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IMPORTANCE For-profit (vs nonprofit) dialysis facilities have historically had lower kidney
transplantation rates, but it is unknown if the pattern holds for living donor and deceased
donor kidney transplantation, varies by facility ownership, or has persisted over time in a
nationally representative population.

OBJECTIVE To determine the association between dialysis facility ownership and placement
on the deceased donor kidney transplantation waiting list, receipt of a living donor kidney
transplant, or receipt of a deceased donor kidney transplant.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study that included 1 478 564
patients treated at 6511 US dialysis facilities. Adult patients with incident end-stage kidney
disease from the US Renal Data System (2000-2016) were linked with facility ownership
(Dialysis Facility Compare) and characteristics (Dialysis Facility Report).

EXPOSURES The primary exposure was dialysis facility ownership, which was categorized as
nonprofit small chains, nonprofit independent facilities, for-profit large chains (>1000
facilities), for-profit small chains (<1000 facilities), and for-profit independent facilities.

MAIN OUTCOMES AND MEASURES Access to kidney transplantation was defined as time from
initiation of dialysis to placement on the deceased donor kidney transplantation waiting list,
receipt of a living donor kidney transplant, or receipt of a deceased donor kidney transplant.
Cumulative incidence differences and multivariable Cox models assessed the association
between dialysis facility ownership and each outcome.

RESULTS Among 1 478 564 patients, the median age was 66 years (interquartile range, 55-76
years), with 55.3% male, and 28.1% non-Hispanic black patients. Eighty-seven percent of
patients received care at a for-profit dialysis facility. A total of 109 030 patients (7.4%)
received care at 435 nonprofit small chain facilities; 78 287 (5.3%) at 324 nonprofit
independent facilities; 483 988 (32.7%) at 2239 facilities of large for-profit chain 1; 482 689
(32.6%) at 2082 facilities of large for-profit chain 2; 225 890 (15.3%) at 997 for-profit small
chain facilities; and 98 680 (6.7%) at 434 for-profit independent facilities. During the study
period, 121 680 patients (8.2%) were placed on the deceased donor waiting list, 23 762 (1.6%)
received a living donor kidney transplant, and 49 290 (3.3%) received a deceased donor
kidney transplant. For-profit facilities had lower 5-year cumulative incidence differences for
each outcome vs nonprofit facilities (deceased donor waiting list: −13.2% [95% CI, −13.4% to
−13.0%]; receipt of a living donor kidney transplant: −2.3% [95% CI, −2.4% to −2.3%]; and
receipt of a deceased donor kidney transplant: −4.3% [95% CI, −4.4% to −4.2%]). Adjusted
Cox analyses showed lower relative rates for each outcome among patients treated at all
for-profit vs all nonprofit dialysis facilities: deceased donor waiting list (hazard ratio [HR], 0.36
[95% CI, 0.35 to 0.36]); receipt of a living donor kidney transplant (HR, 0.52 [95% CI, 0.51 to
0.54]); and receipt of a deceased donor kidney transplant (HR, 0.44 [95% CI, 0.44 to 0.45]).

CONCLUSIONS AND RELEVANCE Among US patients with end-stage kidney disease, receiving
dialysis at for-profit facilities compared with nonprofit facilities was associated with a lower
likelihood of accessing kidney transplantation. Further research is needed to understand the
mechanisms behind this association.
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K idney transplantation is the preferred treatment for
most of the 700 000 adults with end-stage kidney
disease (ESKD) in the United States as of 2016.1-3 How-

ever, only 14% of patients with incident ESKD are placed on
the deceased donor kidney transplantation waiting list or
receive transplants within 1 year of ESKD diagnosis.2 The
Centers for Medicare & Medicaid Services (CMS) requires
dialysis facilities to provide transplant education and help
interested patients pursue kidney transplantation.4 The CMS
amended the final rule for the End-Stage Renal Disease
Prospective Payment System in 2018 by proposing a new
dialysis facility quality metric to the End-Stage Renal Dis-
ease Quality Incentive Program to monitor the percentage
of prevalent patients with ESKD on the waiting list for
transplantation.5 In a July 2019 presidential executive order,
the CMS also proposed the End-Stage Renal Disease Treat-
ment Choices Model to improve access to kidney transplanta-
tion as part of the administration’s Advancing American Kid-
ney Health initiative.6

Evidence suggests for-profit dialysis facilities have a
lower standardized transplantation ratio,7 and their patients
are less likely to be waitlisted compared with nonprofit
facilities.8,9 Physicians at for-profit dialysis facilities are less
likely to have detailed discussions with patients about
transplantation or involve families in the discussion.10 This
could lead to limited access to living donor kidney trans-
plantation at for-profit dialysis facilities. Encouragement to
pursue living donor kidney transplantation is highly advis-
able due to the limited supply of organs; no published study
has assessed this relationship.

