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ABSTRACT

Racial disparities persist in the United States renal transplantation process. Previous studies suggest that
the distance between a patient’s residence and the transplant facility may associate with disparities in
transplant waitlisting. We examined this possibility in a cohort study using data for incident, adult ESRD
patients (1998 to 2002) from the ESRD Network 6, which includes Georgia, North Carolina, and South
Carolina. We linked data with the United Network for Organ Sharing (UNOS) transplant registry through
2005 and with the 2000 U.S. Census geographic data. Of the 35,346 subjects included in the analysis,
12% were waitlisted, 57% were black, 50% were men, 20% were impoverished, 45% had diabetes as the
primary etiology of ESRD, and 73% had two or more comorbidities. The median distance from patient
residence to the nearest transplant center was 48 mi. After controlling for multiple covariates, distance
from patient residence to transplant center did not predict placement on the transplant waitlist. In
contrast, race, neighborhood poverty, gender, age, diabetes, hypertension, body mass index, albumin,
and the use of erythropoietin at dialysis initiation was associated with waitlisting. As neighborhood
poverty increased, the likelihood of waitlisting decreased for blacks compared with whites in each
poverty category; in the poorest neighborhoods, blacks were 57% less likely to be waitlisted than whites.
This study suggests that improving the allocation of kidneys may require a focus on poor communities.
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Kidney transplantation is the preferred method of
treatment for ESRD patients and is associated with
increased quality of life and reduced morbidity and
mortality compared with hemo- and peritoneal di-
alysis.! Despite these advantages, substantial racial
disparities exist in access to renal transplantation in
the United States.>~* Although the incidence of
ESRD is higher among blacks than whites, the pro-
portion of ESRD patients either transplanted or
placed on the deceased donor waitlist within 1 yr of
ESRD registration during 2003 was 14.5% for white
patients versus 10.1% for black patients.>
Geographic variations in waitlist and kidney
transplant rates among ESRD patients may contrib-
ute to these racial disparities.>~” Blacks living in ru-
ral areas are less likely to be waitlisted and trans-
planted than those residing in urban areas.® Access
to transplantation may be impeded by greater dis-
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tance from a transplant center, but the degree to
which distance from a patient’s residence to the
nearest transplant center might contribute to racial
disparities in the process of transplantation has not
been described. The purpose of this report is to de-
scribe the association between the distance from a
patient’s residence to the nearest transplant facility
and placement on a kidney transplant waitlist
among incident ESRD patients.
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RESULTS

Among the 35,346 subjects included in the analysis, the mean
age was 61 yr (£15); 20,229 (57%) were black; 17,675 (50%)
were men; 6873 (20%) lived in impoverished communities;
15,721 (45%) had diabetes as their primary etiology of ESRD;
25,847 (73%) had two or more comorbidities at the initiation
of dialysis; and most had body mass indices >24.9 kg/m? with
9555 (28%) overweight, 8089 (24%) obese, and 1497 (4%)
morbidly obese according to World Health Organization
guidelines. The median distance from a patient’s residence to
the nearest transplant center was 48 mi. This was similar to the
median distance of 49 mi observed in the source population
(i.e., the population from which any exclusion criteria were
applied). Six percent of the study population lived in small
remote rural areas versus 63% in major urban areas (Table 1).

A greater proportion of black versus white patients lived
<20 mi (28 versus 20%) from the nearest transplant center
(Table 2). Blacks were younger (58 = 15 yr versus 64 * 14 yr)
and less likely to have received erythropoietin before the initi-
ation of dialysis (24 versus 29%, P < 0.0001) than white pa-
tients (Table 2). In addition, blacks were more likely to live in
high poverty areas, with 28% of blacks (versus 9% of whites)
residing in areas with >25% of the population living below the
poverty line (Figure 1, Table 2).

A total of 4153 patients (11.8%) were waitlisted and 22,818
were censored by the end of the study period. Of those cen-
sored, 9598 (27.2%) transferred out of ESRD Network 6 before
the end of the study, 12 (0.03%) were lost to follow-up, and
13,208 (37.4%) died. Patients who were placed on the trans-
plant waiting list were significantly younger than those not
waitlisted (47 = 12 yr versus 63 £ 14 yr, P < 0.0001), and were
less likely to have two or more comorbid conditions (52 versus
76%, respectively) (Table 1). Before adjustment, black patients
were 13% more likely to be placed on the transplant waiting list
than white patients [95% confidence interval (CI): 1.06 to
1.20] (Table 1).

