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eMethods

Study design and data sources

We conducted a population-based cohort study, using linked administrative and laboratory provincial
data from Alberta, Canada (Alberta Health database).!” The Alberta Health database contains
information on demographic data, vital statistics, and diagnostic and procedural information for
inpatient and outpatient physician services. All data were available from May 1, 2002 until March 31,
2017. Information about the receipt of renal replacement was available from April 1, 1994.

Over 99% of Alberta residents are registered with Alberta Health and have universal access to hospital
care, laboratory testing and physician services. The institutional review boards at the Universities of
Alberta (Pro00053469) and Calgary (REB16-1575) approved this study and waived the requirement for

participants to provide consent.

Methods to calculate eGFR to define cohort entry and kidney failure

Cohort entry.

Moving average: Starting on the date of the first eGFR <30 ml/min/1.73 m?, we determined the average
eGFR over a period of >90 days provided that there were at least 2 outpatient measurements to
calculate the mean.® Individuals with only one eGFR <30 ml/min/1.73 m? or with two values of eGFR
<30 ml/min/1.73 m? recorded within 90 days were excluded. We used the minimum value of eGFR
when there were multiple measurements on the same day. Participants met the criterion for stage 4
CKD when the average eGFR during this period was between 15 and <30 ml/min/1.73 m?. We used the
date of the last eGFR measurement included in the calculation of the average (index eGFR) to define

cohort entry (index date).

Kidney failure.
Moving average (main analyses): Starting on the date of the first eGFR <10 ml/min/1.73 m?, 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.
Individuals with only one eGFR <10 ml/min/1.73 m? or with two values of eGFR <10 ml/min/1.73 m?
recorded within 90 days remained event-free (at risk); if they died after a single eGFR <10 ml/min/1.73
m? they were classified as dead.

Sustained reduction (sensitivity analyses): We defined sustained eGFR<10 ml/min/1.73 m? by the

occurrence of >2 consecutive eGFR values <10 ml/min/1.73m? over a period of >90 days. We used the
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date of the last eGFR in the first episode of sustained eGFR measurements <10 ml/min/1.73 m? as the
event date. Individuals with only one eGFR <10 ml/min/1.73 m? or with two values of eGFR <10
ml/min/1.73 m? recorded within 90 days remained event-free (at risk); if they died after a single eGFR
<10 ml/min/1.73 m? they were classified as dead.

The threshold of <10 ml/min/1.73 m? allows for separation of the value defining cohort entry and the
value defining the outcome. According to the Canadian registry of organ replacement, the mean eGFR

at dialysis start has been between 9.5 and 10 ml/min/1.73 m? between 2002 and 2012.”

Independent variables, exposure and outcomes

We considered demographics and other characteristics that are associated with death or kidney failure:
lower index eGFR, more severe albuminuria, diabetes 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 based on
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and
International Statistical Classification of Diseases, Tenth Revision (ICD-10).® We used the most recent
albuminuria values (on or within the two 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.’
Statistical analysis details
We used standard methods for qualitative data (frequencies) and quantitative data (mean/standard

deviation) to summarize baseline information and competing risk analysis to estimate risks.!°

Cumulative incidence functions. We estimated the crude and adjusted cumulative incidence functions

of kidney failure and death without kidney failure and their 95% confidence intervals (CI) across age
categories.!! The cumulative incidence function (CIF) is the probability of failing from a specific cause
k at time t. We obtained adjusted cumulative incidence functions for each event indirectly from a
cause-specific hazard model of both kidney failure and death.!! We used plots to summarize the crude

and model-based cumulative incidence functions.!%-12

Model building and checking. We used cause-specific Cox regression to model both cause-specific

hazard functions simultaneously and derive cause-specific CIFs indirectly. We adjusted all models for
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sex, e€GFR, albuminuria category, diabetes and presence of cardiovascular disease, and tested all
possible first-order interactions among these variables. We used fractional polynomials, spline
functions and martingale residuals analyses to assess the form of the relationship between continuous
covariates and outcome. We used residual analyses to identify deviations from proportionality
assumption, influential observations and outliers, and for assessment of goodness-of-fit. During model
building we checked that results were consistent across study time.

