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Background.—Racial/ethnic minorities have lower rates of deceased kidney transplantation 

(DDKT) and living donor kidney transplantation (LDKT) in the United States. We examined 

whether social determinants of health (eg, demographics, cultural, psychosocial, knowledge 

factors) could account for differences in the Veterans Affairs (VA) Kidney Transplantation (KT) 

Program.

Methods.—We conducted a multicenter longitudinal cohort study of 611 Veterans undergoing 

evaluation for KT at all National VA KT Centers (2010–2012) using an interview after KT 

evaluation and tracking participants via medical records through 2017.

Results.—Hispanics were more likely to get any KT (subdistribution hazard ratios [SHR] [95% 

confidence interval (CI)]: 1.8 [1.2–2.8]) or DDKT (SHR [95% CI]: 2.0 [1.3–3.2]) than non-

Hispanic white in univariable analysis. Social determinants of health, including marital status 

(SHR [95% CI]: 0.6 [0.4–0.9]), religious objection to LDKT (SHR [95% CI]: 0.6 [0.4–1.0]), and 

donor preference (SHR [95% CI]: 2.5 [1.2–5.1]), accounted for some racial differences, and 

changes to Kidney Allocation System policy (SHR [95% CI]: 0.3 [0.2–0.5]) mitigated race 

differences in DDKT in multivariable analysis. For LDKT, non-Hispanic African American 

Veterans were less likely to receive an LDKT than non-Hispanic white (SHR [95% CI]: 0.2 [0.0–

0.7]), but accounting for age (SHR [95% CI]: 1.0 [0.9–1.0]), insurance (SHR [95% CI]: 5.9 [1.1–

33.7]), presenting with a living donor (SHR [95% CI]: 4.1 [1.4–12.3]), dialysis duration (SHR 

[95% CI]: 0.3 [0.2–0.6]), network of potential donors (SHR [95% CI]: 1.0 [1.0–1.1]), self-esteem 

(SHR [95% CI]: 0.4 [0.2–0.8]), transplant knowledge (SHR [95% CI]: 1.3 [1.0–1.7]), and changes 

to Kidney Allocation System policy (SHR [95% CI]: 10.3 [2.5–42.1]) in multivariable analysis 

eliminated those disparities.

Conclusions.—The VA KT Program does not exhibit the same pattern of disparities in KT 

receipt as non-VA centers. Transplant centers can use identified risk factors to target patients who 

may need more support to ensure they receive a transplant.

INTRODUCTION

End-Stage Kidney Disease (ESKD) results in significant morbidity and mortality in the 

United States. It disproportionately affects racial/ethnic minority populations (eg, non-

Hispanic blacks, Hispanics, and other minorities), with incidence rates ranging from 1.5 to 

3.4 times greater compared with non-Hispanic whites.1 However, minorities are 

substantially less likely to undergo kidney transplantation (KT), the optimal treatment for 

ESKD.1–5 Prior research in Veterans and non-Veterans demonstrated that minorities 

experience longer time to complete the medical evaluation for KT,6,7 to be waitlisted for KT,
8–10 or to receive a KT. They are also less likely to receive living donor KT (LDKT) versus 

deceased donor KT (DDKT).2,3,5,11–14 Disparities persist despite controlling for medical 

factors, such as the cause of ESKD, comorbidities, and dialysis type/duration.7,15–17 These 

findings suggest that social determinants of health, such as demographics,18,19 culturally 

related factors,6,20,21 transplant knowledge,22–24 and psychosocial characteristics25,26 may 

contribute to race/ethnicity disparities in KT.

It is important to distinguish between transplantation in the Veterans Affairs (VA) National 

Transplant Program (versus non-VA) settings because the VA process is quite different for 
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referral, evaluation, and transplantation.27–29 Patients are referred to one of a limited number 

of VA transplant centers VA throughout the country, but VA coverage includes travel to the 

center and necessary lodging for the patient and caregiver. Private insurers and Medicare do 

not provide this coverage for transplant recipients at non-VA centers.30 Thus, an important 

innovation of our work has been to highlight the unique aspects of VA care that may be 

responsible for mitigating disparities observed in the non-VA public and private insurer 

settings. Our most recent work demonstrated that the VA did not exhibit the significant racial 

disparities in time from evaluation to waitlisting for KT as have been found in non-VA 

transplant centers.27 We also found that younger age, being married, having both private and 

public insurance, fewer comorbidities, and moderate or greater levels of depression 

predicted a shorter time to waitlisting. Before these findings, research regarding the impact 

of social determinants of health on disparities in KT experienced by patients in the VA was 

limited to just 2 studies.3,12 But those studies relied on secondary data analysis and had 

limited information regarding social determinants of health. They also assessed disparities 

across multiple stages of the KT process simultaneously (ie, referral, evaluation, waitlisting), 

which limited their ability to identify the phases of the process which contribute most to the 

observed disparities.

