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Abstract

Rationale & Objective: Identifying patients who are likely to transfer from peritoneal dialysis 

(PD) to hemodialysis (HD) prior to transition could improve their subsequent care. This study 

developed a prediction tool for transition from PD to HD.

Study Design: Retrospective cohort study.

Setting & participants: Adults initiating PD between January 2008 and December 2011, 

followed through June 2015 whose data were available in the US Renal Data System (USRDS).

Predictors: Clinical characteristics at PD initiation and peritonitis claims.

Outcomes: Transfer to HD, with the competing outcomes of death and kidney transplantation.
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Analytical Approach: Outcomes were ascertained from USRDS treatment history files. Sub-

distribution hazards (competing risk) models were fit using clinical characteristics at PD initiation. 

A nomogram was developed to classify patient risk at 1, 2, 3, and 4 years. These data were used to 

generate quartiles of HD transfer risk; this quartile score was incorporated into a cause-specific 

hazards model that additionally included a time-dependent variable for peritonitis.

Results: 29,573 incident PD patients were followed for a median of 21.6 (interquartile range, 

9.0–42.3) months, during which 41.2% transferred to hemodialysis, 25.9% died, 17.1% underwent 

kidney transplantation; and the remainder were followed to the study end in June 2015. Claims for 

peritonitis were present in 11,733 (40.2%) of patients. The proportion of patients still receiving PD 

fell below 50% at 22.6 months and to 14.2% at five years. Peritonitis was associated with a higher 

rate of HD transfer (HR, 1.82; 95% CI, 1.76–1.89; P<0.001), as were higher quartile scores of HD 

transfer risk (HRs of 1.31 [95% CI, 1.25–1.37), 1.51 [95% CI, 1.45–1.58], and 1.78 [95% CI, 

1.71–1.86] for quartiles 2, 3, and 4 compared to quartile 1 [P<0.001 for all]).

Limitations: Observational data, reliant on the Medical Evidence Report and Medicare claims.

Conclusions: A large majority of patients initiating stopped PD discontinue this modality of 

renal replacement therapy within five years. Transfer to HD was the most common outcome. 

Patient characteristics and comorbid diseases influenced the probability of HD transfer, death, and 

transplantation, as did episodes of peritonitis.
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Introduction

Peritoneal dialysis (PD) is an appealing treatment for patients with good self-care skills or a 

supportive home environment.1–4 Patients choosing PD can schedule treatments to 

accommodate work and social responsibilities; dietary regimens are less restrictive and 

residual kidney function is preserved longer than with hemodialysis (HD). Medicare policy 

currently encourages the expansion of PD programs, and the number of patients starting PD 

has increased from 6,376 in 2007 to 11,236 in 2014, rising from 6.0% to 9.3% of incident 

dialysis patients.5 However, PD utilization among prevalent dialysis patients is only 6.9%, 

and many patients electing PD ultimately transfer to HD.6–7 Despite regular access to 

nephrology care, patients transfering from PD to HD in the United States initiate HD with 

arteriovenous fistulas or grafts half as often than patients starting HD as their first dialysis 

modality (8.5% vs. 19.8%).7–8 Roughly half of central venous catheters (CVC) placed for 

transfer from PD to HD remained in place six months after transition.8

These facts suggest that clinicians cannot readily identify which PD patients will transition 

to HD, and thereby miss opportunities to prepare them for modality change. Although 

vascular access planning could help patients beginning PD who are likely to transfer to HD, 

a pre-emptive fistula is of little benefit to a PD patient who receives a kidney transplant or 

dies without ever receiving HD.
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A useful model for transition from PD to HD has been elusive. The risk of transition is to 

some degree intrinsic to individual patient characteristics, but may also be influenced by 

events occurring after PD initiation, so we wanted preliminary models that accounted for 

both types of information. Among patients initiating dialysis in 2001–2009, 44–50% of HD 

patients and 33–45% of PD patients died within 36 months;5 technique survival in PD must 

therefore be interpreted alongside the competing risk of death.10 PD patients often have 

favorable characteristics that make them good candidates for kidney transplantation, and 

some clinicians prefer PD as a pre-transplantation treatment modality, so transplantation also 

represents a significant competing outcome for patients on PD.

