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ABSTRACT

Referral to a nephrologist before initiation of chronic dialysis occurs less frequently for blacks than
whites, but the reasons for this disparity are incompletely understood. Here, we examined the contri-
bution of racial composition by zip code on access and quality of nephrology care before initiation of
renal replacement therapy (RRT). We retrospectively studied a cohort study of 92,000 white and black
adults who initiated RRT in the United States between June 1, 2005, and October 5, 2006. The
percentage of patients without pre-ESRD nephrology care ranged from 30% among those who lived in
zip codes with <5% black residents to 41% among those who lived in areas with >50% black residents.
In adjusted analyses, as the percentage of blacks in residential areas increased, the likelihood of not
receiving pre-ESRD nephrology care increased. Among patients who received nephrology care, the
quality of care (timing of care and proportion of patients who received a pre-emptive renal
transplant, who initiated therapy with peritoneal dialysis, or who had a permanent hemodialysis
access) did not differ by the racial composition of their residential area. In conclusion, racial
composition of residential areas associates with access to nephrology care but not with quality of the
nephrology care received.
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Clinical practice guidelines for chronic kidney
disease emphasize the importance of timely refer-
ral to a nephrologist for patients expected to re-
quire renal replacement therapy.'-> Nevertheless,
approximately 33% of end-stage renal disease
(ESRD) patients in the United States do not see a
nephrologist before initiation of chronic dialy-
sis.®> Lack of timely access to nephrology care is
associated with several adverse outcomes after
initiation of dialysis including higher mortality
rates,*— higher rates of hospitalization,'® lower
rates of renal transplantation,'"!? delayed cre-
ation of arteriovenous fistulae,'* lower rates of
achievement of dialysis treatment targets,'+!>
and a lower likelihood of receiving home-based
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dialysis therapies such as peritoneal dialysis and
home hemodialysis.>1e-18

In the United States, black dialysis patients are
less likely than white patients to have received ne-
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phrology care before onset of ESRD.!19-2! They are also less
likely to receive a pre-emptive kidney transplant,?>23 select peri-
toneal dialysis over hemodialysis,?* and have a vascular access in
place at onset of hemodialysis.2>2¢ Several factors may contribute
to these disparities including differences in insurance status, level
of education, physician knowledge or biases, and patient prefer-
ences.>?’-2° In addition, geographic factors such as proximity to
dialysis facilities and degree of urbanization also affect access to
nephrology care.30-33

A substantial proportion of black patients are also more
likely to live in areas where most other residents are black. A
recent study demonstrated that both black and white dialysis
patients living in predominantly black zip codes were less likely
to receive a kidney transplant than patients living in other ar-
eas.>* Although levels of income, wealth and education tended
to be lower among residents of predominantly black zip codes,
lower transplant rates among dialysis patients living in these
areas were not completely explained by these measures. Pa-
tients who live in predominantly black zip codes may face
unique barriers to care that are not explained by measured
socioeconomic characteristics of those zip codes. We therefore
hypothesized that dialysis patients living in zip codes with a
greater proportion of black residents would be less likely to
have received pre-ESRD care and less likely to have received
high-quality nephrology care than patients living in other zip
codes. We also hypothesized that these relationships would not

be completely explained by differences in zip code socioeco-
nomic status or patient race.

RESULTS

Patients

Weidentified 129,106 patients who initiated renal replacement
therapy between June 1, 2005, and October 5, 2006. We ex-
cluded 4111 patients either because their zip code at initiation
was not recorded in the USRDS database or because the zip
code recorded could not be matched to a zip code tabulation
area in the 2000 U.S. Census. We excluded a further 12,735
patients who were missing information on the timing of ne-
phrology referral, 19,549 patients who were neither black nor
white, and 711 patients who were younger than 18 or older
than 100. The analytic sample consisted of the remaining
92,000 patients. Baseline characteristics of the excluded pa-
tients were similar to those in the analytic sample.

