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Background and objectives: Variation in kidney transplant access across the United States may motivate relocation of
patients with ability to travel to better-supplied areas.

Design, setting, participants, & measurements: We examined national transplant registry and U.S. Census data for kidney
transplant candidates listed in 1999 to 2009 with a reported residential zip code (n = 203,267). Cox’s regression was used to
assess associations of socioeconomic status (SES), distance from residence to transplant center, and relocation to a different
donation service area (DSA) with transplant access and outcomes.

Results: Patients in the highest SES quartile had increased access to transplant compared with those with lowest SES, driven
strongly by 76% higher likelihood of living donor transplantation (adjusted hazard ratio [aHR] 1.76, 95% confidence interval
[CI] 1.70 to 1.83). Waitlist death was reduced in high compared with low SES candidates (aHR 0.86, 95% CI 0.84 to 0.89). High
SES patients also experienced lower mortality after living and deceased donor transplant. Patients living farther from the
transplant center had reduced access to deceased donor transplant and increased risk of post-transplant death. Inter-DSA
travel was associated with a dramatic increase in deceased donor transplant access (HR 1.94, 95% CI 1.88 to 2.00) and was
predicted by high SES, white race, and longer deceased-donor allograft waiting time in initial DSA.

Conclusions: Ongoing disparities exist in kidney transplantation access and outcomes on the basis of geography and SES
despite near-universal insurance coverage under Medicare. Inter-DSA travel improves access and is more common among

high SES candidates.
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t has been nearly a decade since the Department of Health
I and Human Services issued the Final Rule regarding the

operations of the Organ Procurement and Transplantation
Network (OPTN), which directs the transplant community to
reduce disparity in access to transplantation, to allocate organs
over as wide of a geographic area possible, and to ensure that
organs are allocated on the basis of medical necessity (1). Re-
flecting such directives, the kidney allocation algorithm has
been adjusted to reduce the importance of HLA matching to
improve access to transplantation for racial and ethnic minor-
ities (2). However, with the exception of the recent revisions to
the heart transplant allocation system (3), there have been no
successful revisions to the current geographic boundaries of
organ allocation.
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Current deceased donor allocation policy is based on a sys-
tem in which kidneys are initially offered to transplant centers
in the local geographic area of recovery (donation service area
[DSA]) before sharing within 1 of 11 geographic United Net-
work for Organ Sharing (UNOS) regions, which each include
=1 DSAs. As a result of substantial differences in the ratio of
organs recovered to waiting candidates, there is dramatic vari-
ation in average waiting times across the UNOS regions, rang-
ing from <2 years to nearly 7 years (4-7).

The role of socioeconomic status (SES) in determining access
to transplantation services is complex because SES affects care
throughout the transplant process (8,9). Patients with low SES
often delay seeking medical care and lack access to specialty
services, leading to delays in transplant referral, evaluation,
and listing (10,11). Despite near-universal eligibility for Medi-
care coverage on the basis of ESRD provisions, insurance status
continues to influence outcome and access to transplantation.
For example, kidney transplant candidates with Medicare-only
health insurance were recently shown to have a 78% lower
likelihood of being pre-emptively listed for transplant com-
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pared with privately insured patients, thereby increasing wait-
ing list morbidity and reducing post-transplant graft survival
(12). Conversely, patients with college (odds ratio 1.20, P <
0.001) or postgraduate education (odd ratio 1.65, P < 0.001)
were significantly more likely to be listed before dialysis.

The study presented here examined the associations of SES,
distance from an individual’s residence to the transplant center
(quantified as travel time), and choosing to travel to a different
DSA with kidney transplant access and outcomes in the United
States. Specifically, we examined the differential effects of these
sociodemographic factors among listed candidates and recipi-
ents of live and deceased donor organs. We sought to under-
stand the potential contributions of SES, geographic differences
in place of residence, and individual relocation behaviors to
current disparities in transplant access and outcomes.