We built a simple prediction tool based on sequential models for transition from PD to HD, 

using sub-distribution hazards regression to obtain a patient-specific model for HD transfer, 

using data obtained at enrollment in the US Renal Data System (USRDS).

Methods

Data Sources and Study Population

The study population consisted of all patients age 18 or older in USRDS who initiated 

treatment with PD as their first treatment modality between 1/1/2008-12/31/2011. Treatment 

History files were used to ascertain outcomes. Medicare claims were used to identify 

peritonitis.

Study Variables

Candidate predictors were selected a priori from the Medical Evidence Form (CMS Form 

2728), based on the results of prior analyses. Age, serum albumin, body mass index (BMI, in 

kg/m2), and estimated glomerular filtration rate (eGFR, in ml/min/1.73m2) were obtained 

from the Medical Evidence Form. Race was stratified as African-American, Asian, and all 

others. The primary diagnosis from the USRDS Patients file was categorized as 

hypertensive, diabetic, and all others. eGFR was stratified at greater than 15 ml/min/1.73m2 

versus 15 or less, as a surrogate for dialysis being undertaken for volume overload rather 

than uremia. We identified episodes of peritonitis as any Medicare claim with ICD-9 codes 

567.x and 568.x, occurring during the period in which each patient received PD, 

constructing a time-dependent variable based on the date of the first claim.

Primary Outcome

The primary outcome of interest was a modality change from PD to any form of HD. Death 

and transplantation were analyzed as competing outcomes. USRDS Treatment History Files 

were used to define modality changes and deaths. Patients were followed until a first event 

of transition to HD, kidney transplantation, death, or July 1, 2015. Hemodialysis and 

transplant events of less than 90 days duration were not considered endpoints, providing 

patients resumed PD thereafter. Patients were censored for recovery of kidney function or 

loss to follow-up for more than 90 days. Patients who died within 30 days of the last PD 

treatment were considered to have died without transition to another treatment type.
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Statistical Analysis

Means and medians were used to summarize normally and non-normally distributed 

continuous variables, respectively, and categorical variables were expressed as frequencies 

and proportions. Chi-squared tests, one-way analysis of variance, and Kruskal-Wallis tests 

were used as appropriate to compare baseline values. Competing risks regression, with the 

methods of Fine and Grey,10,11 was used to obtain sub-distribution hazards for predictor 

variables on the cumulative incidence functions of all competing outcomes over time. We 

focused on HD transfer, but also generated subhazards for transplantation and death. Using 

baseline demographic and clinical variables, we developed the multivariable subdistribution 

hazards models using iterative backwards and forwards selection among variables with 

significant Wald tests (P<0.001) in univariable analyses, using likelihood ratio tests and 

Akaike Information Criteria (AIC) as appropriate to compare nested and non-nested models. 

All potential two-way interactions were evaluated as additions to the main effects model. 

Significant interactions were added simultaneously, using backwards selection to eliminate 

non-contributory interactions. Cumulative incidence plots were used to examine outcomes 

over time. Proportionality assumptions were evaluated by plotting mean Schoenfeld 

residuals for each variable over time.

Sensitivity analyses were performed for the competing risks model to evaluate the impact of 

missing data for the serum albumin level. Missing albumin values were evaluated as a 

separate category, with single imputation of the mean value, and with a complete-cases 

analysis.

A nomogram was derived from the competing risks model, using methods described by 

Zhang, incorporating both main effects and interactions.12 Point scores according to the 

nomogram were calculated for each patient, and patients were classified into quartiles 

according to scores, with patients in Quartile 1 having the lowest risks for HD transfer. The 

quartile score was passed to a cause-specific hazards model for time to transfer to HD, 

which included a time-dependent variable for peritonitis that could not be incorporated into 

the initial model. Harrell’s c-index was calculated for the cause-specific model, using 

methodology described elsewhere.13, 14

The Tufts Medical Center and University of Chicago Institutional Review Boards approved 

the study and deemed it exempt from requirement for informed consent for the use of de-

identified data. All analyses were conducted using SAS, version 9.4 (SAS Institute Inc., 

Cary NC) and R, version 2.2.7 (R Foundation for Statistical Computing, Vienna, Austria) 

using the ‘cmprsk’, ‘mstate’ and ‘rms’ packages.

