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Abstract

Background—Previous observational studies examining outcomes associated with the timing of

dialysis initiation in the US have often been limited by lead time and survivor bias.

Study Design—Retrospective cohort study comparing the effectiveness of early versus later

(conventional) dialysis initiation in advanced chronic kidney disease (CKD). The analysis

employed inverse probability weighting to account for an individual’s contribution to different

exposure groups over time in a pooled logistic regression model. Patients contributed risk to both

exposure categories (early and later initiation) until there was a clear treatment strategy [i.e.

dialysis was initiated early, or estimated glomerular filtration rate (eGFR) fell below 10 ml/min

per 1.73 m2].

Setting & Participants—CKD patients who had at least one face-to-face outpatient encounter

with a Cleveland Clinic health care provider as of January 1, 2005 and at least two estimated

eGFRs in the range of 20 to 30 ml/min per 1.73m2 measured at least 180 days apart.

Predictors—Timing of dialysis initiation as determined using model-based interpolation of

eGFR trajectories over time. Timing was defined as early (interpolated eGFR at dialysis initiation

≥10 ml/min per 1.73m2) or later (eGFR < 10), and was time-varying.

Outcomes—Death from any cause occurring from the time that eGFR was equal to 20 ml/min

per 1.73m2 through September 15, 2009.

Results—The study population consisted of 652 patients meeting inclusion criteria. The majority

of the study population (71.3%) did not initiate dialysis during follow up. Patients who did not

initiate dialysis (n=465) were older, more likely to be Caucasian, and had more favorable

laboratory profiles than those who initiated. Overall, 146 initiated early, and 80 had eGFR fall

below 10 ml/min per 1.73 m2. Many participants (n=426) were censored prior to attaining a clear

treatment strategy and were considered undeclared. There was no statistically significant survival

difference for the early compared to later initiation strategies (odds ratio 0.85, 95% confidence

interval 0.65–1.11).

Limitations—Interpolated eGFR, moderate sample size, and likely unmeasured confounders.

Conclusions—Among patients with advanced CKD, timing of dialysis initiation was not

associated with mortality when accounting for lead time bias and survivor bias.

INTRODUCTION

Over the past decade, there has been a trend towards initiation of dialysis at higher levels of

kidney function1,2. Definitive clinical trials of early versus later timed dialysis initiation

have been difficult to conduct in part due to the unpredictable clinical course that often

accompanies renal function decline. Following the Initiating Dialysis Early and Late

(IDEAL) trial,3 questions still remain about the relevance to populations and care settings

not well represented in the trial. Thus, substantial debate continues regarding the

effectiveness of initiating dialysis early versus later.

Observational studies conducted to date have largely suggested greater mortality risk

associated with early dialysis initiation4–18, although some found no different19 or improved
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survival associated with earlier initiation20–22. Most studies have been limited by

observations of survival time originating from dialysis initiation rather than a common

eGFR, except for a few studies that have addressed this using inverse probability weighting

or imputation to fill in “lead times” for individuals initiating dialysis later18,19. Therefore,

studies may have been subject to lead time bias, which tends to favor earlier dialysis

initiation because patients beginning dialysis at a higher eGFR enter the analysis earlier in

the course of their disease than those beginning later and accordingly gain a spurious

residual lifetime advantage. Importantly, prior studies have also been subject to survivor

bias, where healthier individuals may have been able to survive long enough to become later

initiators, but others may not have survived.

In the absence of additional clinical trials, observational studies employing data in advance

of dialysis initiation and methods accounting for lead-time and survivor bias could offer

clinicians greater confidence in treatment decisions. We employed such data and a novel

methodological strategy explicated by Sjölander and colleagues19, which employs inverse

probability weighting, allows survival time to originate at a common level of kidney

function, and allows patients who die before starting dialysis to contribute to the analysis.

We also describe characteristics of patients who did or did not initiate dialysis to inform

future studies of advanced chronic kidney disease (CKD).

METHODS

Overview

This was an observational cohort study comparing the effectiveness of early versus later

dialysis initiation among adults with advanced CKD, and was part of the Agency for

Healthcare Research and Quality Developing Evidence to Inform Decisions about

Effectiveness (DEcIDE) Network Patient Outcomes in ESRD Study23.