Descriptive Statistics

A total 0f 30,455 black and 61,545 white patients were included
in this study. Overall, 63.4% of white patients lived in zip codes
with <5% black residents and 2.2% lived in zip codes with
>50% black residents (Table 1). Conversely, 41.5% of black
patients lived in zip codes with >50% black residents and only

Table 1. Patient-level baseline characteristics by zip code category

Proportion of Black Residents in Zip Code

Characteristics P
<5% 5 to 14.9% 15 to 24.9% 25 to 49.9% >50%
Total number of patients (n) 41,126 17,257 8170 11,443 14,004
Number of white patients 39,013 12,839 4501 3814 1378
Number of black patients 2113 4418 3669 7629 12,626
Black patients (%) 5.14 25.60 44.91 66.67 90.16 <0.001
Mean age (years) 66.47 63.98 61.88 60.87 59.61 <0.001
Gender (% women) 41.70 43.41 45.91 48.03 50.64 <0.001
Employed at form completion (%) 12.01 12.56 12.68 10.78 10.98 <0.001
Health insurance at onset of ESRD (%)
Medicare 61.77 56.57 53.17 51.73 46.5 <0.001
Medicaid 16.18 19.85 23.88 29.67 32.97 <0.001
Veterans Affairs 1.82 1.94 1.76 1.71 1.54 0.1
Employee group coverage 31.19 31.4 31.46 27.27 26.58 <0.001
Other 31.93 24.74 19.83 15.72 12 <0.001
No coverage 3.75 6.16 7.81 9.8 11.52 <0.001
Comorbid conditions (%)
Cardiac disease 54.24 50.69 48.29 44.83 41.77 <0.001
Diabetes 48.19 49.3 51.02 51.32 49.91 <0.001
Peripheral vascular disease 17.78 15.17 15.34 13.64 10.08 <0.001
Stroke 10.6 10.22 10.8 10.22 10.23 0.36
Hypertension 81.77 83.47 84.92 86.54 86.92 <0.001
Timing of nephrology referral (%)
Not referred before RRT 29.47 31.95 33.57 36.49 40.66
<6 months before RRT 12.83 12.3 11.24 9.81 11.34
6 to 12 months before RRT 27.96 28.01 27.93 27.96 27.01
>12 months before RRT 29.74 27.75 27.26 25.74 20.99 <0.001

The first three lines provide number of patients in each zip code and race category for reference. P values for categorical variables were calculated using x?
tests and those for continuous variables were calculated using the Kruskal-Wallis test. No characteristic had missing values.
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6.9% lived in zip codes with <<5% black residents. Patients living
in zip codes with a higher percentage of black residents were on
average younger and were more likely to be women, to have hy-
pertension, and to have either Medicaid or no medical coverage
(Table 1). They were less likely to be employed, to have cardiac or
peripheral vascular disease, and to have either Medicare or em-
ployee group coverage (Table 1). Zip codes with a higher percent-
age of black residents had, on average, a lower median per capita
income, a lower proportion of residents employed in professional
or managerial positions, a lower percentage of owner-occupied
housing units, a lower percentage of adults with a high school
diploma or college degree, and a higher percentage of residents
living below poverty level (Table 2).

Zip Code Racial Composition and Receipt of Pre-ESRD
Nephrology Care

Overall, 29.5% of patients living in zip codes with <5%
black residents did not receive nephrology care compared
with 40.7% of those living in zip codes with >50% black
residents (P < 0.0001). Zip code racial composition was
associated with receipt of nephrology care even after adjust-
ment for patient race and other patient- and zip code-level
socioeconomic characteristics. Compared with the referent
category of patients living in zip codes with <5% black
residents, the unadjusted odds ratios for not receiving ne-
phrology care before renal replacement therapy for those
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living in zip codes with 5 to 14.9%, 15 to 24.9%, 25 to 50%,
and >50% black residents were respectively 1.11 (95% con-
fidence interval [CI], 1.07 to 1.16), 1.21 (CI, 1.14 to 1.29),
1.36 (CI, 1.29 to 1.44), and 1.61 (CI, 1.52 to 1.70). This
association persisted after adjustment for patient- and zip
code—level characteristics: 1.05 (95% CI, 1.02 to 1.10), 1.08
(CL 1.01 to 1.16), 1.12 (CI, 1.05 to 1.19), and 1.21 (CI, 1.12
to 1.30), respectively (Table 3). Odds ratios for the associa-
tion of zip code racial composition with receipt of predialy-
sis nephrology care were progressively attenuated by se-
quential adjustment for patient characteristics, individual-
level socioeconomic characteristics, and area-level
socioeconomic characteristics. These results suggest that the
aforementioned factors contribute to, but do not completely
explain, the association of zip code racial composition with not
receiving pre-ESRD nephrology care (Table 3).

