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Abstract

Background—Despite a significant survival advantage of kidney transplantation compared to 

dialysis, nearly one-third of end stage renal disease (ESRD) patients are not educated about kidney 

transplantation as a treatment option at the time of ESRD diagnosis. Access to individualized, 

evidence-based prognostic information is needed to facilitate and encourage shared decision 

making about the clinical implications of whether to pursue transplantation or long-term dialysis.

Study Design—We utilized a national cohort of incident ESRD patients in the U.S. Renal Data 

System surveillance registry from 2005 to 2011 to develop and validate prediction models for risk 

of 1- and 3-year mortality among dialysis vs. kidney transplantation. Using these data, we 

developed a mobile clinical decision aid that provides estimates of risks of death and survival on 

dialysis compared to kidney transplantation.

Results—Factors included in the mortality risk prediction models for dialysis and transplantation 

included age, race/ethnicity; dialysis vintage, and comorbidities, including diabetes, hypertension, 

cardiovascular disease, and low albumin. Among the validation cohorts, the discriminatory ability 

of the model for 3-year mortality was moderate (c-statistic = 0.7047 [95% CI: 0.7029-0.7065] for 

dialysis and 0.7015 [95% CI: 0.6875-0.7155] for transplant). We used these risk prediction models 

to develop an electronic, user-friendly, mobile (iPad, iPhone, and website) clinical decision aid 

called iChoose Kidney.

Conclusions—The use of a mobile clinical decision aid comparing individualized mortality risk 

estimates for dialysis vs. transplantation could enhance communication between ESRD patients 

and their clinicians when making decisions about treatment options.

Introduction

Patients with advanced chronic kidney disease (CKD) or end stage renal disease (ESRD) 

have two primary treatment options: long-term dialysis or kidney transplantation [1]. For 

most ESRD patients, transplantation is the treatment of choice because of longer survival, 

better quality of life, and lower hospitalization rates compared to dialysis [2-4]. However, 

the relative survival advantage associated with transplantation varies substantially depending 

on individual characteristics, including age, race, or comorbidities [4]. Despite 

overwhelming evidence to support transplantation for certain ESRD patients [5], 

information is rarely used by nephrologists to calculate a patient's specific, individualized 

prognosis [6]. The current standard of care is to communicate average, population-based, 

non-tailored prognosis estimates to individual ESRD patients, if these estimates are 

communicated at all [7]. The majority of patients want information about life expectancy, 
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and yet more than 90% of ESRD patients have never discussed with their physicians how 

much time they have left to live [8]. Among CKD stage 3-5 patients surveyed in a 

multicenter cohort study, 35% of patients reported no knowledge of any treatment modality 

for ESRD, and 56% had no knowledge about transplantation.

The Centers for Medicare & Medicaid Services (CMS) Conditions for Coverage for dialysis 

units mandate that ESRD patients must be educated about all treatment modalities, including 

transplantation, referred for transplantation as appropriate, and subsequently followed up at 

least annually [9]. Despite these regulations, many dialysis patients in the US lack the 

necessary information about how to get a transplant [10-17]. Nearly one-third of ESRD 

patients are reportedly not informed of transplantation as a treatment option at the start of 

ESRD, and uninformed patients have a 53% lower rate of transplant [18]. Even when 

patients choose transplantation, it is unclear whether the decision is a shared decision 

between both patient and provider [19]; further, the timing and comprehensiveness of the 

information about ESRD treatment modalities is unclear [20].

Providing access to evidence-based prognostic information to the provider and patient is 

essential to ensuring patient understanding prior to the decision to pursue transplantation or 

initiate dialysis and may be a means of encouraging a higher proportion of ESRD patients to 

consider transplantation as a therapeutic option. According to a Cochrane review of 55 

randomized trials, clinical decision aids can increase shared decision-making by improving 

patients’ knowledge of treatment options and increasing involvement in informed, value-

based decisions [21]. Providing access to evidence-based prognostic information to both the 

provider and patient that is communicated through a dual-process medical decision making 

theory [22] is essential to ensuring patient understanding prior to the decision to pursue 

transplantation or initiate dialysis and may be a means of increasing the proportion of 

incident ESRD patients who are informed of transplantation.

Prior studies have described predictive models of mortality for ESRD patients and transplant 

recipients. However, to our knowledge, a simple model utilizing nationally-representative 

ESRD surveillance data at the time of ESRD start to compare mortality estimates for 

dialysis vs. kidney transplantation has not yet been translated into a simple, usable clinical 

decision aid that providers could use to calculate individualized survival by treatment 

modality. In this paper, we describe the development and validation of several risk 

prediction models for mortality of patients on dialysis and for patients with a kidney 

transplant among a nationally representative cohort of U.S. ESRD patients and the 

translation of these models into a clinical decision aid called iChoose Kidney.

Materials and Methods

Development and Validation of iChoose Kidney Models

The United States Renal Data System (USRDS) is a national data system that collects, 

analyzes, and distributes information about ESRD in the United States. The USRDS 

collaborates with members of Centers for Medicare & Medicaid Services (CMS), the United 

Network for Organ Sharing (UNOS), and the ESRD networks, sharing datasets and actively 

working to improve the accuracy of ESRD patient information. Among 740,933 incident, 

Patzer et al. Page 3

Transplantation. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adult ESRD patients in the national cohort of United States Renal Data System (USRDS) 

surveillance data from January 1, 2005 through September 30, 2010, with follow-up through 

September 30, 2011, we excluded patients less than 18 years (n=6,688) or older than 100 

(n=43), patients with multiple or previous organ transplants (n=1,804), and patients who 

resided outside of the 50 US states or District of Columbia were excluded (n=10,779). 

Finally, patients missing race (n=77) or sex (n=12), and transplant recipients with unknown 

donor type (n=191) were also excluded. Thus, there were a total of N=721,339 patients 

considered in the analysis, including n=663,860 dialysis patients and n=57,479 transplant 

patients. The transplant cohort included both preemptive (no dialysis) patients and patients 

who were on dialysis and then received a transplant, since the majority (76.1%) of 

transplanted patients receive dialysis as their first treatment modality. Of the patients who 

received a transplant, 47.4% received a living donor (LD) transplant and 52.6% received a 

deceased donor (DD) transplant (Figure 1).

