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Rural and Micropolitan Residence and Mortality in
Patients on Dialysis
Saugar Maripuri,* Patrick Arbogast,† T. Alp Ikizler,* and Kerri L. Cavanaugh*

Summary
Background and objectives Micropolitan and rural patients face challenges when initiating dialysis, including
healthcare access. Previous studies have shown little association of nonurban residence with dialysis outcomes
but have not examined the association of dialysis modality with residence location.
Design, setting, participants, & measurements This retrospective cohort study used data from the U.S. Renal Data
System. Adults who initiated maintenance dialysis between January 1, 2006, and December 31, 2007, were
classiﬁed as rural, micropolitan, or urban. Early and long-term mortality and kidney transplantation were
examined with Cox regression stratiﬁed by dialysis modality.
Results Of 204,463 patients, 80% were urban; 10.2%, micropolitan; and 9.8%, rural. Micropolitan and rural
patients were older, were less racially diverse, had more comorbid conditions, and were more likely to start
peritoneal dialysis (PD). Median follow-up was 2.0 years. Early mortality or long-term hemodialysis (HD)
mortality did not signiﬁcantly differ by geographic residence. After adjustment, micropolitan and rural PD
patients had higher risk for long-term mortality (hazard ratio [HR], 1.21 [95% conﬁdence interval (CI), 1.09–1.35]
and 1.12 [95% CI, 1.01–1.24], respectively) than urban PD patients. After adjustment, kidney transplantation was
more likely in micropolitan and rural HD patients (HR, 1.19 [95% CI, 1.11–1.28] and 1.30 [CI, 1.21–1.40]) than
urban HD patients, and micropolitan PD patients (HR, 1.31 [95%, CI 1.13–1.51]) than urban PD patients.
Conclusions Micropolitan and rural residence is associated with higher mortality in PD patients and similar or
higher likelihood of kidney transplantation among HD and PD patients. Studies examining the underlying
mechanisms of these associations are warranted.
Clin J Am Soc Nephrol 7: 1121–1129, 2012. doi: 10.2215/CJN.10831011

Introduction
Approximately 20% of the United States population
lives in micropolitan or rural areas (1), an important
underserved population. On the basis of disparities
research, Healthy People 2020 identiﬁes rural living
as an important social determinant of health (2). Micropolitan and rural residence, deﬁned as a population of
10,000–50,000 individuals or ,10,000 individuals, respectively, have been associated with increased morbidity and mortality in chronic diseases that require
longitudinal care, including chronic obstructive pulmonary disease and heart disease (3). The association of
micropolitan and rural living on outcomes among
patients with CKD and those who develop ESRD is
less clear.
Rural and micropolitan patients initiating dialysis
face unique challenges that could ultimately affect outcomes. Patients living in nonurban areas have fewer
options for maintenance dialysis and are more likely to
start with peritoneal dialysis (PD) (4). Those who initiate hemodialysis (HD) face long travel times, which
has been associated with worse mortality (5). Despite
the importance of PD as an alternative modality in this
population, PD units are increasingly consolidating to
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urban areas (6), rural units are less likely to offer home
modalities (7), and rural units with PD programs have
worse overall outcomes (8). Previous studies that examined the association of rural and micropolitan living
on mortality and likelihood of kidney transplantation
have had conﬂicting ﬁndings (9–12); most show little or
no difference in outcomes compared with urban
populations. However, none of these studies directly examined how permanent dialysis modality
may differentially affect outcomes among patients
in micropolitan and rural communities.
This study examined the association of micropolitan
and rural living on mortality and kidney transplantation after initiation of dialysis while stratifying for
dialysis treatment modality. We hypothesized that
rural and micropolitan patients would have higher
mortality and lower likelihood of kidney transplantation than their urban counterparts.