Associations of Patient Race and Area Poverty with
Receipt of Pre-ESRD Nephrology Care

From zip codes with the lowest to the highest percentages of
black residents, the unadjusted percentages of patients not re-
ceiving nephrology care before ESRD ranged from 29.3 to
36.5% (P < 0.0001) for white patients and from 32.5 to 41.1%
(P < 0.0001) for black patients, respectively (Figure 1). The
adjusted associations between zip code racial composition and
receipt of pre-ESRD nephrology care were similar when esti-

Table 2. Zip code-level socioeconomic characteristics by zip code category

Proportion of Black Residents in Zip Code

Characteristic

<5% 5t0 14.9% 15to 24.9% 25 to 49.9% >50%

Total number of zip codes (n) 11,620 2842 1186 1491 1077

Median per capita income ($U.S.) 21,400 21,323 18,757 16,528 14,032 <0.0001
People below poverty line (%) 9.79 11.42 13.95 18.11 25.45 <0.0001
People employed in professional/managerial positions (%) 31.16 32.02 28.96 26.05 23.71  <0.0001
Housing units occupied by owner (%) 76.72 68.37 66.63 65.96 59.40 <0.0001
People aged >25 years with high school diploma (%) 31.32 26.98 28.02 28.77 27.99 <0.0001
People aged >25 years with college degree (%) 12.57 13.13 10.94 8.93 7.45 <0.0001
Zip codes in metropolitan areas (%) 56.32 77.02 69.48 55.80 66.57 <0.0001

There were 4 zip codes missing data on percentage of owner-occupied housing and 11 zip codes missing data on type of employment. Total number of zip
codes was 18,216.

Table 3. Effect of sequentially adding patient and area characteristics on zip code racial composition odds ratios for
receipt of nephrology care

Percentage of Black Residents in Zip Code

Model
5to 14.9% 15 to 24.9% 25 to 50% >50%
1 1.11 (1.07 to 1.16) 1.21 (1.14 to 1.29) 1.36 (1.29 to 1.44) 1.61 (1.52 to 1.7)
2 1.08 (1.03 to 1.13) 1.14 (1.07 to 1.12) 1.24 (1.17 to 1.31) 1.41 (1.32 to 1.50)
3 1.08 (1.03 to 1.13) 1.15 (1.08 to 1.22) 1.26 (1.18 to 1.34) 1.42 (1.33 to 1.52)
4 1.06 (1.02 to 1.11) 1.12 (1.05 to 1.2) 1.19 (1.12 to 1.27) 1.34 (1.25 to 1.43)
5 1.05 (1.00 to 1.10) 1.08 (1.01 to 1.16) 1.12 (1.05 to 1.19) 1.21 (1.12 to 1.3)

Final model (5) stratified by race
White patients
Black patients

1.07 (1.01 to 1.12) 1.12 (1.03 to 1.21) 1.14 (1.04 to 1.23) 1.26 (1.11 to 1.43)
1.03 (0.92 to 1.16) 1.03 (0.91 to 1.17) 1.11 (0.98 to 1.24) 1.19 (1.05 to 1.34)
Model 1 included only zip code racial composition. Model 2 added patient race to model 1 and model 3 added patient demographic and clinical variables to
model 2. In model 4, patient-level socioeconomic status variables were added to the previous model. In model 5, zip code-level socioeconomic variables were
added to model 4. The final two rows show the fully adjusted model (5) stratified by patient race. P values for all cells except for the first three columns for the
black patients model were significant at the 0.05 level.
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Figure 1. Unadjusted proportion of patients not receiving ne-
phrology care before initiating renal replacement therapy by race
and zip code category. The 95% confidence intervals of the
unadjusted percentages of patients not receiving nephrology
care before renal replacement therapy is indicated with black
bars.

mated in white patients alone or in black patients alone, com-
pared with those estimated in all patients (Table 3).