Materials and Methods
Data Source and Participant Selection

Data from OPTN/UNOS Standard Transplant Analytic Research
files for patients listed for or transplanted with renal allografts in 1999
to 2009 were analyzed (13). Patients missing valid zip code of primary
residence at listing were excluded from transplant access analyses, and
patients without a valid residential zip code at transplant were ex-
cluded from post-transplant outcomes analyses. This study complied
with all regulations regarding the Health Insurance Portability and
Accountability Act and was approved by the Committee for the Pro-
jection of Human Subjects protections at Saint Louis University.

Exposure Measures: SES, Distance to Center,
and Inter-DSA Travel

An index of neighborhood SES was computed based on census
block-group data linked from the U.S. Census to reported zip code of
patient residence. The SES index score was computed by the method of
the Agency for Healthcare Research and Quality according to the
formula 50 + (—0.07 X %crowded) + (0.08 X median property value) +
(0.11 X median household income) + (—0.10 X %poverty) + (—0.11 X
Y%education <12th grade) + (0.10 X %college) + (—0.08 X %unemployed),
with possible values ranging from 0 to 100 (14). Higher SES index
scores reflect higher SES levels. Patients were then categorized by
quartiles of SES score.

Travel time from the candidate’s residence to their transplant center
at initial listing (and at transplantation if transplanted) was determined
using distance from zip code to zip code according to an algorithm
developed by Dr. David Goodman (15,16). Patients were categorized by
quartile of travel time at initial listing, and at transplantation, respec-
tively.

Inter-DSA “traveling” was defined as transfer of care to a center
outside of a candidate’s initial DSA after initial listing. Such transfer of
care required initial listing at a center in one DSA, delisting, and then
relisting at a center in a different DSA, as reported to the OPTN. This
metric was chosen because waiting times by blood type are generally
similar at centers within a given DSA because they share a local kidney
allocation system. Travel to seek care outside of the initial DSA offers
the candidate the opportunity to seek care at a center with different
local wait time characteristics and to potentially improve access to
deceased donor transplantation.

Covariates
Baseline patient demographic and clinical data were drawn from the
OPTN Candidate and Transplant Registration forms. Demographic and
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clinical factors included age, race, ethnicity, blood type, peak panel
reactive antibody level, education, insurance status, cause of end-stage
renal failure, OPTN-reported comorbidities at listing, and year of list-
ing and transplant events. Donor factors included age, race, ethnicity,
cause of death, body mass index, type (living, standard criteria de-
ceased, expanded criteria deceased, donation after cardiac death), num-
ber of HLA mismatches, cold ischemia time, and donor-recipient cyto-
megalovirus serostatus. Baseline information was considered at the
time of listing or transplantation, respectively, as appropriate for each
analysis. Median local waiting time was calculated by the Scientific
Registry of Transplant Recipients from OPTN data for candidates wait-
listed in each DSA for blood-type specific, non-multiorgan deceased
donor transplants by listing year through 2006 (3). Geography was
considered at the level of UNOS region or DSA.

Outcome Measures

Primary outcomes of interest included time from listing to (1) trans-
plantation; (2) deceased-donor transplant, censored at living donor
transplant; and (3) living donor transplant, censored at deceased donor
transplant. Observation time for transplant access analyses was cen-
sored at death, removal from the list for illness or other cause, and end
of study (November 2009). We also examined time from initial listing to
death or waitlist removal for illness, censored at transplant or end of
study. Associations of SES and distance to center with post-transplant
patient survival and death-censored graft survival were examined
among transplant recipients. Observation time for post-transplant out-
comes was censored at end of study. Additional analyses considered
cross-DSA travel as an outcome to examine clinical correlates of trav-
eling for care. Observation time for traveling after initial listing was
censored at death, waitlist removal because of illness, or end of study.

