKD, censoring for death may overestimate
their risk of kidney failure.
Methods Using 2002–2014 population-based laboratory and administrative data for adults with stage 4 CKD
in Alberta, Canada, we analyzed the time to the earliest of kidney failure, death, or censoring, using methods
that censor for death and methods that treat death as a competing event factoring in age, sex, diabetes,
cardiovascular disease, eGFR, and albuminuria. Stage 4 CKD was deﬁned as a sustained eGFR of 15–30 ml/min
per 1.73 m2.
Results Of the 30,801 participants (106,447 patient-years at risk; mean age 77 years), 18% developed kidney
failure and 53% died. The observed risk of the combined end point of death or kidney failure was 64% at 5
years and 87% at 10 years. By comparison, standard risk calculators that censored for death estimated these
risks to be 76% at 5 years and .100% at 7.5 years. Censoring for death increasingly overestimated the risk of
kidney failure over time from 7% at 5 years to 19% at 10 years, especially in people at higher risk of death. For
example, the overestimation of 5-year absolute risk ranged from 1% in a woman without diabetes, cardiovascular disease, or albuminuria and with an eGFR of 25 ml/min per 1.73 m2 (9% versus 8%), to 27% in a man
with diabetes, cardiovascular disease, albuminuria .300 mg/d, and an eGFR of 20 ml/min per 1.73 m2
(78% versus 51%).
Conclusions Kidney failure risk calculators should account for death as a competing risk to increase their
accuracy and utility for patients and providers.
JASN 30: 2219–2227, 2019. doi: https://doi.org/10.1681/ASN.2019060640

People with severe, nondialysis-dependent CKD,
deﬁned as eGFR,30 ml/min per 1.73 m2 (stages
4 and 5 not on dialysis), have a high risk of kidney
failure.1 Guidelines recommend that patients with
stages 4–5 CKD engage in discussion with health
care providers about management options for kidney failure, including renal replacement therapy
(RRT) or conservative care.1 However, these patients also are at increased risk of death compared
with otherwise similar people with normal kidney
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function.2,3 A common question for patients with severe CKD
and their families is whether and when they will develop kidney failure, or whether they are more likely to die before kidney failure ensues.3–5
To inform patient counseling and advanced care planning,
kidney failure risk calculators have been developed6,7 and
introduced in clinical practice. 8,9 These tools are largely
based on standard methods for estimating time to kidney
failure, in which observations are censored at death. 7
Although this approach is appropriate to estimate the association between a risk factor and the hazard,10,11 it is problematic when studying disease incidence to predict individual
risk.12 Censoring implies that the hazard of the event of
interest is the same for individuals who are still under observation (event free) at a certain time and those who are
censored for any reason (including a competing event) by
that time.10,11 Because the hazard of kidney failure becomes
zero after death, censoring for death when estimating the
risk of kidney failure violates the independent censoring
assumption. 12 Failing to account for the competing risk
of death may lead to overestimation of the risk of kidney
failure. 10–12
We studied the risk of kidney failure or death in a populationbased cohort of adults with stage 4 CKD (eGFR of 15–30 ml/min
per 1.73 m2). We hypothesized that censoring for death would
lead to clinically important overestimates of the risk of kidney
failure in this population. To test this hypothesis, we compared
the results of standard analyses that censor for death to those
from competing risk analyses with two events (kidney failure
and death). We investigated how the absolute risks of kidney
failure and death vary over time overall, and across subpopulations deﬁned by baseline characteristics associated with these
two clinical outcomes.

Signiﬁcance Statement
Risk calculators are widely used to predict kidney failure in people
with CKD. These tools represent major advances compared with
reporting eGFR alone because they provide objective risk assessment. These calculators are based on analysis methods that censor
for death, which may result in overestimation of the risk of kidney
failure. By analyzing data on a large population of patients with stage
4 CKD, the authors show that kidney failure risk estimates that censor
for death consistently exceed the estimates from analyses that treat
death as a competing risk, by 1%–27% at 5 years. Risk overestimation with methods that censor for death increases over time
and is higher in people with more comorbidities. Not treating death
as a competing risk in the risk calculator leads to overestimates of
the risk of kidney failure in people with stage 4 CKD, which could
have negative psychological effects on patients or contribute to
overtreatment.