We used R (https://www.r-project.org/) for all analyses.!%-!®

Sensitivity analyses. We tested consistency of findings in several sensitivity analyses First, we defined

kidney failure as initiation of renal replacement or occurrence of sustained eGFR<10 ml/min/1.73 m?.
Second, we defined kidney failure solely by initiation of renal replacement, defined as receipt of a
kidney transplant or registration in the provincial database of chronic dialysis. Third, we restricted the

analyses to complete cases for albuminuria (excluding those with unmeasured values).
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eTable 1. Codes for Identifying Dialysis or Transplantation

1) Physician claims: Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures
codes

Codes | Code description
For dialysis
13.99A | Hemodialysis treatment, unstable patient
13.99B | Hemodialysis treatment, stable patient
13.99C | Assessment and management of an unstable patient with acute/chronic renal
failure treated by peritoneal dialysis
13.99D | Assessment and management of a stable patient with chronic renal failure treated
by peritoneal dialysis
13.990 | Management of dialysis patients on home dialysis or receiving treatment in a
remote hemodialysis unit (per week)
13.990A | Management of patient on hemodialysis or peritoneal dialysis (per week)
13.99AB | Dialysis therapy, any modality, in the intensive care unit
For transplantation
67.5 Transplant of kidney
67.59 Other kidney transplantation
67.59A Renal transplantation (homo, hetero, auto)

2) Hospitalizations: Canadian Classification of Health Intervention codes

Codes | Code description

For transplantation

1.PC.85." Transplant, kidney

1.PC.85.LA-XX- | Using living donor (allogenic or syngeneic) kidney

J

1.PC.85.LA-XX- | Using deceased donor kidney

K

1.0K.85.XU- Transplant, pancreas with duodenum and kidney

XX-K with exocrine drainage via bladder [e.g. donor duodenum is grafted to
bladder: duodenocystostomy]

1.0K.85.XV- Transplant, pancreas with duodenum and kidney

XX-K with exocrine drainage via intestine with homograft [e.g. donor duodenum
is grafted to bowel]
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eTable 2. Cause-Specific Hazard Ratios for Kidney Failure and Death

Kidney failure

Age (10 years)

Age? (10 years?)

eGFR (5 ml/min/1.73 m?)
Age X eGFR (*)

eGFR?([5 viml/min/1.73 m?] %)

Sex (male vs female)
Diabetes (present vs absent)
CVD (present vs absent)
A0 vs Al

A2 vs Al

A3 vs Al

Male X diabetes

Diabetes X CVD

Age X male

Age X CVD

Death

Age (10 years)

Age? (10 years?)

eGFR (5 ml/min/1.73 m?)
Age X eGFR (*)

Sex (male vs female)
Diabetes (present vs absent)
CVD (present vs absent)
A0 vs Al

A2 vs Al

A3 vs Al

Male X diabetes

Diabetes X CVD

Age X male

Age X CVD

eGFR X diabetes

HR

0.54
0.95
0.49
0.96
1.03
1.79
1.59
0.81
1.94
1.68
4.29
0.74
1.22
1.06
0.91

1.96
1.05
0.87
0.96
0.94
1.27
1.07
1.84
1.38
1.17
1.3
0.95
1.1
1.1
0.87

LCI
0.51
0.94
0.45
0.94
0.99
1.61
1.45
0.73
1.71
1.53
3.96
0.66
1.08
1.03
0.87

1.89
1.04
0.84
0.94
0.9
1.21
1
1.75
1.31
1.13
1.24
0.89
1.02
1.06
0.84

UCl
0.57
0.96
0.54
0.98
1.07
1.99
1.75
0.91
2.21
1.84
4.65
0.82
1.36

1.1
0.95

2.03
1.06
0.9
0.99
0.99
1.32
1.15
1.92
1.45
1.22
1.36
1.01
1.18
1.14
0.9

Legend: Age centered on 80 years (median = 79.6; mean = 76.8), effect per 10 years of age; eGFR
estimated glomerular filtration rate centered on 27 ml/min/1.73 m? (median = 27.2; mean = 26.2),
effect per 5 ml/min/1.73 m?; Age X eGFR (*): 10 years of age by 5 ml/min/1.73 m? of eGFR; CVD:
cardiovascular disease; A0 indicates missing albuminuria value; A1-A3: see table 1 for albuminuria
categories. N of events: kidney failure = 5,511 (renal replacement = 4,758); death = 16,285. HR
indicates hazard ratio; LCI indicates the lower bound of the 95% confidence interval; UCI indicates the

upper bound of the 95% confidence interval.
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eFigure 1. Derivation of Study Cohort

4,744,659 Adults registered within Alberta Health
(Apr 1, 1994 — Mar 31, 2015)

4,713,838 Were excluded:
1,713,840 Without outpatient creatinine measurements
2,954,061 Without an eGFR >15 and <30 ml/min/1.73 m?
37,322 Without moving average eGFR >15 and <30 ml/min/1.73 m? for >90 days
15 Were <18y at index date
5,491 Index date was not between Jul 30, 2002 and Mar 31, 2014
16 Died on index date
2,011 Received renal replacement therapy before index date
1,102 Had at least one outpatient eGFR <15 ml/min/1.73 m? before the episode
qualifying study entry

