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Abstract

The estimated glomerular filtration rate (eGFR) at dialysis initiation has been rising. Observational 

studies suggest harm, but may be confounded by unmeasured factors. As instrumental variable 

methods may be less biased we performed a retrospective cohort study of 310,932 patients starting 

dialysis between 2006 to 2008 and registered in the United States Renal Data System in order to 

describe geographic variation in eGFR at dialysis initiation and determine its association with 
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mortality. Patients were grouped into 804 health service areas by zip code. Individual eGFR at 

dialysis initiation averaged 10.8 ml/min/1.73m2 but varied geographically. Only 11% of the 

variation in mean health service areas-level eGFR at dialysis initiation was accounted for by 

patient characteristics. We calculated demographic-adjusted mean eGFR at dialysis initiation in 

the health service areas using the 2006 and 2007 incident cohort as our instrument and estimated 

the association between individual eGFR at dialysis initiation and mortality in the 2008 incident 

cohort using the 2 stage residual inclusion method. Among 89,547 patients starting dialysis in 

2008 with eGFR 5 to 20 ml/min/1.73m2, eGFR at initiation was not associated with mortality over 

a median of 15.5 months [hazard ratio 1.025 per 1 ml/min/1.73m2 for eGFR 5 to 14 ml/min/

1.73m2; and 0.973 per 1 ml/min/1.73m2 for eGFR 14 to 20 ml/min/1.73m2]. Thus, there was no 

associated harm or benefit from early dialysis initiation in the United States.

Introduction

The optimal time to initiate dialysis has been debated over the last two decades1–5. Clinical 

practice guidelines published in the United States (US) in 1997 advocated initiating dialysis 

when the glomerular filtration rate (GFR) was approximately 10.5 ml/min/1.73m2 based on 

extrapolation from optimal dialytic clearance6. Subsequent concern regarding malnutrition, 

reduced quality of life and potential risks of emergent dialysis in patients delaying initiation 

led to revision of US clinical practice guidelines to suggest dialysis initiation at GFR <15 

ml/min/1.73m2 in the presence of signs or symptoms of uremia7. Over this time, mean GFR 

at dialysis initiation in the US rose from 8.1 in 1997 to 10.8 ml/min/1.73m2 in 20078.

To date, the impact of early versus later dialysis initiation on patients’ health outcomes 

remains unclear. A recent randomized trial conducted in Australia and New Zealand found 

no benefit or harm of early dialysis initiation, but was limited by a high rate of cross-over 

between groups of patients assigned to early or later initiation9. Furthermore, the results may 

not translate well to patients with end-stage renal disease (ESRD) in the US who are more 

likely to use hemodialysis, to have indwelling central venous catheters for dialysis access, 

and to have diabetes and other comorbid illnesses10. On the contrary, a growing body of 

observational research studies in the US dialysis population suggests that earlier initiation is 

associated with increased mortality11–15, but may be limited by residual confounding due to 

factors such as health status16,17.

Statistical methods, such as instrumental variable analyses, may help overcome confounding 

and improve the estimation of treatment effects from observational comparative 

effectiveness studies18,19. An instrumental variable affects the likelihood of receiving a 

particular treatment strategy, and therefore may impact the outcome through its effect on 

treatment, but is not directly associated with the outcome through any other causal 

pathway20. Variables meeting these conditions may be able to provide improved control for 

confounding, including unobserved confounding, although identifying suitable instrumental 

variables is a challenge21. In this study, we describe geographic variation in GFR at dialysis 

initiation in the US, explore how it relates to regional characteristics, and utilize the local 

practice pattern, reflected by the mean GFR at dialysis initiation within small geographic 

Scialla et al. Page 2

Kidney Int. Author manuscript; available in PMC 2015 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



areas, as an instrumental variable to estimate the association of patients’ GFR at dialysis 

initiation and mortality.

Results

Study overview

We used nationally representative data from the United States Renal Data System (USRDS), 

the US registry of patients receiving treatment for ESRD10, to accomplish two goals: (1) to 

explore geographic variation in the estimated GFR (eGFR) at dialysis initiation; and (2) to 

evaluate the relationship between patients’ eGFR at dialysis initiation and risk of mortality 

using the observed geographic variation as an instrumental variable. The geographic 

analyses include 310,932 incident dialysis patients initiating dialysis between 2006–2008 

from 804 small geographic areas in the US, known as health service areas (HSAs)10. 

