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ALTHOUGH PATIENTS AGED 65
years or older represent the
fastest-growing segment of
the population initiating

long-term dialysis,1-3 rates of dialysis
initiation peak by age 75 years and
decline thereafter.3 Potential explana-
tions for this observation include
higher mortality among elderly people
with non–dialysis-dependent chronic
kidney disease (CKD), markedly re-
duced progression of CKD in this age
group, and increased incidence of un-
treated kidney failure (that is, the de-
cision not to initiate dialysis) in el-
derly individuals.

Studies of the association among age,
kidney function, and clinical out-
comes have reported that elderly pa-
tients are less likely to develop end-
stage renal disease (ESRD) compared
with younger patients and are more
likely to die than to progress to kid-
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Context Studies of kidney failure in older adults have focused on receipt of dialysis,
which may underestimate the burden of disease if older people are less likely to re-
ceive treatment.

Objective To determine the extent to which age is associated with the likelihood of
treatment of kidney failure.

Design, Setting, and Participants Community-based cohort study of 1 816 824
adults in Alberta, Canada, who had outpatient estimated glomerular filtration rate (eGFR)
measured between May 1, 2002, and March 31, 2008, with a baseline eGFR of 15
mL/min/1.73 m2 or higher and who did not require renal replacement therapy at base-
line. Age was categorized as 18 to 44, 45 to 54, 55 to 64, 65 to 74, 75 to 84, and 85
or more years and eGFR as 90 or higher, 60 to 89, 45 to 59, 30 to 44, and 15 to 29
mL/min/1.73 m2.

Main Outcome Measures Adjusted rates of treated kidney failure (receipt of di-
alysis or kidney transplantation), untreated kidney failure (progression to eGFR �15
mL/min/1.73 m2 without renal replacement therapy), and death.

Results During a median follow-up of 4.4 years, 97 451 (5.36%) died, 3295
(0.18%) developed kidney failure that was treated and 3116 (0.17%) developed
kidney failure that went untreated. Within each eGFR stratum the rate of treated
kidney failure was higher in younger compared with older people. For example, in
the lowest eGFR stratum (15-29 mL/min/1.73 m2), adjusted rates of treated kidney
failure were more than 10-fold higher among the youngest (18-44 years) compared
with the oldest (�85 years) groups (adjusted rate, 24.00 [95% CI, 14.78-38.97] vs
1.53 [95% CI, 0.59-3.99] per 1000 person-years, respectively; P� .001). Rates of
untreated kidney failure were consistently higher at older ages. In the eGFR stratum
of 15 to 29 mL/min/1.73 m2, adjusted rates of untreated kidney failure were more
than 5-fold higher among the oldest (�85 years), compared with the youngest
(18-44 years) groups (adjusted rate, 19.95 [95% CI, 15.79-25.19] vs 3.53 [95%
CI, 1.56-8.01] per 1000 person-years, respectively; P� .001). Rates of kidney fail-
ure overall (treated and untreated combined) demonstrated less variation across
age groups; eg, the adjusted rate per 1000 person years for those with eGFR of
15-29 mL/min/1.73 m2 was 36.45 (95% CI, 24.46-54.32) among participants aged
18 to 44 years and 20.19 (95% CI, 15.27-26.69) among those aged 85 years or
older (P=.01).

Conclusion In Alberta, Canada, rates of untreated kidney failure are significantly
higher in older compared with younger individuals.
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ney failure even at the lowest levels of
estimated glomerular filtration rate
(eGFR).4-6 Furthermore, although re-
duced eGFR is common among older
adults, the clinical significance of mod-
erate reductions in eGFR and risk of
mortality in particular has been ques-
tioned.7-9 However, previous studies
have defined kidney failure by receipt
of long-term dialysis, which reflects
both disease progression and a treat-
ment decision. Because it is plausible
that the likelihood of initiating long-
term dialysis among individuals with
kidney failure varies by age, earlier stud-
ies may provide an incomplete picture
of the burden of advanced kidney dis-
ease in older adults, based on the inci-
dence of long-term dialysis alone.

We studied a community-based co-
hort of more than 1.8 million adults to
determine whether age is associated
with the likelihood of treated kidney
failure (renal replacement therapy: re-
ceipt of long-term dialysis or kidney
transplantation), untreated kidney fail-
ure (eGFR �15 mL/min/1.73m2 with-
out renal replacement therapy), and all-
cause mortality. The size of the cohort
permitted a refined characterization of
the association between age and the risk
of these adverse outcomes.