people with AKI or unstable clinical conditions, we
applied a moving average eGFR method to deﬁne stage 4
CKD, using outpatient laboratory measures made between
July 30, 2002 and March 31, 2014.16 Starting on the date of
the ﬁrst eGFR,30 ml/min per 1.73 m2, we determined the
average eGFR over a period of .90 days, provided that
there were at least two measurements to calculate the
mean, using the minimum value of eGFR when there were
multiple measurements on the same day. When the average
eGFR during this period was between 15 and ,30 ml/min
per 1.73 m 2 , the participant met the criterion for stage
4 CKD. We used the date of the last eGFR measurement included in the calculation of the average (index eGFR) to deﬁne cohort entry (index date). We excluded those who
had received any RRT before study entr y or had at
least one outpatient eGFR,15 ml/min per 1.73 m2 before
the episode qualifying study entry, using information available from May 1, 2002 for laboratory data and April 1, 1994
for RRT data.

METHODS
Independent Variables
Study Design and Data Sources

We performed this population-based cohort study using linked
administrative and laboratory provincial data from Alberta,
Canada (Alberta Health database; Supplemental Material).13
We followed recommended reporting standards (Supplemental Table 1).14 This study was approved by the Conjoint Health
Research Ethics Board of the University of Calgary, with a
waiver of patient consent.
Population

All Alberta residents aged $18 years with stage 4 CKD (eGFR
of 15–30 ml/min per 1.73 m2) were eligible for inclusion.
We calculated eGFR using the CKD Epidemiology Collaboration equation, with serum creatinine values standardized
to isotope dilution mass spectrometry traceable methods.15
Given the very low prevalence of people who self-identify
as black in Alberta, we calculated eGFR assuming that
all participants were white. To minimize the inclusion of
2220
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We considered demographics and other characteristics that are
associated with death or kidney failure: lower index eGFR,
more severe albuminuria, diabetes mellitus, and cardiovascular disease. The latter was deﬁned as one or more of congestive
heart failure, myocardial infarction, stroke or transient
ischemic attack, or peripheral vascular disease (amputation
or peripheral revascularization). We used validated coding algorithms applied to physician claims and hospitalization data
to deﬁne comorbidities on the basis of the International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation
(ICD-9-CM) and International Statistical Classiﬁcation of
Diseases, Tenth Revision (ICD-10).17 We used the most recent
albuminuria values (on or within the 2 years preceding
the index date), with the following types of measurement
in descending order of preference: albumin-to-creatinine
ratio, protein-to-creatinine ratio, and urine dipstick. We
categorized albuminuria as normal, moderate, severe, or
unmeasured.18
JASN 30: 2219–2227, 2019
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Outcomes

The primary outcome was kidney failure, which we deﬁned as
the earliest of initiation of RRT (dialysis or kidney transplantation) or an eGFR,10 ml/min per 1.73 m2. We deﬁned
dialysis initiation on the basis of at least one inpatient or
outpatient physician claim. The receipt of a kidney transplant
was deﬁned on the basis of at least one physician claim or
hospitalization (Supplemental Table 2). For the eGFR criterion, we applied the moving average method to minimize the
inﬂuence of a single or a few measurements above the threshold.16 Starting on the date of the ﬁrst eGFR,10 ml/min per
1.73 m2, we determined the average of at least two inpatient
or outpatient eGFR measurements made over a period of
.90 days, using the minimum value of eGFR when there
were multiple measurements on the same day. We used the
date of the last eGFR measured during this period to deﬁne
the event date. The threshold of ,10 ml/min per 1.73 m2 is
similar to the mean eGFR at dialysis start and allows for
separation of the value deﬁning cohort entry and the value
deﬁning the outcome. We considered other outcome deﬁnitions in sensitivity analyses.
Follow-Up Time

