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Variation in Dialysis Facility Referral for Kidney
Transplantation Among Patients With End-Stage
Renal Disease in Georgia
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IMPORTANCE Dialysis facilities in the United States are required to educate patients with
end-stage renal disease about all treatment options, including kidney transplantation.
Patients receiving dialysis typically require a referral for kidney transplant evaluation at a
transplant center from a dialysis facility to start the transplantation process, but the
proportion of patients referred for transplantation is unknown.

OBJECTIVE To describe variation in dialysis facility–level referral for kidney transplant
evaluation and factors associated with referral among patients initiating dialysis in Georgia,
the US state with the lowest kidney transplantation rates.

DESIGN, SETTING, AND PARTICIPANTS Examination of United States Renal Data System data
from a cohort of 15 279 incident, adult (18-69 years) patients with end-stage renal disease
from 308 Georgia dialysis facilities from January 2005 to September 2011, followed up
through September 2012, linked to kidney transplant referral data collected from adult
transplant centers in Georgia in the same period.

MAIN OUTCOMES AND MEASURES Referral for kidney transplant evaluation within 1 year of
starting dialysis at any of the 3 Georgia transplant centers was the primary outcome;
placement on the deceased donor waiting list was also examined.

RESULTS The median within-facility percentage of patients referred within 1 year of starting
dialysis was 24.4% (interquartile range, 16.7%-33.3%) and varied from 0% to 75.0%. Facilities
in the lowest tertile of referral (<19.2%) were more likely to treat patients living in
high-poverty neighborhoods (absolute difference, 21.8% [95% CI, 14.1%-29.4%]), had a
higher patient to social worker ratio (difference, 22.5 [95% CI, 9.7-35.2]), and were more
likely nonprofit (difference, 17.6% [95% CI, 7.7%-27.4%]) compared with facilities in the
highest tertile of referral (>31.3%). In multivariable, multilevel analyses, factors associated
with lower referral for transplantation, such as older age, white race, and nonprofit facility
status, were not always consistent with the factors associated with lower waitlisting.

CONCLUSIONS AND RELEVANCE In Georgia overall, a limited proportion of patients treated
with dialysis were referred for kidney transplant evaluation between 2005 and 2011, but
there was substantial variability in referral among facilities. Variables associated with referral
were not always associated with waitlisting, suggesting that different factors may account for
disparities in referral.
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F or most of the more than 600 000 patients in the United
States with end-stage renal disease (ESRD),1 kidney
transplantation represents the optimal treatment, pro-

viding longer survival, better quality of life, and substantial cost
savings compared with dialysis.2 Despite these benefits, kid-
ney transplantation is not available to all patients with ESRD,
owing to the paucity of available organs, as well as long-
standing racial/ethnic, socioeconomic, sex, age, and geo-
graphic disparities in access to kidney transplantation.3-6

The traditional framework for examining steps to receiv-
ing a kidney transplant in the United States starts with place-
ment on the national deceased donor waiting list (waitlisting),7

since regional and national surveillance data do not report pa-
tient activities prior to waitlisting. However, a focus on earlier
steps of the transplantation process, such as referral from a di-
alysis facility to the transplant center—without which the re-
quired medical evaluation, waitlisting, and, ultimately, trans-
plantation cannot occur—may better inform intervention efforts
to improve equity in early access to transplantation.5 Although
significant variation in kidney transplantation rates exists across
US dialysis facilities,8 the contribution of heterogeneity in trans-
plant referral by dialysis facility clinicians vs other patient, fa-
cility, or neighborhood factors remains unknown.

In the United States, rates of kidney transplantation are the
lowest in the Southeast and, in particular, Georgia.9 Partner-
ing with the community-based Southeastern Kidney Trans-
plant Coalition, which includes ESRD Network 6, patients,
transplant centers, social workers, clinicians, patient advo-
cacy groups, and others, we collected kidney transplantation
referral data from all Georgia transplant centers as part of our
Reducing Disparities in Access to Kidney Transplantation
(RaDIANT) Community Study.10 The purpose of this study is
to describe dialysis facility–level referral for kidney trans-
plant evaluation in Georgia and the patient- and facility-level
factors associated with referral and access to the national de-
ceased donor waiting list.

Methods
Data Sources
Patient-leveldatawerecollectedfromalltransplantreferralforms
between January 1, 2005, and December 31, 2012, received by all
3 adult transplant centers in Georgia: Emory Transplant Center
(Atlanta), Georgia Regents Kidney and Pancreas Transplant Pro-
gram(Augusta),andPiedmontTransplantInstitute(Atlanta).Each
transplant center sent referral data securely to ESRD Network 6,
which served as the data coordinating center.

To ensure complete patient follow-up and to identify a co-
hort of nonreferred patients receiving dialysis in Georgia dur-
ing the same period, we linked referral data to the 2014 United
States Renal Data System (USRDS) Standard Analytic Files,
which included data on all patients with ESRD from January
1, 2005, through September 20, 2012. The USRDS is a national
surveillance data system that aggregates demographic, diag-
nosis, treatment, and facility information on nearly 2.5 mil-
lion patients with ESRD from various data sources, including
the Medical Evidence Report (CMS-2728), which is com-

pleted for all patients with ESRD at the start of treatment, as
well as United Network for Organ Sharing files on waitlisting
and transplantation.

Data on characteristics of the patients’ residential neigh-
borhoods, as defined by patient 5-digit zip code tabulation area,
were obtained from the 2007-2011 American Community Sur-
vey (http://www.census.gov/programs-surveys/acs/) and linked
by patient zip code at start of dialysis to USRDS. Facility char-
acteristics were obtained from the annual USRDS facility sur-
vey data.

This study was approved by the institutional review boards
at Emory University, Georgia Regents University, and Pied-
mont Hospital. Collection of referral data was retrospective,
and participant consent was waived.

Study Population
Patients referred to a Georgia transplant center from January
1, 2005, to December 31, 2012, were included in the study. A
cohort of both referrals and nonreferrals within the study pe-
riod was created; first, we identified a cohort of incident pa-
tients with ESRD initiating treatment on or after January 1,
2005, in a Georgia dialysis facility using the USRDS and ex-
cluded patients if they were younger than 18 years or 70 years
or older or if they were waitlisted prior to starting dialysis. The
referral data were then merged with USRDS records. We clas-
sified matching patients from the referral data as referred, and
the remaining patients in the referral data who were not
matched to the incident USRDS cohort of interest were ex-
cluded. Patients who started dialysis after September 30, 2011
(to ensure 1 year of follow-up for referral outcomes), were ex-
cluded for primary analysis.

Study Variables
Outcomes
The primary outcome examined was referral for kidney trans-
plant evaluation to 1 of the 3 transplant centers in Georgia
within 1 year of starting dialysis among patients younger than
70 years. Since all dialysis facilities are required to educate pa-
tients about transplantation within the first 60 days of start-
ing dialysis, we considered referral within the first year of di-
alysis as a proxy for access to appropriate care. Referral was
defined as the date on which the transplant center received a
referral form, primarily from a dialysis facility or referring
health professional.

