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Background: End-stage renal disease disproportionately affects
black Americans. However, the impact of residential segregation by
race—a prominent feature of many U.S. cities—on outcomes of
patients receiving dialysis and on facility performance has not been
evaluated.

Objective: To examine the relationship among racial composition
of ZIP codes in metropolitan areas, outcomes of patients receiving
dialysis, and characteristics of dialysis facilities.

Design: Retrospective cohort study of patients receiving dialysis
and cross-sectional study of dialysis facilities.

Setting: U.S. metropolitan ZIP codes with differing percentages of
black residents.

Patients: Black and non-Hispanic white patients who initiated long-
term dialysis between 1 January 1995 and 31 December 2002
(n = 399 424) and dialysis facilities in operation in December 2004
(n = 3244).

Measurements: Mortality and time to transplantation among pa-
tients receiving dialysis, and performance of dialysis facilities on the
basis of quality indicators (anemia management, dialysis adequacy,
and facility-level mortality rates).

Results: Most black patients (50.3%) but few white patients (5%)
lived in the 3% (n = 769) of ZIP codes in which most residents
were black. In analyses adjusted for patient and ZIP code charac-

teristics, mortality rates were higher among white patients but not
among black patients living in areas with a higher percentage of
black residents (adjusted hazard ratio for ZIP codes with =75%
black residents vs. <10% black residents, 1.14 [95% Cl, 1.07 to
1.21] for white patients and 1.02 [CI, 0.99 to 1.06] for black
patients). Time to transplantation was longer among both black
and white patients (adjusted hazard ratio for ZIP codes with =75%
black residents vs. <10% black residents, 0.84 [Cl, 0.78 to 0.92]
and 0.63 [Cl, 0.57 to 0.71] for black patients and white patients,
respectively). Dialysis facilities located in areas with a higher per-
centage of black residents were more likely to have higher-than-
expected mortality rates and were less likely to meet performance
targets.

Limitations: Patient-level analyses were restricted to black and
non-Hispanic white patients. Patient-level and facility-level analyses
focused only on the percentage of black residents in each ZIP code.

Conclusions: The racial composition of urban residential areas is
associated with time to transplantation and dialysis facility perfor-
mance on standard quality measures. Closer scrutiny of care pro-
vided to patients receiving dialysis who live in predominantly black
residential areas and to dialysis facilities operating in these areas
may be warranted.
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In the United States, end-stage renal disease (ESRD) dis-
proportionately affects black persons (1). For reasons that
are poorly understood, black patients receiving dialysis
have lower mortality rates than do white patients (2-9).
Nevertheless, they are less likely to have kidney transplan-
tation (10, 11), to achieve dialysis treatment targets (12—
14) (for example, for anemia management, dialysis ade-
quacy, and fistula placement), and to adhere to dialysis
treatments (15). Furthermore, many racial disparities in
dialysis outcomes persist despite guideline-based quality
improvement efforts (16).

Although several studies have addressed the impor-
tance of regional location as a determinant of outcomes of
patients receiving dialysis and of dialysis practice patterns
(13, 17-19), few studies have examined differences in pa-
tient outcomes and facility performance across smaller geo-
graphic areas (20). Residential segregation by race is a
prominent feature of many U.S. cities that may contribute
to differences in health status between black and white
persons but may not be captured in large-scale regional
comparisons (21). Poor health outcomes in segregated
neighborhoods may occur because of various mechanisms,
including poor-quality housing; lack of community re-

sources to support healthy behaviors; exposure to stressors,
such as crime and environmental toxins; and limited access
to high-quality medical care (21-24). We therefore evalu-
ated the hypothesis that patients receiving dialysis and fa-
cilities located in ZIP codes with a large percentage of
black residents would have worse outcomes than those in
ZIP codes with a small percentage of black residents.

METHODS
Data Sources

We conducted separate analyses to compare dialysis
patient—level and dialysis facility—level characteristics in
metropolitan areas according to the percentage of black
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Context

Differences in outcomes for patients receiving dialysis have
been documented according to race and region but not
according to neighborhood.

Contribution

The researchers compared outcomes for patients receiving
dialysis according to race and racial composition of their
residential neighborhoods. Mortality was associated more
with an individual's race than with neighborhood racial
composition. Time to transplantation was associated more
with racial composition than with race.

Caution

Neighborhood data from 2000 may have been inaccurate
for some patients who began dialysis earlier.

Implications

Individual race mattered more than neighborhood racial
composition for mortality. The opposite was true for time
to transplantation. A neighborhood-based approach might
be useful for addressing disparities in kidney transplanta-
tion.

—The Editors

residents in each patient’s or each facility’s ZIP code. We
used data from the 2000 U.S. Census to define the pro-
portion of black residents in each ZIP code area and to
ascertain ZIP code-level socioeconomic characteristics. We
used patient-level data from the United States Renal Data
System (USRDS), a comprehensive registry of all patients
with ESRD, to ascertain date of onset of ESRD; demo-
graphic, insurance, and employment status; and informa-
tion on comorbid conditions at the initiation of dialysis.
The USRDS also collects information on residence ZIP
code and dialysis modality over time and records the date
of first renal transplantation and the date of death.

Although the USRDS collects facility-level data, facil-
ity location is not provided. We therefore examined the
characteristics of dialysis facilities by using an alternate data
source, the Center for Medicare & Medicaid Services’
(CMS) Dialysis Facility Compare database (25). This is a
publicly available source of current information on all
Medicare-certified dialysis facilities. Dialysis Facilicy Com-
pare grew out of the Balanced Budget Act of 1997, which
directed CMS to implement a system to measure and re-
port the quality of dialysis services under Medicare. The
database includes information on ZIP code location, own-
ership, organization, services, and selected quality measures
for all Medicare-certified dialysis facilities.

Study Sample

Patient-level analyses were based on data supplied by
USRDS, but analyses were conducted by the study inves-
tigators. We identified all patients 18 to 100 years of age
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who began long-term dialysis between 1 January 1995 and
31 December 2002 (n = 701 815). We excluded patients
who died (7 = 60 894) or had kidney transplantation (n =
16 136) within 90 days after onset of ESRD. This ap-
proach is recommended by the USRDS to allow time for
stabilization of dialysis modality (for example, in-center
hemodialysis, home hemodialysis, or peritoneal dialysis).
Among the remaining 624 785 patients, we identified
517 759 who were black or non-Hispanic white. Among
these patients, 110 255 were excluded because they did not
live in a metropolitan area. A total of 8080 additional pa-
tients were excluded because their ZIP code of residence
could not be linked to a ZIP code tabulation area in the
U.S. Census. The sample for analysis consisted of the re-
maining 399 424 patients. Compared with patients in the
study, persons excluded because their ZIP code could not
be linked to a ZIP code tabulation area in the U.S. Census
were slightly younger (61.1 years [95% CI, 60.8 to 61.4]
vs. 62.3 years [CI, 62.3 to 62.4]) and included a higher
percentage of black persons (45.4% [CI, 44.3% to 46.5%]
vs. 38.5% [CI, 38.3% to 38.6%]) and men (58.9% [CI,
57.8% to 60.0%] vs. 53.6% [CI, 53.4% to 53.7%]).