METHODS
Study Cohort

We performed a retrospective cohort
study using laboratory data and admin-
istrative data from Alberta, Canada. The
study population included Alberta resi-
dents aged 18 years or older who had at
least 1 outpatient serum creatinine mea-
surement between May 15, 2002, and
March 31, 2008.10 The index date was
defined as the date of the first serum cre-
atinine measurement. There were
1 821 850 participants aged 18 years or
older with at least 1 outpatient serum
creatinine measurement during the co-
hort enrollment period. We excluded
231 people who died on their index date,
3168 because they had ESRD at the time
of cohort entry, and 1627 because their
baseline (index) eGFR was less than 15
mL/min/1.73 m2, leaving a final cohort
of 1 816 824 participants. The institu-

tional review boards of the University of
Calgary and University of Alberta ap-
proved the study and granted waiver of
patient consent.

Definitions of Exposures

We estimated the index eGFR using the
Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equa-
tion.11 To reduce interlaboratory varia-
tion, creatinine measurements were
standardized across provincial labora-
tories to an isotope dilution mass
spectrometry reference standard, and
a laboratory-specific correction factor
was applied where necessary.10 Index
eGFR was categorized as 90 or higher,
60 to 89, 45 to 59, 30 to 44, and 15 to
29 mL/min/1.73 m2 based on outpa-
tient creatinine measurements only.

Proteinuria was measured by urine
dipstickbasedonrandomoutpatient spot
urine measurements. We defined pro-
teinuria as normal (urine dipstick nega-
tive), mild (urine dipstick trace or 1�),
heavy (urine dipstick �2�), and not
measured (no outpatient urine dipstick
measurement).12 To establish baseline
proteinuria, all measurements in the
6-month periods before and after the in-
dex eGFR were used. The median of all
measurements was used for patients with
multiple measurements.13

Outcomes

Patients were followed up from the date
of cohort entry until the date of the re-
nal outcome of interest, death, outmi-
gration from the province, or study end
(March 31, 2009). We considered 3
outcomes: all-cause mortality (ob-
tained from the Alberta Health and
Wellness Registry file), treated kidney
failure (initiation of long-term dialy-
sis [acute dialysis not included], as de-
termined from provincial dialysis reg-
istry and administrative data using a
validated algorithm, or receipt of a kid-
ney transplant14), and untreated kid-
ney failure (progression to an eGFR
�15 mL/min/1.73 m2 without dialysis
treatment or a kidney transplant). The
definition of untreated kidney failure
was consistent with current guide-
lines15 and required a sustained eGFR

of less than 15 mL/min/1.73 m2 dur-
ing follow-up (with absence of renal re-
placement therapy, although other
medical treatments were permitted). All
outpatient serum creatinine measure-
ments following the index measure
were considered during the study pe-
riod (inpatient serum creatinine mea-
surements were not considered). The
renal outcomes were mutually exclu-
sive. Specifically, patients were classi-
fied as having treated kidney failure if
they received long-term dialysis treat-
ment or a kidney transplant at any time,
irrespective of their eGFR.

Measurement of Covariates

Administrative data from the provin-
cial health ministry were used to define
demographic characteristics and comor-
bidity. Aboriginal race/ethnicity was de-
termined from First Nations status in
the registry file; it was not possible to
identify other racial/ethnic groups, al-
though more than 85% of the Alberta
population is white.16 Diabetes mellitus
and hypertension were identified from
hospital discharge records and physi-
cian claims using validated algo-
rithms.17,18 Other comorbid conditions
based on the Deyo classification of Charl-
son comorbidities were identified using
validated International Classification of
Diseases (ICD), Ninth Revision and
ICD-10 coding algorithms applied to
physician claims and hospitalization
data.19 The presence of 1 or more diag-
nostic codes (in any position) up to 3
years before cohort entry was used for
identification of these comorbidities.
Drug use in Alberta is only available for
adults aged 65 years or older and there-
fore was not included. The 6-digit resi-
dential postal code for each participant
was linked to the 2001 or 2006 Cana-
dian Census (whichever was closest to
the indexdate)using thepostal codecon-
version file to determine median neigh-
borhood household income quintile and
rural/urban location of residence.

Statistical Analysis

We performed analyses stratifying age
as 18 to 44, 45 to 54, 55 to 64, 65 to
74, 75 to 84, and 85 or more years. Base-
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line characteristics of the cohort were
compared by age category. For each of
the outcomes (treated kidney failure,
untreated kidney failure, and all-
cause mortality), rates per 1000 person-
years were estimated using Poisson re-
gression, by age and eGFR strata, with
eGFR categorized as 90 or higher, 60
to 89, 45 to 59, 30 to 44, and 15 to 29
mL/min/1.73 m2. Because the primary
objective was to determine whether age
modifies the likelihood of treated and
untreated kidney failure, we assessed
the multiplicative interaction between
eGFR and age categories on these out-
comes. If the Poisson assumption that
the variance equals the mean was not
met, a quasi-Poisson model was used.20

Rates were adjusted to the sample pro-
portions of the demographic and clini-
cal characteristics listed in the TABLE.