After controlling for demographic and clinical factors, dis-
tance from a patient’s residence was not associated with time to
waitlisting. Compared with patients living <20 mi from the
nearest transplant center, the likelihood of waitlisting was not
significantly different for patients >20 mi away from the near-
est transplant center (Table 3).

Compared with normal weight patients, underweight [haz-
ard ratio (HR): 0.77, 95% CI: 0.62 to 0.96] or morbidly obese
patients (HR: 0.63, 95% CI: 0.51 to 0.78) were less likely to be
waitlisted, as were those patients 40 yr and older (compared
with patients 20 to 39 yr) (Table 3). In addition, female gender
(HR: 0.88, 95% CI: 0.82 to 0.96) and the presence of diabetes
(HR: 0.78, 95% CI: 0.72 to 0.85) decreased the likelihood of
waitlisting.

Hypertension (HR: 1.17, 95% CI: 1.05 to 1.32), overweight
compared with normal weight (HR: 1.29, 95% CI: 1.17 to
1.42), erythropoietin use (HR: 1.28, 95% CI: 1.18 to 1.40), and
higher mean albumin (HR: 1.06, 95% CI: 1.04 to 1.08) were

2 Journal of the American Society of Nephrology

associated with an increased likelihood of waitlisting (Table 3).
The overall Pvalue for trend for distance in our final model was
not significant (P = 0.8874), nor was the effect of distance and
waitlisting by race (Figure 2).

The relationship between race and waitlisting was modified
by neighborhood poverty (two-way interaction term for race
and neighborhood poverty, P = 0.0009). As neighborhood
poverty increased, the likelihood of waitlisting decreased for
blacks compared with whites in each poverty category. Com-
pared with patients living in the wealthiest neighborhoods,
blacks were 57% less likely than whites to be waitlisted in the
poorest communities (Table 4).

We examined the best- and worst-case scenarios of compet-
ing risks in a sensitivity analysis that treated all censored pa-
tients as if they were waitlisted (model 2) or not waitlisted
(model 3). If all of the censored patients were waitlisted, those
living >20 mi from the transplant center were significantly less
likely to waitlist than those living <20 mi away (P < 0.0001).
When we assumed that all censored patients were not wait-
listed, our conclusions about the effect of distance on waitlist-
ing did not change; distance did not affect waitlisting (Table 3).

In a sensitivity analysis exploring the effect of distance and
waitlisting by age <65 yr versus age =65 yr, it was found that
including the patients who died or were lost to follow-up did
not meaningfully change the HR estimates (results not shown).

DISCUSSION

We found that black patients were less likely than whites to be
placed on the kidney transplant waiting list, and this disparity
was not associated with the distance to the nearest transplant
center. Furthermore, we observed that neighborhood poverty
was associated with waitlist placement and we report for the
first time that racial disparities differ as neighborhood poverty
increases.

Previous studies have reported that patients may have dif-
ficulty traveling to transplant centers to complete pretrans-
plant referral and evaluation. In a Scottish cohort, ESRD pa-
tients were less likely to be waitlisted if they received dialysis
treatment in a facility that did not have a transplant center, but
patients living the farthest away (>100 km) were more likely to
be waitlisted. In a random sample of Canadian dialysis pa-
tients, differences in the likelihood of transplantation occurred
between provinces, but not within regions, indicating that
proximity to a transplant facility was not predictive of waitlist-
ing.® Rodriguez et al.'® found that time to transplantation was
longer among both black and white incident ESRD patients
who lived in zip code areas with =75% of black residents.
Volkova et al.'!' recently reported that increasing poverty was
associated with a greater disparity in ESRD incidence rates be-
tween blacks and whites. Socioeconomic status (SES) has been
suggested as a risk factor for racial disparities in ESRD out-
comes; however, there is little evidence to support or explain
the association between SES and waitlisting outcomes.!>!3
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Table 1. Characteristics of waitlisted and not waitlisted incident ESRD patients®