We included all facilities listed in Dialysis Facility
Compare with a ZIP code in a metropolitan area that
could be linked to a ZIP code tabulation area in the 2000
U.S. Census. There were 4440 facilities listed in Dialysis
Facility Compare on 29 December 2004, of which 3330
were located in a metropolitan area and 3244 could be
linked to a ZIP code tabulation area in the 2000 census.

Outcome Variable

For patient-level analyses, we examined time from day
90 of ESRD to death from any cause and time to first
kidney transplantation. Follow-up data on death and trans-
plantation were available through 31 December 2003.

Predictor Variable

The primary predictor variable was the percentage of
black residents (according to the 2000 U.S. Census) in the
ZIP code where each patient was residing 90 days after initi-
ation of dialysis. This variable was categorized a priori as fewer
than 10% (referent), 10% to 24%, 25% to 49%, 50% to
74%, or 75% or more of the residential population.

Covariates for Patient-Level Analyses

The following characteristics were included in race-
stratified patient-level multivariable analyses: age, sex, and
insurance status at initiation of dialysis (Medicare, Medic-
aid, employer group coverage, uninsured, Department of
Veterans Affairs, or other); employment at the time of di-
alysis initiation (full-time, part-time, retired because of age,
retired because of disability, homemaker, student, or un-
employed), and comorbid conditions at initiation of dial-
ysis that were ascertained from the Medical Evidence Form
(diabetes, peripheral arterial disease, history of stroke, car-
diac disease, and current smoking). Patients were classified
as having diabetes if it was listed as the cause of ESRD or
if they were identified as using insulin on the Medical
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Evidence Form. Cardiac disease included a history of con-
gestive heart failure or ischemic heart disease. Analyses
were also adjusted for whether patients were receiving in-
center hemodialysis versus peritoneal dialysis or home he-
modialysis at day 90. We adjusted for the census division
corresponding with each patient’s residential ZIP code and
aggregate socioeconomic characteristics at the ZIP code
level from the 2000 U.S. Census.

Covariates for Facility-Level Analysis

Facility characteristics that we examined in descriptive
analysis were ownership (major chain, minor chain, or in-
dependent), profit status (profit or nonprofit), number of
dialysis chairs, presence of a late shift (shifts starting after 5
p-m. that are usually instituted to expand the capacity of
the facility or accommodate patients who work), whether
the facility offered peritoneal dialysis or home hemodialysis
training, the percentage of patients in each facility achiev-
ing selected facility-level performance measures (target he-
matocrit =33% and urea reduction ratio =65%), and
facility-specific mortality rates. The standard mortality ra-
tio for each facility was calculated based on the observed
mortality rate in a given facility compared with what
would be expected on the basis of national mortality rates
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for patients of the same age, sex, race, and diabetes status as
patients in the facility. Patient survival for each facility is
reported in Dialysis Facility Compare as “better than ex-
pected” if the upper 95% CI for the standard mortality
ratio is less than 0.8 and “worse than expected” if the lower
95% CI for the standard mortality ratio is greater than 1.2.

Statistical Analysis

We generated Kaplan—Meier curves for death and for
transplantation after stratification by race and percentage
of ZIP code residents who were black. Among patients of
the same race, we used the log-rank test to compare death
and transplantation rates in areas with fewer than 10%
black residents versus those with 75% or more black resi-
dents. We used Cox proportional hazard models to mea-
sure the association between the primary predictor and
time from day 90 of ESRD to death from any cause and to
first kidney transplantation. For time to transplantation,
patients were censored at the time of death. Clustering by
ZIP code of residence was accommodated by using the
“sandwich estimate” of Lin and Wei (26). We used the
likelihood ratio test to test for interaction between patient
race and the percentage of black residents in each patient’s
ZIP code. Because race interactions were present for time

Table 1. Patient Characteristics, by Racial Composition of ZIP Code

Characteristic

Black patients, n
White patients, n
Black patients, %
Mean age, y
Women, %

Health coverage at onset of
end-stage renal disease, %

Medicare
Medicaid

Employer group coverage

Veterans Affairs
Other
No coverage

Employment status, %

Full-time
Part-time

Retired because of age
Retired because of disability

Homemaker
Student

Medical leave of absence

Unemployed

Receiving in-center hemodialysis, %
Comorbid conditions, %

Diabetes
Cardiac disease

Peripheral arterial disease

Stroke
Current smoker

Proportion of Black Residents in ZIP Code*

<10%
(n = 194 289%)

17 386
176 903

9.0 (8.8-9.1)
64.9 (64.8-64.9)
43.2 (43.0-43.4)

59.0 (58.8-59.2)
13.6 (13.4-13.8)
27.3(27.1-27.5)
1.33(1.28-1.38)
42.4 (42.2-42.7)
4.3 (4.2-4.4)

9.9 (9.7-10.0)
2.3(2.2-2.4)
49.0 (48.8-49.2)
16.3 (16.2-16.5)
5.9 (5.8-6.1)
0.3 (0.27-0.33)
3.0(2.9-3.1)
13.3 (13.1-13.5)
86.5 (86.4-86.7)

445 (44.3-44.8)

48.2 (48.0-48.5)

16.9 (16.7-17.1)
9.4 (9.3-9.6)
5.3 (5.2-5.4)

10%-24%
(n = 66 532t)

24 888
41 644
37.4 (37.0-37.8)
61.5(61.4-61.7)
46.6 (46.2-47.0)

51.3(51.0-51.7)
21.2 (20.9-21.5)
25.8 (25.5-26.1)
1.41 (1.32-1.50)
31.5(31.1-31.8)
7.6 (7.4-7.8)

10.0 (9.7-10.2)
1.9 (1.8-2.0)
39.2 (38.8-39.6)
19.9 (19.6-20.2)

4.8 (4.6-5.0)

0.3 (0.27-0.36)

3.4 (3.3-3.6)
20.5 (20.2-20.8)
88.7 (88.4-88.9)