Statistical Analyses

All analyses were conducted using SAS version 9.2. (Cary, NC).
Differences in donor and recipient characteristics as a function of SES
and travel time were assessed by x* test for categorical variables. The
cumulative incidence of transplant access and of traveling after listing,
stratified by key baseline factors of interest, was estimated by the
Kaplan-Meier method. Multivariable Cox regression models were con-
structed to estimate associations of SES and distance to center with each
study outcome (adjusted hazards ratio [aHR] and 95% confidence
interval [CI]), including adjustment for recipient, donor, and transplant
factors. The proportionality assumption was confirmed by graphical
methods. Adjusted associations of cross-DSA travel with transplant
access after initial listing were modeled in time-dependent multivari-
able Cox regression, whereas pretransplant traveling status was con-
sidered as a baseline variable in models of post-transplant outcomes.

Results

There were 230,303 individuals listed for kidney transplantation
and 134,594 transplant recipients recorded in the OPTN during
the study period. Among these, 203,267 candidates and 114,547
transplant recipients had reported information on residential zip
codes and were selected for analysis. Distributions of candidate
and transplant recipient characteristics according to SES and dis-
tance from transplant center are shown in Table 1, A and B,
respectively. Patients living farther from their transplant centers
were more likely to be male, white race, and non-Hispanic. There
were minimal differences in age, employment, and education
according to distance from center. Larger demographic differ-
ences were noted across SES strata. Candidates in the highest
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Figure 2. Adjusted associations of prelisting SES and distance
to center with the likelihood of transplant access by multivari-
able Cox regression. Time to deceased donor transplant was
censored at receipt of a live donor allograft. Time to live donor
transplant was censored at receipt of a deceased donor allo-
graft. Regression models were adjusted for baseline demo-
graphic, clinical, and geographic factors at initial listing, as
displayed in Table 1A. Results were similar after stratification
by DSA of initial listing.

compared with those in the closest distance category. Con-
versely, access to living donor transplantation showed a graded
increase with farther distance from transplant center. Candi-
dates living in the farthest distance quartile were 20% more
likely to receive a living donor transplant than patients in the
closest quartile (aHR 1.20, 95% CI 1.16 to 1.24).

Improving Access via Inter-DSA Travel

Analyses of correlates of inter-DSA traveling were performed
among those listed in 1999 to 2006, for whom average DSA-
specific deceased donor waiting times were available (n =
140,918). Inter-DSA traveling after listing increased in a graded
manner with SES such that 10.2% of the highest SES candidates
traveled by 3 years after initial listing compared with 5.0% of
those in the lowest SES group (Figure 3). Traveling was also
substantially more common in those with the longest versus
shortest expected deceased donor waiting times (8.3% versus
5.5% by 3 years, Figure 3). Independent predictors of traveling
included far distance to the initial center, high SES, white race,
sensitization, long local expected deceased donor waiting time,
and region of listing (Table 2). Traveling was more common in
recent years of the study, rising approximately 44% among
patients listed in 2006 as compared to those listed in 1999 (aHR
1.44, 95% CI 1.31 to 1.58).

Becoming a traveler dramatically increased overall access to
any transplant (aHR 1.74, 95% CI 1.69 to 1.79). Among travelers,
the likelihood of deceased donor transplant was nearly doubled
(aHR 1.94, 95% CI 1.88 to 2.00) whereas the relative likelihood
of living donor transplant increased approximately 33% (aHR
1.33, 95% CI 1.25 to 1.42). However, traveling itself was not
associated with death or removal for illness when censored at
transplantation (aHR 0.98, 95% CI 0.93 to 1.03).

