Article

Peritoneal Dialysis Patient Outcomes under the
Medicare Expanded Dialysis Prospective Payment
System
Eric W. Young,1,2 Alissa Kapke,1 Zhechen Ding,1 Regina Baker,2 Jeffrey Pearson,1 Chad Cogan,1 Purna Mukhopadhyay,1
and Marc N. Turenne1
1

Abstract
Background and objectives Peritoneal dialysis (PD) use increased in the United States with the introduction of a
new Medicare prospective payment system in January 2011 that likely reduced ﬁnancial disincentives for facility
use of this home therapy. The expansion of PD to a broader population and facilities having less PD experience may
have implications for patient outcomes. We assessed the impact of PD expansion on PD discontinuation and
patient mortality.
Design, setting, participants, & measurements A prospective cohort study was conducted of patients treated with
PD at 90 days of ESKD. Patients were grouped by study start date relative to the Medicare payment reform:
prereform (July 1, 2008 to December 31, 2009; n=10,585), interim (January 1, 2010 to December 31, 2010; n=7832),
and reform period (January 1, 2011 to December 31, 2012; n=18,742). Patient characteristics and facility PD
experience were compared at baseline (day 91 of ESKD). Patients were followed for 3 years for the major outcomes
of PD discontinuation and mortality using Cox proportional hazards models.
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Results Patient characteristics, including age, sex, race, ethnicity, rurality, cause of ESKD, and comorbidity, were
similar or showed small changes across the three study periods. There was an increasing tendency for patients on
PD to be treated in facilities with less PD experience (from 34% during the prereform period being treated in
facilities averaging ,14 patients on PD per year to 44% in the reform period). Patients treated in facilities with less
PD experience had a higher rate of PD discontinuation than patients treated in facilities with the most experience
(hazard ratio [HR], 1.16; 95% conﬁdence interval [95% CI], 1.10 to 1.23 for the ﬁrst versus ﬁfth quintile of PD
experience). Nevertheless, the risk of PD discontinuation fell during the late interim period (HR, 0.88; 95% CI,
0.82 to 0.95) and most of the reform period (from HR, 0.85; 95% CI, 0.79 to 0.91 to HR, 0.94; 95% CI, 0.87 to 1.01).
Mortality risk was stable across the three study periods.
Conclusions In the context of expanding PD use and declining facility PD experience, the risk of PD
discontinuation fell, and there was no adverse effect on mortality.
CJASN 14: 1466–1474, 2019. doi: https://doi.org/10.2215/CJN.01610219

Introduction
Peritoneal dialysis (PD) has long lagged behind
hemodialysis (HD) as a kidney replacement therapy
for ESKD in the United States (1). Furthermore, PD
usage is considerably lower in the United States compared with many other developed countries such as
Australia, New Zealand, and Canada (1). PD usage in
the United States is also below levels that studies of the
attitudes of nephrologists have indicated would be
appropriate (2,3). Several factors cited as potential
barriers to self-care with PD may have been limiting
use of this therapy in the United States, such as a lack of
nephrologist training and experience with PD (4), a lack
of patient education about PD (5,6), a lack of family
support (7,8), provider awareness of Medicare coverage
rules in the early months of ESKD (9), and concern that
PD is associated with inferior outcomes (10,11).
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Over time, there may also have been growing
ﬁnancial disincentives for dialysis facilities to use
PD. During the 1990s and early 2000s, the prevailing
fee-for-service payment approach was used for an
expanding scope and volume of erythropoiesis stimulating agents and other injectable drugs that are
more commonly administered to patients on HD than
PD and were found to be relatively proﬁtable for
dialysis facilities (12–14). Perhaps because of a combination of factors that included such ﬁnancial disincentives for using PD, PD use declined from approximately
15% of new patients on dialysis in 1990 to 6% in 2008 (1).
Beginning in 2011, the Centers for Medicare & Medicaid
Services (CMS) implemented a new prospective payment system (PPS) that was intended to encourage the
use of PD as a home therapy by establishing the same
bundled per-treatment payment rates for all dialysis
www.cjasn.org Vol 14 October, 2019
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modalities (15). In proximity to this change, PD use among
new patients on dialysis has increased each year, reaching
10% as of 2016 (1,14,16–18).
Although no deﬁnitive comparison study of alternative
maintenance dialysis modalities exists, PD offers a number
of advantages in properly selected patients, including avoidance of in-center scheduling, increased patient independence, increased travel ﬂexibility, preservation of residual
kidney function, and lower overall cost (19). However, the
advantages associated with PD undoubtedly depend on
appropriate patient selection and facility readiness. These
aspects of PD practice may be changing in the current era in
which PD is being used in a broader patient population and
the change in payment policy has likely incentivized the
establishment of new PD programs. The results of previous
studies suggest that such changes may have implications
for outcomes for patients on PD. Rates of discontinuing
PD have been shown to vary on the basis of characteristics
such as prior treatment with HD, race, rurality, geographic
region, and the dialysis facility’s level of experience with
PD (20,21).
This study asked whether the policy decision to encourage the use of PD through the recent payment reform
resulted in any important unintended consequences. Speciﬁcally, we studied whether the expansion in PD use
among both patients and facilities was associated with
adverse trends in discontinuation of PD or patient mortality. In doing so, we investigated trends in facility PD
experience and the impact on patient outcomes. We also
assessed whether the PD expansion selectively affected
particular segments of the ESKD population in ways that
could contribute to disparities in care.

