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Abstract

Background—A shared decision-making tool could help elderly advanced chronic kidney
disease (CKD) patients decide about initiating dialysis. Since mortality may be high in the first
few months after initiating dialysis, incorporating early mortality predictors in such a tool would
be important for an informed decision. Our objective is to derive and validate a predictive risk
score for early mortality after initiating dialysis.
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Study Design—Retrospective observational cohort, with development and validation cohorts.

Setting & Participants—US Renal Data System (USRDS) and claims data from the Centers for
Medicare & Medicaid Services for 69,441 (aged =67 years) end-stage renal disease (ESRD)
patients with previous 2-year Medicare history who initiated dialysis January 1, 2009-December
31, 2010.

Candidate Predictors—Demographics, predialysis care, laboratory data, functional limitations
and medical history.

Outcomes—All-cause mortality in the first 3 and 6 months.
Analytical Approach—Predicted mortality via logistic regression.

Results—The simple risk score (total score, 0-9) included age (0-3 points); low albumin,
assistance with daily living, nursing home residence, cancer, heart failure, and hospitalization (1
point each), and showed area under the receiver operating characteristic curve (AUROC) =0.69 in
the validation sample. A comprehensive risk score with additional predictors was also developed
(with AUROC=0.72, high concordance between predicted vs. observed risk). Mortality
probabilities were estimated from these models: the median score of 3 indicating 12% risk in 3
months and 20% in 6 months, and the highest scores (=8) indicating 39% risk in 3 months and
55% in 6 months.

Limitations—~Patients who did not choose dialysis and who did not have 2 year Medicare history
were excluded.

Conclusions—Routinely available information can be used by CKD patients, families and their
nephrologists to estimate risk of early mortality after dialysis initiation, which may facilitate
informed decision-making regarding treatment options.

Keywords

end-stage renal disease (ESRD); chronic kidney failure; dialysis initation; conservative care;
predictive model; mortality; dialysis initiation; risk score; shared decision-making; treatment
decisions; quality of life; Choosing Wisely

Chronic kidney disease (CKD) patients are initiating maintenance dialysis at more advanced
ages with a higher prevalence of comorbid conditions increasing their risk of poor
outcomes.! Elderly CKD patients are the fastest growing segment of the incident ESRD
population; from 1996 to 2003, the age-adjusted rate of hemodialysis increased 57% for
octogenarians and nonagenarians? (the highest rate of increase among all groups). The
burdens and risks of dialysis therapy might be higher in the elderly.34 High rates of ‘early
mortality’ among dialysis patients — especially among the elderly — have received increased
attention.® Physician and patient groups have called for a better approach to facilitate shared
decision-making to determine if dialysis should be initiated.

Recently, in Choosing Wisely, physician specialists identified 5 areas most important for
quality care, safety, and reduction of unnecessary services; nephrologists advised not
initiating maintenance dialysis “without ensuring a shared decision-making process between
patients, their families and their physicians,” given that “data suggest that survival might not
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differ substantially for older adults with a high burden of comorbidity who initiate chronic
dialysis versus those managed conservatively instead.”® According to the National Kidney
Foundation (NKF), conservative therapy is defined as care for chronic kidney failure
patients “without dialysis or transplantation.” The Renal Physicians Association echoed
this sentiment by publishing a guideline calling for shared decision-making regarding
dialysis initiation.” The NKF has also called for development of a predictive clinical tool to
better assess risk in patients with CKD.8

Tools to help patients decide whether to initiate dialysis are needed. Mortality risk expected
for patients like me is an important component in decisions on whether to initiate dialysis or
choose conservative care. The objective of this study was to develop and validate a simple
predictive risk score (PRS) that uses readily available, objective pre-ESRD variables to
estimate the risk of early death after dialysis initiation to facilitate shared decision-making
on appropriate treatment decisions among elderly patients, their families and their
physicians.2:10.11.12

Study Population, Setting, and Design

This study used a large, national administrative database, the US Renal Data System
(USRDS) that contains a near universe of elderly Medicare-entitled dialysis patients in the
United States (~97%).13 Using the most recent data available to researchers, we identified
all elderly patients incident to dialysis in 2009-2010. To create a continuum of care for
patients transitioning from late-stage CKD to maintenance dialysis, we linked USRDS data
with 2 years of pre-ESRD Medicare claims to obtain co-morbid information, severity of
illness, health resource utilization, and nephrology care prior to ESRD. The USRDS data
provided laboratory data, functional status, alcohol and drug dependency,
institutionalization, and dialysis-related information (e.g., primary cause of ESRD, modality,
and vascular access used at the time of dialysis initiation). Using patient zip codes, the 2011
American Community Survey (conducted as part of the larger US Census) provided
ecologic socioeconomic and urbanicity data.