Network 6 Waitlisted, Not Waitlisted,
- Incident ESRD ~ n = 4153 n=31,193 Crude OR for
Characteristic . o o Waitlisting P Value®
Patients, (11.8%) (88.2%)
(95% Cl)
n = 35,346 P Value for Waitlisting Difference
Distance to transplant facility (mi) P <0.0006
<20 8585 (24.9%) 1102 (27.0%) 7483 (24.6%) Reference
20 to 39 6939 (20.1%) 830 (20.4%) 6109 (20.0%)  0.92 (0.84 to 1.02) 0.1006
40 to 69 7089 (20.5%) 814 (20.0%) 6275 (20.6%) 0.88 (0.80 to 0.97) 0.0100
70 to 99 6008 (17.4%) 634 (15.5%) 5374 (17.6%)  0.80(0.72t0 0.89)  <0.0001
100 to 149 4124 (11.9%) 532 (13.0%) 3592 (11.8%) 1.01 (0.90 to 1.12) 0.9199
=150 1801 (5.2%) 166 (4.1%) 1635 (5.4%) 0.69 (0.58 t0 0.82) <0.0001
Race P = 0.0004
white 15,117 (42.8%) 1670 (40.2%) 13,447 (43.1%) Reference 0.0004
black 20,229 (57.2%) 2483 (59.8%) 17,746 (56.9%)  1.13 (1.06 to 1.20)
Age (yr) P <0.0001
20 to 39 3624 (10.2%) 1240 (19.9%) 2384 (7.6%) Reference
40 to 49 4712 (13.3%) 1070 (25.7%) 3642 (11.7%) 0.57 (0.51 to0 0.62) <0.0001
50 to 59 7151 (20.2%) 1174 (28.3%) 5977 (19.2%) 0.38 (0.34 to 0.41) <0.0001
60 to 69 8587 (24.3%) 602 (14.5%) 7985 (25.6%)  0.15(0.13t0 0.16)  <0.0001
=70 11,272 (32.0%) 7 (1.6%) 11,205 (35.9%) 0.01 (0.01 to 0.02) <0.0001
Gender P <0.0001
male 17,675 (50.1%) 2429 (58.5%) 15,246 (48.9%) Reference
female 17,671 (49.9%) 1724 (41.5%) 15,947 (51.1%) 0.70 (0.64 t0 0.73) <0.0001
Primary Cause ESRD P <0.0001
diabetes 15,721 (44.5%) 1521 (36.6%) 14,200 (45.5%) Reference
GN 2833 (8.0%) 756 (18.2%) 2077 (6.7%) 3.40 (3.08 to 3.75) 0.0001
hypertension 10,636 (30.1%) 1063 (25.6%) 9573 (30.7%) 1.04 (0.96 to 1.13) 0.3923
other® 6156 (17.4%) 813 (19.6%) 5343 (17.1%) 1.42 (1.30 to 1.56) 0.0001
Total comorbidities® P <0.0001
0 1478 (4.2%) 297 (7.1%) 1181 (3.8%) Reference
1 8021 (22.7%) 1701 (41.0%) 6320 (20.3%)  1.07 (0.93 to 1.23) 0.3351
2 8387 (23.7%) 969 (23.3%) 7418 (23.8%) 0.52 (0.45 to 0.60) <0.0001
3 7222 (20.4%) 727 (17.5%) 6495 (20.8%)  0.45(0.38t0 0.52)  <0.0001
4 4743 (13.4%) 307 (7.4%) 4436 (14.2%) 0.28 (0.23 t0 0.33) <0.0001
=5 5495 (15.6%) 152 (3.7%) 5343 (17.1%) 0.11 (0.09 to 0.14) <0.0001
Body mass index (kg/m?)P P <0.0001
underweight (<18.5) 2112 (6.2%) 116 (2.9%) 1996 (6.6%) 0.51 (0.42 t0 0.62) <0.0001
normal (18.5 to 24.9) 12,885 (37.7%) 1320 (32.5%) 11,565 (38.5%) Reference
overweight (25 to 29.9) 9555 (28.0%) 1315 (32.4%) 8240 (17.4%) 1.40 (1.29 to 1.52) <0.0001
obese (30.0 to 39.9) 8089 (23.7%) 1163 (28.7%) 6926 (23%) 1.47 (1.35 to 1.60) <0.0001
morbidly obese (>40) 1497 (4.4%) 144 (3.5%) 1353 (4.5%) 0.93(0.78 to 1.12) 0.4490
Erythropoietin use (%) P <0.0001
9246 (26.2%) 1262 (30.4%) 7984 (25.6%) 1.27 (1.18 to 1.36) <0.0001
Mean hemoglobin (£SD) (g/dl) P = 0.1233
94+44 9.3+39 94+44 0.99 (0.98 to 1.01) 0.1230
Mean albumin (=SD) (g/dl) P <0.0001
2.56 = 1.55 2.71 £ 01.51 2.54 = 1.56 1.07 (1.05 to 1.09) <0.0001
Degree of rurality P <0.0001
urban 22,270 (63.0%) 2761 (66.5%) 19,509 (62.5%) Reference
large rural 6958 (19.7%) 759 (18.3%) 6199 (19.9%)  0.87 (0.79 to 0.94) 0.0009
small rural 3910 (11.1%) 391 (9.4%) 3,519 (11.3%) 0.79 (0.70 to 0.88) <0.0001
small remote rural 2208 (6.2%) 242 (5.8%) 1966 (6.3%) 0.87 (0.76 to 1.00) 0.0497
Neighborhood poverty® (% of census below poverty line) P <0.0001
0 to 4.9% (wealthiest) 2850 (8.3%) 477 (11.7%) 2373 (7.8%) 1.41 (1.25 to 1.60) <0.0001
5t09.9% 7255 (21.1%) 967 (23.8%) 6258 (20.7%)  1.09 (0.98 to 1.20) 0.1083
10 to 14.9% 6594 (19.2%) 822 (20.2%) 5772 (19.1%) Reference
15 to0 19.9% 6045 (17.6%) 716 (17.6%) 5329 (17.6%)  0.94 (0.85 to 1.05) 0.2858
20 to 24.9% 4718 (13.8%) 433 (10.7%) 4285 (14.2%)  0.71(0.63t00.80)  <0.0001
=25% (poorest) 6873 (20.0%) 648 (16.0%) 6225 (20.6%) 0.73 (0.66 t0 0.82) <0.0001