As a secondary outcome, we also examined whether a pa-
tient was placed on the national deceased donor waiting list
(waitlisted) at any US transplant center within 1 year of refer-
ral for transplant evaluation. In addition, we examined crude
data on the total number of patients receiving a transplant.

Patient- and Facility-Level Characteristics
Patient characteristics included demographic and clinical data
reported by clinicians on the CMS-2728 form at the time of first
dialysis treatment, including race/ethnicity, age at incident
ESRD, sex, cause of ESRD, as well as other clinical character-
istics potentially related to medical eligibility for transplanta-
tion, including body mass index greater than 35 (calculated as
weight in kilograms divided by height in meters squared),
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tobacco use, cancer, and comorbidities. Proxies for socioeco-
nomic status included pre-ESRD nephrology care and health
insurance at first dialysis treatment, as well as aggregate resi-
dential zip code–level data on the percentages of black resi-
dents, high school dropouts (residents aged ≥25 years with-
out a high school degree or equivalent), and poor households
(living below 100% of the federal poverty threshold).

We assigned each patient to the dialysis facility in which
they started treatment, since decisions regarding ESRD treat-
ment are expected to occur within 3 months after starting di-
alysis for most patients. Facility-level characteristics exam-

ined included for-profit status, hospital-based vs freestanding
facility, and the ratio of patients to social workers within a fa-
cility. We categorized the proportion of patients referred within
1 year over the entire study period at each facility into tertiles
and examined whether characteristics varied by tertile.

Statistical Analyses
Demographic and clinical characteristics of the study population
were examined using χ2 or t tests. Because the outcomes were bi-
nary and correlated (within facilities), a multivariable generalized
linear mixed model was used. An intraclass correlation was es-

Figure 1. Study Inclusion Criteria for Incident Patients With ESRD in Georgia: 2005-2011

17 224 Patients referred at least once to
1 of 3 Georgia transplant centers,
1/1/2005-12/31/2012

Transplant Center Referral

27 605 Patients identified by USRDS as
starting dialysis in a Georgia 
facility after 1/1/2005

United States Renal Data System

1663 Excluded (not linked to 
USRDS identifier)

8637 Excluded
220 Aged <18y

7856 Aged ≥70y
561 Preemptively waitlisted

275 Excluded (duplicate 
USRDS identifier)

6895 Excluded (did not meet 
inclusion criteria)
3653 Prevalent ESRD
2070 Received dialysis outside 

of Georgia
623 Unknown dialysis location
455 Preemptively waitlisted

71 Aged <18y or ≥70y
23 Dialysis start date after

September 30, 2012

3689 Excluded
1675 Preemptively referred
2014 With <1y of potential follow-up

542 Referred within 1y of 
starting dialysis

1472 Never referred over study 
follow-up

18 968 With merged data
1675 Preemptively referred (751 waitlisted; 325 transplanteda)
4822 Referred within 1y of starting dialysis (1484 waitlisted; 

467 transplanteda)
1711 Referred after 1y of dialysis (555 waitlisted; 

68 transplanteda)
10 760 Never referred over study follow-up (350 waitlisted; 

150 transplanteda)

15 279 Included in primary analysis
4280 Referred within 1y of starting dialysis 
1711 Referred after 1y of starting dialysis
9288 Never referred over study follow-up

15 561 Identified and linked to USRDS
patient identifier

15 286 Potentially eligible

8391 Identified as referred and eligible
for merging with USRDS data

18 968 Eligible for merging

a Among the 1675 preemptively referred, 30 received transplants outside
Georgia and 128 received living donor transplants; among the 4822 referred
within 1 year of starting dialysis, 51 received transplants outside Georgia and
171 received living donor transplants; among the 1711 referred after 1 year of

starting dialysis, 14 received transplants outside Georgia and 23 received living
donor transplants; among the 10 760 never referred, 55 received transplants
outside Georgia and 39 received living donor transplants.
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timated as a measure of proportion of total variance in patient re-
ferral attributable to facility-level clustering. Details regarding the
multilevel model can be found in the eAppendix in the Supple-
ment. Covariates that were statistically significant in bivariate
analyses (P < .05) were included in multilevel analyses. Because
the missing pattern was arbitrary, we used a fully conditional
specification method to obtain multiple imputed data sets
(n = 5) and used likelihood-based methods for inference.

In sensitivity analyses, we considered outcomes of whether
patients treated with dialysis were ever referred for kidney
transplantation during the entire study period (yes/no) and time
to referral (censoring at date of death, waitlisting at any US
transplant center, receipt of a living donor transplant, or study
end [September 30, 2012)]).

SAS version 9.4 (SAS Institute Inc) and Stata version 13.1
(StataCorp) were used for analyses. All P values were 2-sided
and considered statistically significant at the P < .05 level.

Results
Study Population
A total of 17 224 patients were referred to Georgia transplant cen-
ters over 8 years (January 1, 2005, through December 31, 2012);
15 561 of these (90.3%) were successfully identified and linked
to a USRDS patient identifier, 275 of which were duplicates, leav-
ing 15 286 patients with at least 1 referral (Figure 1). A cohort of
27 605 incident patients with ESRD initiating treatment on or af-
ter January 1, 2005, in a Georgia dialysis facility using the USRDS
were identified, and patients younger than 18 years (n = 220) or
70 years or older (n = 7856) or who were waitlisted prior to start-
ing dialysis (n = 561) were excluded (Figure 1). Of the 15 286 pa-
tients with a first referral, 8391 were identified in USRDS on merg-
ing and classified as referred. The remaining 6895 referred
patients who were not matched to the incident USRDS cohort
of interest were excluded because they were prevalent patients

with ESRD (n = 3653 with start dates prior to January 1, 2005),
their start date was after September 30, 2012 (n = 23), their di-
alysis treatment occurred in a facility outside of Georgia
(n = 2070) or the location of the dialysis facility was unknown
(n = 623), they were younger than 18 years or 70 years or older
(n = 71), or they were preemptively waitlisted (n = 455). Last, in
themergeddata(Figure1),1675wereexcludedbecausetheywere
referred prior to the start of dialysis; waitlisting and transplan-
tation among these patients, as well as included patients who
were referred within a year of dialysis start, referred after 1 year,
and never referred are also shown (Figure 1).

A total of 15 279 patients at 308 Georgia dialysis facilities
were included in primary analyses. Patients excluded be-
cause of preemptive referral or preemptive transplantation
were more likely young, white, and insured, and had fewer co-
morbidities, compared with the study population. A more com-
plete description of excluded patients is available in the eAp-
pendix in the Supplement.

Facility Referral and Characteristics
The median within-facility cumulative percentage of patients
aged 18 through 69 years referred within 1 year of starting dialy-
sisat308Georgiadialysisfacilitieswas24.4%(interquartilerange,
16.7%-33.3%). There were 15 facilities (4.9%) that referred zero
patients within 1 year of starting dialysis; the maximum refer-
ral in a year was 75.0% (Figure 2). The variance of the facility
random effect was significantly different from zero (σ2

u = 0.35
[SE, 0.04]). After accounting for patient mix, 7.5% of the total
variation in referral was explained by facility-level clustering.