Study Variables

The study outcome was death due to any cause (yes/no) within the relevant time period (one 

or three years following ESRD diagnosis). Covariates for predictive modeling included 

characteristics available at the time of ESRD start from the CMS 2728 Medical Evidence 

Report. We examined demographic information (sex, age at incident ESRD, race, ethnicity, 

ESRD etiology, body mass index (BMI), pre-ESRD nephrology care), socioeconomic status 

(health insurance at time of ESRD, clinical lab values as proxy for access to care – 

erythropoietin use prior to ESRD, serum albumin, and serum hemoglobin), time on dialysis 

(for transplant models), region of the country (West, South, Midwest, East) and 

comorbidities from the CMS 2728 form. Comorbidities included cardiovascular disease 

(history of congestive heart failure, atherosclerotic heart disease, cerebrovascular disease, 

peripheral vascular disease, or other cardiac disease), hypertension, diabetes, tobacco use, 

drug abuse, and cancer. Nephrologists and transplant surgeons helped determine categories 

and functional forms of variables, based on a combination of model fit but also on practical 

and convenience aspects of collecting data in real-time for use in a clinical decision aid. We 

examined age as a continuous variable and considered model fit based on various forms of 

age, including linear, polynomial, and log-transformed. Race was categorized as white, 

black, or other race (76.6% Asian, 20.2% American Indian, 3.1% Multi-racial). Ethnicity 

was categorized as Hispanic or non-Hispanic.

Statistical Analysis

The surveillance data from USRDS used in this study were virtually 100% complete with no 

loss to follow-up. Logistic regression models were used to predict 3-year risk of death for 

dialysis patients vs. transplant patients. Data from the cohort of dialysis (N=663,860) and 

transplant (N=57,479) patients were each randomly divided into 50% training and 50% 

validation datasets. In the training cohorts, we examined the associations between select 

patient characteristics and mortality. Univariate analysis was performed on our initial list of 

predictor variables that were known to be associated with mortality based on prior literature 

and available at the time of ESRD start. All variables associated with the outcome in 

univariate analyses (p<0.1) were then included in a multivariable logistic regression model, 

and backwards elimination was performed based on statistical significance of variables 
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(p<0.1) and model discrimination (concordance or c-statistics). Variables that were 

statistically significant in the model, but did not increase the c-statistic (area under the 

curve), were not included to create a more parsimonious model.

Predictive accuracy of the model was assessed using the validation data sets by the use of 

the c-statistic of the associated receiver operating characteristic (ROC) curve, which 

estimates the probability of concordance between the observed number of deaths and the 

predicted number of deaths based on the model. Model calibration was assessed by 

comparing the observed and expected number of deaths for each model. Statistical 

significance for predictive model calibration is typically assessed with the use of Hosmer-

Lemeshow statistic. However, this test statistic is not recommended for sample sizes larger 

than 25,000 patients because the test is over-powered and likely to produce statistically 

significant results [23]. Thus, we examined the absolute concordance (% agreement) 

between observed and expected number of deaths.

Modeling Sensitivity Analyses

We conducted a subanalysis where ‘time on dialysis’ was excluded from transplant models, 

since this covariate may not be relevant to patients at the start of ESRD but is an important 

influence on the absolute risk of mortality following transplantation. To maintain 

consistency with how mortality rates are reported in USRDS, we conducted subanalyses 

examining models where patients who died in the first 90 days were excluded from models. 

Because there is inherent selection bias between dialysis patients and transplant patients, we 

conducted sensitivity analyses on patients who were waitlisted only. We also examined 

models by year of entry into the cohort to ensure that the model was relevant to patients 

across time. While main analyses were conducted as “intention to treat,” we also conducted 

sensitivity analyses excluding patients in the transplant cohort that had graft loss (10.5% of 

patients in transplant cohort). Finally, while the follow-up time was short (one or three 

years) for main analyses, we also conducted time to event analyses instead of logistic 

models to determine if main effect estimates or c-statistics were similar.

Development of the Shared Clinical Decision Aid

We used the following equation to translate model coefficients for 1-year and 3-year 

mortality estimates into an individualized, estimated risk of mortality 

 Where  represents the sum of the individual's risk 

factors (risk score) and  is the estimated Y-intercept (or baseline risk). An example, 

including baseline risks (intercepts) is included in the Supplementary Appendix (Figure S1).

The iChoose Kidney clinical decision aid is a mobile [24] and web [25] application that 

calculates an ESRD patient's individualized risk of mortality of staying on dialysis compared 

to getting a kidney transplant (Figure 2). The purpose of the iChoose Kidney clinical 

decision aid is to enhance the communication between providers and patients about their 

individualized treatment outcomes when making decisions between dialysis or a kidney 

transplant. Best practices for the development of a clinical decision aid were used in the 
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development of the tool [22, 26, 27], such as presenting absolute and relative probabilities 

and the use of visual aids and plain language.

We also followed standard protocols for designing and evaluating the clinical decision aid in 

clinical practice, adapted from Coulter et al [28]. We first created a multidisciplinary 

steering committee consisting of clinical experts (e.g. nephrologist, transplant surgeon), a 

behavioral scientist, an epidemiologist, ESRD patients and patient family members, and a 

medical illustrator to define the scope, purpose, and target audience of the clinical decision 

aid. An initial prototype was designed and developed into the alpha version of iChoose 

Kidney (version 1.0). Several phases of usability testing were conducted, including among 

ESRD patients in a dialysis facility (phase 1 – version 1.0), and among patients and 

transplant nephrologist and surgeon providers at a large urban transplant center (phase 2-

version 2.0).

Satisfaction with the tool was generally high during usability testing, where patients 

described the tool as “interesting and informative” and “very user friendly,” while providers 

believed the tool facilitated conversations about LD vs. DD transplantation. However, we 

incorporated several physician and patient suggestions into version 3.0 of iChoose Kidney 

decision aid, including adding survival estimates (in addition to mortality), allowing for the 

emailing of patient results, creating a website version of the tool, and enlarging and 

lightening text for patient viewing (Figure 2). A multicenter randomized control trial is 

currently in progress to determine the impact of iChoose Kidney on knowledge of treatment 

outcomes and on decisional conflict during patient evaluation for kidney transplantation.

Ethical Considerations

This study was approved by the Emory University Institutional Review Board (IRB protocol 

#00059703).