aCllnlcal measurements were measured at dialysis initiation.

®Columns do not add up to total population because of missing values (800 patients missing distance, 1208 patients missing body mass index measurements,
1041 missing neighborhood poverty, 3 missing erythropoietin status).
“Other primary causes of ESRD (<5% of total) included secondary GN/vasculitis, interstitial nephritis/pyelonephritis, cystic/hereditary/congenital disease,
neoplasms/tumors, and miscellaneous conditions.
dComorbid conditions included congestive heart failure, ischemic heart disease, myocardial infarction, cardiac arrest, cardiac dysrhythmia, pericarditis,
cerebrovascular disease, peripheral vascular disease, history of hypertension, diabétes (primary or contrlbutlng) chronic obstructive pulmonary disease, tobacco
use, malignant neoplasm (cancer), alcohol dependence, drug dependence, HIV positive status, AIDS, inability to ambulate, and inability to transfer.
©P value associated with crude OR for waitlisting.
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Table 2. Selected baseline characteristics by race

Network 6 Patients,

Black Patients, White Patients,

P Value for

Characteristic n = 35,346 n (_572222)29 n (;21:';0;7 Race Difference
Distance to transplant facility (mi)® P < 0.0001
<20 8585 (24.9%) 5595 (28.3%) 2990 (20.3%)
20 to 39 6939 (20.1%) 3441 (17.4%) 3498 (23.7%)
40 to 69 7089 (20.5%) 3908 (19.7%) 3181 (21.6%)
70 to 99 6008 (17.4%) 3384 (17.1%) 2624 (17.8%)
100 to 149 4124 (11.9%) 2348 (11.9%) 1776 (12.0%)
=150 1801 (5.2%) 1122 (5.7%) 679 (4.6%)
Age (yr) P < 0.0001
20 to 39 3624 (10.2%) 2549 (2.6%) 1075 (7.1%)
40 to 49 4712 (13.3%) 3274 (16.2%) 1438 (9.5%)
50 to 59 7151 (20.2%) 4554 (22.5%) 2597 (17.2%)
60 to 69 8587 (24.3%) 4787 (23.7%) 3800 (25.1%)
=70 11,272 (32.0%) 5065 (25.0%) 6207 (41.2%)
Gender P < 0.0001
male 17,675 (50.1%) 9202 (45.5%) 8473 (56.1%)
female 17,671 (49.9%) 11,027 (54.5%) 6644 (43.9%)
State P < 0.0001
Georgia 14,021 (39.7%) 8276 (40.9%) 5745 (38.0%)
North Carolina 13,665 (38.7%) 7287 (36.0%) 6378 (42.2%)
South Carolina 7,660 (21.7%) 4666 (23.1%) 2994 (19.8%)
Degree of rurality* P < 0.0001
urban 22,270 (63.0%) 12,764 (63.1%) 9506 (62.9%)
large rural 6958 (19.7%) 3803 (18.8%) 3155 (20.9%)
small rural 3910 (11.1%) 2480 (12.3%) 1430 (9.5%)
small remote rural 2208 (6.2%) 1182 (5.8%) 1026 (6.8%)
Neighborhood poverty (% of census tract P < 0.0001
below poverty line)
0 to 4.9% (wealthiest) 2850 (8.3%) 1032 (5.2%) 1818 (12.5%)
5to 9.9% 7255 (21.1%) 3233 (16.3%) 3992 (27.6%)
10 to 14.9% 6594 (19.2%) 3147 (15.9%) 3447 (23.8%)
15 to 19.9% 6045 (17.6%) 3623 (18.3%) 2422 (16.7%)
20 to 24.9% 4718 (13.8%) 3261 (16.4%) 1457 (10.1%)
=25% (poorest) 6873 (20.0%) 5528 (27.9%) 1345 (9.3%)
Body mass index (kg/m?)? P < 0.0001
underweight (<18.5) 2112 (6.2%) 1253 (6.4%) 859 (5.9%)
normal (18.5 to 24.9) 12,885 (37.7%) 6887 (35.4%) 5998 (40.9%)
overweight (25.0 to 29.9) 9555 (28.0%) 5399 (27.7%) 4156 (28.4%)
obese (30.0 to 39.9) 8089 (23.7%) 4920 (25.3%) 3169 (21.6%)
morbidly obese (>40.0) 1497 (4.4%) 1021 (5.2%) 476 (3.2%)
Erythropoietin use (%) 9246 (26.2%) 4898 (24.2%) 4348 (28.8%) P < 0.0001
Mean hemoglobin + SD (g/dl) 94 +44 9.1 +45 9.8 +4.2 P < 0.0001