46.6 (46.2-47.0)

43.6 (43.3-44.0)

14.4 (14.2-14.7)
9.3 (9.0-9.5)
6.2 (6.0-6.4)

25%-49%
(n =52 141%)

33952
18 189
65.1 (64.7-65.5)
59.7 (569.6-59.9)
50.0 (49.5-50.3)

47.9 (47.4-48.3)
27.6 (27.3-28.0)
23.7 (23.3-24.0)
1.43 (1.33-1.53)
25.2 (24.9-25.6)
9.5(9.2-9.7)

9.9 (9.6-10.2)
1.9 (1.7-2.0)
33.5(33.1-33.9)
20.9 (20.5-21.3)
4.0 (3.8-4.2)

0.3 (0.28-0.39)
3.6(3.4-3.7)
26.0 (25.6-26.4)
90.1 (89.8-90.4)

46.0 (45.6-46.7)

38.9 (38.5-39.4)

11.8 (11.5-12.1)
8.8 (8.6-9.1)
5.8 (5.6-6.0)

50%-74%
(n =39 910t)

33231

6679
83.3 (82.9-83.6)
59.0 (58.8-59.1)
51.2 (50.7-51.7)

46.5 (46.0-47.0)
30.8 (30.3-31.2)
22.2(21.8-22.6)
1.55 (1.42-1.67)
20.6 (20.2-21.0)
11.3 (11.0-11.6)

9.1 (8.8-9.4)
1.7 (1.6-1.8)
30.2 (29.7-30.7)
22.3(21.8-22.7)
3.4 (3.2-3.6)
0.4 (0.31-0.43)
3.8 (3.6-4.0)
29.3 (28.8-29.7)
91.7 (91.5-92.0)

46.8 (46.3-47.3)

36.4 (35.9-36.8)

10.2 (9.9-10.5)
9.0 (8.7-9.3)
5.9 (5.7-6.2)

=75%
(n = 46 5521t)

44170

2382
94.9 (94.7-95.1)
58.6 (58.5-58.8)
51.7 (61.2-52.1)

45.0 (44.5-45.4)
31.0 (30.6-31.5)
23.0 (22.6-23.3)
1.46 (1.35-1.57)
19.1 (18.7-19.4)
12.0 (11.7-12.3)

9.0 (8.7-9.2)
1.5 (1.4-1.6)
30.2 (29.7-30.6)
20.3 (19.9-20.7)
3.2(3.0-3.4)
0.3 (0.25-0.35)
3.9(3.7-4.1)
31.7 (31.2-32.1)
93.0 (92.7-93.2)

45.2 (44.8-45.7)
32.1(31.7-32.6)
8.3 (8.0-8.5)
8.1 (7.8-8.3)
5.4 (5.2-5.6)

* Values in parentheses are 95% Cls. Health coverage may sum to greater than 100% in patients with multiple sources of coverage. Four percent of patients were missing
data on comorbid conditions and insurance status, 10% were missing data on employment status, fewer than 1% were missing data on dialysis method, and fewer than 0.01%

were missing data on age and sex.
T Number of patients.
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Table 2. Socioeconomic Characteristics, by Racial Composition of ZIP Code*

Characteristic

Proportion of Black Residents in ZIP Codet

<10% (n = 9998%)

23 883 (23 671-24 094)
6.4 (6.3-6.6)

Median per capita income, $

Median families living below
the poverty line, %

Persons employed in managerial
or professional positions, %

Housing units occupied by owner, %

Median value of owner-occupied
housing units, $

Persons age =25 y with a high
school diploma, %

Persons age =25 y with a
college degree, %

33.6 (33.4-33.9)

58.1 (57.8-58.5)
152 008 (149 777-154 239)

83.4 (83.2-83.6)

25.0 (24.7-25.3)

10%-24% (n = 1875%)

20 461 (20 122-20 800)
10.3 (9.9-10.6)

31.5(31.0-32.1)

49.5 (48.6-50.4)
120 082 (116 271-123 895)

78.5 (78.0-79.0)

22.6(21.9-23.2)

25%-49% (n = 980%) 50%-74% (n = 446%) =75% (n = 323%)

17 838 (17 478-18 198)
14.5 (13.9-15.0)

15222 (14 805-15 641)
20.3(19.3-21.3)

13 824 (13 332-14 315)
25.2(23.7-26.7)

28.5(27.8-29.2) 25.7 (24.8-26.6) 23.4(22.5-24.3)

44.2 (42.9-45.5)
103 420 (99 462-107 377)

43.1 (41.1-45.0)
83 525 (79 131-87 919)

42.8 (40.7-44.9)
80 489 (74 116-86 863)

74.1(73.4-74.9) 69.8 (68.8-70.8) 68.7 (67.6-69.8)

19.1 (18.3-19.8) 15.2 (14.3-16.0) 12.9 (12.0-13.9)

* Only ZIP codes in which at least 1 cohort patient resided at day 90 of end-stage renal disease are described. Data on each covariate listed in the table were missing for fewer

than 1% of ZIP codes that were included in the analysis.
T Values in parentheses are 95% Cls.
F Number of ZIP codes.

to death and time to transplantation, analyses were strati-
fied by race and were adjusted for all other patient and ZIP
code characteristics that were examined.

To avoid bias caused by excluding patients with miss-
ing data (Tables 1 and 2), we used a hot-deck multiple
imputation procedure (27, 28). Estimates were based on
20 completed data sets; imputed values were obtained by
sampling with replacement from available data in the same
ZIP code, except for 970 patients for whom we sampled
from all ZIP codes with a similar percentage of black res-
idents. The proportional hazard assumption was checked
using estimated log (—log [survivor function]) versus time
curves. We also estimated the probability of having trans-
plantation in the next year as conditional on being alive at
the beginning of the year. In this analysis, the probability
of transplantation was calculated by using mixed-effects
logistic regression with a random effect for ZIP code. All
analyses were done using Stata statistical software, version
8.1 (Stata Corp., College Station, Texas).

Role of the Funding Sources

The institutional review board at the University of
California, San Francisco, and the Research Committee at
the Department of Veterans Affairs Medical Center, San
Francisco, approved the study. The funding sources had no
role in the design, conduct, or analysis of this study or in
the decision to submit the manuscript for publication.