Data Source and Study Population

We used data from the Cleveland Clinic Foundation (CCF) CKD Registry24 which includes

54,351 patients who had at least one face-to-face outpatient encounter with a Cleveland

Clinic health care provider and (1) had two eGFR values ≤60 ml/min per 1.73 m2 90 days

apart between January 1, 2005 and September 15, 2009 and/or (2) had at least two outpatient

International Classification of Diseases (ICD-9) diagnosis codes for CKD, polycystic kidney

disease, glomerulonephritis, diabetic nephropathy, hypertensive nephrosclerosis, or

renovascular disease as of January 1, 2005. Patients less than 18 years of age or with ESRD

were excluded.24

We linked CCF data to the US Renal Data System (USRDS) to determine initiation of

treatment for ESRD. We followed patients through September 15, 2009. The institutional

review boards of the CCF and Johns Hopkins University approved the study.

Data Collection

We extracted patients’ demographic, clinical and laboratory status from the CCF ambulatory

electronic health records (EHRs).24 We obtained patients’ serum creatinine, cause of ESRD,
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and comorbidities at the time of dialysis initiation from the Centers for Medicare and

Medicaid Services (CMS) form 2728 for those patients who initiated dialysis.

Study Population

We included patients based on their observed eGFRs prior to initiating renal replacement

and our estimation that their kidney function was undergoing a decline.

Serum Creatinine Measurements—Serum creatinine measurements were performed

during the course of patients’ routine clinical care at CCF and varied in number and timing.

Measurements were obtained from the same clinical laboratory using integrated database

management-system traceable samples to minimize calibration bias. All creatinine

measurements were performed by the modified kinetic Jaffe reaction, using a Hitachi 747–

200 Chemistry Analyzer (1996 to 2001) or a Hitachi D 2400 Modular Chemistry Analyzer

thereafter (Roche Diagnostics, Indianapolis, IN) in the Cleveland Clinic laboratory.

Estimated GFR was calculated using the four-variable Modification of Diet in Renal Disease

study equation25.

Cohort Inclusion Criteria—Conceptually, our study aimed to mimic a clinical trial

randomizing patients at risk for ESRD to early or later dialysis initiation. As a first step, we

defined a cohort of patients who could reasonably be considered “at risk” of progressive

kidney function decline that might ultimately require dialysis initiation. We constructed

“spaghetti” plots26 reflecting longitudinal trajectories of patients’ observed kidney function.

Here, we observed that many patients’ eGFRs remained stable at a level much higher than

those at which dialysis is initiated in standard practice, and some patients improved over

time. Because we hypothesized that patients most at risk of requiring dialysis would

experience a sustained eGFR decline (rather than a fall to a low eGFR followed by

recovery), we restricted our analysis to the cohort of n=3502 patients with at least two

eGFRs in the range of 20 to 30 ml/min per 1.73m2 and measured at least 180 days apart.

This also may have excluded patients with acute kidney injury wherein there is less of a

‘choice’ regarding dialysis initiation. We defined patient age (in days) at the first of the

measures in the 20 to 30 ml/min per 1.73m2 range as the patient’s “ascertainment time.”

In a hypothetical clinical trial, patients might be enrolled and randomized to early or later

initiation upon reaching a certain threshold of disease severity. We defined this threshold as

eGFR equal to 20 ml/min per 1.73m2, based on prior literature27. Because we rarely

observed the actual crossing of this threshold in our study, we interpolated or extrapolated

patients’ crossing times. To do so, we described patients’ eGFR trajectories as a quadratic

function of (age at measurement–ascertainment time) using a mixed effects model with

random effects for intercept (patient-specific mean eGFR at ascertainment), slope (linear

rate of change), and acceleration (quadratic term). Upon visual inspection, the fitted model

characterized the observed eGFR data closely for a large majority of patients. It employed

all available eGFR measurements beginning with each patient’s ascertainment time. Person-

specific quadratic eGFR trajectories were obtained [using “best linear unbiased predictions”

(BLUPs) from the model]. From these, we solved for age satisfying eGFR = 20 ml/min per