2Columns do not add up to total population because of missing values (800 patients missing distance, 1208 patients missing body mass index measurements,

and 1041 missing poverty information).

The few studies that have examined racial differences in
waitlisting have shown that racial differences are not entirely
explained by patient factors. Limited access to healthcare has
been proposed as an explanation; however, as Karter et al.*
illustrated, racial differences in ESRD incidence are still ob-
served in a fully insured population. In a national study of
incident ESRD dialysis patients, Wolfe et al.'> found differ-
ences in waitlisting by race that were not explained by age, sex,
ESRD cause, geographic region, or referral practices, but the
effect of SES on waitlisting outcomes remains poorly under-
stood.

4 Journal of the American Society of Nephrology

We found that black patients were less likely to be wait-
listed than whites in all neighborhood poverty levels, and
that this disparity was most striking in the poorest commu-
nities. In areas with 20 to 24.9% of the census tract living
below the poverty level, black patients were 58% less likely
to be waitlisted than their white counterparts. In commu-
nities with >25% of the census tract living below the pov-
erty level, blacks were 57% less likely to be waitlisted than
whites (Table 4).

There are likely several explanations for this observed dis-
parity. Race is often a surrogate for several social, behavioral,

J Am Soc Nephrol ee : —, 2009
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Figure 1. Proportion of incident ESRD patients by neighborhood
poverty. Neighborhood poverty was estimated by the proportion
of individuals in a census tract residing below the federal poverty
line.

cultural, and biologic factors, whereas patient ethnicity may
influence physician’s beliefs about a patient’s risky behaviors
and likelihood of treatment adherence, resulting in referral
bias.!®!7 Additionally, patient preference may play a role: black
patients have been shown to be less likely to want a trans-
plant.'® Exploring the role of these factors in the observed ra-
cial differences in waitlisting outcomes is important in devel-
oping effective solutions for improving equality in access to
healthcare.

This study, to our knowledge, is the first to examine resi-
dential distance to the nearest transplant center as a risk factor
for kidney transplant waitlisting. This study extends the exist-
ing body of literature by incorporating neighborhood poverty
as a proxy for SES, noting that poverty explains some of the
racial disparities associated with waitlisting. Our study has sev-
eral strengths. This study population more adequately repre-
sents the black ESRD population than prior studies (57%
black) versus Wolfe et al. (35% black) and Furth et al. (32%
black).!>!® The data used in this analysis were from a universal,
population-based surveillance system from three southeastern
states. The ESRD and UNOS data are complete and virtually all
cases of waitlist placement in Network 6 were captured, thus
the potential for misclassification bias of the outcome is lim-
ited.

Our study follow-up was complete (99%) and thus our re-
sults cannot be attributed to selection bias. Furthermore, a
competing risks analysis was utilized to assess whether censor-
ing due to deaths and loss to follow-up was informative.?
When we examined the best-case scenario that all censored
patients were waitlisted, we found that distance could affect
waitlisting (P < 0.0001), but there was no trend of dose re-
sponse (Table 3, model 2). It is extremely unlikely that all cen-
sored patients were waitlisted because this would represent
75% of the study population; current reported waitlisting rates
are generally between 10 and 15%.> The more likely scenario is
that none of the censored patients were waitlisted; results from
model 3 assuming censored patients were not waitlisted were
consistent with our original model, supporting our conclusion

J Am Soc Nephrol ee : —, 2009
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that distance is not associated with kidney transplant waitlist-
ing (Table 3, model 3).

