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Abstract
Background and objectives Dialysis facilities in the United States play a key role in access to kidney transplantation.
Previous studies reported that patients treated at for-proﬁt facilities are less likely to be waitlisted and receive a
transplant, but their effect on early steps in the transplant process is unknown. The study’s objective was to determine
the association between dialysis facility proﬁt status and critical steps in the transplantation process in Georgia,
North Carolina, and South Carolina.
Design, setting, participants, & measurements In this retrospective cohort study, we linked referral and evaluation
data from all nine transplant centers in the Southeast with United States Renal Data System surveillance data. The
cohort study included 33,651 patients with kidney failure initiating dialysis from January 1, 2012 to August 31, 2016.
Patients were censored for event (date of referral, evaluation, or waitlisting), death, or end of study (August 31, 2017
for referral and March 1, 2018 for evaluation and waitlisting). The primary exposure was dialysis facility proﬁt status:
for proﬁt versus nonproﬁt. The primary outcome was referral for evaluation at a transplant center after dialysis
initiation. Secondary outcomes were start of evaluation at a transplant center after referral and waitlisting.
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Results Of the 33,651 patients with incident kidney failure, most received dialysis treatment at a for-proﬁt facility
(85%). For-proﬁt (versus nonproﬁt) facilities had a lower cumulative incidence difference for referral within 1 year of
dialysis (24.5%; 95% conﬁdence interval, 26.0% to 23.2%). In adjusted analyses, for-proﬁt versus nonproﬁt facilities
had lower referral (hazard ratio, 0.84; 95% conﬁdence interval, 0.80 to 0.88). Start of evaluation within 6 months of
referral (21.0%; 95% conﬁdence interval, 23.1% to 1.3%) and waitlisting within 6 months of evaluation (1.0%; 95%
conﬁdence interval, 21.2 to 3.3) did not meaningfully differ between groups.
Conclusions Findings suggest lower access to referral among patients dialyzing in for-proﬁt facilities in the Southeast
United States, but no difference in starting the evaluation and waitlisting by facility proﬁt status.
CJASN 16: 926–936, 2021. doi: https://doi.org/10.2215/CJN.17691120

Introduction

Total and permanent kidney failure affects .700,000
adults in the United States (1). Kidney transplantation
improves patient survival and quality of life compared
with dialysis and reduces total cost of care (2–4).
Despite the demonstrated long-term beneﬁts of transplantation over dialysis, ,15% of all patients with kidney failure have completed the necessary steps to be
waitlisted for a kidney transplant (5). To determine
why the majority of patients with kidney failure are
not waitlisted, earlier steps in the kidney transplantation process, including referral to a kidney transplant
center to undergo a medical and psychosocial evaluation, must be studied.
Nearly 90% of patients with incident kidney failure receive treatment in a dialysis facility (1).
National guidelines from the Organ Procurement
and Transplantation Network require education
about transplantation as a treatment option within
926
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90 days of kidney failure start and recommend referring patients for evaluation if a clinician is uncertain
of transplant eligibility (4). Several studies have
shown that patients treated in for-proﬁt facilities
have lower rates of waitlisting and kidney transplantation (6–10). However, the effect of for-proﬁt
status on steps prior to waitlisting remains
unknown because national surveillance databases
do not routinely collect these data (6,7).
The purpose of this study was to examine the association between dialysis facility proﬁt status, referral
from a dialysis facility to a transplant center, and start
of evaluation at the transplant center. We focused on
Georgia, North Carolina, and South Carolina (ESRD
Network 6), a region with the highest burden of kidney
failure in the country but also the lowest standardized
transplantation rates (11), where an existing early transplant access registry documents these critical ﬁrst steps
to transplant.
www.cjasn.org Vol 16 June, 2021
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Materials and Methods

Data Source
Patient-level clinical and demographic data were obtained
from the United States Renal Data System (USRDS) database,
a publicly available national database that includes information on almost all of the patients with kidney failure in the
United States. USRDS collects data at the patient’s initiation
of dialysis using the Centers for Medicare & Medicaid Services (CMS) CMS-2728 form (1).
Dialysis facility–level data were obtained from Dialysis
Facility Compare (DFC; 2016) and Dialysis Facility Report
(DFR; 2013–2016). DFC reports information on dialysis facility proﬁt status and corporate ownership (12). DFR captures
information on facility-level patient characteristics, mortality, treatment patterns, and transplantation rates (13). Dialysis facility–level data from DFC and DFR were linked to
patient-level USRDS data using the dialysis facility’s CMS
certiﬁcation number. Neighborhood factors by zip code
were determined using the 2010–2014 American Community
Survey.
Patient-level referral and start of evaluation data were
collected from all transplant centers in Georgia, North
Carolina, and South Carolina and linked to USRDS data
as previously described (14). This study was approved
by the institutional review board at Emory University
(IRB00079596).
Study Population
All patients with incident kidney failure registered
within USRDS in Georgia, North Carolina, and South
Carolina who initiated dialysis between January 1, 2012
and August 31, 2016 were considered for inclusion, and
a match merge was made with the Early Transplant
Access Registry data of ﬁrst referrals. There were
40,453 patients with incident kidney failure from 782
facilities eligible for merging. A total of 6252 patients
were excluded for preemptive referral (n55276), preemptive evaluation (n52966), preemptive waitlisting
(n51548), receiving care in a Veterans Affairs–afﬁliated
facility (n5385), receiving care in a transplant
center–based facility (n559), receiving care in a facility
with fewer than ten patients (n51056), missing proﬁt status (n55), and missing patient-level information
(n5546), leaving 33,651 patients in the ﬁnal study population (Figure 1). Exclusions on the basis of preemptive
referral, evaluation, and waitlisting were deﬁned as having a date of completion for each step prior to the date of
dialysis start.
Outcomes and Study Variables
The primary exposure was dialysis facility proﬁt status,
deﬁned as for proﬁt or nonproﬁt within the USRDS database.
The primary outcome was incident referral for transplant
evaluation at a transplant center. Referral to a transplant center was deﬁned as receipt of the referral form at a transplant
center. Patients were censored for referral date, death, or end
of study period (August 31, 2017 for referral). In the event
that a patient was referred more than once during the study
period, the patient’s ﬁrst referral following dialysis initiation
was used as the referral date. Secondary outcomes included
start of transplant evaluation at a transplant center (among
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referred patients), deﬁned as the ﬁrst visit to a transplant center, satellite clinic, or required education class; waitlisting for
transplant (among evaluated patients) was deﬁned as placement on the deceased donor kidney transplantation waiting
list. For evaluation and waitlisting, patients were followed
from referral to date of evaluation/waitlisting, death, or
end of study period (March 1, 2018), whichever occurred
ﬁrst. Patients with negative follow-up time from referral to
evaluation and/or evaluation to waitlisting were assigned
a follow-up time of 1 day for evaluation and waitlisting.
Patient-level demographic, clinical, and socioeconomic characteristics were obtained from USRDS at
the time of dialysis initiation. Demographics included
age, sex, race/ethnicity, and attributed cause of kidney
failure. Clinical characteristics included comorbidities
(body mass index [BMI] $35 kg/m 2 , atherosclerotic
heart disease, other cardiac disease, cerebrovascular
disease, peripheral vascular disease, hypertension, diabetes, chronic obstructive pulmonary disease, tobacco
use, and active malignancy), receipt of nephrology
care prior to dialysis initiation, and education on transplant as a treatment option (versus not informed due to
medical reasons). Patient insurance provider (Medicare,
Medicaid, employer coverage, other coverage, or no
coverage) was examined as a patient-level socioeconomic factor.
At the neighborhood zip code level, socioeconomic indicators included the percentage of residents living below the
poverty line, percentage of Black residents, and percentage
of residents with a high school degree. Dialysis
facility–level characteristics included facility size and
patient-social worker ratio.
Statistical Analyses
A small number of patients (546 patients; 2%) had incomplete CMS-2728 forms; therefore, we conducted a complete
patient analysis (15). The cumulative incidence function estimated the probabilities of referral at 6, 12, 24, and 36 months
from the initiation of dialysis; evaluation at 6, 12, and 24
months from referral date; and waitlisting at 6 and 12 months
from evaluation date (due to limited follow-up on waitlisting) with death treated as a competing risk. The 95% conﬁdence intervals (95% CIs) were calculated with variance estimates. Bootstrapping was used to perform 1000 resamples of
the event with replacement to accurately compute the 95%
CIs for cumulative incidence differences.
Cause-speciﬁc Cox models were used to assess characteristics associated with each outcome. For the main analysis,
time to each event (referral, evaluation start, or waitlisting
censored for end of study period) was calculated using
cause-speciﬁc hazard ratios (HRs) and 95% CIs, with death
treated as a competing risk. Covariates with known associations between proﬁt status and/or access to transplantation
were included in the multivariable models. Robust sandwich
variance estimators were used to account for potential clustering within dialysis facilities. The proportional hazard
assumption was tested for all outcomes.
As in our prior work, patients who were referred, evaluated, waitlisted, or transplanted prior to starting dialysis
were excluded in main analyses because the events
occurred prior to the follow-up period. However, because
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United States Renal Data System