We followed participants until the earliest of kidney failure,
death, or censoring. We censored observations at the date of
emigration from the province, the study end date (March 31,
2017), or at 10 years after cohort entry. To minimize bias of
outcome ascertainment, we censored observations at 1.5 years
from an eGFR measurement, if there was no subsequent measurement within 1.5 years of this eGFR.
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treated all participants without events as censored observations and only considered the events kidney failure and death.
Hazard Models
We used ﬂexible parametric regression to estimate the causespeciﬁc hazard functions.24 As opposed to the Cox model that
does not have distributional assumptions, ﬂexible parametric
models use restricted cubic spline functions to model the baseline cumulative hazard, baseline cumulative odds of survival,
or some more general baseline distribution in survival analysis
models (Supplemental Material). We summarized data graphically, for the whole cohort and in subgroups deﬁned by higher
versus lower risk combinations of clinical characteristics
(sex, albuminuria, diabetes, and cardiovascular disease),
holding age constant at a value close to the sample mean
and considering two values of eGFR (20 and 25 ml/min
per 1.73 m2).
Sensitivity Analyses
We tested consistency of ﬁndings in several sensitivity analyses.
First, we deﬁned kidney failure as initiation of RRT or occurrence of sustained eGFR ,10 ml/min per 1.73 m2. We deﬁned
sustained eGFR ,10 ml/min per 1.73 m2 by the occurrence of
two or more consecutive eGFR values ,10 ml/min per 1.73 m
2
over a period of .90 days. We used the date of the last eGFR
in the ﬁrst episode of sustained eGFR measurements ,10 ml/min
per 1.73 m2 as event date. Second, we deﬁned kidney failure as
initiation of any RRT only. Third, we restricted the analyses to
complete cases for albuminuria (excluding those with unmeasured values).

Statistical Analyses

General Approach
We used standard methods for qualitative and quantitative data to
summarize baseline information and survival methods to estimate
risks. We used Stata (www.STATA.com) and R (R-project.org) for
analyses.
Cumulative Incidence Functions
To study the absolute risk of kidney failure accounting for the
competing risk of death and the absolute risk of death without
kidney failure, we estimated the crude (nonparametric)19 and
model-based (adjusted) cumulative incidence functions
(CIFs) of these two events and their 95% conﬁdence intervals
(95% CIs).20–23 We compared crude CIFs (Aalen–Johansen)
with the corresponding crude (Kaplan–Meier) naïve incidence
functions (NIFs). We also compared the model-based
(adjusted) CIFs with the corresponding model-based NIFs
(adjusted for the same covariates; Supplemental Material).21,22 In preliminary analyses, we created a new event
type indicator to separate participants lost to follow-up before
year 5 from those event-free and still under observation at
5 years. We compared the performance of the nonparametric
CIF and NIF (tests) with the observed proportions of the three
events at 5 years (reference). In all subsequent analyses, we
JASN 30: 2219–2227, 2019

RESULTS
Study Population

We identiﬁed 30,801 adults who met the criteria for stage 4
CKD during the accrual period (Supplemental Figure 1). Participants were on average 77 years old (613.3), had an average
eGFR of 26 ml/min per 1.73 m2 (63.4), 44% were men, 45%
had diabetes, and 59% had cardiovascular disease (Table 1).
During follow-up (106,447 patient-years at risk), 5511 participants developed kidney failure (event rate 0.052 per patientyear; 95% CI, 0.05 to 0.05) and 16,285 died without kidney
failure (event rate 0.154 per patient-year; 95% CI, 0.15 to
0.16). CIFs by event type, with participants at risk at the beginning of each year period, are summarized in Supplemental
Figure 2.
Observed Risks

Risk estimates that used standard methods were higher than
those accounting for competing events. Figure 1 shows the
extent to which standard methods overestimated the proportions of participants who left the study early without event,
developed kidney failure, or died by year 5. In contrast, risk
calculations that used methods for competing risks agreed
Risk of Kidney Failure in Stage 4 CKD
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Characteristics (n=30,801)

Descriptive Statistic

Age, yr, mean (SD)
Men, n (%)
eGFR, ml/min per 1.73 m2, mean (SD)
Proteinuria/albuminuria missing, n (%)
A1, n (%)
A2, n (%)
A3, n (%)
Diabetes
Cardiovascular disease
Myocardial infarction
Congestive heart failure
Stroke or TIA
Peripheral vascular disease

76.8 (13.3)
13,507 (43.8)
26.2 (3.4)
2978 (9.7)
13,318 (43.2)
7091 (23.1)
7414 (24.1)
13,906 (45.1)
18,063 (58.6)
3692 (11.9)
13,073 (42.4)
7865 (25.5)
2285 (7.4)