Materials and Methods
Study Cohorts
The study population consisted of adult (aged $18 years)
patients with incident ESKD who received PD as of 91 days
of ESKD treatment, which allowed for a period of patient
and modality stabilization during the initial months of
ESKD. Data sources included the ESRD Medical Evidence
Report (CMS Form 2728, which contains baseline information about all new patients with ESKD), Medicare
claims, the CMS 2746 Death Notiﬁcation Form, CMS
Standard Information Management System Events ﬁle,
and CROWNWeb.
The Medicare payment reforms were ﬁrst proposed in
the fall of 2009 (22) and, after a public comment period and
ﬁnalization of the policy in the summer of 2010 (23),
implemented on January 1, 2011. New patients on PD were
grouped into three cohorts by the time period relative to
implementation of the payment reform. The prereform
period (July 1, 2008 to December 31, 2009) provided a
baseline period for characteristics and outcomes of patients
on PD. The interim period (January 1, 2010 to December 31,
2010) captured potential anticipatory changes in practice
that might have occurred in response to the policy announcements about the upcoming reform but before actual implementation. The reform study period extends from the
implementation date of January 1, 2011 through December
31, 2012. Each cohort was deﬁned by new patients treated
with PD on day 91 during the cohort window.
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Study Variables
Patients were classiﬁed by age, race, ethnicity, pre-ESKD
nephrology care, and rural/urban location as reported on
the CMS 2728 Form. Patient residence was classiﬁed on a
rural-urban scale by mapping the reported residence ZIP
codes to Rural-Urban Commuting Area codes (24). Additional patient characteristics reported on the CMS 2728
Form were evaluated as descriptive or adjustment variables including body mass index, key laboratory values
(albumin and eGFR), the primary cause of ESKD, reported
comorbid conditions, current employment, insurance status, and Census region.
Patients were also characterized by the PD experience
level of their dialysis facility. Facility PD experience was
deﬁned as the average number of patients on PD treated
per year using data from 2003 through the year before
when they reached day 90 of ESKD. For analyses, facility
PD experience was divided into ﬁve groups, using quintiles.
Outcome Variables
All patients were followed for 3 years starting at 91 days
of ESKD. The primary outcome measures were discontinuation of PD, death, and a combined measure of death or
PD discontinuation. A patient was considered to have
discontinued PD after the patient either switched to HD
for at least 30 days or discontinued dialysis (25). We
performed a sensitivity analysis using a 180-day discontinuation criterion (26).
Statistical Analyses
The outcome measures were modeled using multivariable Cox proportional hazards starting at 91 days of ESKD
and followed to a study end point. Follow-up was censored
at the earliest of a kidney transplant, recovery of kidney
function, death (for analyses of PD discontinuation), switch
to HD for at least 30 days (for analyses of patient mortality),
discontinuation of dialysis (for analyses of patient mortality), or uncertain dialysis for at least 30 days.
We evaluated trends in outcomes of patients on PD
in 6-month time intervals, adjusting for baseline patient
demographic, insurance, employment, and clinical factors
at onset of ESKD. Separate models were used to examine
facility PD experience as a risk factor, adjusting for patient
characteristics, and to ascertain the impact of adjusting for
facility PD experience on hazard estimates by 6-month time
period. Separate models were estimated for the prereform
and reform periods to assess whether patient risk factors
for poor outcomes with PD have changed under the
new payment system in a way that would lead to health
disparities.
Proportional hazards assumptions were tested by evaluating Kaplan–Meier curves and revealed no clear departures from these assumptions. Analyses were conducted
using SAS V9.4 (SAS Institute, Cary, NC).

Results
Baseline Characteristics of Patients on PD
The study population includes 10,585, 7832, and 18,742
patients on PD in the prereform, interim, and reform
periods, respectively (Table 1). The percent of new ESKD
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Table 1. Characteristics of patients on incident PD by time period relative to implementation of the expanded ESKD prospective
payment system
Variable
% PD
Female (%)
Age, yr (%)
18–39
40–64
65–74
75+
Race (%)
White
Black
Asian
American Indian/Alaskan Native
Paciﬁc Islander
Other/multiracial
Hispanic (%)
Rural-urban commuting area (%)
Urban
Large rural
Small rural
Isolated rural
Unknown
Primary cause of ESKD (%)
Cystic kidney
Diabetes
Glomerulonephritis
Hypertension
Missing cause
Other cause
Other urologic
Unknown cause
Comorbidities (%)
Diabetes, not cause
Atherosclerotic disease
Cardiac failure
Cerebrovascular disease
Peripheral vascular disease
Other cardiac condition
Tobacco use (%)
Needs help with ADLs (%)
Current employment (%)
Medicaid (%)
Pre-ESKD nephrology care (%)
Yes
No
Unknown
BMI (%)
Underweight
Normal
Overweight
Obese
Missing/OOR
Albumin (g/dl) (%)
1 to ,3.1
3.1–3.4
.3.4–5.5
Missing/OOR
eGFR (ml/min per 1.73 m2) (%)
2 to ,5
5–10
.10–20
Missing/OOR
Facility average number of prior
patients on PD per year (%)
#5.5
5.5 to #14
14 to #24.2
24.2 to #43.4
.43.4