A4

v
30,801 Were included in the study cohort
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eFigure 2. Crude Cumulative Incidence Functions by Age
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Legend: Overlaid cumulative incidence functions (crude risks over time) across age categories (in
years).
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eFigure 3. Crude Risks of Kidney Failure With and Without Renal Replacement by Age
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Legend: Stacked cumulative incidence functions by age in years (crude probabilities over time). KF
without RR indicates kidney failure without renal replacement; KF with RR indicates kidney failure
with renal replacement.
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eFigure 4. Crude 5-Year Risks of Kidney Failure With and Without Renal Replacement by Age
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Legend: Cumulative incidence functions at 5 years by age.
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eFigure 5. Stratified Probabilities

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions (crude probabilities over time) stratified by age,
diabetes (DM) and cardiovascular disease (CV). DM-/+ indicate absence (-) or presence of diabetes
(DM); CV-/+ indicate absence (-) or presence of cardiovascular disease (CV). For model-based
probabilities in women and men see Supplement eFigures 10-11.
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eFigure 6. Crude Probabilities by Albuminuria
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Legend: Stacked cumulative incidence functions (crude probabilities over time); Al, A2, and A3 are categories of
proteinuria, which we calculated according to the KDIGO recommendations:

Al = albuminuria <30 mg/24 hrs, or proteinuria <150 mg/24 hrs, or albumin-creatinine ratio [ACR] <3 mg/mmol
(<30 mg/g), or protein-creatinine ratio [PCR] <15 mg/mmol (<150 mg/g), or protein reagent strip negative to trace;
A2 = albuminuria 30-300 mg/24 hrs, or proteinuria 150-500 mg/24 hrs, or albumin-creatinine ratio [ACR] 3-30
mg/mmol (30-300 mg/g), or protein-creatinine ratio [PCR] 15-50 mg/mmol (150-500 mg/g), or protein reagent
strip trace to +; A3 = albuminuria >300 mg/24 hrs, or proteinuria >500 mg/24 hrs, or albumin-creatinine ratio
[ACR] >30 mg/mmol (>300 mg/g), or protein-creatinine ratio [PCR] >50 mg/mmol (>500 mg/g), or protein
reagent strip + or greater.
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eFigure 7. Crude Probabilities by eGFR

Event type Event-free Kidney failure Death
eGFR 15-26 ml/min/1.73 m? (N =14,536) eGFR 27-30 ml/min/1.73 m? (N =16,265)
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Legend: Stacked cumulative incidence functions (crude probabilities over time); eGFR indicates
estimated glomerular filtration rate.
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eFigure 8. Model-Based Risks at Five Years (Women)
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Legend: Model-based risks (eTable 2) in women for ages 60 to 95, assuming absence of albuminuria
(A1) and an eGFR of 25 ml/min/m?. DM-/+ indicate absence (-) or presence of diabetes (DM); CV-/+
indicate absence (-) or presence of cardiovascular disease (CV).
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eFigure 9. Model-Based Risks at Five Years (Men)
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Legend: Model-based risks (eTable 2) in men for ages 60 to 95, assuming absence of albuminuria (A1)
and an eGFR of 25 ml/min/m?. DM-/+ indicate absence (-) or presence of diabetes (DM); CV-/+
indicate absence (-) or presence of cardiovascular disease (CV).
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eFigure 10. Model-Based Probabilities (Women)

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions (model-based probabilities over time; eTable 2).
Probabilities are reported for ages 60, 70, 80 and 90 by absence/presence of diabetes (DM-/+) and
cardiovascular disease (CV-/+) in women without albuminuria (A1) and with an eGFR of 25
ml/min/m?,
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eFigure 11. Model-Based Probabilities (Men)

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions (model-based probabilities over time; eTable 2).
Probabilities are reported for ages 60, 70, 80 and 90 by absence/presence of diabetes (DM-/+) and
cardiovascular disease (CV-/+) in men without albuminuria (A1) and with an eGFR of 25 ml/min/m?.
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eFigure 12. Crude Probabilities (Sensitivity Analysis)
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Legend: Stacked cumulative incidence functions by age (crude probabilities over time). In this analysis
kidney failure was defined as initiation of renal replacement therapy or sustained eGFR<10
ml/min/1.73 m? (occurrence of >2 consecutive eGFR values <10 ml/min/1.73m? over a period of >90
days). N of events: kidney failure = 5,253 (renal replacement = 4,758); death = 16,472.
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eFigure 13. Crude Probabilities (Sensitivity Analysis)