REsuLTS
Patient-Level Analyses

Seven hundred sixty-nine (3%) ZIP codes had 50% or
more black residents. Most black patients (50.3%) but few
white patients (5%) lived in one of these areas (Table 1).
Conversely, 72% of white patients began dialysis in areas
in which fewer than 10% of residents were black. Com-
pared with patients receiving dialysis who were living in
areas in which fewer than 10% of residents were black,
those living in areas with 75% or more black residents were
younger, more likely to be female, and more likely to have
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Medicaid or be uninsured at the time of ESRD onset (Ta-
ble 1). They were also less likely to be employed full-time
and more likely to be retired because of disability or un-
employed at ESRD onset. Finally, patients living in areas
with 75% or more black residents had a lower prevalence
of cardiac disease, peripheral arterial disease, and stroke
and were more likely to receive in-center hemodialysis
(Table 1).

The patient cohort was distributed across 13 622 met-
ropolitan ZIP codes (Table 2). Compared with ZIP codes
having fewer than 10% black residents, those with 75% or
more black residents had a lower median per capita in-
come, higher percentage of families living below the pov-
erty level, lower percentage of the employed population in
managerial or professional occupations, lower percentage
of owner-occupied housing units, lower median value of
owner-occupied housing units, and lower percentage of
high school graduates and college graduates (Table 2).

For black patients, mortality rates were lowest in ZIP
codes with 10% to 24% black residents and highest in
areas with 75% or more black residents (Table 3). For
white patients, mortality rates were lowest in areas with
10% or fewer black residents and highest in areas with
75% or more black residents (Table 3). Among both races,
mortality rates were higher in ZIP codes with 75% or more
black residents than in those with fewer than 10% black
residents. However, differences in mortality by race were
much greater than differences in mortality by ZIP code
(Figure 1).

Among both races, unadjusted mortality risk increased
as the percentage of black residents increased (Table 3).
This pattern was most pronounced among white patients
(interaction for race, P < 0.001). After adjustment for po-
tential confounders, mortality risk was still slightly higher
for white patients living in areas with a higher percentage
of black residents but not for black patients living in these
areas (adjusted hazard ratio for patients living in ZIP codes
with =75% black residents vs. <10% black residents, 1.14

www.annals.org



[CI, 1.07 to 1.21] for white patients and 1.02 [CI, 0.99 to
1.06] for black patients).

For both black and white patients, transplantation
rates were lowest in areas with 75% or more black residents
and highest in areas with fewer than 10% black residents
(Table 4). Transplantation rates among black patients liv-
ing in ZIP codes with fewer than 10% black residents were
closer to rates among white patients living in these areas
than to rates among black patients living in areas with 75%
or more black residents (Figure 2). Similarly, transplanta-
tion rates among white patients living ZIP codes in which
75% or more of residents were black were closer to rates
among black patients living in these areas than to rates
among patients of ecither race living in areas with fewer
than 10% black residents (Figure 2).

In unadjusted and adjusted analyses among both black
and white patients, time to transplantation was longest in
areas with a higher percentage of black residents (Table 4).
This association was most pronounced for white patients
living in these areas (interaction for race, 2 < 0.001), but
the association persisted for both races after adjustment for
potential confounders (adjusted hazard ratios for ZIP codes
with =75% black residents vs. <10% black residents, 0.84
[CI, 0.78 to 0.92] and 0.63 [CI, 0.57 to 0.71] for black
and white patients, respectively). These analyses were con-
firmed by using mixed-effects logistic regression analysis.

Facility-Level Analysis

Dialysis facilities in areas with a high proportion of
black residents were on average larger (more stations) and
less likely to be owned by a small chain (Table 5). Facility-
level quality indicators for anemia management and dialy-
sis adequacy were least favorable in areas with the highest
percentage of black residents. A disproportionate percent-
age of facilities in predominantly black ZIP codes had
higher-than-expected mortality rates on the basis of the
age, sex, race, and diabetes status of their patients. For
example, 12.7% (CI, 7.8% to 17.6%) of facilities in areas
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with 75% or more black residents had higher than ex-
pected mortality rates. In contrast, mortality rates were
higher than expected in only 3.4% (CI, 2.5% to 4.3%) of
facilities in ZIP codes with fewer than 10% black residents.

DiscussionN

Published studies have emphasized the importance of
patient, provider, and facility characteristics in understand-
ing differences in mortality and transplantation rates
among patients receiving dialysis (10, 11, 14, 29-32). Our
findings suggest that the residential location of patients
receiving dialysis is associated with time to transplantation
and that the location of dialysis facilities is associated with
achievement of performance targets.

In a large cohort of urban patients receiving dialysis,
black and white patients lived, for the most part, in differ-
ent ZIP codes. Time to transplantation was longest among
patients living in areas with a high percentage of black
residents, even after adjustment for patient race and ZIP
code—level socioeconomic indicators. However, mortality
rates were more a function of race than of residence:
Differences in mortality rates among patients living in ar-
eas with differing percentages of black residents were far
less pronounced than differences in mortality rates between
black and white patients living in comparable residential
areas. Dialysis facilities located in predominantly black res-
idential areas were less likely to be owned by a small chain;
were larger; and were less likely to meet performance mea-
sures for anemia management, dialysis adequacy, and ex-
pected patient mortality rates.

These findings suggest a need for more attention to
the care of patients living in and to the performance of
dialysis facilities operating in these resource-poor areas. A
better understanding of barriers to transplantation and to
achievement of facility performance targets in these areas
could help guide future quality-improvement efforts. At

Table 3. Cox Models for Time to Death, by Racial Composition of ZIP Code

Subgroup Proportion of Patients, Person-
Black Residents n Years
in ZIP Code

White patients <10% 176 903 431 309
10%-24% 41 644 101 048
25%-49% 18 189 43 884
50%-74% 6679 15 659
=75% 2382 55%5)

Black patients <10% 17 386 51802
10%-24% 24 888 74 887
25%-49% 33952 100 712
50%-74% 33231 98 128
=75% 44 170 130397

Deaths, Mortality Rate per Unadjusted Adjusted
n 100 Person-Years Hazard Ratio Hazard Ratio
(95% CI) (95% Cl) (95% CI)*

108 735 25.21 (25.05-25.37) 1.00 (referent) 1.00 (referent)
25 926 25.66 (25.32-25.99) 1.02 (1.00-1.03) 1.02 (1.01-1.04)
11743 26.76 (26.24-27.28) 1.06 (1.04-1.08) 1.04 (1.02-1.07)

4475 28.58 (27.68-29.50) 1.13 (1.10-1.17) 1.08 (1.04-1.13)

1667 29.90 (28.39-31.49) 1.19 (1.13-1.24) 1.14 (1.07-1.21)