A1, A2, and A3 are categories of proteinuria. A1 deﬁned as albuminuria
,30 mg/24 h, proteinuria ,150 mg/24 h, albumin-to-creatinine ratio [ACR]
,3 mg/mmol (,30 mg/g), protein-to-creatinine ratio [PCR] ,15 mg/mmol
(,150 mg/g), or protein reagent strip negative to trace. A2 deﬁned as albuminuria 30–300 mg/24 h, proteinuria 150–500 mg/24 h, ACR 3–30 mg/mmol
(30–300 mg/g), PCR 15–50 mg/mmol (150–500 mg/g), or protein reagent strip
1+. A3 deﬁned as albuminuria .300 mg/24 h, proteinuria .500 mg/24 h,
ACR.30 mg/mmol (.300 mg/g), PCR.50 mg/mmol (.500 mg/g), or protein
reagent strip $2+. TIA, transient ischemic attack.

with the observed frequencies of each outcome at 5 years. Although the sum of the three event-speciﬁc CIFs totaled to
100%, the sum of the three event-speciﬁc NIFs exceeded
100%.
Overall, clinically important risk overestimation was apparent by 2 years, increased over time, and was larger for the risk of
kidney failure than for the risk of death. For example, the 5-year
risks of kidney failure and death were 23% (95% CI, 22% to
23%; NIF) versus 16% (95% CI, 15% to 16%; CIF), and 53%
(95% CI, 52% to 53%; NIF) versus 48% (95% CI, 47% to 48%;
CIF), respectively. At 10 years, overestimation was even more
striking: 41% (95% CI, 40% to 43%; NIF) versus 22% (95% CI,
21% to 23%; CIF), and 78% (95% CI, 77% to 78%; NIF) versus
65% (95% CI, 64% to 65%; CIF), respectively (Figure 2, top
panels). Figure 2, bottom left panel, shows the sum of the two
risk components obtained from competing risk analyses. The
sum of the two CIFs was 64% at 5 years and 87% at 10 years
from study entry (equaling the risk for the combined endpoint of death or kidney failure obtained using the Kaplan–
Meier method). The sum of the same two risks calculated
separately using standard methods (NIF of kidney failure censoring at death and NIF of death censoring at kidney failure)
were 76% at 5 years and .100% at 7.5 years (Figure 2, bottom
right panel).
Model-Based Risk Estimates

Male sex, diabetes, cardiovascular disease, lower eGFR, and
more severe albuminuria were associated with increased risks
of both kidney failure and death (Supplemental Tables 3 and
4). In adjusted analyses, we found that (1) risk overestimation
with the standard approach was larger among higher risk versus lower risk participants; (2) risk overestimation from naïve
2222
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Risk at 5 years (%)

Table 1. Clinical characteristics at baseline
0.53

100%
80%

0.44

0.44
0.23

60%
40%
20%
0%

0.15
0.16

0.15
0.16

0.31

0.25

0.25

0.25

Observed

CIF

NIF

CKD without kidney failure
Lost

Kidney failure
Death

Figure 1. Calculated versus observed risks at 5 years. NIF censors for competing events. CKD without kidney failure indicates
individuals who are still in the initial state when study ends. Lost
indicates observations with incomplete follow-up (separate event
category used only in this analysis). The reference line indicates
maximum possible risk.

methods tended to increase more over time in higher risk
versus lower risk participants; and (3) within each
risk subgroup, event-speciﬁc risk overestimation was similar
(Figure 3). For example, for a 75-year-old person, the difference between the two estimates of the 5-year risk of kidney
failure ranged from 1% (8% versus 9%) in a woman with an
eGFR of 25 ml/min per 1.73 m2 without albuminuria, diabetes, or cardiovascular disease, to 27% in a man with an eGFR of
20 ml/min per 1.73 m2, albuminuria .300 mg/d, diabetes,
and cardiovascular disease (51% versus 78%; Table 2). Results
were similar for the risk of death.
A graphical representation of the amount of bias induced by
censoring for death is presented in Figure 4. Risk overestimation with standard NIF methods was relatively small
among lower risk participants and over #2 years of followup. However, NIF methods clearly overestimated the risks for
all participants once follow-up exceeded 2 years. In higher risk
participants, the sum of the two risks using NIF methods exceeded 100% by year 3, when the corresponding estimate using CIF methods was ,80%.
Sensitivity and Other Analyses

We obtained similar results in all sensitivity analyses (Supplemental Figures 3–8). Model assumptions were met in all
models.

