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Abstract 
 

Effect of Neighborhood-Level English Proficiency on Initial Kidney Transplant Registration 
and Interaction by Rural / Urban Residence 

 
By Amandha Darius 

 
 
Despite kidney transplantation being the preferred method of renal replacement therapy for 

end-stage renal disease patients, patients of minority background continue to experience 
disparities in waitlist registration. It is known that language barriers impede access to 

healthcare, but these barriers have not been extensively addressed at the neighborhood level, 
nor have the differential effects of rural vs urban status on these barriers. We assess the 

association between neighborhood-level English proficiency and likelihood of patients to 
register on the kidney transplant waitlist, and we examine potential effect modification by 
rural vs urban status. In this retrospective cohort study, we use data from the most recent 

American Community Survey to determine ZIP-code level English proficiency. A Cox 
procedure stratified by rural vs. non-rural status was used to measure time to waitlisting 

among adult ESRD patients in the United States Renal Data System (USRDS) from 2013 to 
2017, controlling neighborhood socioeconomic status, and for individual factors such as 

race, Hispanic ethnicity, age, sex, and BMI. Among non-rural patients, patients in the second 
quintile of LEP (0.6 – 1.6%) were 9% more likely to be waitlisted than those in the lowest 

quintile of LEP (0 – 0.5%) (HR = 1.09, 95% CI 1.01 – 1.18). This association was not 
present among other quintiles of LEP considered to be non-rural, and was not present for 

rural patients at all. These results suggest that neighborhood English proficiency alone does 
not explain disparities in waitlisting, but rather that neighborhood socioeconomic status and 

individual demographic factors may explain this relationship. 
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Introduction 

Over 14% of the U.S. population lives with chronic kidney disease. The most severe 

form of this disease, end-stage renal disease (ESRD), affects over 726,000 people in the U.S., 

with over 124,000 new ESRD cases being reported in 2016 alone (1). Without the proper 

treatments, individuals with chronic kidney disease, especially those with end-stage renal 

disease, are at great risk of complications including cardiovascular disease, hypertension, 

anemia, and bone disorders (2). Racial and ethnic minorities, who already experience higher 

rates of risk factors associated with end-stage renal disease(3, 4), have tended to also 

experience higher incidence rates of ESRD than their white counterparts (5), While these 

disparities have improved over time, black and African-American patients still experience 

ESRD incidence at three times the rate of their white counterparts. American Indians / 

Alaska Natives experience incidence rates 20% higher than whites, and Hispanics experience 

incidence rates 30% higher than non-Hispanics (5). 

 Kidney transplantation remains the preferred treatment for ESRD (6, 7).  It has been 

shown to increase longevity and quality of life, as well as being more cost-effective (7, 8). 

Despite the benefits of kidney transplantation over other renal replacement therapies such as 

hemodialysis and peritoneal dialysis, only one-third of ESRD patients received kidney 

transplants as of 2013 (1).   

There are several steps that a patient must undergo in order to receive a kidney 

transplant. Patients are first educated about transplantation as an option for ESRD 

treatment, before being referred for evaluation at a transplant center to determine their fit 

for candidacy. After this evaluation, if a patient is found to be a good candidate for 

transplantation, then this patient will be added to the transplant waitlist (9-12). 
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However, barriers to transplantation exist at multiple steps in the above process. In 

addition to the organ shortage faced by ESRD patients across the U.S. (8), previous research 

has identified minority race and ethnicity as a risk factor for lower likelihood for waitlisting 

(13, 14). Neighborhood poverty has been shown to exacerbate racial / ethnic disparities in 

waitlisting and transplantation between Black and White patients (14). In addition, the effect 

of rural residence on likelihood of poor healthcare access (15-17), is differential along racial 

and ethnic lines, as Black and Indigenous patients are more likely to suffer worse outcomes 

than their white counterparts in rural counties (18). Health literacy is also lower in rural 

populations than it is in urban populations (19), and low health literacy is more likely to be 

experienced by minority patients, especially those for whom language is a significant barrier 

(20-25).  