P values for differences in rates be-
tween the age groups were deter-
mined with age 18 to 44 years as the
reference.

We also modeled the cumulative in-
cidence of each of the renal outcomes
(treated kidney failure and untreated
kidney failure) with death as a com-
peting risk, using the competing pro-
portional subdistribution hazard ap-
proach.21 To assess the combined effects
of eGFR and age on each of the renal
outcomes, we used the full study co-
hort and a common reference cat-
egory of age 45 to 54 years with eGFR
of 60 to 89 mL/min/1.73 m2 to calcu-
late the hazard ratios.

We performed several sensitivity
analyses to assess the robustness of our
findings. We repeated all analyses using
a composite outcome of treated and un-

treated kidney failure, an outcome de-
fined as a sustained eGFR of less than
15 mL/min/1.73 m2 irrespective of re-
nal replacement therapy, and an out-
come of untreated kidney failure de-
fined as progression to a sustained
eGFR of less than 10 mL/min/1.73 m2.
Finally, although our primary defini-
tion of untreated kidney failure re-
quired at least 2 measurements of eGFR
(baseline �15 mL/min/1.73 m2 fol-
lowed by �1 eGFR �15 mL/min/1.73
m2), we repeated analyses with un-
treated kidney failure defined as 2 mea-
surements of eGFR of less than 15 mL/
min/1.73 m2 during a 6-month period.
Statistical analyses were performed with
SAS version 9.2 (SAS Institute Inc) and
R version 2.13.1 (R Project) software.
P � .05 indicates statistical signifi-
cance by 2-sided test.

Table. Baseline Characteristics by Age (N = 1 816 824)a

Characteristics

Age, y

18-44
(n = 819 831)

45-54
(n = 402 294)

55-64
(n = 270 997)

65-74
(n = 178 125)

75-84
(n = 109 131)

�85
(n = 36 446)

Age, mean (SD), y 32.9 (7.9) 49.8 (2.8) 59.5 (2.9) 69.8 (2.9) 79.4 (2.8) 89.1 (3.4)

Female 59.4 52.0 50.1 51.3 57.7 68.4

Diabetes 2.62 6.13 11.6 16.5 18.1 14.7

Hypertension 5.39 19.7 37.2 54.8 67.9 70.9

Cancer 1.41 2.91 5.27 9.57 12.1 11.4

Cerebrovascular disease 0.46 1.07 2.38 5.25 10.5 16.3

Congestive heart failure 0.24 0.79 2.18 5.68 12.7 24.3

Chronic obstructive pulmonary disease 12.0 11.6 14.1 18.7 23.1 23.7

Dementia 0.09 0.15 0.37 1.74 7.59 22.5

Myocardial infarction 0.27 1.37 2.99 5.45 8.35 10.1

Mild liver disease 0.70 1.14 1.01 0.97 0.91 0.64

Paraplegia/hemiplegia 0.25 0.27 0.42 0.72 1.21 1.49

Peptic ulcer disease 1.50 1.84 2.38 3.28 4.07 4.41

Peripheral vascular disease 0.18 0.57 1.56 3.80 6.55 7.94

Rheumatologic disease 0.61 1.05 1.65 2.35 3.09 2.94

Urban residence 83.9 80.8 77.3 76.8 79.4 79.9

Lowest income quintile 19.2 15.7 16.0 17.5 19.2 20.2

First Nations status 3.81 2.26 1.88 1.37 0.61 0.46

eGFR, mL/min/1.73 m2

�90 80.2 53.9 35.4 13.0 2.11 0.49

60-89 19.3 44.2 58.2 67.3 56.9 38.0

45-59 0.35 1.56 5.18 14.8 26.4 31.0

30-44 0.08 0.23 0.93 3.83 11.6 22.4

15-29 0.04 0.10 0.27 0.98 3.08 8.12

Proteinuria
None 57.5 58.9 56.8 52.2 44.9 34.8

Mild 4.33 3.69 4.03 4.91 6.60 7.98

Heavy 0.61 0.58 0.77 1.14 1.56 2.04

Unmeasured 37.6 36.9 38.4 41.8 46.9 55.2
aData are expressed as percentage of the cohort unless otherwise indicated.
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RESULTS
Participant Characteristics
The mean age of the cohort was 48.2 (SD,
17.2) years, with 44.3% male and 2.7%
of First Nations status. The majority of
study participants (45.1%) were aged 18
to 44 years; the oldest age category (�85
years) included 36 446 participants
(2.0% of the overall cohort). Baseline
characteristics of participants are shown
by age in the Table. The prevalence of
lower eGFR increased with increasing
age, as did the prevalence of comorbidi-
ties and proteinuria.

