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Abstract

Objectives—Policymakers have suggested increasing peritoneal dialysis (PD) would improve 

end-stage kidney disease (ESKD) outcomes and reduce Medicare spending compared to 

hemodialysis (HD). We compared mortality, hospitalizations, and Medicare spending between 

PD and HD among uninsured adults with incident ESKD.

Methods—Using an instrumental variable design, we exploited a natural experiment encouraging 

PD among the uninsured. Uninsured patients usually receive Medicare at dialysis month four. For 
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those initiating with PD, Medicare covers the first three dialysis months, including pre-dialysis 
services in the calendar month of dialysis start. Starting dialysis later in a calendar month 

increases pre-dialysis coverage essential for PD catheter placements. The policy incrementally 

encourages PD when developing ESKD later in the month. Dialysis start day appears unrelated 

to patient characteristics and effectively “randomizes patients” to dialysis modality, mitigating 

selection bias.

Results—Starting dialysis later in the month was associated with increased PD uptake: every 

week later in the month was associated with an absolute increase of 0.8% (95% CI: 0.6%, 0.9%) 

at dialysis day 1 and 0.5% (95% CI: 0.3%, 0.7%) at dialysis month 12. We observed no significant 

absolute difference between PD and HD for 12-month mortality (–0.9%, 95% CI: −3.3%, 0.8%), 

hospitalizations during months 7–12 (–0.05, 95% CI: −0.20, 0.07), and Medicare spending during 

months 7–12 (–$702, 95% CI: −$4,004, $2,909).

Conclusions—In an instrumental variable analysis, PD did not result in improved outcomes or 

lower costs compared to HD.

Precis:

Despite an impetus by policymakers aimed at increasing home dialysis use, policies that promote 

home dialysis are unlikely to improve outcomes or reduce spending.

INTRODUCTION

The end-stage kidney disease (ESKD) program costs Medicare $36 billion per year or 7% 

of Medicare’s budget.1,2 Kidney disease experts3–5 and policy makers6 have suggested that 

home dialysis, which is primarily peritoneal dialysis (PD), improves ESKD outcomes and 

reduces Medicare spending relative to center-based hemodialysis (HD). On July 10, 2019, 

the President signed the “Advancing American Kidney Health” Executive Order, which aims 

to increase home dialysis use and kidney transplantation to 80% of the incident ESKD 

population by 2025.7 Over 85% of incident patients use center-based HD, so this policy 

would radically reverse decades of practice.1

Home dialysis momentum continues despite the absence of randomized evidence.8 The 

Centers for Medicare and Medicaid Services (CMS) has already finalized a mandatory 

payment model penalizing providers who do not successfully increase PD use in their 

practice.9 Although observational studies suggest that home dialysis offers similar to 

improved survival,10–13 selection bias remains a major shortcoming. Some experts espouse 

potential savings of $10,000–$15,000 per patient when switching from center-based HD to 

PD,1,3,5,14 but these estimates do not adequately adjust for patient characteristics. Ideally, 

a randomized-controlled trial (RCT) could compare PD and center-based HD. However, 

randomizing alternative dialysis modalities is difficult, and past trials have failed to recruit 

enough patients.15

We compared PD to HD provision by exploiting an idiosyncratic policy encouraging 

asymmetric PD use in the uninsured based on the calendar day of dialysis start. Medicare 

eligibility normally begins in the fourth calendar month of dialysis.16 Uninsured patients 

starting with PD receive Medicare at day one and retroactive pre-dialysis coverage to the 
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beginning of the calendar month. Since PD catheters require two to four weeks of surgical 

site healing before commencing dialysis,17 initiating dialysis later in the month increases the 

likelihood of receiving sufficient pre-dialysis coverage for the catheter and in turn increases 

the likelihood of PD use at dialysis start and thereafter.18 We therefore used the calendar day 

of dialysis start as a natural experiment to compare mortality, hospitalizations, and costs in 

uninsured patients starting with PD versus HD.