The proportions of patients referred within 1 year over the
entire study period at each facility were categorized into
tertiles (low, 0.0%-19.2%; moderate, 19.3%-31.2%; and high,
31.3%-75.0%). Facilities with the lowest likelihood of referral
for transplantion within 1 year of starting dialysis (tertile 3) were
more likely to be nonprofit (difference, 17.6% [95% CI, 7.7%-
27.4%]), to be hospital-based (vs freestanding; difference,

Figure 2. Percentages of Patients With End-Stage Renal Disease Referred for Kidney Transplantation Within 1 Year of Starting Dialysis Among Georgia
Dialysis Facilities: 2005-2011
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Table 1. Characteristics of Dialysis Facilities With Lowest, Middle, and Highest Referral for Kidney Transplantation Within 1 Year in Georgia: 2005-2011

Characteristic
Dialysis Facility Characteristics,
No. (%)

Tertile of Transplant Referral, Median (Range)

P Valuea
Lowest
13.1 (0-19.2)

Middle
24.4 (19.3-31.2)

Highest
36.4 (31.3-75.0)

Facilities, No. 308 103 103 102

Total No. of patients 15 279 5125 5954 4200

Facility Incident Patient-Level Characteristics

Age, mean (95% CI), y 53.4 (53.0-53.8) 53.8 (53.1-54.5) 53.5 (53.0-54.0) 53.0 (52.1-53.9) .27

Men, mean % (95% CI) 53.6 (52.1-55.1) 54.1 (51.1-57.1) 54.3 (52.3-56.3) 52.4 (49.5-55.3) .53

Race/ethnicity, mean % (95% CI)

White, non-Hispanic 34.6 (31.8-37.5) 37.0 (31.5-42.6) 32.0 (27.4-36.5) 34.9 (30.1-39.6) .36

White, Hispanic 1.8 (1.4-2.1) 1.9 (1.2-2.6) 1.7 (1.1-2.3) 1.8 (1.1-2.4) .93

Black, non-Hispanic 61.9 (58.9-64.9) 60.3 (54.6-66.0) 65.0 (60.3-69.8) 60.2 (55.1-65.3) .33

Black 1.7 (1.3-2.2) 0.8 (0.5-1.1) 1.3 (0.7-1.9) 3.1 (2.0-4.3) <.001

Attributed cause of ESRD, mean % (95% CI)b

Diabetes 46.9 (45.1-48.8) 48.2 (44.7-51.6) 46.3 (43.6-48.9) 46.4 (42.7-50.1) .67

Hypertension 34.0 (31.9-36.1) 32.6 (28.9-36.3) 35.1 (32.0-38.1) 34.3 (30.3-38.4) .63

Glomerulonephritis 4.8 (4.1-5.4) 4.3 (3.3-5.3) 5.3 (4.1-6.4) 4.7 (3.6-5.8) .45

Other 14.3 (13.1-15.5) 14.9 (12.9-17.0) 13.4 (11.5-15.3) 14.5 (12.3-16.7) .57

Patient 2incident year, No. of incident
patients, mean (95% CI)

2005 7.2 (6.1-8.3) 8.1 (5.3-10.9) 8.5 (7.0-10.0) 4.9 (3.7-6.2) .02

2006 7.5 (6.3-8.7) 8.2 (5.2-11.2) 8.7 (7.2-10.2) 5.5 (4.3-6.7) .07

2007 7.2 (6.2-8.2) 7.4 (4.9-9.8) 8.4 (7.1-9.8) 5.8 (4.6-7.0) .10

2008 7.3 (6.3-8.2) 7.5 (5.2-9.8) 8.2 (6.9-9.6) 6.0 (4.8-7.3) .19

2009 7.6 (6.8-8.3) 7.3 (6.0-8.6) 8.9 (7.5-10.3) 6.5 (5.3-7.7) .03

2010 7.3 (6.5-8.0) 6.3 (5.1-7.5) 8.6 (7.2-10.1) 6.9 (5.7-8.0) .03

2011 5.7 (5.1-6.2) 5.0 (4.1-5.9) 6.4 (5.4-7.4) 5.6 (4.8-6.4) .09

Facility % of Incident Patient Clinical and Laboratory Measures, Mean % (95% CI)

BMI ≥35b,c 24.1 (23.0-25.3) 23.5 (21.3-25.6) 25.0 (23.1-27.0) 23.9 (21.9-25.9) .54

Congestive heart failure 25.3 (23.7-26.9) 27.6 (24.6-30.7) 26.4 (23.9-28.8) 21.8 (19.2-24.5) .008

Atherosclerotic heart disease 10.8 (9.5-12.2) 10.8 (8.6-13.0) 12.4 (9.7-15.2) 9.3 (7.1-11.4) .18

Other cardiac disease 12.6 (11.4-13.9) 12.8 (10.7-14.9) 13.1 (11.2-15.1) 12.0 (9.5-14.4) .74

Cerebrovascular disease (stroke) 8.2 (7.4-9.0) 9.2 (7.9-10.5) 8.7 (7.4-10.0) 6.6 (5.1-8.1) .02

Peripheral vascular disease 9.6 (8.4-10.8) 10.7 (8.9-12.4) 10.4 (8.0-12.7) 7.8 (5.5-10.0) .12

Hypertension 86.4 (84.8-87.9) 84.2 (80.7-87.8) 88.1 (86.6-89.6) 86.8 (84.2-89.4) .13

Diabetes 54.5 (52.8-56.3) 54.2 (50.7-57.7) 57.0 (54.8-59.2) 52.4 (49.2-55.7) .10

Chronic obstructive pulmonary disease 6.4 (5.6-7.2) 8.2 (6.5-9.9) 6.7 (5.4-8.0) 4.4 (3.4-5.4) .001

Tobacco useb 9.5 (8.6-10.4) 11.0 (9.3-12.6) 10.2 (8.7-11.7) 7.2 (57-8.7) .002

Cancer 4.5 (4.0-5.0) 5.0 (4.0-6.0) 4.5 (3.7-5.3) 4.0 (3.3-4.8) .29

Facility % of Incident Patient Socioeconomic Characteristics, Mean % (95% CI)

Pre-ESRD nephrology careb 60.7 (58.4-63.0) 61.4 (57.3-65.6) 61.0 (57.5-64.5) 59.6 (55.3-64.0) .81

Primary health insurance provider

Medicare 36.7 (35.1-38.4) 39.2 (36.1-42.3) 38.6 (36.4-40.8) 32.4 (29.3-35.4) .001

Medicaid 26.2 (24.5-27.8) 29.8 (26.7-33.0) 27.9 (25.4-30.4) 20.7 (18.1-23.3) <.001

Employer group 30.1 (28.1-32.0) 21.9 (18.9-25.0) 29.7 (26.9-32.5) 38.6 (34.9-42.3) <.001

Other coverage 9.5 (8.3-10.7) 10.2 (7.8-12.5) 8.9 (6.9-10.9) 9.4 (7.6-11.2) .69

No coverage 17.5 (16.3-18.8) 18.3 (15.8-20.8) 17.2 (15.4-19.0) 17.1 (15.0-19.2) .69

Facility % of Incident Patient Neighborhood (Zip Code) Characteristics, Mean % (95% CI)

Neighborhood poverty (% of zip code
residents below poverty)