Adjusted Rates of Death
and Progression to Treated
and Untreated Kidney Failure

Adjusted Rates by eGFR. During a me-
dian follow-up of 4.4 years (interquar-
tile range, 2.7-5.6 years), 97 451
(5.36%) of cohort participants died,
3295 (0.18%) developed treated kid-

ney failure, and 3116 (0.17%) devel-
oped untreated kidney failure.

Within each age stratum, adjusted
mortality rates were higher for those
with an eGFR of 90 mL/min/1.73 m2 or
higher compared with those in eGFR
strata of 60 to 89 mL/min/1.73 m2

(FIGURE 1), but rates generally in-
creased with lower levels of eGFR.
Within each age stratum, adjusted rates
of treated and untreated kidney fail-
ure during follow-up were higher with
lower baseline eGFRs (FIGURE 2).

Adjusted Rates by Age. Within each
eGFR stratum, adjusted rates of death
increased with increasing age. For ex-
ample, in the eGFR stratum of 15 to 29
mL/min/1.73 m2, rates of death were al-
most 11-fold higher for participants
aged 85 years or older compared with
those aged 18 to 44 years (adjusted rate,
131.93 [95% CI, 116.62-149.27] vs
12.07 [95% CI, 4.69-31.06] per 1000

person-years, respectively; P� .001)
(Figure 1). The increased risk of death
associated with lower eGFR was higher
in the younger age strata (P�.001 for
interaction).

The risk of treated kidney failure in-
creased with declining eGFR but was
attenuated among older participants
(P�.001 for interaction) (Figure 2A).
Within each eGFR stratum, rates of
treated kidney failure were consis-
tently higher among the youngest age
group. The adjusted rate per 1000 per-
son-years of treated kidney failure
among those with a baseline eGFR of
15 to 29 mL/min/1.73 m2 was 24.00
(95% CI, 14.78-38.97) among partici-
pants aged 18 to 44 years but was 1.53
(95% CI, 0.59-3.99) among those aged
85 years or older (P� .001).

The opposite results were evident for
untreated kidney failure (Figure 2B).
The risk of untreated kidney failure

Figure 1. Adjusted Rates per 1000 Person-Years of Death by Age and eGFR

0 50 100 150 200
Death Rate per 1000 Person-Years (95% CI)

eGFR Stratum, mL/min/1.73 m 2
Rate per 1000

Person-Years (95% CI)
Age 18-44 y

≥90 4080 2 549 365 1.59 (1.46-1.73)
60-89 926 633 359 1.46 (1.22-1.74)
45-59 90 12 350 6.02 (3.40-10.67)
30-44 46 2916 10.40 (4.67-23.13)
15-29 33 1522 12.07 (4.69-31.06)

Age 45-54 y
≥90 4754 923 638 4.90 (4.53-5.30)
60-89 2520 760 294 3.28 (2.94-3.65)
45-59 293 28 253 8.66 (6.31-11.88)
30-44 112 4362 15.66 (9.38-26.17)
15-29 92 1816 23.94 (13.57-42.26)

Age 55-64 y
≥90 5176 419 929 10.73 (9.94-11.58)
60-89 5229 708 707 6.78 (6.28-7.31)
45-59 951 65 272 11.63 (9.75-13.88)
30-44 467 11 467 24.53 (19.05-31.60)
15-29 233 3063 33.13 (23.11-47.51)

Age 65-74 y
≥90 3590 102 584 26.20 (23.90-28.73)
60-89 11 261 559 752 16.06 (15.22-16.95)
45-59 3366 124 434 19.79 (17.98-21.78)
30-44 1670 31 183 31.17 (27.19-35.74)
15-29 768 7007 47.34 (38.65-57.99)

Age 75-84 y
≥90 1070 8000 72.86 (61.61-86.17)
60-89 14 996 270 288 37.94 (36.11-39.86)
45-59 7904 125 681 40.79 (38.17-43.60)
30-44 4744 52 475 50.05 (45.94-54.52)
15-29 1925 11 811 72.90 (63.81-83.28)

Age ≥85 y
≥90 151 335 169.43 (108.82-263.79)
60-89 7532 45 917 91.15 (85.05-97.68)
45-59 6135 38 066 89.07 (82.55-96.11)
30-44 5107 25 713 101.98 (93.79-110.88)
15-29 2230 7453 131.93 (116.62-149.27)

No.