Specifically, 98,678 patients aged 67 years and older initiated hemodialysis or peritoneal
dialysis in the 2-year period January 1, 2009-December 31, 2010. Of these, 22,936 were
excluded due to missing Medicare claims history (the majority were Medicare HMO
patients whose claims were not available in administrative databases). Another 6,301 were
excluded due to one or more missing laboratory values, although we allowed for missing
hemoglobin and albumin values. A total of 69,441 patients were included in the analyses
(Figure 1). Follow up started from the first date of dialysis initiation to 3 months (primary
end point) and 6 months (secondary end points). The study was approved by the Essex
Institutional Review Board.

End Points and Risk Factor Predictors

All cause mortality within the first 3 months following ESRD enrollment was the primary
end point. It was selected a priori because there is a sharp peak in early mortality among
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patients aged 65 years and older.1 We selected mortality within the first 6 months as the
secondary end point, because it is the time requirement for hospice eligibility and was used
in two extant similar risk models.1#15 The date of death was obtained from a cross-match
with the ESRD death file.

Variables were chosen as potential predictors of mortality as well as descriptors of patient,
environment, and pre-ESRD care based on the literature, 16:17.18,19,20,21,22,23,24,25,26
including age, sex, race, and socioeconomic status. Comorbidities (e.g., cancer, lung disease,
peripheral vascular disease, diabetes, cerebrovascular disease, AIDS, chronic liver disease,
depression, and dementia) were identified using ICD-9 codes as a primary or secondary
cause of hospitalization or 2 outpatient diagnoses, and cardiac events (e.g., stroke, Ml, and
CHF) and hospitalizations (number and duration) were identified in the year and 6 months
prior to dialysis, respectively. The Charlson comorbidity index2” was calculated based on
patients’ comorbidities. We created a composite variable for assistance with daily living
(defined as needs assistance with daily living, inability to ambulate, or has an amputation),
and institutionalization (defined as nursing home, assisted living or other). Variables related
to renal care included involvement and timing of nephrologist care prior to ESRD, vascular
access placement (graft/fistula vs. catheter), and laboratory data at dialysis initiation (e.g.,
serum albumin, serum creatinine, eGFR, and hemoglobin).

Statistical Analysis

Patient characteristics at initiation of dialysis were summarized by standard descriptive
statistics. We divided the study cohort into two non-overlapping subcohorts—a development
cohort (first 18 months) and a validation cohort (last 6 months)—and applied the same set of
inclusion/exclusion criteria.

Derivation of Predictive Risk Scores—We aimed to develop two models, where one is
a comprehensive model and another is a simple PRS. In practice, either or both models can
be used depending on data availability, desired accuracy and purpose. In the first step, all
factors listed in Table 1 were included as candidate predictors for the end point of 3 month
mortality in the logistic regression, and backward elimination was employed to reach the
final comprehensive risk score.28:29 In this process, we were guided by subject matter
knowledge and context-based appropriateness combined with statistical criteria (e.g., odds
ratio [OR] and p-value). Specifically, we used some variables for describing cohorts but not
in prediction modeling, for example, community-level factors, and we selected one variable
among highly correlated predictors (e.g., serum creatinine and eGFR). After finalizing the
comprehensive risk model, we further reviewed/screened each predictor, categorized the
continuous predictors (e.g., age) with intuitive or accepted cutpoints, and assigned the final
scores with the goal of developing a simple PRS that can be implemented using pencil and
paper, without need of a calculator.