DISCUSSION

In this population-based study, we found that standard analysis
methods that censor for death consistently overestimate the
risk of kidney failure in people with stage 4 CKD. The magnitude of this bias increases over time and is larger in people
with multiple risk factors for adverse events. Although the risk
estimates that result from standard methods are similar to
the cumulative incidence of kidney failure when follow-up is
JASN 30: 2219–2227, 2019
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Figure 2. Crude CIFs and NIFs overall. NIF censors for competing events. The reference line indicates maximum possible risk. In the
stacked function plots the blue area represents the risk of death, the red area represents the risk of kidney failure, and the area above
the top curve is probability of being alive without kidney failure.

relatively short, the bias from failing to account for the competing risk of death becomes larger when follow-up time
exceeds 2 years, especially among people at higher risk. For
example, among men at high-risk, standard methods overestimated the 5-year risk of kidney failure by .50%, leading to an
absolute difference in estimated risk of 27% (78% versus
51%). Our ﬁndings indicate that kidney failure risk calculators
in people with stage 4 CKD may provide misleading results
because they do not account for the competing risk of death.
Because practitioners, patients, and families rely on accurate
prognostic information to make decisions about CKD management, this observation has clear implications for clinical
practice.
Survival analysis methods are extensively used for estimating survival probabilities or risks. Time is measured for example from study entry until the event of interest occurs and
observations that are lost during follow-up or are event-free
at the study end date are censored. Censoring implies that (1)
had follow-up been prolonged, the event of interest would
eventually be observed in all participants; and (2) the censoring process is unrelated to individual prognosis. Although
competing risks are often treated as censoring events,10,11
after a competing event the event of interest can no longer
occur (e.g., “kidney failure” after death or “death without kidney failure” after kidney failure), regardless of how long the
duration of follow-up is extended. Censoring for death when
JASN 30: 2219–2227, 2019

estimating the risk of kidney failure violates the requirement
of independent (noninformative) censoring because the hazard of kidney failure becomes zero after death.12 Although
substantial advances in competing risks methodology have
been achieved over the past decades,10–12 many clinical studies
do not capitalize on these new techniques.25
One large study in stages 3–5 CKD patients concluded that
risk estimates from standard analyses censoring for competing
events were similar to those that accounted for competing
risks.7 Accordingly, subsequent tools6 to predict kidney failure
were developed and validated on the basis of standard methods.7 Grams et al.26 developed a 2- and 4-year calculator to
predict both probabilities and order of clinical events according to nine clinical characteristics in patients with stages 4–5
CKD. They found that risk estimates from competing risks
analyses were similar to those on the basis of methods that
censor for death.6,7 Smaller discrepancies between methods
found in these studies, as compared with ours, may be the
consequence of the younger and more selected populations
they included. Considering that people referred for nephrology consultation have lower risk of death and higher risk of
kidney failure,26 ﬁndings from our population-based study are
consistent with existing studies.6,7,26 Conclusions from these
studies are also based on a shorter follow-up time relative to
our study (2–4 years versus 10 years) and on the reporting of
average differences between standard and competing risk
Risk of Kidney Failure in Stage 4 CKD
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Figure 3. Overlaid model-based CIFs and NIFs by sex and baseline risk. CIFs (solid lines) and NIFs (dashed lines) estimated from the
ﬁnal cause-speciﬁc hazard model of kidney failure or death (Supplemental Table 3). Maroon lines: high-risk person (person with diabetes, cardiovascular disease, albuminuria .300 mg/d, and an eGFR of 20 ml/min per m2); navy lines: low-risk person (person without
diabetes or cardiovascular disease, and with an eGFR of 25 ml/min per m2 and albuminuria ,30 mg/d). In all cases age is 75 years.

methods for an entire cohort. We compared standard methods
to methods that account for competing risks for our full cohort and across patient subgroups deﬁned by clinical characteristics. We found that overall risk functions do not capture
the implications for individual patients and that discrepancies
between the two methods are not uniform across patient subgroups or over time. Our data suggest that the risk estimates
are similar (although not identical) only in the short term and
among low-risk people with stage 4 CKD. Under real-world
conditions, characterized by long-term follow-up of patients
with a wide range of clinical characteristics, failing to account
for the competing risk of death will lead to clinically relevant
overestimation of the risk of kidney failure. This ﬁnding has
been observed in studies of other diseases: standard methods
censoring for death appear to substantially overestimate the
10-year risk of coronary heart disease, and classify 18% of
people as high risk (.20% 10-year risk), compared with
only 8% according to a model that accounted for the competing risk of death.27
Risk calculators of different complexity are increasingly being used for counseling patients and families about
individual prognosis and to inform management decisions,
including advanced care planning.26 These tools represent
major advances compared with reporting eGFR alone, because
2224