METHODS

Analytic Strategy

We conducted an instrumental variable (IV) analysis, a quasi-experimental method 

commonly used to reduce observational study bias (Appendix).19–23 Medicare coverage 

policies encourage patients starting dialysis at the end of the month to start with PD 

(Appendix Figure 1). If the calendar day of dialysis start were randomly distributed, we 

would expect patients have similar characteristics irrespective of start day. Additionally, if 

starting dialysis later in the calendar month encourages PD use, we may use dialysis start 

day as an instrument that randomly “assigns” patients to PD versus HD (as a coin flip 

assigns treatment in an RCT). A caveat of our analysis (and IV analyses in general) is that 

we estimated the local average treatment effect of uninsured patients who were encouraged 

to switch from HD to PD due to the Medicare coverage policy based on the calendar day of 

the month.

Although we cannot definitively prove that dialysis start day is random, we provide 

corroborating evidence. Specifically, we find no evidence of bunching of dialysis starts 

or substantive differences in observable patient characteristics based on dialysis start day 

(Figure 1, Table 1, Appendix Figure 2, Appendix Table 1).

These empirical findings argue against the possibility that nephrologists might “game” the 

start date of dialysis by delaying dialysis starts for patients interested in PD until the 

end of the month to maximize retroactive Medicare coverage. Widespread gaming of the 

coverage policy would mean that dialysis start date is not random and thus not suitable as 

an instrumental variable. Gaming of dialysis starts would result in bunching of dialysis starts 

at the end of the calendar month. Additionally, we would expect to observe patients starting 

dialysis later in the calendar month reflecting characteristics associated with PD: younger in 

age, healthier, and socioeconomically more advantaged.24 We observe neither result.

Instead, our findings are consistent with dialysis start day being random and suggest that 

patients starting dialysis at the beginning of the calendar month but interested in PD likely 

initiate HD with the intention of switching to PD. For patients starting with HD and 

subsequently receiving a PD catheter, as long as the patient switches to PD before the 

fourth month of dialysis, the patient will receive retroactive Medicare coverage through 

the beginning of dialysis, including the PD catheter. Patients at the margin, and their 

nephrologists, likely have weaker modality preferences and are probably willing to initiate 

HD with the eventual plan of switching to PD. Simultaneously, because dialysis initiation 

(PD and HD) is complex and involves multiple steps (e.g., referral to a surgeon, identifying 

an accepting facility, and coordinating patient and dialysis facility schedules), providers 
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are less able to precisely predict the start date, making gaming of dialysis initiation more 

difficult.

In addition to providing evidence that dialysis start day is random, we also test whether 

dialysis start day is associated with differences in PD use. Consistent with prior work18 

and what we would predict from the coverage policy, dialysis start day was associated 

with differences in PD use at dialysis start. Interestingly, differences in modality at dialysis 

start translated into long-term differences in PD use. These findings suggest that having 

patients start center-based HD, even with the eventual goal of switching to PD, leads to 

lower long-term PD uptake. A prior study extensively analyzed the IV’s properties and 

the mechanism by which it affects long-term PD uptake.18 Briefly, the study observed that 

patients rarely switch to PD after initiating HD. This inertia explains how dialysis start day, 

which influences PD use at dialysis start, results in long-term differences in PD use. We 

therefore exploit differences in dialysis start day to test whether sustained PD uptake yields 

superior outcomes to HD.

Inferring causality between dialysis modality and outcomes requires that the only 

mechanism through which the instrument (dialysis start day) affects outcomes is through 

dialysis modality. Although one can never prove this assumption, we provide two points of 

corroborative evidence. First, the most plausible alternate mechanism is through long-term 

differences in Medicare coverage. Patients starting in the end of the month are more likely 

to choose home dialysis and thus more likely to obtain Medicare at dialysis start. However, 

coverage differences dissipate by month six (Appendix Table 2). Second, we observe no 

difference in short-term (6-month) mortality between patients starting dialysis in the first 

versus second half of the month (Appendix Table 3), suggesting that short-term differences 

in Medicare coverage are not associated with health.