Validation and Comparison of Risk Scores—We estimated the probability of
mortality for different risk groups. We computed sensitivity, specificity and predictive
values for different cutpoints that may guide risk stratification. We further compared our
models with two existing registry-based models (i.e., Couchoud et al. model,14 subsequently
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referred to as the ‘French’ model derived from a national French database (Renal
Epidemiology and Information Network [REIN]), and Wagner et al.,3° subsequently
referred to as the UK model derived from a nationwide multicenter cohort study in the
United Kingdom [UK Renal Registry]) via area under receiver operator characteristic curve
(AUROC) and Akaike information criterion.31:32 Finally, we examined model calibration by
comparing expected vs. observed risks in different risk groups defined by risk-deciles. Note
that some analyses were conducted in the development cohort as well as validation cohort to
check the consistency of the performance.

Secondary and Sensitivity Analyses—In the primary analyses, we imputed the
missing albumin data, given its prognostic importance using single imputation by EM
algorithm via MI procedure in SAS. In the secondary/sensitivity analysis, we repeated the
analysis without imputation and with different imputation runs. In the comparison of the
different risk scores, variables included are not identical across the different models and not
always available so we implemented different scenarios for checking robustness, e.g., using
a proxy that closely — or favorably — matches the numerical performance reported by the
authors. We also fitted the final models with the secondary end point of 6 month mortality
and evaluated the model discrimination and calibration. All the statistical analyses were
carried out by SAS 9.3 (SAS Institute Inc, Cary, NC). Finally, we used the recently
published TRIPOD (Transparent Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis) recommendations for ideal reporting of the development
and validation of our risk score.33

Cohort Description

The final development and validation cohorts included 52,796 and 16,645 patients,
respectively (Table S1, available as online supplementary material). Patients in the
development and validation cohorts were similar in demographics, clinical characteristics
and laboratory values, comorbidities, health resource utilization and mortality. Baseline
characteristics of patients in the development cohort were further disaggregated by mortality
status (Table 1). Compared with patients who did not die in the first 3 months, patients who
died were more likely to be older, male, or white; to have initiated hemodialysis with a
catheter only; to have never or more recently seen a nephrologist; to have had alcohol
problems; to have needed assistance with daily living; to have been institutionalized; to have
had lower albumin; to have had cancer, COPD, peripheral vascular disease, depression,
dementia, congestive heart failure, or coronary heart disease; to have had a higher Charlson
co-morbidity index score; and to have higher health resource utilization.

Predictive Risk Scores

In the comprehensive model, multiple regression analysis identified 14 predictors of
mortality; in the simple risk score, 7 variables were chosen (Table 2). Despite their relatively
large ORs, catheter use was excluded to allow patients with late-stage CKD without a
vascular access to use the risk score, and alcohol problems were excluded because of stigma
associated with reporting/disclosure.34 The ORs, 95% confidence intervals (Cls) and p-value
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for predictors were computed (Table 2). Table S2 shows the comprehensive risk score in
Table 2 excluding patients with missing albumin to demonstrate the potential impact of
missing data and the robustness of the model.

The integer scores assigned to each of the final predictors in the simple PRS reflect the
magnitude of the OR provided in Tables 2, and serves as a sample risk assessment
questionnaire and risk estimate table for use by clinicians and patients (Tables 3 and 4).
Given a total score of 0-9, the variables used to predict early mortality include age (0 to 3
points) and low or unknown albumin, assistance with daily living, nursing home residence,
cancer, heart failure, and hospitalization (1 point each). A patient’s expected mortality
probability can be derived from this PRS (e.g., a score of 0 indicates a 2% probability of
mortality in 3 months while a score of 7 indicates a 34% probability). The median score of 3
indicates 12% probability of mortality in 3 months and 20% in 6 months, and the highest
scores (=8) indicate 39% mortality in 3 months and 55% in 6 months.

Validation and Comparison With Alternative Risk Scores

The probability of dying within 3 months of initiating dialysis is shown using deciles for the
comprehensive model and total scores for the simple PRS (Figure 2). Monatonicity
(curvature) in observed risk is clear and a consistent pattern is observed in the development
and validation cohorts. Furthermore, the performance of different risk stratification rules of
the comprehensive and simple risk scores on the validation cohort are summarized in Table
S3. As risk scores increased, sensitivity decreased and specificity increased.