Despite these findings, few studies have considered the effects of neighborhood-

level language barriers as a social determinant of health and healthcare access. Interestingly, a 

high percentage of limited English proficiency was found to be associated with lower odds 

of late-stage colorectal cancer diagnosis among Hispanics, although this association did not 

exist among other races or ethnicities (26). Even so, another study found that lower ZIP-

code level English proficiency was associated with higher odds of inactive status on the 

kidney transplant waitlist (27).  

While this study is informative of the relationship between neighborhood limited 

English proficiency (LEP) and waitlist status, there are several limitations to its approach. 

First, the above study uses U.S. Census data, which is collected decennially rather than 

annually. Neighborhood composition is dynamic and can change rapidly in the ten years 

between censuses, and therefore using annually-collected representative samples such as the 

American Community Survey would reflect this more accurately. Second, while this study 
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compares outcome risk, it does not take time-to-event into account, as it would with a 

survival analysis. Third, as previously explained, this study fails to consider the differential 

effects that rural and non-rural status may have on neighborhood LEP and waitlist time. 

Finally, while it is important to consider waitlist status, as patients are unable to receive 

transplant offers while inactive, this would be irrelevant without initial waitlist registration.  

Therefore, our study aims to (1) determine whether an association between 

neighborhood limited English proficiency and time to initial registration on the kidney 

transplant waitlist, and (2) to assess whether rural residence modifies the effect between 

neighborhood LEP and initial kidney transplant waitlist registration. Addressing these risk 

factors together will hopefully more completely inform potential methods of intervention at 

each of the steps between ESRD diagnosis and waitlisting.  
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Methods 
United States Renal Data System 

The United States Renal Data System (USRDS) is a national database that collects 

demographic and medical information about all individuals treated for chronic kidney 

disease (CKD) or end-stage renal disease (ESRD) in the U.S., with information obtained 

from the Centers for Medicare and Medicaid Form 2728 (CMS 2728). Our study population 

includes ESRD patients between the ages of 18 and 99 years old, and whose first date of 

ESRD service was between January 1, 2013 and December 31, 2017. Patients who were 

missing ZIP code information (n = 5,449), or information on sex, age, race (n = 1,620), or 

Hispanic ethnicity (n = 4,203), or state of residence were excluded. In addition, patients 

whose ZIP codes and states of residence were listed as U.S. territories or P.O. boxes were 

also excluded (n = 8,746). Due to the very large sample size and limited computational 

power to run analyses, a random sample of 10% was used for analytical purposes. Our final 

sample size was N = 59,188 (Figure 1). 

Patient demographics, such as race, ethnicity, sex, and residential information such as 

state and ZIP code of residence, as well as medical information such as date of first ESRD 

service (dialysis or transplant), date of waitlisting (for transplant), date of death, primary 

cause of ESRD, whether or not the patient received nephrology care prior to ESRD 

diagnosis, and whether or not the patient was informed of kidney transplantation as a 

treatment option, were all obtained from CMS Form 2728. This information is collected by 

law for each new ESRD patient at the time that ESRD treatment (e.g., dialysis or transplant) 

begins.  
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American Community Survey 

The American Community Survey is an annual survey conducted by the U.S. Census 

Bureau that collects demographic and residential information from a representative sample 

of U.S. residents at the ZIP code level. ZCTAs, or ZIP-Code Tabulation Areas, are 

estimations of postal ZIP codes used for census purposes.(28) However, unlike ZIP codes, 

ZCTAs are bound by state and county lines, and do not include P.O. boxes. For the 

purposes of this study, we have obtained data from the 2017 ACS 5-year estimates, which 

average data estimates between 2013 and 2017, at the level of 5-digit ZIP Code Tabulation 

Area (ZCTA).  

The definition of a Limited English Proficiency (LEP) household according to the 

U.S. Census Bureau is a household in which “no one over the age of 14 speaks English alone 

or very well.” (29, 30) Neighborhood-level LEP is defined as the percentage of households 

in each ZCTA that are considered to be LEP households according to the census definition. 

The total number of surveyed households in each ZCTA, as well as the number of 

households defined as Limited English households and the percentage of households that 

were Limited English, were provided by the 2017 ACS 5-year estimates. Our study 

population was divided into quintiles with the following categories of neighborhood-level 

LEP: less than 0.5%; 0.6 - 1.6%; 1.7 - 3.5%; 3.6 - 8.9%; 9.0% or more. In addition to Limited 

English Proficiency, median household income and educational attainment were additional 

indicators of socioeconomic status obtained from the 2017 ACS 5-year estimates. 

