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Abstract

Background—Racial disparities persist in access to kidney transplantation. Racial differences in 

preemptive referral, or referral prior to dialysis start, may explain this discrepancy.
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Methods—Patient-level data on kidney transplant referrals (2005–2012) from all Georgia 

transplant centers were linked to the United States Renal Data System to examine racial disparities 

in preemptive referral, waitlisting, and living donor transplant. Adjusted logistic regression and 

Cox proportional hazard models determined the associations between race (African American vs. 

white) and preemptive referral, and placement on the waitlist or receipt of a living donor kidney, 

respectively.

Results—Among 7,752 adults referred for transplant evaluation, 20.38% (n=1,580) were 

preemptively referred. The odds of African Americans being preemptively referred for transplant 

evaluation were 37% (OR=0.63; (95% CI: 0.55 0.71)) lower than whites. Among preemptively 

referred patients, there was no racial difference (African Americans compared to whites HR=0.96; 

(95% CI 0.88, 1.04)) in waitlisting. However, African Americans were 70% less likely than whites 

to receive a living donor transplant (HR=0.30; (95% CI: 0.21, 0.42)).

Conclusion—Racial disparities in transplant receipt may be partially explained by disparities in 

preemptive referral. Interventions to reduce racial disparities in kidney transplant access may need 

to be targeted earlier in the disease process.
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INTRODUCTION

Kidney transplantation is the optimal treatment for most of the >700,000 adults being treated 

for end stage renal disease (ESRD) in the United States 1–3. ESRD Network 6 (North 

Carolina, South Carolina, and Georgia) has the highest prevalence of ESRD in the United 

States 4 and the lowest kidney transplantation rates 5,6 with African Americans being 59% 

less likely to receive a kidney transplant compared to whites 7.

It has been shown that the sooner an ESRD patient receives a transplant, the better the 

patient’s health outcomes following transplantation 8,9. Particularly, preemptive deceased 

donor or living donor transplantation, or receipt of a transplant prior to dialysis start, has 

been shown to improve graft function, as well as graft and patient survival 10–13. African 

Americans are less likely to be placed on the deceased donor waitlist 14,15, have longer time 

on dialysis before accessing the deceased donor waitlist 16, and are less likely receive a 

preemptive kidney transplant 17,18 compared to white patients, however it is unknown if the 

disparity is caused by delayed referral for transplant evaluation, or something else. Research 

has shown that even after controlling for clinical factors and availability of living donors, the 

racial disparity in kidney transplantation, between African Americans and whites, persists 
19,20. Kasiske et al 14 hypothesized that the racial disparity in waitlisting could be attributed 

to poor pre-dialysis care, although they did not have access to pre-dialysis patient data to test 

this hypothesis.

Data on key steps early in the transplantation process, including when a patient is referred 

for transplant 21, are not collected in national surveillance data. Several smaller, regional 

studies have found differing results with respect to racial differences in dialysis facility level 
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referral for kidney transplantation. Alexander et al. found that African Americans in Indiana, 

Kentucky, and Ohio had a ~44% lower odds of transplant referral and completion of the 

transplant evaluation to achieve waitlisting. However, these distinct steps were not analyzed 

separately 22. More recently, we reported that, in Georgia, although African American 

ESRD patients were surprisingly 20% more likely to be referred for kidney transplantation 

within one year of starting dialysis, these referred patients were 27% less likely to be 

waitlisted within 1 year, compared to white patients 23. Similar to Kasiske et al, we 

hypothesized that this surprising finding could be due to a greater proportion of white 

patients being preemptively referred for transplant evaluation, compared to African 

Americans. Thus, the primary aim of this study was to describe whether there were racial 

disparities in preemptive referral for kidney transplantation evaluation in Georgia. In 

addition, we sought to investigate whether racial disparities in waitlisting and living donor 

transplantation persisted even among patients who were preemptively referred for kidney 

transplant evaluation.