Post-Transplant Outcomes

Outcomes after kidney transplant improved with increasing
SES. Compared with patients in the lowest SES quartiles, the
relative risk of death-censored graft failure decreased in a
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Figure 3. Incidence of inter-DSA travel after initial listing ac-
cording SES quartile and according to median DSA-specific
waiting time. Inter-DSA traveling was defined as transfer of
care to a center outside of a candidate’s initial DSA after initial
listing, censored at death, waitlist removal because of illness,
and end of study. Median waiting blood-type-specific waiting
time for deceased donor transplant was defined for initial DSA
at year of listing.

graded manner with SES quartile, from an approximately 5%
relative risk reduction for those in the second quartile to 18%
for those in the highest quartile (Figure 4). By 10 years, live
donor and deceased donor allograft survival were 77% and 69%
for high SES recipients, respectively, compared with 63% and
53% for recipients with lowest SES (Log-rank P values for both
comparisons <0.0001). Higher SES was also strongly associated
with reduced risk of subsequent patient death. Deceased donor
(aHR 1.09, 95% CI 1.00 to 1.04) and live donor (aHR 1.20, 95%
CI 1.07 to 1.34) graft recipients living farthest from the trans-
plant center also had increased risk of post-transplant death
(Figure 4). There was a borderline, nonsignificant association of
longer distance from center with somewhat lower risk of de-
ceased donor graft failure (aHR 0.95, 95% CI 0.90 to 1.00);
however, this pattern was not present after stratification by
broad categorization of organ quality (standard criteria versus
expanded criteria or donation after cardiac death). Traveling to
a different DSA before transplant was not significantly associ-
ated with post-transplant patient or allograft survival among
transplant recipients.

Discussion

Disparity in access to kidney transplantation is evident as a
function of patient SES and place of residence. In this analysis
of national registry data, we found that greater affluence is
associated with improved access to living donor allografts, a
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Table 2. Clinical correlates of inter-DSA traveling by multivariable Cox regression

Baseline Trait at Listing "{;aze;eé%;/; 1\(1? n:tr%/g,lgi(;’go aHR {;go/j%f;ellng

Distance to center (travel time in minutes) b

=15 19.9 28.3 Reference

16 to 33 21.1 23.4 1.10 (1.02 to 1.19)*

34 to 88 252 24.3 1.37 (1.27 to 1.47)°

>89 33.7 24.1 2.36 (2.19 to 2.53)°
SES quartile b

1 (=41) 22.7 28.9 Reference

2 (42 to 45) 21.3 235 1.19 (1.11 to 1.28)°

3 (46 to 49) 23.9 23.8 1.43 (1.33 to 1.54)°

4 (=50) 32.1 23.7 1.97 (1.83 to 2.11)°
Age at listing (years) b

0to 18 1.4 3.6 0.49 (0.40 to 0.61)°

19 to 30 8.7 8.5 1.00 (0.91 to 1.10)

30 to 45 25.8 23.6 Reference

=46 64.1 64.3 0.92 (0.87 to 0.97)7
Gender

male 60.3 59.3 Reference

female 39.7 40.7 0.89 (0.85 to 0.94)°
Race or ethnic group (%) b

white 50.2 47.6 Reference

black 28.2 29.4 0.82 (0.77 to 0.87)°

Hispanic 12.0 15.3 0.65 (0.60 to 0.71)®

other 9.6 7.7 0.97 (0.89 to 1.06)
Panel reactive antibodies b

=10% 63.7 68.1 Reference

11% to 30% 8.8 7.7 1.04 (0.96 to 1.13)

>30% 17.7 13.7 1.14 (1.07 to 1.21)°

unreported 9.8 10.5 0.69 (0.63 to 0.75)°
Comorbidities

hypertension 55.8 77.3° 0.41 (0.39 to 0.43)°

cerebrovascular disease 1.6 3.02° 0.63 (0.52 to 0.75)°

peripheral vascular disease 3.6 4.83° 0.83 (0.73 to 0.94)
Region at listing b

1 1.9 3.9 0.9 (0.72 to 1.12)

2 16.5 13.5 1.72 (1.47 to 2.01)°

3 12.7 12.1 1.37 (1.17 to 1.61)°

4 10.1 8.6 2.13 (1.81 to 2.51°

5 20.6 20.9 1.14 (0.98 to 1.34)