The adjusted odds ratios for not receiving pre-ESRD ne-
phrology care in black patients compared with those in white
patients were examined within each zip code racial composi-
tion category separately. For zip code categories with <5%, 5
to 14.9%, 15 to 24.9%, 25 to 50%, and >50% black residents,
the odds ratios were 1.21 (1.10 to 1.34), 1.13 (1.04 to 1.22), 1.05
(0.95 to 1.16), 1.14 (1.04 to 1.24), and 1.03 (0.91 to 1.16),
respectively. There was also no significant interaction between
patient race and zip code—level racial composition (P = 0.75).

A larger percentage of black patients (38.1%) compared
with 30.3% of white patients had not received pre-ESRD ne-
phrology care before commencing renal replacement therapy.
In an unadjusted model examining the effect of patient race on
receipt of nephrology care, sequential adjustment for patient
demographic, clinical and socioeconomic factors, area poverty
measures, and residential area composition, there was moder-
ate attenuation of the odds ratio for nonreceipt of pre-ESRD
care in black patients. The odds ratios decreased from 1.33
(1.29t01.37) to 1.12 (1.08 to 1.17), suggesting that the effect of
black race on receipt of nephrology care was partly modified by
residential area racial composition and each of the aforemen-
tioned domains (Table 4).

Quality of Pre-ESRD Care

Among the subset of patients who had been referred for ne-
phrology care before starting renal replacement therapy, there
were no significant unadjusted or adjusted associations be-
tween zip code racial composition and either the timeliness of
nephrology care or receipt of an arteriovenous fistula or graft
versus a central venous catheter (Table 5). In unadjusted anal-
yses, patients living in areas with a higher proportion of black
residents were less likely to receive peritoneal dialysis and less
likely to receive a pre-emptive renal transplant. However, the
associations of these outcomes with residential area racial

4 Journal of the American Society of Nephrology

Table 4. Effects of sequential adjustment for patient, area
poverty, and racial composition on the odds ratio of black
patients not receiving pre-ESRD care

Model Odds Ratio Lower 95% ClI Upper 95% CI
A 1.33 1.29 1.37
B 1.38 1.33 1.43
C 1.24 1.2 1.29
D 1.18 1.14 1.22
E 1.12 1.08 1.17

Model A examined the unadjusted effect of patient race on receipt of
nephrology care. Model B added the remaining patient demographic and
clinical variables to model A. In model C, patient-level socioeconomic
characteristics were added to model B. In model D, area-level socioeconomic
status markers were added to model C. Finally, in model E, zip code-level
racial composition was added to model D.

composition tended to disappear after adjustment for patient
race and other potential confounders (Table 5). Patient race
was likely the main factor explaining the difference between
the unadjusted and adjusted outcomes for peritoneal dialysis
and pre-emptive renal transplant in this study as the odds ra-
tios for these outcomes in black patients were 0.6 (0.55 to 0.67)
and 0.2 (0.17 to 0.28), respectively.

DISCUSSION

In a large contemporary cohort of incident ESRD patients in
the United States, 30.3% of white patients and 38.1% of black
patients had not seen a nephrologist before onset of ESRD.
Receipt of predialysis nephrology care appeared to be ex-
plained in part by where patients lived. Almost half of all black
patients lived in zip codes in which most residents were also
black. Both white and black patients living in zip codes with a
higher proportion of black residents were less likely to have
received nephrology care before initiation of renal replace-
ment therapy even after accounting for differences in measures
of socioeconomic status. Conversely, residential zip code racial
composition appeared to contribute to the association of black
race with not receiving nephrology care. Among patients who
received nephrology care, however, residential area racial com-
position was not associated with performance on several mea-
sures of quality of predialysis nephrology care.