MATERIALS AND METHODS

Data Sources

Patient-level data on referrals for kidney transplant evaluation were collected from all three 

adult transplantation centers in Georgia between January 1, 2005, and December 31, 2012 as 

previously described 21,23. In brief, patient-level referral data from each transplant center 

were securely sent to ESRD Network 6, which served as the data coordinating center. We 

used deterministic record linkage between the Georgia referral data and the publicly 

available data from the United States Renal Data System (USRDS) to obtain more detailed 

patient characteristics on patients referred and not referred for kidney transplantation 

evaluation, and to obtain outcome information on waitlisting and transplantation. The 

USRDS analytic files include patient characteristics (such as demographics, dialysis start 

date, primary cause of ESRD, and treatment modality) with follow-up through September 2, 

2015. We linked these data, via patient’s residential zip code, to data from the publicly 

available 2007–2011 American Community Survey (http://www.census.gov/programs-

surveys/acs/) to obtain neighborhood poverty information. Adult (18–69 years) patients 

within USRDS who were referred at least once for their first transplant in Georgia in 2005–

2012 (n=7,752), and were either African American (n=5,547) or white (n=2,205) were 

included in our analysis. Collection of Georgia referral data was retrospective and our study 

was approved by institutional review boards at each of the three transplant centers.

Study Variables

Race—Patient race was recorded by providers on the CMS-2728 form, and is derived from 

the medical record. Race was dichotomized as African American or white. Patients with 

missing (n=47) or other race/ethnicity were excluded due to small numbers (white 

Hispanic=204; Other=291).

Outcome—The primary outcome examined was preemptive referral for kidney transplant 

evaluation. A patient was considered to have a preemptive referral for transplant evaluation 

if the date of first referral (defined as the date the referral was received by fax at one of the 
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three transplant centers) occurred before the patient’s dialysis start date. Secondary 

outcomes among preemptively referred patients included placement on the deceased donor 

waiting list or receipt of a living donor transplant, evaluated separately. For the secondary 

outcomes, time from transplant evaluation referral to event was defined as the number of 

days from referral date to either placement on the deceased donor waiting list or receipt of a 

living donor transplantation, censoring for death or end of follow-up (09/02/2015).

Other Patient- and Facility-Level Characteristics—Patient characteristics included 

demographic and clinical data reported on the Medicare ESRD medical eligibility form 

(CMS-2728). The CMS-2728 form is completed for every dialysis patient within 45 days of 

starting of dialysis, or by the transplant center at the time of transplant. Baseline patient 

demographics captured on the CMS-2728 form included age, sex, race, ethnicity, attributed 

cause of ESRD, and health insurance at baseline. Insurance status was a categorical variable 

used as a proxy for socioeconomic status. Multiple insurance coverages were defined in to a 

single-response categorical variable, prioritizing first Medicaid coverage, then employer-

based coverage, Medicare coverage, other insurance, and then no insurance status. (For 

example, if a patient reported both Medicaid and employer-based insurance, the patient was 

categorized as Medicaid since it may to better represents the patient’s socioeconomic status.) 

Time from referral to event was not normally distributed, and medians were reported. 

Patients’ neighborhood poverty level data were obtained from the American Community 

Survey data. Clinical factors at ESRD start, from the CMS-2728, were body mass index 

(dichotomized at >/≤35 kg/m2) and history of congestive heart failure, cardiovascular 

disease, hypertension, diabetes, chronic obstructive pulmonary disease, tobacco use, and 

cancer.

Statistical Analysis

Descriptive statistics were calculated for patient- and neighborhood-level factors for the total 

referred population and stratified by race. We also tested for significant difference between 

patient- and neighborhood-level factors and race using Chi-Square or Kruskal-Wallis tests. 

Bivariable analysis was performed to determine the association between patient- and 

neighborhood-level characteristics, including race, and preemptive referral for transplant 

evaluation. Crude and adjusted Cox proportional hazards models were used to determine the 

association between preemptive referral, and waitlisting and living donor transplantation. . 

We used adjusted logistic regression to determine the association between African American 

vs. white race and preemptive referral. Demographic and clinical characteristics were 

considered for potential inclusion in the model a priori if they had been previously described 

as a factor associated with the outcome of interest. To assess racial disparities in access to 

kidney transplantation among patients preemptively referred for transplant evaluation, we 

used Cox proportional hazards models for waitlisting and living donor transplantation. 