There are several limitations to this research. First, we
were unable to ascertain health status at the time of waitlist-
ing and comorbid risk factors may have changed over time.
There is also possible misclassification bias of the distance
from a patient’s residence to the transplant center. The Eu-
clidean distance we used may underestimate the mileage
and/or time to a transplant center. In addition, our database
did not contain information on the transplant center that
each patient attended for their transplant referral appoint-
ment, thus we assumed that patients attended the nearest
transplant center. We did include transplant facilities in the
states surrounding ESRD Network 6 to control for those
individuals who may travel outside of their home ESRD
network for referral and evaluation at other transplant fa-
cilities. Another potential source of misclassification error
is self-classification of race.

Although we adjusted for multiple potential confounders,
we cannot exclude the possibility of residual confounding.
Most importantly, we were unable to control for poverty at an
individual level and future studies should aim to gather both
individual- and neighborhood-level poverty data. There also
may be a variety of unmeasured patient characteristics that
precluded waitlisting (e.g., medical nonadherence or patient
refusal). Finally, because our analyses were restricted only to
Network 6, we may not be able to generalize these findings
outside of Georgia, North Carolina, and South Carolina.

Racial disparities in access to kidney transplantation are
complex and are likely explained by a combination of patient-
and healthcare facility-related factors; however, neighborhood
poverty appears to play a strong, previously under-recognized
role.>'-27 Although distance was not a significant predictor for
placement on the kidney transplant waiting list, to our knowl-
edge this is the first study to show that as neighborhood pov-
erty increases, so does racial disparity in waitlisting, with black
patients being 57% less likely than whites to be waitlisted in the
poorest communities. Focusing on poor communities may be
an effective way to improve fair allocation of kidney organs.

Few studies have examined access to waitlisting for kidney
transplantation among patients living farther away from a
transplant center, where patients must undergo a required re-
ferral and assessment. The results of this analysis show that
distance from a patient’s residence to the nearest transplant
center does not explain the racial variation in placement on the
kidney transplant waiting list. This may be interpreted as a
relative success for transplant centers, because there appears to
be no difference in waitlisting for patients who live far away
compared with those who live close to the center. Although
distance did not explain these racial disparities, we did find that
neighborhood poverty had a large effect on waitlisting out-
comes between blacks and whites. These findings suggest that
ESRD networks may improve access to kidney transplantation
and better address racial inequities by examining more closely
the poorer communities within their respective networks.

Poverty and Racial Disparities in Kidney Transplant Wait Listing 5
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Table 3. Cox models for time to waitlisting (model 1) and sensitivity analysis for best- (model 2) and worst- (model 3)
case scenarios in waitlisting

HR (95% CIl), P Values

Effect Model 1 P Value Model 2 (All Those P Value Model 3 (All Those P Value
(Event = Waitlisting) Lost to Follow-Up Lost to Follow-Up
Waitlisted) Not Waitlisted)
Shortest distance to
transplant facility (mi)

<20 Reference Reference Reference

20 to 39 0.92 (0.82 to 1.04) P=0.1896 0.87 (0.84 t0o 0.91) P < 0.0001 0.93(0.82to 1.05) P = 0.2422

40 to 69 0.97 (0.85 to 1.10) P =0.6008 0.86(0.83t00.90) P <0.0001 0.98(0.871to0 1.12) P =0.8102

70 to 99 0.93 (0.81 to 1.05) P=0.2331 0.82(0.781t0 0.86) P < 0.0001 0.94(0.83t0 1.07) P =0.3797

100 to 149 1.13 (0.99 to 1.30) P =0.0793 0.88 (0.84 to 0.93) P < 0.0001 1.16 (1.00 to 1.33) P = 0.0405

=150 0.81 (0.65 to 1.01) P = 0.0567 0.85(0.79 to 0.91) P < 0.0001 0.81 (0.65 to 1.01) P = 0.0598
Age

20 to 39 Reference Reference Reference

40 to 49 0.68 (0.61 to 0.76) P < 0.0001 0.94(0.891t00.99) P =0.0339 0.68(0.611t00.76) P < 0.0001

50 to 59 0.49 (0.44 to 0.54) P < 0.0001 0.92 (0.87 to 0.97) P =0.0016 0.49 (0.44 to 0.54) P < 0.0001