There is a growing volume of literature linking nephrology
referral and several other clinical outcomes and quality measures
among ESRD patients to residence location. A recent study dem-
onstrated that dialysis patients living farther from a renal unit had
a lower likelihood of being referred for pre-ESRD nephrology
care.> Previous studies have also reported poorer performance on
dialysis quality measures, including timing of referral to nephrol-
ogy care in areas with poor socioeconomic status. For example,
Australian patients living in urban areas with higher socioeco-
nomic deprivation scores were more likely to be referred late for
nephrology care than other patients.?° In the United States, black
and Asian and Pacific Islander dialysis patients living in higher
poverty areas were less likely than white patients to be waitlisted

J Am Soc Nephrol 21: eee —eee , 2010
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Table 5. Unadjusted and adjusted secondary analyses by zip code category

Percentage of Black Residents in Zip Code

Outcomes Odds Ratios
5 to 14.9% 15 to 24.9% 25 to 50% >50%
Late referral (n = 64,568) Unadjusted  0.98 (0.91 to 1.05) 0.89 (0.81t0 0.99) 0.84(0.76 t0 0.92) 1.05 (0.96 to 1.16)
Adjusted 0.98 (0.91 to 1.06) 0.89 (0.8 to 0.99) 0.82(0.73t0 0.91) 0. % (0.85 to 1.09)
Peritoneal dialysis (n = 64,568) Unadjusted  0.92 (0.84t0 1.02) 0.89(0.78to 1.01) 0.79 (0.70 to 0.89) 6 (0.53 to 0.68)
Adjusted 1(0.9to1.1) 1.02(0.891t0 1.17) 0.97 (0.84 to 1.12) 9(0.76 to 1.07)
Pre-emptive renal transplant (n = 64,568)  Unadjusted  0.64 (0.56 t0 0.72) 0.53 (0.44 t0 0.64) 0.35(0.28t0 0.42) O. 19 (0.15 t0 0.24)
Adjusted 0.75(0.65t0 0.86) 0.82 (0.66to 1.02) 0.87 (0.69 to 1.09) 1(0.73 to 1.36)
AVF/AVG before HD (n = 56,394) Unadjusted  0.96 (0.91 to 1.02) 0.99 (0.92 to 1.07) 0.97 (0.9 to 1.04) 1.01 (0.95 to 1.08)
Adjusted 0.95 (0.9 to 1.01) 0.97 (0.9 to 1.06) 0.92 (0.85t0 1.00) 0.93(0.85 to 1.02)

The zip codes categories are listed by percentage of black residents with the referent category being <5% black residents. Unadjusted and adjusted odds
ratios are shown with 95% confidence intervals on the left and right sides of the table respectively. LCl, lower 95% confidence interval; UCI, upper 95%
confidence interval; HD, hemodialysis; AVF, arteriovenous fistula; AVG, arteriovenous graft. These models were adjusted for patient-level (age, gender, race,
comorbidities, employment, and insurance status) and zip code-level (median per capita income, owner-occupied housing units, percentage of population
below poverty line, high school and college education, percentage employed in professional/managerial positions) characteristics.

for or to undergo renal transplantation.3%37 We are aware of only
one study that examined the association of area racial composi-
tion with outcomes in dialysis patients. Rodriguez et al. demon-
strated that patients living in predominantly black zip codes in the
United States were less likely than patients living in areas with a
low percentage of black residents to receive a renal transplant re-
gardless of their own race.>*

Although differences in zip code—level measures of socio-
economic status contributed to the observed association be-
tween zip code racial composition and receipt of pre-ESRD
nephrology care, these measures did not completely explain
this association. It is possible that measured differences in so-
cioeconomic status between zip codes with differing racial
composition do not fully capture true differences in socioeco-
nomic status. Nonetheless, it may be that patients living in zip
codes with a higher percentage of black residents face unique
barriers to receipt of pre-ESRD nephrology care not faced by
patients living in other poor zip codes. It is possible, for in-
stance, that health care infrastructure may differ across zip
codes with differing racial composition. Several prior studies
among primary care patients indicate that clinics that primar-
ily serve minority patients face greater organizational barriers
to providing high-quality care and are less likely to have access
to specialist services.’®3° Patients living in predominantly
black neighborhoods may also find less community support
for healthy behaviors and for interaction with health care. Sev-
eral studies have demonstrated that health foods such as fruit
and vegetables and access to recreational facilities may be more
limited in predominantly black urban areas.4-*3> Cultural and
health beliefs and language, communication, and trust barriers
may prevent access to health care* and the availability of re-
sources such as community support groups to reduce these
barriers may vary by residential area.