Prereform Period: 2008–2009
(n=10,585)a

Interim Period: 2010
(n=7832)a

Reform Period: 2011–2012
(n=18,742)a

7
44

8
43

9
43

14
52
20
13

13
52
21
14

14
52
21
14

71
21
5
1
1
1
11

71
22
5
1
1
0
11

70
22
6
1
1
0
12

85
7
4
3
0

86
7
4
3
0

86
7
4
3
0

6
42
16
25
0
7
1
3

5
43
15
27
0
6
1
3

5
44
16
27
0
6
1
3

8
15
18
6
9
12
6
3
30
14

9
15
18
6
9
12
7
4
27
14

10
13
17
5
8
12
6
4
27
15

82
13
5

82
13
5

82
13
5

2
28
31
38
1

2
28
31
39
1

2
27
31
40
1

16
15
47
22

16
15
46
23

17
14
45
23

6
41
49
4

6
39
50
4

8
41
48
4

15
19
22
22
22

19
19
21
20
20

23
21
18
19
18

PD, peritoneal dialysis; ADL, activities of daily living; BMI, body mass index; OOR, out of range.
a
Time period corresponds to when patients reached day 90 of ESKD.
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Table 2. Outcome rates for patients on incident peritoneal dialysis at 3 years, by time perioda,b
Outcome

Prereform Period: 2008–2009
(n=10,585)

Interim Period: 2010
(n=7832)

Reform Period: 2011–2012
(n=18,742)

Switched to HD for at least 30 d
Switched to HD for at least 180 d
Died
Discontinued dialysis
Recovered kidney function
Kidney transplant

20.1
14.5
9.0
0.9
1.1
7.9

19.1
14.1
9.0
1.1
1.2
7.3

18.4
13.6
8.7
1.2
1.2
6.9

HD, hemodialysis.
a
Rates as number of patients per 100 patient-years.
b
On the basis of 3 years of follow-up starting at day 91 of ESKD.

starts treated with PD increased from 7% in the baseline
period to 9% after implementation of the expanded payment system. Overall, the case-mix of patients using PD at
day 90 of ESKD was relatively stable, with distributions of
most baseline characteristics differing by ,2 percentage
points across these three periods. Patients on PD were
mostly white (71% and 70% in the prereform and reform
periods, respectively), non-Hispanic (89% and 88%) male
(56% and 57%), aged ,65 years (66% and 66%), and living
in an urban area (85% and 86%). There was a small increase
in diabetes as the primary cause of ESKD from 42% to 44%.
Small decreases were found in the prevalence of atherosclerotic disease and peripheral vascular disease. Employment at start of ESKD declined from 30% to 27% and
Medicaid coverage increased from 14% to 15%. Most
patients using PD at day 90 of ESKD had pre-ESKD
nephrology care (which remained stable at approximately
82%). Distributions for body mass index, albumin, and GFR
reported at onset of ESKD were similar for all three periods.
Over the study period, there was an increasing tendency
for patients on PD to be treated in facilities having the least
prior experience with PD. The percent of patients on PD
treated in facilities averaging #14 patients on PD per year
was 34%, 38%, and 44% of patients for the prereform,
interim, and reform periods, respectively.
Primary Outcomes
The primary outcome was discontinuation of PD for at least
30 days during the 3-year follow-up window. There was a
decline in the rate at which patients switched to HD over the
three periods (Table 2). The trend was similar when PD
discontinuation was deﬁned using a 180-day criterion. Crude
mortality was similar across the three time periods. There
was a small decline in the rate of kidney transplantation. Other
outcomes did not vary by study period.
Modeled Outcomes
Proportional hazards modeling was employed to estimate time trends (in half-year intervals) of the primary
outcomes (Figure 1). The model estimates are adjusted for
the baseline patient characteristics shown in Table 1 with
the exception of facility PD experience (which is examined
using a separate model, as discussed below). The ﬁrst time
interval in the prereform period (July to December 2008)
was used as the reference category. The modeled risk of PD

discontinuation through 3 years of follow-up was stable
through the prereform and initial interim periods, and then
lower in the late interim period and over most of the reform
period. Between July–December 2010 and July–December
2012, the estimated hazard ratio of PD discontinuation
ranged from 0.85 (95% conﬁdence interval, 0.79 to 0.91) to
0.94 (95% conﬁdence interval, 0.87 to 1.01; with P,0.05 for
all 6-month intervals except January to June 2011). PD
patient-adjusted mortality was stable through 3 years of
follow-up. The combined PD discontinuation/mortality
outcome showed a downward trend in the interim and
reform periods, similar to PD discontinuation as a separate
outcome.
The risk of discontinuation of PD was inversely associated with facility PD experience (Figure 2). With adjustments for patient characteristics, patients on PD treated in
facilities with the lowest levels of experience (5.5 or fewer
patients on PD per year) had an approximately 16% higher
risk of discontinuing PD compared with patients treated in
facilities with the highest level of experience (.43.4 patients
on PD per year). Facility PD experience did not have a
statistically signiﬁcant association with patient mortality.
Facility PD experience was inversely related with the
combined PD discontinuation/mortality outcome, similar
to but less strongly than with PD discontinuation alone.
When adjusting for both patient characteristics and facility
PD experience, the estimated trends over the prereform,
interim, and reform periods were very similar to those
shown in Figure 1, for all three outcomes (see Supplemental
Table 1 for detailed results).
Using separate proportional hazard models by time
period, we found that other risk factors for PD discontinuation and patient mortality remained similar under the
PPS (Supplemental Table 2). This includes an elevated risk
of discontinuing PD for patients with Medicaid insurance,
while patients who are women, Asian, or Hispanic continued to be less likely to discontinue PD. In contrast, there
was a higher risk of PD discontinuation among ages 18–39
(relative to ages 65–74 years) only in the reform period.
There was a higher risk of discontinuing PD among black
patients and those with no pre-ESKD nephrology care only
in the pooled analysis (Table 3); separate estimates for the
prereform and reform periods were similar but not statistically signiﬁcant (Supplemental Table 2). More pronounced
clinical risk factors continued to include diabetes, obesity,
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Figure 1. | Adjusted hazard ratios for PD patient outcomes, by time period. On the basis of a Cox proportional hazards model with adjustment
for the factors shown in Table 3. The time period corresponds to when patients reached day 90 of ESKD.

