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Key Points
� There is substantial variation in county-level ESKD mortality across the United States, with highest rates seen in

the Southeastern United States.
� County characteristics explain approximately 19% of variation in ESKD mortality.
� Counties with high ESKD-related mortality may benefit from targeted and multilevel interventions.

Abstract
Background Geographic and neighborhood-level factors, such as poverty and education, have been associated
with an increased risk for incident ESKD, likelihood of receiving pre-ESKD care, and likelihood of receiving a
transplant. However, few studies have examined whether these same factors are associated with ESKDmortality.
In this study, we examined county-level variation in ESKDmortality and identified county-level characteristics
associated with this variation.

Methods We identified 1,515,986 individuals (aged 18–84 years) initiating RRT (dialysis or transplant) between
2010 and 2018 using the United States Renal Data System. Among 2781 counties, we estimated county-level, all-
cause, age-standardized mortality rates (ASMR) among patients with ESKD. We then identified county-level
demographic (e.g., percent female), socioeconomic (e.g., percent unemployed), healthcare (e.g., percent without
health insurance), and health behavior (e.g., percent current smokers) characteristics associated with ASMR using
multivariable hierarchic linear mixed models and quantified the percentage of ASMR variation explained by
county-level characteristics.

Results County-level ESKD ASMR ranged from 45 to 1022 per 1000 person-years (PY) (mean, 119 per 1000 PY).
ASMRs were highest in counties located in the Tennessee Valley and Appalachia regions, and lowest in counties
located in New England, the Pacific Northwest, and Southern California. In fully adjusted models, county-level
characteristics significantly associated with higher ESKDmortality included a lower percentage of Black
residents (24.94 per 1000 PY), lower transplant rate (24.08 per 1000 PY), and higher healthcare expenditures
(5.21 per 1000 PY). Overall, county-level characteristics explained 19% of variation in ESKDmortality.

Conclusions Counties with high ESKD-related mortality may benefit from targeted and multilevel interventions
that combine knowledge from a growing evidence base on the interplay between individual and community-
level factors associated with ESKDmortality.
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Introduction
In 2018, .785,000 people in the United States were
receiving RRT for the treatment of ESKD (1). Once
diagnosed with ESKD, the mortality risk is high. For
example, among patients on hemodialysis, 5-year sur-
vival is only 41%, but this increases to 85% for those
who receive a kidney transplant (1). ESKD mortality
risk is not uniform across the population. A large
body of literature has identified several individual-
level sociodemographic risk factors for ESKD mortal-
ity, with older (versus younger) age (1), female (versus
male) sex (2,3), White (versus Black) race (1,4), and

lower (versus higher) socioeconomic (5) groups hav-
ing higher mortality rates. Patients with multiple
comorbidities (versus few comorbidities) (6), and
those with diabetes-related ESKD (versus other
causes) also have higher mortality (7). In contrast, far
fewer studies have examined the association between
community-level factors and ESKDmortality.
Community- or neighborhood-level factors have

previously been associated with an increased risk for
several chronic diseases. For example, living in a
neighborhood with health-promoting resources (i.e.,
infrastructure or built environment) is associated with
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a reduced risk of cardiovascular disease (CVD) (8). In the
context of ESKD, where a person lives has previously been
linked to the risk of ESKD incidence (9–11), likelihood of
receiving pre-ESKD care (12,13), and likelihood of receiving
a transplant (14–17). Neighborhood-level factors, such as
poverty and education, have also been associated with
ESKD incidence and kidney transplant access (11,16,17).
Whether these same patterns are seen for ESKD mortality
remains unknown. Given the complex interplay between
individuals and the neighborhoods in which we live, learn,
and play, identifying community-level risk factors at each
stage of disease progression (e.g., pre-ESKD, ESKD inci-
dence, and ESKD mortality) are needed to identify areas of
highest risk for aggressive intervention and may also
inform the development of multilevel interventions to
reduce the ESKD burden.
Using a national registry of patients with ESKD receiving

RRT, we (1) examined county- and state-level variation in
all-cause mortality among people with ESKD, (2) identified
county-level factors associated with this mortality risk, and
(3) estimated the proportion of variance in ESKD mortality
explained by these factors.