It has been suggested that for-profit dialysis facilities strive
to reduce operating costs by limiting the provision of low-
margin services11-13 (such as extended transplant discussions
with patients and their families) in the interest of increasing
returns to investors,14 and may impede their patients’ access
to transplantation. This study aimed to determine the asso-
ciation between dialysis facility ownership and placement on
the deceased donor kidney transplantation waiting list, re-
ceipt of a living donor kidney transplant, or receipt of a de-
ceased donor kidney transplant. Changes over time in these
associations also were examined.

Methods
Data Sources
A waiver of informed consent was granted for this retrospec-
tive, deidentified study (Emory University institutional
review board decision No. 63645). All patients with incident
ESKD from the publicly available US Renal Data System2

(USRDS) database (January 1, 2000-December 31, 2016) were
merged with dialysis facility–level data from the Dialysis
Facility Compare (2016) and the Dialysis Facility Report
(2013-2016) CMS data sets. The USRDS collects information
on US patients with ESKD at the start of long-term dialysis or
receipt of a kidney transplant from the CMS-2728 form; it is
prelinked with the United Network for Organ Sharing data on
kidney transplantation waiting list and transplant events.

Dialysis Facility Compare reports the dialysis facility’s profit
status and corporate ownership. The Dialysis Facility Report
captures information on facility-level patient characteristics
(mean age, percentage of males, race), mortality, treatment pat-
terns, and transplantation rates. Patient observations from the
USRDS and dialysis facility–level information from the Dialy-
sis Facility Compare and the Dialysis Facility Report were linked
using the facility’s CMS certification number. To obtain infor-
mation on rurality, patient zip codes were linked to 2013 Ru-
ral Urban Continuum Codes from the US Department of Agri-
culture. Addresses from the Dialysis Facility Report were
geocoded and used to calculate the distance from each facil-
ity to its nearest transplant center, in miles.

Study Population
All incident patients undergoing dialysis registered with the
USRDS between January 1, 2000, and December 31, 2016, were
considered for inclusion. Patients were excluded if they were
younger than 18 years or older than 100 years, had a previous
transplant or received multiple organ transplants, resided out-
side the 50 US states at the time of dialysis start, had un-
known race/ethnicity or sex, or were placed on the waiting list
or received a transplant prior to starting dialysis. Facilities with
records in both the Dialysis Facility Compare and Dialysis Fa-
cility Report data sets were eligible for merging with the USRDS
patient-level data (Figure 1).

Study Variables
The primary exposure was dialysis facility profit status and
chain ownership obtained from the Dialysis Facility Com-
pare data set. Facility profit status was defined as for-profit
or nonprofit. Nonprofit facilities were defined as either
small chain facilities or independent facilities based on
Dialysis Facility Compare’s use of the term chain organiza-
tion. Within the for-profit facility ownership categories,
chain ownership was collapsed for each chain reported in
Dialysis Facility Compare. For-profit chains with more than
1000 facilities were categorized as large chains; DaVita and
Fresenius Medical Care (referred to as large chain 1 and large
chain 2, respectively) were the only 2 chains with more than
1000 facilities and were categorized separately. For-profit

Key Points
Question Is dialysis facility ownership associated with access to
kidney transplantation?

Findings In this retrospective cohort study that included
1 478 564 patients with end-stage kidney disease treated at 6511
US dialysis facilities from 2000-2016, patients receiving dialysis at
for-profit facilities vs nonprofit facilities had significantly lower
5-year cumulative incidence rates for placement on the deceased
donor kidney transplantation waiting list (−13.2%), receipt of a
living donor kidney transplant (−2.3%), and receipt of a deceased
donor kidney transplant (−4.3%).