Educational attainment levels included in the dataset were as follows: No school; Nursery; 

Kindergarten; 1st - 12th (individually); Graduated high school; GED or equivalent; Less than 

a year of college; More than a year of college, no degree; Associates degree; Bachelor's 

degree; Masters; Other professional degree; Doctorate degree. For the purpose of this study, 
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these levels were condensed into the following categories: Less than high school; High 

school / GED; College Degree (Associate’s or Bachelor’s); Graduate Degree (Master’s or 

other professional degree).   

Neighborhood Level Covariates 

Rural status was defined by the Federal Office of Rural Health Policy (FORHP). 

Using ZIP codes, the federal office of rural health policy defined, defines Rural ZIP Codes 

as “any ZIP code where more than 50% of its population resides in either a non-metro 

county and/or a rural Census Tract,” with a metro county being defined as “a core urban 

area of 50,000 residents or more.” Any county that is not considered a metro county is 

considered to be a rural county.(31) This dataset was merged with ACS 2017 5-year estimates 

by ZIP code, and an indicator variable was created whereby ZIP codes in the FORHP 

dataset were considered rural, and ZIP codes not included in the FORHP were considered 

non-rural.  

Neighborhood socioeconomic status was a variable created as a combination of both 

highest mean level of education and median household income. Neighborhoods where the 

highest level of education was high school or less, and median household income was less 

than the overall median, were considered “low SES.” Neighborhoods where the highest level 

of education was college or more, and neighborhood median household income was above 

the overall median, were considered “high SES.” Neighborhoods where highest level of 

education was high school or less and median income was above the overall median, and 

vice-versa, were all considered to be “middle SES.” 

Statistical Analyses  

Summary and descriptive statistics were used to examine differences in individual- 

and neighborhood-level demographic and clinical characteristics of the study population 
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across strata of neighborhood LEP, and again by waitlisting status. We followed patients 

from ESRD diagnosis date until December 31st, 2017, waitlisting date, date of death, or date 

of transplant, whichever occurred first. Patients who were transplanted without having a date 

of waitlisting were considered pre-emptively transplanted and were censored at 

transplantation date. As these patients would have contributed 0 person-years of follow-up, 

and thus been excluded for models, we recoded their follow-up time as 0.001 person-years. 

We generated a Kaplan-Meier survival curve and conducted a Log-Rank Test with 95% 

confidence to examine the crude relationship between neighborhood LEP and likelihood of 

waitlist registration. 

Cox proportional hazards regression was used to assess the effects of neighborhood 

LEP on waitlisting in unadjusted and adjusted models. An unadjusted model included only 

the effect of neighborhood LEP on waitlisting (Model 1). To assess the interaction of rural 

residence with neighborhood LEP, we first stratified our exposure and outcome on rural 

residence. We then assessed whether a difference in hazards existed between rural and non-

rural residence with a Cox proportional hazards model. A Wald chi-squared test was used to 

determine the statistical significance of interaction by rural residence with neighborhood 

LEP in a fully adjusted model. 

 A second model was adjusted for rural residence status alone (Model 2). A third 

model was adjusted for neighborhood socioeconomic status alone (Model 3). A fourth 

model was adjusted for both rural residence and neighborhood socioeconomic status (Model 

4). A fifth model was adjusted for rural residence, neighborhood SES, and Hispanic ethnicity 

(Model 5). A sixth model was additionally adjusted for patient race (Model 6). A seventh 

model was additionally adjusted for other individual level characteristics at baseline such as 

age, BMI category according to CDC obesity guidelines (32), and sex as reported on CMS 
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Form 2728 (Model 7). Models were informed by DAGitty, an online program for creating 

causal diagrams, was used to generate a directed acyclical graph (Figure 2).  
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Results 
 

We included a random 10% sample of ESRD patients that met our inclusion criteria 

(total study sample N=59,188). Of these patients, 10,360 (17.5%) were waitlisted, and 23,320 

(39.4%) died before the end of follow-up. The mean age of the overall study population was 