Results

Patient Population

Patient demographic and clinical characteristics of dialysis and transplant recipients from the 

USRDS national surveillance data (2005-2011) are presented in Table 1. Patients in the 

dialysis training (N=331,930) and validation (N=331,930) cohorts and patients in the 

transplant training (N=28,740) and validation (N=28,739) cohorts were similar. Patients in 

the dialysis cohort were more likely than patients in the transplant cohort to be older, 

African American vs. white, female vs. male, from the southern region, have higher BMIs, 

and have Medicaid or Medicare vs. employer-based insurance. Patients in the dialysis cohort 

were also more likely to have comorbidities (diabetes, hypertension, cardiovascular disease, 

cancer), smoke, and have lower albumin and hemoglobin values. Patients in the transplant 

cohort were more likely to have increased access to a nephrologist prior to ESRD and 

receive pre-dialysis erythropoiesis-stimulating agents than patients in the dialysis cohort.

The proportion of deaths in the dialysis training cohort was similar to the proportion of 

deaths in the validation cohort (40.0% in both cohorts). Similarly, the proportion of deaths in 
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the transplant training cohort was the same as the proportion number of deaths in the 

validation cohort (4.5% in both cohorts) over the three year period.

Predictive Models

We used the dialysis and transplantation training cohorts from USRDS to construct 

multivariable logistic regression models for three-year mortality. The Odds Ratios and 95% 

CIs for the variables included in the final models for three year mortality on dialysis and 

transplantation are presented in Table 2. Our final model included age, race, ethnicity, sex, 

time on dialysis, and comorbidities, including diabetes, hypertension, cardiovascular 

disease, congestive heart failure, and low albumin (< 3.5 g/dL) (Table 2).

Prediction Model Discrimination and Performance

We performed internal validation of the risk prediction models for dialysis and 

transplantation at 3-years using the validation cohorts from USRDS. The discriminatory 

ability of the model for 3-year mortality was moderate (c-statistic = 0.7047 [95% CI: 

0.7029-0.7065] for dialysis and for transplant (c-statistic = 0.7015 [95% CI: 

0.6875-0.7155]) . The c-statistic was 0.6640 (95% CI: 0.6458-0.6822) for DD transplant and 

0.7209 (95% CI: 0.6954-0.7463) for LD transplant. The c-statistics were similar among the 

training and validation datasets, indicating that the predictive models were generalizable 

among the national surveillance data of ESRD patients and kidney transplant recipients 

(Table 3).

Predictive Model Calibration

Figure 3a and Figure 3b show the observed vs. predicted probability of death in three years 

within the dialysis and transplantation validation cohort. The predicted and observed number 

of deaths was similar among the percentiles of predicted probability for dialysis patients 

(90% concordance or higher). For example, in the dialysis cohort, there were 3,402 observed 

deaths and 3,070 expected deaths among patients with the lowest risk of death (first decile), 

resulting in 90.3% concordance, and 28,534 observed deaths and 27,969 expected deaths 

among patients with the highest risk of death (10th decile), resulting in 98.0% concordance 

(Figure 3a). Among the transplant cohort, the proportion of predicted vs. observed deaths 

was also similar (ranging from 87% concordance in decile 8 and 99% concordance in decile 

10) (Figure 3b).

Sensitivity Analyses

In time to event analyses, hazard ratios were similar to main models and c-statistics were 

unchanged. For dialysis models the c-statistic for the 3-year model was 0.6882 (95% CI: 

0.6862-0.6901). For transplant models the c-statistic for the 3-year model was 0.7089 (95% 

CI: 0.6948-0.7230). Absolute and relative risks of mortality on transplant were lower when 

time on dialysis was excluded from models. We also calculated risk prediction models for 3-

year mortality outcomes for DD vs. LD transplantation (Supplementary Appendix, Tables 
S1, S2) and for 1-year mortality outcomes by treatment modality (Tables S3-S6).
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Relative risk estimates in the sensitivity analyses among the dialysis cohort of patients who 

were waitlisted only were very similar to those estimates including all patients (Table S7), 

and the c-statistic was similar. The absolute risks of mortality tended to be substantially 

lower among waitlisted patients compared to all ESRD patients (Table S7).

Further sensitivity analyses examining time trends among transplant and dialysis cohorts 

show similar c-statistics and effect estimates for model covariates across time periods (from 

2000 to 2011). In the sensitivity analyses in the transplant cohort excluding patients with 

graft loss (10.5% of transplant cohort), effect estimates were very similar to those including 

patients with graft loss (Table S8).

Discussion

In this paper, we described the development and validation of models incorporated into a 

novel clinical decision aid – iChoose Kidney – to assist providers in discussing treatment 

options with patients at the start of ESRD. For ESRD patients, validated risk prediction 

models for mortality in ESRD [6, 29-36] have not yet been translated into simple, nationally 

representative ESRD patient data on dialysis vs. transplantation mortality risks in the clinical 

setting in the form of a decision aid to use at the time of ESRD start, or earlier. To our 

knowledge, this study is the first to describe simple, nationally representative risk prediction 

estimates for prognosis for ESRD patients at the time of diagnosis on dialysis vs. living or 

deceased donor kidney transplantation and translate these estimates into a novel decision 

tool to help patients and their providers objectively appreciate the implications of treatment 

choices.

The models utilized in iChoose Kidney are based upon more than 700,000 ESRD patients 

from a nationally representative surveillance dataset, and rely on patient and clinical data 

readily available to providers. Conversion of risk estimates into a simple, but novel, decision 

aid has several important clinical utilities, both for patients with kidney disease and 

clinicians who treat this patient population. A decision aid that provides absolute and 

relative risk of mortality on dialysis vs. kidney transplantation and allows comparisons of 

those risk estimates across patient factors provides physicians the ability to identify patients 

at the bedside who are at high absolute risk for mortality and contribute to better informed 

treatment choices for patients. The accessibility of the technology and the clinical data 

required, as well as patient-friendly graphical representation of results, provides an 

opportunity for shared-decision making for late-stage CKD patients or new ESRD patients 

in deciding whether to pursue long-term dialysis or kidney transplantation. The tool is 

specifically designed for the clinician provider (e.g. family physicians, nephrologists, 

transplant surgeons, nurses, social workers, and/or patient educators) to use with patients 

they believe may be reasonable candidates for transplantation. While the aid will be freely 

available and accessible via a website for patients to access themselves, we intend the use of 

this tool as a shared decision aid.