Early Transplant Access Registry Data

N= 3,081,768 patients in 2017 USRDS Patient Standard Analytic File
N=64,402 total referrals
Received by one of the 9 transplant centers in GA, NC,
or SC from January 1, 2012 to August 31, 2017

N= 3,037,934 patients excluded:
• Patients did not start dialysis between 1/1/2012 and
8/31/2016 (n=2,469,615)
• Patients that did not begin dialysis at a facility in GA, NC,
or SC (n=501,382)
• Age <18 or >80 years old (n=3,330)

N= 9,473 referrals excluded:
• Missing person ID (n=108)
• Duplicate USRDS person ID and referral date (n=3,211)
• Patient ID could not be matched to USRDS ID (n=6,154)

N= 3,381 patients excluded
• Treatment modalities did not involve
dialysis (preemptive transplant) or not on
maintenance dialysis (n=3,381)

N=54,929 referrals
Eligible for merge with USRDS crosswalk
N= 14,812 referrals excluded
• Only included incident referral for patient
N=40,117 first-time referrals for unique patients
referred to a transplant center in GA, NC, or SC between
January 1, 2012 and August 31, 2017
Among the 33,651 patients in the cohort:
• Referred for transplant = 14,729 (44%)
• Referred within 1 year = 11,644 (35%)
• Censored for end of study for referral = 9,473 (28%)
• Died without referral = 9,449 (28%)
Among the 14,729 patients referred:
• Started evaluation = 7,815 (53%)
• Started evaluation within 6 months = 5,605 (38%)
• Censored for end of study for evaluation = 5,091 (35%)
• Died without starting evaluation = 1,823 (12%)
Among the 7,815 patients evaluated:
• Waitlisted = 2,880 (37%)
• Waitlisted within 1 year of referral = 2,075 (27%)
• Censored for end of study for waitlisting = 4,004 (51%)
• Died without being waitlisted = 931 (12%)

N=40,453 patients (782 facilities)
Incident kidney failure patients initiating dialysis in GA, NC,
or SC from January 1, 2012 to August 31, 2016
Eligible for merging

N=40,453 incident
kidney failure
patients (782
facilities)

N=33,651 patients
(not previously
referred) in
686 facilities

N= 6,252 patients excluded:
• Preemptively referred (n=5,276, 662 facilities)
• Preemptively evaluated (n=2,966, 593 facilities)
• Preemptively waitlisted (n=1,548, 474 facilities)
• Received dialysis care in:
VA-affiliated facility (n=385, 6 facilities)
Facility associated with a transplant center (n=59, 10 facilities)
Facility with <10 patients (n=1,056, 92 facilities)
N= 550 patients excluded:
• Missing profit status (n=5 patients, 3 facilities)
• Missing demographic data including race, all comorbidities, and
insurance status (n=546 patients, 296 facility)
*Exclusion criteria are not mutually exclusive

Figure 1. | Data merge and cohort selection to examine the relationship between dialysis facility proﬁt status and access to kidney transplantation. GA, Georgia; ID, identiﬁcation; NC, North Carolina; SC, South Carolina; USRDS, United States Renal Data System; VA, Veterans
Affairs.

dialysis facilities still have the opportunity to facilitate
patients’ access in early steps of transplant, in a sensitivity
analysis, we included patients who were preemptively
referred and assigned them a follow-up time of 1 day
from dialysis initiation for analyses examining referral
and 1 day from referral for analyses examining evaluation
start and waitlisting.
SAS version 9.4 (SAS Institute, Cary, NC) and R (version
3.6.3) were used for cohort development, data management, and statistical analysis. Two-sided P values were
used for all analyses, and P50.05 was considered statistically signiﬁcant.

Results

Baseline Characteristics
We included 33,651 patients with incident kidney failure
from Georgia, South Carolina, and North Carolina. Among
included patients, most received dialysis care at a for-proﬁt
facility (85%) compared with a nonproﬁt facility (15%). In
the overall population, the mean age was 60 years (SD: 13
years), 55% were men, and 56% were non-Hispanic Black
patients (Table 1).
There were no signiﬁcant differences in age, sex, or
race/ethnicity between patients at for-proﬁt versus
nonproﬁt facilities. Compared with patients treated in
for-proﬁt facilities, patients treated in nonproﬁt facilities had signiﬁcantly higher proportions of all 11

assessed comorbidities with the exception of BMI. Differences were observed in attributable cause of kidney
failure, with more kidney failure cases attributed to
hypertension in for-proﬁt facilities compared with nonproﬁt facilities (38% versus 33%, respectively). Patients
treated in for-proﬁt facilities were more likely to have
employer-based insurance (18% versus 15%, respectively) or Medicaid (25% versus 24%, respectively),
whereas patients in nonproﬁt facilities were more likely
to lack coverage at kidney failure start (12% versus 10%,
respectively) (Table 1).
Of note, among patients excluded, patients referred prior
to dialysis start were more likely to be younger, have
received nephrology care, have employer insurance, and
live in a neighborhood with ,20% of residents living below
the poverty line compared with the study population; they
were also less likely to have nine of the 11 comorbidities compared with patients in the main analysis (Supplemental
Table 1).
Referral for Transplantation Evaluation following Initiation
of Dialysis
A total of 44% of patients (n514,729) were referred for
transplant during the 4-year study period, including 43%
in for-proﬁt dialysis facilities versus 47% in nonproﬁt dialysis
facilities (P,0.001) (Supplemental Table 2). Among those
referred, the median time from dialysis initiation to referral was 4.4 months (interquartile range [IQR], 2.1–10.3),
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Table 1. Characteristics of patients with incident kidney failure initiating dialysis between January 1, 2012 and August 31, 2016 in
Georgia, North Carolina, and South Carolina followed through March 1, 2018: Overall and stratiﬁed by dialysis facility proﬁt status
Population Characteristics
Facilities, n (%)
Total patients, n (%)
Patient demographics
Age, yr, mean (SD)
Age category, yr, n (%)
18–29
30–39
40–49
50–59
60–69
$70
Sex, n (%)
Men
Women
Race/ethnicity, n (%)
White, non-Hispanic
Black, non-Hispanic
White, Hispanic
Other race/ethnicity
Patient clinical characteristics
Attributed cause of kidney failure, n (%)a
Diabetes
Hypertension
GN
Other
Comorbidities, n (%)b
BMI$35 kg/m2
Congestive heart failure
Atherosclerotic heart disease
Other cardiac disease
Cerebrovascular disease (stroke)
Peripheral vascular disease
Hypertension
Diabetes
Chronic obstructive pulmonary disease
Tobacco use
Cancer
Prekidney failure nephrology care, n (%)c
Received
Did not receive
Patient informed of transplant as a treatment option,
n (%)d
Informed of transplant options
Not informed of transplant options due to
medical reasons
Patient socioeconomic characteristics
Primary health insurance provider, n (%)
Medicare
Medicaid
Employer group
Other coverage
No coverage
Dialysis initiation pre-KAS (before 12/4/2014) or
post-KAS (after/on 12/4/2014), n (%)
Dialysis initiation in pre-KAS era
Dialysis initiation in post-KAS era
Patient neighborhood (zip code) factors
No. of patients living in a zip code where $20% of
residents live below the poverty line, n (%)
% Black population in patient zip code, mean (SD)e
% High school graduates in patient zip code,
mean (SD)f
Patient dialysis facility characteristics
No. of patients per facility, mean (SD)g
No. of patients per facility by category, n (%)g
Very small, 11–25
Small, 26–54
Medium, 55–78

Overall Patients Initiating Dialysis at Patients Initiating Dialysis at
Population
a For-Profit Facility
a Nonprofit Facility
686 (100)
33,651 (100)

582 (85)
28,592 (85)

104 (15)
5059 (15)

60 (13)

60 (13)

59 (13)

914 (3)
2012 (6)
4324 (13)
7545 (22)
10,120 (30)
8736 (26)

769 (3)
1700 (6)
3666 (13)
6408 (22)
8580 (30)
7469 (26)

145 (3)
312 (6)
658 (13)
1137 (23)
1540 (30)
1267 (25)

18,498 (55)
15,153 (45)

15,704 (55)
12,888 (45)

2794 (55)
2265 (45)

13,451 (40)
18,853 (56)
713 (2)
634 (2)

11,459 (40)
15,990 (56)
602 (2)
541 (2)

1992 (39)
2863 (57)
111 (2)
93 (2)

15,348 (47)
12,216 (37)
2225 (7)
3216 (10)

13,028 (47)
10,591 (38)
1811 (7)
2611 (9)

2320 (47)
1625 (33)
414 (8)
605 (12)

8519 (26)
9406 (28)
3347 (10)
5894 (18)
3156 (9)
3007 (9)
30,076 (89)
20,320 (60)
3097 (9)
3120 (9)
2081 (6)

7255 (26)
7831 (27)
2782 (10)
4937 (17)
2590 (9)
2456 (9)
25,446 (89)
17,192 (60)
2538 (9)
2467 (9)
1698 (6)

1264 (25)
1575 (31)
565 (11)
957 (19)
566 (11)
551 (11)
4630 (92)
3128 (62)
559 (11)
653 (13)
383 (8)

21,090 (71)
8527 (29)

17,905 (71)
7244 (29)

3185 (71)
1283 (29)

32,495 (97)
1045 (3)