63 years (SD 14.6 years), and was a majority male (58.0%), white (67.1%), non-Hispanic 

(86.3%), and non-rural (81.5%).  Diabetes was the leading primary cause of ESRD for this 

population (46.4%), followed by hypertension (29.3%). The mean BMI of the study 

population was 29.7 (SD 8.0). Most had been informed of kidney transplantation as a 

treatment option (82.7%), had received nephrology care (62.3%), and were insured through 

Medicare or Medicare Advantage (62.1%). The majority of patients lived in neighborhoods 

that were low (48.3%) or middle (34.8%) socioeconomic status (Table 1). Percentage Asian 

patients, percentage of Hispanic patients, percentage of uninsured patients, and percentage 

of patients in non-Rural areas increased with neighborhood LEP. Percentage of non-

Hispanic patients, mean BMI of patients, and percentage of patients in the care of a 

nephrologist prior to ESRD diagnosis (Table 1.) 

Patients who were waitlisted were more likely to be male (62.5%), have 

glomerulonephritis as a primary cause of ESRD (16.5%), have been in the care of a 

nephrologist (74.9%), have employer-based health insurance (34.7%), and live in a 

neighborhood of higher socioeconomic status than those who were not waitlisted (Table 2). 

Patients who were not waitlisted were more likely to have died (37.7%), were older at 

baseline (65.3 years), more likely to be female (43.0%), black (27.0%), non-Hispanic (86.9%), 

have diabetes (48.2%) or hypertension (30.3%) as a primary cause of ESRD, and were more 

likely to have not been informed of kidney transplantation as a treatment option (15.3%) 

(Table 2). 
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Nearly half of patients who resided in rural areas were in the first quintile of 

neighborhood LEP (Quintile 1: 48.5%) (Table3). After conducting joint Wald Chi-Squared 

tests, rural residence was found to interact with neighborhood LEP in both unadjusted (p = 

0.02) and adjusted (p = 0.02) models.  In an unadjusted Cox model, among patients who 

lived in rural ZIP codes, patients living in the highest quintile of neighborhood LEP (vs. the 

lowest quintile) were 25% more likely to be waitlisted during follow-up (HR = 1.25; 95% CI: 

1.01 – 1.54).  Among residents of non-rural areas, waitlisting was 8 – 10% more likely to 

occur for patients residing in higher quintiles of neighborhood LEP (vs. the lowest quintile) 

(HR = 1.08, 95% CI 1.00 – 1.16 in Quintile 5; HR = 1.10, 95% CI 1.02 – 1.18 in Quintile 4; 

HR = 1.12, 95% CI 1.04 – 1.21 in Quintile 3; HR = 1.13, 95% CI 1.04 – 1.22 in Quintile 2). 

However, after adjusting for neighborhood socioeconomic status, race, Hispanic ethnicity, 

age, and BMI, the association between neighborhood LEP and time to waitlisting was no 

longer present among rural residents (HR = 0.92, 95% CI 0.80 – 1.05 in Quintile 2; HR = 

1.01, 95% CI 0.95 – 1.28 in Quintile 3; HR = 1.02, 95% CI 0.86 – 1.21 in Quintile 4, HR = 

1.16, 95% CI 0.94 – 1.07 in Quintile 5). After adjusting for the same covariates, among 

patients who live in non-rural areas, patients living in the second quintile of neighborhood 

LEP were 9% more likely to be waitlisted than those in the lowest quintile (HR = 1.09, 95% 

CI 1.10 – 1.18 in Quintile 2). However, this association did not persist in higher quintiles 

(Quintile 3: HR = 1.03, 95% CI 0.95 – 1.11; Quintile 4: HR = 0.98, 95% CI 0.90 – 1.05; 

Quintile 5: HR = 0.98, 95% CI 0.91, 1.07) (Table 4).  
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Discussion 

After adjusting for neighborhood SES and additional individual-level covariates, 

patients living in non-rural ZIP codes in the second quintile of neighborhood LEP were 9% 

more likely to be waitlisted compared to those in the lowest quintile of neighborhood LEP, 

although this association did not persist among other quintiles, nor among any patients in 

rural ZIP codes.  