0%-19.9% below poverty 55.5 (52.3-58.8) 45.9 (40.3-51.4) 53.2 (47.9-58.5) 67.7 (62.4-72.9) <.001

≥20% below poverty 44.5 (41.2-47.7) 54.1 (48.6-59.7) 46.8 (41.5-52.1) 32.3 (27.1-37.6) <.001

Average % black, mean (95% CI) 39.3 (37.1-41.5) 36.2 (32.4-40.0) 41.2 (37.4-45.0) 40.5 (36.5-44.6) .15

Average % high school graduates,
mean (95% CI)

81.4 (80.8-82.0) 78.8 (77.8-79.8) 81.2 (80.3-82.1) 84.3 (83.5-85.2) <.001

(continued)
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9.0% [95% CI, 2.8%-15.2%]), to have more patients (differ-
ence, 8.6 [95% CI, −4.4 to 21.6), to treat patients living in high-
poverty neighborhoods (difference, 21.8% [95% CI, 14.1%-
29.4%]), and to have a higher patient to social worker ratio
(difference, 22.5 [95% CI, 9.7-35.2]) compared with facilities
with the highest referral (tertile 1) (Table 1).

Patient Referral and Characteristics
Among 15 279 patients aged 18 through 69 years initiating di-
alysis in 308 Georgia facilities from 2005 to 2011, a total of 4280
patients (28.0%) were referred to a Georgia kidney transplant
center within 1 year of starting dialysis, and 39.2% were re-
ferred at any time during follow-up. Referral increased over the
study period, from 22.0% of incident patients with ESRD in 2005
to 34.2% of patients in 2011 overall, with referral patterns among
each tertile showing a consistent upward trend (P < .001 for trend
for each tertile) (eTable 1 in the Supplement).

Compared with patients referred within a year, patients not
referred within 1 year of starting dialysis were significantly older
(difference,5.7years[95%CI,5.3-6.1years])andmorelikelywhite
(absolute difference, 5.0% [95% CI, 3.4%-6.6%]) and female (dif-
ference, 3.8% [95% CI, 2.1%-5.6%]). Patients not referred had
higher reported tobacco use (difference, 3.7% [95% CI, 2.7%-
4.7%]), more comorbidities (eg, diabetes; difference, 3.9% [95%

CI,2.1%-5.6%]),lowerutilizationofpre-ESRDnephrologycare(dif-
ference, 3.5% [95% CI, 1.7%-5.3%]), and were more likely to have
Medicaid(difference,8.8%[95%CI,7.3%-10.2%])orMedicare(dif-
ference, 9.9% [95% CI, 8.6%-11.3%]) insurance and to live in high-
poverty neighborhoods (difference, 8.7% [95% CI, 6.9%-10.5%])
vsthosereferredwithinayear.Thosenotreferredweremorelikely
to receive treatment at dialysis facilities that were nonprofit (dif-
ference, 7.4% [95% CI, 6.1%-8.6%]), had larger facility size (over-
all difference, 13.1 patients [95% CI, 9.9-16.2 patients]), and had
higher patient to social worker ratios (difference, 4.4 [95% CI, 2.7-
6.1]), compared with those referred within 1 year (Table 2).

Patient Waitlisting and Characteristics
Characteristics of those waitlisted within 1 year of referral vs
not are shown in Table 3. Patients who received a living do-
nor transplant but who were never waitlisted were consid-
ered waitlisted (n = 3). Among those referred within 1 year
(n = 4280 patients with ESRD), a total of 918 patients (21.5%)
were subsequently waitlisted within 1 year of referral.

Factors Associated With Patient Referral for Kidney
Transplantation Within 1 Year of Starting Dialysis
In adjusted models (17.6% of patients with imputed covari-
ate data), older age (60-69 vs 18-29 years; odds ratio [OR],

Table 1. Characteristics of Dialysis Facilities With Lowest, Middle, and Highest Referral for Kidney Transplantation Within 1 Year in Georgia: 2005-2011
(continued)

Characteristic
Dialysis Facility Characteristics,
No. (%)

Tertile of Transplant Referral, Median (Range)

P Valuea
Lowest
13.1 (0-19.2)

Middle
24.4 (19.3-31.2)

Highest
36.4 (31.3-75.0)

Dialysis Facility Characteristics, No. (%)

Profit statusb

For-profit 261 (86.4) 74 (75.5) 93 (90.3) 94 (93.1)
.001

Nonprofit 41 (13.6) 24 (24.5) 10 (9.7) 7 (6.9)

Type of facilityb

Freestanding 290 (95.4) 90 (90.0) 100 (97.1) 100 (99.0)
.006

Hospital-based 14 (4.6) 10 (10.0) 3 (2.9) 1 (1.0)

Facility size (No. of patients)

≤25 118 (38.8) 36 (36.0) 29 (28.2) 53 (53.9)

.01
26-54 85 (28.0) 29 (29.0) 29 (28.2) 27 (26.7)

55-78 54 (17.7) 20 (20.0) 23 (22.3) 11 (10.9)

>79 47 (15.5) 15 (15.0) 22 (21.4) 10 (9.9)

Patient to social worker ratiod

Mean (95% CI) 55.9 (50.3-61.5) 61.2 (51.5-71.0) 67.5 (57.1-78.0) 38.8 (30.5-47.1) <.001

Quartile, No. (%)

<39:1 (quartile 1) 114 (39.5) 31 (32.6) 32 (32.7) 51 (53.1)

.001
40:1-74:1 (quartile 2) 71 (24.6) 27 (28.4) 19 (19.4) 25 (26.0)

75:1-102:1 (quartile 3) 56 (19.4) 21 (22.1) 21 (21.4) 14 (14.6)

>102:1 (quartile 4) 48 (16.6) 16 (16.8) 26 (26.5) 6 (6.3)

Abbreviations: BMI, body mass index; ESRD, end-stage renal disease.
a Across tertiles of referral, by analysis of variance or χ2 test.
b A total of 4 facilities (1.3%) were missing information on BMI and tobacco

use; 7 facilities (2.2%) were missing information on pre-ESRD nephrology
care; 3 facilities (1.0%) were missing information on primary cause
of ESRD; 6 facilities were missing information on for-profit status;
and 4 facilities were missing information on hospital-based vs
freestanding status.

c Calculated as weight in kilograms divided by height in meters squared.
d Number of patients for every 1 social worker. Calculated only among those

facilities that have social workers. Overall, n = 5 facilities did not have a social
worker (n = 4 for facilities in the lowest tertile of referral; n = 1 for those in the
intermediate tertile; and n = 0 for those in the highest tertile).
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Table 2. Characteristics of Patients With End-Stage Renal Disease Referred for Kidney Transplantation
Within 1 Year of Starting Dialysis vs Not Referred Within 1 Year in Georgia: 2005-2011

Characteristic

No. (%)

P
Valuea

Study Population
(n = 15 279)

Transplant Within 1 Year

Referred
(n = 4280 [28.0%])

Not Referred
(n = 10 999
[72.0%])

Patient-Level Characteristics at Start of Dialysis

Age, mean (95% CI), y 53.2 (53.0-53.4) 49.1 (48.7-49.4) 54.8 (54.6-54.8) <.001

Age category, y

18-29 690 (4.5) 334 (7.8) 356 (3.2)