27,715 (97)
777 (3)

4780 (95)
268 (5)

13,774 (41)
8334 (25)
5899 (18)
2141 (6)
3503 (10)

11,640 (41)
7140 (25)
5141 (18)
1793 (6)
2878 (10)

2134 (42)
1194 (24)
758 (15)
348 (7)
625 (12)

20,758 (62)
12,893 (38)

17,7735 (62)
10,857 (38)

3023 (60)
2036 (40)

10,583 (32)

8994 (32)

1589 (31)

35 (24)
83 (7)

35 (23)
83 (7)

35 (27)
82 (7)

91 (48)

88 (43)

102 (69)

568 (2)
7119 (21)
8276 (25)

482 (2)
5661 (20)
7498 (26)

86 (2)
1458 (29)
778 (15)
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Table 1. (Continued)

Population Characteristics
Large, .79
No. of social workers per facility, mean (SD)
Ratio of patients to social workers per facility,
mean (SD)h

Overall Patients Initiating Dialysis at Patients Initiating Dialysis at
Population
a For-Profit Facility
a Nonprofit Facility
17,688 (53)
1 (0.7)
104 (40.3)

14,951 (52)
1 (0.7)
104 (40.5)

2737 (54)
1 (0.6)
107 (39)

BMI, body mass index; KAS, Kidney Allocation System.
Attributable cause of kidney failure information missing for 646 patients (2%).
b
Patient BMI information missing for 243 patients (1%); removed patients missing all comorbidities.
c
Information on patients who received nephrology before dialysis initiation missing for 4034 patients (12%).
d
Information on patients who were informed of transplant as a treatment option missing for 31 patients (0.1%).
e
Average percentage of Black residents in zip code of patient neighborhood was missing for 455 patients (1%).
f
Average percentage of high school graduates in zip code of patient neighborhood was missing for 461 patients (1%).
g
Determined by averaging the number of patients for each facility across all study years when the facility was in operation. Data are
from the National Coordinating Center.
h
Number of patients for every one social worker. This was calculated only for patients (n531,120) who had at least one social worker at
their facility and not for patients with zero social workers at their facility or missing information (n52531).
a

with a longer median time to referral for patients treated
at for-proﬁt facilities (4.6 months; IQR, 2.1–10.5 months)
versus nonproﬁt facilities (3.8 months; IQR, 2.0–9.1
months; P,0.001).
A total of 11,272 patients died during the follow-up period,
including similar proportions of patients in for-proﬁt (34%)
and nonproﬁt (33%) facilities. In cumulative incidence analysis with death treated as a competing risk, patients treated
in for-proﬁt facilities had lower cumulative incidence of
referral at 6 months and 1 year compared with patients
treated in nonproﬁt facilities (cumulative incidence difference, 25.1%; 95% CI, 26.5% to 23.8% and 24.5%; 95% CI,
26.0% to 23.2%, respectively). The lower incidence of referral among patients treated in for-proﬁt versus nonproﬁt facilities remained consistent over time (Figure 2A).
In the unadjusted cause-speciﬁc Cox model, patients
treated at for-proﬁt facilities were less likely to receive a
referral for transplant evaluation (HR, 0.87; 95% CI, 0.78 to
0.97). In multivariable analysis, after adjusting for age, sex,
race/ethnicity, primary cause of kidney failure, the presence
of selected comorbidities, facility size, pre-/post-Kidney
Allocation System era, insurance status, and not informed
of transplant options due to medical reasons, patients treated
at a for-proﬁt facility were less likely to receive a referral compared with patients treated at a nonproﬁt facility (HR, 0.84;
95% CI, 0.76 to 0.93) (Table 2).

Profit Status and Evaluation Start at a Transplant Center
Among patients referred for evaluation at a transplant center, 53% started evaluation (23% of all patients with kidney
failure), and among those who were evaluated, the median
follow-up time was 2.3 months (IQR, 1.5–3.6) from referral
to evaluation. Of total referred, 38% started the evaluation
within 6 months of the referral (n55605) (Figure 1). Of the
12,343 patients referred for transplant from for-proﬁt facilities, 53% started the evaluation versus 55% of the 2386
patients referred from nonproﬁt facilities (Supplemental
Table 2). The median times from referral to evaluation
were similar between for-proﬁt facilities (2.3 months; IQR,

1.4–3.6 months) versus nonproﬁt facilities (2.4 months;
IQR, 1.5–3.6 months; P50.18).
Patients referred from for-proﬁt facilities had similar
6-month cumulative incidence of starting evaluation compared with patients in nonproﬁt facilities (cumulative incidence difference, 21.0%; 95% CI, 23.1% to 1.3%). Trends
remained consistent at 1 and 2 years (cumulative incidence
differences, 21.4%; 95% CI, 23.5% to 0.8% and 21.9%; 95%
CI, 24.1% to 0.3%, respectively) (Figure 2B).
In the unadjusted cause-speciﬁc Cox model, there was no
difference in evaluation start among patients referred
between for-proﬁt and nonproﬁt groups (HR, 0.95; 95% CI,
0.85 to 1.06), and results were consistent after adjustment
for various demographic, clinical, and socioeconomic factors
(HR, 0.92; 95% CI, 0.83 to 1.03) (Table 3).

Profit Status and Placement on the Deceased Donor Waitlist
for Transplant
Among patients evaluated at a transplant center, 37% were
waitlisted (9% of all evaluated patients). Among those who
were waitlisted, the median time from evaluation to waitlisting was 5.3 months (IQR, 3.1–9.4). Of the 7815 patients evaluated for transplant, 1307 (55%) and 6508 (53%) were from
nonproﬁt and for-proﬁt facilities, respectively. Among those
evaluated at a nonproﬁt facility, 454 (35%) were waitlisted.
Similarly, among those evaluated at a for-proﬁt facility,
2426 (37%) were waitlisted (Supplemental Table 2). There
was no difference in median time from evaluation to waitlisting between for-proﬁt facilities (5.3 months; IQR, 3.1–9.4
months) and nonproﬁt facilities (5.5 months; IQR, 3.3–9.6
months; P50.44). Patients dialyzing at for-proﬁt facilities
had similar 6-month cumulative incidence of being waitlisted
compared with patients in nonproﬁt facilities (cumulative
incidence differences, 1.0; 95% CI, 21.2% to 3.3%) (Figure 2C).
In the unadjusted cause-speciﬁc Cox model, there was
no signiﬁcant difference in waitlisting among patients
evaluated for transplant between for-proﬁt and nonproﬁt
groups (HR, 1.11; 95% CI, 0.96 to 1.28), and results were
attenuated after adjustment for selected demographic,
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Non-Profit Facilities
For-Profit Facilities
-4.0 (-5.5, -2.4)*

40.0%

-3.6 (-5.1, -2.1)*

35.0%
-4.5 (-6.0, -3.2)*

30.0%
25.0%
-5.1 (-6.5, -3.8)*

20.0%
15.0%
10.0%
5.0%
0.0%
0

6

12
24
Months Since Starting Dialaysis Treatment

Cumulative Incidence Differencea (95% CI)b
Number of patients at risk
33,651 (100)
(row %)
Non-profit facility
5059 (100)
For-profit facility
28,592 (100)

36

-5.1 (-6.5, -3.8)

-4.5 (-6.0, -3.2)

-3.6 (-5.1, -2.1)

-4.0 (-5.5, -2.4)

22,532 (67)

17,605 (52)

9859 (29)

5574 (17)

3174 (63)
19,358 (68)

2498 (49)
15,107 (53)

1408 (28)
8451 (30)

769 (15)
4805 (17)

*Indicate that the cumulative incidence difference between for-profit and non-profit facilities was significant
a
Calculated using cumulative incidence function and adjusted for competing risk of death (logrank <0.001)
b
Confidence intervals estimated by bootstrap method

Patients Evaluated For Kidney Transplant

B 60.0%
Non-Profit Facilities
For-Profit Facilities
50.0%

-1.4 (-3.5, 0.8)

-1.9 (-4.1, 0.3)

-1.0 (-3.1, 1.3)
40.0%

30.0%

20.0%

10.0%

0.0%
0

6
12
Months Since Being Referred

Cumulative Incidence Differencea (95% CI)b

24

-1.0 (-3.1, 1.3)

-1.4 ( -3.5, 0.8)

-1.9 ( -4.1, 0.3)

Number of patients at risk (row %)
Non-profit facility

14,729 (100)
2386 (100)

7347 (50)
1166 (49)

6157 (42)
955 (40)

4209 (29)
593 (25)

For-profit facility

12,343 (100)

6181 (50)

5202 (42)

3616 (29)

a

Calculated using cumulative incidence function and adjusted for competing risk of death (logrank <0.001)
Confidence intervals estimated by bootstrap method
No significant cumulative incidence differences were observed between patients at for-profit vs. non-profit facilities
in starting evaluation at 6, 12, and 24 months after being referred.