Discrimination capacity and model fit for the newly developed and previously published
models are summarized in Table 5, with the corresponding receiver operating characteristic
curves in Figure S1. The comprehensive model has the highest AUROC (best
discrimination) and lowest Aikike information criterion (best model fit), followed by the
simple PRS, the UK model, and then the French model (AUROC range, 0.71-0.62).
Accommodations to both registry-based models were necessary to adjust for differences in
data availability before we could fairly compare discrimination and model fit in Table 5. In
the French model, we used ischemic heart disease (OR, 1.35) in the absence of dysrhythmia
in our data (in comparison, OR of 1.2 for dysrhythmia in the French model). In the UK
model, we also used a proxy (OR, 2.73) in the absence of calcium by combining assistance
needed, hospitalization and using a catheter in our data (in comparison, OR of 2.72 for
calcium in the UK model).

Next, calibration plots in Figure S2 indicate high agreement between predicted vs. observed
risks for 3-month as well as 6-month mortality in the validation set (correlation coefficients,
0.98 and 0.99, respectively). When we fitted the model for 6-month mortality, AUROC
values were virtually unchanged (e.g., 0.715 vs. 0.714 for 3 vs. 6 month mortality), which
suggests that the single model may be used for both 3- and 6-month mortality in practice.
The PRS in cardiovascular studies with traditional risk factors generally showed comparable
AUROC values.35:36.37
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DISCUSSION

Using observational data from nearly 70,000 elderly US dialysis patients, we derived
comprehensive and simple risk scores to predict mortality in the first 3 and 6 months after
initiating dialysis. We evaluated these models and compared them with two models that
were developed for similar purposes and settings. Our simple risk score may serve as an
essential part of a shared decision-making tool used in the late stages of CKD to initiate
discussions to inform patients and families of objective/empirical estimates of short-term
survival likelihood. A sample questionnaire (Table 3) includes seven easily identifiable
variables along with risk estimates. The comprehensive model or risk score can offer higher
accuracy and underlying mathematical formulation, possibly with higher educational value,
and could be implemented via an online calculator (see equations in Item S1). To illustrate a
sample clinical scenario, if we assume a patient is 70 years old with albumin level of 3.4
g/dl, their expected 3-month mortality probability ranges from 1% to 30% depending on
other risk factors and the model used. If a patient is 80 years old, the mortality ranges from
3% to 42%.

Accurate information about short-term dialysis prognosis may help elderly patients make
treatment decisions in a more rational and well-informed way. The vast majority of CKD
patients want information about their life expectancy and prognosis—whether positive or
negative38—although many have not discussed these matters with their nephrologists.39:40
In one study, 63% of patients who decided to initiate dialysis regretted this choice, and 52%
indicated they initiated dialysis because it was the doctor’s recommendation.#! Patients
should be informed of the harms and benefits of dialysis versus nondialysis management,
including information about prognosis. To best facilitate the decision regarding whether to
initiate dialysis among elderly patients with late-stage CKD, the one page risk assessment
questionnaire should be complemented with existing print and video material on the subject
of dialysis versus conservative management.*2

Among many models that have been developed to predict mortality among patients initiating
dialysis, we discuss three. Using the French REIN Registry (n = 4,991), a prognostic score
was developed to predict 6-month prognosis among elderly ESRD patients aged 75 years
and older in regions which cover 79% of the French population.14 The authors identified 9
risk factors; there is some overlap with our factors (e.g., congestive heart failure, peripheral
vascular disease, cancer, serious functional limitations), and others are unique to their model
(BMI, diabetes, dysrhythmia, severe behavioral disorders, and unplanned dialysis). Notably,
the French model did not find that age was an independent risk factor for mortality.
However, its applicability to the US elderly dialysis population may be limited given
important differences in practice patterns (e.g., all patients in the French database were seen
by nephrologists and rates of peritoneal dialysis among older patients in France are
higher43).

The second model, based on a nationwide cohort study in the United Kingdom using UK
Renal Registry data (n = 5,447), predicted longer-term 3-year mortality among patients who
survived the first three months of dialysis in contrast to our study.30 Wagner et al. included
many of the risk factors used in our study (e.g., age, race, primary cause of kidney disease,
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dialysis modality, diabetes, cardiovascular disease, smoking and laboratory values such as
hemoglobin, serum albumin, creatinine and calcium). We did not include calcium since it is
not available in the USRDS.