8203 15.84 (15.49-16.19) 1.00 (referent) 1.00 (referent)
11 597 15.49 (15.20-15.78) 0.97 (0.95-1.01) 0.97 (0.94-1.00)
16 658 16.54 (16.29-16.80) 1.04 (1.02-1.07) 1.00 (0.97-1.03)
16 487 16.80 (16.54-17.07) 1.06 (1.03-1.09) 0.99 (0.96-1.03)
22 506 17.26 (17.03-17.49) 1.09 (1.06-1.12) 1.02 (0.99-1.06)

* Adjusted for patient age, sex, employment status, insurance coverage, diabetes, cardiac disease, peripheral vascular disease, stroke, current smoking, receipt of in-center
hemodialysis, census division, and the following census variables by ZIP code: median per capita income, percentage of families living below the poverty line, percentage of
the population employed in managerial or professional occupations, percentage of owner-occupied housing units, median value of owner-occupied housing units, percentage
of high school graduates, and percentage of college graduates among persons older than 25 years of age.
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Figure 1. Kaplan—-Meier curve for death, by percentage of
black residents in each patient’s ZIP code and the race of
the patient.
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P < 0.001 by log-rank test for both black and white patients living in
ZIP codes with fewer than 10% black residents versus those with 75% or
more black residents.

the same time, the possibility remains that worse patient
and facility outcomes in black residential areas reflect struc-
tural differences in health care resources and delivery of
health care in these areas that are beyond the control of the
individual dialysis facility. Evidence from outside the dial-
ysis literature supports this possibility. For example, closure
of urban hospitals is more common in black communities
(21, 33). The availability of specialized procedures (such as
cardiac revascularization) that are relevant to patients re-
ceiving dialysis can vary greatly, even among disadvantaged
neighborhoods (34). The availability of well-qualified pro-
viders may also be an issue. Among a large sample of Medi-
care recipients, black and white patients were generally
treated by different physicians, which primarily reflected
the place in which black patients sought care (35). In this
study, physicians treating black patients seemed to be less
well-trained clinically and reported having less access to
important clinical resources than did those treating white
patients.

Regardless of the underlying reasons for differences in
patient and facility outcomes in predominantly black resi-
dential areas, our findings have clear policy implications.
First, low transplantation rates among both black and
white patients living in these areas raise the question of
whether an area-based or community-based approach to
reducing racial disparities in transplantation may be an ef-
fective adjunct to existing patient-level, provider-level, and
facility-level interventions. The National Kidney Founda-
tion’s Kidney Early Evaluation Program has already
adopted such an approach in an attempt to improve detec-
tion of chronic kidney disease among high-risk groups (36,
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37). Perhaps a program that is targeted at black residential
areas and community organizations, or at providers and
facilities operating in these areas, may help to increase
transplantation rates among black patients receiving dialy-
sis.

Second, our results provide support for emerging con-
cerns regarding pay-for-performance and its potential to
further disadvantage vulnerable populations and the pro-
viders who care for them (38, 39). Several major dialysis
chains already provide bonuses to dialysis facilities and pro-
viders who reach treatment targets (40), and Medicare will
probably adopt a pay-for-performance policy for dialysis in
the near future. The Medicare Payment Advisory Commis-
sion’s 2006 report to Congress (41, 42) recommended pay-
for-performance for facilities and physicians who treat pa-
tients receiving dialysis. The CMS is planning a 3-year
demonstration (the ESRD Disease Management Demon-
stration) that will test a fully case-mix—adjusted payment
system for an expanded bundle of services for patients with
ESRD. A portion of the payment will be linked to ESRD-
related quality measures. In our study, a disproportionate
number of the 152 facilities with higher-than-expected
mortality rates were located in areas with a high percentage
of black residents. For example, 13% (n = 358) of all
dialysis facilities, 28% (n = 43) of facilities with worse-
than-expected survival rates, and only 7% (7 = 5) of those
with better-than-expected survival rates were located in
ZIP codes with 50% or more black residents. Thus, poli-
cies that link patient and facility outcomes to facility or
provider reimbursement may differentially impact facilities
and providers operating in these resource-poor predomi-

Figure 2. Kaplan—Meier curve for transplantation, by
percentage of black residents in each patient’s ZIP code and
the race of the patient.
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P < 0.001 by log-rank test for both black and white patients living in
ZIP codes with fewer than 10% black residents versus those with 75% or
more black residents.
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Table 4. Cox Models of Time to Transplantation, by Racial Composition of ZIP Code

Subgroup Proportion of Patients, Person-
Black Residents n Years
in ZIP Code

White patients <10% 176 903 362 908
10%-24% 41 644 86 639
25%—-49% 18 189 38 093
50%-74% 6679 13 892
=75% 2382 5090

Black patients <10% 17 386 46 201
10%-24% 24 888 68 495
25%-49% 33952 38 093
50%-74% 33231 91308
=75% 44170 121 668

Patients Who
Received a
Transplant, n

20 004
4184
1683

490

149
1840
2131
2486
2274
2945

Transplantation
Rate per 100
Person-Years
(95% CI)

5.51 (5.43-5.59)
4.83 (4.68-4.98)
4.42 (4.21-4.64)
3.53 (3.22-3.86)
2.93 (2.50-3.45)
3.98 (3.81-4.17)
3.11(2.98-3.25)
2.67 (2.57-2.77)
2.49 (2.39-2.60)
2.42 (2.34-2.51)

Unadjusted
Hazard Ratio
(95% CI)

1.00 (referent)

0.88 (0.85-0.91)
0.81 (0.77-0.85)
0.64 (0.59-0.70)
0.54 (0.46-0.63)
1.00 (referent)

0.78 (0.72-0.83)
0.67 (0.63-0.71)
0.62 (0.58-0.66)
0.60 (0.57-0.64)

Adjusted
Hazard Ratio
(95% CI)*

1.00 (referent)

0.88 (0.85-0.91)
0.85 (0.81-0.89)
0.74 (0.68-0.80)
0.63 (0.57-0.71)
1.00 (referent)

0.89 (0.83-0.95)
0.84 (0.78-0.90)
0.84 (0.78-0.90)
0.84 (0.78-0.92)

* Adjusted for patient age, sex, employment status, insurance coverage, diabetes, cardiac disease, peripheral vascular disease, stroke, current smoking, receipt of in-center
hemodialysis, census division, and the following census variables by ZIP code: median per capita income, percentage of families living below the poverty line, percentage of
the population employed in managerial or professional occupations, percentage of owner-occupied housing units, median value of owner-occupied housing units, percentage
of high school graduates, and percentage of college graduates among persons older than 25 years of age.

nantly black areas. Furthermore, because most patients liv-
ing in these areas are themselves black and a large propor-
tion of black patients receiving dialysis in the United States
live in these areas, such policies may have the unintended
consequence of amplifying racial disparities in access to
quality dialysis care and to kidney transplantation (43, 44).