b

Figure 2. | Patients receiving dialysis at for-proﬁt (versus nonproﬁt) facilities had a lower cumulative incidence difference for referral within
1 year of dialysis. There was no meaningful difference between cumulative incidence of starting the evaluation within 6 months of referral
(among referred patients) and being waitlisted within 6 months of evaluation (among evaluated patients) by dialysis facility proﬁt status. (A)
Cumulative incidence and cumulative incidence difference of referral for kidney transplantation by proﬁt status among patients with incident
kidney failure between January 1, 2012 and December 31, 2016. (B) Cumulative incidence and cumulative incidence difference of starting
evaluation at a transplant center among patients with incident kidney failure between January 1, 2012 and December 31, 2016 who were
referred. No signiﬁcant cumulative incidence differences were observed between patients at for-proﬁt versus nonproﬁt facilities in starting evaluation at 6, 12, and 24 months after being referred. (C) Cumulative incidence and cumulative incidence difference of waitlisting among cont.
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Patients Waitlisted For Kidney Transplant

C 35.0%
30.0%

Non-Profit Facilities
For-Profit Facilities
2.8 (0.4, 5.4)*

25.0%
20.0%
1.0 (-1.2, 3.3)
15.0%
10.0%
5.0%
0.0%
0

6
Months Since Being Evaluated

Cumulative Incidence Differencea (95% CI)b
Number of patients at risk (row %)
Non-profit facility
For-profit facility

7815 (100.0)
1307 (100.0)
6508 (100.0)

12

1.0 (-1.2, 3.3)

2.8 (0.4, 5.4)

5929 (76)
1007 (77)
4922 (76)

4636 (59)
814 (62)
3822 (59)

*Indicate that the cumulative incidence difference between for-profit and non-profit facilities was significant
Calculated using cumulative incidence function and adjusted for competing risk of death (logrank <0.001)
Confidence intervals estimated by bootstrap method

a
b

Figure 2. | Continued. patients with incident kidney failure between January 1, 2012 and December 31, 2016 who were evaluated at a transplant center. *The cumulative incidence difference between for-proﬁt and nonproﬁt facilities was signiﬁcant. aCumulative incidence was
calculated using cumulative incidence function and adjusted for competing risk of death (logrank,0.001); b95% CIs for cumulative incidence
difference were estimated by bootstrap method. 95% CIs, 95% conﬁdence intervals.

clinical, and socioeconomic factors (HR, 1.05; 95% CI, 0.92
to 1.19) (Table 4).
In a sensitivity analysis including patients who were preemptively referred, before they started dialysis, we found
that our results were slightly attenuated for the outcome of
referral (HR, 0.87; 95% CI, 0.79 to 0.97), and among patients
referred, there was a small (approximately 12%) difference
in evaluation start among those referred between patients
treated at for-proﬁt versus nonproﬁt facilities in the adjusted
model (HR, 0.88; 95% CI, 0.79 to 0.98). Similar to main results,
there was no difference in waitlisting by proﬁt status (HR,
1.03; 95% CI, 0.91 to 1.17) (Supplemental Table 3).
Although the goal of this manuscript was to examine the
overall effect of dialysis facility proﬁt status on early transplant access, in a post hoc analysis, we did test for interaction
effects between patient age and proﬁt status in the referral
model to better contextualize our ﬁndings (Supplemental
Table 4). We found that patients $65 years (less likely to be
medically eligible for transplant due to older age) are less
likely to be referred in for-proﬁt facilities compared with
nonproﬁt facilities. However, this ﬁnding should be interpreted with caution as the power to detect an interaction
effect may be limited by study size.

Discussion
Among adult patients with kidney failure treated in dialysis facilities within Georgia, North Carolina, and South Carolina, patients in for-proﬁt dialysis facilities had lower

referral for transplant compared with patients in nonproﬁt
dialysis facilities. However, in this population in the Southeast, after patients were referred from a dialysis facility, there
were no signiﬁcant differences in the start of the transplant
evaluation or waitlisting by proﬁt status. To our knowledge,
this was the ﬁrst study to examine the relationship between
dialysis facility proﬁt status and early steps in the transplantation process in a multistate region.
There are several explanations for our ﬁndings. First, it is
possible that for-proﬁt facilities are under-referring some
patients who could be good candidates for transplant.
Patients’ health status can delay the process of accessing
transplant, as evidenced by increased comorbidities associated with decreased odds of waitlisting (16). We found that
although patients treated in for-proﬁt facilities were less
likely to have comorbidities that may limit their medical eligibility for transplant at the initiation of dialysis, they were
less likely to receive a referral at all time points compared
with patients treated in a nonproﬁt facility. Another explanation for these ﬁndings is that for-proﬁt dialysis facilities are
more selective in identifying patients more likely eligible
for transplantation and that unmeasured comorbidities that
inﬂuence medical eligibility could explain the lower referral
among for proﬁt dialysis facilities. However, unmeasured
comorbidities may differentially affect referral practices
and potentially result in unmeasured confounding.
Patient education about all treatment options, a CMS mandate, is crucial for patients with kidney failure to access transplant (8,17). In our study, we found no difference in the
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Table 2. Crude and adjusted cause-speciﬁc hazard ratios between dialysis facility proﬁt status and referral for kidney transplantation
during follow-up among patients with incident kidney failure who initiated dialysis in dialysis facilities in Georgia, North Carolina, and
South Carolina (nonproﬁt facilities: n55059 patients; for-proﬁt facilities: n528,592)
Referral for Transplant
(among All Patients)

No. of Referral
Events,
n514,729 (44%)

Unadjusted Model Hazard Ratio
(95% Confidence Interval), n533,651

Nonproﬁt facility
For-proﬁt facility

n52386 (47%)
n512,343 (43%)

Reference
0.87 (0.78 to 0.97)

Adjusted Modela Hazard Ratio
(95% Confidence Interval), n532,908
Reference
0.84 (0.76 to 0.93)

Patients who initiated dialysis between January 1, 2012 and August 31, 2016 who were followed through August 31, 2017 for referral.
a
Referral model was adjusted for the following variables: age, sex, race/ethnicity, primary cause of kidney failure, the presence of
certain comorbidities (congestive heart failure, atherosclerotic heart disease, other cardiac disease, cerebrovascular disease, peripheral
vascular disease, hypertension, diabetes, chronic obstructive pulmonary disease, and cancer), insurance status, facility size, preKidney Allocation System/post-Kidney Allocation System era, and not informed of transplant options due to medical reasons.

proportion of patients educated about transplant as a treatment option by facility proﬁt status. However, little is known
about the quality of education that patients receive, and
prior reports have reported discrepancies in this measure
(18,19). From a ﬁnancial perspective, patient education
has limited reimbursement, which may lead to practices
spending minimal time on increasing patient knowledge
of transplantation (8).
It is unclear who identiﬁes patients for referrals at dialysis
facilities, whether the education and referral process differ by
proﬁt status, reasons for nonreferral, differences in patient
interest, and how smaller for-proﬁt dialysis facilities may differ from larger ones. Although further research is needed to
determine why for-proﬁt dialysis facilities refer fewer
patients, our ﬁndings suggest that targeted interventions
and policies may be needed to incentivize transplant access.
This strikingly wide variation in dialysis referral rates in
Georgia, North Carolina, and South Carolina—ranging
from 0% to 100% (14)—coupled with our ﬁndings of lower
referral at for-proﬁt facilities further indicates a need for consistent guidelines on referral. The new CMS Percent of Prevalent Patients Waitlisted proposal seeks to encourage dialysis
facilities to increase the proportion of prevalent patients waitlisted (20). However, dialysis facilities have little control
over who is listed for transplant and who is deemed ineligible, although they may have inﬂuence over encouraging
referred patients to start or complete the evaluation process.
In this study, we found no differences in evaluation start

rates among referred patients and no differences in waitlisting rates among patients who started the evaluation across
for-proﬁt versus nonproﬁt dialysis facilities, but we did
ﬁnd substantial attrition across transplant steps. This suggests that dialysis facilities may have the most opportunity
to intervene by increasing equitable referrals for transplant.
Although the waitlisting metric may have some effect on
some facilities, the results of this study highlight the need
to improve patient access to transplantation prior to waitlisting. Quality metrics focused on transplant referrals have
been developed for both dialysis facilities (21) and transplant
centers (22), but national data on referral are needed to
implement these quality metrics to ensure equitability in
transplant access.
Our work extends recent analyses showing substantial
variation in referral and evaluation start across southeastern dialysis facilities and the barriers and facilitators associated with early transplant access (14). Although it is difﬁcult to assess who should be referred, and we do not have
data on the reasons patients may not be a candidate, these
rates of referral are likely too low. In recent years, several
policies have incentivized increased access to transplantation. CMS initiated a targeted goal to increase the number
of waitlisted patients with kidney failure to 30% by 2023
(23), and the July 2019 Advancing American Kidney
Health Initiative Executive Order aims to double the number of kidney transplants by 2030 in part through new
payment models to ﬁnancially reward nephrologists and

Table 3. Crude and adjusted cause-speciﬁc hazard ratios between dialysis facility proﬁt status and evaluation for kidney transplantation
during follow-up among referred patients with incident kidney failure who initiated dialysis in dialysis facilities in Georgia, North Carolina,
and South Carolina (nonproﬁt facilities: n55059 patients; for-proﬁt facilities: n528,592)
Evaluation for Transplant
(among Those Referred)
Nonproﬁt facility
For-proﬁt facility

No. of Evaluation
Events,
n57815 (53%)