The third model, based on a development cohort of 512 patients at five dialysis clinics, uses
5 variables to predict 6-month mortality at any time during hemodialysis.1®> Both the
derivation and validation cohorts were drawn from a single geographic area—New England.
Including use of a surprise question, “Would I be surprised if this patient died in the next 6
months?,” the Cohen model necessitates clinician or care provider’s input and is impractical
or unavailable in non-clinical settings. The concordance of answers to the “surprise question’
also inherently varied considerably amongst nephrologists.1544 Despite its novelty and
clinical value (e.g., comprehensive, overall assessment of patient frailty), the Cohen model
may not be well suited for joint discussion among patients and clinicians, given the
subjective and provocative nature of the surprise question, unless it is deciphered more
objectively for patients.

Over eighty randomized trials have demonstrated the efficacy of decision aids for increasing
patient engagement in clinical decision making.*® Specifically, in many clinical areas, the
use of risk scores or decision aids — particularly when preference-sensitive decisions are
being made (i.e., there are multiple options with each having different risks and benefits) —
have been shown to be effective in increasing patient knowledge of available treatments and
clarifying patient preferences. The effective integration of successful interventions into
routine patient care, however, remains a challenge.*® Field testing in the future will be
necessary to study various aspects of our PRS, including any unexpected barriers, patient-
centeredness, optimal method of delivery and implementation (e.g., clinical settings and
self-assessment), and if it leads to better outcomes (e.g., including better quality of life and
minimal regret).

Use of prediction scores to choose conservative nondialytic care must be balanced with good
clinical judgment. For patients with a high risk of death, the risk score could be useful for
physicians in discussing the patients’ treatment expectations and hopes; for patients with a
good survival prognosis, it might provide encouragement. Risk scores should not be used to
deny care or as the sole criterion to decide whether to initiate dialysis, but rather should be a
part of the shared decision-making process between patients and their families and
providers. In addition to the risk score, physicians need to discuss the effect of dialysis on
daily life, projected changes in functional status and quality of life, and the benefits and risks
of nondialytic conservative management, which includes the usual integrated CKD care,
palliative care and, possibly, hospice.

There are several limitations to our study. First, our study includes elderly patients, who
enroll in the Medicare ESRD program and initiate dialysis, and not younger patients or those
who decided to forego dialysis. Since the USRDS registry does not include information on
advanced kidney disease patients who do not receive treatment, estimates on the size of this
population are unknown;*’ therefore small scale studies on outcomes among patients who
forego dialysis are the only current source of comparative data. A second, related limitation
is that we only included patients with a 2-year previous Medicare history and, to the extent
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that the excluded patients are different, our results may not be generalized to the entire
Medicare elderly dialysis population. Using information from the USRDS available for all
patients, we found that compared to our study cohort, patients excluded due to missing
Medicare history were somewhat more likely to be male, nonwhite and Hispanic, but had
similar age distribution, BMI and laboratory values, and initiated dialysis with similar
modality and catheter proportions (Table S4). Third, although we validated our risk scores in
an independent sample, further external validation and evaluation of (qualitative) feasibility
issues in different settings are warranted, to understand optimal settings for usage and if any
improvement is needed. Finally our predictive scores only used data from administrative
databases and the inclusion of more detailed clinical and psychosocial data may improve the
accuracy. Several strengths of the study are noteworthy. First, this analysis uses a large
sample size (N ~70,000, vs. N < 6,000 in French and UK models). Second, our simple PRS
includes predictors that may be more easily understood by patients, compared to alternative
models that require clinician input or medical judgment. In particular, the calibration of the
model was very good.