Meaning Receiving dialysis at for-profit facilities in the United
States was associated with lower kidney transplantation rates.
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chains with less than 1000 dialysis facilities were catego-
rized collectively as small chains. The remaining facilities
were classified as for-profit independent facilities. Patients
were assigned to the dialysis facility from which they were
receiving treatment when the outcome of interest occurred
(ie, placement on the deceased donor kidney transplanta-
tion waiting list, receipt of a living donor kidney transplant,
receipt of a deceased donor kidney transplant, death, or
study end), and contributed all their person-time from
dialysis start to event of interest to this facility.

The primary outcome was access to kidney transplanta-
tion, which was defined as placement on the deceased donor
kidney transplantation waiting list, receipt of a living donor
kidney transplant, or receipt of a deceased donor kidney trans-
plant, each analyzed separately. If a patient was waitlisted and
received a living or deceased donor kidney transplant, they con-
tributed an event to each model. Patients were censored for
either death or the end of the study (December 31, 2016), or
the transplant date. The time to an event was calculated from
the dialysis start date to the event date or censor date.

Clinical and demographic characteristics of patients were
obtained from the USRDS data and collected from the CMS-
2728 form by a dialysis facility staff member at dialysis start.
Known risk factors for delayed transplantation were consid-
ered, including age at the start of dialysis, sex, race/ethnicity
(both were classified by dialysis facility staff in fixed catego-
ries: sex as either male or female; race/ethnicity as either non-
Hispanic white, non-Hispanic black, Hispanic white, or other
defined as either Asian, Middle Eastern, Native American, Pa-
cific Islander, or multiracial), rural/urban status, health insur-
ance, primary cause of ESKD, dialysis modality (in-center he-
modialysis, peritoneal dialysis, and home hemodialysis), and
the presence of comorbidities such as body mass index greater
than 35 (calculated as weight in kilograms divided by height
in meters squared), cardiovascular disease, diabetes, and hy-
pertension.

Due to the select all that apply format of the comorbidity
section on the CMS-2728 form,5 comorbidities were coded as
“yes” if a response was recorded or “no” if a response was miss-
ing. The primary cause of ESKD was categorized as diabetes,
hypertension, glomerulonephritis, or other disease. Cardio-
vascular disease was defined as the presence of any of the fol-
lowing cardiac or pulmonary conditions: congestive heart fail-
ure, atherosclerotic heart disease, pulmonary vascular disease,
cerebrovascular disease, chronic obstructive pulmonary dis-
ease, or other cardiac disease.

Dialysis facility–level characteristics were obtained from
either the Dialysis Facility Compare or Dialysis Facility Re-
port data sets. Patient-level variables from the USRDS were ag-
gregated to define the facility-level number of patients and the
percentage of patients reported by the facility that were not
informed of kidney transplantation due to medical reasons. The
Dialysis Facility Report provided the facility-level number of
social workers, the ratio of patients to social workers, the ra-
tio of patients to staff, the standardized mortality ratio, and
the ESRD Network geographic areas.

The hospitalization rate per 100 person-years was ob-
tained from the Dialysis Facility Compare data set. Transplant-

center affiliation was defined through the United Network for
Organ Sharing transplant center ID; and the hospital affilia-
tion of a facility was defined by its CMS certification number.
The addresses from the Dialysis Facility Compare data set were
geocoded and used to calculate the distance from each facil-
ity to its nearest transplant center in miles.

Statistical Analysis
A descriptive analysis was performed for the overall popula-
tion and comparisons between facility ownership were deter-
mined using either the χ2 test (for categorical variables), the
Kruskal-Wallis test (for nonparametric continuous variables
presented as median interquartile range [IQR]), or the t test (for
parametric continuous variables presented as mean [SD]). Cu-
mulative incidence differences and 95% CIs were calculated
using the Aalen-Johansen estimator at follow-up years 3, 5, and
10 and accounted for the competing risk of death.15 The num-

Figure 1. Data Merge and Cohort Selection to Assess the Association
Between Dialysis Facility Ownership and Access to Kidney Transplantation

1 865 462 Patients registered with US Renal
Data System from January 1, 2000-
December 31, 2016