Results

Over the study period, 30,165 adult patients initiated PD as an initial dialysis modality. Of 

these potential participants, 592 were excluded due to missing or implausible eGFR and/or 

missing BMI, resulting in a study population of 29,573 patients (Figure 1) with a mean age 

of 58.0 ± 15.2 years; 43.9% were women; 70.7% were Caucasian, 21.9% were African 

American, with 7.6% others (Table 1). Exposure to HD occurred in 15,726 patients (53.2%), 

for a median of 16 (interquartile range [IQR], 3–37) months.
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During follow-up, 12,175 (41.2%) patients transferred to hemodialysis, of whom 286 began 

home HD; 7,646 (25.9%) died, and 5,057 (17.1%) had kidney transplants; the remainder 

were censored. One or more claims for peritonitis were present in 12,121 (28.5%) of 

patients. Figure 2 shows the proportions of patients who transferred to hemodialysis, 

received kidney transplants, died, or remained on PD. Median technique survival was 22.6 

months; 14.2% were still receiving PD after five years.

The subdistribution hazard model consisted of age, race, and primary diagnosis with eGFR, 

BMI, serum albumin, and employment status at PD initiation. Pre-dialysis nephrology care, 

sex, hemoglobin, year of treatment initiation, and the number of days spent training were not 

significant, nor were any comorbid conditions from the Medical Evidence Form. The 

frequency of missing albumin levels did not vary by outcome (P=0.7). Sensitivity analyses 

for missing albumin using complete cases only, with missing albumin as a separate category, 

and with single imputation of the mean value were essentially identical, so the final model 

included albumin with single imputation of the mean. Deviations from proportionality were 

trivial up to 72 months. Subdistribution hazard ratios for HD transfer, death, and kidney 

transplantation are presented in Table 2.

Controlling for other variables, African-American race and higher BMI were associated with 

higher subhazards for HD transfer, as were diabetic or hypertensive kidney disease. Higher 

serum albumin, employment, Asian-American race, and PD initiation at eGFR>15 ml/min/

1.73m2 were associated with decreased subhazard for HD transfer. Age interacted 

significantly with primary diagnoses of either diabetic nephropathy or hypertensive 

nephropathy and also with employment (Figure 3).

A nomogram to permit practical application of this model is shown in Figure 4. Points are 

assigned by extending a vertical line from each axis up to the axis for “Points” at the top of 

the nomogram. The last three axes represent the interaction variables with age, and should 

be used for patients who have primary diabetic nephropathy, primary hypertensive 

nephropathy, or are employed. For patients who do not meet these interaction conditions, 

points are assessed by drawing a vertical line from the zero-point of that axis. Using the total 

points, the cumulative incidence of HD transfer at 12, 24, 36, and 48 months can be obtained 

from the bottom of the nomogram. Quartile score was derived from total points. Quartile 1 

(lowest risk) patients had ≤ 260 points; Quartile 2 patients had 261–277 points; Quartile 3 

patients had 278–296 points, and Quartile 4 (highest risk) patients had ≥ 297 points. 

Cumulative incidences of HD transfer over time for each of the quartiles are shown in Figure 

5, with clear separation of all 4 groups within six months. Table 3 shows the cause-specific 

hazards associated with quartile score and the time-dependent variable for peritonitis, all of 

which had significant associations with HD transfer. No interaction was observed between 

the two variables. Harrell’s c-index for the cause-specific hazards model incorporating the 

peritonitis variable was 0.767 (95% CI, 0.754–0.779). Among patients in the lowest risk 

quartile (Quartile 1) with no exposure to peritonitis (n=4,898), 23.9% transitioned to HD, at 

a median of 13.8 (IQR, 4.5–30.4) months.
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The competing risk nomogram can be illustrated with two examples of patients initiating 

PD, based on patients from the data set. Detailed instructions for use of the nomogram, 

along with a third illustrative case, is included in Item S1.