We have developed and validated predictive risk scores for early mortality for CKD patients
who initiate dialysis based on data of nearly all elderly US dialysis patients. The simple risk
score is based on commonly available information and can be easily implemented. We
envision this simple scoring system could be a useful addition to current dialysis preparation
and education programs, as well as facilitate shared decision making regarding a range of
treatment options given to patients with late-stage CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Flowchart for selection of study population and development and validation cohorts. ESRD

indicates end-stage renal disease.
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Probability of dying within 3 months for different risk groups for the comprehensive (upper)
and simple (lower) risk scores. For the comprehensive risk score, deciles were used and for

the simple risk score, total scores were used for x-axis. Scores of 8 and 9 were combined due
to very small sample sizes in score 9.
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Table 1

Characteristics of patients by mortality status: development cohort

Page 15

Factor Did not die within 3 mo (N=46,319) | Died within 3 mo (N=6,477)
Age (y) 76.7 (6.5) [71-81] 78.7 (6.7) [73-84]
Female sex 46.4 44.5
Race
White 74.6 80.9
Black 20.5 16.2
Other 5.0 2.9
Hispanic ethnicity 8.4 6.4
Urban, vs rural 83.2 83.0
Dialysis modality: hemodialysis 95.4 98.5
Access at first dialysis: catheter only 58.1 78.1
Time between first nephrologist evaluation and dialysis initiation
NA™* 16.9 18.3
>0 to <4 mo 21.0 30.4
>4 t0 <12 mo 12.9 13.1
>12 to 24 mo 49.3 38.1
BMI (kg/m2) 28.1 (6.9) [23.3-31.5] 27.5(7.2) [22.6-30.8]

Albumin (g/dl)*

3.2 (0.65) [2.8-3.6]

2.9 (0.66) [2.5-3.4]

Hemoglobin (g/dl)*

10.0 (1.5) [9.0-10.9]

10.0 (1.5) [9.0-10.9]

Creatinine (mg/dl)

5.3(2.3) [3.8-6.3]

5.0 (2.3) [3.4-5.9]

eGFR (ml/min/1.73 m2)

12.0 (5.0) [8.5-14.7]

13.2 (5.7) [9.0-16.6]

Current smoker 35 3.4
Alcohol problem 45 8.2
Drug dependence 0.1 0.1
Need assistance with daily living 19.2 343
Institutionalized 10.4 24.4
Cancer 133 19.5
COPD 27.0 355
PVD 26.7 33.7
Diabetes 58.8 55.7
Depression 9.7 12.1
Dementia 5.6 8.0
Congestive heart failure 50.8 64.4
Coronary heart disease 50.6 59.2
Stroke 16.5 19.9
AIDS 0.1 0.1

Charlson comorbidity index score

7.6 (3.5) [5-10]

8.5 (3.6) [6-11]
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Factor Did not die within 3 mo (N=46,319) | Died within 3 mo (N=6,477)
No. of hospitalization 0.9 (1.3) [0-1] 1.3 (1.5) [0-2]

Total hospital days 7.5 (13.1) [0-10] 12.4 (17.8) [0-17]

No. of ER visits 1.3 (1.7) [0-2] 1.8 (1.9) [0-3]

Note: Values for categorical variables are given as percentages; values for continuous variables, as mean + standard deviation [interquartile range].
Conversion factor for serum creatinine in mg/dL to pmol/L, x88.4.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; ER, emergency room; PVD,
peripheral vascular disease; NA, not applicable

*
About 75% and 91% patients had complete data on albumin and hemoglobin for patients who did not die within 3 months. Corresponding
proportions are 73% and 91% for those who died within 3 months. Summary statistics were virtually unchanged without or with imputation (e.g.,

2nd gecimals differ). All other variables are complete. Health resource utilization (hospitalizations and ER visits) based on 6 months prior to
dialysis initiation.

Fk

Patient never saw a nephrologist prior to dialysis initiation.
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Table 2

Multiple regression for comprehensive and simple models for 3-month mortality

: development cohort

Predictor

| Comprehensive model | Simple model

Age, per 1-y older

| 1.04 (1.03-1.04)

Age category
70-74y
75-79y
80-84y
85-89y
=90y

1.27 (1.15-1.41)
1.49 (1.35-1.64)
1.74 (1.58-1.92)
2.09 (1.87-2.32)
2.84 (2.45-3.29)

Male sex

| 1.18 (1.12-1.25)

White race

| 1.32 (1.23-1.41)

Catheter user

| 1.84 (1.73-1.97)

No or late nephrology care before dialysis: <=4 mo in care | 1.29 (1.22-1.37)

Albumin, per 1-g/dl greater

| 0.75 (0.72-0.79)

Albumin
<3.5¢/dl

Unavailable

1.75 (1.62-1.88)
1.71 (1.57-1.85)