Adjusted Cox proportional hazards models were determined using a four-step process: 1) 

bivariable association between race and transplant outcomes, 2) adjustment for age 

(continuous variable) and sex, 3) adjustment for patient- and neighborhood-level 

socioeconomic characteristics, and 4) additional adjustment for patient comorbidities. Log-

log curves confirmed modeling assumptions were met for each outcome. SAS version 9.4 

(SAS Institute Inc) and Stata version 14.1 (StataCorp) were used for data management and 
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statistical analysis. We used a fully conditional specification method to obtain multiple 

imputed data sets (n=5) to handle missing data (5.08% of observations), and used likelihood-

based methods for inference. Multiple imputation was completed for all adjusted, logistic 

regression and survival analysis with missing data. Multiple imputation procedures took in 

to account the variance within and between imputed cohorts 24. Sensitivity analysis was 

performed to confirm previous literature findings that report preemptively referred patients 

are more likely to be placed on the deceased donor waiting list or receive a living donor 

kidney transplant. A sensitivity analysis also assessed death as a competing risk for our 

secondary outcomes.

RESULTS

Study Population

As previously described 23, 90.3% of the 17,224 patients referred to a Georgia transplant 

center (2005–2012) were successfully identified and linked with a USRDS identifier. A total 

of 7,752 adults met the study inclusion criteria and were referred to a Georgia transplant 

center between January 1, 2005 and December 31, 2012. A total of 1,580 (20.4%) patients 

were preemptively referred for transplant evaluation. Among all patients referred, there was 

a significant difference between insurance status (Chi-sq=148.5; p<0.001), and a higher 

percentage of white referred patients had diabetes (Chi-sq=30.1; p<0.001) and 

cardiovascular disease (Chi-sq=68.5; p<0.001) compared to African American patients 

(Table 1). Among waitlisted and living donor transplant patients, the median time from 

referral to event for African Americans were 474 days (interquartile range (IQR): 258, 1,110 

days) and 874 days (IQR: 507, 1,434 days), respectively, significantly longer than the 

median follow-up time for whites from referral to waitlisting (332 days; IQR: 200, 646days; 

H=88.8, p<0.001), and living donor transplantation (574 days; IQR: 367, 1,023 days; 

H=22.7, p<0.001). Figure 1 reports the crude and adjusted survival analysis between 

preemptive referral for transplant evaluation and either placement on the deceased donor 

waiting list or receipt of a living donor kidney transplant. In the adjusted, Cox proportional 

hazard model within the total population (Figure 1) and compared to patients referred for 

transplant evaluation after starting dialysis, preemptively referred patients were 27% 

(HR=1.27; (95% CI: 1.17, 1.39)) more likely to be waitlisted and about twice (HR=1.98; 

(95% CI: 1.60, 2.44)) as likely to receive a living donor kidney transplantation. Preemptively 

referred white patients and African Americans were 20% (HR=1.20; (95% CI: 1.04, 1.39)) 

and 32% (HR=1.32; (95% CI: 1.19, 1.47)) more likely to be waitlisted, respectively, 

compared to their counterparts referred after starting dialysis.

Preemptive Referral and Patient Characteristics

The majority of the patients referred to a Georgia transplant center for transplant evaluation 

were African American (71.6%), although only 17.5% were preemptively referred and were 

significantly less likely to be preemptively referred (Chi-sq=98.2; p<0.001) compared to 

whites. Table 2 reports the descriptive statistics and bivariable association between patient 

characteristics and preemptive referral. Among those referred for transplant evaluation, there 

were slightly more women (21.3%) than men (19.7%) preemptively referred, and among 

those referred for transplant evaluation with employer-group insurance, 28.7% were 
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preemptively referred; approximately 80% of patients referred for transplant evaluation and 

diagnosed with diabetes (79.0%) or hypertension (79.6%) were not preemptively referred. 

The median time from referral to dialysis start was 150 days (IQR 60, 320 days). Whites had 

a significantly shorter time from referral to dialysis start (median=126 days; IQR 56, 288 

days) compared to African Americans (median=165 days; IQR 62, 343 days) (p=0.01). In 

the multivariable logistic regression adjusted for patient demographics, clinical factors, 

socioeconomic characteristics, and neighborhood poverty, African Americans had lower 

odds (OR=0.63; (95% CI: 0.55, 0.71)) of being preemptively referred compared to whites.