Materials and Methods
Study Design and Data Sources
This is an ecologic, cross-sectional study examining the

association between county-level characteristics and county-
level all-cause mortality among people with ESKD (herein
referred to as ESKD mortality). Counties were defined
using Federal Information Processing System (FIPS) codes.
County-level ESKD mortality was estimated from the
United States Renal Data System (USRDS), a national regis-
try of all US patients with ESKD initiating RRT (1), detailed
below. Data on several county-level characteristics were
ascertained from several sources, including the Census
Population Estimates, American Community Survey, Small
Area Income and Poverty Estimates, Bureau of Labor Sta-
tistics, American Medical Association, Small Area Health
Insurance Estimates, Centers for Medicare and Medicaid
Services (CMS), Environmental Public Health Tracking
Network, Centers for Disease Control and Prevention/
Agency for Toxic Substances and Disease Registry, Uni-
form Crime Reporting Program, Federal Bureau of Investi-
gation, National Center for Health Statistics, Dialysis
Facility Compare, USRDS, Business Analyst, DeLorme map
data, Esri, US Census TIGER/Line File, US Department of
Agriculture Food Environment Atlas and Map the Meal
Gap from Feeding America, and Behavioral Risk Factor
and Surveillance System (Supplemental Table 1). Our study
adheres to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines for cross-
sectional studies (Supplementary Table 2). Use of USRDS
data was approved by the Emory University Institutional
Review Board (IRB00063645). All other data are publicly
available and thus exempt from institutional review board
approval.

ESKD Population
To determine county-level ESKD mortality, we identified

all prevalent patients with ESKD between January 1, 2010,

and August 23, 2018 from the USRDS. We excluded
patients with missing information on date of RRT initiation
(n54321), date of birth (n528), county (n51610), and those
who died on the same day as RRT initiation or study start
(n5777). We also excluded counties with ,11 deaths
(n5345), counties defined as US territories, and counties
whose FIPS code changed over time or those with
noncounty-specific FIPS codes (n5194). The final ESKD-
related mortality estimates were determined on the basis of
1,515,986 patients, aged 18–84 years, residing across 2781
counties (Figure 1).

ESKD Mortality
The county-level, all-cause ESKD, age-standardized mor-

tality rate (ASMR) was defined as the number of deaths
per 1000 person-years (PY) per county among patients with
ESKD; the ASMR was age standardized to the 2000 US
population (18) using age groups (18–44, 45–64, 65–74, and
75–84 years) and the direct method of standardization.
Mortality data in the USRDS were augmented by Social
Security Death Master File data to the extent allowed by
regulation. Further, universal reporting of the death of
patients with ESKD, and date of death, is required via CMS
form 2746 as a condition of coverage for dialysis units and
transplant centers.

County-Level Characteristics
County-level characteristics are defined in Supplemental

Table 1. In brief, we considered four sets of characteristics
broadly characterized as demographic, socioeconomic,
healthcare, and health behavior characteristics. County-
level characteristics included in models were chosen on the
basis of a priori knowledge of factors associated with ESKD
(2,4,5,9,11) and other similar studies of CVD (19) and

All ESKD patients in USRDS
(2010–2018)

N=1,651,637
Exclude patient if:

���Missing date of KRT initiation (N=4,321)
���Missing date of birth (N=28)
���Missing county (N=1,610)
���Outside ages 18–84 (N=94,435)
���Died on date of KRT initiation or study
    start date (N=777)

N=1,550,466 ESKD patients;
representing N=3,320 unique

counties

Final Study Sample
N = 1,515,986 ESKD patients

(aged 18–84)
N = 2,781 counties

Exclude county if:

���<11 deaths (N=345)
���Defined as a U.S. territory (N=118)
���FIPS codes changed over time (N=6)
���Only state-level info available (N=70)

Figure 1. | Flowchart of final ESKD study cohort (n51,515,986
patients and n52781 counties). FIPS, Federal Information Process-
ing System; KRT, kidney replacement therapy; USRDS, United
States Renal Data System.
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diabetes (20). For each variable, we included the most con-
temporaneously available data.