Unadjusted Model Hazard Ratio
(95% Confidence Interval), n514,759

n51307 (55%)
n56508 (53%)

Reference
0.95 (0.85 to 1.06)

Adjusted Modela Hazard Ratio
(95% Confidence Interval), n514,370
Reference
0.92 (0.83 to 1.03)

Referred patients who initiated dialysis between January 1, 2012 and August 31, 2016 who were followed for evaluation outcome
through March 1, 2018.
a
Evaluation model was adjusted for the same variables as the referral model with the exception of a differing list of comorbidities
(body mass index $35 kg/m2, congestive heart failure, atherosclerotic heart disease, other cardiac disease, cerebrovascular disease,
peripheral vascular disease, diabetes, chronic obstructive pulmonary disease, smoking, and cancer) and removal of facility size.
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Table 4. Crude and adjusted cause-speciﬁc hazard ratios between dialysis facility proﬁt status and waitlisting for kidney transplantation
during follow-up among evaluated patients with incident kidney failure who initiated dialysis in dialysis facilities in Georgia, North
Carolina, and South Carolina (nonproﬁt facilities: n55059 patients; for-proﬁt facilities: n528,592)
Waitlisting for Transplant
(among Those Evaluated)
Nonproﬁt facility
For-proﬁt facility

No. of Waitlisting
Events,
n52880 (37%)

Unadjusted Model Hazard Ratio
(95% Confidence Interval), n57815

n5454 (35%)
n52426 (37%)

Reference
1.11 (0.96 to 1.28)

Adjusted Modela Hazard Ratio
(95% Confidence Interval), n56769
Reference
1.05 (0.92 to 1.19)

Referred and evaluated patients who initiated dialysis between January 1, 2012 and August 31, 2016 who were referred, evaluated, and
followed for waitlisting outcome through March 1, 2018.
a
Waitlisting model was adjusted for the same variables as the evaluation model with the addition of prekidney failure nephrology care.

dialysis facilities for transplants (24). It is expected that the
mandatory CMS ESRD Treatment Choices model, which
started in January 2021 and incentivizes waitlisting
through a modality performance score, may lead to
increased referrals for transplantation (25). Future
research should study how these policies may differentially affect transplant access by proﬁt status.
This study has several limitations. First, this study was
limited to Georgia, North Carolina, and South Carolina,
and outcome data occurring outside of this region are
not captured; results may not be generalizable outside of
the Southeast. Our ﬁndings demonstrate the need for
national surveillance data collection on early transplant
steps to better understand and address barriers in transplant access.
Second, this study is limited to patients with kidney failure
who require dialysis. Patients with CKD were not included,
so selection bias is possible. However, in a sensitivity analysis including patients who were referred prior to starting
dialysis, we did not ﬁnd a meaningful difference from our
main ﬁndings in referral, evaluation start, or waitlisting by
proﬁt status.
Third, we have limited follow-up time to examine waitlisting. Although follow-up time is equivalent across proﬁt status to reﬂect accurate relative rates, absolute event rates for
waitlisting are lower than national rates because of limited
follow-up time, resulting in wide 95% CIs. Further followup may be needed to conﬁrm null associations with respect
to waitlisting by proﬁt status.
Finally, transplant centers differ in their criteria for
transplant eligibility, and variation in these criteria may
affect dialysis facility’s choice to refer. Aside from common contraindications for transplant (e.g., high BMI, heart
failure, tobacco use, or cancer diagnosis), our dataset is
limited in that it lacks information on reasons for patient
nonreferrals (such as other medical factors or patient
interest), which could differentially affect referral practices by proﬁt status and lead to unmeasured confounding.
As our data-sharing agreement removed the transplant
center identiﬁers, differences in individual transplant center criteria for eligibility were not assessed. Among US
patients with kidney failure in the Southeast United
States, for-proﬁt facility status was associated with lower
referral, but not lower evaluation rates or waitlisting,
compared with nonproﬁt facility status. This study
emphasizes the importance of studying earlier steps prior

to waitlisting to understand and address barriers to transplantation. Further research is needed to understand the
mechanisms behind the association and to determine
interventions that may reduce this disparity.
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patients with incident ESKD initiating dialysis between January 1,
2012 and August 31, 2016 in Georgia, North Carolina, and South Carolina followed through March 1, 2018; the study population was
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who initiated dialysis between January 1, 2012 and August 31, 2016
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for transplant, who initiated evaluation at a transplant center, and
who were waitlisted during follow-up (to August 31, 2017 for referral and to March 1, 2018 for evaluation and waitlisting).
Supplemental Table 3. Sensitivity analysis results of the crude and
adjusted cause-speciﬁc hazard ratios between dialysis facility proﬁt
status and referral, evaluation, and waitlisting for kidney transplantation during follow-up among patients with incident ESKD who
initiated dialysis in dialysis facilities in Georgia, North Carolina,
and South Carolina.
Supplemental Table 4. Sensitivity analysis results of adjusted
cause-speciﬁc hazard ratios between dialysis facility proﬁt status and referral for kidney transplantation during follow-up
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proﬁt status.
References
1. United States Renal Data System: United States Renal Data
System, 2018 Annual Data Report: An Overview of the Epidemiology of Kidney Disease in the United States, Bethesda,
MD, National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, 2018. Available at:
https://www.usrds.org/
2. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D,
Klarenbach S, Gill J: Systematic review: Kidney transplantation
compared with dialysis in clinically relevant outcomes. Am J
Transplant 11: 2093–2109, 2011 10.1111/j.16006143.2011.03686.x
3. Vanholder R, Annemans L, Brown E, Gansevoort R, GoutZwart JJ, Lameire N, Morton RL, Oberbauer R, Postma MJ,
Tonelli M, Biesen WV, Zoccali C; European Kidney Health
Alliance: Reducing the costs of chronic kidney disease while
delivering quality health care: A call to action. Nat Rev
Nephrol 13: 393–409, 2017 10.1038/nrneph.2017.63
4. Organ Procurement and Transplantation Network: Educational
guidance on patient referral to kidney transplantation. 2015.
Available at: https://optn.transplant.hrsa.gov/resources/
guidance/educational-guidance-on-patient-referral-to-kidneytransplantation/. Accessed June 1, 2020
5. Organ Procurement and Transplantation Network: Organ Procurement Transplantation Network national data report: Current
U.S. waiting list, 2019. Available at: https://optn.transplant.hrsa.
gov/data/. Accessed June 1, 2020
6. Patzer REPL, Plantinga L, Krisher J, Pastan SO: Dialysis facility
and network factors associated with low kidney transplantation
rates among United States dialysis facilities. Am J Transplant 14:
1562–1572, 2014
7. Gander JC, Zhang X, Ross K, Wilk AS, McPherson L, Browne
T, Pastan SO, Walker E, Wang Z, Patzer RE: Association
between dialysis facility ownership and access to kidney
transplantation. JAMA 322: 957–973, 2019 10.1001/
jama.2019.12803
8. Kucirka LM, Grams ME, Balhara KS, Jaar BG, Segev DL: Disparities in provision of transplant information affect access to