Preemptive Referral and Placement on Deceased Donor Waiting List or Receipt of Living 
Donor Kidney Transplantation

Among patients preemptively referred to a Georgia transplant center for transplant 

evaluation from 2005–2012 (n=1,580), 836 (52.9%) and 161 (10.2%) were waitlisted or 

received a living donor kidney transplant, respectively, over the median 3.1 year study 

follow-up. A total of 40.4% of preemptively referred white patients and 40.0% of 

preemptively referred African American patients were waitlisted over the study period 

(p=0.70), and 10.9% of white patients received a living donor transplant vs. 3.1% of African 

Americans (p<0.001). In our crude and fully adjusted Cox proportional hazard models 

(Table 3), we found no significant association between race and placement on the deceased 

donor waitlist (crude HR=1.07; (95% CI: 0.93, 1.23); fully adjusted HR=0.96; (95% CI: 

0.88, 1.04)). African Americans were less likely to receive a living donor transplant (crude 

HR=0.29; (95% CI: 0.21, 0.40)) compared to whites. These associations remained 

throughout adjustment, with African Americans 70% (HR=0.30; (95% CI: 0.21, 0.42)) less 

likely to receive a living donor kidney transplant compared to whites. Our sensitivity 

survival analysis accounting for death as a competing risk (Supplemental Table) for our 

secondary outcomes showed similar effects, although the effect estimates for living donor 

kidney transplantation were attenuated in the competing risk sensitivity analysis (fully 

adjusted HR=0.46; (95% CI: 0.38, 0.57)). However, based on our prognostic research 

question, we followed the recommendation of Noordzij et al 25, and have maintained our 

multivariable survival analysis coefficients as our main analysis.

DISCUSSION

In this study, after covariate adjustment, we found that 20% of patients referred to a Georgia 

transplant center between January 1, 2005 and December 31, 2012 were referred for 

transplant evaluation prior to ever starting dialysis. African Americans comprise the majority 

(65.7%) of ESRD patients in the Southeast 4 and the majority (71.6%) of patients referred 

for a transplant evaluation to Georgia transplant centers. However, among referred patients, 

African Americans had 37% lower odds of being preemptively referred for transplant 

evaluation, compared to whites, after adjusting for patient-, clinical-, socioeconomic-, and 

neighborhood-characteristics. Among preemptively referred patients, African Americans 

were 70% less likely to receive a living donor transplant compared to whites. There was no 

significant difference between African American and white preemptively referred patients 

and placement on the waiting list. Results from our study suggest that the higher referral of 

white vs. African American patients to kidney transplant evaluation prior to dialysis start 
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may explain at least some of the racial disparities in transplant access in Georgia. 

Interventions to reduce racial disparities in kidney transplant access may need to target the 

early ESRD process, such as among late-stage chronic kidney disease (CKD) patients.

Our previous report on the variation of transplant referral among dialysis patients in Georgia 

showed African Americans were 1.22 times more likely to be referred within 1-year of 

starting dialysis 23. This study supports our hypothesis that the increased likelihood of 

African Americans being referred for kidney transplant evaluation after starting dialysis may 

be at least partially due to a selection bias of the sample, where whitesare more likely to be 

referred for transplant evaluation before starting dialysis (preemptively referred). Our 

previous report also showed that, although African Americans were more likely to be 

referred for transplant within 1-year of starting dialysis, they were 23% less likely to be 

waitlisted within 1 year of referral 23. Myaskovsky et al’s longitudinal study of 127 adults 

referred to the University of Pittsburgh Starzl Transplant Institute and completed two rounds 

of interviews 20 reported that when controlling for income, perceived discrimination, and 

transplant knowledge, race was no longer significantly associated with being eligible for a 

transplant; and patients with more transplant knowledge taking less time to be accepted for a 

kidney transplant 20. Kasiske et al investigated the variables associated with placement on 

the kidney transplant waitlist and found that African Americans were 53% less likely 

(OR=0.47) to be preemptively waitlisted compared to whites 14. Kasiske hypothesized the 

racial disparity in preemptive listing was partially caused by the lack of adequate healthcare 

and pre-dialysis care by a nephrologist 14. As identified by Kalantar-Zadeh et al (2017), 

there is an urgency to examine the transition of care from advanced CKD to renal 

replacement therapy, including kidney transplantation 26. They identified this ‘prelude’ 

period and report major knowledge gaps that need to be addressed by primary care and 

nephrologists that include the best timing for, and optimal type of renal replacement therapy, 

which could vary across demographics. The management of CKD and kidney failure 

requires a multidisciplinary, patient-centered approach and possible integration of a 

comprehensive scoring system 27 across specialties which may help determine the best 

timing for renal replacement therapy and referral for kidney transplant evaluation 26. A 

multidisciplinary approach could also improve patient education and provide patients more 

knowledge about treatment options, including transplant, and could significantly shorten 

their time to transplant 20.