Statistical Analyses
In descriptive analyses, county-level characteristics were

described using mean6SD. County-level characteristics
were standardized to have a mean of zero and SD of one to
compare associations of county characteristics with ASMR
and quantify the correlation between each county charac-
teristic and ASMR. Because all independent variables were
standardized, reported coefficients represent the average
change in ESKD deaths per 1000 PY for each 1-SD increase
in a county characteristic. To avoid collinearity, when two
similar characteristics had a correlation r of .0.8 and vari-
ance inflation factors of more than five, the variable with
the smaller variance inflation factor was selected to include
in regression models to avoid collinearity (21). Given this,
in final models, percent not proficient in English was not
included in the final model because it correlated highly
with percent foreign born and percent Hispanic.
We used hierarchic linear mixed models to estimate the

association between county-level characteristics and
ASMR, in which counties were the level-1 unit and states
were the level-2 unit with a random intercept to eliminate
the effect of state-level features that influence mortality and
to account for clustering within states.
We modeled county-level ESKD ASMRs using four

sequential linear regression models with county-level
characteristics, so that model 1 includes demographic char-
acteristics, model 2 includes model 1 characteristics plus
socioeconomic characteristics, model 3 includes model 2

characteristics plus healthcare characteristics, and model 4
includes model 3 characteristics plus health behavior char-
acteristics. Owing to the small number of missing data,
multivariable models include counties with complete data
only (i.e., 136 counties were missing violent crime data, one
county was missing social vulnerability index data, two
counties were missing injury death data, and 19 counties
were missing food environment index data). All other
counties had complete data. Coefficients in the final model
are interpreted as the association between each county-
level characteristic and ASMR, adjusting for all other
county-level characteristics. We applied a Bonferroni cor-
rection to adjust for multiple testing and calculated the pro-
portion of variance in county-level ASMR explained by
each set of county characteristics. The final marginal vari-
ance modeled is the percentage of variation in ESKD mor-
tality explained by the contribution of the county-level
characteristics, including only the fixed effects.
To examine state-level variation in ASMR, we estimated

the random effect for each state in both a null and fully
adjusted model, including all noncolinear county-level
characteristics. By comparing the random intercepts, we
explored the extent to which county-level characteristics
accounted for state-level variation in county-level ASMR.
In the null model, the random intercepts represent state
deviation from the national mean county-level ASMR. In
fully adjusted models, the random intercepts represent
state deviation from the national mean county-level ESKD-
related ASMR that is not explained by other county-level
characteristics. All analyses were conducted using R soft-
ware (version 4.0.2).

ESKD Mortality,
per 1,000 Person-Years

45 to 94
94 to 107
107 to 120
120 to 138
138 to 1,022
Suppressed

0 200 400 600 miles

Figure 2. | Age-standardized ESKD mortality rates across 2781 counties in the United States, 2010–2018. Higher ASMRs were seen
among counties located in the Appalachia region, the Tennessee Valley, and the South. Mapped rates were obtained from the USRDS.
Rates for counties with ,11 deaths were suppressed. Alaska and Hawaii have been shifted and are not to scale.
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Results
Among 2781 counties (representing 1,515,986 patients

with ESKD), the average (SD) ESKD ASMR was 119 (38.4)
per 1000 PY, and ranged from 45 to 1022 per 1000 PY
(Figure 2). In general, higher ASMRs were seen among coun-
ties located in the Appalachia region, the Tennessee Valley,
and the South (including Arkansas, Oklahoma, and Louisi-
ana), whereas lower ASMRs were seen in counties located in
New England, the Upper Midwest, and along the West
Coast (in Washington state and Southern California).
Table 1 shows the distribution of the demographic, socio-

economic, healthcare, and health behavior characteristics
among 2781 counties. On average, the county-level propor-
tions of people aged .65 years, Black residents, and people

living in a rural area were 19%, 10%, and 55%, respectively.
The average county-level proportions of people unem-
ployed, of low education, and without health insurance
were 4%, 14%, and 11%, respectively. In addition, in the
average county, 64% and 18% of residents did not have
access to exercise opportunities and smoked, respectively.