6748 Potentially eligible dialysis facilities
from Dialysis Facility Compare

6574 Potentially eligible dialysis facilities
from Dialysis Facility Report

141 872 Patients excluded

91 772 Waitlisted or received transplant
prior to initiating dialysis

27 934 Living outside United States

15 559 Aged <18 y

 4772 Prior kidney or multiple organ
transplant recipient

1546 Unknown race/ethnicity
222 Unknown sex

67 Aged >100 y

1045 Duplicate patients removed

1 723 590 Potentially eligible patients

243 981 Patients excluded (lack of dialysis
facility ownership information)a

1 478 564 Patients included in primary analysisb

6511 Dialysis facilities included in
primary analysis

1 722 545 Patients eligible for merge
6524 Dialysis facilities eligible for merge

a There were 2948 dialysis facilities within the US Renal Data System that could
not be linked to the Dialysis Facility Compare and Dialysis Facility Report
cohort. There were 13 facilities that were in the Dialysis Facility Compare
and Dialysis Facility Report cohort that could not be linked to the US Renal
Data System.

b Only a single observation for when the event (placement on the deceased
donor kidney transplantation waiting list or receipt of a kidney transplant)
occurred was included. The last observation was included for patients who
died or were censored at the end of the study (December 31, 2016).
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ber needed to treat for each outcome was calculated using the
inverse of the 5-year cumulative incidence difference.

To examine whether the cumulative incidence difference
between facilities was constant by calendar year, we stratified
the cohort into 2-year increments. Follow-up time was trun-
cated for each period on December 31 of each 2-year period, and
the unadjusted 2-year incidence rates (per 100 person-years) for
placement on the deceased donor kidney transplantation wait-
ing list, receipt of a living donor kidney transplant, and receipt
of a deceased donor kidney transplant were calculated by di-
viding the count of events for incident patients by the number
of incident patients in the dialysis facility ownership group for
each interval. The incident rate differences (per 100 person-
years) were calculated as the 2-year incidence difference be-
tween all nonprofit and all for-profit facilities.

Bivariable Cox proportional hazard models were used to
determine the crude association between covariates and ac-
cess to transplantation. Cox models were used to determine
the crude and adjusted association between dialysis facility
ownership and each outcome. Multiple imputation using the
fully conditional specification implemented by the chained
equations (MICE) algorithm were performed for missing co-
variate data. For continuous and categorical variables, Ridge
Bayesian linear regression, allowing for posterior sampling and
random forest, respectively, was conducted.16

We used robust sandwich covariance matrix estimates to
account for intracluster dependence17 of patients within di-
alysis facilities. The adjusted Cox proportional hazard mod-
els in this study were developed using a 4-step process: (1) bi-
variable association between dialysis facility ownership and
outcomes of interest, (2) adjustment for patient demograph-
ics (age, sex, and race/ethnicity), (3) adjustment for clinical
characteristics, and (4) additional adjustment for socioeco-
nomic variables. We tested the proportional hazards assump-
tion by examining the significance of the Schoenfeld residu-
als with ranked follow-up time, and all proportionality
assumptions were met.

Several sensitivity analyses were conducted to ensure the
robustness of the results. Supplemental descriptive statistics and
multivariable Cox models were generated for this population
and were stratified by whether a patient switched dialysis fa-
cilities during the study follow-up. Dialysis facility switching was
classified by comparing the patients’ first vs last dialysis facil-
ity. Sensitivity analyses examined cumulative incidence differ-
ences. Cox models were used to assess a cohort of “ideal kid-
ney transplant candidates” that excluded patients (1) aged 66
years or older; (2) diagnosed with peripheral vascular disease,
coronary heart failure, or cerebrovascular disease; or (3) not as-
sessed for transplantation due to medical reasons (reported by
dialysis facility staff on the CMS-2728 form). The Cox models
assessed effect modification of geographic area and the asso-
ciation between facility affiliation with either a transplant cen-
ter or hospital and each outcome.

Data management and statistical analysis were con-
ducted using SAS version 9.4 (SAS Institute Inc) and Python
version 3.6.8 (Python Software Foundation). Two-sided P val-
ues were used for all analyses and P < .05 was considered sta-
tistically significant.

Results

There were 1 865 462 incident patients with ESKD registered
with the USRDS between January 1, 2000, and December 31,
2016. Patients were excluded if (1) younger than 18 years
(n = 15 559) or older than 100 years (n = 67), (2) had a prior
kidney transplant or index multiple organ transplants
(n = 4772), (3) were living outside the United States
(n = 27 934), (4) had unknown race/ethnicity (n = 1546) or sex
(n = 222), (5) were preemptively waitlisted or received a
transplant prior to initiating dialysis (n = 91 722), (6) had
duplicate observations that did not occur at the last treat-
ment facility (n = 1045), and (7) did not match to a dialysis
facility within the Dialysis Facility Compare or Dialysis Facil-
ity Report data sets (n = 243 981), leaving a final cohort of
1 478 564 unique patients included in the primary analysis
(Figure 1). The median age was 66 years (IQR, 55-76 years),
with 55.3% male, and 28.1% non-Hispanic black patients.
Multiple imputation was used in the Cox models to account
for the following missing data: health insurance coverage:
115 322 patients (7.8%); type of dialysis: 7805 (0.5%); distance
from assigned dialysis facility to nearest transplant center:
319 117 (21.6%); and metropolitan rural-urban classification:
13 322 (0.9%).