Importantly, our results focusing only on the group of patients who were preemptively 

referred for transplant evaluation showed no significant difference in waitlisting between 

preemptively referred African Americans and whites, supporting the hypothesis that when 

patients are referred to a nephrologist prior to dialysis, the racial disparity in waitlisting is 

mitigated. Given our findings that show early referral is associated with improved 

probability of placement on the deceased donor waiting list or receipt of living donor kidney 

transplantation, primary care physicians should regularly screen their high-risk patients for 

kidney failure and refer patients to a nephrologist to consider transplant options as early, in 

the course of disease, as possible. Public policy that improves or maintains health insurance 

coverage could assist high risk adult patients to complete annual screenings and detect 

decreasing kidney function that could be monitored by either a primary care physician or 

nephrologist.
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Literature shows that the longer a patient is on dialysis, the worse the post-transplant 

outcomes 8,11,28,29. With the national median time-to-transplant for newly listed candidates 

of 3.5 years 4, timeliness of referral is important. Late referral may limit opportunities for 

patient education 30 about transplantation, particularly living donor transplant as a treatment 

option, as well as the option for preemptive transplantation, while increasing the risk of 

death on dialysis 4,31 and the risk of graft failure or patient death after transplant 11,28. While 

some literature shows that 6 months on dialysis may not be associated with poor outcomes 
29, single studies have reported that the average time from first referral to placement on the 

waiting list is longer than this 7,16. We report that preemptively referred patients were more 

likely to be placed on the deceased donor waiting list or receive a living donor kidney 

transplantation, compared to patients referred after they started dialysis. Joshi et al’s single 

center study of 1,910 waitlisted patients reported the average time from first referral to their 

transplant center to waitlisting was 18.8 months, with African Americans having the longest 

time from referral to waitlist (16.0 months) compared to whites (12.0 months) 16. While our 

study reported the median time from referral to event (instead of the average) due to the 

distribution of follow-up days, we found a similar association to Joshi et al; time from 

referral to waitlisting or living donor transplantation was >1 year and African Americans 

had significantly longer time from referral to waitlisting as well as living donor transplant. 

Our findings may indicate that African American patients may take longer to complete the 

transplant evaluation to be placed on the waiting list, or may take longer to find a living 

kidney donor, compare to whites. Healthcare providers throughout the transplant process, 

including CKD clinic nephrologists and transplant center clinicians, should provide special 

assistance to patients that may need additional support to complete the transplant process.

Although living kidney donation has been shown to improve patient survival 32,33 and graft 

survival 34, African Americans are less likely to speak to their families about living kidney 

donation 35,36, and engage in living donation 36–38. Our study found that among African 

Americans preemptively referred for kidney transplant evaluation, they were 70% less likely 

to receive a living donor kidney transplant, compared to whites. This suggests that, in 

addition to early referral for transplant evaluation, additional interventions to promote living 

donor transplant may be needed for this population. African Americans may have less 

knowledge about transplantation 36, be less accepting of their health status 39, have lower 

medical trust 35,40, have more challenges identifying and approaching potential donors 41, 

and be more likely to have suboptimal discussions about living donor kidney transplantation 

within their social network and with health care providers 42 which may affect their pursuit 

of living donor transplant. Referring healthcare providers should recognize these significant 

differences in their patients and provide patient-centered educational information and 

interventions that are culturally tailored to their patients’ needs 43,44.

Our study interpretations are limited. Although our study is, to our knowledge, the largest 

regional study of preemptive kidney transplant referral to date, it is limited to Georgia and 

does not capture transplant evaluation referrals made to centers outside of Georgia or prior 

to 2005. While a strength of our study was the successful linkage of 90.3% (n=15,561) of 

transplant evaluation referrals to a Georgia transplant center to the USRDS data, we were 

unable to match 1,663, possibly due to a survival bias and we did not capture patients who 

were preemptively referred to a Georgia transplant center and died prior to the CMS-2728 
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form being completed. Although our referral data source was unable to provide descriptive 

characteristics on the patients that were not linked to USRDS, our future studies and data 

collection efforts (grant # U01MD010611) aim to collect more patient-level information 

(such as race, sex, and evaluation start date) from transplant centers to better describe the 

patient population not linked to USRDS. Our analysis on the association between race and 

preemptive referral was limited to logistic regression, as opposed to time-to-event analysis 

due to the lack of patient information (such as pre-ESRD care start date) prior to referral. 