Subsequent mortality analyses split the study population into two cohorts: one cohort of 

incident dialysis patients initiating dialysis between 2006–2007 was used to create the 

instrumental variable (demographic-adjusted mean eGFR at dialysis initiation within the 

HSA); and one cohort involving 89,547 patients initiating dialysis in 2008 with an eGFR 

between 5–20 ml/min/1.73m2 was studied in survival analyses (Figure 1). We restricted the 

patients’ eGFR at dialysis initiation to this range because it is a range commonly targeted by 

nephrologists for initiation22.

Geographic variation in mean eGFR at dialysis initiation

The number of incident participants per HSA varied from 1 to 14,632 (median 148; 

interquartile range 50 to 339). Nationally, the mean eGFR at dialysis initiation was 10.82 ± 

4.92 ml/min/1.73m2. Mean eGFR at initiation and other patient characteristics are presented 

according to 6 national regions (Pacific, Mountain, Midwest, South, Mid-Atlantic and New 

England) in Supplemental Table 1. We identified a geographic pattern (Figure 2a) with 

higher mean eGFR at dialysis initiation in the Midwest and Mountain regions and lower 

mean eGFR at dialysis initiation in the South, New England, Mid-Atlantic and Pacific 

regions compared with the national average (Figure 2b; each p<0.001).

The geographic patterns were similar after additional adjustment for age, sex, race and 

ethnicity (Figure 3), and with further adjustment for comorbid illnesses, income and pre-

dialysis insurance status (Supplemental Figure 1). After adjustment for all patient-level 

characteristics, mean eGFR at initiation was lowest in New England follow by the South and 

Mid-Atlantic and highest in Mountain, followed by Midwest and Pacific regions (Figure 2b; 

each p <0.001 compared to national average). The standard deviation of mean eGFR at 

dialysis initiation across HSAs was minimally attenuated by adjustment for age (9% 

attenuation), sex (0.1%), race (4%) and Hispanic ethnicity (2%) or 11% after full 

demographic adjustment. There was no further attenuation after adjustment for other patient 

characteristics (data not shown).

The geographic distribution of selected HSA-level characteristics is depicted in 

Supplemental Figure 2. Overall, eGFR at dialysis initiation was associated with many HSA-

level characteristics, but associations were small in magnitude with inconsistent trends 
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across categories (Figure 4). The largest and most consistent trends observed were earlier 

dialysis initiation in areas with greater market competition or younger median age of 

nephrologists.

Instrumental Variable Analysis

Due to geographic differences in dialysis timing that were independent of patient 

characteristics, we hypothesized that the demographic-adjusted mean eGFR at dialysis 

initiation within the HSA (i.e. adjusted HSA-level mean eGFR) represents the local practice 

pattern and could be used as an instrumental variable to evaluate the association between 

patients’ individual eGFR at initiation (i.e. patient-level eGFR) and mortality (Supplemental 

Figure 3). We calculated the instrumental variable using the 2006–2007 incident cohort and 

evaluated the relationship between patients’ eGFR at dialysis initiation and mortality in 

89,547 patients initiating dialysis in 2008 with an eGFR between 5–20 ml/min/1.73m2. 

Patient characteristics according to eGFR at dialysis initiation below, within and above this 

range, which is commonly targeted by nephrologists for dialysis initiation22, are presented in 

Supplemental Table 2. Adjusted HSA-level mean eGFR ranged from 8.91 to 12.52 with a 

median of 10.61 ml/min/1.73m2. Patient characteristics were better balanced when classified 

according to adjusted HSA-level mean eGFR at dialysis initiation (> vs. ≤ median) as 

opposed to classification by patient-level eGFR at dialysis initiation (Table 1). Race was the 

only patient level covariate with a standardized difference >10% across HSA-level eGFR 

groups. HSA-level characteristics are presented by levels of the instrumental variable in 

Table 2. Some HSA-level characteristics show large standardized differences across levels 

of the instrument. Based on our framework (see Supplemental Figure 3), we conceptualized 

these factors as influencing the local physician practice patterns with regard to the types and 

timing of renal replacement therapy initiated, but not as causes of the outcome. HSA-level 

mean eGFR at dialysis initiation from the 2006–2007 incident cohort was robustly 

associated with patient-level eGFR at dialysis initiation from the 2008 incident cohort 

overall and among all subgroups tested as indicated by a high F-statistic, well above 

previously published cutpoints23. This indicates that our instrumental variable strongly 

predicted the treatment of interest overall and in a variety of important subgroups, a critical 

feature of an effective instrument (Table 3).