We initially conducted an “intention-to-treat” (ITT) analysis, comparing patients starting 

dialysis at the beginning of the month to those starting at the end. Afterwards, we conducted 

an IV regression to directly compare outcomes between PD and HD.

Data Sources, Population, and Follow-up

From the United States Renal Data System (USRDS),1 a registry of all US patients with 

ESKD linked to Medicare fee-for-service claims, we identified uninsured adults starting 

dialysis between 6/1/2005 and 12/31/2014. We used the CMS-2728 Form, submitted by 

dialysis facilities for all incident patients irrespective of insurance coverage, to identify 

dialysis start date and patient characteristics at start: insurance, employment status, 

comorbidities, and laboratory data. We identified facility characteristics from the annual 

dialysis facility survey (CMS-2744) and sociodemographic characteristics of each facility’s 

zip code from the 2010 Census and the 2012 American Community Survey. We used 

Medicare Parts A and B claims to obtain total Medicare spending, acute hospitalizations, 

outpatient dialysis services, and physician dialysis visits. Medicare payments were inflation 

adjusted to 2015 dollars.

We excluded patients with more than 31 days of retroactive Medicare before ESKD onset 

according to the enrollment database, who received a kidney transplant prior to dialysis, or 
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who started dialysis on a federal holiday or weekend because dialysis initiation on these 

days is usually emergent, and PD is not usually initiated under emergent circumstances. We 

followed patients for 12 months and did not censor for death, kidney transplantation, or 

modality switch. We defined one month of follow-up as four weeks (28 days) to standardize 

months.

Variables

Our main outcomes were 12-month mortality, number of hospitalizations (identified using 

a previously described algorithm25) per patient during dialysis months 7–12, and Medicare 

spending per patient during dialysis months 7–12. We modeled hospitalizations and costs 

as continuous variables. Because costs were right-skewed and to minimize the effect of 

outliers, we modeled the natural logarithm of cost. In a sensitivity analysis, we modeled 

non-logarithm transformed costs.

To study mortality, we used the entire uninsured population irrespective of downstream 

Medicare coverage. We could only observe hospitalizations and spending in patients with 

Medicare Parts A and B as primary payer. For these outcomes, we required Medicare 

coverage while alive from months 7–12. We started at month seven because coverage 

differences dissipate by then and including earlier months would bias results against PD. 

Patients who died between months 7–12 remained in the sample and contributed zero 

hospitalizations and zero spending in our base analysis. In a sensitivity analysis, we assessed 

24-month outcomes, which required excluding patients starting dialysis in 2014.

The independent variables of interest were dialysis start day (instrument), which we 

modeled as a continuous variable, and whether the patient started with PD (intervention), 

which we modeled as a binary variable. We controlled for patient characteristics (age, 

sex, race, ethnicity, employment status, comorbidities, primary cause of ESKD, pre-ESKD 

nephrology care, body mass index, serum albumin, and serum hemoglobin), facility 

characteristics (profit status, whether it was hospital-based, number of patients, and patient 

to staff ratio), geographic characteristics (population, proportion of residents with high 

school diploma, median income, and median rent within the facility’s zip code), and 

temporal characteristics (month and year) at dialysis start (full list in Table 1).

Statistical Analyses

All analyses used robust standard errors. Before conducting the IV regression, we tested 

the instrument’s properties. First, we assessed whether the dialysis start day bunched near 

the end of the month. Using a Kolmogorov-Smirnov test, we compared the dialysis start 

day distribution among the entire uninsured population to a theoretical distribution from 

pure random chance, the proportion of times a numbered day appeared during the study 

period. We opted for a Kolmogorov-Smirnov test because other more powerful distributional 

tests (e.g., Shapiro-Wilk’s or Lilliefors) assume a normal distribution. Second, we compared 

observable characteristics between patients starting in the first half and second half of 

the calendar month, using Pearson’s chi-square test. Third, we assessed the instrument’s 

strength, or its correlation with PD use. Conceptually, the analysis estimates adherence to 

the “assigned” treatment after randomization. We used a linear probability model to regress 
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the probability of starting with PD on the calendar day. We plotted predicted probabilities as 

a function of each calendar day of dialysis start. We computed the regression’s F-statistic; 

in the econometrics literature, an F-statistic of 10 typically indicates that the instrument has 

sufficient strength.26 Finally, we confirmed that the instrument was associated with sustained 

differences in 12-month PD use.