6 1.8 25 0.84 (0.67 to 1.06)

7 9.5 9.6 1.62 (1.37 to 1.91)°

8 2.6 42 Reference

9 11.2 7.1 2.08 (1.76 to 2.47)°

10 6.2 8.5 1.09 (0.92 to 1.29)

11 7.1 9.0 1.08 (0.91 to 1.28)
Year of listing b

1999 9.7 10.6 Reference

2000 9.5 11.4 0.91 (0.82 to 1.01)

2001 10.6 11.3 0.97 (0.87 to 1.07)

2002 11.4 11.9 1.00 (0.90 to 1.10)

2003 12.5 124 1.05 (0.95 to 1.16)




2286 Clinical Journal of the American Society of Nephrology

Table 2. (Continued)
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Baseline Trait at Listing

Traveler %

Nontraveler %

aHR for Traveling

(n = 7278) (n = 133,640) (95% CI)
2004 13.4 13.2 1.08 (0.98 to 1.19)
2005 16.0 14.0 1.32 (1.20 to 1.45)°
2006 16.9 15.3 1.44 (1.31 to 1.58)°
Median wait time at initial DSA (months)® b

<19 11.4 20.1 Reference

19 to 35 31.6 35.4 1.16 (1.07 to 1.26)°
36 to 47 23.3 23.6 1.12 (1.03 to 1.23)*
>47 33.7 21.0 1.76 (1.61 to 1.93)°

Sample limited to patients listed in 1999 to 2006 for availability of baseline DSA-specific waiting times (1 = 140,918). Inter-
DSA traveling was defined as transfer of care to a center outside of a candidate’s initial DSA after initial listing, censored at
death, waitlist removal because of illness, and end of study. Percentages reflect proportions of travelers and nontravelers,
respectively, with the indicated demographic or clinical traits at listing (column percentages).

P values for y* test of variation in the distribution of baseline clinical traits according to traveler status: P = 0.002 to 0.01,

bp < 0.001.

P value for the relative association of a baseline clinical trait with traveling after initial listing by multivariable Cox

regression: °P = 0.002 to 0.01, P < 0.001.

“Median blood-type-specific waiting time for deceased donor transplant according to initial DSA at year of listing.
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Figure 4. Adjusted associations of pretransplant SES and dis-
tance to center with post-transplant outcomes by multivariable
Cox regression. Regression models were adjusted for baseline
demographic, clinical, and geographic factors at the time of
transplant as displayed in Table 1B.

greater likelihood of traveling to a new DSA with an associated
increase in deceased-donor transplant access, and superior
post-transplant survival. We found that living farther from the
transplant center is associated with modestly decreased access
to deceased-donor kidney transplants and inferior post-trans-
plant survival after controlling for SES and other donor and
recipient characteristics.

The effect of sociodemographic factors such as race and
ethnicity on kidney transplantation has been the subject of
significant evaluation over the past 2 decades (17,18). African
Americans face barriers in referral to transplant (12,19), com-
pletion of the evaluation and listing (17,20), and obtaining a
deceased donor allograft in part because of HLA matching.
Recent publications have also reported lower access to living
donor kidneys among African Americans (21-23). It is encour-
aging that changes in the organ allocation system, which re-
duced emphasis on HLA matching, have attenuated the dis-
parities faced by African Americans (2). Despite some progress
in improving racial disparity through modification in the organ
allocation system, there have been no substantial changes in
current allocation policies to address the ongoing geographic
disparity or the effect of SES on access to renal transplantation.