The 1 478 564 included patients had a median follow-up
time to placement on waiting list or censor date of 2.0 years
(IQR, 0.7-4.2 years) and a median follow-up time to trans-
plant or censor date of 2.2 years (IQR, 0.8-4.5 years). The ma-
jority of patients with ESKD received care at for-profit large
chains with more than 1000 facilities (for-profit large chain 1:
n = 483 988 [32.7%] at 2239 facilities; for-profit large chain 2:
n = 482 689 [32.6%] at 2082 facilities; P < .001; Table 1). Non-
profit dialysis facilities had a slightly lower percentage of non-
Hispanic black patients compared with for-profit facilities
(26.8% vs 28.3%, respectively; P < .001), and there was a higher
percentage of patients in the South treated at for-profit facili-
ties compared with nonprofit facilities (42.9% vs 29.4%;
P < .001) (Table 1 and eFigure in the Supplement).

Patient comorbidities were mostly similar across dialysis
facility ownership categories. Treatment location for approxi-
mately 84% of patients diagnosed with hypertension ranged
from 83.6% at nonprofit independent facilities to 85.4% at
for-profit small chain facilities (P < .001). However, for
patients diagnosed with diabetes, treatment location ranged
from 43.7% at nonprofit independent facilities to 50.0% at
for-profit independent facilities (P < .001). A higher percent-
age of patients treated at nonprofit independent facilities
(7.4%), nonprofit small chain facilities (7.4%), and for-profit
independent facilities (7.4%) were reported by facility staff as
not being informed of kidney transplant options because of
medical reasons compared with patients treated at facilities
of for-profit large chain 1 (4.5%), facilities of for-profit large
chain 2 (5.3%), and for-profit small chain facilities (5.2%)
(P < .001). All nonprofit facilities had a median hospitaliza-
tion rate of 157.1 (IQR, 125.6-190.1) per 100 person-years com-
pared with the higher rate of 176.1 (IQR, 144.4-211.7) per 100
person-years for all for-profit facilities.
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Primary Analysis
A total of 121 680 patients (8.2%) with incident ESKD were
placed on the deceased donor kidney transplantation waiting
list, 23 762 (1.6%) received a living donor kidney transplant,
and 49 290 (3.3%) received a deceased donor kidney trans-
plant. The percentage of patients placed on the deceased do-
nor kidney transplantation waiting list during the study pe-
riod was 11.9% for those treated at nonprofit small chain
facilities, 29.8% for those treated at nonprofit independent di-
alysis facilities, 7.0% for those treated at facilities of for-
profit large chain 1, 6.2% for those treated at facilities of for-
profit large chain 2, 6.6% for those treated at for-profit small
chain facilities, and 6.9% for those treated at for-profit inde-
pendent facilities (Table 2). There was a lower percentage of
patients treated at all for-profit facilities vs all nonprofit fa-
cilities who received a living donor kidney transplant (1.3% vs
3.5%, respectively) or a deceased donor kidney transplant (2.7%
vs 7.6%).

In bivariable Cox proportional hazard models, patients
younger than 60 years had an increased probability of being
placed on the deceased donor kidney transplantation waiting
list, receiving a living donor kidney transplant, or receiving a
deceased donor kidney transplant. Compared with patients
with ESKD caused by diabetes, those with ESKD attributed to
glomerulonephritis were more likely to be placed on the de-
ceased donor kidney transplantation waiting list (hazard ra-
tio [HR], 3.00 [95% CI, 2.96-3.05]), to receive a living donor
kidney transplant (HR, 5.95 [95% CI, 5.76-6.15]), or to receive
a deceased donor kidney transplant (HR, 2.17 [95% CI, 2.12-
2.22]) (Table 2).