Compared to other widely-used risk prediction models in the field of transplantation, such as 

the Kidney Donor Risk Index to assess donor quality (c-statistic of 0.62), the risk scores we 

calculated for mortality on dialysis and kidney transplantation had slightly higher 
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discrimination (c-statistic ranging from 0.66-0.72). While there are likely additional 

predictors that may improve the ability to discriminate mortality outcomes, there is a 

tradeoff between both easy availability of the data in a real-time setting, generalizability of 

the data to the national ESRD population, and simplicity of a decision aid in clinical 

practice. In a Cochrane review of decision aids, simpler vs. more detailed decision aids led 

to greater improvements in knowledge and more realistic expectations of the tool [37]. We 

chose to translate risk prediction estimates into the simplest model possible, while 

maintaining model discrimination and performance. Our risk prediction models only include 

age, race, ethnicity, sex, time on dialysis, three comorbid conditions and an indicator for low 

serum albumin. We expect that providers will have easy if not immediate access to each of 

the covariates included, which may increase the usability of the tool. Patient accessibility to 

these risk estimates is enhanced with the use of a decision aid that employs best practices for 

the communication of risks to patients, including simple language, visual aids, and 

presentation of both absolute and relative risks of mortality, which may aid patients and their 

healthcare providers in better understanding these risks[27].

The need to provide evidence-based information to patients regarding the relative benefits of 

different treatment options is important to ensure equal access to information about optimal 

treatment for patients. According to the United States Agency for Healthcare Research and 

Quality, disparities in health outcomes are due in part to differences in access to health care, 

provider biases, poor patient-provider communication, and poor health literacy [38]. 

Medical decision making theories suggest that patients comprehend risk through two 

constructs: verbatim and gist [22]. By providing patients numeric risk estimates (verbatim), 

and pictograph representation of risks (gist), iChoose Kidney provides the patients literal 

and bottom-line interpretations of their risk comparison. In addition, effective risk 

communication strategies must consider patients with varying degrees of health literacy, 

numeracy, and education levels to ensure the information provided is both relevant and 

understandable to patients from diverse backgrounds. Our usability testing among a lower 

socioeconomic status, lower health literacy population suggests that iChoose Kidney could 

be a valuable tool to communicate treatment risks to this patient population. We utilized best 

practices for developing a clinical decision aid by including a multidisciplinary stakeholder 

group of advisors from the start, and by obtaining direct user feedback to improve the 

decision aid. The acceptability and usability testing we conducted among patients and 

physicians helped to improve the iChoose Kidney decision aid. Feedback from both 

physicians and patients led to three iOS versions of the mobile decision aid [24], and the 

development of a website [25].

Shared decision making about the treatment options for ESRD should occur in the pre-

ESRD CKD clinic, at the time of initiation of chronic dialysis and/or during a transplant 

evaluation for new ESRD patients. While preemptive transplantation offers optimal patient 

survival [39], few (<5%) patients are transplanted prior to needing dialysis. For patients who 

do chose transplantation as a treatment option, limiting the time on dialysis is an important 

potentially modifiable risk factor for post-transplant outcomes [40]. The failure of health 

care providers to discuss treatment options with late-stage CKD patients may be due to a 

variety of causes. One reason may be that physicians may not feel adequately trained to 

discuss transplant as an ESRD treatment option [41]. Disparities in who is educated about 
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transplantation as a treatment option may also be related to lack of sufficient training to 

provide comprehensive information about transplantation to patients [42]. We expect that 

the use of evidence-based, patient-specific risk estimates may help improve physicians’ 

comfort level in discussing the benefits of transplantation or dialysis with patients, although 

this hypothesis should be tested in clinical practice. A multicenter, randomized study of the 

clinical effectiveness of the iChoose Kidney clinical decision aid to improve shared decision 

making about treatment options is ongoing (NCT02235571).

There are many other important decisions that patients with kidney disease must make with 

the help of their provider, including the decision to choose peritoneal dialysis vs. 

hemodialysis, whether to initiate and complete transplant evaluation workup, or whether to 

seek a transplant at one center vs. another [19]. In addition, mortality is not the only 

important outcome for patients. Quality of life may be more important than survival for 

some patients [43], and some patients may be content with their current life expectancy on 

dialysis [44].

There are a number of limitations to the iChoose Kidney decision aid. First, there is an 

inherent selection bias in the model comparison between dialysis vs. kidney transplantation, 

and it is not possible to examine who is ineligible for transplantation in these data. Patients 

in the USRDS database who are at the extremes of age and/or comorbidity burden but were 

transplanted likely represent a healthier, selected population compared to an ESRD patient 

in the USRDS database who did not get a transplant. Our observation that diabetes has a 

protective effect on mortality in the first year of dialysis (both in logistic and time to event 

models) may be one example of this potential survival bias, and although this observation 

has been reported in prior literature [33, 45, 46], it is counterintuitive. Thus, the use of these 

risk prediction models alone is not warranted to attempt to identify patients who may not be 

good transplant candidates. While the iChoose Kidney tool could compare cohorts of 

waitlisted dialysis patients to transplanted patients to reduce this selection bias, doing so 

would limit generalizability of dialysis mortality risk estimates for all ESRD patients, 

especially to those patients who ought to pursue transplantation but have not done so 

currently. Further, since evidence suggests that many of the patients who remain on dialysis 

are not educated or referred for transplantation, examining mortality of waitlisted dialysis 

patients only selects a population that may not be inclusive of all ESRD patients eligible for 

transplantation. Analyses examining waitlisted patients only showed similar risk estimates 

of covariates in the model, but substantial differences in absolute risks of mortality were 

observed when calculated among a cohort of all ESRD patients vs. only those who were 

waitlisted, where not surprisingly, waitlisted patients had lower absolute mortality compared 

to all ESRD patients. The risk prediction estimates utilized in iChoose Kidney are best 

applied among a cohort of patients not yet waitlisted for transplantation, since absolute 

estimates of mortality on dialysis may be overestimated among a population of highly 

selected patients who are already waitlisted for transplant. However, separate modeling 

estimates are available in the supplementary appendix for use in other populations, including 

among those waitlisted for transplantation. Second, there are likely a number of unmeasured 

predictors that influence mortality and are not captured in the risk prediction models utilized 

in the iChoose Kidney decision aid. We used USRDS data, but there are many other factors 

that are not captured in surveillance data that influence mortality for ESRD patients and 
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transplant recipients. However, there is a tradeoff between the inclusion of many variables 

and the availability of obtaining this information in real-time to provide evidence-based 

risks for patients. We chose not to include transplant factors in transplant mortality models, 

since this tool is designed for use when these factors are unknown. Third, risk estimates are 

based on patient data captured around the time of ESRD start, with the exception of ‘time on 

dialysis.’ We intend the risk estimates from this tool to be used to guide patients and 

providers in understanding/discussing the patient's theoretical risk of dying on dialysis vs. 