<.001

30-39 1462 (9.6) 644 (15.0) 818 (7.4)

40-49 2873 (18.8) 1004 (23.5) 1869 (17.0)

50-59 4763 (31.2) 1348 (31.5) 3415 (31.1)

60-69 5491 (35.9) 950 (22.2) 4541 (41.3)

Sex

Male 8381 (54.9) 2465 (57.6) 5916 (53.8)
<.001

Female 6898 (45.1) 1815 (42.4) 5083 (46.2)

Race/ethnicity

White, non-Hispanic 4662 (30.5) 1156 (27.0) 3506 (31.9)

<.001
White, Hispanic 352 (2.3) 104 (2.4) 248 (2.3)

Black, non-Hispanic 9992 (65.4) 2906 (67.9) 7086 (64.4)

Other race/ethnicity 273 (1.8) 114 (2.7) 159 (1.4)

Attributed cause of ESRD

Diabetes 6810 (44.6) 1829 (42.7) 4981 (45.3)

<.001
Hypertension 5253 (34.4) 1570 (36.7) 3683 (33.5)

Glomerulonephritis 734 (4.8) 296 (6.9) 438 (4.0)

Other 2482 (16.2) 585 (13.7) 1897 (17.2)

Patient incident year

2005 2216 (14.5) 487 (11.4) 1729 (15.7)

<.001

2006 2303 (15.1) 618 (14.4) 1685 (15.3)

2007 2217 (14.5) 574 (13.4) 1643 (14.9)

2008 2237 (14.6) 596 (13.9) 1641 (14.9)

2009 2328 (15.2) 691 (16.1) 1637 (14.9)

2010 2237 (14.6) 723 (16.9) 1514 (13.8)

2011 1741 (11.4) 591 (13.8) 1150 (10.5)

Clinical and Laboratory Measures at Start of Dialysis

BMI >35b 3532 (23.1) 959 (22.4) 2573 (23.4) .19

Congestive heart failure 4096 (26.8) 853 (19.9) 3243 (29.5) <.001

Atherosclerotic heart disease 1754 (11.5) 331 (7.7) 1423 (12.9) <.001

Other cardiac disease 2007 (13.1) 410 (9.6) 1597 (14.5) <.001

Cerebrovascular disease
(stroke)

1362 (8.9) 230 (5.4) 1132 (10.3) <.001

Peripheral vascular disease 1482 (9.7) 265 (6.2) 1217 (11.1) <.001

Hypertension 13 438 (88.0) 3854 (90.0) 9584 (87.1) <.001

Diabetes 8344 (54.6) 2218 (51.8) 6126 (55.7) <.001

Chronic obstructive
pulmonary disease

1023 (6.7) 136 (3.2) 887 (8.1) <.001

Tobacco use 1559 (10.2) 325 (7.6) 1234 (11.2) <.001

Cancer 714 (4.7) 85 (2.0) 629 (5.7) <.001

Socioeconomic Characteristics at Start of Dialysis

Pre-ESRD nephrology carec

Yes 7865 (60.0) 2362 (62.4) 5503 (58.9)
<.001

No 5254 (40.0) 1421 (37.6) 3833 (41.1)
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0.19 [95% CI: 0.15-0.23]), female sex (OR, 0.89 [95%
CI, 0.83-0.96]), other cause of ESRD (vs hypertension)
(OR, 0.66 [95% CI, 0.58-0.74]), Medicaid (vs Medicare)
insurance (OR, 0.85 [95% CI, 0.73-0.98]), higher neighbor-
hood poverty (per 5% inc rease; OR, 0.94 [95% CI,
0.91-0.96]), and generally more comorbidities were all asso-
ciated with lower likelihood of patient referral within 1 year
of starting dialysis in multilevel analyses (Table 4). In con-
trast, patients who were black (vs white) (OR, 1.22 [95% CI,
1.10-1.35]), had employer (vs Medicare) insurance (OR, 2.12
[95% CI, 1.89-2.38]), pre-ESRD nephrology care (OR, 1.27
[95% CI, 1.16-1.40]), and were treated at for-profit dialysis
facilities (OR, 1.51 [95% CI, 1.20-1.91]) were more likely
to be referred within a year of starting dialysis than their
counterparts.

Factors Associated With Patient Waitlisting
Within 1 Year of Referral
In contrast to referral, sex and age were not significantly as-
sociated with waitlisting, and black (vs white) patients had

lower odds of waitlisting within 1 year of referral (OR, 0.77 [95%
CI, 0.64-0.93]) (Table 4). Dialysis facility characteristics, in-
cluding patient to social worker ratio and for-profit status, were
not associated with waitlisting.

Transplantation
There were a total of 685 living (36.6%) or deceased (63.4%)
donor transplants among the 15 279 individuals (3.1% of all pa-
tients with ESRD) during the study follow-up. A total of 467
(10.9%) were among those referred within 1 year of ESRD
(Figure 1).

Sensitivity Analyses
Demographic, clinical, socioeconomic, and dialysis facility
characteristics were similar among patients who were ever re-
ferred for transplantation vs those referred within 1 year (eTable
2 in the Supplement). Hazard ratios from time-to-referral and
time-to-waitlisting analyses, which were similar to odds ra-
tios obtained from the main analyses, are shown in eTable 3
and eTable 4 in the Supplement.

Table 2. Characteristics of Patients With End-Stage Renal Disease Referred for Kidney Transplantation
Within 1 Year of Starting Dialysis vs Not Referred Within 1 Year in Georgia: 2005-2011 (continued)

Characteristic

No. (%)

P
Valuea

Study Population
(n = 15 279)

Transplant Within 1 Year

Referred
(n = 4280 [28.0%])

Not Referred
(n = 10 999
[72.0%])

Primary health insurance providerc

Medicare 3266 (21.4) 609 (14.2) 2657 (24.2)

<.001

Medicaid 3870 (25.3) 814 (19.0) 3056 (27.8)

Employer group 4267 (27.9) 1742 (40.7) 2525 (23.0)

Other coverage 693 (4.5) 191 (4.5) 502 (4.6)

No coverage 3132 (20.5) 920 (21.5) 2212 (20.1)

Neighborhood (Zip Code) Characteristicsc

Neighborhood poverty (% of zip code below
poverty)

0%-19% (Low) 7027 (47.5) 1714 (41.2) 5313 (49.9)
<.001

>20% (High) 7779 (52.5) 2447 (58.8) 5332 (50.1)

Average % black, mean (95% CI) 42.0 (41.6-42.5) 41.9 (41.1-42.7) 42.1 (41.5-42.6) .79

Average % high school graduates,
mean (95% CI)

81.3 (81.2-81.5) 82.4 (82.2-82.7) 80.9 (80.7-81.0) <.001

Dialysis Facility Characteristics

For-profitc 12 417 (82.1) 3725 (87.3) 8692 (80.0) <.001

Freestandingc 13 949 (91.4) 4073 (95.2) 9876 (89.9) <.001

Facility size (No. of patients)c

<25 3315 (21.7) 1098 (25.7) 2217 (20.2)

<.001
26-54 4224 (27.7) 1062 (24.8) 3162 (28.8)