and assistance with activities of daily living. Similarly,
patterns in PD patient mortality across demographic and
socioeconomic groups largely persisted in the reform period.

Discussion
In the context of the growing use of a home dialysis
therapy that was encouraged by the recent Medicare
dialysis payment reform, there is no early evidence of
worsening overall outcomes among patients with incident
ESKD using PD. Instead, there is early evidence of a decline
over time in the rate at which patients discontinue PD, and
no change in patient mortality rates through 3 years of
follow-up. PD discontinuation ﬁndings were similar for

deﬁnitions based on either 30 or 180 days (Table 2) (26).
These trends are observed both as PD was being used by an
expanding patient population and as there was a decline
over time in average facility experience with PD.
At the time that the Medicare payment reform was
designed and implemented, the use of PD in the United
States had been falling since the mid-1990s, and was low in
comparison to a number of other countries with comparable socioeconomic and medical characteristics (1). PD
offers potential advantages to patients in terms of independence, quality of life, patient satisfaction, and preservation of
residual kidney function (19,27,28). As a continuous therapy,
PD tends to avoid large swings in ﬂuid status and exposure
to uremic toxins. PD is generally less expensive to the health
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Figure 2. | Associations between facility PD experience and PD patient outcomes. On the basis of a Cox proportional hazards model
with adjustment for time period (in 6-month intervals) and the factors shown in Table 3. The error bars display 95% confidence
intervals. The experience quintiles, expressed as average patients per year, are quintile 1 (0, 5.5), quintile 2 (5.5, 14), quintile 3 (14, 24.2),
quintile 4 (24.2, 43.4), and quintile 5 (43.4+).

care system than HD (29). In the absence of detailed clinical
trials, it is difﬁcult to estimate the optimal penetration of PD
but it is reasonable to assume that more patients with ESKD
could beneﬁt from a PD treatment option.
Several factors potentially contribute to low PD utilization. Many patients and family members feel overwhelmed
by the self-management requirements. Complications
remain a challenge, including infections and leakage.
Late referral creates logistic and patient education barriers
to PD. The level of PD exposure and training by nephrologists is variable. Many dialysis facilities lack experience
and expertise with PD management. Technical, educational,
and programmatic reforms have been advanced to address
some of these issues (19,30–32).
In addition to these important patient and provider
issues, there was a ﬁnancial disincentive to use PD under
the Medicare program that covers most patients with ESKD
in the United States. In the past, Medicare provided highermargin payments to dialysis facilities for injectable drugs
such as erythropoiesis stimulating agents, iron, and vitamin D analogs (12,13). In using a home therapy, patients on
PD spend less time at a dialysis facility and are less likely
to receive injectable medications. After a planning and
public comment process (22), in January 2011 Medicare
introduced a new ESKD PPS that rolled injectable drugs
into a global bundled payment per treatment (23).
Furthermore, Medicare established the same bundled
payment for patients on HD and PD, a policy change that

was ﬁnancially favorable to PD given the lower use of
expensive injectable medications. As intended, the percentage of patients treated with PD grew as the new PPS was
implemented (1,14,16,17).
The increase in PD use is in itself the successful
fulﬁllment of a national policy goal. However, the increase
should only be considered fully successful if it is applied to
appropriate patients in a way that does not disadvantage
any demographic or socioeconomic group. In addition,
the policy created incentives for the formation of new PD
programs (usually added to existing HD facilities) that,
initially, may lack the experience found in established
centers. An increase in PD use would raise important concerns
if patient outcome measures declined as a result of inappropriate patient selection or inexperienced programs. This study
was undertaken to carefully examine these potential unintended consequences.
We approached these questions by deﬁning three patient
cohorts on the basis of when they reached day 91 of ESKD:
during a prereform period that serves as a baseline period
for analysis, an interim period that potentially captures
early changes in practice as facilities anticipated the new
payment method, and an initial time period under the new
payment system. Major decisions regarding patient and
facility selection occur in this early period of ESKD. We
followed patients for up to 3 years for primary outcomes of
PD discontinuation and death. Although the follow-up
period for the prereform and interim patient cohorts extended
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Table 3. Adjusted hazard ratios for PD patient outcomes
Estimated Hazard Ratio (95% Conﬁdence Interval)
Parameter