In unadjusted models, all county-level characteristics
were significantly associated with ESKD-related mortality.
Of note, the county-level characteristics most strongly and
positively associated with ASMR were a higher percentage
living in a rural area (10.46 per 1000 PY) and a higher per-
centage of current smokers (9.89 per 1000 PY), whereas the
factors most strongly and negatively associated with
ASMR included a higher median income level (210.50 per

Table 1. Summary of United States county-level characteristics among 2781 counties included in this analysis, 2010–2018

County Characteristic Mean (SD)a Range

Demographic
Population size, N (in thousands) 117.0 (352.4) 1.6–10,105.5
Female, % 50 (2) 32–57
Aged $65 yr, % 19 (4) 5–58
Hispanic, % 10 (14) 0.6–96
Asian American, % 2 (3) 0–43
Black, % 10 (15) 0.1–85
Foreign born, % 5 (6) 0–53
Not proficient in English, % 2 (3) 0.0–30
Rural, % 55 (30) 0–100

Environmental and social
Income level, median ($ in thousands) 52.8 (14.2) 25.4–140.4
Unemployed, % 4 (1) 2–18
Without high school education, % 14 (6) 1–49
In poverty, % 15 (6) 3–48
Air pollution, µg/m3b 9.3 (1.8) 3.0–19.7
Social vulnerability indexc 0.53 (0.28) 0.0–1.0
Violent crime, (per 100,000)d 263.9 (193.6) 0.0–1,819.5
Injury deaths, N (per 100,000)e 85.4 (23.7) 26.8–224.4

Healthcare
Primary care physicians, N (per 100,000) 52.6 (33.8) 0.0–559.2
Internal medicine subspecialists, N (per 100,000) 6.6 (14.9) 0.0–350.9
Without health insurance, % 11 (5) 2–34
Healthcare expenditures, $ in thousandsf 10.4 (1.4) 5.5–18.4
Dialysis facilities, N (per 100,000) 2.5 (3.0) 0.0–28.1
Transplant recipients, N (per 1000 person years)g 34.1 (20.7) 0.0–191.7

Health behaviors
Access to exercise opportunities, %h 64 (22) 0–100
Food environment indexi 7.5 (1.1) 0.0–10.0
Current smoking, % 18 (4) 6–42
Excessive drinking, % 17 (3) 8–29

aMean and SD of counts, proportions, medians, or indices, as appropriate.
bAverage daily density of fine particulate matter in micrograms per cubic meter; nine counties were missing data.
cPercentile ranking of relative vulnerability, ranging from zero to one with higher values indicating greater vulnerability; one
county was missing data.
dData were missing for 136 counties.
eTwo counties were missing data.
fCounty-level price-, age-, sex-, race-, and ethnicity-adjusted Medicare expenditures per enrollee, in thousands of dollars.
gTransplant was defined as receiving at least one transplant at any time during follow-up, and determined as N transplants per
1000 person-years of follow-up, censored for death.
hPercent of the county population residing within 0.5 mile (0.8 km) of a park, or within 1 mile (1.6 km) (urban) or 3 miles (4.8 km)
(rural) of a recreational facility.
iFood environment index, a composite score (ranging from zero [worst] to 10 [best]) describing limits on access to healthy foods
and food insecurity; 19 counties were missing data.
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Table 2. Associations of United States county-level characteristics with ESKD mortality, 2010–2018