Although the data represents eight years of transplant evaluation referral data, and many of 

the preemptive referrals may have been referred by CKD clinics, we do not have data on the 

patient populations within CKD clinics. Additionally, patient demographics and 

characteristics (such as insurance status and zip code) were collected at the time the 

CMS-2728 form was completed and may have changed. These constraints may limit the 

generalizability of the results; national data on transplant referral and preemptive referral 

data are needed to confirm our findings. Collecting transplant referral data from CKD clinics 

and dialysis facilities on a national level would allow complete tracking of patients with 

ESRD and address this limitation. Due to a small number of Hispanics and other races 

within our population, we limited our study cohort to African Americans and whites. 

Associations between patient characteristics and preemptive transplant referrals for other 

race/ethnicities and other populations should be made cautiously. Future research should 

focus on replicating the analysis using a more diverse population. Through linking our 

transplant referral data to USRDS data, all patients included in our analysis had a minimum 

of 2.5 years of potential follow-up since referral, providing sufficient power to measure 

short-term outcomes such as waitlisting and living donor transplantation. However, updated 

USRDS data are needed to determine the association of preemptive referral and longer-term 

outcomes such as deceased donor transplant and post-transplant outcomes. Variability in 

transplant center evaluation and contraindications may influence waitlisting and living donor 

kidney transplantation and is unaccounted for in our study. However, in a sensitivity analysis 

we found no significant difference in follow-up time for referral to waitlisting or living 

donor transplant between transplant centers. Future studies should expand on our analyses 

and examine how transplant center-level factors influence these outcomes.

Duration of dialysis is a strong modifiable risk factor for patient survival and post-transplant 

outcomes, and early referral for transplant evaluation is important. In Georgia, only about 

one in five patients referred for kidney transplantation evaluation were preemptively 

referred, and African Americans were less likely to be preemptively referred for 

transplantation evaluation, compared to whites. Among preemptively referred patients, 

African American race was not associated with decreased access to the waitlist, though 

African Americans were still less likely to receive a living donor transplant compared to 

whites. Racial disparity in kidney transplant rates may be partially explained by African 

Americans not being preemptively referred as often as whites. Interventions to ensure early 

transplant referral as well as targeted interventions to promote living donor transplantation 

may be warranted.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Crude and adjusted adjusted* survival analysis determined the association between 

preemptive referral status and either placement on the deceased donor waiting list or receipt 

of a living donor kidney transplantation, overall and stratified by race (white and African 

American)
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Table 1.

Patient-level characteristics of patients in the U.S. state of Georgia referred for kidney transplantation 

evaluation from 2005 to 2012 (n=7,752), overall and stratified by race

Characteristic Study Population White African American Test Statistic
a

p-value
a

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

N=7,752 N=2,205 (28.4) N=5,547 (71.6)

Patient-level characteristics at ESRD start

Referral Status

 Preemptively Referred 1580 (20.4) 608 (27.6) 972 (17.5) 98.2 <0.001

Median days (IQR) to event:

 Placement on the deceased donor waiting list 425(240,980) 332 (200, 646) 474(258, 1110) 88.8 <0.001

 Receipt of living donor kidney transplant 669(421, 1149) 574 (367, 1023) 874 (507, 1434) 22.7 <0.001

Age, mean (SD) 49.6(11.8) 51.8(11.6) 48.8(11.8) 10.3 <0.001

Age group 116.2 <0.001

 18–30 506 (6.5) 115 (5.2) 391 (7.0)

 30–39 1118 (14.4) 241 (10.9) 877 (15.8)

 40–49 1839 (23.7) 461 (20.9) 1378 (24.8)

 49–59 2477 (32.0) 710 (32.2) 1767 (31.9)

 60–69 1812 (23.4) 678 (30.7) 1134 (20.4)

Sex 32.3 <0.001

 Male 4406 (56.8) 1365 (61.9) 3041 (54.8)

 Female 3346 (43.2) 840 (38.1) 2506 (45.2)

Attributed cause of end stage renal disease, N 
(%) 208.6 <0.001

 Diabetes 3245 (41.9) 1060 (48.1) 2185 (39.4)