Female
Age, yr (ref. 65–74 yr)
18–39
40–64
75+
Race (ref. white)
Black
Asian
American Indian/Alaskan Native
Paciﬁc Islander
Other/multiracial
Hispanic
Rural-urban commuting area (ref. urban)
Large rural
Small rural
Isolated rural
Unknown
BMI (ref. normal)
Underweight
Overweight
Obese
Missing/OOR
Pre-ESKD nephrology care (ref. no)
Yes
Unknown
Albumin (ref. 3.1–3.4 g/dl)
1 to ,3.1
.3.4–5.5
Missing/OOR
GFR (MDRD) (ref. 5–10 ml/min per 1.73 m2)
2 to ,5
.10–20
Missing/OOR
Diabetes
Hypertension
Diabetes, not cause
Atherosclerotic disease
Cardiac failure
Cerebrovascular disease
Peripheral vascular disease
Other cardiac condition
Tobacco use
Needs help with ADLs
Current employment
Medicaid

Discontinuation of PD

Mortality

Combined Outcome:
Discontinuation of
PD or Mortality

0.89 (0.86 to 0.93)

0.98 (0.93 to 1.04)

0.92 (0.90 to 0.95)

1.03 (0.97 to 1.10)
0.92 (0.88 to 0.97)
1.05 (0.99 to 1.12)

0.24 (0.21 to 0.28)
0.55 (0.52 to 0.59)
1.61 (1.51 to 1.72)

0.78 (0.74 to 0.83)
0.79 (0.76 to 0.82)
1.29 (1.24 to 1.35)

1.05 (1.00 to 1.09)
0.61 (0.56 to 0.67)
0.87 (0.75 to 1.02)
0.77 (0.63 to 0.93)
1.01 (0.73 to 1.35)
0.77 (0.73 to 0.82)

0.64 (0.59 to 0.69)
0.46 (0.39 to 0.52)
0.76 (0.59 to 0.97)
0.56 (0.40 to 0.77)
0.60 (0.32 to 1.01)
0.51 (0.46 to 0.56)

0.92 (0.89 to 0.95)
0.56 (0.52 to 0.60)
0.84 (0.73 to 0.95)
0.70 (0.59–0.82)
0.87 (0.65 to 1.12)
0.69 (0.65 to 0.72)

1.05 (0.98 to 1.12)
1.02 (0.94 to 1.11)
1.07 (0.97 to 1.18)
0.91 (0.65 to 1.25)

1.11 (1.01 to 1.22)
0.99 (0.87 to 1.11)
1.20 (1.06 to 1.35)
1.21 (0.80 to 1.75)

1.07 (1.01 to 1.12)
1.01 (0.94 to 1.08)
1.11 (1.03 to 1.20)
1.05 (0.81 to 1.34)

1.09 (0.96 to 1.23)
1.02 (0.97 to 1.07)
1.22 (1.16 to 1.27)
1.29 (1.06 to 1.55)

1.38 (1.19 to 1.60)
0.83 (0.77 to 0.88)
0.85 (0.80 to 0.91)
1.05 (0.75 to 1.41)

1.19 (1.08 to 1.31)
0.95 (0.92 to 0.99)
1.09 (1.05 to 1.13)
1.20 (1.01 to 1.41)

0.94 (0.89 to 0.99)
0.96 (0.88 to 1.04)

0.84 (0.77 to 0.91)
1.13 (0.99 to 1.28)

0.91 (0.87 to 0.95)
1.01 (0.94 to 1.09)

1.18 (1.11 to 1.25)
0.90 (0.86 to 0.95)
1.02 (0.96 to 1.08)

1.18 (1.09 to 1.29)
0.78 (0.72 to 0.84)
0.91 (0.84 to 0.99)

1.18 (1.12 to 1.24)
0.86 (0.83 to 0.90)
0.98 (0.94 to 1.03)

1.00 (0.93 to 1.07)
0.99 (0.95 to 1.02)
0.98 (0.89 to 1.07)
1.28 (1.23 to 1.34)
1.05 (1.00 to 1.10)
1.18 (1.11 to 1.25)
0.98 (0.93 to 1.04)
1.10 (1.05 to 1.15)
1.10 (1.02 to 1.18)
1.03 (0.97 to 1.09)
0.98 (0.93 to 1.03)
1.14 (1.07 to 1.22)
1.19 (1.09 to 1.31)
0.90 (0.86 to 0.93)
1.19 (1.14 to 1.25)

0.87 (0.76 to 1.00)
0.98 (0.92 to 1.03)
1.47 (1.32 to 1.62)
1.74 (1.61 to 1.87)
1.21 (1.12 to 1.30)
1.43 (1.31 to 1.55)
1.17 (1.10 to 1.25)
1.57 (1.48 to 1.67)
1.16 (1.06 to 1.27)
1.09 (1.01 to 1.17)
1.28 (1.20 to 1.36)
1.17 (1.05 to 1.29)
1.79 (1.63 to 1.96)
0.81 (0.75 to 0.88)
1.09 (1.01 to 1.18)