transplantation assuming that both options were immediately available to the patient. We 

considered ‘time on dialysis’ as a covariate for transplantation models to allow providers 

and patients to develop an appreciation of the adverse influence of longer time on dialysis on 

mortality post-transplantation and since most patients must wait several years before 

receiving a transplant. Finally, although the risk prediction estimates were derived and 

validated in the U.S. population and thus are generalizable to all ESRD patients in the U.S., 

there may be geographic differences that are not reflected in these risk prediction estimates. 

Region-specific validation studies may be needed to capture some of the unmeasured 

regional factors unaccounted for in the risk prediction estimates. Risk estimates obtained 

from the models are population-based estimates only; caution must be used when applying 

risk prediction models to some patients, including those with substantial comorbidities (not 

captured in the risk prediction models), as well as patients at the extremes of age. Because 

demographics and outcomes change over time, it will be important to update risk prediction 

models that are reflected in the iChoose Kidney decision aid; in addition, longer-term 

predictions and graft survival estimates are planned for future iterations of the decision aid.

To our knowledge, this is the first study to use a nationally representative cohort of ESRD 

patients to generate risk prediction models of mortality on dialysis vs. kidney transplantation 

and translate these risk estimates into a novel shared decision making tool. The current 

standard of care is to communicate average, population-based, non-tailored prognosis 

estimates to individual ESRD patients, despite evidence that patients want information about 

treatment prognosis. The patient information needed to use these models is easily 

obtainable, and risk estimates are generalizable to ESRD patients across the nation. Future 

research should test the effectiveness of using individualized mortality risk estimates for 

patients with kidney disease in improving provider/patient shared decision making.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to acknowledge the following people for their assistance with the conduct and/or evaluation of this 
study: Yijian Huang, PhD, Thomas Pearson, MD, DPhil, Biwen Tao, Stacie Nevins LMSW, Lisa Petgrave-Nelson, 
LMSW and members of the Emory Patient and Family Advisory Committee for their assistance.

Funding. Financial support for this study was provided by a grant from the National Center for Advancing 
Translational Sciences of the National Institutes of Health under Award Number ULl TR000454 and 
KL2TR000455, and funding the Satellite Healthcare Foundation Grant (Coplon Grant) and the Carlos Marguerite 
and Mason Trust Foundation. R.E.P. is also supported in part by R24MD008077 through the National Institute on 
Minority Health and Health Disparities. The funding agreement ensured the authors’ independence in designing the 
study, interpreting the data, writing, and publishing the report. Some of the data reported here have been supplied 

Patzer et al. Page 11

Transplantation. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by the United States Renal Data System (USRDS). The interpretation and reporting of these data are the 
responsibility of the authors and in no way should be seen as official policy or interpretation of the US government.

Abbreviations

BMI Body Mass Index

CVD Cardiovascular Disease

CKD Chronic Kidney Disease

DD Deceased Donor

ESRD End Stage Renal Disease

LD Living Donor

ROC Receiver Operator Characteristic

USRDS United States Renal Data System

References

1. USRDS. US Renal Data System 2014. Annual Data Report: Atlas of Chronic Kidney Disease and 
End-Stage Renal Disease in the United States. National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases; Bethesda, MD: 2014. 

2. Danovitch, GM. Options for Patients with Kidney Failure.. In: Danovitch, GM., editor. Handbook of 
Kidney Transplantation. 2nd ed.. Lippincott Williams & Wilkins; Philadelphia: 2005. p. 1-22.

3. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D, et al. Systematic review: kidney 
transplantation compared with dialysis in clinically relevant outcomes. Am J Transplant. 2011; 
11(10):2093–109. [PubMed: 21883901] 

4. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, Held PJ, Port FK. 
Comparison of mortality in all patients on dialysis, patients on dialysis awaiting transplantation, and 
recipients of a first cadaveric transplant. N Eng J Med. 1999; 341(23):1725–30.

5. Verdalles U, Abad S, Aragoncillo I, Villaverde M, Jofre R, Verde E, et al. Factors predicting 
mortality in elderly patients on dialysis. Nephron Clin Pract. 2010; 115(1):c28–34. [PubMed: 
20173347] 

6. Moore J, He X, Liu X, Shabir S, Ball S, Cockwell P, et al. Mortality prediction after kidney 
transplantation: comparative clinical use of 7 comorbidity indices. Exp Clin Transplant. 2011; 9(1):
32–41. [PubMed: 21605021] 

7. USRDS. US Renal Data System 2010 Annual Data Report: Atlas of Chronic Kidney Disease and 
End-Stage Renal Disease in the United States. National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases; Bethesda, MD: 2010. 

8. Singh P, Germain MJ, Cohen L, Unruh M. The elderly patient on dialysis: geriatric considerations. 
Nephrology, dialysis, transplantation : official publication of the European Dialysis and Transplant 
Association - European Renal Association. 2013

9. Federal Register. Conditions for coverage for ESRD facilities. U.S. Government Printing Office; 
Washington, DC: 2008. 