The crude and adjusted time to event associations
between dialysis facility ownership and placement on the
deceased donor kidney transplantation waiting list, receipt
of a living donor kidney transplant, and receipt of a deceased
donor kidney transplant appear in Table 3. Nonprofit small
chain dialysis facilities were used as the reference group.
Patients receiving dialysis at all for-profit facilities vs all non-
profit facilities had lower 5-year cumulative incidence of
placement on the deceased donor kidney transplantation
waiting list (cumulative incidence difference, −13.2%
[95% CI, −13.4% to −13.0%]), receipt of a living donor kid-
ney transplant (−2.3% [95% CI, −2.4% to −2.3%]), and receipt
of a deceased donor kidney transplant (−4.3% [95% CI,
−4.4% to −4.2%]).

Compared with patients treated at nonprofit small chain
dialysis facilities, patients treated at nonprofit independent
facilities were more likely to be placed on the deceased donor
kidney transplantation waiting list (HR, 2.36 [95% CI, 2.31-
2.42]) and patients were less likely to be placed on the
deceased donor kidney transplantation waiting list at facili-
ties of for-profit large chain 1 (HR, 0.57 [95% CI, 0.56-0.58]),
at facilities of for-profit large chain 2 (HR, 0.54 [95% CI, 0.53-
0.55]), for-profit small chain dialysis facilities (HR, 0.56 [95%
CI, 0.54-0.57]), and for-profit independent chain facilities
(HR, 0.60 [95% CI, 0.58-0.61]) (Table 3). Patients treated at all
for-profit facilities were less likely to receive a living donor
kidney transplant compared with patients treated at all non-
profit facilities (HR, 0.52 [95% CI, 0.51-0.54]).

Patients treated at nonprofit independent facilities were
more likely to receive a deceased donor kidney transplant (HR,
1.71 [95% CI, 1.66-1.77]), whereas patients treated at facilities
of for-profit large chain 1 (HR, 0.60 [95% CI, 0.58-0.62]), fa-
cilities of for-profit large chain 2 (HR, 0.59 [95% CI, 0.57-
0.61]), for-profit small chain dialysis facilities (HR, 0.60 [95%
CI, 0.58-0.62]), and for-profit independent chain facilities (HR,
0.59 [95% CI, 0.56-0.62) were less likely to receive a de-
ceased donor kidney transplant compared with their counter-
parts in nonprofit small chain dialysis facilities. Based on 5-year
cumulative incidence differences between for-profit and non-
profit facilities, the number needed to treat for placement on
the deceased donor kidney transplantation waiting list is 7.6
(95% CI, 7.5-7.7); for receipt of a living donor kidney trans-
plant, 43.5 (95% CI, 41.7-45.4); and for receipt of a deceased
donor kidney transplant, 23.2 (95% CI, 22.7-23.8).

Two-year event incidence rates during the study period
showed a general decrease during the last 17 years across di-
alysis facility ownership categories in patient placement on the
deceased donor kidney transplantation waiting list (Figure 2A),
receipt of a living donor kidney transplant (Figure 2B), and re-
ceipt of a deceased donor kidney transplant (Figure 2C). From
2001-2016, for-profit dialysis facilities had a lower 2-year in-
cidence rate per 100 person-years for each event compared with
other dialysis facility ownership categories. The for-profit vs
nonprofit facility rate differences ranged from −7.17 to −10.09
per 100 person-years for placement on the deceased donor kid-
ney transplantation waiting list; −0.78 to −1.33 per 100 person-
years for receipt of a living donor kidney transplant; and −0.28
to −0.76 per 100 person-years for receipt of a deceased donor
kidney transplant (Figure 2).

Overall, 76.8% of patients did not switch dialysis facili-
ties during the study period, 19.1% switched facilities within
the same profit status, 1.1% switched from for-profit facilities
to nonprofit facilities, and 3.0% switched from nonprofit fa-
cilities to for-profit facilities (eTable 1 in the Supplement).
Among the patients who switched facilities, the median time
from first to last facility was 1.2 years (IQR, 0.3-3.0 years).