1.73m2 (hereafter, termed “study entry”—the time origin for survival analysis) using the
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quadratic formula. We excluded patients lacking a real-valued solution to this equation,

which typically occurred for patients with a precipitous decline in eGFR that improved

quickly. To see why such cases exist, consider a U-shaped trajectory with nadir exceeding

20: no crossing of eGFR=20 would ever occur for such a trajectory. We further excluded

patients who (1) had a predicted study entry occurring after dialysis initiation, (2) had a

predicted study entry after the end of administrative follow-up, or (3) died before predicted

study entry. To avoid excessive extrapolation, we also excluded patients with a predicted

crossing of eGFR equal to 20 ml/min per 1.73m2 occurring greater than two years after their

last observed eGFR in the CCF. (Figure 1) This allowed for a reasonable window during

which to ascertain covariates. In implementing predicted assignments to “early” and “later”

dialysis initiation, we discovered that a small fraction of individuals’ predicted trajectories

ultimately improved following an initial decline, which in turn induced errors in making the

predicted assignments. These individuals were also excluded from the analysis. (Figure 1)

Key Variables

Dialysis Initiation Strategy—Our definition of dialysis initiation strategy was time-

varying. We defined the initiation strategy as ‘early’ if the patient began dialysis with a

predicted eGFR of ≥10 ml/min per 1.73m2 (and < 20 ml/min per 1.73m2) and ‘later’ once

predicted eGFR fell to <10 ml/min per 1.73m2 whether they initiated dialysis or not. So long

as patients did not meet either of these criteria (i.e. predicted eGFR of ≥10 ml/min per

1.73m2 but did not initiate dialysis) we considered them ‘undeclared’ and consistent with

both initiation strategies.

Covariates—All covariates in our analysis were fixed and defined based upon proximity

of their measurement to the date of ‘study entry’. We defined age at the date corresponding

to patients’ study entry. We defined race, gender and smoking status based on available

information in the EHRs from the last documentation prior to study entry. We defined

patients’ comorbid conditions at time of entry into the registry24. We included causes of

CKD if ever documented. We calculated patients’ body weight from the median of weight

measurements from the 365 days prior to study entry. We defined phosphate binder and

vitamin D use based on outpatient prescriptions in the 365 days prior to study entry. We

defined erythropoiesis stimulating agent use as present if an outpatient prescription was ever

noted. We considered patients with no prescriptions listed to have missing data on all

medications. We calculated serum intact parathyroid hormone and phosphorus from the

mean of those available in the 365 days prior to and 90 days following study entry. We

calculated hemoglobin, potassium, blood urea nitrogen, serum bicarbonate, and serum

albumin as the mean of values in the 180 days prior to and 180 days following study entry.

We defined the presence of abnormal laboratory values (e.g. serum albumin <3.5 g/L) based

on any existing record of such. We defined proteinuria as the presence of >1+ proteinuria in

dipstick studies, >30 mg/g in those who had urine albumin-to-creatinine ratio and/or urine

protein-to-creatinine studies and >30 mg proteinuria in 24 hour studies.

Outcome Assessment

We defined mortality as death from any cause, ascertained from the EHRs, the Social

Security death index and USRDS data.
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Statistical Analyses

We used descriptive statistics to compare the demographic, clinical and laboratory

characteristics of patients who met criteria for advanced CKD (predicted eGFR of 20 ml/min

per 1.73m2) stratified by whether they did or did not initiate dialysis during follow up, and

separately, by the final dialysis initiation strategy (later, early or undeclared) as determined

by eGFR at dialysis initiation or loss to follow up as predicted by our model.

We sought to determine the effect on the hazard of mortality of initiating dialysis early

versus later, in terms of time since study entry. This approach has previously been termed a

“from threshold” analysis14,18. First, we fitted a Cox proportional hazards model to time

between study entry and death, restricting the analysis to patients assigned to early or later

initiation within the study period. This analysis addresses lead time bias, but not survivor

bias. To address the latter, we implemented an approach proposed by Cain et al. and

elucidated in ESRD by Sjolander et al.19,28 In this approach individuals contribute person-

time to both treatment groups until they are definitively “assigned” to one of them by

initiating dialysis or losing the opportunity to start early (eGFR crossing below 10 ml/min

per 1.73m2), and commensurately being “censored” from the other group. Because persons

censored in this way will tend to have lower eGFR than those not artificially censored,