Objective CKD-12 of the HealthyPeople 2020 Initiative is to increase the proportion 

of adults with ESRD who are waitlisted within a year of starting dialysis from 16.9% to 

18.6% (33). Disparities age, sex, race and ethnicity are known to exist in the kidney 

transplant waitlisting process (33). However, these disparities all exist at the level of the 

individual patient, and neighborhood-level variables have not been studied in depth. 

Previous research has considered the effect of geography on transplantation and transplant 

outcomes at various steps (14, 16, 26).  Neighborhood-level LEP has been associated with 

lower likelihood of active status on the transplant waitlist (27), as well as with low 

transplantation rates (13, 34). However, our study found that there was little difference 

between neighborhood level LEP and likelihood of waitlisting after adjusting for similar 

individual covariates, as well as additional neighborhood level covariates. These results 

suggest a high level of complexity in the relationships between neighborhoods, their 

geography, and their residents.   

The relationship between rurality and limited English proficiency in ZIP codes was 

such that rural ZIP codes were more likely to be lower in limited English proficiency. This is 

rather plausible, given that rural neighborhoods were more likely to have white, non-

Hispanic patients as well (35). However, the socioeconomic status of these neighborhoods 

was lower in both the lowest and highest LEP ZIP codes, but neighborhood socioeconomic 
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status was higher in ZIP codes in the middle quintiles. A possible explanation for this could 

be that the most urbanized and most rural areas are both areas with high rates of poverty, 

but urban areas tend to be more diverse than their rural counterparts (35). The likelihood of 

waitlisting being higher among higher LEP neighborhoods could be explained by the fact 

that higher LEP neighborhoods may already be providing services to mitigate language 

barriers and improve health literacy for its residents (36), while those who live in the lowest 

quintile are already more likely to be rural according to our study, and therefore more likely 

to be experiencing the previously mentioned disparities that exist for rural residents (15, 16, 

19, 37, 38). Finally, some of this association could be explained by the Latino Paradox, in 

which immigration from Latin or Hispanic countries tends to have a protective effect against 

negative outcomes (39). 

This study has several limitations. First, we were unable to measure individual levels 

of English proficiency and socioeconomic status. Therefore neighborhood socioeconomic 

status was used as a proxy for individual socioeconomic status, since neighborhood 

socioeconomic status is often dependent on the socioeconomic status of the individuals who 

reside in these neighborhoods (40).  This may have led to ecological fallacy in drawing 

conclusions about individual outcomes based on neighborhood-level exposures. Because we 

do not have much information on immigration status, country of origin, or first language for 

the patients in this study population, we cannot be sure of individual patients’ proficiency in 

English. However, it is likely that neighborhoods with higher levels of LEP are likely to have 

bilingual services, including health care services (36). It has been shown that bilingual tools 

are beneficial to aiding the transplant process for ESRD patients who speak Spanish (41). If 

that is the case, this may imply that bilingual patients may require bilingual services to 

improve health literacy, as mentioned above. Another limitation of this study is the use of 5-
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year estimates from the ACS rather than 1-year estimates, despite one-year estimates 

potentially being more accurate representations of zip code demographics in each year a 

patient was diagnosed with ESRD. Five-year estimates contain average results from the five 

years prior to that year’s survey data collection. However, one-year estimates were not 

available from the Census Bureau by zip code, and therefore, five-year estimates were used. 

Finally, there is the potential for ESRD patients to move out of their zip code of residence 

after their diagnosis. However, studies show that if they move, they are likely to move to a 

neighborhood with similar demographics (42-44).  

Even so, this study has several strengths. First, we use data from the American 

Community Survey (ACS) to determine zip-code levels of linguistic isolation instead of the 

U.S. Census. While previous studies have used census data for their exposures, the census is 

only conducted once every ten years. Therefore, the information contained in the census 

might be outdated for outcomes measured later in the decade. The ACS is smaller, but also 

nationally representative and conducted annually. A second strength of this study is its use of 

the USRDS, a national registry for ESRD diagnosis. Although this study only used a sample 

of eligible patients, this sample was representative of all ESRD patients in the U.S., and still 

large enough to maintain statistical power. Another strength is that we were able to adjust 

for several confounding variables, although individual socioeconomic status and individual 