The ITT analysis regressed mortality, number of hospitalizations, and costs on whether the 

patient started dialysis in the first versus second half of the month (i.e., we reclassified the 

instrument as a binary coin flip). We used logistic regression for mortality and ordinary least 

squares for hospitalizations and the natural logarithm of costs.

When comparing PD to HD, we first employed “traditional” multivariable regression 

models, logistic for mortality and ordinary least squares for hospitalization and costs. To 

demonstrate the effect of selection bias, we successively included covariates in a stepwise 

manner. Subsequently, we conducted an IV regression using two-stage residual inclusion 

(2SRI), which is commonly employed with a non-linear first-stage regression and has 

improved precision over two-stage least squares.27 Unlike maximum likelihood estimation, 

2SRI relaxes distributional assumptions. The first-stage probit regression estimated the 

probability of starting with PD as a function of the day of dialysis start (instrument) 

and controlling covariates. The second-stage used ordinary least squares (OLS) to regress 

the outcomes on starting with PD, controlling covariates, and the first-stage generalized 

residual.28,29 We excluded the day of dialysis start (instrument) from the second-stage 

regressions. We chose OLS for all outcomes, including death and logarithm-transformed 

costs, because non-linear second-stage models do not necessarily preserve expectations 

when incorporating the residual.28 Conversely, our base-case specification is robust to 

misspecifications of the first-stage probit model with asymptotically valid standard errors. 

We computed the absolute difference in marginal effects of dialysis modality. For costs, we 

estimated the average predicted cost for PD and HD by exponentiating regression estimates, 

then took the absolute difference. We used a non-parametric bootstrap (250 samples) to 

estimate 95% confidence intervals.

Because a large fraction (~25%) of our population had missing serum albumin and 

hemoglobin, we used multiple imputation (10 imputations) to account for missing 

covariates. We nested imputations within each bootstrap draw.30,31

Sensitivity Analyses

We performed sensitivity analyses on complete cases given the computational overhead of 

the multiple imputation model: we (1) performed a complete case analysis; (2) included 

patients with missing covariates and omitted those covariates; (3) used a 24-month follow­

up window among patients initiating dialysis 6/1/2005 to 12/31/2013; (4) modeled costs 

directly (not using the natural logarithm); (5) modeled costs using a negative binomial 

second-stage; (6) modeled daily spending while patients were alive; (7) varied the IV 

regression’s functional form; (8) modeled mortality using a Cox proportional hazards 

regression in the second stage; (9) repeated the mortality analysis in patients obtaining 

Medicare by month 7; (10) repeated the hospitalization and spending analyses in patients 

surviving through 12 months; (11) excluded patients who received a transplant in the study 
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period; (12) excluded patients who changed dialysis modality; (13) included patients starting 

dialysis on a weekend or holiday; and (14) omitted facility characteristics in case modality 

choice drives facility choice (i.e., if facility characteristics are endogenous).

We used SAS version 9.4 (SAS Institute, Cary, NC) to construct our analytical dataset and 

Stata version 14.0, MP edition (StataCorp, College Station, TX) for all statistical analyses.

IRB Approval

The study was approved by the University of Southern California Institutional Review Board 

(IRB).

RESULTS

Baseline Characteristics and Randomness of Dialysis Start Day

Of 58,539 uninsured adults meeting inclusion criteria (Appendix Figure 3), 8% started 

with PD (Table 1). Compared to patients starting with HD, patients starting with PD were 

younger; more likely female, white, and employed; had fewer comorbidities; and had higher 

serum albumin and hemoglobin. They were more likely to receive pre-dialysis nephrology 

care and dialyze at for-profit, free-standing, and urban facilities with large PD populations.