Over a median follow up of 15.5 months (interquartile range 9.9–19.8 months), 24,761 

patients died (23.2 per 100 patient years). Using piecewise linear splines, patients’ eGFR at 

dialysis initiation was not associated with mortality using the 2 stage residual inclusion 

method for instrumental variable analyses24 (Figure 5a). Estimates for the hazard associated 

with eGFR across the range from 5–20 ml/min/1.73m2 were similar in sensitivity analyses 

including a broader range of eGFR at dialysis initiation (Supplemental Figure 4). In a 

multivariable Cox model that did not incorporate the instrumental variable approach, the 

hazard ratio associated with higher patient-level eGFR at initiation was highly statistically 

significant and graded across the full range of eGFR (HR 1.033; 95% CI 1.030–1.036 for 

each 1 ml/min/1.73m2 higher eGFR or HR 1.176; 95% CI 1.159–1.193 for each 5 ml/min/

1.73m2 higher eGFR; p<0.001; Figure 5b). The result was unchanged if the model 

incorporated clustering effect within HSAs (data not shown).
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Discussion

In this study, we identified geographic variation in the timing of dialysis initiation across the 

US that is independent of case-mix and is associated with provider and market 

characteristics. These findings not only highlight opportunities to standardize care across the 

US but also support the use of local area mean eGFR at dialysis initiation as an instrumental 

variable to evaluate the relationship between early versus later dialysis initiation and 

mortality. Our instrumental variable analyses, which employed methodology that may be 

able to better control for confounding compared to standard multivariable adjustment, 

demonstrated no association between patients’ GFR at initiation and subsequent mortality in 

the 2008 US incident dialysis population. Although confidence limits for the instrumental 

variable analyses were wide, striking differences in the shape of the association yielded by 

the instrumental variable analyses compared with more conventional analyses suggest that 

prior observational results may have substantial confounding bias. Furthermore, while not 

associated with mortality in this study, early initiation of dialysis increases cost to the health 

care system25 and could be related to other harms, such as risk of infections, hospitalizations 

and worse quality of life.

Randomized controlled trials are the gold-standard for estimating treatment efficacy in the 

setting of idealized care delivery. However, trial results may not reliably measure the 

effectiveness of treatment strategies when care is delivered to patients who may not have 

been eligible for trials and when care is delivered under real-world constraints26. 

Comparative effectiveness studies, such as this, are designed to fill these gaps and provide 

more generalizable treatment estimates to complement knowledge obtained from 

randomized trials26,27. Our results are consistent with those from the IDEAL study, the only 

randomized controlled trial examining risks of mortality with earlier versus later dialysis 

initiation9. As IDEAL was performed in New Zealand and Australia, our similar findings 

may increase confidence that the findings from this trial can be extrapolated to a more 

diverse US dialysis population and to patients initiating dialysis in real-world clinical 

practice settings. On the contrary, our results may not generalize as well to patients on 

dialysis treated outside of the US given differences in patient characteristics.

Instrumental variable analyses attempt to control unmeasured confounding by examining the 

impact of differences in treatment that are due to a purely exogenous variable (i.e. the 

instrument) and controlling for the variation in the patients treatment that is determined by 

other unmeasured characteristics (i.e. the residual). For this reason, results from instrumental 

variable analyses generalize only to patients whose treatment was affected by the 

instrumental variable, a group often referred to as the “marginal” patient population28. In 

this analysis, our instrument, the local dialysis initiation practice pattern, contributed to the 

variation in patients’ GFR at dialysis initiation across all subgroups tested, including elderly 

patients, those with diabetes, congestive heart failure and those without insurance, 

suggesting that our findings generally apply to these subgroups that were inadequately 

represented in the IDEAL trial9. Diabetic patients comprise 45%, and adults 75 years of age 

and older comprise 26% of patients initiating dialysis therapy in the US in 201010, making 

reliable treatment estimates that apply to these patient groups critically important. It is 

important to emphasize that our survival analyses focused on patients with an eGFR within 
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the range widely targeted by nephrologists for initiation, eGFR 5–20 ml/min/1.73m2.22 We 

were not able to evaluate for a survival advantage or disadvantage for patients initiating with 

eGFR outside of this range.