English proficiency remained unmeasured.  Overall, we conclude that high neighborhood 

level limited English proficiency (LEP) may be associated with higher likelihood of 

waitlisting when compared to neighborhoods with nearly no LEP. This implies that 

differences in neighborhood level English proficiency and its effects on waitlisting might be 

explained by other factors at both the individual and neighborhood levels. Further research 
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is needed to determine with certainty if these patients are experiencing individual-level 

language barriers.   
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Table 1. Characteristics of Patients registered in U.S. Renal Data System by Quintile of 

Neighborhood Limited English Proficiency at Baseline, 2013 – 2017. 

 

 
Total Pop. 
N = 59,188 

Q1 
N = 11,623 

Q2 
N = 12,301 

Q3 
N = 

11,517 

Q4 
N = 

11,809 

Q5 
N = 

11,938 

 N (%) N (%) N (%) N (%) N (%) N (%) 

Mean Age (SD) 63.1 (14.6) 64.0 (14.2) 63.3 (14.5) 63.2 (14.7) 
62.9 

(14.8) 
62.0 

(14.8) 

Sex (%)       

Male 34,318 (58.0) 6,632 (57.1) 7,122 (57.9) 
6,725 
(58.4) 

6,910 
(58.5) 

6,929 
(58.0) 

Female 24,870 (42.0) 4,991 (42.9) 5,179 (42.1) 
4,792 
(41.6) 

4,899 
(41.5) 

5,009 
(42.0) 

Race (%)       

White 39,728 (67.1) 8,687 (74.7) 8,068 (65.7) 
7,638 
(66.3) 

7,409 
(62.7) 

7,926 
(66.4) 

Black / African-
American 15,756 (26.6) 2,691 (23.2) 3,884 (31.6) 

3,293 
(28.6) 

3,340 
(28.3) 

2,548 
(21.3) 

American Indian / 
Alaska Native 501 (0.8) 136 (1.2) 115 (0.9) 75 (0.7) 96 (0.8) 79 (0.7) 

Asian 2,398 (4.1) 69 (0.6) 148 (1.2) 353 (3.1) 715 (6.1) 
1,113 
(9.3) 

Native Hawaiian / 
Pacific Islander 636 (1.1) 24 (0.2) 64 (0.5) 125 (1.1) 205 (1.7) 218 (1.8) 

Other / Multiracial 169 (0.3) 16 (0.1) 22 (0.2) 33 (0.3) 44 (0.4) 54 (0.5) 
Hispanic Ethnicity 
(%) 8,136 (13.7) 211 (1.8) 421 (3.4) 832 (7.2) 

1,918 
(16.2) 

4,754 
(39.8) 

Mean BMI (SD) 29.7 (8.1) 30.3 (8.2) 30.1 (8.3) 29.8 (8.1) 29.5 (8.0) 28.8 (7.7) 

Rural (%) 11,115 (18.8) 5,393 (46.4) 2,591 (21.1) 
1,492 
(13.0) 

1,068 
(9.0) 571 (4.8) 

Neighborhood SES       

Low 28,595 (48.3) 6,687 (57.5) 5,775 (47.0) 
4,362 
(37.9) 

4,758 
(40.3) 

7,013 
(58.8) 

Middle 20,612 (34.8) 4,003 (34.4) 4,344 (35.3) 
4,445 
(38.6) 

4,270 
(36.2) 

3,550 
(29.7) 

High 9,834 (16.6) 813 (7.0) 2,180 (17.7) 
2,710 
(23.5) 

2,777 
(23.5) 

1,354 
(11.3) 

Unknown 147 (0.3) 120 (1.0) 2 (0.0) 0 (0.0) 4 (0.0) 21 (0.2) 
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Table 2. Characteristics of Patients registered in U.S. Renal Data System by Waitlisting Status 

on December 31, 2017. 

