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eMethods. Supplementary information on the USRDS database1, 2 

Reporting of patients 
The United States Renal Data System (USRDS) database contains data on virtually all individuals in the 
United States with end stage kidney disease (ESKD). The first USRDS contract was awarded in 1988 and 
was updated in 1999 under the supervision of the National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) at the National Institutes of Health (NIH). Prior to 1995, reporting to the USRDS was 
mandatory for all Medicare-eligible patients with ESKD, whereas since 1995, all ESKD patients must be 
reported regardless of Medicare eligibility. By law, ESKD confers eligibility for Medicare, though there 
may be a waiting period in certain circumstances. 
 
Data capture in the USRDS  
ESKD status is determined by the treating physician, who must submit a Medical Evidence Form (CMS-
2728) which includes demographic variables and the date of first ESKD care (defined as either the date of 
first regular dialysis or the date of pre-emptive transplantation). Patients who recover kidney function after 
acute kidney injury will not be included in the USRDS because physicians will not submit a Medical 
Evidence Form unless the kidney injury is irreversible. Patients with ESKD who die before their first 
dialysis treatment may be missed by the USRDS database. The Medical Evidence Form has been twice 
updated in the past 20 years. The first new version was implemented for all ESKD patients in 1995 and the 
current version began use in 2005. These updates have included an increasing number of co-morbid 
conditions, laboratory testing, height (which allows for calculation of estimated glomerular filtration rate), 
therapy prior to ESKD, and insurance status (eTable 1). 
 
Capturing deaths and causes of death in the USRDS 
Deaths are reported directly to the USRDS using the Death Notification Form (CMS-2746-U3). In addition, 
deaths are captured using the National Vital Statistics Database, ensuring virtually complete capture of all 
deaths. To capture the cause of death, the Death Notification Form must be completed and a cause of death 
code selected by the treating physician within 45 days of the death event. The Death Notification Form was 
updated in 1990, to include 59 causes of death compared with 22 causes on the previous Health Care 
Financing Administration (HCFA) Death Notification Form. The 59 causes are divided into broad 
categories including Cardiac (n=9 causes), Vascular (n=10), Infection (n=12), Liver Disease (n=6), Gastro-
intestinal (n=5), and Other (n=17).  
(available at http://www.usrds.org/forms/04_2746_Death_Notification_1996.pdf) .  
 
The Death Notification Form was again modified in 2004 to include 70 causes of death (available at 
http://www.usrds.org/forms/05_2746_Death_Notification_2004.pdf). The 70 causes are divided into 
Cardiac (n=9 causes), Vascular (n=10), Infection (n=12), Liver Disease (n=7), Gastro-intestinal (n=4), 
Metabolic (n=8), Endocrine (n=3), and Other (n=17). Both versions of the Death Notification Form include 
an “Unknown” and an “Other cause of death” category.  
 
Supplementary information on Imputation Methods for missing data 
In order to deal with missing data, we used multiple imputation. The method employed uses the distribution 
of values for patients with non-missing data, together with the distributions of other variables in the model, 
to estimate the value of missing data points. Rather than simply filling in a single imputed value for each 
missing value, this Markov chain Monte Carlo technique replaces each missing value with a random 
sample from the assumed distribution of the missing data. The final results of models fitted with this 
multiple imputation technique effectively reflect the ‘average’ results of multiple models (each with a 
slightly different set of imputed values) and also reflect the uncertainty due to missing values. The number 
of imputations varied from 5 to 10, depending on the magnitude of missingness (more imputations with 
greater missingness); this should achieve a relative efficiency of 95%.3  
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eTable 1: Changes to the USRDS Medical Evidence Form over time 
 Original form* (1987) Update: April 1, 1995 Update: June 1, 2005 
Co-morbid 
conditions 
patient 
currently has or 
had during the 
last 10 years 