Although our instrumental variable impacted the average eGFR at dialysis initiation in all 

subgroups tested, our results would not apply to any individual patient who would have been 

treated the same no matter where they lived, such as a patient with refractory uremic 

symptoms or electrolyte abnormalities. We did not have information on the clinical reasons 

for dialysis initiation in this study. A number of important patient characteristics contribute 

to the medical decision to start dialysis earlier or later, including age and the presence of 

comorbid medical conditions15,29,30. However, in surveys many nephrologists report using 

GFR as a primary factor determining when to start22. Furthermore, although creatinine-

based estimates of eGFR can be inaccurate in the setting of abnormal body composition, 

creatinine-based eGFR is currently the most widely monitored clinical measure of GFR in 

the US, and therefore reflects the information that providers use at the time of clinical 

decision-making. The serum creatinine measurements used in this study reflect information 

collected administratively from clinicians, and we do not know whether all laboratories used 

IDMS-traceable methods. However, the bias induced by error in serum creatinine 

measurement is likely to be negligible within this low range of eGFR31 and the 

measurements represent the information treating physicians had available to them at the time 

and in the environment in which they made medical decisions.

Findings from our standard Cox models replicated those reported in prior observational 

studies of the association of early versus later dialysis initiation with mortality11, suggesting 

that our instrumental variable was effective in accounting for additional unobserved 

confounding. Nonetheless, our findings should be interpreted with caution due to relatively 

wide confidence intervals and inherent difficulties with confirming critical assumptions of 

the instrumental variable approach. The validity of our findings depends upon our selection 

of an appropriate instrument and the soundness of our assumptions in selecting the 

instrument. We assumed the instrument (i.e. the local practice pattern as reflected in the 

demographic-adjusted HSA-level mean eGFR at dialysis initiation) only affects survival by 

impacting subsequent patients’ eGFR at dialysis initiation, and not via any other pathway. It 

is possible that areas where dialysis tends to be initiated earlier may have correlated practice 

patterns that impact patient outcomes through alternative pathways other than their influence 

on patients’ individual eGFRs at dialysis initiation. However, this may be less of a concern 

in instances, such as this, when optimal treatment practices are not known32. It is also 

possible that geographic patterns in eGFR at dialysis initiation may mirror patterns in health 

care quality, access to medical care, and socioeconomic status, all of which have been 

associated with patients’ outcomes. We adjusted for median income and rurality of the 

patient’s zip code and pre-dialysis insurance status in our analyses, but we may not have 

been able to fully measure and account for these differences. We considered other 

instruments, such as distance to the nearest dialysis facility, however these alternative 

variables did not adequately balance several important patient characteristics33. Our 

instrument balanced most patient characteristics to an acceptable extent, but race remained 

unbalanced. Although blacks tend to survive longer on dialysis compared to whites34, this 

variable is relatively easily captured and controlled for in our survival models; therefore, we 
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wouldn’t expect this to contribute to residual confounding. Further, it may have been 

preferable to utilize the practice patterns of a patient’s specific nephrologist as an 

instrument, as opposed to regional practice patterns, but information linking patients with 

specific nephrologists was not available. Finally, in this analysis survival is measured from 

the time of dialysis initiation, whereas the decision about timing of dialysis initiation occurs 

in the setting of advanced chronic kidney disease, before dialysis is initiated. Similar to most 

observational studies of this subject, we were not able to account for lead time or survival 

bias with this study design. Novel study designs attempting to account for these factors are 

available, but require information on patients’ pre-dialysis health history which was not 

available in our USRDS data35.