 

Total 
Population 
N = 59,188 

Waitlisted 
N = 

10,360 

Not 
Waitlisted 
N = 48,828 

 N (%) N (%) N (%) 

Waitlisted (%) 10,360 (17.5) - - 

Mean Age (SD) 63.1 (14.6) 52.5 (13.2) 65.3 (13.9) 

Sex (%)    

Male 34,318 (58.0) 
6,475 
(62.5) 27,843 (57.0) 

Female 24,870 (42.0) 
3,885 
(37.5) 20,985 (43.0) 

Race (%)    

White 39,728 (67.1) 
6,863 
(66.2) 32,865 (67.3) 

Black / African-American 15,756 (26.6) 
2,582 
(24.9) 13,174 (27.0) 

American Indian / Alaska Native 501 (0.8) 69 (0.7) 432 (0.9) 

Asian 2,398 (4.1) 672 (6.5) 1,726 (3.4) 

Native Hawaiian / Pacific Islander 636 (1.1) 142 (1.4) 494 (1.0) 

Other / Multiracial 169 (0.3) 32 (0.3) 137 (0.3) 

Hispanic Ethnicity (%) 8,136 (13.7) 
1,727 
(16.7) 6,409 (13.1) 

Mean BMI (SD) 29.7 (8.1) 29.0 (6.5) 29.8 (8.3) 

Rural Residence (%) 11,115 (18.8) 
1,542 
(14.9) 9,573 (19.6) 

Neighborhood SES    

Low 28,595 (48.3) 
4,048 
(39.1) 24,547 (50.3) 

Middle 20,612 (34.8) 
3,974 
(38.4) 16,638 (34.1) 

High 9,834 (16.6) 
2,309 
(22.3) 7,525 (15.4) 

Unknown 147 (0.3) 29 (0.3) 118 (0.2) 
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Table 3. Association of Rural Residence with Neighborhood Limited English Proficiency 

and Waitlisting, 2013 – 2017. 

 
Total Population 

N = 59,188 
Rural  

N = 11,115 
Non-Rural 
N = 48,073 

 N % N % N % 

Q1: 0 - 0.5% 11,623 19.6 5,393 48.5 6,230 13.0 

Q2: 0.6 - 1.6% 12,301 20.8 2,591 23.3 9,710 20.2 

Q3: 1.7 - 3.5% 11,517 19.5 1,492 13.4 10,025 20.9 

Q4: 3.6 - 8.9% 11,809 20.0 1,068 9.6 10,741 22.3 

Q5: 9.0% 11,938 20.2 571 5.1 11,367 23.6 

Waitlisted 10,360 17.5 1,542 13.9 8,818 18.3 

Not Waitlisted 48,828 82.5 9,573 86.1 39,255 81.7 
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Table 4. Interaction Assessment of Rural Residence with Hazard of Waitlisting by 

Neighborhood Limited English Proficiency (NLEP), Crude and Adjusted, USRDS 2013 – 

2017. 

 

 Unadjusted Adjusted* 
 

Rural Non-Rural P-value Rural Non-Rural P-value 

NLEP       

Q1 Ref Ref 0.02 Ref Ref 0.02 

Q2 0.93 (0.82, 1.06) 1.13 (1.04, 1.22)  0.92 (0.80, 1.05) 1.09 (1.01, 1.18)  

Q3 1.15 (0.99, 1.34) 1.12 (1.04, 1.21)  1.10 (0.95, 1.28) 1.03 (0.95, 1.11)  

Q4 1.08 (0.91, 1.29) 1.10 (1.02, 1.18)  1.02 (0.86, 1.21) 0.98 (0.90, 1.05)  

Q5 1.25 (1.01, 1.54) 1.08 (1.00, 1.16)  1.16 (0.94, 1.43) 0.98 (0.91, 1.07)  
*Adjusted for Rural Residence, Neighborhood SES, and individual demographic characteristics at baseline 

(race, ethnicity, sex, BMI, age).   
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Figure 1. Selection of Study Population. 
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Figure 2. Directed Acyclical Graph of Association between Neighborhood Limited English 

Proficiency and Time to Initial Registration on Kidney Transplant Waitlist. 
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Figure 3. Kaplan-Meier Survival Curve of Initial Registration for Kidney Transplant 

Waitlisting by Neighborhood Limited English Proficiency, 2013 – 2017. 

 
Product-Limit Survival Estimates by Quintile of Neighborhood Limited English Proficiency. 
Log-Rank Test: 𝑋ଶ = 44.1, p-value < 0.0001.  
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