Patient 1 is a 77-year-old retiree with hypertensive nephropathy. She is Caucasian, with BMI 

of 24 kg/m2; albumin, 3.5 g/dL; and eGFR, 16 ml/min/1.73m2. She receives 7 points for 

age, 29 points for race, 23 points for BMI, and 61 points for retirement, but zero points for 

GFR 16 ml/min/1.73m2. She has 38 points for albumin, 32 points for hypertensive 

nephropathy, and 7 points on the “AGE_if_HTN” axis. Ignoring the “DM” and 

“AGE_if_employed” (zero points), the “AGE_if_DM”axis is marked at the zero-point, for 

62 points. This totals 259 points, which places her in Quartile 1, with low risk of HD transfer 

but high competing risk of death. Retirement, age, hypertensive nephropathy, and initiation 

at eGFR>15 ml/min/1.73m2 all imply excess cardiovascular risk. Among 3,440 patients in 

our data with scores of 254–264 points, 33.8% transferred to HD. The model for this case 

died after 7 months of PD. Using the nomogram, Patient 1’s probability of HD transfer is 

14%, 23%, 29% and 35% at 1,2,3, and 4 years.

Patient 2 is a 46 year old executive. He is African-American, with BMI=40 kg/m2, 

albumin=3.7 g/dL, and eGFR=9 ml/min/1.73 m2. He receives 16 points for age, 53 points 

for race, 50 points for BMI, 8 points for low eGFR, and 36 points for albumin. He receives 

57 points for diabetic nephropathy, but zero points for hypertensive nephropathy. Based on 

his age, the “AGE_if_DM” axis yields another 33 points. The 0 on the “AGE_if_HTN” 

(because he does not have hypertensive nephropathy), gives 30 points. He gets zero points 

on the “employed” axis, but 36 points on the “AGE_if_employed” axis. In total, he has 319 

points, and occupies Quartile 4. Among 1411 patients with scores of 314–324 points, 53.5% 

transferred to HD. Race, obesity, and youth all decrease competing risk of death; race and 

obesity reduce transplantation. HD transfer becomes more likely with extended survival and 

fewer competing events. The model for this case transferred to HD after 45 months of PD. 

Patient 2’s probability of HD transfer from the nomogram is 24%, 37%, 46%, and 52% at 

1,2,3, and 4 years.

Discussion

Fewer than 12% of patients initiating PD in the United States still used PD after five years. 

This study used a competing risks framework to develop a novel prototype tool to assess the 

risk for HD transfer among patients initiating PD. Peritoneal exchange capacity is not 

infinite, but death and kidney transplantation were both substantial competing outcomes that 

prevented HD outcomes. Despite this, the cumulative incidence of HD transfer was as high 

as the combination of death and transplantation. HD transfer, transplantation and death were 

influenced in different ways by patient characteristics, and the patient-specific risk model 

needed to account for death or transplantation occurring prior to exhaustion of peritoneal 

transport. This model, with eight readily available enrollment characteristics, could roughly 

stratify the risk of transition to HD, largely by modeling the probability of competing events.

The quartile score represents the subhazard of HD transfer, which depends upon the 

subhazards of death and transplantation. Variables could become important due to their 
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associations with competing outcomes, as shown by the effects of age. Age was marginally 

significant in the main effects model, but interacted with primary ESRD diagnosis and 

employment (Figure 3), in ways that were clinically plausible. For example, employment 

improves access to insurance, medications, and transportation, which increases the 

opportunity for kidney transplantation and reduces HD transfer among young patients. 

However, suitability for transplantation decreases with age. An employed patient who is too 

old for a kidney transplant still has financial advantages that decrease the risk of death, so 

the hazard of HD transfer increases. Similarly, diabetes is usually not fatal in younger 

dialysis patients, but reduces the opportunity for transplantation, so transfer to HD is 

increased. Older dialysis patients with diabetic nephropathy have a high risks of 

cardiovascular death and therefore less chance of requiring transfer to HD.

The patient-specific model provides proof of concept that the risk of HD transfer can be 

assessed, and could be used to assess individual risks over time using the nomogram. The 

quartile score serves as a basic risk stratification at PD initiation that can be combined with 

other variables. The outcomes of individual patients are influenced by events occurring after 

the initiation of PD. A time-dependent variable for peritonitis events occurring after PD 

initiation, which could not be incorporated into a competing risk regression, provided further 

discrimination among patients, suggesting that a peritonitis or suspected peritonitis event 

increased the hazard of HD transfer by 83%. An episode occurring in a patient with high 

baseline risk should therefore prompt serious consideration of vascular access planning.