Materials and Methods
This retrospective cohort study used patient-level
data obtained from the U.S. Renal Data System
(USRDS). This study was approved by the institutional
Copyright © 2012 by the American Society of Nephrology
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review board at Vanderbilt University Medical Center,
Nashville, Tennessee, and by the USRDS.
Data Source
The USRDS (www.usrds.org) is a central dialysis registry that includes epidemiologic data on all ESRD patients
who initiate dialysis or who receive a kidney transplant in
the United States. The USRDS data include patient-level
variables describing demographic characteristics, residence location, and treatment history.
Patient Selection
Patients were included if they initiated dialysis for the
ﬁrst time between January 1, 2006, and December 31, 2007,
and were 18 years of age or older at initiation. Patients were
required to have their residence ZIP code and ESRD medical evidence form available within USRDS. Individuals were
excluded if they received a kidney transplant or died before
initiation of maintenance dialysis or if they recovered kidney
function and thus discontinued dialysis (a surrogate for recovering acute kidney injury) at any time after initiation.
Figure 1 depicts the patient ﬂow, which included 204,463
patients for analysis.
Identification of Residence Location
Rural and micropolitan residence was determined by the
use of rural-urban commuting area (RUCA) codes (13).
This method combines measures of urbanization, population density, and urban commuting to categorize locations
by assigning a numeric code from 1 to 10, with higher

Figure 1. | Study flow.

values corresponding to higher degrees of rural living.
ZIP code–speciﬁc RUCA codes were used because they
represent the smallest feasible geographic area to study
(14). The primary residence was deﬁned as the ZIP code
at the time of dialysis initiation, as documented in the ﬁle
RESIDENC. Patients were further grouped as urban, micropolitan, or rural on the basis of RUCA code aggregates
(see Supplemental Table S1) (15). The nonurban population was studied in two distinct categories because we
hypothesized that barriers to dialysis access may be
more severe in more remote populations. Patient movement after dialysis initiation was infrequent, and group
changes were rare (8.9% of patients moved within the ﬁrst
year; 3.2% of nonurban patients moved to urban locales).
The RUCA method was chosen because it is a robust and
ﬂexible method for characterizing rurality and is commonly used in rural epidemiology research (16).
Outcomes of Interest
All-cause mortality and kidney transplantation were the
primary outcomes of interest. The date of death and date of
kidney transplantation as documented in USRDS were
used to calculate time-to-death and time-to-kidney transplantation from the documented ﬁrst service date. As
shown in Figure 1, patients who were older than age 75
years at dialysis initiation, were deemed unﬁt for transplant on their medical evidence report, or were institutionalized at initiation were excluded from transplant analysis
because these patients were unlikely to undergo transplantation and therefore were not “at risk” for transplantation
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analysis. The transplantation rate among this excluded
subpopulation was low (0.3%). Censoring was determined
at the date of last follow-up or October 1, 2009, whichever
occurred earlier. Patients who received a kidney transplant
but later died during follow-up (3.7%) were censored at
the time of their transplant for survival analysis.
Adjustment Covariates
Demographic information was obtained from the
PATIENTS ﬁle and included age at initiation, sex, and
race. Because USRDS does not collect individual measures
of socioeconomic status, ecologic surrogates from the United
States Census were used, including ZIP code–median
household income and ZIP code–proportion older than
age 25 with a high school diploma (17). Other measures of
socioeconomic status, such as insurance coverage and employment status, were included as documented in the medical evidence report. Characteristics of kidney disease were
obtained from treatment history and medical evidence report and included presumed underlying cause of ESRD, estimated GFR at initiation, and dialysis modality at initiation
and at 90 days after initiation. For patients who survived
less than 90 days, modality was assumed to be the same as
when they initiated dialysis. Covariates related to underlying chronic medical comorbid conditions included heart failure; coronary artery disease; diabetes mellitus; hypertension;
chronic obstructive pulmonary disease; cancer; history of
stroke; and use of tobacco products, alcohol, or illicit drugs.
Documented history of institutionalization (yes/no) and impairment of activities of daily living (yes/no) was included.
The distance between a patient’s residence and dialysis unit
was calculated by measuring the direct vector distance between the geo-coded coordinates for each ZIP code, which
were obtained from the Zip Code Database Project (http://
zips.sourceforge.net).
Statistical Analyses
Baseline characteristics were calculated for all covariates
and summarized as percentages, medians with interquartile
ranges, or means 6 SDs, as appropriate on the basis of the
variable type and frequency distribution. Comparisons
across all groups were made using the Pearson chi-squared
test for categorical data and the Kruskal-Wallis test for continuous data. Statistical signiﬁcance was deﬁned at a P value
less than 0.05, and all tests were two tailed.
The association of nonurban residence and likelihood of
PD as an initial modality and at 90 days was assessed using
Poisson regression with robust variances, which provides
relative risk estimates and correct conﬁdence intervals (CIs)
(18). The unadjusted association of urban, micropolitan, and
rural residence with longitudinal outcomes was assessed using the Kaplan-Meier method for time-to-death and time-totransplantation and the log-rank test for hypothesis testing.
Because of a higher rate of death within the ﬁrst 90 days of
dialysis therapy, the time-to-death analysis was separated
into early dialysis mortality (,90 days) and long-term mortality ($90 days). The latter was assessed by excluding patients who died before 90 days. A strong interaction was
noted between dialysis modality and geographic residence
on long-term time-to-death (P for interaction , 0.001) and
time-to-kidney transplantation (P for interaction = 0.003).
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Kaplan-Meier curves were generated by geographic residence with stratiﬁcation by modality.
Because of the observed interaction, adjusted analyses were
performed using Cox regression models with stratiﬁcation
by modality, yielding two models per outcome for each
modality strata. This study was designed to make withinstrata comparisons (i.e., rural PD versus urban PD) and not
between-strata comparisons. All regression models were adjusted for demographic characteristics (age, sex, race), body
mass index, United States region (by ESRD network: Northeast, 1–5; Midwest, 9–12; South, 6–8 and 13–14; and West,
15–18), socioeconomic status (insurance, employment, ZIP
code–median household income), kidney disease–related factors (presumed primary cause of ESRD and estimated GFR at
initiation) and comorbid conditions (as listed in “adjustment
covariates”). In an effort to limit selection bias from stratiﬁcation by dialysis modality, each comorbid disease was
adjusted individually. All Cox models were tested for the
proportional hazard assumption through use of log-log
survival plots and were found to satisfy the assumption.
Multicollinearity was assessed using variance inﬂation factors and resulted in exclusion of the education covariate in
the ﬁnal models because it was highly correlated with income. In addition, we performed a sensitivity analysis to
evaluate the potential of informative censoring and did not
ﬁnd any effect on the study ﬁndings. Missing data were
rare but highest among the surrogates for socioeconomic
status (approximately 3% missing) and were handled
through use of list-wise deletion for the adjusted regression
models, with the analysis including only patients with
complete data on ﬁle. Data management and statistical
analysis were performed using Stata software, version
11.2 (College Station, TX).