None captured N=20 
congestive heart failure, 
ischemic heart disease, 
myocardial infarction, 
cardiac arrest, cardiac 
arrhythmia, pericarditis, 
cerebrovascular disease, 
peripheral vascular 
disease, hypertension, 
diabetes, chronic 
obstructive pulmonary 
disease, current tobacco 
use, malignancy, 
alcohol/drug dependence, 
HIV/AIDS, inability to 
ambulate/transfer 

N=23 
congestive heart failure, 
atherosclerotic heart 
disease, other cardiac 
disease, cerebrovascular 
disease, peripheral 
vascular disease, 
hypertension, amputation, 
diabetes, chronic 
obstructive pulmonary 
disease, current tobacco 
use, malignancy, 
alcohol/drug dependence, 
HIV/AIDS, inability to 
ambulate/transfer, needs 
assistance with daily 
activities, institutionalized, 
non-renal congenital 
abnormality, none 

Laboratory 
testing prior to 
ESKD 

None captured N=7 
hematocrit, hemoglobin, 
serum albumin, serum 
creatinine, creatinine 
clearance, blood urea 
nitrogen, urea clearance 

N=5 
hemoglobin, serum 
albumin, serum 
creatinine, hemoglobin 
A1c, lipid profile 

Pre-ESKD 
therapy 

None captured N=1 
erythrocyte stimulating 
agent therapy yes/no 

N=4 
erythrocyte stimulating 
agent therapy, 
nephrology care, kidney 
dietician, type of access 
for first dialysis 

Medical 
Coverage 

None captured N=6 
Medicaid, Department of 
Veterans Affairs, 
Medicare, Employer 
Group Health Insurance, 
Other Medical Insurance, 
None 

N=7 
Medicaid, Department of 
Veterans Affairs, 
Medicare, Medicare 
Advantage, Employer 
Group Health Insurance, 
Other, None 

*Information not captured on the pre-1995 Medical Evidence Form may have been filled in retroactively for some patients 
initiating dialysis before 1995. The 1995 version of the Medical Evidence Form had to be completed for all ESKD patients, 
regardless of date of ESKD treatment initiation. 
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eTable 2: Sensitivity analyses: All-cause hazard ratios for mortality, without censoring at transplant and with 
censoring and inverse probability of censoring weighting (IPCW) 
 
 Age <5 years at initiation Age ≥5 years at initiation 
 Not censored at first 

transplant 
Censored at first 

transplant, with IPCW 

Not censored at 
first transplant 

Censored at first 
transplant, with 

IPCW 

 Unadjusted  0.86 [0.80, 0.91]a 0.70 [0.67, 0.73]a 0.91 [0.88, 0.94]a 0.79 [0.76, 0.81]a 
 Adjusted Model 1 0.83 [0.78, 0.87]a 0.67 [0.64, 0.70]a 0.92 [0.89, 0.95]a 0.81 [0.79, 0.84]a 
 Adjusted Model 2 (Model 
1 plus insurance coverage) 

0.83 [0.78, 0.88]a 0.67 [0.64, 0.69]a 0.93 [0.90, 0.97]a 0.81 [0.79, 0.84]a 

 Adjusted Model 3 (Model 
2 plus co-morbidity) 

0.81 [0.76, 0.86]a 0.68 [0.65, 0.71]a 0.94 [0.91, 0.97]a 0.81 [0.78, 0.83]a 

Data are shown as hazard ratio [95% confidence intervals] for mortality per 5-year increment in year of treatment initiation. Model 1 adjusted for initiation age, sex, race, primary renal 
disease, initial dialysis modality, and socioeconomic status quartile. aIndicates statistically significant hazard ratio. 
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eTable 3: Sensitivity analyses: Cardiovascular and infection-related mortality 
 