County Characteristic

Coefficient (95% Confidence Interval)a

Unadjusted Associationsb
Multivariable Adjusted Associationsc

Model 1 Model 2 Model 3 Model 4

Demographic
Population size, N (in thousands) 25.19 (26.61 to 23.78)d 0.08 (22.18 to 2.33) 0.24 (22.26 to 2.71) 20.63 (23.21 to 1.92) 20.51 (23.15 to 2.09)
Female, % 22.03 (23.43 to 20.63)d 20.31 (22.31 to 1.69) 0.21 (22.06 to 2.48) 0.72 (21.63 to 3.08) 0.32 (22.17 to 2.79)
Aged $65 yr, % 7.02 (5.62 to 8.41)d 1.56 (20.78 to 3.87) 20.84 (23.72 to 2.03) 20.10 (23.08 to 2.84) 20.13 (23.54 to 3.24)
Hispanic, % 25.76 (27.66 to 23.86)d 0.69 (23.03 to 4.41) 23.51 (27.94 to 0.91) 23.37 (27.77 to 1.05) 22.73 (27.43 to 2.00)
Asian American, % 27.63 (29.13 to 26.13)d 21.24 (24.25 to 1.75) 1.07 (22.85 to 4.99) 1.22 (22.82 to 5.29) 1.09 (23.06 to 5.32)
Black, % 24.61 (26.49 to 22.70)d 22.33 (24.89 to 0.24) 25.21 (28.73 to 21.67)d 24.63 (28.24 to 21.05)d 24.94 (28.97 to 20.93)d

Foreign born, % 29.27 (210.85 to 27.70)d 24.18 (28.26 to 20.10)d 22.84 (27.67 to 1.97) 22.46 (27.61 to 2.63) 22.17 (27.51 to 3.09)
Rural, % 10.46 (9.07 to 11.86)d 7.17 (4.63 to 9.73)d 4.29 (1.08 to 7.51)d 2.92 (20.58 to 6.39) 3.00 (21.04 to 6.98)

Economic/social
Income level, median ($ in thousands) 210.50 (212.00 to 29.01)d 26.07 (211.13 to 20.99)d 25.19 (210.35 to 0.00) 25.02 (210.39 to 0.42)
Unemployed, % 4.71 (3.08 to 6.33)d 20.74 (23.72 to 2.24) 21.12 (24.18 to 1.95) 21.44 (24.65 to 1.79)
Without high school education, % 6.09 (4.45 to 7.75)d 3.98 (20.36 to 8.38) 2.62 (21.90 to 7.16) 2.23 (22.59 to 7.02)
Poverty, % 6.65 (5.08 to 8.24)d 0.93 (24.07 to 5.96) 0.97 (24.17 to 6.18) 20.15 (25.73 to 5.52)
Air pollution, µg/m3e 26.30 (28.59 to 23.95)d 20.34 (23.65 to 2.98) 22.37 (25.66 to 0.94) 22.54 (25.87 to 0.83)
Social vulnerability indexf 4.07 (2.41 to 5.74)d 21.01 (25.70 to 3.67) 21.52 (26.41 to 3.28) 22.07 (27.12 to 2.87)
Violent crime, N (per 100,000)g 23.54 (25.12 to 21.96)d 20.70 (23.53 to 2.13) 20.54 (23.41 to 2.35) 20.45 (23.38 to 2.52)
Injury deaths, N (per 100,000)h 9.10 (7.64 to 10.57)d 3.57 (0.68 to 6.48)d 2.86 (20.09 to 5.85) 2.58 (20.51 to 5.67)

Healthcare
Primary care physicians, N (per 100,000) 26.93 (28.35 to 25.53)d 22.15 (25.52 to 1.19) 21.94 (25.42 to 1.51)
Internal medicine subspecialists, N (per 100,000) 25.37 (26.76 to 24.00)d 0.77 (22.23 to 3.76) 0.74 (22.32 to 3.79)
Without health insurance, % 7.57 (4.98 to 10.14)d 0.05 (24.74 to 4.75) 20.50 (25.40 to 4.37)
Healthcare expenditures, $ in thousandsi 7.08 (5.31 to 8.88)d 5.31 (2.46 to 8.22)d 5.21 (2.30 to 8.19)d