Events Person-Years

eGFR indicates estimated glomerular filtration rate. Adjusted for sex, income quintile, residence, First Nations status, proteinuria, diabetes, hypertension, and Charlson
comorbidities (cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, dementia, myocardial infarction, mild liver disease,
paraplegia/hemiplegia, peptic ulcer disease, peripheral vascular disease, and rheumatologic disease).
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Figure 2. Adjusted Rates per 1000 Person-Years of Treated and Untreated Kidney Failure by Age and eGFR

0 5 10 15 20 25 30
Treated Kidney Failure Rate per 1000 Person-Years (95% CI)

Treated kidney failureA

eGFR Stratum, mL/min/1.73 m 2
Rate per 1000

Person-Years (95% CI)
Age 18-44 y

≥90 229 2 548 917 0.09 (0.06-0.12)
60-89 104 633 164 0.15 (0.09-0.25)
45-59 59 12 201 2.52 (1.30-4.89)
30-44 78 2737 7.26 (3.98-13.23)
15-29 144 1056 24.00 (14.78-38.97)

Age 45-54 y
≥90 126 923 465 0.11 (0.07-0.17)
60-89 124 760 103 0.14 (0.09-0.22)
45-59 53 28 157 1.02 (0.51-2.04)
30-44 87 4187 5.40 (3.05-9.58)
15-29 156 1387 16.99 (10.60-27.22)

Age 55-64 y
≥90 99 419 790 0.16 (0.09-0.26)
60-89 169 708 461 0.17 (0.11-0.25)
45-59 90 65 105 0.70 (0.41-1.21)
30-44 157 11 188 3.70 (2.36-5.80)
15-29 212 2517 12.83 (8.37-19.66)

Age 65-74 y
≥90 25 102 568 0.14 (0.05-0.39)
60-89 196 559 506 0.21 (0.15-0.31)
45-59 136 124 238 0.54 (0.34-0.85)
30-44 188 30 891 1.92 (1.27-2.91)
15-29 313 6352 9.09 (6.25-13.23)

Age 75-84 y
≥90 4 7997 0.28 (0.02-3.38)
60-89 66 270 197 0.14 (0.08-0.27)
45-59 82 125 582 0.34 (0.19-0.60)
30-44 112 52 323 0.85 (0.51-1.41)
15-29 229 11 391 5.19 (3.46-7.79)

Age ≥85 y
≥90 0 335 0.00
60-89 6 45 915 0.09 (0.01-0.66)
45-59 8 38 048 0.13 (0.02-0.75)
30-44 14 25 704 0.27 (0.07-1.06)
15-29 29 7405 1.53 (0.59-3.99)

0 5 10 15 20 25 30
Untreated Kidney Failure Rate per 1000 Person-Years (95% CI)

Untreated kidney failureB

eGFR Stratum, mL/min/1.73 m 2
Rate per 1000

Person-Years (95% CI)
Age 18-44 y

≥90 32 2 549 357 0.01 (0.01-0.02)
60-89 21 633 352 0.03 (0.02-0.07)
45-59 7 12 348 0.39 (0.11-1.39)
30-44 19 2907 2.73 (1.24-6.02)
15-29 18 1499 3.53 (1.56-8.01)

Age 45-54 y
≥90 31 923 632 0.03 (0.02-0.06)
60-89 49 760 285 0.06 (0.04-0.10)
45-59 17 28 244 0.43 (0.19-0.98)
30-44 30 4344 2.93 (1.56-5.53)
15-29 23 1796 3.41 (1.65-7.08)

Age 55-64 y
≥90 47 419 914 0.09 (0.06-0.15)
60-89 88 708 688 0.11 (0.07-0.15)
45-59 50 65 252 0.53 (0.32-0.86)
30-44 65 11 442 2.47 (1.59-3.84)
15-29 69 2985 5.70 (3.64-8.92)

Age 65-74 y
≥90 31 102 581 0.22 (0.12-0.40)
60-89 158 559 727 0.21 (0.16-0.28)
45-59 114 124 410 0.60 (0.43-0.83)
30-44 148 31 119 2.21 (1.63-3.01)
15-29 199 6850 8.54 (6.38-11.42)

Age 75-84 y
≥90 6 8000 0.44 (0.11-1.78)
60-89 163 270 259 0.41 (0.31-0.54)
45-59 188 125 643 0.93 (0.71-1.22)
30-44 345 52 360 3.26 (2.61-4.07)
15-29 425 11 531 13.25 (10.57-16.60)

Age ≥85 y
≥90 0 335 0.00
60-89 75 45 908 0.99 (0.66-1.49)
45-59 108 38 048 1.64 (1.16-2.33)
30-44 229 25 670 4.56 (3.52-5.90)
15-29 361 7296 19.95 (15.79-25.19)

No.