10. Boulware LE, Hill-Briggs F, Kraus ES, Melancon JK, Falcone B, Ephraim PL, et al. Effectiveness 
of Educational and Social Worker Interventions to Activate Patients' Discussion and Pursuit of 
Preemptive Living Donor Kidney Transplantation: A Randomized Controlled Trial. American 
Journal of Kidney Diseases. 2013; 61(3):476–86. [PubMed: 23089512] 

11. Browne T. The relationship between social networks and pathways to kidney transplant parity: 
Evidence from black Americans in Chicago. Social Science & Medicine. 2011; 73(5):663–7. 
[PubMed: 21803466] 

Patzer et al. Page 12

Transplantation. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. DePasquale N, Ephraim P, Ameling J, Lewis-Boyer L, Crews D, Greer R, et al. Selecting renal 
replacement therapies: what do African American and non-African American patients and their 
families think others should know? A mixed methods study. BMC Nephrology. 2013; 14(1):9. 
[PubMed: 23317336] 

13. Gillespie A, Hammer H, Lee J, Nnewihe C, Gordon J, Silva P. Lack of Listing Status Awareness: 
Results of a Single-Center Survey of Hemodialysis Patients. American Journal of Transplantation. 
2011; 11(7):1522–6. [PubMed: 21486390] 

14. Martin SC, Stone AM, Scott AM, Brashers DE. Medical, personal, and social forms of uncertainty 
across the transplantation trajectory. Qualitative Health Research. 2010; 20(2):182–96. [PubMed: 
19955227] 

15. Morton RL, Tong A, Howard K, Snelling P, Webster AC. The views of patients and carers in 
treatment decision making for chronic kidney disease: systematic review and thematic synthesis of 
qualitative studies. BMJ. 2010; 340

16. Purnell TS, Hall YN, Boulware LE. Understanding and Overcoming Barriers to Living Kidney 
Donation Among Racial and Ethnic Minorities in the United States. Advances in Chronic Kidney 
Disease. 2012; 19(4):244–51. [PubMed: 22732044] 

17. Waterman AD, Rodrigue JR, Purnell TS, Ladin K, Boulware LE. Addressing Racial and Ethnic 
Disparities in Live Donor Kidney Transplantation: Priorities for Research and Intervention. Semin 
Nephrol. 2010; 30(1):9.

18. Kucirka LM, Grams ME, Balhara KS, Jaar BG, Segev DL. Disparities in provision of transplant 
information affect access to kidney transplantation. American journal of transplantation : official 
journal of the American Society of Transplantation and the American Society of Transplant 
Surgeons. 2012; 12(2):351–7.

19. Gordon EJ, Butt Z, Jensen SE, Lok-Ming Lehr A, Franklin J, Becker Y, et al. Opportunities for 
shared decision making in kidney transplantation. Am J Transplant. 2013; 13(5):1149–58. 
[PubMed: 23489435] 

20. Kasiske BL, Cangro CB, Hariharan S, Hricik DE, Kerman RH, Roth D, et al. The evaluation of 
renal transplantation candidates: clinical practice guidelines. American journal of transplantation : 
official journal of the American Society of Transplantation and the American Society of 
Transplant Surgeons. 2001; 1(Suppl 2):3–95.

21. O'Connor AM, Bennett CL, Stacey D, Barry M, Col NF, Eden KB, et al. Decision aids for people 
facing health treatment or screening decisions. The Cochrane database of systematic reviews. 
2009; (3):CD001431. [PubMed: 19588325] 

22. Reyna VF. A theory of medical decision making and health: fuzzy trace theory. Med Decis 
Making. 2008; 28(6):850–65. [PubMed: 19015287] 

23. Paul P, Pennell ML, Lemeshow S. Standardizing the power of the Hosmer-Lemeshow goodness of 
fit test in large data sets. Stat Med. 2013; 32(1):67–80. [PubMed: 22833304] 

24. [Dec. 19, 2014] iChoose Kidney - Patient Education for Patients with Kidney Disease: Emory 
University; 2015. Version 3.0:[Available from: https://itunes.apple.com/us/app/ichoose-kidney-
patient-education/id685381934?mt=8

25. University E. iChoose Kidney Website: Emory University; [October 7, 2014]. February 15, 
2015Available from: http://ichoosekidney.emory.edu

26. Elwyn G, O'Connor A, Stacey D, Volk R, Edwards A, Coulter A, et al. Developing a quality 
criteria framework for patient decision aids: online international Delphi consensus process. Bmj. 
2006; 333(7565):417. [PubMed: 16908462] 

27. Lipkus IM. Numeric, verbal, and visual formats of conveying health risks: suggested best practices 
and future recommendations. Med Decis Making. 2007; 27(5):696–713. [PubMed: 17873259] 

28. Coulter A, Stilwell D, Kryworuchko J, Mullen PD, Ng CJ, van der Weijden T. A systematic 
development process for patient decision aids. BMC medical informatics and decision making. 
2013; 13(Suppl 2):S2. [PubMed: 24625093] 

29. van Manen JG, Korevaar JC, Dekker FW, Boeschoten EW, Bossuyt PM, Krediet RT. How to 
adjust for comorbidity in survival studies in ESRD patients: a comparison of different indices. Am 
J Kidney Dis. 2002; 40(1):82–9. [PubMed: 12087565] 

Patzer et al. Page 13

Transplantation. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://https://itunes.apple.com/us/app/ichoose-kidney-patient-education/id685381934?mt=8
http://https://itunes.apple.com/us/app/ichoose-kidney-patient-education/id685381934?mt=8
http://ichoosekidney.emory.edu


30. Hemmelgarn BR, Manns BJ, Quan H, Ghali WA. Adapting the Charlson Comorbidity Index for 
use in patients with ESRD. Am J Kidney Dis. 2003; 42(1):125–32. [PubMed: 12830464] 

31. Jassal SV, Schaubel DE, Fenton SS. Baseline comorbidity in kidney transplant recipients: a 
comparison of comorbidity indices. Am J Kidney Dis. 2005; 46(1):136–42. [PubMed: 15983967] 

32. Miskulin DC, Martin AA, Brown R, Fink NE, Coresh J, Powe NR, et al. Predicting 1 year 
mortality in an outpatient haemodialysis population: a comparison of comorbidity instruments. 
Nephrology, dialysis, transplantation : official publication of the European Dialysis and Transplant 
Association - European Renal Association. 2004; 19(2):413–20.

33. Cohen LM, Ruthazer R, Moss AH, Germain MJ. Predicting six-month mortality for patients who 
are on maintenance hemodialysis. Clinical journal of the American Society of Nephrology : 
CJASN. 2010; 5(1):72–9. [PubMed: 19965531] 

34. Mauri JM, Cleries M, Vela E, Catalan Renal R. Design and validation of a model to predict early 
mortality in haemodialysis patients. Nephrology, dialysis, transplantation : official publication of 
the European Dialysis and Transplant Association - European Renal Association. 2008; 23(5):
1690–6.