“stabilized” inverse probability weights (IPWs) are introduced to correct this induced bias.19

Specifically, we addressed mortality through a discrete-time survival analysis over one-

month time intervals implemented by a weighted “pooled” logistic regression. In brief,

weights for this mortality analysis were derived from a second, separate pooled logistic

regression29 describing the log odds of dialysis incidence in a given interval as a linear

combination of time, time squared, eGFR terms linear through quartic, age_at_crossing of

eGFR=20, sex (male versus female), race/ethnicity (Caucasian versus other), smoking status

(never, former, current), and indicators for baseline diagnosis of diabetes, hypertension,

hyperlipidemia, coronary artery disease, congestive heart failure, and cerebrovascular

disease. Using this model, the denominator of a person’s weight in the risk set for death in

an interval t is formed from their predicted probabilities of remaining dialysis-free so long as

dialysis does not occur, and monthly contributions of 1 thereafter, cumulatively multiplied

from study entry through interval t-1. Technical details are noted in S2.

Following Sjolander et al. and others, weights were truncated at 10. Standard errors were

obtained via bootstrapping (1,000 samples). In adjusted analyses, we included a

parsimonious group of covariates informed by prior studies of dialysis patients and noted

above. We did not include laboratory measures as covariates in our primary analysis as not

all patients had the laboratory tests of interest measured during their care.

Sensitivity and Diagnostic Analyses

To test the robustness of our findings to the choice of truncation threshold, we examined

various thresholds for truncating IPWs. Weights were truncated such that all persons were

included in the analysis, but those with weights exceeding the threshold were given a weight

at the truncation point. Additionally, to address discrepancy between dialysis initiation

strategy as defined by predicted eGFR and as ascertained from the USRDS record of the

observed eGFR at dialysis initiation, we repeated our primary analysis (weight
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truncation=10) defining initiation strategy according to observed eGFR for those known to

initiate dialysis and according to predicted eGFR (including “undeclared” as a possibility)

for all others. In a third sensitivity analysis, we adjusted our primary model for the year of

predicted crossing of an eGFR=20 to account for temporal trends. Fourth, we adjusted our

primary model for serum albumin among the 524 patients with available data. Finally, we

checked the proportionality assumption of our Cox model by testing for interaction between

treatment groups and a time-varying indicator of time since study entry > 18 months, a cut

point motivated by Kaplan-Meier plotting.

RESULTS

Patient Characteristics by Dialysis Status

Our final cohort consisted of 652 patients meeting inclusion criteria. (Figure 1) Patients had

undergone a median of 15 (interquartile range, 9 to 25) eGFR measurements and 91% had

an observed eGFR <20 ml/min per 1.73m2during follow up. The majority (71.3%) did not

initiate dialysis during follow up, and these patients differed from those who did initiate

dialysis (N=187) on a number of characteristics (Table 1).

Patient Characteristics by Dialysis Initiation Strategy

Our model predicted 80 patients to have undergone a later initiation strategy, 146 to have

been early, and 426 undeclared at study end. These groups varied on many characteristics

(Table 2), with the later initiation strategy group being the youngest and comprising the

smallest proportion of males and Caucasians. Further, the later group comprised the greatest

proportion of patients with diabetes and/or diabetic nephropathy and had a greater burden of

abnormal laboratory findings when compared to the other two initiation strategy groups.

There was appreciable disagreement between our predicted initiation strategy groups and

observed, actual dialysis initiation (from USRDS data). In all there were 119 individuals for

whom predicted initiation (early, later) and observed initiation from USRDS data were

concordant, and an additional 47 individuals for whom the timing of dialysis initiation was

not observed. Among 60 individuals for whom predicted initiation (early, later) and

observed initiation from USRDS data were discordant, the large majority (n=54) were later

initiators whom our model incorrectly predicted as early. Characteristics of patients who

initiated dialysis by model-based and observed treatment assignments are described in S1.

Mortality

Median follow up for our study (N=652) was 4.3 years (interquartile range, 3.3 to 4.6 years).