Events Person-Years

No.

Events Person-Years

eGFR indicates estimated glomerular filtration rate. Adjusted for sex, income quintile, residence, First Nations status, proteinuria, diabetes, hypertension, and Charlson
comorbidities (cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, dementia, myocardial infarction, mild liver disease,
paraplegia/hemiplegia, peptic ulcer disease, peripheral vascular disease, and rheumatologic disease).
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increased with lower vs higher eGFR
categories, and this association was
stronger with increasing age (P�.001
for interaction). For the lowest eGFR
stratum (15-29 mL/min/1.73 m2), ad-
justed rates of untreated kidney fail-
ure were more than 5-fold higher
among the oldest age stratum (�85
years) compared with the youngest age
stratum (18-44 years) (adjusted rate,
19.95 [95% CI, 15.79-25.19] vs 3.53
[95% CI, 1.56-8.01] per 1000 person-
years, respectively; P� .001).

Adjusted Rates of Composite Out-
come (Treated and Untreated Kidney
Failure). Adjusted rates of the com-
posite outcome (treated and un-
treated kidney failure) declined with in-
creasing age and lower vs higher eGFR
categories (P�.001 for interaction).
However, these adjusted rates of the
composite outcome of kidney failure
demonstrated less variation across age

strata (FIGURE 3) than observed when
each outcome was considered sepa-
rately. For example, the adjusted rate
per 1000 person-years of the compos-
ite kidney failure outcome for those
with an eGFR of 15 to 29 mL/min/
1.73 m2 was 36.45 (95% CI, 24.46-
54.32) among participants aged 18 to
44 years and 20.19 (95% CI, 15.27-
26.69) among those aged 85 years or
older (P=.01).

Adjusted Rates of Kidney Failure
Accounting for the Competing Risk of
Death. In analyses that formally ac-
counted for the competing risk of death,
similar patterns in the cumulative in-
cidence of treated and untreated kid-
ney failure by age were evident (eFig-
ure 1; available at http://www.jama
.com). Using a common reference (age
45-54 years and an eGFR of 60-89 mL/
min/1.73 m2), the risk of treated kid-
ney failure increased with declining

eGFR but was attenuated among older
participants (eFigure 1, top ). The op-
posite pattern of results was evident for
untreated kidney failure (eFigure 1, bot-
tom ), with the highest hazard ratios in
older age groups, in particular for those
aged 65 years or older with an eGFR of
less than 30 mL/min/1.73 m2.

Sensitivity Analyses

We found similar results in sensitivity
analyses that defined untreated kid-
ney failure as progression to a sus-
tained eGFR of less than 10 mL/min/
1.73 m2 (eFigure 2) or alternatively by
at least 2 follow-up measures of eGFR
of less than 15 mL/min/1.73 m2 dur-
ing a 6-month period (eFigure 3), or
when the outcome was defined as an
eGFR of less than 15 mL/min/1.73 m2

irrespective of renal replacement
therapy (eFigure 4), with an attenua-
tion in risk estimates. In all of these

Figure 3. Adjusted Rates per 1000 Person-Years of Composite (Treated and Untreated) Kidney Failure by Age and eGFR

0 10 20 30 40 50
Composite Kidney Failure Rate per 1000 Person-Years (95% CI)

eGFR Stratum, mL/min/1.73 m 2
Rate per 1000

Person-Years (95% CI)
Age 18-44 y

≥90 261 2 548 901
60-89 125 633 150
45-59 66 12 191
30-44 97 2713
15-29 162 1000

Age 45-54 y
≥90 157 923 455
60-89 173 760 085
45-59 70 28 139
30-44 117 4137
15-29 179 1308

Age 55-64 y
≥90 146 419 770
60-89 257 708 434
45-59 140 65 073
30-44 222 11 116
15-29 281 2361

Age 65-74 y
≥90 56 102 564
60-89 354 559 472
45-59 250 124 198
30-44 336 30 782
15-29 512 6041

Age 75-84 y
≥90 10 7996
60-89 229 270 164
45-59 270 125 540
30-44 457 52 189
15-29 654 11 011