Our analyses have several limitations. First, the per-
centages of black residents in each ZIP code were ascer-
tained from the 2000 U.S. Census. However, because co-
hort patients received initial dialysis anywhere from
1 January 1995 to 31 December 2002, our estimates of the
percentage of black residents in each patient’s ZIP code of
residence at the time of dialysis initiation may be inaccu-
rate, particularly in areas in which the population compo-
sition changed rapidly during the study period. In addi-
tion, geographic analyses of socioeconomic data at the
census block or census tract levels may differ from those at
the ZIP code level. However, to protect patient identity,
USRDS standard analytic files do not provide patient
addresses or census tract location, which would have al-
lowed us to conduct analyses at finer levels of geographic
resolution.

Second, patient-level and facility-level analyses of mor-
tality rates are not strictly comparable. The patient-level
mortality analysis reflects mortality risk among patients
who started long-term dialysis between 1995 and 2002
(some of whom eventually received a kidney transplant),
and mortality risk was adjusted for a wide variety of pa-
tient-level and ZIP code—level covariates. Facility standard
mortality ratios were based on survival among patients re-
ceiving dialysis in each facility in December 2004. This
ratio reflects actual mortality rates among patients in a
given facility compared with what would be expected based
on the age, race, sex, and diabetes status of those patients.
The facility standard mortality ratio is not adjusted for the
wide variety of covariates that we were able to include in
patient-level analyses. In addition, other facility perfor-
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mance measures are not adjusted for patient race, and thus
the findings and interpretation of facility-level analyses
must be considered preliminary insofar as patient race may
be important in explaining facility-level findings.

Third, the insensitivity of information on comorbid
conditions in USRDS may have limited our ability to ad-
just for the presence and severity of such conditions in our
cohort (45). Furthermore, information on socioeconomic
status was limited for individual patients. Differences in
mortality rates among white patients living in ZIP codes
with differing percentages of black residents are relatively
modest and may reflect the impact of residual confounding
by patient characteristics that were not captured in our
analyses. However, the substantial differences in time to
transplantation among both black and white patients living
in ZIP codes with differing percentages of black residents
seem unlikely to be due solely to residual confounding.

Finally, our study was restricted to non-Hispanic
white and black patients living in metropolitan areas.
Therefore, our results may not be generalizable to patients
receiving dialysis and facilities located in rural areas or to
patients receiving dialysis who belong to other racial and
ethnic groups (for example, Hispanic and Asian patients).

In conclusion, ZIP code racial composition was
strongly associated with time to transplantation but not
with time to death among patients receiving dialysis. Dif-
ferences in transplantation rates between patients living in
ZIP codes with fewer than 10% black residents versus
those with 75% or more black residents were at least as
pronounced as differences between black and white pa-
tients living in ZIP codes with similar racial composition.
However, differences in mortality rates across areas with
differing percentages of black residents were far less pro-
nounced than between-race differences in mortality rates.
In a separate analysis, dialysis facilities in areas with a
higher percentage of black residents were less likely than
those in other areas to meet performance targets and were
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Table 5. Dialysis Facility Characteristics, by Racial Composition of ZIP Code

Characteristic

Proportion of Black Residents in ZIP Code*

<10%
(n = 1745%)

17.8 (17.4-18.1)
51.9 (49.6-54.3)
26.5 (24.4-28.6)
78.9 (77.0-80.8)
24.6 (22.6-26.6)
12.0 (10.5-13.6)
63.4 (61.1-65.6)
88.9 (88.8-89.0)
91.4 (91.3-91.5)

Mean stations, n

Provision of home-based therapies, %

Late shift, %

For-profit, %

Independent/government, %

Small chain, %

Large chain, %

Patients reaching target hematocrit =33%, %

Patients reaching target urea reduction ratio =65%, %
Survival category, %

Better than expected 2.7 (2.0-3.6)
As expected 93.8 (92.6-95.0)
Worse than expected 3.4 (2.5-4.3)

10-24%
(n = 6351)

18.7 (18.0-19.3)
51.2 (47.3-55.1)
20.3 (17.2-23.5)
81.0 (77.9-84.0)
23.3 (20.0-26.6)
9.9 (7.6-12.3)
66.8 (63.1-70.5)
88.8 (88.6-88.9)
91.2 (91.1-91.4)

1.9 (0.8-3.0)
93.4 (91.3-95.4)
4.7 (3.0-6.4)

25%-49%
(n = 406%)

20.2 (19.3-21.1)
47.5 (42.7-55.1)
19.2 (15.4-23.1)
84.5 (81.0-88.0)
21.7 (17.7-25.7)
6.7 (4.2-9.1)
71.7 (67.2-76.1)
88.6 (88.4-88.8)
91.1 (90.9-91.3)

3.5(1.6-5.4)
89.2 (86.1-92.4)
7.3 (4.6-9.9)

50%-74%
(n = 2591)

22.2 (20.8-23.6)
50.2 (44.1-56.3)
22.8(17.6-27.9)
78.8 (73.8-83.8)
24.3 (19.1-29.6)
7.4 (4.1-10.5)
68.3 (62.6-74.0)
88.3 (88.0-88.6)
90.7 (90.5-91.0)

0.8 (0-1.9)
91.0 (87.3-94.6)
8.2 (4.8-11.7)

=75%
(n = 199t)

21.4(20.1-22.7)
44.7 (37.8-51.7)
19.6 (14.0-25.2)
82.4(77.1-87.7)
29.7 (23.3-36.1)
6.5 (3.1-10.0)
63.8 (57.1-70.6)
88.3 (88.0-88.6)
90.2 (89.9-90.4)

1.7 (0-3.5)
85.6 (80.5-90.8)
12.7 (7.8-17.6)

* Values in parentheses are 95% Cls.
1t Number of dialysis facilities.

more likely to have higher-than-expected patient mortality
rates. These findings are particularly relevant to black pa-
tients receiving dialysis because most patients living in pre-
dominantly black residential areas are themselves black and
more than half of all urban black patients receiving dialysis
in the United States live in these areas.

Our findings call for closer scrutiny of the care pro-
vided to patients living, and by dialysis facilities operating,
in predominantly black residential neighborhoods. Fur-
thermore, low transplantation rates among patients receiv-
ing dialysis who live in these areas raise the question of
whether an area-based approach to improving transplanta-
tion rates may be effective in reducing racial disparities in
kidney transplantation.