To our knowledge, this is the first working model that provides clinicians with a risk 

assessment for HD transfer among patients initiating PD. Our data indicate that HD transfer 

is a common endpoint among PD patients. In this sample, HD transfer occurred in > 20% of 

Quartile 1 patients who never developed peritonitis, suggesting that clinicians should 

consider this possibility in all new PD patients. Multiple studies have shown that patients 

who transition from PD to HD frequently require CVCs,6–8, 15 suggesting that clinicians 

cannot anticipate the impending need for HD in many PD patients. In many cases, transition 

may happen precipitously. Still, appreciating the patient-specific risk of HD and the impact 

of peritonitis episodes could improve outcomes for PD patients. Expectant placement of AV 

fistulas or grafts in high-risk patients might allow them to transition to HD without CVCs.16 

Conversely, clinicians may be able to avoid referring patients for vascular access surgery 

who are unlikely to require HD. Finally, awareness of a high risk for PD failure might 

motivate a living kidney donor to expedite his or her diagnostic testing.

Our data are consistent with other reports on the impacts of age, race, comorbid conditions, 

and serum albumin on all-cause mortality and kidney transplantation among dialysis 

patients.17–24 Increased transfer to HD among patients with higher BMI probably reflects a 

combination of longer survival and higher solute clearance requirements.25,26 Lower 

survival among incident dialysis patients with eGFR>15 mL/min/1.73 m2 has also been 

reported.27–29 Initiation of PD for refractory volume overload, rather than uremia, often 

suggests underlying heart disease. Use of the eGFR variable and the primary ESRD 

diagnosis provided a rough approximation of cardiovascular risk without the use of ICD-9 

codes or the comorbid conditions from Medical Evidence forms.
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Our findings of 17% HD transfer and 8% death at one year are comparable to other reports. 

In a large dialysis provider database, 21% of patients transferred to HD and 9% had died 

over the first year after initiation.6 These findings are similar to one year outcomes observed 

in three large PD cohorts derived from an equipment supplier’s database, in which 20% 

transferred to HD and 14% died.30 A logistic model that examined risks for HD transfer at 

six months and twelve months among incident PD patients in Australia noted similar 

associations with clinical covariates.31 In the United states, implementation of the 2011 

bundled Medicare payment rules, which increase financial incentives for PD, may cause 

changes in population selection that affect outcomes.

The strengths of our study include the use of a large national data set, inclusion of long-term 

outcomes, and methodology accounting for the competing risks of death and kidney 

transplantation. Our US PD population included African-American patients, a demographic 

with significantly increased risk of transfer to HD, and our methodology allowed us to detect 

important interactions between age and other covariates. While this model illustrates the 

possibility for prediction of HD transfer, certain limitations are worth noting. Our data 

consisted of single observations taken at the time of dialysis initiation. Addition of clinical 

and laboratory covariates captured longitudinally during clinical follow up after the initiation 

of PD would strengthen future models by allowing time-varying prediction of short-term PD 

modality failure. Variables that might reasonably be expected to be helpful in assessing 

technique longevity include: measurements of residual kidney function, peritoneal transport 

as measured by peritoneal equilibration tests, and the changes in dialysis prescription which 

may compensate for declining transport kinetics or diminished ultrafiltration. 

Hospitalizations and surgical procedures also likely affect patients’ capacity to continue PD, 

even when these occur for reasons unrelated to PD. Longitudinal changes in laboratory 

values might also provide evidence of declining residual or dialytic clearance. The current 

model describes risk of HD transfer over time from PD initiation; prediction of PD failure 

from other time points would be useful for clinicians seeking lead time to plan for HD. The 

ascertainment of the peritonitis variable via claims was a major limitation. We could not rule 

out the possibility of missing peritonitis claims due to the changes in Medicare billing that 

occurred over the course of the study, misclassification of claims representing suspected 

peritonitis associated with exit site or tunnel infections that were not truly complicated by 

peritonitis or for other intraabdominal processes, or less severe episodes of peritonitis that 

were treated entirely by the dialysis facility and did not result in a specific claim. Similarly, 

these claims lacked any information about microbiology. The success of this exploratory 

variable provides proof of concept that future models would benefit from inclusion of 

variables indicating events that occur after the initiation of dialysis. A peritonitis variable 