A total of 187 (28.7%) patients died, including 49 (33.6%) patients that were predicted to

have an early initiation strategy, 18 (22.5%) patients that were predicted to have a later

initiation strategy and 120 (28.2%) that remained undeclared throughout follow-up. Crude

incidence rates for mortality were highest for those that remained ‘undeclared’, followed by

those ultimately early and ultimately later, which did not differ statistically from one another

(Table 3). Survival curves for the three groups are shown in Figure 2.
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Our ‘from threshold’ Cox proportional hazard model analysis comparing early to later

initiation strategies while adjusting for age, sex, race, comorbidities, and tobacco use

demonstrated a considerable disadvantage for the early initiation strategy that was not

statistically significant [hazard ratio (HR) 1.59, 95% confidence interval (CI) 0.89–2.84].

Our inverse probability weighted model, which accounted for both lead time and survivor

bias, demonstrated a modest advantage for the early initiation strategy that was not

statistically significant (OR 0.85, 95% CI 0.65–1.11). Figure 3 displays the distribution of

the estimated weights.

Sensitivity and Diagnostic Analyses

When we examined various thresholds for IPWs, we found that our point estimate

comparing mortality of the early versus later initiation strategies moved closer to the null as

weight truncation points were varied from 10 to 5 to 3 to 1 (e.g. OR 1.07 when weights were

all set to 1, commensurate with a “naïve” un-weighted analysis). This suggested that

individuals with high weights (i.e. individuals with rapidly declining eGFR who did not

initiate dialysis) were influential in our primary analysis. Our analysis incorporating the

USRDS record of the observed eGFR at dialysis initiation for patients initiating dialysis

yielded an OR of 1.08 that did not approach statistical significance even before

bootstrapping. Analyses including serum albumin and separately, year of study entry,

yielded results similar to our primary analysis (data not shown).

In testing our Cox model, we found evidence of non-proportionality (Wald chi-square for

absence of interaction between time > 18 months and any treatment=12.0, 2 df; p-

value=0.0025). This appeared to hinge largely on the undeclared group, as the test for

modification of the early versus late pairwise comparison did not approach significance

(p=0.466). Moreover the post-18 months point estimate from the interaction model (early

versus late HR of 1.60) was comparable to our original, overall estimate (HR=1.59).

Consequently we consider the appearance of post-18-month divergence in survival between

early and late initiation groups interesting (Figure 2) but found nothing to contradict the

non-significance of the early-versus- late comparison found through our primary Cox

modeling.

DISCUSSION

In this comparative effectiveness study of the timing of dialysis initiation, we employed data

providing lead time preceding dialysis initiation and novel statistical strategies to overcome

potential biases of previous observational studies. Using data from a cohort of patients with

advanced CKD, we found that the majority of patients did not initiate dialysis during follow

up, and many died without ever receiving dialysis. When we anchored our analysis at a

common eGFR, and accounted for those patients who died prior to dialysis initiation, we

observed no statistically significant difference in survival for early and later initiation

strategies. This finding is consistent with clinical trial results3, but contrasts with several

observational studies largely reporting worse survival for patients initiating dialysis early30.

There were several differences in the characteristics of those patients who did or did not

initiate dialysis in our study, which may shed light on our outcome results. While those who
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initiated dialysis had less favorable laboratory profiles and similar comorbid disease burden

to those who did not initiate, the initiators had other characteristics associated with better

survival on dialysis. These included younger age, greater proportion of individuals of

African American or other race and greater body weight. Notably, our undeclared group had

a higher mortality rate than has been observed in other studies of patients with advanced

CKD31, perhaps due to their older age (mean 71.9 years).