60 to 69 0.23 (0.21 to 0.26) P < 0.0001 0.97 (0.92 to 1.02) P =0.2474 0.23 (0.21 to 0.26) P < 0.0001

=70 0.02 (0.01 to 0.03) P < 0.0001 1.12 (1.06 to 1.17) P < 0.0001 0.02 (0.01 to 0.03) P < 0.0001
Gender

male Reference Reference Reference

female 0.88 (0.82 to 0.96) P=0.0019 1.01(0.98t0 1.04) P =0.5376 0.89(0.821t00.96) P = 0.0031
Diabetes

no Reference Reference Reference

yes 0.78 (0.72 to 0.85) P < 0.0001 1.02 (0.99 to 1.05) P =10.1328 0.81(0.74 to 0.88) P < 0.0001
Hypertension

no Reference Reference Reference

yes 1.17 (1.05 to 1.32) P = 0.0055 0.87 (0.84 to 0.91) P < 0.0001 1.15(1.03 to 1.29) P = 0.0140
Body mass index (kg/m??

underweight (<18.5) 0.77 (0.62 to 0.96) P = 0.0207 1.16 (1.09 to 1.23) P < 0.0001 0.78 (0.63 to 0.98) P = 0.0300

normal (18.5 to 24.9) Reference Reference P < 0.0001 Reference

overweight (25.0 to 29.9) 1.29 (1.17 to 1.42) P < 0.0001 0.93 (0.90 to 0.96) P < 0.0001 1.27 (1.15 to 1.40) P < 0.0001

obese (30.0 to 39.9) 1.10 (0.99 to 1.21) P =0.0729 0.85(0.82t0 0.88) P < 0.0001 1.09 (0.98 to 1.20) P = 0.1065

morbidly obese (>40.0) 0.63 (0.51 to 0.78) P < 0.0001 0.77 (0.72t0 0.83) P < 0.0001 0.62(0.50 to 0.77) P < 0.0001
Erythropoietin use 1.28 (1.18 to 1.40) P < 0.0001 0.82 (0.80 to 0.85) P < 0.0001 1.26 (1.16 to 1.37) P < 0.0001
Albumin, mean (g/dl) 1.06 (1.04 to 1.08) P < 0.0001 0.96 (0.93 to 0.98) P < 0.0001 1.40 (1.29 to 1.52) P < 0.0001
Degree of rurality®

urban Reference Reference Reference

large rural 1.04 (0.93 to 1.15) P =0.4806 0.96(0.921t00.99) P =0.0193 1.04(0.93to 1.15) P = 0.5408

small rural 1.01 (0.88 to 1.18) P = 0.8488 1.06 (1.01 to 1.11) P =0.0194 1.01 (0.87 to 1.17) P = 0.9321

small remote rural 1.10 (0.93 to 1.32) P = 0.2446 1.01 (0.95 to 1.07) P =0.7731 1.10 (0.92 to 1.31) P = 0.3010

#This model does not include race or neighborhood poverty because of interaction between these two variables.

Concise Methods

Study Population and Data Sources
Incident adult patients (age >20 yr) between 1998 and 2002 from

ESRD Network 6 (Georgia, North Carolina, and South Carolina) were
included in this analysis.> This study was restricted to black or non-
Hispanic white patients. Demographic data were collected from the
Centers for Medicare and Medicaid Services (CMS) Medical Evidence
Form (CMS-2728), which is completed on all incident patients diag-
nosed with ESRD. Neighborhood poverty data were obtained from
the Census 2000 by census tract. Data on placement on a transplant
waiting list were obtained from the UNOS registry.

There were 36,617 eligible incident ESRD patients initiating he-
modialysis between 1998 and 2002 in ESRD Network 6. A total of 913

6 Journal of the American Society of Nephrology

patients were excluded because of missing information on race and
358 pediatric patients were omitted, leaving a total study population
of 35,346.

Study Variables

The primary outcome variable was placement on the UNOS waiting
list for a deceased donor kidney (waitlisted = yes or no). Study par-
ticipants were identified at the initiation of dialysis and followed until
placement on the transplant waiting list, loss to follow-up, death, or
the end of the study.