0.97 (0.91 to 1.03)
0.98 (0.95 to 1.01)
1.17 (1.09 to 1.25)
1.39 (1.34 to 1.44)
1.09 (1.05 to 1.13)
1.25 (1.19 to 1.31)
1.06 (1.02 to 1.10)
1.26 (1.21 to 1.30)
1.12 (1.06 to 1.19)
1.06 (1.01 to 1.11)
1.09 (1.05 to 1.14)
1.14 (1.08 to 1.21)
1.43 (1.34 to 1.53)
0.88 (0.85 to 0.92)
1.15 (1.11 to 1.20)

Models were also adjusted for indicators of the 6-month time period in which patients reached day 90 of ESKD (as shown in Figure 1). For
parameters with multiple groups (e.g., age), the group title row shows the P value of signiﬁcance for the overall effect. PD, peritoneal
dialysis; ref., reference; BMI, body mass index; OOR, out of range; MDRD, Modiﬁcation of Diet in Renal Disease; ADL, activities of
daily living.

into the reform period, the expected major effect of the
policy applies to patient and facility selection at the start of
ESKD.
We found that the observed characteristics of new patients
on PD were largely comparable in the three cohorts (Table 1),
which is consistent with the ﬁndings of a recent study (14)
and does not suggest selected targeting or exclusion of patient
groups. In the context of these indications of relatively stable
overall case-mix, the patient factors that are associated with PD
outcomes did not show large changes between the prereform
and reform periods (Supplemental Table 2, Table 3). There is

consequently no evidence at this stage that the new
payment system has systematically increased the risk of
poor outcomes for certain subgroups of patients on PD in a
way that would lead to growing health disparities. We
found several patient factors that predicted outcomes that
were generally consistent with prior studies (33).
The concern that expansion of PD would give rise to
new PD programs with less experience was borne out by
the ﬁndings. Average facility PD experience declined in
the transition from prereform to interim to reform periods
(Table 1). Furthermore, patients treated in facilities with
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lower levels of facility experience with PD have a higher risk
of PD discontinuation, as shown previously (20). Despite
the increase in less experienced facilities and the observed
association between facility PD experience and PD discontinuation, the net observation was a lower risk of PD discontinuation. Information on the reasons for PD discontinuation
were not available.
The improvements in technique survival as measured by
PD discontinuation suggest that ﬁnancial incentives under
the new payment system may be encouraging or facilitating greater longer-term use of PD. Given the new incentive
structure and potential continued growth in PD, it will be
important to continue to monitor modality selection and
outcomes for patients on PD. There is a need for such
efforts to include longer follow-up and also consider other
clinical and patient-reported outcomes that can help to
inform conclusions about whether the goals for this therapy
are being achieved.
These ﬁndings are limited by lack of a contemporaneous
control group. We would not be able to distinguish the
effect of the new payment policy from other secular trends.
The patient treatment and outcome measurements relied
on Medicare claims and reporting forms (Medical Evidence
and Death Notiﬁcation forms), which are inconsistently audited for accuracy. In addition, the claims data
do not indicate the reason for PD discontinuation. Medicare
claims data offer an important advantage of large sample
size. Despite the limitations, the study provides strong
assurance that the policy-driven expansion of PD did not
adversely affect important outcomes among patients with
incident ESKD using this therapy and did not create any
measured patient disparities in these outcomes in the early
years under the new payment system.
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Supplemental Table 1. Adjusted Hazard Ratios for Incident PD Patient Outcomes by Time Period, with and
without Adjustment for Facility PD Experience
Estimated Hazard Ratio (95% confidence intervals)
Discontinuation of PD
Time Period
(ref. 2008, Jul‐Dec)

Without
Facility PD
Experience

With
Facility PD
Experience

Mortality
Without
Facility PD
Experience

With
Facility PD
Experience

Combined Outcomes
Without
Facility PD
Experience

With
Facility PD
Experience

2009, Jan‐Jun

0.96 (0.89‐1.04) 0.96 (0.89‐1.04) 0.98 (0.87‐1.10) 0.98 (0.87‐1.10) 0.97 (0.91‐1.04) 0.97 (0.91‐1.04)

2009, Jul‐Dec

0.99 (0.92‐1.06) 0.98 (0.91‐1.06) 1.01 (0.90‐1.13) 1.01 (0.90‐1.13) 1.00 (0.93‐1.06) 0.99 (0.93‐1.06)

2010, Jan‐Jun

0.97 (0.90‐1.04) 0.97 (0.90‐1.04) 0.96 (0.86‐1.08) 0.96 (0.86‐1.08) 0.97 (0.91‐1.03) 0.97 (0.91‐1.03)

2010, Jul‐Dec

0.88 (0.82‐0.95) 0.87 (0.81‐0.94) 0.95 (0.85‐1.06) 0.95 (0.85‐1.06) 0.90 (0.85‐0.96) 0.90 (0.84‐0.95)

2011, Jan‐Jun

0.94 (0.87‐1.01) 0.93 (0.87‐1.00) 0.94 (0.84‐1.05) 0.94 (0.84‐1.05) 0.94 (0.89‐1.00) 0.94 (0.88‐1.00)

2011, Jul‐Dec

0.90 (0.83‐0.96) 0.89 (0.83‐0.95) 0.90 (0.81‐1.01) 0.90 (0.81‐1.01) 0.90 (0.84‐0.95) 0.89 (0.84‐0.95)

2012, Jan‐Jun

0.88 (0.82‐0.95) 0.87 (0.81‐0.94) 0.96 (0.86‐1.07) 0.96 (0.86‐1.07) 0.90 (0.85‐0.96) 0.90 (0.85‐0.95)