Sensitivity Analyses
The sensitivity analysis for the association between switch-
ing dialysis facilities and the outcomes of interest, stratified
by the last dialysis facility where the patients received treat-
ment appears in eTable 2 in the Supplement. Patients who
switched from a nonprofit facility to a for-profit facility were
more likely to be placed on the deceased donor kidney trans-
plantation waiting list or receive a living or deceased donor kid-
ney transplant compared with patients who started and con-
tinued treatment at for-profit facilities. For example, patients
who switched from a nonprofit facility to a for-profit large chain
2 facility had a greater hazard of being placed on the de-
ceased donor kidney transplantation waiting list (HR, 2.84 [95%
CI, 2.76-2.93]) than patients who started and continued dialy-
sis at the same for-profit large chain 2 facility.

The sensitivity analysis among the ideal kidney trans-
plant candidate cohort reported similar relative risks to the pri-
mary analysis (eTable 3 in the Supplement). The 5-year cumu-
lative incidence differences between all nonprofit facilities and
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Figure 2. Two-Year Incidence Rates and Rate Differences for Kidney Transplant, 2001-2016
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Follow-up time was truncated on December 31 of each 2-year period. The unad-
justed 2-year incidence rates (per 100 person-years) for placement on the de-
ceased donor waiting list, receipt of a living donor kidney transplant, and receipt of
a deceased donor kidney transplant were calculated by dividing the count of events

for incident patients by the number of incident patients in the dialysis facility own-
ership group for each interval. The 2-year incident rate differences (per 100 person-
years) were calculated between all nonprofit facilities and all for-profit facilities.
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all for-profit facilities were higher in the ideal cohort analysis
for placement on the deceased donor kidney transplantation
waiting list (−23.9% [95% CI, −24.3% to −23.5%]), receipt of a
living donor kidney transplant (−4.8% [95% CI, −5.0% to
−4.6%]), and receipt of a deceased donor kidney transplant
(−8.5% [95% CI, −8.8% to −8.3%]). The sensitivity analyses
found consistent results of lower rates for each outcome among
nonprofit facilities vs for-profit facilities regardless of geo-
graphic area (eTable 4 in the Supplement). A reclassification
based on either transplant center–affiliated dialysis facilities
(eTable 5 in the Supplement) or hospital-affiliated dialysis fa-
cilities (eTable 6 in the Supplement) by profit status showed
similar associations between nonprofit facilities and place-
ment on the deceased donor kidney transplantation waiting
list, receipt of a living donor kidney transplant, and receipt of
a deceased donor kidney transplant.

Discussion
Among US patients with incident ESKD, nonprofit dialysis fa-
cilities had a higher percentage of patients who were placed
on the deceased donor kidney transplantation waiting list, who
received a living donor kidney transplant, and who received
a deceased donor kidney transplant compared with the other
dialysis facility ownership categories.

To our knowledge, no studies have examined the relation-
ship between dialysis facility profit status and both a living do-
nor or a deceased donor kidney transplantation, and only 2
studies have examined the relationship between facility profit
status and placement on the deceased donor kidney trans-
plantation waiting list, reporting that patients were less likely
to be waitlisted if initially treated at for-profit dialysis facili-
ties vs nonprofit facilities.8,9 This study extends the work of
Zhang et al8 by using hierarchical survival analysis to exam-
ine how dialysis facility ownership is associated with living do-
nor and deceased donor kidney transplant and placement on
the deceased donor kidney transplantation waiting list in a large
national cohort of patients with ESKD from 2000 to 2016.

A strength of this analysis vs prior research was a novel ap-
proach of assigning dialysis facilities to patients. Nearly 23.2%
of patients switched dialysis facilities during follow-up; how-
ever, only 4.1% of patients switched dialysis facilities by profit
status. Recognizing this fact, the typically short follow-up these
patients have with their initial dialysis facilities (median, 1.2
years), and the intensity of clinical follow-up leading up to
placement on the deceased donor kidney transplantation wait-
ing list or receipt of a kidney transplant (median, 2.2 years to
transplantation), indicate that the last facility where a pa-
tient was treated may be more representative of the prepara-
tory transplant care he or she receives.