The dialysis start day distribution in the entire population was statistically no different from 

pure random chance, the proportion of times a numbered day appeared during the study 

period (Kolmogorov-Smirnov test, p>0.2, Figure 1, Appendix Figure 2).32 Critically, we 

observed no bunching of dialysis starts at the end of the month, which is what we would 

observe with delayed PD starts. Additionally, we observed no statistical difference in most 

observable characteristics between those starting in the first versus second half of the month 

in the entire study cohort (Table 1) and when restricting to the 42,932 adults obtaining 

Medicare by the end of month six (Appendix Table 1). Together, these findings support 

the hypothesis that dialysis start day is random and suggest that providers are not delaying 

dialysis starts for patients interested in PD.

Instrumental Variable’s Properties

Starting dialysis later in the calendar month was associated with increased PD use after 

adjusting for confounders: every week later in the month was associated with an absolute 
increase of 0.8% (95% CI: 0.6%, 0.9%) at dialysis day 1 and 0.5% (95% CI: 0.3%, 0.7%) 

at dialysis month 12 (Figure 2, Appendix Figure 4). In adjusted analysis, 10.2% (95% CI: 

9.7%, 10.6%) of patients starting on the first of the month used PD by dialysis month 12, 

while 12.3% (95% CI: 11.9%, 12.8%) of patients starting on the last day of the month used 

PD by dialysis month 12, an absolute increase of 2.2% (95% CI: 1.4%, 3.0%) and a relative 
increase of 22%. The F-statistic was 62, suggesting more than sufficient strength as an IV.

Intention to Treat Analysis

Patients starting dialysis in the first versus second half of the month had no significant 

difference in outcomes in unadjusted analysis (Figure 3, Appendix Figure 5). After adjusting 

for confounders, the odds ratio for mortality was 0.98 (95% CI: 0.92, 1.04), the coefficient 
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for hospitalizations −0.01 (95% CI: −0.03, 0.02), and the risk ratio for total Medicare 

spending 1.01 (95% CI: 0.96, 1.06) (Appendix Table 4).

Comparing Peritoneal Dialysis and Hemodialysis

Unadjusted, patients starting with PD had significantly higher survival at one year (96% 

versus 92%, p<0.001), fewer hospitalizations during months 7–12 (0.61 versus 0.69, 

p<0.001), but higher log-transformed spending during months 7–12 ($15,917 versus 

$10,622, p<0.001) (Appendix Figure 6). PD was less expensive than HD during months 

7–12 when modeling costs directly ($27,386 versus $30,875, p<0.001).

When adjusting for confounders, the “traditional” analysis showed decreased mortality and 

increased spending between PD and HD (Table 2). Conversely, the IV analysis showed no 

significant absolute difference between PD and HD for 12-month mortality (−0.9%, 95% 

CI: −3.3%, 0.8%), hospitalizations during months 7–12 (−0.05, 95% CI: −0.20, 0.07), and 

Medicare spending during months 7–12 (−$702 (95% CI: −$4,004, $2,909) per patient.

To explore the effect of selection bias, we successively added covariates to the traditional 

model in a complete case analysis. Differences in 12-month mortality and total Medicare 

spending declined in magnitude but remained significant (Appendix Table 5). When 

modeling costs directly (i.e., without log-transforming), PD was cheaper than HD in 

unadjusted analysis but not the adjusted traditional or IV analyses (Appendix Table 6).

Sensitivity Analyses

Results were robust to all sensitivity analyses except when using Pearson residuals (death, 

costs), when excluding patients who changed dialysis modality (inpatient costs), and when 

omitting facility characteristics or covariates with missing values (hospitalizations, inpatient 

costs) (Appendix Table 7).

DISCUSSION

After accounting for selection bias, we found that initiating PD (rather than HD) did 

not result in statistically significant differences in mortality, hospitalizations, or Medicare 

spending in uninsured adults with ESKD. Unlike other observational studies, ours used 

an ostensibly random event, the day of dialysis start, to mitigate bias from unobserved 
characteristics. We found mortality and cost differences when using traditional observational 

methods that dissipated with IV regression.