Results
Patient Characteristics
Baseline characteristics of the cohort by geographic residence are summarized in Table 1. Rural and micropolitan
patients were modestly older than urban patients, with
mean ages of 64 6 15 years and 64 6 15 years, respectively,
compared with 63 6 15 years for urban patients. Blacks
accounted for only 21.9% of micropolitan and 20.8% of rural
patients compared with 31.6% of urban patients. PD was the
treatment modality for 6.8% of micropolitan and 8.4% of
rural patients at 90 days after initiation compared with
5.9% of urban patients (P,0.001), but HD was still the dominant treatment modality for all patients. Micropolitan and
rural patients lived farther from their dialysis units, with
greater distances noted in the PD subgroup. Micropolitan
and rural patients had higher prevalence of comorbid conditions, including heart failure, heart disease, stroke, hypertension, diabetes mellitus, and chronic obstructive
pulmonary disease. Institutionalization or inability to perform activities of daily living was more common among
micropolitan and rural patients. Micropolitan and rural communities were less wealthy and had fewer residents with a
high school diploma.
Dialysis Modality
As demonstrated in Table 2, micropolitan and rural residence were associated with PD as the initial and long-term
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Table 1. Baseline characteristics

Characteristic
Demographic
age (yr)
men (%)
body mass index (kg/m2)
race (%)
white
black
other
any insurance coverage (%)
employment (%)
unemployed
employed
retired
distance to dialysis unit (miles)
hemodialysis
peritoneal dialysis
Kidney disease
primary disease causing ESRD (%)
diabetes mellitus
hypertension
GN
cystic disease
other
modality as peritoneal dialysis (%)
at initiation
at 90 d
estimated GFR (ml/min per 1.73 m2)
Medical comorbid conditions (%)
congestive heart failure
heart disease (includes valvular)
stroke
hypertension
diabetes mellitus
chronic obstructive pulmonary disease
cancer
assistance with activities of daily living
institutionalized (nursing home)
tobacco use
alcohol use
illicit drug use
ZIP code–based measures of community
socioeconomic status
household income ($ thousands)
high school diploma (% of residents)