2012, Jul‐Dec

0.85 (0.79‐0.91) 0.83 (0.78‐0.90) 0.98 (0.88‐1.09) 0.98 (0.89‐1.09) 0.89 (0.84‐0.94) 0.88 (0.83‐0.94)

Models included adjustments for other characteristics of patient who reached day 90 of ESRD (as shown in Table 3).
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Supplemental Table 2. Adjusted Hazard Ratios for Patient Characteristics, Pre‐Reform and Reform Periods
Estimated Hazard Ratio (95% confidence intervals)
Discontinuation of PD
Patient Characteristic*
Female
Age (ref. 65‐74)
18‐39
40‐64
75+
Race (ref. White)
Black
Asian
Am. Indian/Alaskan
Native
Pacific Islander
Other/ Multi‐racial
Hispanic
RUCA (ref. Urban)
Large Rural
Small Rural
Isolated Rural
Unknown
BMI (ref. Normal)
Underweight
Overweight
Obese
Missing/OOR
Pre‐ESRD Nephrology
Care (ref. No)
Yes
Unknown
Albumin (ref. 3.1‐3.4
g/dL)
1 to <3.1
>3.4 to 5.5
Missing/OOR
GFR(MDRD) (ref. 5‐10
ml/min/1.73m2)
2 to <5
>10 to 20
Missing/OOR
Diabetes
Hypertension
Diabetes, Not Cause

Mortality

Combined Outcomes

Pre‐reform

Reform

Pre‐reform

Reform

Pre‐reform

Reform

0.90 (0.85‐0.96)

0.90 (0.86‐0.94)

0.93 (0.85‐1.03)

1.03 (0.96‐1.11)

0.91 (0.86‐0.96)

0.94 (0.90‐0.98)

0.96 (0.86‐1.09)

1.14 (1.04‐1.25)

0.22 (0.16‐0.29)

0.26 (0.21‐0.32)

0.73 (0.66‐0.81)

0.85 (0.78‐0.92)

0.90 (0.83‐0.98)

0.96 (0.90‐1.02)

0.55 (0.49‐0.63)

0.55 (0.50‐0.61)

0.78 (0.72‐0.83)

0.80 (0.76‐0.85)

1.10 (0.98‐1.23)

1.07 (0.98‐1.16)

1.63 (1.44‐1.85)

1.68 (1.53‐1.84)

1.33 (1.22‐1.45)

1.33 (1.25‐1.42)

1.05 (0.97‐1.13)

1.05 (0.99‐1.12)

0.68 (0.59‐0.78)

0.63 (0.57‐0.70)

0.95 (0.88‐1.01)

0.92 (0.87‐0.97)

0.52 (0.43‐0.62)

0.65 (0.57‐0.74)

0.50 (0.38‐0.65)

0.44 (0.36‐0.53)

0.51 (0.44‐0.60)

0.58 (0.52‐0.64)

0.76 (0.56‐1.02)

0.86 (0.69‐1.07)

0.90 (0.58‐1.33)

0.80 (0.56‐1.09)

0.81 (0.63‐1.02)

0.84 (0.69‐1.00)

0.82 (0.55‐1.17)

0.78 (0.60‐1.00)

0.46 (0.19‐0.89)

0.55 (0.35‐0.83)

0.71 (0.49‐0.98)

0.70 (0.55‐0.86)

0.80 (0.47‐1.26)

1.37 (0.79‐2.20)

0.57 (0.20‐1.22)

0.70 (0.22‐1.63)

0.72 (0.46‐1.08)

1.14 (0.70‐1.74)

0.82 (0.74‐0.92)

0.74 (0.68‐0.80)

0.59 (0.48‐0.70)

0.51 (0.44‐0.58)

0.76 (0.69‐0.83)

0.66 (0.62‐0.71)

1.03 (0.91‐1.16)

1.06 (0.96‐1.17)

1.11 (0.93‐1.31)

1.14 (1.00‐1.30)

1.05 (0.95‐1.16)

1.08 (1.00‐1.17)

1.09 (0.93‐1.27)

0.98 (0.86‐1.10)

1.04 (0.82‐1.28)

0.98 (0.82‐1.16)

1.08 (0.95‐1.22)

0.97 (0.88‐1.08)

1.04 (0.86‐1.23)

1.00 (0.87‐1.14)

1.37 (1.10‐1.69)

1.12 (0.93‐1.33)

1.14 (1.00‐1.31)

1.04 (0.93‐1.16)

1.73 (0.98‐2.79)

0.79 (0.47‐1.23)

1.56 (0.48‐3.69)

1.52 (0.88‐2.40)

1.70 (1.04‐2.62)

1.03 (0.71‐1.42)

1.04 (0.82‐1.30)

1.13 (0.95‐1.33)

1.39 (1.04‐1.81)

1.42 (1.14‐1.75)

1.15 (0.96‐1.37)

1.22 (1.07‐1.39)

1.02 (0.94‐1.12)

1.04 (0.97‐1.11)

0.77 (0.68‐0.87)

0.86 (0.79‐0.95)

0.93 (0.87‐1.00)

0.97 (0.92‐1.03)

1.27 (1.16‐1.38)

1.19 (1.12‐1.27)