 Age <5 years at initiation Age ≥5 years at initiation 
CARDIOVASCULAR MORTALITY 
Hazard ratio per 5-year increment in treatment initiation without censoring at first transplant, with imputation of missing causes of death
 Unadjusted  0.82 [0.75, 0.91]a 0.96 [0.91, 1.02] 
 Adjusted Model 1 0.78 [0.71, 0.87]a 0.96 [0.91, 1.02] 
 Adjusted Model 2 (Model 1 plus insurance coverage) 0.79 [0.72, 0.88]a 0.99 [0.94, 1.04] 
 Adjusted Model 3 (Model 2 plus co-morbidity) 0.57 [0.51, 0.63]a 0.77 [0.73, 0.81]a 
Hazard ratio per 5-year increment in treatment initiation with censoring at first transplant, without imputation of missing causes of death
 Unadjusted  0.82 [0.75, 0.91]a 0.96 [0.91, 1.02] 
 Adjusted Model 1 0.77 [0.69, 0.86]a 0.92 [0.86, 0.98]a 
 Adjusted Model 2 (Model 1 plus insurance coverage) 0.79 [0.72, 0.88]a 0.99 [0.94, 1.04] 
 Adjusted Model 3 (Model 2 plus co-morbidity) 0.72 [0.67, 0.77]a 0.64 [0.35, 1.18] 
INFECTION-RELATED MORTALITY 
Hazard ratio per 5-year increment in treatment initiation without censoring at first transplant, with imputation of missing causes of death
 Unadjusted  0.89 [0.78, 1.02] 0.85 [0.77, 0.93]a 
 Adjusted Model 1 0.84 [0.73, 0.95]a 0.88 [0.79, 0.97]a 
 Adjusted Model 2 (Model 1 plus insurance coverage) 0.85 [0.74, 0.97]a 0.87 [0.79, 0.96]a 
 Adjusted Model 3 (Model 2 plus co-morbidity) 0.64 [0.55, 0.75]a 0.68 [0.61, 0.75]a 
Hazard ratio per 5-year increment in treatment initiation with censoring at first transplant, without imputation of missing causes of death
 Unadjusted  0.89 [0.78, 1.02] 0.85 [0.77, 0.93]a 
 Adjusted Model 1 0.84 [0.73, 0.96]a 0.83 [0.76, 0.91]a 
 Adjusted Model 2 (Model 1 plus insurance coverage) 0.85 [0.74, 0.97]a 0.87 [0.79, 0.96]a 
 Adjusted Model 3 (Model 2 plus co-morbidity) 0.84 [0.76, 0.99]a 0.95 [0.90, 0.99]a 
Data are shown as hazard ratio [95% confidence intervals] for mortality. Model 1 adjusted for initiation age, sex, race, primary renal disease, initial dialysis modality, and 
socioeconomic status quartile. aIndicates statistically significant hazard ratio. 
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eFigure 1A: Kaplan-Meier estimates of survival for children <5 years of age initiating ESKD treatment with 
dialysis in successive time periods without censoring at first transplant. The number of individuals still under observation, and still treated 
with dialysis, at 1, 2, 5, and 10 years after dialysis initiation are indicated in the tables below the curves. The logrank p-values for comparisons between time periods was <0.0001. 
 

 

Years after ESKD treatment initiation  
Time period 0 1 2 5 10 
1990-1994 692 568 524 487 458 
1995-1999 734 627 591 540 521 
2000-2004 845 732 676 625 103 
2005-2010 1179 1031 898 138 - 
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eFigure 1B: Kaplan-Meier estimates of survival for children ≥5 years of age initiating ESKD treatment with 
dialysis in successive time periods without censoring at first transplant. The number of individuals still under observation, and still treated 
with dialysis, at 1, 2, 5, and 10 years after dialysis initiation are indicated in the tables below the curves. The logrank p-values for comparisons between time periods was <0.0001. 
 

 
Years after ESKD treatment initiation  

Time period 0 1 2 5 10 
1990-1994 4368 4161 4040 3772 3405 
1995-1999 4661 4508 4371 4061 3631 
2000-2004 5103 4917 4741 4394 798 
2005-2010 5819 5575 4842 1033 - 
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eFigure 2: Timeline illustrating improvements in practice guidelines, peritoneal dialysis, hemodialysis, and medications 
over the last 20-30 years. 
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