Geographic differences in renal transplant access as a func-
tion of state, DSA, and UNOS region are well documented (4,6).
Because of current imbalances in donor supply and the size of
waiting lists, the median waiting time for deceased-donor kid-
ney transplant exceeds 5 to 6 years in the most competitive
UNOS regions compared with <2 years in some southern and
western states (24). This analysis demonstrates that differences
in transplant access and outcomes on the basis of geography
exist within individual regions. We found that patients living
farthest from transplant centers had somewhat reduced access
to deceased donor kidney transplantation but improved access
to living donors. Increased distance from initial center was also
a predictor of inter-DSA traveling, along with important factors
such as prolonged DSA-specific waiting times for deceased
donor organs and high SES. Those living farthest from their
centers experienced inferior post-transplant patient survival
after adjustment for baseline demographic and clinical factors.

Contrary to our expectations, kidney graft survival appears
relatively unaffected by longer distance to center, which may
reflect effect of other factors beyond access to care such as



Clin ] Am Soc Nephrol 5: 22762288, 2010

donor quality. Specifically, recipients living closest to trans-
plant centers received a higher percentage of expanded criteria
donor kidneys and experienced more delayed graft function.
This may reflect transplant professionals” willingness to accept
higher risk organs to improve transplant access in areas with
long waiting times, principally larger urban areas close to major
transplant centers. Furthermore, unmeasured differences in or-
gan quality may persist and likely correlate with the aggres-
siveness of donor acceptance practices.

Socioeconomic factors clearly drive outcomes in many areas
of healthcare, including access to primary and specialty health-
care, compliance with therapy, ability to afford medications,
and outcome after surgical procedures. Higher SES increases
access to transplant and improves outcome for patients with
end-stage kidney disease (25,26). Higher SES results in early
nephrology referral, higher rates of pre-emptive transplanta-
tion, reduced dialysis time, and improved outcomes on dialysis
(27). For kidney transplant, we found that improved access
appears to be a function of higher rates of living donor trans-
plantation and an increased ability to travel to DSAs with
shorter waiting times. After transplant, improved outcomes for
high SES patients may be mediated by increased ability to
afford and adhere to medication regimens, access to a broader
spectrum of services, and differences in organ quality not ad-
equately accounted for in the multivariate analysis. SES differ-
ences may be exacerbated by current Medicare policies that
require a 20% copayment for immunosuppression and limit
coverage to only 36 months post-transplantation, significantly
impairing patients’ ability to care for their transplant in the
absence of private health insurance.

This analysis is limited by the retrospective design and
degree of precision available for some variables of interest.
The neighborhood SES measure used is a surrogate for that
of the individual. However, the zip-code-based SES index
used here was strongly correlated with individual parame-
ters reflective of SES in the OPTN database such as insurance
status, educational achievement, and race/ethnicity. Further-
more, it is likely that the effect of SES and distance are under-
estimated because this analysis only includes patients who
successfully completed the process of evaluation and listing.
Other potential limitations include the presence of unaccounted
for variables not adjusted for in the model that affect organ
quality. Our definition of travelers only includes patients who
were initially listed at one center and then transferred care to a
center in a new DSA. It does not capture those patients who
chose to travel to a distant center for their initial care, which
may, in fact, underestimate the effect of this behavior.

In conclusion, ongoing disparities persist in access to kidney
transplantation and post-transplant outcomes on the basis of
sociodemographic factors. Recent policy decisions have atten-
uated racial/ethnicity-based disparities in deceased donor
transplants but have not effectively tackled the ongoing barri-
ers faced by patients living in regions with long waiting times.
Improved access to deceased donor transplantation can be ob-
tained through inter-DSA travel, although this option is more
available to candidates with greater income and private insur-
ance. This differential opportunity appears to contradict the
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goals of the Final Rule, which state that the organ allocation
system should ‘assure that allocation of scarce organs will be
based on common medical criteria, not accidents of geography’
(1). Broader sharing of organs across regions has the potential
to decrease regional disparities in waiting times and may at-
tenuate the motivation for high SES patients to travel to non-
local DSAs to disproportionately improve access to deceased
donor organs. These results suggest the need to consider ad-
dressing geographic variation within the proposed revisions to
the kidney allocation system being considered by the OPTN.
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