Patients undergoing home dialysis also were included in
this study (8.9% of cohort). Patients who receive home dialy-
sis are more likely to undergo transplantation,18,19 but previ-
ous studies have excluded these patients.8,9

The sensitivity analysis that stratified patients by dialysis
facility switch status showed that patients switching from non-
profit facilities to for-profit facilities were more likely to ac-

cess transplantation vs patients who started and remained at
the same for-profit facility. The 2-year incidence rates for re-
ceipt of a living donor and a deceased donor kidney trans-
plant decreased each year, and the incidence rate for place-
ment on the deceased donor kidney transplantation waiting
list increased from 2001-2014 and then decreased in 2015, con-
gruent with declines observed in national reports.2,20 The de-
crease in placement on the deceased donor kidney transplan-
tation waiting list since the new kidney allocation system took
place in December 2014 is similar to the decline reported in
the study by Zhang et al21 of 3.45 waitlisted events per month
per 10 000 patients with ESKD. The profit-status disparity in
the 2-year incidence rates for each outcome of interest per-
sisted every year within this 17-year study cohort despite re-
search identifying this problem nearly 2 decades ago.9

In 2014, the CMS began administering the In-Center
Hemodialysis Consumer Assessment of Healthcare Providers
and Systems (ICH CAHPS) survey to collect patient-reported
satisfaction.22 The Dialysis Facility Compare website allows us-
ers to review patient satisfaction scores for local facilities and
state- and national-level metrics under the “survey of pa-
tients experiences” tab. Based on the ICH CAHPS survey re-
sponses, only an estimated 67% of patients reported that their
nephrologists “always communicated well and cared for them
as a person.”23 These national data are similar to previous re-
ports that more than 30% of incident patients with ESKD were
uninformed of transplant options24 and nephrologists work-
ing at for-profit dialysis facilities were significantly less likely
to spend longer than 20 minutes with their patients, counsel
their patients about transplantation, or involve family mem-
bers in the discussion.10

Clinician-level barriers, including clinician perception of
the appropriateness of the possible transplantation,25-27 poor
medical follow-up, time spent with patients,10 and format of
transplant education,10 may lead to delays in access to trans-
plantation, and could explain some of these findings, but are
unmeasured in national data. Additional barriers, such as re-
source allocation of staffing to enable transplant education,
could also play a role because prior research found that in-
creased staff may improve access to kidney transplantation.7

Although this study reported more staff and social workers per
patient at for-profit facilities vs nonprofit facilities, these find-
ings did not explain the observed associations.

Limitations
This study has several limitations. First, given the availability
of the data, it was not possible to determine the differences
between profit status and chain affiliations regarding staffing
resources,10,24,25,28,29 education policies,30-33 and transplant
referral practices,34,35 all of which may be associated with in-
creased access to kidney transplantation.

Second, although this analysis clustered dialysis facility
ownership categories, we were unable to account for the non-
random geographical location of for-profit and nonprofit
chains, which may lead to unmeasured differences in patient
characteristics across profit status categories.

Third, it is difficult to capture steps in the transplanta-
tion process that precede placement on the deceased donor
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kidney transplantation waiting list or receipt of a living donor
or a deceased donor kidney transplant, such as transplant
evaluation or referral for a transplant evaluation, and the ef-
fects may not be consistent by transplant step. A study by Patzer
et al34 found that, among patients with ESKD in Georgia, the
patients treated at for-profit facilities were more likely to be
referred for a kidney transplant evaluation compared with pa-
tients treated at nonprofit facilities (odds ratio, 1.51 [95% CI,
1.20-1.91]), and there was no difference in placement on the
deceased donor kidney transplantation waiting list among
those referred within 1 year (odds ratio, 1.09 [95% CI, 0.83-
1.44]). The sensitivity analyses found the association be-
tween profit vs nonprofit facilities and access to transplanta-
tion was consistent across all geographic areas; however,
further research on transplant referral would permit analyses
examining geographic differences in steps more closely aligned
with dialysis facility behavior.36

Fourth, because of the wide variations in placement on the
deceased donor kidney transplantation waiting list and in the
practices of transplant centers across the United States,37,38 and

the limitation of patient-level data collected at the start of di-
alysis, this study was unable to identify the patients truly eli-
gible for transplantation. The sensitivity analysis of an ideal
kidney transplantation cohort showed higher cumulative in-
cidence differences and relative risks reporting the profit sta-
tus disparity as presented in our primary analysis.

Fifth, the inclusion of dialysis facility staff–reported race/
ethnicity could create a misclassification bias. However, Roach
et al39 found high agreement between staff-reported race on
the CMS-2728 form and patient-reported race in the Medi-
care enrollment database.

Conclusions
Among US patients with end-stage kidney disease, receiving
dialysis at for-profit facilities compared with nonprofit facili-
ties was associated with a lower likelihood of accessing kid-
ney transplantation. Further research is needed to under-
stand the mechanisms behind this association.
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