 Hypertension 2782 (35.9) 521 (23.6) 2261 (40.8)

 Glomerulonephritis 575 (7.4) 214 (9.7) 361 (6.5)

 Other 1150 (14.8) 410 (18.6) 740 (13.3)

Clinical measures at ESRD start

Body Mass Index > 35 kg/m2 1841 (24.3) 495 (22.8) 1346 (24.9) 3.4 0.09

Congestive heart failure 1518 (19.6) 432 (19.6) 1086 (19.6) 0.0002 0.99

Cardiovascular disease 1791 (23.1) 648 (29.4) 1143 (20.6) 68.5 <0.001

Hypertension 6965 (89.8) 1923 (87.2) 5042 (90.9) 23.5 <0.001

Diabetes 4026 (51.9) 1254 (56.9) 2772 (50.0) 30.1 <0.001

Chronic Obstructive Pulmonary Disease 251 (3.2) 137 (6.2) 114 (2.1) 87.1 <0.001

Tobacco use 609 (7.9) 223 (10.1) 386 (7.0) 21.7 <0.001

Cancer 188 (2.4) 80 (3.6) 108 (1.9) 18.8

Socioeconomic characteristics at ESRD Start

Health insurance 148.5 <0.001

 Medicare 1203 (15.5) 413 (18.7) 790 (14.3)
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Characteristic Study Population White African American Test Statistic
a

p-value
a

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

N=7,752 N=2,205 (28.4) N=5,547 (71.6)

 Medicaid 1455 (18.8) 293 (13.3) 1162 (21.0)

 Employer group 3198 (41.3) 1059 (48.0) 2139 (38.6)

 Other coverage 373 (4.8) 122 (5.5) 251 (4.5)

 No coverage 1510 (19.5) 317 (14.4) 1193 (21.6)

Neighborhood Characteristics

Neighborhood poverty (% ZIP below poverty) 212.7 <0.001

 0–19% of ZIP below poverty 3159 (41.9) 623 (28.8) 2536 (47.1)

 >20% of ZIP below poverty 4383 (58.1) 1539 (71.2) 2844 (52.9)

Abbreviations: IQR, interquartile range

a
The test statistic and p-value was calculated using Chi-Square or Kruskal-Wallis test for categorical or continuous variables, respectively.

The proportion of missing values for health insurance is 0.17%, for poverty category is 2.78%, for body mass index is 2.36%. Observations with 
missing values were excluded from the descriptive statistics for each variable.
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Table 2.

Characteristics of patients preemptively referred for transplant evaluation to a Georgia transplant center from 

2005 to 2012 and the odds ratios estimating the association between patient-level characteristics and 

preemptive referral

Characteristic

Preemptive 
Referral 
Population 
N=1580 
(20.48 %)

Non preemptive 
Referral 
Population 
N=6172 (79.6)%

Odds Ratios determining the association between 
preemptive (reference=non-preemptively) 

transplant evaluation referral and reported 
characteristics

Unadjusted Odds 
Ratio (95% CI)

Adjusted Odds Ratio
a 

(95% CI)

Patient-level characteristics at ESRD start

Race/Ethnicity, N (%)

 Non-Hispanic White 608 (27.6) 1597 (72.4) Reference Reference

 African American 972 (17.5) 4575 (82.5) 0.56 (0.50–0.62) 0.63 (0.55–0.71)

Age
b
, mean ± SD 50.9 ± 11.6 49.3 ± 11.8 1.01 (1.01–1.02) 1.00 (1.00–1.01)

Age, N (%)
b

 18–30 77 (15.2) 429 (84.8)

 30–39 213 (19.1) 905 (80.9)

 40–49 371 (20.2) 1468 (79.8)

 49–59 484 (19.5) 1993 (80.5)

 60–69 435 (24.0) 1377 (76.0)

Sex, N (%)

 Male 866 (19.7) 3540 (80.3) Reference Reference

 Female 714 (21.3) 2632 (78.7) 1.11 (0.99–1.24) 1.16 (1.04–1.31)

Attributed cause of end stage renal disease, 
N (%)

 Diabetes 679 (20.9) 2566 (79.1) Reference Reference

 Hypertension 456 (16.4) 2326 (83.6) 0.74 (0.65–0.84) 0.77 (0.69–0.85)

 Glomerulonephritis 193 (33.6) 382 (66.4) 1.91 (1.58–2.32) 1.64 (1.41–1.91)