Urban
(n=163,592)

Micropolitan
(n=20,811)

Rural
(n=20,060)

P Value

63.0615.4
55.9
27.0 (23.1–32.3)

63.7614.9
55
27.8 (23.7–33.3)

63.9614.6
55.4
27.9 (23.9–33.4)

,0.001
0.03
,0.001
,0.001

62.9
31.6
5.6
92.1

74.7
21.9
3.5
93.3

73.9
20.8
5.4
93.0

44.5
15.4
40.1

44.9
13.1
42.0

45.8
12.5
41.7

4.2 (,2.0–7.7)
7.3 (3.8–13.1)

4.7 (,2.0–14)
22.1 (8.3–37.1)

18.4 (10.1–29.0)
36.0 (23.8–54.0)

45.4
28.8
6.8
2.1
16.9

47.6
27.7
6.3
2.2
16.2

48.0
27.2
5.9
2.1
16.8

5.7
5.9
9.9 (7.2–13.2)

6.3
6.8
10.2 (7.5–13.5)

7.9
8.4
10.1 (7.4–13.3)

,0.001
,0.001
,0.001

33.2
32.2
9.5
84.2
52.5
8.4
7.2
13.0
6.8
5.9
1.5
1.5

36.1
37.9
10.6
85.4
56.5
11.9
7.8
15.2
7.8
7.9
1.6
1.0

35.2
37.9
11.1
85.2
56.6
12.0
8.3
15.0
7.7
8.5
1.5
0.8

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.45
,0.001

40.2 (31.8–51.4)
77.3613.3

33.0 (29.3–37.9)
75.469.9

30.6 (26.8–35.3)
72.5610.5

,0.001
,0.001

,0.001
,0.001

,0.001
,0.001
,0.001

Statistical testing performed by Pearson chi-squared test for categorical variables and Kruskal-Wallis test for continuous variables.
Values expressed with a plus/minus sign are means 6 SDs. Values expressed with a range are medians (25th–75th percentile
interquartile ranges). Percentages may not add to 100% because of rounding. Estimates of ZIP code income and education are based
on calculations from the U.S. Census, 2000.

treatment modality, an observation that was strengthened
through adjustment for potential confounders (relative risk,
1.25 [95% CI, 1.18–1.32] and 1.57 [95% CI, 1.49–1.66], respectively, at 90 days).
Dialysis Mortality
Of 204,463 patients, 17,730 (8.7%) died within the ﬁrst 90
days of dialysis therapy, with an unadjusted mortality rate
of 36.4 deaths per 100 person-years. Median follow-up was

2.0 years. Early mortality risk did not signiﬁcantly differ by
degree of rurality, regardless of modality (Supplemental
Table S2). Among the 185,434 patients who survived or
were not censored during the ﬁrst 90 days, 71,814
(38.7%) died during the remainder of follow-up, with an
unadjusted mortality rate of 21.4 deaths per 100 personyears. Kaplan-Meier survival curves for all-cause mortality
after 90 days by geographic residence and stratiﬁed by
modality are depicted in Figure 2. These unadjusted
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Table 2. Likelihood of peritoneal dialysis as the permanent modality by geographic residence

Relative Risk (95% CI)a
Variable
Likelihood of PD at dialysis initiation
unadjusted
adjustedb
Likelihood of PD at 90 d after dialysis initiation
unadjusted
adjustedb

Urban (n=153,611)

Micropolitan (n=19,153)

Rural (n=19,140)

1.00 (reference)
1.00 (reference)

1.10 (1.04–1.17)
1.20 (1.13–1.27)

1.37 (1.30–1.45)
1.52 (1.44–1.61)

1.00 (reference)
1.00 (reference)

1.15 (1.09–1.21)
1.25 (1.18–1.32)

1.42 (1.35–1.49)
1.57 (1.49–1.66)

CI, conﬁdence interval; PD, peritoneal dialysis.
a
By Poisson regression.
b
Models adjusted for demographic characteristics (age, sex, race, body mass index, United States region), socioeconomic status
(insurance status, employment status, community median income), kidney disease–related features (presumed cause of ESRD,
estimated GFR at initiation), and medical comorbid conditions.