built upon a more reliable assessment, such as the database of a large dialysis provider, 

would be a more valid way to assess the association between peritonitis and modality 

transfer. Additionally, the reasons for PD to HD transfer could not be ascertained, and we 

could not rule out residual confounding by other comorbid conditions or unmeasured 

factors. Despite these limitations, this model shows that PD to HD transfer can be modeled 

if competing risks and intercurrent events are taken into account, and provides a foundation 

for future models. Further work is needed to evaluate model performance prospectively and 

discover additional factors that can refine prediction of HD transfer over a shorter timeline.
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Only one in seven patients initiating PD in the United States still receives PD after five 

years. Kidney transplantation, HD transfer, and death are all common outcomes for PD 

patients. Predictive models for PD failure that incorporate the hazards of competing 

outcomes may help improve the care of PD patients. Transition to HD needs to be 

considered for all new PD patients with favorable survival prognoses, especially when there 

is no plan for expedited kidney transplantation. Future studies incorporating longitudinal 

clinical information into prognostic models may further aid clinicians in determining the 

appropriate time table for implementing vascular access plans.
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Figure 1. 
Flowchart of patients included in the study. Hemodialysis (HD), peritoneal dialysis (PD), 

glomerular filtration rate (GFR).
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Figure 2. 
Hemodialysis transfer, kidney transplantation, and death over time, for all incident PD 

patients. The prevalence of each outcome is shown as the vertical height of the appropriate 

area at each time point on the horizontal axis.
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Figure 3. 
Interactions of the subdistribution hazard ratios for HD transfer with patient age. The dashed 

line shows the sub-distribution hazard ratios for employment versus unemployment, which 

increases with increasing age. The solid and dotted lines show that the sub-distribution 

hazard ratios for primary diabetic nephropathy or hypertensive nephropathy versus other 

causes of kidney failure decrease with increasing age.
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Figure 4. 
Competing risks nomogram. To calculate points for an individual patient, the patient’s value 

for each characteristic should be traced upwards to the ‘Points’ axis. For example, a BMI of 

40 kg/m2 would receive 50 points. The last three axes (AGE_if_DM, AGE_if_HTN, and 

AGE_if_employed) represent interaction variables. For patients who meet the conditions 

specified (diabetic nephropathy, hypertensive nephropathy, employment), points are assessed 

based on age. For patients who do not meet these conditions (e.g. non-diabetic, not 

hypertensive nephropathy, unemployed), points are assigned based on the zero-point of the 

axis. Total score is the sum of points from each patient axis, which is used to draw a vertical 

line in the lower pane of the nomogram. Predicted cumulative incidences of HD transfer at 

12, 24, 36, and 48 months are read from where this vertical line intersects the axes in the 

lower pane.
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Figure 5. 
The dotted, dashed, solid black and grey lines represent the cumulative incidences of HD 

transfer over time among the four risk quartiles assigned in the subdistribution hazards 

model. Quartile 1 (Q1) has the lowest risk for HD transfer.
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Table 1.

Baseline characteristics of Medicare patients starting PD, by first clinical outcome

All
(N=29,573)

PD Outcome

HD transfer
(n=12,175)

Death
(n=7,646)

Transplant
(n=5,057)

Other
(n=4,695) P

Age years, mean (std) 58.0 (15.2) 57.5(14.7) 66.6(12.9) 48.7(13.5) 55.4 (14.3) <0.001

Female sex, % 43.9 42.9 42.5 43.2 49.3 0.001

Race, % <0.001

 Causcasian 70.7 67.5 79.5 72.4 62.6

 African-American 21.9 26.6 14.6 18.0 26.0

 Asian 5.2 3.7 4.0 7.6 8.7

 Other 2.2 2.2 1.9 2.0 2.7

eGFR, mean (std) 12.2 (4.9) 11.9 (4.8) 13.0 (5.1) 11.3 (4.6) 12.4 (5.1) <0.001

eGFR>15ml/min/1.73 m2, % 25.2 23.1 30.9 19.4 27.9 <0.001

BMI, kg/m2 mean (std) 29.3 (7.1) 30.2 (7.4) 28.8 (7.2) 27.8 (6.1) 29.4 (7.1) <0.001