Both our ‘from threshold’ analysis and inverse probability weighted models demonstrated

no statistically significant difference in mortality among early and later initiation strategies,

and moreover, estimates from these two methods were in opposite directions of harm/

benefit. These findings suggest that observational studies not accounting for these

weaknesses may produce biased findings. Our results were more consistent with that of the

IDEAL trial which randomized patients from a ‘threshold’ of eGFR between 10 and 15

ml/min per 1.73m2 to either early or late initiation, and found no difference in mortality

between treatment groups (HR 1.04, 95% CI 0.83–1.30). As in our study, the IDEAL trial

also accounted for the 32 patients (3.9%) who died after randomization, but prior to

initiating dialysis.3

There are several possible explanations for our findings. First, aside from age, gender and

laboratory measures, the initiation strategy groups had few differences in our study. This is

in contrast to studies reporting greater comorbidities among early compared to later

initiators in the US5,11, and may have been related to our study population originating from

the same health system which may subscribe to a certain practice pattern regarding dialysis

initiation. Second, our analysis included only 80 individuals with the later initiation strategy,

which limited our power to discern differences. Finally, the IDEAL investigators recently

reported that echocardiographic findings at baseline and one year did not differ for early and

later initiators in their trial.32 A lack of effect of timing of dialysis initiation on cardiac

function would support our finding of no survival difference, despite a few reports of the

potential effect of dialysis on left ventricular hypertrophy33–35.

Our study had limitations. Although the CCF CKD registry itself is quite large, our study

sample size was small because the registry included few patients with predictable eGFR

declines. Thus, our findings are most generalizable to patients with predictable declines in

kidney function for whom a nephrologist has a ‘choice’ in timing of dialysis initiation.

Further, many patients only had eGFR measured at a few time points, at irregular intervals,

and/or with significant variation over time. Thus, we interpolated eGFR trajectories, and

defined dialysis initiation groups by their predicted eGFR rather than observed eGFR among

actual initiators. While we believe this approach was the least susceptible to systematic bias,

it did misclassify many observed “later” patients as “early”, perhaps due to patient

differences in eGFR trajectories. Li et al. recently reported that eGFR often followed a

nonlinear trajectory or prolonged period of nonprogression among African Americans with

hypertensive kidney disease36. Considering the predominant pattern of our mis-prediction

and our fitted weights model, our data are consistent with a frequent substantial acceleration

in disease severity shortly predating dialysis initiation. Further study of the impact of eGFR

trajectory on dialysis outcomes is warranted. Additionally, we lacked comorbidity

assessment close to study entry, time-varying covariates during follow-up and data on the

Crews et al. Page 9

Am J Kidney Dis. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



circumstances surrounding patient deaths. It is also possible that patients underwent eGFR

assessments outside of the CCF system which we were unable to ascertain.

As an analytic limitation, we conditioned on our first-stage estimates (of study entry time) in

our second stage analysis (of time between study entry and mortality). While this is common

practice, so doing overlooks inter-individual correlation the mixed modeling procedure

induces between study entry time estimates, which in turn stands to anti-conservatively bias

our bootstrapped standard error estimates when considered unconditionally. This issue

merits further consideration in methodologically oriented work. In the current case, most

BLUP trajectories fitted persons’ observed data so closely that any induced dependency in

study entry times should be minimal. Additionally, our findings were not statistically

significant and stood only to become less so by eliminating dependency effects, hence we

believe that the issue has not substantively affected our conclusions.

Nonetheless, to our knowledge, this is the first US-based study accounting for both lead time

bias and survivor bias in an analysis of outcomes related to dialysis timing. We provided

descriptive data on patients who did or did not initiate dialysis which may serve to generate

hypotheses for future studies of eGFR trajectories and appropriate care plans for patients

with advanced CKD. The key implication of our study is that later initiation may not have a

mortality benefit when lead time bias is accounted for and survival is ascertained in the

setting of advanced CKD. Ultimately a larger study is needed to confirm our findings, and

other outcomes, such as quality of life, functional status and withdrawal from dialysis37

deserve further investigation to determine if they are influenced by dialysis timing. We

recommend future studies evaluating patients prior to their reaching a disease severity at

which dialysis initiation is commonly considered and following them for some years

thereafter.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study Population
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Figure 2.
Kaplan-Meier Survival Curves of the Three Dialysis Initiation Strategies
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Figure 3.
Distribution of the Estimated Weights (W) for the Inverse Probability Weighting Method
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Table 3

Incidence Rates for Mortality for Patients According to the Dialysis Initiation Strategy at the End of Follow up

Treatment Incidence Rate (deaths per 1000 person-years) 95% CI

Later 98 59 150

Early 148 110 193

Undeclared 280 233 333
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