35. Couchoud C, Labeeuw M, Moranne O, Allot V, Esnault V, Frimat L, et al. A clinical score to 
predict 6-month prognosis in elderly patients starting dialysis for end-stage renal disease. 
Nephrology, dialysis, transplantation : official publication of the European Dialysis and Transplant 
Association - European Renal Association. 2009; 24(5):1553–61.

36. van Walraven C, Austin PC, Knoll G. Predicting potential survival benefit of renal transplantation 
in patients with chronic kidney disease. CMAJ. 2010; 182(7):666–72. [PubMed: 20351122] 

37. O'Connor AM, Stacey D, Entwistle V, Llewellyn-Thomas H, Rovner D, Holmes-Rovner M, et al. 
Decision aids for people facing health treatment or screening decisions. The Cochrane database of 
systematic reviews. 2003; (2):CD001431. [PubMed: 12804407] 

38. AHRQ. 2010 National Healthcare Disparities Report. Resources, UDoHaH, editor. Agency for 
Healthcare Research and Quality; 2011. 

39. Meier-Kriesche HU, Port FK, Ojo AO, Rudich SM, Hanson JA, Cibrik DM, et al. Effect of waiting 
time on renal transplant outcome. Kidney Int. 2000; 58(3):1311–7. [PubMed: 10972695] 

40. Meier-Kriesche HU, Kaplan B. Waiting time on dialysis as the strongest modifiable risk factor for 
renal transplant outcomes: a paired donor kidney analysis. Transplantation. 2002; 74(10):1377–81. 
[PubMed: 12451234] 

41. Mehrotra R, Blake P, Berman N, Nolph KD. An analysis of dialysis training in the United States 
and Canada. Am J Kidney Dis. 2002; 40(1):152–60. [PubMed: 12087573] 

42. Maiorano A, Schena F. The dynamics of kidney donation: Viewpoints from the donor, the 
recipients, and the transplant team. Kidney international. 2008; 73(10):1108–10. [PubMed: 
18449178] 

43. Mazur DJ, Hickman DH. Patient preferences: survival vs quality-of-life considerations. Journal of 
general internal medicine. 1993; 8(7):374–7. [PubMed: 8410398] 

44. Plantinga LC, Fink NE, Bass EB, Boulware LE, Meyer KB, Powe NR. Preferences for current 
health and their association with outcomes in patients with kidney disease. Medical care. 2007; 
45(3):230–7. [PubMed: 17304080] 

45. Bradury BD, Fissel RB, Albert JM, et al. Predictors of early mortality among incident US 
hemodialysis patients in the Dialysis Outcomes and Practice Patterns Study (DOPPS). CJASN. 
Jan; 2007 2(1):89–99. [PubMed: 17699392] 

46. Soucie JM, McClellan WM. Early death in dialysis patients: risk factors and impact on incidence 
and mortality rates. J Am Soc Neph. 7(10):2169–75.

Patzer et al. Page 14

Transplantation. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Study Population and Exclusion Criteria for Predictive Models for Mortality at ESRD Start
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Figure 2. 
Screenshots of iChoose Kidney Decision Aid (iPad application), Version 3.0
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Figure 3a. 
Observed and Expected Number of Deaths over 3 Years for Dialysis (n=663,860) Validation 

Cohort in Multivariable Predictive Model
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Figure 3b. 
Observed and Expected Number of Deaths over 3 Years for Transplant (n=57,479) 

Validation Cohort in Multivariable Predictive Model
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Table 1

Select Baseline Patient Characteristics of Dialysis and Transplant Cohorts among Derivation and Validation 

Cohorts of the United States Renal Data System: 2005-2011

Dialysis Cohort Transplant Cohort

Training Cohort N=331,930 Validation Cohort N=331,930 Training Cohort N=28,740 Validation Cohort N=28,739

Patient Demographics

Age, Mean (SD), years 64.1 (14.9) 64.0 (14.9) 49.3 (13.6) 49.4 (13.5)

Age Category, N (%), years

    20-39 22,136 (6.7) 22,371 (6.7) 7,055 (24.5) 6,954 (24.2)

    40-49 33,373 (10.1) 33,445 (10.1) 6,409 (22.3) 6,510 (22.7)

    50-59 63,296 (19.1) 63,318 (19.1) 7,941 (27.6) 7,953 (27.7)

    60-69 79,974 (24.1) 80,288 (24.2) 5,897 (20.5) 5,796 (20.2)

    70-85 133,151 (40.1) 132,508 (39.9) 1,438 (5.0) 1,526 (5.3)

Sex

    Male 185,341 (55.8) 185,640 (55.9) 17,621 (31.3) 17,442 (60.7)

    Female 146,589 (44.2) 146,290 (44.1) 11,119 (39.7) 11,297 (39.3)

Race

    White 216,664 (65.3) 216,379 (65.2) 20,363 (70.9) 28,488 (71.3)

    Black 97,080 (29.3) 97,231 (29.3) 5,714 (19.9) 5,580 (19.4)

    Other 18,186 (5.5) 18,320 (5.5) 2,663 (9.3) 2,671 (9.3)

Ethnicity

    Hispanic 42,763 (12.9) 42,933 (12.9) 3,331 (11.6) 3,236 (11.3)

    Non-Hispanic 289,167 (87.1) 288,997 (87.1) 25,409 (88.4) 25,503 (88.7)

Residential Region

    West 70,985 (21.4) 71,059 (21.4) 5,699 (19.8) 5,749 (20.0)

    Midwest 170,952 (21.4) 70,059 (21.1) 7,308 (25.4) 7,211 (25.1)

    South 112,107 (33.7) 112,479 (33.9) 8,034 (28.0) 7,932 (27.6)

    East 77,886 (23.5) 78,333 (23.6) 7,699 (26.8) 7,847 (27.3)

Health Insurance Coverage*

    Medicaid 85,772 (25.8) 85,776 (25.8) 3,411 (11.9) 3,488 (12.1)

    Medicare 119,900 (36.1) 119,392 (40.0) 3,600 (12.5) 3,637 (12.7)