From San Francisco General Hospital, University of California, San
Francisco, Veterans Affairs Medical Center, San Francisco, and Veterans
Affairs San Francisco Research Enhancement Award Program, San Fran-
cisco, California.

Note: This manuscript was presented in abstract form at the Renal Dis-
ease in Minority Populations and Developing Nations satellite meeting
of the International Society of Nephrology, Singapore, 30 June-2 July
2005, and at the Veterans Affairs Health Services Research and Devel-
opment meeting, Arlington, Virginia, 16—17 February 2006.

Acknowledgments: The authors thank the patients and staff of the
dialysis unit at the San Francisco General Hospital for inspiring this
study. They also thank Dr. Barbara Grimes for technical assistance in
implementing the multiple imputation procedure.

Grant Support: Dr. O’Hare is supported by a Paul Beeson Career De-
velopment Award in Aging from the National Institute of Aging (K23
AG 028980-01). This rescarch was also supported by Veterans Affairs
Health Services Research and Development Career Development Awards
to Drs. O’Hare and Moody-Ayers. Dr. Sen is supported in part by the
Veterans Affairs San Francisco Health Services Research and Develop-
ment Research Enhancement Award Program to Improve Care for Older
Veterans.

500|3 April 2007 | Annals of Internal Medicine | Volume 146 * Number 7

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Rudolph A. Rodriguez, MD, University
of California, San Francisco, San Francisco General Hospital, Renal
Center Building 100, Room 350, Box 1341, San Francisco, CA 94110;
e-mail, rrodriguez@medsfgh.ucsf.edu.

Current author addresses and author contributions are available at www
.annals.org.

References

1. Powe NR. To have and have not: health and health care disparities in chronic
kidney disease. Kidney Int. 2003;64:763-72. [PMID: 12846781]

2. Bleyer AJ, Tell GS, Evans GW, Ettinger WH Jr, Burkart JM. Survival of
patients undergoing renal replacement therapy in one center with special empha-
sis on racial differences. Am ] Kidney Dis. 1996;28:72-81. [PMID: 8712225]
3. Bloembergen WE, Port FK, Mauger EA, Wolfe RA. Causes of death in
dialysis patients: racial and gender differences. ] Am Soc Nephrol. 1994;5:1231-
42. [PMID: 7873734]

4. Cowie CC, Port FK, Rust KF, Harris MI. Differences in survival between
black and white patients with diabetic end-stage renal disease. Diabetes Care.
1994;17:681-7. [PMID: 7924777]

5. Eggers PW. Mortality rates among dialysis patients in Medicare’s End-Stage
Renal Disease Program. Am ] Kidney Dis. 1990;15:414-21. [PMID: 2185627]
6. Owen WEF Jr, Chertow GM, Lazarus JM, Lowrie EG. Dose of hemodialysis
and survival: differences by race and sex. JAMA. 1998;280:1764-8. [PMID:
9842952]

7. Pei YP, Greenwood CM, Chery AL, Wu GG. Racial differences in survival of
patients on dialysis. Kidney Int. 2000;58:1293-9. [PMID: 10972693]

8. Pugh JA, Tuley MR, Basu S. Survival among Mexican-Americans, non-
Hispanic whites, and African-Americans with end-stage renal disease: the emer-
gence of a minority pattern of increased incidence and prolonged survival. Am J
Kidney Dis. 1994;23:803-7. [PMID: 8203362]

9. Tanna MM, Vonesh EF, Korbet SM. Patient survival among incident peri-
toneal dialysis and hemodialysis patients in an urban setting. Am J Kidney Dis.
2000;36:1175-82. [PMID: 11096042]

10. Alexander GC, Sehgal AR. Barriers to cadaveric renal transplantation among
blacks, women, and the poor. JAMA. 1998;280:1148-52. [PMID: 9777814]
11. Epstein AM, Ayanian JZ, Keogh JH, Noonan SJ, Armistead N, Cleary PD,
et al. Racial disparities in access to renal transplantation— clinically appropriate
or due to underuse or overuse? N Engl ] Med. 2000;343:1537-44, 2 p preceding
1537. [PMID: 11087884]

www.annals.org



12. Frankenfield DL, Rocco MV, Frederick PR, Pugh J, McClellan WM,
Owen WF Jr. Racial/ethnic analysis of selected intermediate outcomes for hemo-
dialysis patients: results from the 1997 ESRD Core Indicators Project. Am J
Kidney Dis. 1999;34:721-30. [PMID: 10516355]

13. National ESRD CPM Work Group. National profile of practice patterns for
hemodialysis vascular access in the United States. ] Am Soc Nephrol. 2002;13:
2117-24. [PMID: 12138144]

14. Sehgal AR. Outcomes of renal replacement therapy among blacks and
women. Am J Kidney Dis. 2000;35:5148-52. [PMID: 10766013]

15. Leggat JE Jr, Orzol SM, Hulbert-Shearon TE, Golper TA, Jones CA, Held
PJ, et al. Noncompliance in hemodialysis: predictors and survival analysis. Am ]
Kidney Dis. 1998;32:139-45. [PMID: 9669435]

16. Sehgal AR. Impact of quality improvement efforts on race and sex disparities
in hemodialysis. JAMA. 2003;289:996-1000. [PMID: 12597751]

17. Hirth RA, Turenne MN, Woods JD, Young EW, Port FK, Pauly MV,
et al. Predictors of type of vascular access in hemodialysis patients. JAMA.
1996;276:1303-8. [PMID: 8861988]

18. Stack AG. Determinants of modality selection among incident US dialysis
patients: results from a national study. ] Am Soc Nephrol. 2002;13:1279-87.
[PMID: 11961016]

19. Center for Medicare & Medicaid Services’ End-Stage Renal Disease Clin-
ical Performances Measures Workgroup. Regional variability in anaemia man-
agement and haemoglobin in the US. Nephrol Dial Transplant. 2003;18:147-52.
[PMID: 12480973]

20. O’Riordan E, Lambe D, O’Donoghue DJ, New J, Foley RN. Variation in
dialysis patient mortality by Health Authority. QM. 2003;96:739-45. [PMID:
14500860]

21. Williams DR, Collins C. Racial residential segregation: a fundamental cause
of racial disparities in health. Public Health Rep. 2001;116:404-16. [PMID:
12042604]

22. Adler NE, Newman K. Socioeconomic disparities in health: pathways and
policies. Health Aff (Millwood). 2002;21:60-76. [PMID: 11900187]

23. Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ,
et al. Neighborhood of residence and incidence of coronary heart disease. N Engl
J Med. 2001;345:99-106. [PMID: 11450679]

24. Isaacs SL, Schroeder SA. Class—the ignored determinant of the nation’s
health. N Engl ] Med. 2004;351:1137-42. [PMID: 15356313]

25. Frederick PR, Maxey NL, Clauser SB, Sugarman JR. Developing dialysis
facility-specific performance measures for public reporting. Health Care Financ
Rev. 2002;23:37-50. [PMID: 12500469]

26. Lin DY, Wei LJ. The robust inference for the Cox proportional hazards
model. ] Am Statist Assoc. 1989;84:1074-79.

27. Ford BL. An overview of hot-deck procedures. In: Madow WG, Olkin I,
Rubin D, eds. Incomplete Data in Sample Surveys. New York: Academic Pr;
1983:185-207.