55-78 3837 (25.1) 1028 (24.0) 2809 (25.6)

>79 3894 (25.5) 1091 (25.5) 2803 (25.5)

Patient to social worker ratiod

Mean (95% CI) 72.8 (72.0-73.5) 69.6 (68.1-71.1) 74.0 (73.1-74.9) <.001

Quartile, No. (%)

<39:1 (quartile 1) 3429 (23.2) 1103 (26.8) 2326 (21.8)

<.001
40:1-74:1 (quartile 2) 3994 (27.0) 1081 (26.2) 2913 (27.3)

75:1-102:1 (quartile 3) 3602 (24.3) 905 (21.9) 2697 (25.3)

>102:1 (quartile 4) 3772 (25.5) 1035 (27.4) 2737 (25.6)

Abbreviations: BMI, body mass index;
ESRD, end-stage renal disease.
a Across categories of patients

referred or not referred for
transplantation within 1 year, by
analysis of variance or χ2 test.

b Calculated as weight in kilograms
divided by height in meters
squared.

c A total of 14.1% of patients were
missing data on pre-ESRD
nephrology care; 0.3% were
missing insurance information; 3.1%
were missing neighborhood
characteristics from Census data;
0.9% were missing facility profit
status; less than 0.1% were missing
facility type; 0.2% were missing
facility size information.

d Number of patients for every 1 social
worker. Calculated only among
those facilities that have social
workers.
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Table 3. Characteristics of Patients With End-Stage Renal Disease Who Were Waitlisted or Received
a Kidney Transplant Within 1 Year of Referral in Georgia Among Those Referred for Transplantation Within 1
Year of Starting Dialysis: 2005-2011

Characteristic

No. (%)

P Valuea

Patients Referred
Within 1 Year of
ESRD
(n = 4280)

Within 1 Year of Referral, Among Referred
Patients

Waitlisted or
Received Transplant
(n = 918)

Not Waitlisted
(n = 3362)

Patient-level Characteristics at Start of Dialysis

Age, mean (95% CI), y 49.1 (48.7-49.4) 48.0 (47.2-48.9) 49.3 (48.9-49.7) .15

Age category, y

18-29 334 (7.8) 96 (10.5) 238 (7.1)

.01

30-39 644 (15.1) 143 (15.6) 501 (14.9)

40-49 1004 (23.5) 210 (22.9) 794 (23.6)

50-59 1348 (31.5) 270 (29.4) 1078 (32.1)

60-69 950 (22.2) 199 (21.7) 751 (22.3)

Sex

Male 2465 (57.6) 551 (60.0) 1914 (56.9)
.09

Female 1815 (42.4) 367 (40.0) 1448 (43.1)

Race/ethnicity

White, non-Hispanic 1156 (27.0) 291 (31.7) 865 (25.7)

<.001
White, Hispanic 104 (2.4) 28 (3.1) 76 (2.3)

Black, non-Hispanic 2906 (67.9) 561 (61.1) 2345 (69.8)

Other race/ethnicity 114 (2.7) 38 (4.1) 76 (2.3)

Attributed cause of ESRD

Diabetes 1829 (42.7) 314 (34.2) 1515 (45.1)

<.001
Hypertension 1570 (36.7) 328 (35.7) 1242 (36.9)

Glomerulonephritis 296 (6.9) 103 (11.2) 193 (5.7)

Other 585 (13.7) 173 (18.9) 412 (12.3)

Patient incident year

2005 487 (11.4) 99 (10.8) 388 (11.5)

.27

2006 618 (14.4) 117 (12.8) 501 (14.9)

2007 574 (13.4) 121 (13.2) 453 (13.5)

2008 596 (13.9) 138 (15.0) 458 (13.6)

2009 691 (16.1) 167 (18.2) 524 (15.6)

2010 723 (16.9) 158 (17.2) 565 (16.8)

2011 591 (13.8) 118 (12.9) 473 (14.1)

Clinical and Laboratory Measures at Start of Dialysis

BMI >35b 959 (22.4) 138 (15.0) 821 (24.4) <.001

Congestive heart failure 853 (19.9) 123 (13.4) 730 (21.7) <.001

Atherosclerotic heart disease 331 (7.7) 59 (6.4) 272 (8.1) .10

Other cardiac disease 410 (9.6) 67 (7.3) 343 (10.2) .008

Cerebrovascular disease (stroke) 230 (5.4) 33 (3.6) 197 (5.9) .007

Peripheral vascular disease 265 (6.2) 25 (2.7) 240 (7.1) <.001

Hypertension 3854 (90.1) 801 (87.3) 3053 (90.8) .001

Diabetes 2218 (51.8) 394 (42.9) 1824 (54.3) <.001

Chronic obstructive
pulmonary disease

136 (3.2) 9 (1.0) 127 (3.8) <.001

Tobacco use 325 (7.6) 50 (5.5) 275 (8.2) .006

Cancer 85 (2.0) 14 (1.5) 71 (2.1) .26

Socioeconomic Characteristics at Start of Dialysis

Pre-ESRD nephrology carec

Yes 2362 (55.2) 527 (64.1) 1835 (62.0)
.26

No 1421 (33.2) 295 (35.9) 1126 (38.0)

(continued)
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Discussion

We found that only 28.0% of all patients with incident ESRD
aged 18 through 69 years in Georgia were referred for trans-
plantation within 1 year of starting dialysis, and referral var-
ied significantly across the 308 dialysis facilities, from 0% to
75.0%. Furthermore, factors associated with lower referral for
transplantation, such as white race, older age, and nonprofit
facility status, were not necessarily the same as those associ-
ated with lower waitlisting. Results of this study suggest that
referral for transplantation among Georgia dialysis facilities is
not uniform and that national surveillance data measuring
waitlisting and transplantation, but not referral, may be inad-
equate to assess and intervene on disparities in access to kid-
ney transplantation.

Although the proportion of patients who should be re-
ferred for kidney transplantation within 1 year of ESRD is un-
known, 28% is likely low. Ineligibility due to medical contra-

indications is estimated to be less than 15% in the few single-
center studies that have been conducted.11,12 However,
determination of eligibility for transplantation is complex and
varies across transplant centers. Although active drug or al-
cohol abuse, untreated psychiatric conditions, active cancer,
systemic infection, and nonadherence are common exclu-
sion criteria for transplant surgery,13 none are permanent con-
ditions that necessarily preclude transplant referral.