Figure 2. | Long-term dialysis mortality by Kaplan-Meier method, stratified by treatment modality. (A) Hemodialysis. (B) Peritoneal dialysis.

curves demonstrate signiﬁcantly increased mortality in
micropolitan and rural populations compared with urban
in both HD and PD strata (log-rank P,0.001 for both
strata). As summarized in Table 3 (full estimates in Supplemental Table S3), micropolitan and rural residence was
associated with increased mortality within the PD strata
(adjusted hazard ratio [HR], 1.21 [95% CI, 1.09–1.35],
P#0.001, and 1.12 [95% CI, 1.01–1.24], P=0.025, respectively). A sensitivity analysis examined the inﬂuence of
permanent modality changes after 90 days by censoring
patients at the time of their modality change. Micropolitan
and rural residence remained associated with long-term
mortality with PD despite this assumption (adjusted HR,
1.16 [95% CI, 1.03–1.31] and 1.14 [95% CI, 1.02–1.27], respectively). As summarized in Table 4, a subanalysis examined the relationship of distance from the dialysis
unit and long-term mortality risk, which showed increasing mortality risk the farther patients lived from their
dialysis unit. Mortality risk was worst among PD patients
living .50 miles away (adjusted HR, 1.30 [95% CI,
1.12–1.50]).

Kidney Transplantation
A total of 68,975 (33.7%) patients were excluded from
transplantation analysis because they were older than age
75 years, were deemed unﬁt for transplantation, or were
institutionalized. The unadjusted transplantation rate in the
remaining cohort was 4.5 transplants per 100 person-years.
Unadjusted and adjusted HRs for time-to-transplantation are
shown in Table 5 (full estimates in Supplement Table S4).
Micropolitan PD patients were more likely to receive a kidney transplant after adjustment compared with urban PD
patients (adjusted HR, 1.31 [95% CI, 1.13–1.51]). Micropolitan
and rural HD patients were modestly more likely to undergo
transplantation during follow-up compared with urban HD
patients (adjusted HR, 1.19 [95% CI, 1.11–1.28] and 1.30 [95%
CI, 1.21–1.40], respectively).

Discussion
We examined the association of geographic residence
on longitudinal outcomes after initiation of maintenance
dialysis. Our analyses suggest that micropolitan and rural
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Table 3. Long-term mortality risk (>90 days) by geographic residence, stratified by modality at 90 days

Variable
Hemodialysis
patients (n)
unadjusted HR
HR adjusted for age, sex, race,
BMI, region, SES
fully adjusted HRa
Peritoneal dialysis
patients (n)
unadjusted HR
HR adjusted for age, sex, race,
BMI, region, SES
fully adjusted HRa

Urban

Micropolitan

Rural

131,076
1.00 (reference)
1.00 (reference)

15,975
1.11 (1.08–1.14)
1.02 (0.99–1.04)

15,733
1.12 (1.09–1.14)
1.02 (0.99–1.05)

1.00 (reference)

1.00 (0.98–1.03)

1.00 (0.98–1.03)

8885
1.00 (reference)
1.00 (reference)

1299
1.34 (1.21–1.48)
1.26 (1.13–1.41)

1566
1.43 (1.31–1.57)
1.18 (1.07–1.31)

1.00 (reference)

1.21 (1.09–1.36)

1.12 (1.01–1.24)

Hazard ratios by Cox regression. Numbers in parentheses are 95% conﬁdence intervals. HR, hazard ratio; BMI, body mass index; SES,
socioeconomic status.
a
Models adjusted for demographic characteristics (age, sex, race, BMI, United States region), SES (insurance status, employment status,
community median income), kidney disease–related features (presumed cause of ESRD, estimated GFR), and medical comorbid
conditions.