Age ≥85 y
≥90 0 335
60-89 81 45 905
45-59 116 38 030
30-44 243 25 660
15-29 390 7236

0.10 (0.08-0.13)
0.19 (0.13-0.29)
3.23 (1.81-5.76)

11.48 (7.04-18.73)
36.45 (24.46-54.32)

0.15 (0.10-0.22)
0.21 (0.15-0.30)
1.54 (0.88-2.71)
9.27 (5.91-14.53)

26.47 (18.03-38.85)

0.26 (0.17-0.38)
0.28 (0.21-0.38)
1.27 (0.85-1.90)
6.67 (4.75-9.35)

23.14 (16.75-31.97)

0.35 (0.19-0.66)
0.43 (0.33-0.56)
1.13 (0.83-1.55)
4.11 (3.09-5.46)

19.28 (14.87-25.00)

0.69 (0.16-3.04)
0.53 (0.38-0.73)
1.20 (0.89-1.62)
3.76 (2.93-4.84)

17.58 (13.86-22.28)

0.00
1.05 (0.62-1.79)
1.73 (1.10-2.70)
4.58 (3.31-6.34)

20.19 (15.27-26.69)

No.

Events Person-Years

eGFR indicates estimated glomerular filtration rate. Adjusted for sex, income quintile, residence, First Nations status, proteinuria, diabetes, hypertension, and Charlson
comorbidities (cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, dementia, myocardial infarction, mild liver disease,
paraplegia/hemiplegia, peptic ulcer disease, peripheral vascular disease, and rheumatologic disease).
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analyses, rates of treated kidney fail-
ure were lower (and untreated kidney
failure higher) in older participants
compared with those who were
younger. The percentage of partici-
pants experiencing untreated kidney
failure (and the composite of treated or
untreated kidney failure) during the
study period progressively increased
with age, with the highest proportion
observed in those aged 85 years or older
(FIGURE 4).

COMMENT
In this population-based cohort of more
than 1.8 million adults, the rate of pro-
gression to treated and untreated kid-
ney failure differed substantially by age.
Both the absolute and relative risks of
treated kidney failure were highest
among younger participants. In con-
trast, the rate of progression to an eGFR
of less than 15 mL/min/1.73 m2 with-
out dialysis or kidney transplantation
(untreated kidney failure) was consid-
erably higher among older people.
Compared with either treated or un-
treated kidney failure considered alone,
the incidence of the composite out-
come of treated and untreated kidney
failure was less variable in younger and
older participants within each eGFR
stratum. Results were robust for vary-
ing definitions of untreated kidney fail-
ure and when death as a competing risk
was taken into account. These find-
ings suggest that kidney disease does
progress in older adults and that the
true incidence of progressive CKD and
kidney failure in older adults is under-
estimated when defined by receipt of
renal replacement therapy (treated kid-
ney failure) alone.

Possible explanations for the lower
incidence of ESRD among older CKD
patients (compared with otherwise
similar younger patients) provided in
earlier studies include a greater com-
peting risk of death, slower kidney func-
tion loss, and lower uptake of dialysis
in older adults.5,6 Our study adds im-
portant new information regarding the
risk of progressive CKD in elderly per-
sons by taking into account the com-
peting risk of death and by also con-

sidering untreated kidney failure—
which is particularly relevant given the
potential for age to influence the deci-
sion to initiate dialysis.22

Most importantly, our results sug-
gest that the incidence of advanced kid-
ney disease in the elderly may be sub-
stantially underestimated by rates of
treated kidney failure alone and that un-
treated kidney failure may be more
common than initiation of renal re-
placement at older ages. Untreated kid-
ney failure among adults aged 75 years
or older with baseline eGFR of 15 to 29
mL/min/1.73 m2 was approximately 2-
to 10-fold more common than kidney
failure treated by dialysis. These find-
ings have important implications for
clinical practice and decision making;
coupled with the finding that many
older adults with advanced CKD are not
adequately prepared for dialysis,23 these
results suggest a need to prioritize the
assessment and recognition of CKD
progression among older adults. Our
findings also imply that clinicians
should offer dialysis to older adults who
are likely to benefit from it—and should
offer a positive alternative to dialysis in
the form of conservative management
(including end-of-life care when ap-
propriate) for patients who are un-
likely to benefit from (or prefer not to
receive) long-term dialysis. Given the
large number of older adults with se-
vere CKD, these results also highlight

the need for more proactive identifica-
tion of older adults with CKD, assess-
ment of their symptom burden, and de-
velopment of appropriate management
strategies.24,25 Finally, our study dem-
onstrates the need to better under-
stand the clinical significance of un-
treated kidney failure, the factors that
influence dialysis initiation decisions in
older adults, and the importance of a
shared decision making process for
older adults with advanced CKD.26