National guidelines recommend that, if there is any un-
certainty about eligibility, the patient should be referred for
transplantation.14 However, nephrologists and dialysis facil-
ity staff may be unsure of which patients to refer,15 which may
lead to significant facility-level variation in referral, as ob-
served in our study. Dialysis professionals may need more guid-
ance about what constitutes an appropriate vs inappropriate
referral to ensure that appropriate candidates are referred for
transplantation.16 It is also possible that, despite Centers for
Medicare & Medicaid Services (CMS) requirements that facili-
ties must educate their patients about transplantation and track

Table 3. Characteristics of Patients With End-Stage Renal Disease Who Were Waitlisted or Received
a Kidney Transplant Within 1 Year of Referral in Georgia Among Those Referred for Transplantation Within 1
Year of Starting Dialysis: 2005-2011 (continued)

Characteristic

No. (%)

P Valuea

Patients Referred
Within 1 Year of
ESRD
(n = 4280)

Within 1 Year of Referral, Among Referred
Patients

Waitlisted or
Received Transplant
(n = 918)

Not Waitlisted
(n = 3362)

Primary health insurance providerc

Medicare 609 (14.2) 89 (9.7) 520 (15.5)

<.001

Medicaid 814 (19.0) 100 (10.9) 714 (21.3)

Employer group 1742 (40.7) 483 (52.6) 1259 (37.5)

Other coverage 191 (4.5) 63 (6.9) 128 (3.8)

No coverage 920 (21.5) 183 (19.9) 737 (22.0)

Neighborhood (Zip Code) Characteristicsc

Neighborhood poverty (% zip code
below poverty)

0%-19% (Low) 1714 (41.2) 324 (36.1) 1390 (42.6)
<.001

>20% (High) 2447 (58.8) 574 (63.9) 1873 (57.4)

Average % black, mean (SD) 41.9 (41.1-42.7) 37.0 (35.3-38.7) 43.2 (42.3-44.2) <.001

Average % high school graduates, mean
(SD)

82.4 (82.2-82.7) 83.4 (82.8-83.9) 82.2 (81.9-82.4) <.001

Dialysis Facility Characteristics

For-profitc 3725 (87.3) 817 (89.3) 2908 (86.8) .05

Freestanding facilityc 4073 (95.2) 889 (96.8) 3184 (94.7) .008

Facility size (No. of patients)c

<25 1098 (25.7) 252 (27.5) 846 (25.2)

.06
26-54 1062 (24.8) 222 (24.2) 840 (25.0)

55-78 1028 (24.0) 193 (21.0) 835 (24.8)

>79 1091 (25.5) 251 (27.3) 840 (25.0)

Patient to social worker ratiod

Mean (SD) 69.6 (68.1-71.1) 68.2 (65.0-71.4) 70.0 (68.3-71.7) .49

Quartile, No. (%)

<39:1 (quartile 1) 1103 (26.8) 259 (28.7) 844 (26.2)

.40
40:1-74:1 (quartile 2) 1081 (26.2) 221 (24.5) 860 (26.7)

75:1-102:1 (quartile 3) 905 (21.9) 197 (21.8) 708 (22.0)

>102:1 (quartile 4) 1035 (27.4) 225 (24.9) 810 (25.1)

Abbreviations: BMI, body mass index;
ESRD, end-stage renal disease.
a Across categories of waitlisted or

transplanted within 1 year vs not
waitlisted or transplanted within 1
year, among those referred, by
analysis of variance or χ2 test.

b Calculated as weight in kilograms
divided by height in meters
squared.

c A total of 11.6% of patients were
missing data on pre-ESRD
nephrology care; <0.1% were
missing insurance information;
2.8% were missing neighborhood
characteristics from Census data;
0.4% were missing facility profit
status; less than 0.1% were missing
facility type; <0.1% were missing
facility size information.

d Number of patients for every 1 social
worker. Calculated only among
those facilities that have social
workers.
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patients’ referrals for transplantation,17 the level of detail fa-
cility staff present to patients on treatment options is likely vari-
able. This is supported by findings that less than 50% of ne-
phrologists have a detailed discussion about transplantation
with their patients18 and only 33% of patients are informed of
transplant options at the time of dialysis start.19 This variabil-
ity in dialysis facility–level referral may be contributing to the
observed inequities in access to kidney transplantation.9

Nationally, roughly 23% of patients younger than 70 years
in a dialysis facility are waitlisted, and 3.4% receive trans-
plants annually.8 Variation in both waitlisting20 and transplan-
tation rates8 among dialysis facilities has been reported even
after adjustment for patient factors, with lower transplanta-
tion rates among facilities with for-profit status,8,21 higher pro-
portions of black patients8 and patients with limited access to
health care,8,20 and fewer staff.8 However, waitlisting and kid-
ney transplantation outcomes among dialysis facilities may not
be the ideal quality performance metric for facilities. Lower
facility-level transplantation rates may not be attributable to
lower waitlisting rates; Ashby et al22 found that, in general,
states with lower waitlisting rates had higher transplantation
rates. Many factors beyond the dialysis facility may be asso-
ciated with placement on the deceased donor waiting list, such
as whether the patient started or completed the transplant
evaluation, was interested in transplantation, or was medi-
cally eligible for transplantation.

The need to examine multiple transplant steps is well
illustrated by our study, in which we found that factors
associated with referral for transplantation were not always
the same as those factors associated with waitlisting. For
example, we observed racial disparities in waitlisting, as has
been reported previously in the United States5,23 and in the
Southeast24 and Georgia.25 Without referral data we might
have concluded that observed racial disparities in access to
waitlisting were attributable to disparities in referral by a
dialysis facility. However, we found that black patients had
an OR of 1.22 for referral compared with white patients but

Table 4. Association of Patient- and Dialysis Facility-level Factors With
Referral for Kidney Transplantation in Georgia Within 1 Year of Starting
Dialysis, and Waitlisting Within 1 Year of Referral: 2005-2011

Covariate

Odds Ratio (95% CI)

Referral Within 1
Year of ESRD
(n = 15 279)

Waitlisting or Transplant
Receipt Within 1 Year
of Referral, Among
Patients Referred Within
1 Year of ESRD
(n = 4280)

Patient-Level Characteristics

Age, y

18-29 1 [Reference] 1 [Reference]

30-39 0.77 (0.62-0.94) 0.82 (0.58-1.15)

40-49 0.48 (0.40-0.58) 0.77 (0.56-1.10)

50-59 0.35 (0.28-0.42) 0.73 (0.53-1.00)

60-69 0.19 (0.15-0.23) 0.83 (0.57-1.20)

Female vs male 0.89 (0.83-0.96) 0.93 (0.78-1.09)

Race/ethnicity

Non-Hispanic white 1 [Reference] 1 [Reference]

Hispanic white 0.94 (0.66-1.34) 1.12 (0.70-1.78)

Non-Hispanic black 1.22 (1.10-1.35) 0.77 (0.64-0.93)

Other 1.95 (1.47-2.58) 1.35 (0.86-2.13)

ESRD cause

Hypertension 1 [Reference] 1 [Reference]

Diabetes 1.00 (0.89-1.13) 0.90 (0.70-1.15)

Glomerulonephritis 1.20 (1.00-1.44) 1.67 (1.27-2.19)

Other 0.66 (0.58-0.74) 1.46 (1.14-1.86)

Year of incident ESRD

2005 1 [Reference] 1 [Reference]

2006 1.36 (1.14-1.62) 0.95 (0.69-1.30)

2007 1.29 (1.11-1.51) 1.12 (0.81-1.56)

2008 1.38 (1.18-1.61) 1.28 (0.92-1.78)

2009 1.59 (1.34-1.87) 1.44 (1.06-1.94)

2010 1.80 (1.52-2.13) 1.18 (0.86-1.62)

2011 1.97 (1.65-2.35) 1.11 (0.80-1.53)

Clinical and Laboratory Measures (Yes vs No)

Congestive heart failure 0.78 (0.71-0.86) 0.75 (0.60-0.93)