BMI > 30 kg/m2, % 39.2 44.9 36.1 30.2 39.0 <0.001

Albumin (g/dL) mean (std) 3.59 (0.64) 3.53 (0.64) 3.48 (0.62) 3.76 (0.62) 3.72 (0.62) <0.001

Albumin, % <0.001

 >4.0 g/dL 19.0 16.5 13.6 27.5 25.4

 3.5–4.0 g/dL 30.6 30.1 30.9 30.3 31.8

 < 3.5 g/dL 29.1 31.9 34.2 21.0 21.7

 Missing 21.3 21.4 21.3 21.3 21.1

Primary ESRD Diagnosis, % <0.001

 Diabetes 42.6 47.1 49.5 28.3 35.0

 Hypertension 25.9 25.9 29.1 18.1 28.9

 All others 31.5 27.0 21.4 53.6 30.1

Employed, % 36.0 33.4 20.2 61.2 41.3 <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; ESRD, end-stage renal disease; PD, peritoneal dialysis; HD, 
hemodialysis.

*
Other: censored due to recovery of kidney function, loss to follow-up, or end of observation period
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Table 2.

Competing risks model for all PD Outcomes, Main Effects

Transfer to HD Death Transplant

Covariate HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P

Age, per 10 y older 0.96 (0.95, 0.97) <0.001 1.60 (1.57, 1.63) <0.001 0.73 (0.72, 0.74) <0.001

Race

 African American 1.27 (1.22, 1.32) <0.001 0.73 (0.69, 0.78) <0.001 0.66 (0.61, 0.71) <0.001

 Asian 0.74 (0.67, 0.81) <0.001 0.65 (0.58, 0.78) <0.001 0.98 (0.88, 1.09) <0.001

 All others 1.00 (reference) 1.00 (reference) 1.00 (reference)

Primary ESRD Diagnosis

 Diabetic 1.27 (1.21, 1.32) <0.001 1.44 (1.35, 1.52) <0.001 0.60 (0.56, 0.65) <0.001

 Hypertensive 1.18 (1.13, 1.25) <0.001 1.18 (1.10, 1.26) <0.001 0.62 (0.57, 0.67) <0.001

 All others 1.00 (reference) 1.00 (reference) 1.00 (reference)

eGFR>15 ml/min/1.73m2 0.92 (0.88, 0.96) <0.001 1.20 (1.14, 1.26) <0.001 0.85 (0.79, 0.91) <0.001

BMI, per 5 kg/m2 greater 1.10 (1.09, 1.11) <0.001 0.97 (0.95, 0.99) 0.002 0.85 (0.83, 0.87) <0.001

Albumin, per 1 mg/dL greater 0.85 (0.83, 0.88) <0.001 0.72 (0.69, 0.75) <0.001 1.45 (1.38,1.53) <0.001

Employed 0.82 (0.79, 0.86) <0.001 0.73 (0.69, 0.77) <0.001 2.07(1.94, 2.20) <0.001

N=29,573. Abbreviations: ESRD, end-stage renal disease; eGFR, estimated glomerular filtration rate; BMI, body mass index; PD, peritoneal 
dialysis; HD, hemodialysis; HR, hazard ratio; CI, confidence interval
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Table 3.

Cause-specific hazard ratios for HD transfer, death, and kidney transplant

HD transfer Death Kidney Transplant

Covariate HR (95% CI) P HR (95% CI) P HR (95% CI) P

Peritonitis claim 1.83 (1.76, 1.89) <0.001 1.47 (1.41, 1.54) <0.001 0.70 (0.65, 0.75) <0.001

Risk Quartile

 Lowest risk 1.00 (reference) 1.00 (reference) 1.00 (reference)

 2nd Quartile 1.31 (1.25, 1.37) <0.001 1.49 (1.41, 1.57) <0.001 0.60 (0.56, 0.64) <0.001

 3rd Quartile 1.51 (1.45, 1.58) <0.001 1.31 (1.24, 1.39) <0.001 0.52 (0.48, 0.55) <0.001

 Highest risk 1.78 (1.71, 1.86) <0.001 1.09 (1.03, 1.15) 0.004 0.40 (0.37, 0.43) <0.001

PD, peritoneal dialysis; HD, hemodialysis; HR, hazard ratio; CI, confidence interval
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