Rates of incident kidney failure in the
United States are 2- to 3-fold higher
than those reported in other devel-
oped countries27 and are based on re-
ceipt of renal replacement therapy. The
hypothesis that rates of treated kidney
failure are influenced by physician and
patient preferences is further sup-
ported by the substantial regional varia-
tion in rates of treated ESRD in older
American adults,23 which suggests that
treated kidney failure reflects factors
other than disease severity, including
situational factors such as country and
physician preference. The differences
in the likelihood of initiating dialysis
by age as illustrated in our study may
further explain the between-country
differences in ESRD incidence and war-
rant further exploration.

We defined untreated kidney fail-
ure as an eGFR of less than 15 mL/min/
1.73 m2 based on current guidelines.15

Given that approximately half of inci-

Figure 4. Percentage of Cohort Experiencing Treated Kidney Failure, Untreated Kidney
Failure, and Composite Kidney Failure (Treated and Untreated) by Age
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dent North American dialysis patients
initiate treatment at an eGFR of 10 mL/
min/1.73 m2 or higher,28,29 this defini-
tion appears appropriate. We ob-
tained similar results in sensitivity
analyses that defined untreated kid-
ney failure by more severe kidney dys-
function (eGFR �10 mL/min/1.73 m2)
and by repeated measurements over a
period of up to 6 months, further sup-
porting the validity of our primary defi-
nition.

Furthermore, our results suggest
that the increased mortality associated
with CKD is observed at all ages, even
among the very old (aged �85 years).
Similar to a recent meta-analysis of
general population studies,30 our
results show a fairly consistent rela-
tionship between reduced eGFR and
increased risk of death in both older
and younger adults. The excess mor-
tality associated with an eGFR of 90
mL/min/1.73m2 or higher, consistent
for all age groups and previously
reported,30,31 is likely due to the rela-
tionship of reduced muscle mass (re-
flecting ill health) to kidney function
and mortality.

Our study has limitations that should
be considered when interpreting its re-
sults. First, we could not assess the rea-
sons why members of our cohort did
not initiate dialysis despite having a low
eGFR. It is possible that an eGFR of less
than 15 mL/min/1.73 m2 is less likely
to result in uremic symptoms in older
adults (compared with younger pa-
tients), which may contribute to higher
rates of untreated kidney failure in the
former. However, we obtained similar
results when kidney failure was de-
fined as an eGFR of less than 10 mL/
min/1.73 m2 (a level at which the ma-
jority of patients experience uremic
symptoms32); thus, it is possible that
other factors (including access to
therapy, patient or physician prefer-
ences, or absence of symptoms) may ex-
plain the observed differences in the in-
cidence of untreated kidney failure by
age. Second, our cohort was limited to
adults who had at least 1 serum creati-
nine measurement as part of their medi-
cal care in Alberta (with baseline kid-

ney function defined by their first
measurement) and, as such, may in-
clude a greater proportion of adults with
underlying comorbidity. However,
given the large study size and the pub-
licly funded health care system in
Canada, our results are likely general-
izable to other settings. Third, we
cannot comment on the long-term
prognosis for patients with treated
and untreated renal failure due to in-
sufficient follow-up. While country-
specific treatment practices for ESRD
in older adults may exist, similar to re-
gional variation within other coun-
tries such as the United States,23 such
differences would not affect the con-
clusions drawn from our study. Fi-
nally, since we excluded people who
died or initiated dialysis on the same
day as their initial serum creatinine
measurement, it is possible that re-
sults would have differed if kidney func-
tion was classified using values ob-
tained by a population-based survey.
However the relatively small number of
such participants suggests that this de-
cision is unlikely to have influenced our
conclusions. Our study also has sev-
eral strengths, including its community-
based setting in a population with uni-
versal access to health care, including
long-term dialysis. Furthermore, the
large study size permitted a refined
characterization of the adjusted asso-
ciation among age, eGFR, and risk of
kidney failure, including a large num-
ber of individuals aged 85 years or older.

In conclusion, we found that the in-
cidence of advanced kidney disease in
elderly persons may be more substan-
tial than previously thought—as re-
flected by markedly increased rates of
untreated kidney failure among the old-
est patients. Future studies are needed
to better understand dialysis initia-
tion practices in older adults with ad-
vanced kidney disease and to deter-
mine how to optimize shared decision
making in this setting.
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