28. Schafer JL. Multiple imputation: a primer. Stat Methods Med Res. 1999;8:
3-15. [PMID: 10347857]

29. Garg PP, Frick KD, Diener-West M, Powe NR. Effect of the ownership of

www.annals.org

Dialysis Outcome and Urban Residential Segregation ARTICLE

dialysis facilities on patients’ survival and referral for transplantation. N Engl J
Med. 1999;341:1653-60. [PMID: 10572154]

30. Transplant Task Force of The Renal Network, Inc. Variation in access to
kidney transplantation across dialysis facilities: using process of care measures for
quality improvement. Am ] Kidney Dis. 2002;40:824-31. [PMID: 12324919]
31. Held PJ, Pauly MV, Diamond L. Survival analysis of patients undergoing
dialysis. JAMA. 1987;257:645-50. [PMID: 3795446]

32. Saran R, Bragg-Gresham JL, Rayner HC, Goodkin DA, Keen ML, Van
Dijk PC, et al. Nonadherence in hemodialysis: associations with mortality, hos-
pitalization, and practice patterns in the DOPPS. Kidney Int. 2003;64:254-62.
[PMID: 12787417]

33. Whiteis DG. Hospital and community characteristics in closures of urban
hospitals, 1980-87. Public Health Rep. 1992;107:409-16. [PMID: 1641437]
34. Fang J, Alderman MH. Is geography destiny for patients in New York with
myocardial infarction? Am ] Med. 2003;115:448-53. [PMID: 14563501]

35. Bach PB, Pham HH, Schrag D, Tate RC, Hargraves JL. Primary care
physicians who treat blacks and whites. N Engl ] Med. 2004;351:575-84.
[PMID: 15295050]

36. Brown WW, Collins A, Chen SC, King K, Molony D, Gannon MR, et al.
Identification of persons at high risk for kidney disease via targeted screening: the
NKF Kidney Early Evaluation Program. Kidney Int Suppl. 2003:550-5. [PMID:
12864875]

37. McGill JB, Brown WW, Chen SC, Collins AJ, Gannon MR. Kidney Early
Evaluation Program (KEEP). Findings from a community screening program.
Diabetes Educ. 2004;30:196-8, 200-2, 206. [PMID: 15095511]

38. Rosenthal MB, Frank RG, Li Z, Epstein AM. Early experience with pay-
for-performance: from concept to practice. JAMA. 2005;294:1788-93. [PMID:
16219882]

39. Werner RM, Asch DA, Polsky D. Racial profiling: the unintended conse-
quences of coronary artery bypass graft report cards. Circulation. 2005;111:1257-
63. [PMID: 15769766]

40. Himmelfarb J, Pereira BJ, Wesson DE, Smedberg PC, Henrich WL. Pay-
ment for quality in end-stage renal disease. ] Am Soc Nephrol. 2004;15:3263-9.
[PMID: 15579531

41. Medicare Payment Advisory Commission. Report to the Congress: Medi-
care Payment Policy. Washington, DC: Medicare Payment Advisory Commis-
sion; 2006.

42. Milgate K, Cheng SB. Pay-for-performance: the MedPAC perspective.
Health Aff (Millwood). 2006;25:413-9. [PMID: 16522581]

43. Epstein AM. Health care in America—still too separate, not yet equal
[Editorial]. N Engl ] Med. 2004;351:603-5. [PMID: 15295055]

44. Epstein AM, Lee TH, Hamel MB. Paying physicians for high-quality care.
N Engl ] Med. 2004;350:406-10. [PMID: 14736934]

45. Longenecker JC, Coresh J, Klag MJ, Levey AS, Martin AA, Fink NE, et al.
Validation of comorbid conditions on the end-stage renal disease medical evi-
dence report: the CHOICE study. Choices for Healthy Outcomes in Caring for
ESRD. ] Am Soc Nephrol. 2000;11:520-9. [PMID: 10703676]

3 April 2007 | Annals of Internal Medicine | Volume 146 * Number 7 |501



Annals of Internal Medicine

Current Author Addresses: Dr. Rodriguez: University of California,
San Francisco, San Francisco General Hospital, Renal Center Building
100, Room 350, Box 1341, San Francisco, CA 94110.

Drs. Sen and Bacchetti: University of California, 185 Berry Street, Suite
5700, San Francisco, San Francisco, CA 94107.

Dr. Mehta, MS. Moody-Ayers, and Dr. O’Hare: San Francisco Veterans
Affairs Medical Center, 4150 Clement Street, Box 151G, San Francisco,
CA 94121.

Author Contributions: Conception and design: R.A. Rodriguez, A.M.
O’Hare.

Analysis and interpretation of the data: R.A. Rodriguez, S. Sen, P. Bac-
chetti, AAM. O’Hare.

W-1 26|3 April 2007 | Annals of Internal Medicine | Volume 146 * Number 7

Drafting of the article: R.A. Rodriguez, P. Bacchetti, A M. O’Hare.
Critical revision of the article for important intellectual content: R.A.
Rodriguez, S. Sen, K. Mehta, S. Moody-Ayers, P. Bacchetti, A.M.
O’Hare.

Final approval of the article: R.A. Rodriguez, S. Sen, K. Mehta, S.
Moody-Ayers, P. Bacchetti, A.M. O’Hare.

Provision of study materials or patients: R.A. Rodriguez, A.M. O’Hare.
Statistical expertise: S. Sen, P. Bacchetti, A M. O’Hare.

Administrative, technical, or logistic support: R.A. Rodriguez, A.M.
O’Hare.

Collection and assembly of data: R.A. Rodriguez, A.M. O’Hare.

www.annals.org