Dialysis facilities, N (per 100,000) 22.47 (23.85 to 21.09)d 22.19 (24.51 to 0.12) 22.23 (24.59 to 0.13)
Transplant recipients, N (per 1000 PY)j 26.92 (28.49 to 25.35)d 24.17 (26.80 to 21.59)d 24.08 (26.77 to 21.45)d

Health behaviors
Access to exercise opportunities, % 27.80 (29.29 to 26.33)d 0.12 (23.11 to 3.30)
Food environment indexk 23.96 (25.57 to 22.36)d 20.68 (24.89 to 3.56)
Current smoking, % 9.89 (8.06 to 11.74)d 2.01 (22.97 to 7.00)
Excessive drinking, % 29.47 (211.65 to 27.29)d 21.81 (26.09 to 2.48)

Marginal variance modeled, %l 9 15 18 19

aBonferroni correction was used to adjust for multiple testing. PY, person-years.
bAll independent variables were standardized, thus reported coefficients from linear regression models indicate the average change in county-level ESKD deaths per 1000 PY for each
1-SD increase in each county-level characteristic.
cWe modeled age-standardized, county-level ESKD mortality rates per 1000 PY using four sequential linear regression models with county-level characteristics, so that model 1 includes
demographic characteristics, model 2 includes model 1 characteristics plus economic and social characteristics, model 3 includes model 2 characteristics plus healthcare characteristics, and
model 4 includes model 3 characteristics plus health behavior characteristics.
dCoefficients and 95% CIs with P,0.05.
eAverage daily density of fine particulate matter in micrograms per cubic meter; nine counties were missing data.
fPercentile ranking of relative vulnerability, ranging from zero to one, with higher values indicating greater vulnerability; one county was missing data.
gData were missing for 136 counties.
hTwo counties were missing data.
iCounty-level price-, age-, sex-, race-, and ethnicity-adjusted Medicare expenditures per enrollee, in thousands of dollars.
jTransplant was defined as receiving at least one transplant at any time during follow-up, and determined as N transplants per 1000 PY of follow-up, censored for death.
kFood environment index, a composite score (ranging from zero [worst] to ten [best]) describing limits on access to healthy foods and food insecurity; 19 counties were missing data.
lThe marginal variance modeled is the percentage of variation in ESKD mortality explained by the contribution of the county-level characteristics, including only the fixed effects.
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1000 PY) and higher percentage of excessive alcohol usage
(29.47 per 1000 PY) (Table 2).
In the fully adjusted model (i.e., model 4), a higher per-

centage of Black residents (24.94 per 1000 PY) and a higher
transplant rate (24.08 per 1000 PY) was associated with
lower ASMR, whereas higher healthcare expenditure (5.21
per 1000 PY), defined as county-level price-, age-, sex-,
race-, and ethnicity-adjusted Medicare expenditures per
enrollee, was associated with a higher ASMR (Table 2).
Overall, county-level characteristics explained 19% of the

variation in county-level ESKD-related ASMR (Table 2).
Model 1 (including demographic characteristics) explained
9% of the variation, model 2 (model 1 plus socioeconomic
characteristics) explained 15%, model 3 (model 2 plus health-
care characteristics) explained 18%, and model 4 (model 3
plus health behavior characteristics) explained 19%.
Figure 3 shows state-level variation in ESKD-related

ASMRs and illustrates changes in state deviation from the
national mean county-level ASMR in unadjusted and
multivariable adjusted models. In unadjusted models, state-
level deviations ranged from 218.1 per 1000 PY in Califor-
nia to 46.6 per 1000 PY in North Dakota. In fully adjusted
models, state-level deviations ranged from 28.8 per 1000
PY in Minnesota to 27.9 per 1000 PY in North Dakota.