Table 4. Long-term mortality risk (>90 days) by distance from dialysis unit, stratified by modality at 90 days

Variable
Hemodialysis
patients (n)
unadjusted HR
fully adjusted HRa
Peritoneal dialysis
patients (n)
unadjusted HR
fully adjusted HRa

,5 Miles

5–10 Miles

11–20 Miles

21–50 Miles

.50 Miles

82,464
1.00 (reference)
1.00 (reference)

34,044
1.04 (1.02–1.06)
1.03 (1.01–1.05)

18,770
1.10 (1.08–1.13)
1.05 (1.02–1.08)

11,018
1.18 (1.14–1.21)
1.08 (1.05–1.11)

2959
1.25 (1.18–1.31)
1.07 (1.01–1.13)

3185
1.00 (reference)
1.00 (reference)

2584
1.06 (0.96–1.18)
1.04 (0.94–1.16)

2117
1.17 (1.05–1.30)
1.11 (0.99–1.24)

1948
1.33 (1.20–1.48)
1.14 (1.02–1.27)

734
1.48 (1.28–1.71)
1.30 (1.12–1.50)

Hazard ratios by Cox regression. Numbers in parentheses are 95% conﬁdence intervals. HR, hazard ratio.
a
Models adjusted for demographic characteristics (age, sex, race, body mass index, United States region), socioeconomic status
(insurance status, employment status, community median income), kidney disease–related features (presumed cause of ESRD,
estimated GFR), and medical comorbid conditions.

patients undergoing PD have higher overall mortality risk
than urban PD patients, an important ﬁnding considering
that these patients are more likely to receive PD. This
association was not observed in HD patients. Both modalities are associated with higher mortality risk the farther
patients live from their dialysis unit, with worse outcomes
among PD patients living .50 miles away. Micropolitan
and rural patients were as likely or more likely to receive a
kidney transplant compared with urban patients, regardless of modality.
To our knowledge, our study is among the ﬁrst to
describe increased mortality among United States micropolitan and rural PD patients based on residential location, although similar observations have been suggested
previously. Tonelli and colleagues described an association between remoteness and increased mortality among
Canadian PD patients, with a 15% increased risk for death
among patients living .300 km away (4). Although this is

an important ﬁnding, it has limited generalizability to the
United States population because of differences in healthcare delivery between the United States and Canada.
Mehrotra and colleagues (8) used private dialysis-unit
data and described an association between rural PD unit
care and increased mortality; however, this study lacked
data on patient residential location and did not examine
rural PD patients who received care from more urban
units. Our ﬁndings along with these previous studies create questions as to the underlying mechanisms for these
associations.
Rural and micropolitan patients may choose PD because of a lack of alternative options. Although HD is the
dominant strategy nationally, micropolitan and rural patients are more likely to be treated with PD compared with
urban patients (6,9), a ﬁnding that was corroborated in
this study. The underlying reasons are probably diverse,
although limited availability of in-center HD units in
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Table 5. Likelihood of kidney transplantation after initiation of dialysis, stratified by modality at 90 days

Variable
Hemodialysis
patients (n)
unadjusted HR
HR adjusted for age, sex,
race, BMI, region, SES
fully adjusted HRa
Peritoneal dialysis
patients (n)
unadjusted HR
HR adjusted for age, sex,
race, BMI, region, SES
fully adjusted HRa

Urban

Micropolitan

Rural

94,378
1.00 (reference)
1.00 (reference)

11,386
0.99 (0.93–1.06)
1.18 (1.10–1.27)

11,140
1.01 (0.94–1.08)
1.29 (1.20–1.38)

1.00 (reference)

1.19 (1.11–1.28)

1.30 (1.21–1.40)

7761
1.00 (reference)
1.00 (reference)

1140
1.04 (0.91–1.19)
1.26 (1.09–1.45)

1304
0.80 (0.69–0.92)
1.01 (0.87–1.18)

1.00 (reference)

1.31 (1.13–1.51)

1.06 (0.91–1.24)

Hazard ratios by Cox regression. Numbers in parentheses are 95% conﬁdence intervals. HR, hazard ratio; BMI, body mass index; SES,
socioeconomic status.
a
Models adjusted for demographic characteristics (age, sex, race, BMI, United States region), SES (insurance status, employment status,
community median income), kidney disease–related features (presumed cause of ESRD, estimated GFR), and medical comorbid
conditions.