In conclusion, we found geographic variation in the timing of dialysis initiation across the 

US that was only partially explained by patient-level demographic and clinical factors and 

was influenced by non-patient factors, including median nephrologist age in the HSA and 

local dialysis market characteristics. Although earlier initiation of dialysis incurs substantial 

costs to the health system25 and may increase burdens on patients, our analyses suggest 

there is no meaningful impact on post-initiation outcomes in the US dialysis population, 

consistent with findings from a recent clinical trial. Future clinical practice guidelines in the 

US should discourage early dialysis initiation based exclusively on renal clearance.

Methods

Study population

We studied adults (≥18 years old) initiating dialysis in the US from 2006–2008. The USRDS 

maintains data on demographics, medical history and laboratory tests at the time of initial 

treatment for ESRD ascertained through mandated reporting by ESRD care providers 

[Centers for Medicare and Medicaid Services (CMS) Medical Evidence Form 2728]. The 

USRDS also collects information on dialysis facilities through the annual ESRD Facility 

Survey.

We excluded participants who were missing CMS Form 2728 or data needed to calculate 

eGFR, had an unknown dialysis type, or who had inadequate geographic information. We 

grouped patients into HSAs by zip code of residence10, and grouped HSAs into 6 national 

regions (New England, Mid-Atlantic, South, Midwest, Mountain and Pacific) to test larger 

regional differences. We defined regions based on boundaries of US Census Regions and 

Divisions. If the standardized difference in mean eGFR at dialysis initiation was >0.05 

ml/min/1.73m2 between Divisions within a given Census Region, then these Regions were 

split into their respective Census Divisions. For instance, the Northeast Census Region was 

divided into the New England and Mid-Atlantic Divisions (standardized mean difference= 

0.09 ml/min/1.73m2), and the West was divided into Mountain and Pacific Divisions 

(standardized mean difference= 0.11 ml/min/1.73m2). The South and Midwest Census 

Regions were not further divided.
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Patient characteristics

Because creatinine-based eGFR is the most widely utilized measure of kidney function in 

clinical practice, eGFR at dialysis initiation was calculated using the 4-variable MDRD 

study equation36. We quantified comorbidity using a previously validated index37. We used 

public data sources to describe characteristics of each patients’ residential zip code, 

including median household income from the 2000 US Census38, and rurality, using Rural 

Urban Commuting Area (RUCA) codes from 200039. To summarize confounders, we 

created a propensity score for early initiation of dialysis (eGFR ≥10ml/min/1.73m2) using all 

patient level characteristics in a logistic regression model (Supplemental Methods).

HSA-level characteristics

We hypothesized that local factors, such as the availability of renal replacement therapy, 

characteristics of nephrologists, and the dialysis market would influence timing of dialysis 

initiation. Using additional data from the USRDS facility files and 2006 American Medical 

Association’s Physician Masterfile40, we calculated the following for each HSA: (1) the 

ratio of prevalent in-center hemodialysis patients to available hemodialysis beds; (2) the 

proportion of prevalent dialysis patients treated with peritoneal dialysis; (3) the proportion 

of incident ESRD patients treated with pre-emptive renal transplantation; (4) the number of 

practicing nephrologists per 100 prevalent dialysis patients; (5) median age of practicing 

nephrologists in the HSA; (6) a measure of market competition among dialysis centers in the 

HSA, known as the Herfindahl index41; and (7) the percentage of prevalent dialysis patients 

treated in for-profit facilities. Details of variable creation are provided as supplementary 

material.

Statistical analysis of geographic variation

We directly calculated the mean eGFR at initiation within each HSA. To delineate 

geographic patterns, we used a Bayesian hierarchical model to smooth estimates spatially 

assuming neighboring HSAs were similar42. We explored the geographic distribution of 

HSA-level characteristics using the same methodology.