Discussion
This is the first study to examine county-level variation

in ESKD mortality, defined as all-cause mortality among

people with ESKD, and has several key findings. First,
there is substantial variation in county-level ESKD mortal-
ity across the United States, with a 20-fold difference in the
county with the highest versus lowest ASMR. ESKD mor-
tality rates were highest in counties in the Southern and
Appalachian regions of the United States, and lowest in
counties along the Northeast, West Coast, and the Upper
Midwest. Second, in fully adjusted models, counties with a
lower proportion of Black residents, lower transplant rate,
and higher healthcare expenditures experienced higher
ESKD mortality. Third, we found that county-level charac-
teristics explained 19% of the variation in ESKD mortality.
Finally, at the state level, adjusting for county-level charac-
teristics reduced or eliminated state deviation from the
national mean county-level ESKD ASMR, suggesting
county-level characteristics, rather than state-level factors,
accounted for much of the variation in ESKD mortality.

Our results are similar to previous studies of geographic
variation in ESKD incidence, insofar as regions with high
ESKD incidence also have high ESKD mortality. For exam-
ple, a study using USRDS data between 1983 and 1988
identified clusters of high ESKD incidence in counties
located in the Southwest and Southeast, whereas clusters of
low ESKD incidence were found in counties located in the
West and Northwest (9). A more recent study, using
2000–2008 data from CMS and the Organ Procurement and
Transplantation Network, also showed that ESKD inci-
dence was highest in the South and lowest in the West and
Northwest regions (10). These findings, in general, reflect
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Figure 3. | State-level intercepts for age-standardized ESKD mortality rates before and after adjustment for county-level characteristics
in 2781 counties in the United States, 2010–2018. The plot shows model intercepts in the unadjusted model (gray) and in the adjusted
model (black).
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geographic patterns of key risk factors for ESKD, such as
diabetes (22), chronic kidney disease (23), hypertension
(24), and other chronic diseases, such as CVD, where the
burden falls disproportionally in the Southern belt (25,26).
In this study, three factors were significantly associated

with higher ESKD mortality rates in fully adjusted models.
First, counties with a lower percentage of Black residents
had higher ESKD mortality. This is in contrast to studies of
ESKD incidence, in which regions with a higher proportion
of Black residents had higher ESKD incidence (10), and sev-
eral individual-level studies that demonstrate Black (versus
White) people are more likely to develop ESKD and at a
faster rate (27). In individual-level studies of ESKD mortal-
ity, however, Black patients with ESKD have a lower
mortality rate relative to White patients with ESKD (28,29),
consistent with county-level findings in this study. This
so-called survival paradox, observed primarily in adults
aged .50 years (30), has been previously described, and
reasons postulated include the younger age at which Black
patients develop ESKD compared with White patients (31);
a survival bias among Black patients with ESKD who make
it to RRT and are thus captured in registries like the USRDS
(28); lower transplant rates in Black patients that artificially
inflate the survival advantage of those on dialysis and
transplant recipients, because they are a highly select popu-
lation (1,32); and higher body mass index in Black adults
(versus white adults), mirroring the well-known obesity
paradox whereby higher body mass indexes tend to have
lower mortality rates (31). Although previous literature has
examined this survival paradox at the individual level, our
results imply it may also hold true at the county-level.
Second, we show that higher healthcare expenditure was

associated with higher ESKD mortality. In this study,
healthcare expenditure was defined as the average Medi-
care spending per enrollee in each county. All patients with
ESKD are eligible for Medicare coverage and thus a higher
county-level Medicare expenditure may simply reflect a
higher disease burden for individuals in the county. Fur-
ther, increased healthcare expenditure does not necessarily
indicate higher quality care or better access to care, but
may rather indicate regional differences in patterns of prac-
tice, such as more frequent physician visits, greater use of
medical subspecialists, and more discretionary care (33,34).
This pattern has been demonstrated in other studies in
which increased Medicare spending was associated with
increased mortality for patients with diabetes who had foot
ulcers and amputations (35), and for patients with colorec-
tal cancer (36).
Finally, a lower rate of transplants per 100,000 PY in each