Our study has several limitations. First, we were not able to
examine patterns of referral among patients with chronic kid-
ney disease who did not initiate renal replacement therapy.
Second, there may have been some misclassification of zip code
racial composition because we used the 2000 U.S. census to
estimate the racial composition of zip codes in 2005 and 2006.

J Am Soc Nephrol 21: eee —eee , 2010

Third, our analyses were conducted at the zip code level rather
than finer levels of geographic resolution such as the census
block or census tract because these data are not available from
the United States Renal Data System (USRDS). Zip codes are
geographic areas created by the United States postal service and
thus may not always identify unified geographic areas (e.g.,
neighborhood) and may be less likely to identify homogenous
populations than census blocks or tracts.*>* Nonetheless, uti-
lizing zip codes instead of census blocks or tracts creates a more
conservative bias of socioeconomic health gradients.*>-47
Fourth, we cannot exclude potential systematic variability
among facilities in reporting of predialysis nephrology care as
these questions on the Center for Medicare and Medicaid Ser-
vices form 2728 have not been validated. Finally, differences
between patients in rate of change in estimated GFR before
dialysis initiation might reasonably influence likelihood of ne-
phrology referral. However, information on predialysis esti-
mated GFR is not available in the data sources for this study.

In the United States, >40% of black patients who initiate
renal replacement therapy live in zip codes where most resi-
dents are also black. Regardless of race, patients living in these
areas were less likely to have received nephrology care before
onset of ESRD. These differences were partly, but not com-
pletely, explained by differences in socioeconomic status be-
tween zip codes with differing racial composition. However,
among patients referred to a nephrologist, quality of nephrol-
ogy care received by patients living in these areas differed little
by zip code racial composition. It is possible that the concen-
tration of a large proportion of black ESRD patients in a rela-
tively small number of residential zip codes may provide op-
portunities to reduce racial disparities in access to nephrology
care via targeted area—based approaches.

CONCISE METHODS

Design, Data Sources, and Patients
We conducted a retrospective cohort study using patient-level data from

the USRDS, a national ESRD registry, and zip code-level data from the

Renal Care Access by Residence Area 5
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2000 U.S. Census. In 2005, USRDS began recording information on re-
ceipt of nephrology care before initiation of renal replacement therapy
(dialysis or transplantation). Patients were potentially eligible for inclu-
sion in our cohort if they were between the ages of 18 and 100 years, were
either black or white, and initiated renal replacement therapy between
January 2005 and October 2006. We excluded patients whose residential
zip code listed in USRDS did not match a zip code tabulation area in the
2000 U.S. Census and those who were missing information on receipt of
nephrology care before initiation of renal replacement therapy.

Primary Predictor Variable
The primary predictor variable was the percentage of black residents

living in each patient’s zip code at the time of onset of renal replace-
ment therapy. Zip codes were divided into five categories by percent-
age of residents who were black as follows: <5%, 5 to 14.9%, 15 to
24.9%, 25 to 50%, and >50%. These percentages were selected so that
receipt of pre-ESRD care could be examined specifically in predomi-
nantly black zip codes and in zip codes where the percentage of black
residents was below the national average (15%).

Other Predictor Variables
Patient factors included age, gender, race, comorbidities, employ-

ment status at form completion, and medical insurance coverage and
these were obtained from the USRDS data. Comorbidities consisted
of cardiac disease, diabetes, stroke, hypertension, and peripheral vas-
cular disease. Insurance categories included Medicare, Medicaid, Vet-
erans Affairs insurance, employee group coverage, other insurance,
and no coverage. Zip code variables were obtained from the U.S.
Census 2000 data and included median per capita income, percentage
of people in the zip code with a high school and college education,
percentage of owner-occupied housing units, percentage of the zip
code population below the poverty line, and percentage of the zip
code population employed in a professional or managerial position.