9.
10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

935

kidney transplantation. Am J Transplant 12: 351–357, 2012;
10.1111/j.1600-6143.2011.03865.x
Garg PP, Frick KD, Diener-West M, Powe NR: Effect of the
ownership of dialysis facilities on patients’ survival and referral
for transplantation. N Engl J Med 341: 1653–1660, 1999
Zhang Y, Thamer M, Kshirsagar O, Cotter DJ, Schlesinger MJ:
Dialysis chains and placement on the waiting list for a cadaveric
kidney transplant. Transplantation 98: 543–551, 2014 10.1097/
TP.0000000000000106
Patzer RE, Pastan SO: Kidney transplant access in the Southeast:
View from the bottom. Am J Transplant 14: 1499–1505, 2014
10.1111/ajt.12748
Centers for Medicare & Medicaid Services: Dialysis Facility
Compare 2018 Handbook. Available at: https://dialysisdata.org/
sites/default/ﬁles/content/Methodology/Dialysis_Facility_
Compare_Handbook.pdf. Accessed June 1, 2020
Centers for Medicare & Medicaid Services: Guide to the dialysis
facility reports for ﬁscal year 2016: Overview, methodology, and
interpretation, 2015. Available at: https://dialysisdata.org/sites/
default/ﬁles/content/dfr_data/FY2016_DFR_Guide.pdf.
Accessed June 1, 2020
Patzer RE, McPherson L, Wang Z, Plantinga LC, Paul S, Ellis M,
DuBay DA, Wolf J, Reeves-Daniel A, Jones H, Zayas C, Mulloy L,
Pastan SO: Dialysis facility referral and start of evaluation for
kidney transplantation among patients treated with dialysis in the
Southeastern United States. Am J Transplant 20: 2113–2125,
2020 10.1111/ajt.15791
Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward
MG, Wood AM, Carpenter JR: Multiple imputation for missing
data in epidemiological and clinical research: Potential and
pitfalls. BMJ 338: b2393, 2009 10.1136/bmj.b2393
Patzer RE, Amaral S, Wasse H, Volkova N, Kleinbaum D,
McClellan WM: Neighborhood poverty and racial disparities in
kidney transplant waitlisting. J Am Soc Nephrol 20: 1333–1340,
2009 10.1681/ASN.2008030335
Waterman AD, Peipert JD, Goalby CJ, Dinkel KM, Xiao H,
Lentine KL: Assessing transplant education practices in
dialysis centers: Comparing educator reported and Medicare
data. Clin J Am Soc Nephrol 10: 1617–1625, 2015 10.2215/
CJN.09851014
Balhara KS, Kucirka LM, Jaar BG, Segev DL: Disparities in provision of transplant education by proﬁt status of the dialysis
center. Am J Transplant 12: 3104–3110, 2012;10.1111/j.16006143.2012.04207.x
Salter ML, Orandi B, McAdams-DeMarco MA, Law A, Meoni LA,
Jaar BG, Sozio SM, Kao WHL, Parekh RS, Segev DL: Patient- and
provider-reported information about transplantation and subsequent waitlisting. J Am Soc Nephrol 25: 2871–2877, 2014
10.1681/ASN.2013121298
Centers for Medicare & Medicaid Services: ESRD quality incentive program. 2021. Available at: https://www.cms.gov/
medicare/quality-initiatives-patient-assessment-instruments/
esrdqip/. Accessed June 1, 2020
Paul S, Plantinga LC, Pastan SO, Gander JC, Mohan S, Patzer RE:
Standardized transplantation referral ratio to assess performance
of transplant referral among dialysis facilities. Clin J Am Soc
Nephrol 13: 282–289, 2018 10.2215/CJN.04690417
Paul S, Melanson T, Mohan S, Ross-Driscoll K, McPherson L,
Lynch R, Lo D, Pastan SO, Patzer RE: Kidney transplant program
waitlisting rate as a metric to assess transplant access. Am J
Transplant 21: 314–321, 2021 10.1111/ajt.16277
IPRO: 2018;CMS statement of work for ESRD networks. Available at: https://esrd.ipro.org/wp-content/uploads/2017/11/201710-30-Statement-of-Work.pdf. Accessed June 1, 2020
Hippen BE, Reed AI, Ketchersid T, Maddux FW: Implications
of the Advancing American Kidney Health Initiative for
kidney transplant centers. Am J Transplant 20: 1244–1250,
2020 10.1111/ajt.15619
Centers for Medicare & Medicaid Services: End-Stage Renal
Disease Treatment Choices (ETC) model fact sheet, 2020.
Available at: https://www.cms.gov/newsroom/fact-sheets/endstage-renal-disease-treatment-choices-etc-model-fact-sheet.
Accessed February 5, 2021

936 CJASN

Received: November 11, 2020 Accepted: March 22, 2021
*The Southeastern Kidney Transplant Coalition includes Angela
Adams, Joel Thomas Adler, Cynthia Allison, Emily Arnold, Prabhakar Baliga, Kathleen Belmonte, Alexander Berlin, Eleanor Booth,
Paul Broughton, Teri Browne, Kelley Canavan, Sue Caponi, Rosalyn
Carter, Katheryn Cipriani, Blakely Chikhliker, Diana Clynes,
Marshia Coe, Bradley Collins, Alexandrea Cruz, Randy Detwiler,
Derek DuBay, Jil Dubbs, Duane Dunn, Matthew Ellis, Debra Evans,
Jessica Farrell, Shauna Flemming, Nicole France, Eddie Fuller, Jennifer C. Gander, Eric Gibney, JoVonn Givens, Natalie Godwin, Terry
Grace, Hannah Graves, Gary Green, Joseph Gulotta, Robert Hayden,
Jessica Harding, Jennifer Harrill, Chuck Heald, Michelle Hill, Ben
Hippen, Anne Huml, Rusty Humphry, Ben Hymes, Sandy Imundo,
Kimberly Jacob Arriola, Heather James, Doug Johnson, Heather
Jones, Erin Kahle, Lauren Kearns, Mark Klemen, Linda Kluge, Leah
Knowles, Tomasz Kozlowski, Jenna Krisher, Nancy Kutner, Scott
Lloyd, Lynn Lyman, Sana Malik, Lisa McCanna, Griselda McCorquodale, Cara McKinney, Sandy McMath, Laura McPherson, Rita

Michaels, Margaret Milfort, Sumit Mohan, Linda Moore, Thomas
Morinelli, Rebekah Moshiri, Dori Muench, Laura Mulloy, Rich
Mutell, Jessica Newsome, Danielle Niedfeldt, Kathy Oliver, Stephen
Pastan, Rachel Patzer, Sudeshna Paul, Jennie Perryman, Nicole
Pilch, Jeanine Pilgrim, Laura Plantinga, Alicia Porter, Karla Priester,
Amber Reeves-Daniel, Samantha Retzloff, Ana Rossi, Martie Rudd,
Leighann Sauls, Tory Scoggins, John Scott, Joe Sharp, Carrie Lynn
Simpkins, Daniel Stanton, Cynthia Stone, Maureen Stone, Bob
Stratta, David Taber, Robert Taylor, Larissa Teunis, Brenda
Thrasher, Megan Urbanski, Kim Vail, Sue Waite, Zhensheng Wang,
Kellee White, Kelly White, John Jason White, Tyree White, Christina
Wiggins, Adam Wilk, Myra Williams, Elijah Wise, Amy Woodard,
Shannon Wright, Carlos Zayas, and Eddie Zimmerman.
Published online ahead of print. Publication date available at www.
cjasn.org.
See related editorial, “Dialysis and Transplant Access: Kidney
Capitalism at a Crossroads?,” on pages 846–847.

AFFILIATIONS
1

Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, Georgia
Department of Surgery, Emory University School of Medicine, Atlanta, Georgia
3
Health Services Research Center, Emory University School of Medicine, Atlanta, Georgia
4
Center for Research and Evaluation, Kaiser Permanente Georgia, Atlanta, Georgia
5
Department of Internal Medicine, Wake Forest School of Medicine, Winston-Salem, North Carolina
6
College of Social Work, University of South Carolina, Columbia, South Carolina
7
Department of Medicine, Duke University, Durham, North Carolina
8
Department of Surgery, Duke University, Durham, North Carolina
9
Department of Transplantation, Piedmont Transplant Institute, Piedmont Healthcare, Atlanta, Georgia
10
Renal Division, Department of Medicine, Emory University School of Medicine, Atlanta, Georgia
2

Supplemental Material
Dialysis Facility Profit Status and Early Steps in Kidney Transplantation in the
Southeastern United States
Authors: Laura J. McPherson, MPH1, Elizabeth R. Walker, MD2, Yi-Ting Hana Lee, MPH3,
Jennifer C. Gander, PhD4, Zhensheng Wang, PhD2,3, Amber M. Reeves-Daniel, DO5, Teri
Browne, PhD6, Matthew J. Ellis, MD7, Ana P. Rossi, MD8, Stephen O. Pastan, MD9, Rachel E.
Patzer, PhD1,2,3
Supplemental Table 1. Sensitivity analysis of the characteristics of patients with incident ESRD
initiating dialysis between January 1, 2012 and August 31, 2016 in Georgia, North Carolina, and
South Carolina followed through March 1, 2018; study population compared to preemptively
referred patients
Supplemental Table 2. Characteristics and bivariable cause-specific hazard ratios of patients
with incident ESRD kidney failure who initiated dialysis between January 1, 2012 and August
31, 2016 in Georgia, North Carolina, and South Carolina who were referred for transplant, and
who initiated evaluation at a transplant center, and who was waitlisted during follow-up (to
August 31, 2017 for referral, to March 1, 2018 for evaluation and waitlisting)
Supplemental Table 3. Sensitivity analysis results of the crude and adjusted cause-specific
hazard ratios between dialysis facility profit status and referral, evaluation, and waitlisting for
kidney transplantation during follow-up among incident ESRD patients who initiated dialysis in
dialysis facilities in Georgia, North Carolina, and South Carolina
Supplemental Table 4. Sensitivity analysis results of adjusted cause-specific hazard ratios
between dialysis facility profit status and referral for kidney transplantation during follow-up
among incident kidney failure patients who initiated dialysis in dialysis facilities in Georgia,
North Carolina, and South Carolina, examining the interaction effect between age and profit
status

1

Supplemental Table 1. Sensitivity analysis of the characteristics of patients with incident
kidney failure initiating dialysis between January 1, 2012 and August 31, 2016 in Georgia,
North Carolina, and South Carolina followed through March 1, 2018; study population
compared to preemptively referred patients

Population Characteristics

Facilities, n (%)

Overall study
population

Preemptively
Referred Patients

p-value

686 (100)

539 (100)

-

2251 (100)

-

54 (13.4)

<.001

33,651 (100)
Total patients, n (%)
Patient Demographics
Age in years, mean (SD);
60 (13.2)
Age category, n (%)
18-29
914 (3)
30-39
2,012 (6)
40-49
4,324 (13)
50-59
7,545 (22)
60-69
10,120 (30)
>70
8,736 (26)
Sex, n (%)
Male
18,498 (55.0)
Female
15,153 (45.0)
Race/ethnicity, n (%)
White, non-Hispanic
13,451 (40)
Black, non-Hispanic
18,853 (56)
White, Hispanic
713 (2)
Other race/ethnicity
634 (2)
Patient Clinical Characteristics
Attributed cause of kidney failure, n (%)a
Diabetes
15,348 (47)
Hypertension
12,216 (37)
Glomerulonephritis
2,225 (7)
Other
3,216 (10)
b
Comorbidities, n (%)
BMI > 35 kg/m2
Congestive heart failure
Atherosclerotic heart
disease
Other cardiac disease