county was associated with higher ESKD mortality. Inter-
estingly, the number of internal medicine subspecialists per
100,000 population, a proxy for concentration of nephrolo-
gists, was not associated with ESKD mortality, suggesting
that access (via total transplants), rather than quality of care
(as per number of specialists), may be a more important
factor for ESKD mortality. Healthcare access likely serves
as a proxy for several other structural factors, such as rac-
ism, socioeconomic status, access to healthy foods, air qual-
ity, safety, and social connections (37), despite our best
attempts to adjust for several of these factors. Reducing
ESKD mortality disparities across counties will likely
require additional policies aimed at improving the

socioeconomic circumstances of disadvantaged counties,
including reducing barriers in access to kidney care. For
example, accumulating evidence has shown that multicom-
ponent education and quality improvement interventions
at the transplant program– and dialysis facility–level can
improve transplant access (38–41). Prioritizing counties
with high ESKD mortality may be a future priority for
these programs.
In our study, we show that approximately 19% of the

county-level variation in ESKD mortality is explained by
county-level characteristics. In contrast to studies of other
chronic diseases, this is a relatively smaller contribution.
For example, approximately 75% (19) and approximately
42% (20) of the variation in CVD mortality and diabetes
incidence, respectively, has previously been shown to be
explained by county-level factors. In these studies, the larg-
est contributors to variation in CVD mortality were county-
level median income and education (19), whereas variation
in diabetes incidence was driven predominately by unem-
ployment, poverty, and access to exercise opportunities
and healthy foods (20). The relatively smaller contribution
of county-level characteristics to the variation in ESKD
mortality may be explained by the fact that ESKD, com-
pared with CVD and diabetes, is relatively rare, rendering
prediction of variation difficult. For example, 48% (42) and
11% (43) of the US population has CVD and diabetes,
respectively, as compared with just 0.2% of the population
with ESKD (1). It is also possible that county-level factors
play a more important role in upstream causes of chronic
disease. Diabetes, for example, is an important risk factor
for ESKD incidence (44), and county-level interventions to
reduce diabetes incidence, such as improved access to exer-
cise and healthy foods, may have downstream implications
for ESKD incidence and mortality. Regardless, data on
county-level ESKD mortality are useful to identify counties
with high ESKD mortality that may benefit most from tar-
geted multilevel interventions (i.e., those that address both
individual- and county-level risk factors).
The key strengths of this study include the use of a large

national registry of patients with ESKD receiving RRT to
estimate county-level ESKD mortality rates in the United
States, and the use of aggregated data from multiple sour-
ces to describe the effect of several county-level characteris-
tics. However, there are several limitations that should also
be considered. First, this is an ecologic study and results
cannot be extrapolated to the individual level. Second, the
use of county averages, as was done in this study, does not
account for variations within counties. Data at levels lower
than the county (i.e., census tracts) are not available in
USRDS. Third, to ensure adequate power to examine
county-level ESKD mortality, a rare outcome, we pooled
ESKD mortality rates between 2010 and 2018, which may
not reflect the most contemporary ESKD mortality rates.
Regardless, we expect relative differences between counties
to have remained relatively stable in this 9-year period.
Last, there is likely to be residual confounding by county-
level characteristics not included in this analysis.
In this national United States study, we demonstrate sub-

stantial variation in ESKD mortality across counties, and
report that approximately 19% of this variation is explained
by county-level characteristics. Future studies are needed
to elucidate the mechanisms in which county-level factors
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affect variation in ESKD mortality. In the interim, interven-
tions to reduce ESKD mortality could be targeted to coun-
ties with high ESKD mortality. Such interventions should
combine knowledge from a growing evidence base on the
individual- and county-level factors associated with ESKD
mortality and its upstream causes.
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