remote areas and difﬁculty with transportation are likely
reasons (19). This mismatch between modality and patient, a form of selection bias, could lead to further imbalances in comorbid conditions in addition to exposing
patients to a modality they may not be comfortable with.
This could potentially increase the risk for dialysis-related
complications.
Our study demonstrated that PD patients residing in
micropolitan and rural areas live farther from their dialysis unit and that farther distance is associated with
higher mortality risk. Increased distance could lead to
deﬁciencies in PD training, dietary education, and response
time for complications. Home visits and PD training reinforcement, which have reduced peritonitis episodes in
several observational studies (20,21), are difﬁcult to provide
for patients living farther away. In addition, local healthcare factors could greatly affect micropolitan and rural PD
patients. Rural hospitals are poorly equipped to handle
patients with acute cardiovascular events or sepsis, resulting in higher 30-day mortality compared with urban
hospitals (22). Rural areas have reduced access to medical
subspecialists (23) with clustering of providers in urban centers (24). This study was not designed to examine these factors, and further research is necessary to understand the
potential barriers that could contribute to the higher mortality risk observed in micropolitan and rural PD patients.
Although it is important to recognize that micropolitan
and rural PD patients may have higher long-term mortality
risk, it does not mean PD is an inappropriate modality. PD
allows considerable ﬂexibility, allowing individualized
care while reducing the number of dialysis unit visits,
which could be burdensome for rural patients on hemodialysis. Until additional research can be performed to
elucidate the underlying mechanisms of this mortality risk,
dialysis units should focus on providing optimum support
to rural patients, ensuring delivery of high-quality PD
through nursing communication, home visits, and training reinforcement. This is especially relevant given recent

changes in Medicare reimbursement due to bundling, which
are expected to increase PD use nationally as a result of
projected cost savings (25).
The lack of differences in outcomes among urban and
nonurban HD patients is consistent with previous work (9).
O’Hare and colleagues examined incident dialysis patients
from 1995 to 2002 and found no substantial difference in
mortality (9). This observation may reﬂect the more equitable
access HD patients have to their dialysis unit, which is an
important limitation in home dialysis. In addition, it is
important to acknowledge the impact of vascular access
on HD mortality, as patients with central venous catheters have higher dialysis mortality than patients with an
arteriovenous ﬁstula or graft (26,27). There was no
meaningful difference in the prevalence of catheter use
at dialysis initiation between urban and nonurban populations in our cohort; thus, this factor was unlikely to
inﬂuence our results.
Kidney transplantation should share similar barriers to
access, as discussed previously. One study using data
from the Organ Procurement and Transplantation Network supported these concerns because rural patients
appeared to receive solid organ transplants (including
kidney) at modestly lower rates compared with an urban
population (10). These ﬁndings came into question
when a subsequent study using data from USRDS and
the United Network for Organ Sharing concluded the
contrary: that rural patients who ultimately receive dialysis therapy receive kidney transplants at similar rates or
perhaps higher rates than urban patients (11). Our cohort
study, which used more recent USRDS data, appears to
support the latter conclusion. This observation may seem
counterintuitive but could be related to differences in rural case-mix because those who are eligible for transplant
may be healthier. Racial segregation within urban areas,
which is associated with decreased kidney transplantation, could inﬂuence the comparison group (28). Finally,
there is always the potential for residual confounding.
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This study had important limitations. The classiﬁcation
of rural and micropolitan status was deﬁned at the time of
initiation and is a potential source for misclassiﬁcation.
The data source was retrospective and limited by the data
measurement techniques of USRDS. Dialysis modality
was assessed only at two time points; thus, persistent
modality changes after 90 days could lead to additional
misclassiﬁcation. Most late changes in dialysis modality
are from PD to HD, and more often occur because of
changes in medical condition. This may create the potential for selection bias and residual confounding (29).
In addition, the use of community-level surrogates for
socioeconomic status could introduce information bias.
The source of data on medical comorbid conditions
was the medical evidence report, which can have inconsistencies and errors, especially when completed by
nonphysicians (30). Although every effort was made to
reduce the effect of confounding, unmeasured confounders may limit the interpretation of the results. Finally, the results reported are associations and cannot
imply causality.
In conclusion, micropolitan and rural residence is associated with higher mortality in patients receiving PD,
which may be related to reduced access to healthcare
providers and dialysis programs, barriers to high-quality
longitudinal PD care, and lack of local resources for dialysis
support and acute issues. These data emphasize the need
for more research related to appropriate allocation of CKD
patients to dialysis modality options. Nonurban patients
receive kidney transplants at rates similar to or higher than
those in urban patients, suggesting remote living is not a
signiﬁcant barrier in those eligible to receiving kidney
transplant for ESRD.
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