118 (5)
233 (10)
405 (18)
586 (26)
653 (29)
256 (11)
1,215 (54.0)
1,036 (46.0)
858 (38)
1,292 (57)
57 (3)
44 (2)

1,054 (48)
689 (31)
274 (12)
199 (9)

<.001

0.36

0.23

<.001

8,519 (26)
9,406 (28)

598 (27)
333 (15)

0.22
<.001

3,347 (10)

138 (6)

<.001

5,894 (18)

253 (11)

<.001
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Cerebrovascular disease
3,156 (10)
118 (5)
<.001
(stroke)
Peripheral vascular disease
3,007 (9)
146 (7)
<.001
Hypertension
30,076 (89)
2,054 (91)
0.005
Diabetes
20,320 (60)
1,310 (58)
0.04
Chronic Obstructive
3,097 (9)
99 (4)
<.001
Pulmonary Disease
Tobacco use
3,120 (9)
138 (6)
<.001
Cancer
2,081 (6)
77 (3)
<.001
c
Pre-kidney failure nephrology care, n (%)
<.001
Received
21,090 (71)
1,938 (92)
Did not receive
8,527 (29)
161 (8)
Patient informed of transplant as a treatment option, n (%)d
Informed of transplant
32,495 (97)
2,238 (100)
options
<.001
Not informed of transplant
options due to medical
1,045 (3)
7 (0.3)
reasons
Patient Socioeconomic Characteristics
Primary health insurance provider, n (%)
Medicare
13,774 (41)
717 (32)
Medicaid
8,334 (25)
471 (21)
<.001
Employer group
5,899 (18)
781 (35)
Other coverage
2,141 (6)
175 (8)
No coverage
3,503 (10)
107 (5)
Dialysis initiation pre-KAS (before 12/4/2014) or Post-KAS (after/on 12/4/2014)
Dialysis initiation pre-KAS
20,758 (62)
1,266 (56)
<.001
Dialysis initiation post-KAS
12,893 (38)
985 (44)
Patient neighborhood (zip code) factors
Number of patients living
in a zip code where >20% of
residents live below the
poverty line, n (%)
% African American
population in patient zip
code, mean (SD)e

10,583 (31)

589 (26)

<.001

35 (23.7)

34 (23.0)

0.02

84 (7.3)

<.001

% High school graduates
in patient zip code, mean
83 (7.2)
(SD)f
Patient Dialysis Facility Characteristics

3

Number of patients per
facility, mean (SD)g

91 (48.0)

95 (54.2)

Number of patients per facility by category, n (%)g
Very Small (0-25)
568 (2)
Small (26-54)
7,119 (21)
Medium (55-78)
8,276 (25)
Large (>79)
17,688 (53)
Number of social workers
1 (0.7)
per facility, mean (SD)
Ratio of patients to social
workers per facility, mean
(SD)h

104 (40.3)

36 (2)
436 (19)
540 (24)
1,239 (55)

<.001

0.11

1 (0.9)

0.27

107 (40.8)

<.001

Abbreviations: BMI: Body Mass Index; CI: Confidence Interval; SD: Standard Deviation
a
Attributable cause information missing for 646 patients (2%) in the study population and 35 patients
(2%) among those preemptively referred.
b
Patient BMI information missing for 243 patients (0.7%) in the study population and 8 patients
(0.4%) among those preemptively referred; patients were removed if they were missing all
comorbidities.
c
Information on patients who received nephrology before kidney failure diagnosis missing for 4,034
patients (12%) in the study population and 152 patients (7%) among those preemptively referred.
d
Information on patients who were not informed of transplant as a treatment option due to medical
reasons is missing for 111 patients (0.3%) in the study population and 6 patients (0.3%) among those
preemptively referred.
e
Average percentage of African Americans in zip code of patient neighborhood was missing for 455
patients (1%) in the study population and 20 patients (0.9%) among those preemptively referred.
f
Average percentage of high school graduates in zip code of patient neighborhood was missing for 461
patients (1%) in the study population and 20 patients (0.9%) among those preemptively referred.
g
Determined by averaging the number of patients for each facility across all study years when the
facility was in operation. Data from National Coordinating Center.
h
Number of patients for every 1 social worker. For the study population, this was calculated only for
patients (n=31,120) that had at least 1 social worker at their facility and not for patients with 0 social
workers at their facility or missing information (n=2531). For those who were preemptively referred,
this was calculated for 2069 patients (92%).
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Supplemental Table 2. Characteristics and bivariable cause-specific hazard ratios of patients with incident kidney failure who initiated
dialysis between January 1, 2012 and August 31, 2016 in Georgia, North Carolina, and South Carolina who were referred for transplant,
who initiated evaluation at a transplant center, and who was waitlisted during follow-up (to August 31, 2017 for referral, to March 1,
2018 for evaluation and waitlistng).

Characteristics

Overall
population

Patients, n (%)

33,651 (100)
n
(% of total)
Dialysis Facility Profit Status
Patients treated in
5,059 (15)
non-profit facilities

Referred for evaluation at a
transplant center
(n, % of total)

Initiated evaluation at a
transplant center following
referral
(n, % of those referred)

Waitlisted at a transplant
center after evaluation
(n, % of those evaluated)

7,815 (53)

2880 (37)

14,729 (44)
n
HRb
(row %)
(95% CI)

n
(row %)

HRb
(95% CI)

n

HR

(row %)

(95% CI)

2,386 (47)

[Ref]

1,307 (55)

[Ref]

454 (35)

[Ref]

28,592 (85)

12,343 (43)

0.87
(0.78, 0.97)

6,508 (53)

0.95
(0.85, 1.06)

2,426 (37)

1.11
(0.96, 1.28)

18-29

914 (3)

675 (74)

2.27
(2.08, 2.48)

439 (65)

1.45
(1.30, 1.62)

244 (56)

2.08
(1.76, 2.47)

30-39

2,012 (6)

1,464 (73)

2.19
(2.05, 2.34)

888 (61)

1.29
(1.18, 1.41)

387 (44)

1.49
(1.30, 1,71)

40-49

4,324 (13)

2,863 (66)

1.87
(1.78, 1.97)

1,611 (56)

1.15
(1.07, 1.23)

692 (43)

1.45
(1.28, 1.63)

50-59

7,545 (22)

3,968 (53)

1.35
(1.28, 1.41)

2,150 (54)

1.11
(1.04, 1.18)

766 (36)

1.15
(1.03, 1.29)

60-69

10,120 (30)

4,152 (41)

[Ref]

2,108 (51)

[Ref]

672 (32)

[Ref]

Patients treated in forprofit facilities
Patient Demographics
Age category
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8,736 (26)

1,607 (18)

0.40
(0.37, 0.42)

619 (39)

0.69
(0.62, 0.76)

119 (19)

0.59
(0.47, 0.74)

Male

18,498 (55)

8,631 (47)

[Ref]

4,648 (54)

[Ref]

1758 (38)

[Ref]

Female

15,153 (45)

6,098 (40)

0.83
(0.80, 0.86)

3,167 (52)

0.93
(0.89, 0.98)

1122 (35)

0.92
(0.85, 1.00)

13,451 (40)

4,675 (35)

[Ref]

2,436 (52)

[Ref]

857 (35)

[Ref]

18,853 (56)

9,337 (50)

1.46
(1.39, 1.53)

4,924 (53)

0.97
(0.91, 1.03)

1798 (37)

1.00
(0.92, 1.10)

713 (2)

391 (55)

1.57
(1.38, 1.79)

253 (65)

1.38
(1.18, 1.63)

125 (49)

1.39
(1.12, 1.72)

326 (51)

1.56
(1.34, 1.81)

202 (62)

1.32
(1.08, 1.61)

100 (50)

1.48
(1.19, 1.83)

>70
Sex

Race/ethnicity
White, nonHispanic
Black, nonHispanic
White, Hispanic

Other
634 (2)
race/ethnicity
Patient Clinical Characteristics
Attributed cause of kidney failurea
Diabetes
15,348 (47)
Hypertension

6,512 (42)

[Ref]
1.07
(1.03, 1.12)

3,313 (51)
2,940 (53)

[Ref]
1.06
(1.00, 1.12)

1008 (30)
1142 (39)

[Ref]
1.33
(1.22, 1.45)

12,216 (37)

5,563 (46)

Glomerulonephritis

2,225 (7)

1,284 (58)

1.51
(1.42, 1.62)

785 (61)

1.32
(1.21, 1.43)

409 (52)

2.00
(1.78, 2.25)

Other

3,216 (10)

1,123 (35)

0.83
(0.77, 0.88)

629 (56)

1.21
(1.10, 1.32

248 (39)

1.35
(1.16, 1.57)

8,519 (26)

3,894 (46)

1.05
(1.01, 1.10)

1,912 (49)

0.85
(0.80, 0.90)

565 (30)

0.69
(0.63, 0.76)

Comorbiditiesb
BMI > 35 kg/m2
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Congestive heart
failure

9,406 (28)