Primary Outcome

The primary outcome measure was whether or not patients received ne-
phrology care before initiation of renal replacement therapy. At onset of
ESRD, each patient’s provider completes the Centers for Medicare and
Medicaid Services’ Medical Evidence Form (form 2728-U3). Our analy-
ses were based on responses to the question: “Before ESRD therapy, was
the patient under the care of a nephrologist?” Potential responses to this

»

question were “yes,” “no,” and “unknown.”

Statistical Analysis
Descriptive Statistics
The median values of continuous patient- and zip code—level vari-

ables were compared across zip code racial composition categories
using the Kruskal-Wallis test (Tables 1 and 2). The x* test was used to
compare the distribution of categorical variables across zip code cat-
egories (Tables 1 and 2).

Zip Code Racial Composition and Receipt of Pre-ESRD Nephrology

Care
The Mantel-Haenszel test was used to examine whether there were

trends in lack of pre-ESRD nephrology care across zip code categories.

6 Journal of the American Society of Nephrology

The adjusted association of the racial composition of patients’ zip
code and receipt of nephrology care was assessed using a logistic re-
gression model estimated using generalized estimating equation
(GEE) methods to account for the clustering of patients within zip
codes. Analyses adjusted for both patient-level characteristics and zip
code-level measures of socioeconomic status.

To assess the effects of sequential adjustment for patient-level and
residential area factors, sets of variables were sequentially added to a
model explaining the association between residential area racial com-
position and receipt of nephrology care. The baseline model (model
1) included residential area racial composition as the only predictor
variable. In model 2, patient race alone was added to model 1; in
model 3, patient demographic and clinical variables were added to
model 2. Model 4 added patient-level socioeconomic status variables
to the previous model, whereas in model 5, zip code-level socioeco-
nomic variables were added to model 4 (Table 3).

Associations of Patient Race and Area Poverty with Receipt of

Pre-ESRD Nephrology Care
To determine whether the association between residential area racial

composition and receipt of pre-ESRD nephrology care was present in
both black patients and white patients, we conducted a set of stratified
analyses. The unadjusted and adjusted effect of residential area composi-
tion on receipt of nephrology care was determined in black patients and
white patients separately (Table 3 and Figure 1). Adjusted models in-
cluded all patient demographic, clinical, socioeconomic, and area-level
socioeconomic covariates.

Additionally, to examine the effect of patient race on receipt of
nephrology care in each residential area composition category, we fit
a separate regression model to examine the black versus white odds
ratio for not receiving pre-ESRD care within each of the five residen-
tial area racial composition categories. These analyses adjusted for
both patient- and zip code-level variables. Finally, we tested for an
interaction between patient race and residential area racial composi-
tion on receipt of pre-ESRD nephrology care in the logistic regression
model containing all patient demographic, clinical, socioeconomic,
and area-level socioeconomic covariates.

To determine whether zip code racial composition modified the
effect of patient race on receipt of pre-ESRD nephrology care, sequen-
tial adjustment for patient, area poverty, and racial composition on
the odds ratio of black patients not receiving pre-ESRD care was ex-
amined. Model A examined the unadjusted effect of patient race on
receipt of nephrology care. Model B added the remaining patient
demographic and clinical variables to model A. In model C, patient-
level socioeconomic characteristics were added to model B. In model
D, area-level socioeconomic status markers were added to model C.
Finally, in model E, zip code-level racial composition was added to
model D (Table 4).

Quality of Pre-ESRD Care

To determine whether the quality and timeliness of nephrology care var-
ied by residential area racial composition among patients who received
this care, we examined the following secondary outcomes: (1) Whether
patients had been referred to a nephrologist in a timely fashion (initial
visit more than versus less than 6 months before dialysis initiation); (2)
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whether dialysis patients received peritoneal dialysis (versus hemodialy-
sis) as their initial modality; (3) whether patients received a pre-emptive
renal transplant as their first modality; and (4) whether hemodialysis
patients had a permanent arteriovenous access placement (fistula or graft
versus a central venous catheter) by the time of dialysis initiation (Table
5). We used the same analytic approach for these secondary analyses as
for the primary analysis.
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