To facilitate adjustment, we also modeled the mean eGFR at dialysis initiation with a 

general linear model including a random effect for each HSA and using the national 

population as the reference43. We adjusted our estimates with fixed effects for each 

demographic characteristic separately [age (categorized as 18–34, 35–44, 45–54, 55–59, 60–

64, 65–69, 70–74, 75–79, 80–84, and ≥85 years); sex; race (categorized as black, white, 

Asian or other); and Hispanic ethnicity], followed by full demographic adjustment. To 

evaluate if other patient characteristics influenced the variability, we adjusted for 

comorbidity score (categorized as 0; 1–2; 3–5; ≥6), diabetes, congestive heart failure, 

median income in the patient’s zip code (categorized as missing; 0–24,999; 25,000–37,999; 

38,000–48,999; ≥49,000), insurance status (categorized as Medicare, Medicaid, private 

versus none), dialysis modality at initiation, vascular access at initiation (categorized as 

arteriovenous fistula, arteriovenous graft, central venous catheter, peritoneal dialysis or 

unknown), and RUCA code of the patient’s residence (categorized as metropolitan [0–3], 

micropolitan [4–6], rural [7–10], or missing). We tested for regional differences by adding 

fixed region effects with and without adjustment for patient characteristics. Finally, we used 

Scialla et al. Page 8

Kidney Int. Author manuscript; available in PMC 2015 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



linear regression to determine the association between each HSA-level characteristic and 

eGFR at initiation after adjustment for patient characteristics. These models did not include 

random effects for each HSA.

Instrumental variable analysis

To avoid artificial correlation between HSA-level mean eGFR at dialysis initiation (i.e. the 

instrumental variable) and patient-level eGFR at dialysis initiation (i.e. the treatment of 

interest), we split the study population and calculated the instrumental variable using 

demographic-adjusted random effects models described above among those that initiated 

dialysis in 2006–2007. We evaluated outcomes among those that initiated dialysis in 2008 

with an eGFR within the “typical” eGFR range (5–20 ml/min/1.73m2) targeted by 

nephrologists for dialysis initiation22 (n=89,547). This cohort was followed until December 

31, 2009 or until censoring at the time of kidney transplantation (n=2973) or recovery of 

renal function (n=4017).

To evaluate the association of patients’ eGFR at dialysis initiation and mortality, we used 

the two-stage residual inclusion approach24. In stage one we fit a general linear regression 

model of patient-level eGFR at dialysis initiation using the instrumental variable and all 

patient-level characteristics as covariates [age, sex, race, ethnicity, comorbidity index, 

congestive heart failure, diabetes, insurance status, zip code level median income and RUCA 

code, modality and vascular access at dialysis initiation, primary cause of end-stage renal 

disease (diabetes, hypertension, glomerulonephritis or other/unknown) and categories of 

serum albumin, hemoglobin and body mass index]. We evaluated the strength of our 

instrumental variable overall and in subpopulations by age, race, insurance status, modality/

vascular access and presence of diabetes or congestive heart failure. To assess the validity of 

our instrumental variable, we considered whether: (1) it was independent from the residual 

of the first stage model; (2) it was a predictor of patient-level eGFR at initiation; and, (3) it 

affected outcomes only through initiation eGFR20. Conditions (1) and (2) were directly 

verified. The HSA-level adjusted mean eGFR and the residual from stage 1 were not 

correlated (p>0.99). Our instrumental variable was a predictor of patient-level eGFR at 

dialysis initiation (Table 3). Condition (3) cannot be directly assessed. We verified condition 

(3) to the extent possible by assessing characteristics of patients who initiated dialysis in 

2008 according to categories of HSA-level mean eGFR at initiation, the instrumental 

variable (Table 1).

In the second stage we fit a Cox proportional hazards model for all-cause mortality 

including the patient’s eGFR at dialysis initiation, all patient-level characteristics and the 

residual from stage one. We incorporated penalized splines to allow flexible relationships 

between patient-level eGFR, stage 1 residuals and log hazard of mortality. Based on results 

from exploratory spline analyses, we performed analyses using piecewise linear splines with 

a knot at eGFR of 14 ml/min/1.73m2 for patient-level eGFR to quantify the effect of eGFR 

at dialysis initiation on hazard of mortality within ranges of eGFR. The proportionality 

assumption was checked by Schoenfeld residual plots. Analyses were performed using R 

2.15.2 and SAS 9.2.
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Sensitivity Analyses

We repeated our instrumental variable analyses among the less restricted population with 

eGFR <20 ml/min/1.73m2. We compared our main results to those from a multivariable Cox 

model adjusted for all patient-level characteristics, but without adjustment for the stage 1 

residual.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Participant flow diagram
Medical evidence form refers to Centers for Medicare and Medicaid Services (CMS) 

Medical Evidence Form 2728; eGFR, estimated glomerular filtration rate; HSA, health 

service area. Differences are displayed relative to the overall national mean eGFR at dialysis 

initiation (10.8 ml/min per 1.73 m2)
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Figure 2. Variation in the timing of dialysis initiation by Health Service Area and Region
(A), mean estimated glomerular filtration rate (eGFR) at dialysis initiation smoothed by a 

Bayesian model.