3,290 (35)

0.72
(0.68, 0.75)

1,539 (47)

0.81
(0.76, 0.87)

386 (25)

0.58
(0.52, 0.65)

Atherosclerotic
heart disease

3,347 (10)

1,035 (31)

0.63
(0.59, 0.68)

467 (45)

0.79
(0.72, 0.86)

123 (26)

0.65
(0.55,0.77)

Other cardiac
disease

5,894 (18)

1,882 (32)

0.66
(0.63, 0.71)

886 (47)

0.82
(0.76, 0.89)

268 (30)

0.76
(0.66,0.87)

Cerebrovascular
disease (stroke)

3,156 (9)

986 (31)

0.65
(0.60, 0.70)

444 (45)

0.77
(0.69, 0.86)

115 (26)

0.66
(0.54, 0.80)

Peripheral vascular
disease

3,007 (9)

903 (30)

0.64
(0.59, 0.69)

378 (42)

0.68
(0.62, 0.75)

96 (25)

0.64
(0.50, 0.80)

Hypertension

30,076 (89)

13,345 (44)

1.13
(1.05, 1.21)

7,082 (53)

0.97
(0.89, 1.06)

2599 (37)

0.98
(0.84, 1.13)

Diabetes

20,320 (60)

8,511 (42)

0.87
(0.84, 0.90)

4,373 (51)

0.90
(0.86, 0.95)

1388 (32)

0.68
(0.63, 0.74)

Chronic Obstructive
Pulmonary Disease

3,097 (9)

787 (25)

0.53
(0.49, 0.57)

300 (38)

0.66
(0.59, 0.75)

35 (12)

0.25
(0.17, 0.36)

Tobacco use

3,120 (9)

1,309 (42)

0.95
(0.89, 1.02)

604 (46)

0.79
(0.71, 0.86)

119 (20)

0.43
(0.35, 0.52)

Cancer

2,081 (6.)

505 (24)

0.53
(0.48, 0.58)

253 (50)

0.96
(0.84, 1.09)

73 (29)

0.75
(0.59, 0.96)

Pre-kidney failure nephrology carec
Received
21,090 (71)
Did not receive

8,527 (29)

9,272 (44)
3,770 (44)

[Ref]
1.03
(0.98,1.08)
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4,932 (53)
2,018 (54)

[Ref]
1.02
(0.96, 1.08)

1,786 (36)
797 (39)

[Ref]
1.11
(1.02, 1.21)

Patient informed of transplant as a treatment optiond
Informed
29,552 (88) 13,329 (45.1)
Not informed

4,068 (12)

1,380 (34)

[Ref]
0.68
(0.62, 0.76)

7,130 (54)
671 (49)

[Ref]
0.84
(0.75,0.95)

2,851 (37)
14 (21)

[Ref]
0.49
(0.29, 0.85)

Patient Socioeconomic Characteristics
Primary health insurance provider
Medicare

13,774 (41)

4,549 (33)

Medicaid

8,334 (25)

3,466 (42)

Employer group

5,899 (18)

3,429 (58)

Other coverage

2,141 (6)

1,064 (50)

No coverage

3,503 (10)

2,221 (63)

0.48
(0.45, 0.50)
0.61
(0.57, 0.64)
[Ref]
0.77
(0.71, 0.83)
0.98
(0.93, 1.04)

2,188 (48)
1,668 (48)
2,119 (62)
566 (53)
1,274 (57)

Dialysis Initiation Pre-KAS (before 12/4/2014) or Post-Kas (after/on 12/4/2014)
Dialysis Initiation in Pre20,758 (62)
9,402 (45)
[Ref]
2,897 (31)
KAS Era
Dialysis Initiation in
Post-KAS Era

12,893 (38)

5327 (41)

0.67
(0.62, 0.72)

608 (28)

0.47
(0.42,0.52)

0.68
(0.64, 0.73)
[Ref]
0.82
(0.74, 0.92)

1071 (51)

0.87
(0.80, 0.94)

520 (41)

0.71
(0.63, 0.80)

[Ref]

2,038 (41)

[Ref]
0.75
(0.69, 0.82)

461 (28)

220 (39)

1.09
(1.04, 1.14)

2897 (54)

1.16
(1.09, 1.23)

842 (29)

0.46
(0.41, 0.52)
[Ref]
0.72
(0.62, 0.84)

Patient Dialysis Facility Characteristics
Number of patients per facility by categorye
Very Small (1125)

568 (2)

249 (44)

1.12
(0.92, 1.37)

139 (56)

1.17
(0.95, 1.44)

54 (39)

Small (26-54)

7,119 (21)

3,130 (44)

1.08
(0.99, 1.19)

1,724 (55)

1.10
(0.99, 1.23)

646 (37)

Medium (55-78)

8,276 (25)

3,776 (46)

Large (>79)

17,688 (53)

7,574 (43)

1.12
(1.03, 1.22)
[Ref]
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1,996 (53)
3,956 (52)

1.05
(0.94, 1.17)
[Ref]

736 (37)
1444 (37)

1.28
(0.88, 1.84)
1.06
(0.94, 1.19)
1.01
(0.90, 1.15)
[Ref]

Abbreviations: BMI: Body Mass Index; CI: Confidence Interval; HR: Hazard Ratio; SD: Standard Deviation
aAttributable cause missing for 247 patients (2% ) who were referred for transplant and 148 patients (2%) of patients who initiated evaluation.
bPatient BMI missing for 74 patients (0.5%) who were referred for transplant, 34 patients (0.4%) who initiated evaluation, and 12 patients (0.4%) who were waitlisted..
cInformation on nephrology care before dialysis initiation missing for 1,687 patients (12%) who were referred for transplant, 865 patients (11%) who initiated evaluation, and 297
patients (10%) who were waitlisted
d
Information on patients who were not informed of transplant as a treatment option due to medical reasons was missing for 43 patients (0.3%) who were referred for transplant,29
patients (0.4%) who initiated evaluation, and 15 patients (0.5%) who were waitlisted
e
Number of patients per facility was determined by averaging the number of patients for each facility across all study years when the facility was in operation. Data from National
Coordinating Center.
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Supplemental Table 3. Sensitivity analysis results of the crude and adjusted causespecific hazard ratios between dialysis facility profit status and referrala, evaluationb and
waitlistingc for kidney transplantation during follow-up among incident kidney failure
patients who initiated dialysis in dialysis facilities in Georgia, North Carolina, and South
Carolina, including preemptively referred patients (n=2,251).
Unadjusted Model

Adjusted Modeld

HR (95% CI)

HR (95% CI)

Referral for transplant (among all incident patients)
Non-profit facility

[Ref]

[Ref]

For-profit facility

0.91 (0.82, 1.01)

0.87 (0.79, 0.97)

Unadjusted Model

Adjusted Modele

HR (95% CI)

HR (95% CI)

Non-profit facility

[Ref]

[Ref]

For-profit facility

0.91
(0.81, 1.02)

0.88
(0.79, 0.98)

Evaluation for transplant

Waitlisted for transplant (among those evaluated)
Unadjusted Model

Adjusted Modelf

Non-profit facility

HR (95% CI)
[Ref]

HR (95% CI)
[Ref]

For-profit facility

1.10 (0.96, 1.27)

1.03 (0.91, 1.17)

a

Patients who initiated dialysis between 1/1/12-8/31/16, followed through 8/31/17 for referral
Referred patients who initiated dialysis between 1/1/2012-8/31/16, and were followed for evaluation
outcome through 3/1/18.
c
Referred and evaluated patients who initiated dialysis between 1/1/12-8/31/16, and were referred and
evaluated, were followed for waitlisting outcome through 3/1/18.
d
Referral model was adjusted for the following variables: age, gender, race/ethnicity, primary cause of
kidney failure, the presence of certain comorbidities (congestive heart failure, atherosclerotic heart disease,
other cardiac disease, cerebrovascular disease, peripheral vascular disease, hypertension, diabetes, chronic
obstructive pulmonary disease, and cancer), insurance status, facility size, pre-/post-KAS era and not
informed of transplant options due to medical reasons.
e
Evaluation model was adjusted for the same variables as the referral model with the exception of a differing
list of comorbidities (BMI≥35kg/m2, congestive heart failure, atherosclerotic heart disease, other cardiac
disease, cerebrovascular disease, peripheral vascular disease, diabetes, chronic obstructive pulmonary
disease, smoking, and cancer), and removal of facility size.
f
Waitlisting model was adjusted for the same variables as the evaluation model with the addition of prekidney failure nephrology care.
b
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Supplemental Table 4. Sensitivity analysis results of adjusted cause-specific hazard ratios
between dialysis facility profit status and referral for kidney transplantation during follow-up
among incident kidney failure patients who initiated dialysis in dialysis facilities in Georgia,
North Carolina, and South Carolina, examining the interaction effect between age and profit
status
Initiating
Initiating
For profit
Overall
dialysis at fordialysis at non- facility (vs. nonAge, in years
N (%)
profit facility
profit facility
profit facility)
N (%)
N (%)
(95% CI)
18-64
19709 (59)
16709 (58)
3000 (59)
0.88 (0.80, 0.98)
≥65
13942 (41)
11883 (42)
2059 (41)
0.72 (0.63, 0.81)
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