0.79 (0.70‐0.89)

0.88 (0.81‐0.97)

1.10 (1.02‐1.17)

1.09 (1.03‐1.15)

1.37 (0.98‐1.87)

1.17 (0.87‐1.54)

1.23 (0.70‐1.98)

0.98 (0.60‐1.50)

1.31 (0.98‐1.70)

1.10 (0.86‐1.39)

0.95 (0.86‐1.05)

0.92 (0.85‐0.99)

0.80 (0.69‐0.93)

0.89 (0.79‐0.99)

0.90 (0.83‐0.98)

0.91 (0.85‐0.96)

0.88 (0.75‐1.04)

1.04 (0.91‐1.17)

1.11 (0.88‐1.39)

1.13 (0.94‐1.36)

0.95 (0.83‐1.09)

1.07 (0.96‐1.18)

1.07 (0.96‐1.19)

1.21 (1.11‐1.31)

1.20 (1.03‐1.41)

1.23 (1.10‐1.39)

1.10 (1.01‐1.21)

1.22 (1.14‐1.30)

0.86 (0.78‐0.95)

0.90 (0.84‐0.97)

0.80 (0.70‐0.92)

0.80 (0.72‐0.89)

0.84 (0.78‐0.91)

0.87 (0.82‐0.92)

0.97 (0.88‐1.08)

1.01 (0.93‐1.09)

0.95 (0.81‐1.10)

0.92 (0.82‐1.03)

0.96 (0.88‐1.04)

0.98 (0.92‐1.04)

1.08 (0.94‐1.24)

0.98 (0.89‐1.08)

0.89 (0.68‐1.15)

0.84 (0.70‐1.01)

1.04 (0.92‐1.17)

0.95 (0.87‐1.04)

1.04 (0.97‐1.11)

0.97 (0.92‐1.02)

1.01 (0.91‐1.12)

0.96 (0.89‐1.04)

1.03 (0.97‐1.09)

0.97 (0.92‐1.01)

0.87 (0.72‐1.04)

0.97 (0.85‐1.10)

1.75 (1.45‐2.09)

1.37 (1.17‐1.58)

1.20 (1.06‐1.36)

1.12 (1.02‐1.24)

1.29 (1.19‐1.40)

1.32 (1.23‐1.41)

1.80 (1.58‐2.06)

1.72 (1.55‐1.91)

1.40 (1.30‐1.50)

1.41 (1.34‐1.49)

1.04 (0.95‐1.13)

1.04 (0.97‐1.12)

1.30 (1.14‐1.50)

1.17 (1.05‐1.30)

1.10 (1.02‐1.18)

1.08 (1.02‐1.14)

1.19 (1.05‐1.34)

1.19 (1.09‐1.30)

1.34 (1.14‐1.57)

1.48 (1.31‐1.66)

1.23 (1.12‐1.36)

1.27 (1.19‐1.37)
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Atherosclerotic Disease
Cardiac Failure
Cerebrovascular Disease
Peripheral Vascular
Disease
Other Cardiac Condition
Tobacco Use
Needs Help with ADLs
Current Employment
Medicaid

0.92 (0.83‐1.01)

1.03 (0.95‐1.11)

1.19 (1.06‐1.34)

1.15 (1.05‐1.26)

1.02 (0.94‐1.10)

1.08 (1.02‐1.15)

1.14 (1.04‐1.24)

1.07 (1.00‐1.15)

1.63 (1.46‐1.83)

1.55 (1.43‐1.69)

1.31 (1.22‐1.40)

1.23 (1.17‐1.30)

1.17 (1.03‐1.33)

1.03 (0.92‐1.14)

1.28 (1.08‐1.49)

1.19 (1.04‐1.35)

1.21 (1.09‐1.33)

1.09 (1.00‐1.18)

0.95 (0.85‐1.07)

1.08 (0.99‐1.18)

1.19 (1.04‐1.36)

1.01 (0.91‐1.13)

1.05 (0.96‐1.14)

1.06 (0.99‐1.13)

1.01 (0.92‐1.12)

0.98 (0.91‐1.06)

1.35 (1.20‐1.52)

1.31 (1.20‐1.43)

1.14 (1.05‐1.23)

1.10 (1.04‐1.17)

1.28 (1.13‐1.45)

1.10 (1.00‐1.21)

1.33 (1.10‐1.61)

1.09 (0.94‐1.26)

1.28 (1.16‐1.42)

1.09 (1.01‐1.18)

1.04 (0.86‐1.24)

1.31 (1.16‐1.48)

1.49 (1.24‐1.79)

1.74 (1.52‐1.99)

1.25 (1.10‐1.42)

1.48 (1.35‐1.62)

0.95 (0.88‐1.03)

0.87 (0.82‐0.93)

0.91 (0.79‐1.04)

0.77 (0.69‐0.86)

0.95 (0.89‐1.02)

0.85 (0.81‐0.90)

1.21 (1.11‐1.33)

1.16 (1.08‐1.24)

1.24 (1.07‐1.42)

1.09 (0.98‐1.21)

1.21 (1.12‐1.31)

1.13 (1.07‐1.20)

*For parameters with multiple groups (e.g., age), the group title row shows the p‐value of significance for the overall effect. The
models also adjusted for 6‐month time intervals within the pre‐reform and reform periods.
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