    Employer Group 74,373 (22.4) 74,595 (22.5) 16,810 (58.5) 16,798 (58.4)

    Other coverage 22,989 (6.9) 23,094 (7.0) 2,933 (10.2) 2,867 (9.98)

    No coverage 25,627 (7.7) 25,878 (7.8) 1,878 (6.5) 1,854 (6.45)

Missing 3,269 (0.98) 3,195 (0.96) 108 (0.38) 95 (0.33)

Patient Clinical Characteristics

Cause of ESRD, N (%)

    Diabetes 152,039 (45.8) 152,868 (46.1) 9,168 (31.9) 9,111 (31.7)

    Hypertension 97,716 (29.4) 97,291 (29.3) 5,128 (17.8) 5,237 (18.2)

    Glomerulonephritis 18,626 (5.6) 18,628 (5.6) 5,862 (20.4) 5,787 (20.1)
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Dialysis Cohort Transplant Cohort

Training Cohort N=331,930 Validation Cohort N=331,930 Training Cohort N=28,740 Validation Cohort N=28,739

    Other 63,549 (19.2) 63,143 (19.0) 8,582 (29.9) 8,604 (29.9)

Time on Dialysis

0-6 months ------ ------ 3,449 (15.8) 3,499 (16.0)

6-12 months ------ ------ 3,901 (17.9) 3,739 (17.1)

>12 months ------ ------ 14,497 (66.4) 14652 (66.9)

BMI > 35 kg/m2 62,155 (18.7) 62,544 (18.8) 3,415 (11.9) 3,441 (12.0)

Tobacco use 21,512 (6.5) 21,441 (6.5) 1,033 (3.6) 1,047 (3.6)

Cardiovascular Disease 191,118 (57.6) 190,679 (57.5) 6,365 (22.2) 6,441 (22.4)

Congestive Heart Failure 113,837 (34.3) 113337 (34.1) 2,404 (8.4) 2,439 (8.5)

History of Cancer 26,122 (7.9) 26,036 (7.8) 714 (2.5) 684 (2.4)

Serum Albumin < 3.5 g/dL 168,649 (50.8) 169,111 (50.9) 9,115 (31.7) 9,007 (31.3)

Hemoglobin < 10 g/dL 227,192 (68.5) 227,304 (68.5) 15,252 (53.1) 15,424 (53.7)

Pre-dialysis ESA 85,054 (25.6) 85,256 (25.7) 10,150 (35.3) 10,233 (35.6)

Access to Nephrologist Prior 
to ESRD

    Yes 117,518 (53.5) 177,086 (53.3) 20,924 (72.8) 20,799 (72.4)

    No 98,642 (29.7) 98,581 (29.7) 3,712 (12.9) 3,769 (13.1)

    Unknown 55,770 (16.89) 56,263 (16.9) 4,104 (14.3) 4,171 (14.5)

BMI, body mass index; ESA, erythropoietin-stimulating agent.
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Table 2

Multivariable Logistic Regression Analysis Results for 3-Year Mortality among the Dialysis Training Cohort 

(N=331,930) and Transplant Training Cohort (N=28,740)

Dialysis N=331,930 Transplant N=28,740

Variable Estimate (beta) Standard Error Odds Ratio 
(95% CI)

Estimate (beta) Standard Error Odds Ratio 
(95% CI)

Intercept −2.8457 0.0227 - −5.4292 0.1646 -

Sex (Female vs. Male) 0.0067 0.0076 1.01 (0.99-1.02) −0.0475 0.0603 0.95 (0.85-1.07)

Age, years 0.0388 0.0003 1.04 (1.04-1.04) 0.0382 0.0025 1.04 (1.03-1.04)

Race

    White Reference Reference Reference Reference Reference Reference

    Black −0.2990 0.0090 0.74 (0.73-0.76) −0.0261 0.0733 0.97 (0.84-1.13)

    Other −0.6111 0.0179 0.54 (0.52-0.56) −0.5080 0.1296 0.60 (0.47-0.78)

Hispanic Ethnicity (vs. 
non-Hispanic)

−0.5253 0.0124 0.59 (0.58-0.61) −0.4034 0.1071 0.67 (0.54-0.82)

Cardiovascular Disease 0.4737 0.0081 1.61 (1.58-1.63) 0.3369 0.0633 1.47 (1.30-1.66)

Hypertension −0.4696 0.0105 0.63 (0.61-0.64) −0.2000 0.0799 0.84 (0.72-0.98)

Diabetes 0.0169 0.0078 1.02 (1.00-1.03) 0.4013 0.0600 1.54 (1.37-1.73)

Albumin < 3.5 g/dL 0.3619 0.0076 1.44 (1.42-1.46) 0.2102 0.0605 1.23 (1.15-1.46)

Time on Dialysis

    0-6 months - - - Reference Reference Reference

    6-12 months - - - 0.1360 0.1015 1.15 (0.94-1.40)

    >12 months - - - 0.4906 0.0700 1.63 (1.42-1.87)

1 Cardiovascular disease was defined as a history of congestive heart failure, atherosclerotic heart disease, other cardiac disease, cerebrovascular 
disease, or peripheral vascular disease as designated on the CMS-2728 form (item 17a, 17b, 17c, 17d, or 17e).

2 Hypertension was defined as ‘history of hypertension’ at the time of ESRD start, as designated on the CMS-2728 form (item 17f)

3 Diabetes was defined as a history of diabetes, either with or without medications, as designated on the CMS-2728 form (item 17h, 17i, or 17j)
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Table 3

Model Performance Measures for 3-Year Development and Validation Data Sets.

Models C-Statistic (Area Under Curve) 95% CI

Dialysis Patients (N=663,860)

        Development 0.7034 (0.7016-0.7052)

        Validation 0.7047 (0.7029-0.7065)

Transplantation (n=57,479)

        Development 0.6948 (0.6806-0.7090)

        Validation 0.7015 (0.6875-0.7155)

Deceased Donor Transplant (n=30,228)

        Development 0.6705 (0.6526-0.6884)

        Validation 0.6640 (0.6458-0.6822)

Living Donor Transplant (n=27,251)

        Development 0.7146 (0.6899-0.7392)

        Validation 0.7209 (0.6954-0.7463)
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