Unlike previous studies associating similar10,12 or improved survival11,13 and decreased 

costs with PD,3–5,14 our study did not show statistically significant differences in mortality, 

hospitalization, and costs between PD and HD among uninsured patients.33 In addition 

to population differences between our analysis and prior studies, there are other key 

differences. Our log-transformed model showed increased unadjusted costs in PD over HD, 

while our non-transformed model showed decreased costs (consistent with prior studies). 

One can reconcile these results by recognizing that the log-transformed model down-weights 

outliers. That is, the median patient on PD is more expensive than the median patient 

on HD, but average per patient spending on PD is lower than on HD. To control for 
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confounders, prior studies have used multivariable regression and matching techniques, with 

annual savings estimates of over $10,000 per patient attributable to PD.3,10–14 However, 

prior findings are subject to selection bias.

Our study demonstrates the pitfalls of standard observational methods. Selection bias when 

comparing dialysis modalities is unsurprising, since patients starting with PD are generally 

younger, healthier, and less socioeconomically disadvantaged than those starting with HD.

Although an RCT could address these shortcomings, none have been successful. In 2003, 

investigators in the Netherlands designed an RCT to compare PD and HD. They recruited 

773 patients, but only 38 patients (fewer than 5%) agreed to participate.15 IV regression 

mitigates these selection bias concerns.

Generalizability of IV estimates, however, is limited to local average treatment effects20 

of uninsured patients who were encouraged by the Medicare coverage policy to switch 

from PD to HD. We make two observations that suggest our findings may be more widely 

applicable to the dialysis population. First, the failures of previous RCTs suggest patients 

have strong preferences for dialysis modality, and patients more likely to switch dialysis 

modalities due to insurance coverage may be more likely to switch modalities in response 

to real-world policy. Second, although uninsured patients without ESKD are sicker than 

the rest of the population, uninsured patients with ESKD are younger and healthier than 

their Medicare or Medicaid counterparts and are more likely to use peritoneal dialysis 

than patients with Medicaid.18 Our findings support expert opinion that patients should be 

allowed to choose between two roughly equivalent dialysis modalities based on personal 

preferences.

Despite little evidence demonstrating its superiority (at least vis-à-vis conventional outcome 

metrics), the Administration has made home dialysis the centerpiece of its ESKD reform 

effort.7 Persuading patients to start with or switch to home dialysis, though, may be 

challenging. Past randomization failures suggest that many patients have strong dialysis 

modality preferences by the start of dialysis. CMS implemented financial incentives for 

home dialysis in 2011, but uptake remains sluggish.24,34 Even in other countries prioritizing 

home dialysis use, patients using home dialysis usually constitute less than half the ESKD 

population.35

To further encourage home dialysis use, two new incentives for home dialysis have 

already taken effect this year: a policy exacting large financial penalties from facilities and 

nephrologists with low home dialysis uptake and an expanded dialysis transitional add-on 

payment for home dialysis capital equipment.9,36 Without evidence of improved outcomes 

or downstream savings, these policies seem likely to penalize providers with little material 

benefit while potentially adding to already ballooning ESKD costs. Additionally, some 

experts have suggested that CMS increase reimbursements for pre-dialysis education8,37 or 

pay for dedicated home dialysis caregivers (“assisted peritoneal dialysis”) with the hope 

of eventual savings.38,39 Our results suggest that additional funding of large-scale home 

dialysis efforts would not yield substantial benefits to patients or savings to the Medicare 

program, and certainly not at the magnitude suggested by policymakers.
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Even if PD does not significantly reduce mortality, hospitalizations, or spending, it could 

yield improved quality of life. Unfortunately, studies investigating quality of life are also 

fraught with selection bias.40,41 Patients using PD are more likely to have stable housing, 

more likely employed, and more likely to have strong social supports, characteristics that 

also contribute to a higher quality of life. Because we could not observe quality of life, we 

could not formally study this question. Still, based on our findings, we suspect that quality 

of life studies would see large attenuations in effect sizes if subjected to randomization or 

quasi-experimental designs.