 Other 252 (21.9) 898 (78.1) 1.04 (0.89–1.23) 0.94 (0.83–1.07)

Clinical measures at ESRD start, N (%)

Body Mass Index > 35 kg/m2 370 (20.1) 1471 (79.9) 0.99 (0.87–1.13) 0.94 (0.82–1.08)

Congestive heart failure 226 (14.9) 1292 (85.1) 0.63 (0.54–0.74) 0.67 (0.57–0.79)

Hypertension 1423 (20.4) 5542 (79.6) 1.06 (0.88–1.27) 1.14 (0.93–1.39)

Diabetes 844 (21.0) 3182 (79.0) 1.08 (0.97–1.21) 1.09 (0.93–1.28)

Chronic Obstructive Pulmonary Disease 34 (13.5) 217 (86.5) 0.61 (0.42–0.87) 0.55 (0.38–0.82)

Tobacco use 94 (15.4) 515 (84.6) 0.70 (0.56–0.87) 0.83 (0.65–1.05)

Cancer 35 (18.6) 153 (81.4) 0.89 (0.62–1.30) 0.68 (0.46–0.98)

Socioeconomic characteristics at ESRD Start

Health insurance, N (%)

 Medicare 261 (21.7) 942 (78.3) 0.69 (0.59–0.81) 1.37 (1.19–1.58)
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Characteristic

Preemptive 
Referral 
Population 
N=1580 
(20.48 %)

Non preemptive 
Referral 
Population 
N=6172 (79.6)%

Odds Ratios determining the association between 
preemptive (reference=non-preemptively) 

transplant evaluation referral and reported 
characteristics

Unadjusted Odds 
Ratio (95% CI)

Adjusted Odds Ratio
a 

(95% CI)

 Medicaid 241 (16.6) 1214 (83.4) 0.49 (0.42–0.58) 1.06 (0.92–1.21)

 Employer group 917 (28.7) 2281 (71.3) Reference Reference

 Other coverage 73 (19.6) 300 (80.4) 0.61 (0.46–0.79) 1.16 (0.93–1.44)

No coverage 83 (5.5) 1427 (94.5) 0.15 (0.11–0.18) 0.31 (0.26–0.38)

Neighborhood Characteristics

Neighborhood poverty (% ZIP below 
poverty), N (%)

 0–19% of ZIP below poverty 565 (17.9) 2594 (82.1) Reference Reference

 >20% of ZIP below poverty 977 (22.3) 3406 (77.7) 0.76 (0.68–0.86) 0.97 (10.91–1.03)

a
The adjusted logistic regression model is adjusted for the covariates with ORs (95% CI) are reported.

b
Age was presented as a categorical variable for descriptive statistics and treated as a continuous variable for crude and adjusted logistic regression 

analyses. Observations with missing values were excluded from the descriptive statistics for each variable.

For the adjusted logistic regression analysis, multiple imputation handled missing data. The proportion of missing values for health insurance is 
0.17%, for poverty category is 2.78%, for bod mass index is 2.36%.
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Table 3.

Hazard ratios reporting the association between race and access to transplant among patients preemptively 

referred for kidney transplantation evaluation, 2005–2015

Model 1: Unadjusted

Model 2: Adjusting for 

Model 1 + Age
a
, Sex

Model 3: Adjusting for 
Model 2 + patient 

insurance and 
neighborhood poverty

Model 4: Adjusting for 
Model 3 + patient 

comorbidities
b

HR for African American 
vs white (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Placement on the 
Deceased Donor 
Waitlist

1.07 (0.93–1.23) 1.07 (0.93–1.24) 1.13 (0.98–1.31) 0.96 (0.88–1.04)

Receipt of Living 
Donor Kidney 
Transplantation

0.29 (0.21–0.40) 0.28 (0.20–0.39) 0.29 (0.21–0.40) 0.30 (0.21–0.42)

Abbreviations: CI, confidence interval; HR, hazard ratio.

a
Age was treated as a continuous variable for Cox regression analysis

b
Comorbid conditions include: attributed cause of end stage renal disease, body mass index, hypertension, diabetes, chronic obstructive pulmonary 

disease, tobacco, cancer and congestive heart failure

Multiple imputation handled missing data within Model 4 for missing body mass index data (2.36%). Observations with missing values were 
excluded from the descriptive statistics for each variable.
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