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions by age (crude probabilities over time). In this analysis
kidney failure was defined as initiation of renal replacement therapy (receipt of a kidney transplant or
registration in the provincial database of chronic dialysis). N of events: kidney failure = 3,940; death =
16,826.
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eFigure 14. Crude Probabilities (Sensitivity Analysis)
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Legend: Stacked cumulative incidence functions by age (crude probabilities over time). This analysis
was restricted to complete cases for albuminuria. N of events: kidney failure = 5,181; death = 14,247.
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eFigure 15. Stratified Five-Year Risks (Sensitivity Analysis)
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Legend: Cumulative incidence functions at 5 years by age, diabetes and cardiovascular disease (crude
5-year risks). DM-/+ indicate absence (-) or presence of diabetes (DM); CV-/+ indicate absence (-) or
presence of cardiovascular disease (CV). In this analysis kidney failure was defined as initiation of
renal replacement therapy or sustained eGFR<10 ml/min/1.73 m? (occurrence of >2 consecutive eGFR
values <10 ml/min/1.73m? over a period of >90 days).
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eFigure 16. Stratified Five-Year Risks (Sensitivity Analysis)
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Legend: Cumulative incidence functions at 5 years by age, diabetes and cardiovascular disease (crude
5-year risks). DM-/+ indicate absence (-) or presence of diabetes (DM); CV-/+ indicate absence (-) or
presence of cardiovascular disease (CV). In this analysis kidney failure was defined as initiation of
renal replacement therapy (receipt of a kidney transplant or registration in the provincial database of
chronic dialysis).
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eFigure 17. Stratified Five-Year Risks (Sensitivity Analysis)
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Legend: Cumulative incidence functions at 5 years by age, diabetes and cardiovascular disease (crude
5-year risks). DM-/+ indicate absence (-) or presence of diabetes (DM); CV-/+ indicate absence (-) or
presence of cardiovascular disease (CV). This analysis was restricted to complete cases for
albuminuria.
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eFigure 18. Stratified Probabilities (Sensitivity Analysis)

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions (crude probabilities over time) stratified by age,
diabetes (DM) and cardiovascular disease (CV). DM-/+ indicate absence (-) or presence of diabetes
(DM); CV-/+ indicate absence (-) or presence of cardiovascular disease (CV). In this analysis kidney
failure was defined as initiation of renal replacement therapy or sustained eGFR<10 ml/min/1.73 m?
(occurrence of >2 consecutive eGFR values <10 ml/min/1.73m? over a period of >90 days).
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eFigure 19. Stratified Probabilities (Sensitivity Analysis)

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions (crude probabilities over time) stratified by age,
diabetes (DM) and cardiovascular disease (CV). DM-/+ indicate absence (-) or presence of diabetes
(DM); CV-/+ indicate absence (-) or presence of cardiovascular disease (CV). In this analysis kidney
failure was defined as initiation of renal replacement therapy (receipt of a kidney transplant or
registration in the provincial database of chronic dialysis).
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eFigure 20. Stratified Probabilities (Sensitivity Analysis)

Event type Event-free Kidney failure Death
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Legend: Stacked cumulative incidence functions (crude probabilities over time) stratified by age,
diabetes (DM) and cardiovascular disease (CV). DM-/+ indicate absence (-) or presence of diabetes
(DM); CV-/+ indicate absence (-) or presence of cardiovascular disease (CV). This analysis was
restricted to complete cases for albuminuria.
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eFigure 21. Clinical Scenarios 1
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Expected 5-year model-based probabilities at age 80 years (median age of the study cohort) by sex and
comorbidity, assuming absence of albuminuria (A1) and an eGFR of 25 ml/min/m?. DM-/+ indicates
absence (-) or presence of diabetes (DM); CV-/+ indicates absence (-) or presence of cardiovascular
disease (CV). Light gray indicates ‘event-free’; orange indicates ‘kidney failure’; and green indicates
‘death’. At age 80y, the risk of kidney failure is small relative to the risk of death, regardless of sex or
comorbid conditions commonly associated with chronic kidney disease. Additional clinical scenarios are
presented in eFigure 21 in the Supplement.
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eFigure 22. Clinical Scenarios 2
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Legend: expected 5-year probabilities at age 60 and 90 years by comorbidity at baseline in men and
women, assuming absence of albuminuria (A1) and an eGFR of 25 ml/min/m? (most likely values in
the sample). DM-/+ indicates absence (-) or presence of diabetes (DM); CV-/+ indicates absence (-) or
presence of cardiovascular disease (CV).
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