Our findings have important limitations that may diminish their applicability to the general 

ESKD population. First, despite using an IV, there may be residual confounding by 

unobserved characteristics. Still, given the difficulties of past RCTs—the gold-standard for 

addressing unobserved confounding—, IV regression may be the best alternative to mitigate 

bias. Although limitations of the CMS-2728 Form may contribute to residual confounding,42 

the IV model mitigates these unobserved biases. Second, we cannot prove the assumptions 

of the IV model. However, we provide evidence that the dialysis start day is randomly 

distributed and also show that dialysis start day does not affect long-term Medicare 

enrollment, the most likely alternative mechanism through which dialysis start day could 

affect outcomes. Third, we could not assess differences in short-term costs between months 

1–6 given data limitations. However, our sensitivity analyses demonstrate no differences in 

extended long-term costs, from month 7 through 12 (in our primary analysis) and month 

24 (in our secondary analysis), which is likely the more relevant policy metric. Fourth, 

our findings may not generalize beyond the uninsured. Because IV estimates are of local 

average treatment effects, they apply only to patients who switched dialysis modality due to 

retroactive Medicare coverage. However, as previously discussed, the uninsured population 

is younger and more likely to use PD and thus may be more representative of patients 

willing to consider PD.

CONCLUSIONS

In summary, we find no evidence that increasing PD use for patients with incident ESKD 

would offer reductions in mortality, hospitalizations, or cost. Policy makers eager to promote 

home dialysis should temper expectations of improved outcomes and reduced spending.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• While observational studies suggest that peritoneal dialysis offers improved 

outcomes and lower costs than hemodialysis, these studies are fraught with 

selection bias. Researchers have attempted randomized controlled trials to 

study the initial choice of dialysis modality (peritoneal dialysis or in-center 

hemodialysis) but have failed to enroll enough patients.

• We conducted an instrumental variable analysis, exploiting an idiosyncratic 

policy encouraging PD use in 58,539 uninsured adults with end-stage kidney 

disease. The initial choice of dialysis modality (peritoneal dialysis or in­

center hemodialysis) did not result in statistically significant differences in 

mortality, hospitalizations, or costs.

• Policy makers have already implemented policies financially incentivizing 

peritoneal dialysis over in-center hemodialysis. Even if these policies 

increase peritoneal dialysis use, they should temper expectations of improved 

outcomes or reduced spending.
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Figure 1: Comparing observed days of the month of dialysis start and predicted.
We show the proportion of uninsured patients starting dialysis at each numbered day of the 

month (in black) against the predicted distribution or the proportion of times the numbered 

day appears between 1/1/2006 and 12/31/2015 (in gray). Distributions exclude weekends 

and federal holidays. We show the cumulative distribution in Appendix Figure 2. The 

one-sample Kolmogorov-Smirnov statistic is the maximum distance between the predicted 

and observed cumulative distributions (p > 0.2). Abbreviations: KS = Kolmogorov-Smirnov 

statistic.
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Figure 2: Unadjusted Probability of Peritoneal Dialysis Use at Month 12.
We show the unadjusted and adjusted probabilities of peritoneal dialysis at dialysis start 

and the adjusted probability of peritoneal dialysis at month 12 in Appendix Figure 4. 

Abbreviations: PD = peritoneal dialysis.
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Figure 3: Unadjusted changes in mortality and spending by day of dialysis start.
We show unadjusted 12-month probability of death (Panel A) and total Medicare spending 

per patient in months 7–12 of dialysis (Panel B) by the day of dialysis start. Costs (Panel 

B) are modeled using log costs (grey dots) and without log transforming (block dots). 

Trends and slopes were computed using ordinary least squares without adjusting for other 

covariates. We show differences in hospitalization rates by day of dialysis start in Appendix 

Figure 5. Abbreviations: HD = hemodialysis, PD = peritoneal dialysis.
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