Atherosclerotic heart disease 0.88 (0.76-1.02) 1.08 (0.77-1.51)

Other cardiac disease 0.83 (0.74-0.93) 0.82 (0.61-1.11)

Cerebrovascular disease
(stroke)

0.67 (0.57-0.80) 0.84 (0.57-1.24)

Peripheral vascular disease 0.79 (0.68-0.93) 0.45 (0.29-0.70)

Hypertension 1.35 (1.19-1.54) 0.81 (0.62-1.04)

Diabetes 0.98 (0.89-1.08) 0.86 (0.70-1.05)

Chronic obstructive
pulmonary disease

0.62 (0.50-0.76) 0.30 (0.16-0.58)

Tobacco use 0.78 (0.67-0.91) 0.73 (0.53-1.01)

Cancer 0.39 (0.31-0.50) 0.68 (0.36-1.30)

Socioeconomic Characteristics

Pre-ESRD nephrology care:
yes vs no

1.27 (1.16-1.40) 1.14 (0.96-1.36)

Health insurance

Medicare 1 [Reference] 1 [Reference]

Medicaid 0.85 (0.73-0.98) 0.87 (0.62-1.22)

Employer group 2.12 (1.89-2.38) 2.10 (1.58-2.77)

Other coverage 1.35 (1.10-1.65) 2.72 (1.80-4.09)

No coverage 1.10 (0.96-1.25) 1.36 (0.98-1.87)

(continued)

Table 4. Association of Patient- and Dialysis Facility-level Factors With
Referral for Kidney Transplantation in Georgia Within 1 Year of Starting
Dialysis, and Waitlisting Within 1 Year of Referral: 2005-2011 (continued)

Covariate

Odds Ratio (95% CI)

Referral Within 1
Year of ESRD
(n = 15 279)

Waitlisting or Transplant
Receipt Within 1 Year
of Referral, Among
Patients Referred Within
1 Year of ESRD
(n = 4280)

Neighborhood Characteristics

Neighborhood poverty
(per 5% increase)

0.94 (0.91-0.96) 0.92 (0.87-0.97)

Dialysis Facility Characteristics

Patient to social worker ratio

0-39:1 1 [Reference] 1 [Reference]

40:1-74:1 0.89 (0.72-1.09) 0.84 (0.64-1.09)

75:1-102:1 0.73 (0.58-0.91) 0.96 (0.72-1.28)

≥102:1 0.89 (0.67-1.19) 0.94 (0.72-1.23)

For-profit vs nonprofit 1.51 (1.20-1.91) 1.09 (0.83-1.44)

Abbreviation: ESRD, end-stage renal disease.
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an OR of 0.77 for waitlisting. Thus, the reasons for racial dis-
parities in waitlisting may be attributable to racial differ-
ences in preferences for kidney transplantation,26 starting
or completing the evaluation,25 medical eligibility for
transplantation,25,27 or referral prior to starting dialysis.28,29

Patients excluded from our study because of referral or
transplantation prior to starting dialysis were more likely
white and insured. An examination of all patients with kid-
ney disease may find different results.

In addition, we observed that, as age increased, referral for
transplantation decreased—but, among those referred, age was
not a significant predictor of waitlisting within a year. This may
reflect a difference in the perception of the dialysis facility vs
transplant center that older age is a contraindication to trans-
plantation. Consistent with prior literature,6,30,31 for both re-
ferral and waitlisting, Medicaid, no access to pre-ESRD ne-
phrology care, and higher neighborhood poverty were
associated with reduced access to transplantation.

Similarly, several studies have found that for-profit facili-
ties, which may have a financial motivation to keep patients
on dialysis, have lower transplantation rates8,19,21 and fewer
staff32 compared with nonprofit facilities. In our study, we
found that patients receiving dialysis in for-profit facilities had
an OR of 1.51 for referral for transplantation within a year but
an equal chance of waitlisting compared with patients in non-
profit facilities. The reasons for this are unclear; it is possible
that large, for-profit dialysis chains have responded to the criti-
cism of low transplantation rates by increasing referrals; the
reasons for why referrals have not translated into higher wait-
listing among patients with ESRD in Georgia should be ex-
plored in future research.

These findings may have implications for health policy
makers, researchers, clinicians, and patients. Low facility-
level referral for transplantation, as well as the variability in
referral across Georgia facilities, suggests that standardized
guidelines are needed for the content and duration of a patient-
clinician educational discussion regarding treatment options
at start of dialysis. Socioeconomic status factors were signifi-
cant barriers to both referral and waitlisting in this study; na-
tional policies, such as Medicaid expansion, could help to al-
leviate disparities.9,33 The collection of national transplant
referral surveillance data by CMS among all of the more than
5000 US dialysis facilities is needed to identify poorly per-
forming facilities on which to focus quality improvement in-
terventions. A CMS Technical Expert Panel recommended the
collection of these data nearly a decade ago,34 yet there is still
no national benchmark for transplant referral in the United
States. Researchers should continue to develop, test, and imple-
ment pragmatic interventions to improve knowledge of trans-

plantation among both clinicians and patients. In Georgia, such
interventions could focus on those dialysis facilities with the
lowest proportions of patients with ESRD referred for kidney
transplantation.10 Efforts should not stop at referral; because
we found that factors associated with referral and waitlisting
may differ, it is important to highlight possible discrepancies
between dialysis facilities’ perceptions of appropriate refer-
rals and the reality of which patients are actually waitlisted and
undergo transplantation in practice.

Our study has several strengths, including the collabora-
tion of all transplant centers in Georgia to contribute data for
what is to our knowledge the largest regional study of dialy-
sis facility–level referral for kidney transplantation. The use of
multilevel modeling techniques and sensitivity analyses en-
sured the robustness of findings.

However, there are limitations to our study interpreta-
tions. Our study was conducted in Georgia, and results may
not be generalizable to other states. However, our data em-
phasize the importance of measuring referral for transplanta-
tion to capture its variability both within and between re-
gions. Second, our data source does not capture facility referrals
outside of Georgia; however, in a 2012 survey of Georgia di-
alysis facilities,10 only 1 facility referred patients to trans-
plant centers exclusively outside of Georgia. We linked refer-
ral data to the USRDS registry to capture waitlisting and
transplant outcomes at any US transplant center. However, the
small number of transplants precluded multivariable and strati-
fied analyses of transplantation as an outcome. While the US-
RDS registry includes some patient comorbidities, there are
likely many unmeasured and unknown factors that influence
a patient’s eligibility for transplantation that may vary across
dialysis facilities. Although the use of a random-effects model
provides estimates of an overall effect while allowing base-
line referral to vary at each facility, it is unlikely this approach
completely accounts for facility-level variation in patient eli-
gibility. Last, variability in transplant center evaluation could
influence the rate of waitlisting and is unaccounted for in our
study. Future regional or national studies could examine how
transplant center factors influence waitlisting.

Conclusions
In Georgia overall, a limited proportion of patients treated with
dialysis were referred for kidney transplant evaluation be-
tween 2005 and 2011, but there was substantial variability in
referral among facilities. Variables associated with referral were
not always associated with waitlisting, suggesting that differ-
ent factors may account for disparities in referral.
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