Serum Creatinine, per 1-mg/dl greater

| 0.97 (0.96-0.98)

Needs assistance in daily living or walking

| 143 1.38-153)

| 1.47 (1.38-1.57)

Living in nursing home

| 1.80 (1.67-1.94)

| 1.96 (1.82-2.11)

Cancer

| 1.48 (1.38-1.59)

| 156 (146-168)

Peripheral vascular disease

| 1.14 (1.07-1.21)

Alcohol problem

| 1.66 (1.49-1.84)

Congestive heart failure

| 1.33 (1.25-1.41)

| 1.41 (1.33-1.50)

No. of hospitalizations in 6 mo before dialysis

| 1.10 (1.07-1.12)

| 1.40 (1.32-1.48)

Intercept

| -5.10

| -3.40

Page 17

Note: Values shown are OR (95% CI) unless otherwise indicated. n=52,796. Missing data for albumin were imputed by proc Ml in SAS for the
comprehensive model. For the model fitted without imputation, see Table S2. All p-values are <0.0001. A Simple risk score (in Table 3) was

derived from the Simple model.

OR: odds ratio; CI: confidence interval.
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Table 3

Sample risk assessment questionnaire for clinicians and patients’ use for those who initiate dialysis

Patient’s condition | Score if “yes”
Age category |
<70y 0
70-74y 1
75-719y 1
80-84y 1
85-89y 2
290y 3
Albumin level is low (<3.5 g/dl) or unknown? | 1
Needs assistance in daily living? | 1
Lives in nursing home? | 1
Had or has cancer? | 1
Had or has heart failure? | 1
Hospitalized more than once or >1 mo in last year? | 1

Total score (range, 0-9)

Disclaimer: This risk assessment tool is not intended as medical advice or to suggest treatment. Patients should always consult with their physician
or other healthcare professional for advice.
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Sample risk assessment chart for clinicians and patients’ use for those who initiate dialysis

Table 4

Total score | Estimated probability of dying | Proportion of patients with same score
Within 3 mo Within 6 mo

0 2% 4% 2%
1 3% % 12%
2 7% 12% 25%
3 12% 20% 27%
4 17% 27% 19%
5 22% 35% 10%
6 28% 44% 4%
7 34% 49% 1%
>8 39% 55% 0.2%

Note: Probabilities were calculated from nearly 70,000 end-stage renal disease patients aged 67 years or older who initiated dialysis.
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Disclaimer: This risk assessment tool is not intended as medical advice or to suggest treatment. Patients should always consult with their physician
or other healthcare professional for advice.
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Discrimination and model fit measured by AUROC and AIC for new and competing models

Table 5

Model Development cohort | Validation cohort
AUROC AlC AUROC | AIC
Comprehensive risk score 0.712 36132 0.715 11519
Simple risk score 0.681 36981 0.691 11753
French model omitting dysrhythmia | 0.665 37301 0.676 11881
French model with proxy 0.667 37270 0.679 11851
UK model 1 0.615 38340 0.616 12280
UK model 2 0.626 38159 0.627 12211
UK model 3 omitting calcium 0.653 37643 0.654 12060
UK model 3 with proxy 0.679 36979 0.683 11814
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Note: In our data, dysrhythmia and calcium were unavailable. In the comprehensive model, missing albumin was imputed. For the French model,

we used ischemic heart disease that yielded adjusted OR of 1.35 as a proxy of dysrhythmia. To compare, dysrhythmia showed OR of 1.2 in

Couchoud et al.14 For UK model 3, we omitted calcium, since this data was not available in the US Renal Data System. In the UK model, we used
a proxy (OR, 2.73) in the absence of calcium in our data, by combining assistance needed, hospitalization and having catheter (in comparison, OR

of 2.72 for calcium in the UK model, Wagner et al.30). When we further adjusted 3 socioeconomic status variables (regional income, education

and poverty), AUROC and AIC were minimally changed (e.g., AUROC= 0.679 to 0.680 and AUROC=36964 to 36966)

Abbreviations and definitions: AUROC: area under ROC curve (higher is better discrimination); AIC: Akaike Information Criterion (lower is

better model-fit when used in the same sample); OR, odds ratio; UK, United Kingdom
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