Race and distance from a patient’s residence to the nearest trans-
plant center were the exposures in the analysis. Race was defined as
non-Hispanic white versus black. Latitude and longitude coordinates
of the patient’s residence were entered into ArcView 9.1 software and
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Figure 2. Proportion waitlisted by race and distance to transplant
center (miles). Hazard ratios are adjusted for covariates used in
final model.

the Euclidean distance between a patient’s residence and the nearest
transplant facility was calculated. Distance was then categorized by
distribution (< 20, 20 to 39, 40 to 69, 70 to 99, 100 to 149, and =150
mi). All ten transplant centers within Network 6 as well as six adjacent
transplant centers (in Chattanooga, Johnson City, and Knoxville,
Tennessee; Gainesville and Jacksonville, Florida; and Birmingham,
Alabama) were considered when calculating the distance to the near-
est facility for each patient.

Other covariates examined included demographic and clinical char-
acteristics potentially associated with transplantation, including patient
age (mean * SD); gender (male, female); state of residence (Georgia,
North Carolina, or South Carolina); cause of ESRD (diabetes, hyperten-
sion, chronic GN, or other); presence of comorbid conditions at dialysis
initiation (heart disease, vascular disease, hypertension, diabetes, pulmo-
nary disease, tobacco use, cancer, alcohol dependence, drug dependence,
and HIV status); body mass index (kg/ m?); treatment facility; and clinical
variables at dialysis initiation, including erythropoietin use, mean hemo-
globin (g/dl), and mean albumin (g/dl).

Neighborhood poverty was estimated by the proportion of indi-
viduals residing below the federal poverty level in the census tract.
Home addresses were linked to a specific census tract using 2000 U.S.
Census Bureau data. The U.S. Census Bureau reports the proportion
of households within each census tract below the federal poverty level
on the basis of income, family size, and ages of individual family
members. We defined a census tract as high poverty if 25% or more of
the households were assigned to below the federal poverty level.

The degree of urbanity of a patient’s residence and transplant wait-
listing was examined. Residence data were classified into Rural Urban

www.jasn.org | CLINICAL EPIDEMIOLOGY

Commuting Area (RUCA) codes, which categorize U.S. census tracts
by population density, degree of urbanization, and daily commuting
distances. RUCA classifications include urbanized areas, large urban
clusters, small urban clusters and rural areas (http://www.ers.usda.
gov/Data/RuralUrbanCommutingArea Codes/).

Data Analysis
X tests and ¢ test (or nonparametric equivalents of the # test) were

used to examine the differences between baseline characteristics, in-
cluding demographic and clinical characteristics of waitlisted individ-
uals compared with those not waitlisted. Crude odds ratios were cal-
culated using a logistic model with the outcome variable placement
on the UNOS waiting list (yes or no). Results were considered signif-
icant at the P < 0.05 level.

We used a Cox proportional hazards model to examine the associa-
tion between distance from a patient’s residence to the nearest transplant
center and time until waitlisting among incident ESRD patients. For time
until waitlisting, patients were censored when they died (due to any
cause), were lost to follow-up, or transferred out of Network 6. The pro-
portional hazards model was identified by including potential confound-
ers, followed by interaction assessment using the likelihood ratio test (P
value for removal from the model was set at P < 0.05) and evaluating
confounding by comparing meaningful changes in point estimates from
a “gold standard” model to all other potential models.2-28

Because death and loss to follow-up may preclude a patient from
waitlisting, we considered these events as competing risks and utilized
a proportional hazards model that treated all of these events as cen-
sored observations. To examine whether censoring was informative
or not, we conducted a sensitivity analysis that looked at the best- and
worst-case scenarios; that is, all of those who were censored were
placed on the waiting list and all of those censored were not placed on
the waiting list, respectively.2® All analyses were performed with SAS
software version 9.2. The Emory University Institutional Review
Board approved this study.
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Table 4. Stratum-specific effects for poverty, race, and waitlisting®

Neighborhood Poverty
(% of Census below Poverty Line)

Crude Black:White HRs for
Waitlisting (95% Cl)

Adjusted® Black:White Hazard Ratios
for Waitlisting (95% Cl)

0 to 4.9% (wealthiest)
5to 9.9%

10 to 14.9%

15 to 19.9%

20 to 24.9%

=25% (poorest)

Reference
1.05 (0.88 to 1.22) ( )
1.08 (0.92 to 1.28) ( )
1.00 (0.83 to 1.21) 0.55 (0.36 to 0.73)
0.87 (0.67 to 1.13) ( )
0.75 (0.59 to 0.96) ( )

Reference
0.65 (0.46 to 0.84
0.63 (0.34 t0 0.82

0.42 (0.21 to 0.63
0.43 (0.22 to 0.64

“These adjusted hazard ratios use white race as the reference group.

bAdjusted for age, gender, degree of rurality, body mass index, albumin, erythropoietin, diabetes, and hypertension.
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