(B), Difference between mean eGFR in the region and the national average. Differences 

were tested without adjustment (blue square) and with adjustment for age, sex, race, 

Hispanic ethnicity, comorbidity index, diabetes, congestive heart failure, median income in 

the patient’s zip code, insurance status, modality/vascular access at dialysis initiation, and 

RUCA code of the patient’s residence (red circle). Bars represent 95% confidence interval.
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Figure 3. Variation in the timing of dialysis initiation by Health Service Area after demographic 
adjustment
Map depicts mean estimated glomerular filtration rate at dialysis initiation by Health Service 

Area (HSA) after adjusting for age, sex, race and Hispanic ethnicity using a random effects 

model and followed by Bayesian smoothing.
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Figure 4. Difference in patients’ estimated glomerular filtration rate (eGFR) at dialysis initiation 
according to health service area (HSA)-level characteristics
Estimates are adjusted for patient age, sex, race, Hispanic ethnicity, comorbidity index, 

diabetes, congestive heart failure, median income in the patient’s zip code, insurance status, 

modality/vascular access at dialysis initiation, and rural urban commuting area (RUCA) 

code of the patient’s residence. Herfindahl index is a measure of market competition 

calculated as the sum of squares of the market share of each provider type. % for-profit is 

referring to the percentage of prevalent hemodialysis patients treated in for-profit dialysis 

facilities in the HSA. % pre-emptive transplant referred to the percentage of incident end-

stage renal disease patients treated with a kidney transplant prior to any dialysis modality. % 

peritoneal dialysis refers to the percentage of prevalent dialysis patients in the HSA treated 

with peritoneal dialysis. Hemodialysis patient-bed ratio refers to the total number of 

prevalent in-center hemodialysis patients relative to the number of available dialysis beds in 

all facilities in the HSA.
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Figure 5. Relationship between patients’ estimated glomerular filtration rate (eGFR) at dialysis 
initiation and log hazard of mortality incorporating a penalized spline
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(A), Instrumental variable analysis result obtained using the two-stage residual inclusion 

model with demographic-adjusted mean health service area (HSA)-level eGFR at dialysis 

initiation as the instrumental variable. Model is adjusted for patient-level variables (age, sex, 

race, Hispanic ethnicity, comorbidity index, diabetes, congestive heart failure, median 

income and rural urban commuting area (RUCA) code in the patient’s zip code, insurance 

status, modality and vascular access at dialysis initiation, primary cause of end-stage renal 

disease, serum albumin, hemoglobin and body mass index). Reference is set at the mean 

eGFR and log hazard ratio is indicated by the red line with 95% confidence intervals (95% 

CI) indicated by dashed yellow lines. Hazard ratios for mortality per 1 ml/min/1.73m2 

higher eGFR at dialysis initiation obtained from piecewise linear spline analysis with a knot 

at eGFR of 14 ml/min/1.73m2 are reported above the corresponding line segment.

(B), Cox proportional hazard model result with adjustment for patient-level variables (age, 

sex, race, Hispanic ethnicity, comorbidity index, diabetes, congestive heart failure, median 

income and rural urban commuting area (RUCA) code in the patient’s zip code, insurance 

status, modality and vascular access at dialysis initiation, primary cause of end-stage renal 

disease, serum albumin, hemoglobin and body mass index). Reference is set at the mean 

eGFR and log hazard ratio is indicated by the red line with 95% CI indicated by dashed 

yellow lines. Hazard ratios for mortality per 1 ml/min/1.73m2 higher eGFR at dialysis 

initiation obtained from a simplified linear model is reported above the spline function. A 

piecewise linear spline is not used for this estimate because a knot at eGFR=14 ml/min/

1.73m2 was not significant (p=0.7).
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