JASN

they address the clinical need for objective risk assessment.6,26
In some settings, individual risk predictions obtained
with these calculators are reported along with laboratory test
results, with 5-year risk estimates used to advise ordering physicians about the need for nephrology referral. 8,9 Some
Table 2. 5-year cumulative incidence and failure functions of
kidney failure and death
Event Type
Kidney
failure

Death

Parametric
Woman
G25; A1; DM–; CV–
G20; A3; DM+; CV+
Man
G25; A1; DM–; CV–
G20; A3; DM+; CV+
Woman
G25; A1; DM–; CV–
G20; A3; DM+; CV+
Man
G25; A1; DM–; CV–
G20; A3; DM+; CV+

CIF

95% CI

NIF

95% CI

0.08 0.07 to 0.09 0.09 0.08 to 0.10
0.44 0.41 to 0.47 0.66 0.62 to 0.69
0.11 0.09 to 0.12 0.13 0.11 to 0.14
0.51 0.48 to 0.54 0.78 0.75 to 0.81
0.24 0.23 to 0.25 0.25 0.24 to 0.27
0.42 0.4 to 0.45 0.62 0.58 to 0.66
0.27 0.26 to 0.28 0.29 0.28 to 0.31
0.41 0.39 to 0.44 0.68 0.65 to 0.72

G25 and G20 refer to an eGFR of 20 and 25 ml/min per m2, respectively; A1
indicates albuminuria ,30 mg/d; and A3 indicates albuminuria .300 mg/d. In
all cases age is 75 years. DM–, diabetes absent; CV–, cardiovascular disease
absent; DM+, diabetes present; CV+, cardiovascular disease present.
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Figure 4. Stacked model-based CIFs and NIFs. CIFs and NIFs estimated from the ﬁnal cause-speciﬁc hazard model of kidney failure
or death (Supplemental Table 3). The reference line indicates maximum possible risk. Top panels: female sex, bottom panels: male
sex. Left panels: low-risk person (person without diabetes or cardiovascular disease, and with an eGFR of 25 ml/min per m2 and albuminuria ,30 mg/d); right panels: high-risk person (person with diabetes and cardiovascular disease, an eGFR of 20 ml/min per m2,
and albuminuria .300 mg/d). In all cases age is 75 years.

jurisdictions use prespeciﬁed risk thresholds, in addition to eGFR
thresholds, to deﬁne eligibility for funded patient enrolment in
multidisciplinary predialysis clinics.28 Our results suggest that the
methods underpinning existing risk prediction tools6,7 may result in overly pessimistic predictions, particularly for higher-risk
patients. This may have short- and long-term negative psychologic effects,29 might cause unnecessary interventions or overtreatment, and could reduce access to services and resources for
those more in need.
In addition to the previously noted limitations of prior
work, most previous similar studies in patients with CKD included people with stage 5 CKD and assessed the risk of kidney
failure treated with dialysis or transplantation. Although renal
replacement is clinically relevant, the decision to initiate dialysis or perform kidney transplantation is partially subjective,
especially because some patients will prefer conservative management of kidney failure without renal replacement therapy.
We used an objective outcome measure by considering a sustained decline of eGFR or renal replacement to deﬁne kidney
JASN 30: 2219–2227, 2019

failure. Other strengths include the use of population-based
data from a geographically deﬁned area served by a universal
health care system, and a relatively large sample size and adequate follow-up. Also, we used validated algorithms for
ascertaining the presence or absence of comorbidity and deﬁned eligibility criteria to align sample characteristics to those
of the target population with stage 4 CKD. Finally, we considered eGFR criteria to deﬁne kidney failure and assessed the
robustness of our ﬁndings in sensitivity analyses. Our study
also has limitations, including the use of routinely collected
data from people who accessed medical services and the use of
data from a single Canadian province with a very low prevalence of people who self-identify as black. Although our ﬁndings will require conﬁrmation in other settings, we do not
believe that these limitations pose a serious threat to the validity
of our conclusions.
In conclusion, our study suggests that standard survival
analysis methods that censor for death systematically overestimate the risk of kidney failure in people with stage 4 CKD.
Risk of Kidney Failure in Stage 4 CKD
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This bias increases over time, especially among people with
more risk factors for kidney failure and death. These ﬁndings
indicate that methods for estimating and predicting the risk of
kidney failure in people with stage 4 CKD should account for
the competing risk of death.
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