Because national data and previous research demonstrate that (a) disparities occur at every 

stage of the transplant process, including referral, evaluation, transplantation, and 

posttransplant outcomes1,31–34 but (b) different factors may contribute to disparities in KT 

waitlisting versus receipt of KT,5,11 it is important to determine whether different variables 

predict disparities in receipt of KT (the goal of the current article) independent of waitlisting 

in the VA transplant program as well (findings from our previous article). Thus, the current 

work is a major advance from our previous article because of the distinct and important role 

that social determinants of health may play in disparities of receiving a KT and the type of 

KT received. Although we cannot argue that these variables caused the outcome, we hope to 

better predict KT outcome with the variables we measured.

In addition, 2 critical and unique advantages of our article make this research a significant 

contribution to disparities in KT research. First, we recruited the whole Veteran population 

that was evaluated for KT within the National VA Kidney Transplant program between 2010 

and 2012 (rather than just a sample of Veterans). During this time period, only 4 KT centers 

existed within the VA, and we recruited almost every patient within this system. Second, 

ours was a longitudinal study wherein we interviewed those Veterans prospectively and 

determined how social determinants of health, assessed at the time of initial KT clinic 

evaluation, predict disparities in receiving a KT, and the type of transplant received. We 

wanted to determine whether social determinants of health predict transplant outcomes, as 

has been found for health behaviors and outcomes in other diseases.35–44 With a few 

exceptions,45–50 little work has focused on transplantation, and what has been done was 

limited by small sample sizes, cross-sectional design, or a limited number of predictors.8,51 

We designed our study to address those limitations. Our study is prognostic rather than 

etiological research because we aimed to predict the probability of a given outcome at a 

given time for an individual patient rather than a causal relationship between risk factors and 

a given outcome.52 In light of a recent editorial calling for more transparency in the VA KT 

program, we feel the results of our study are especially timely.53
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MATERIALS AND METHODS

Study Design

This multicenter longitudinal study was approved by the Institutional Review Board at all 4 

VA KT Centers. A detailed description of the VA Transplant evaluation process is included 

in our previous work27 and further explained by the VA National Director of Surgery.29 

Participants completed a semistructured telephone interview 1 to 3 weeks after they initiated 

evaluation at one of the 4 VA transplant centers. We used a ≈70-minute interview comprised 

of existing valid measures6 to assess our hypothesized predictor variables. We conducted 

medical record review to assess KT outcomes at the conclusion of our study period.

Study Sample

We recruited participants from all 4 National VA KT Centers during their initial transplant 

evaluation appointment between February 2010 and December 2012. Inclusion criteria were 

(1) referral for KT; (2) no previous KT; and (3) age 18 or older. Of all the Veterans being 

evaluated for KT within the VA National KT Program, 648 patients met these criteria, and 

we enrolled 617 of them, yielding a 95% recruitment rate of the whole population (rather 

than a sample). Of the 617 patients enrolled, 6 formally withdrew their participation (final 

n=611). We continued to collect transplant status data through February 2017.

Interview Procedures and Measures

Interviewers at the University of Pittsburgh Survey Research Program, independent from any 

transplant service, conducted the telephone interviews. We offered a Spanish-language 

interview for participants who preferred it so as not to exclude any Spanish-speaking 

participants. The interviewers entered data directly into the interview software using a 

computer-aided telephone interview system.

Predictor Variables

We provide extended descriptions, ranges, and psychometric properties of all predictor 

variables in Table 1.

Outcome Variables

At the conclusion of our study period, we abstracted participants’ medical record to 

determine their final KT outcome and the date the outcome occurred. We identified 11 

potential categories:

1. Received LDKT: Patient received LDKT (endpoint = date of transplant).

2. Received DDKT: Patient received DDKT (endpoint = date of transplant).

3. Still on waiting list: Patient was accepted for transplant and added to the United 

Network for Organ Sharing (UNOS) waiting list but was still on the waitlist at 

the time of the final medical record review (endpoint = date of final medical 

record review).

4. Died before waitlist: Patient passed away before completing the evaluation 

(endpoint = date of death).
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5. Died after waitlist: Patient passed away while on the UNOS waitlist, but never 

received transplant (endpoint = date of death).

6. Discontinued evaluation: Patient ended the evaluation process before being listed 

for KT (endpoint = date evaluation was closed).

7. Withdrew from waitlist: Patient removed him/herself from the waitlist, no longer 

wished to pursue transplant (endpoint = date of UNOS waitlist removal).

8. Ineligible for transplant: Patient completed the evaluation but was determined 

ineligible by the transplant team (endpoint = date of ineligibility).

9. Transplant program removed the patient from the waitlist: The transplant 

program removed the patient from the UNOS waitlist (eg, too sick for transplant, 

did not keep up with testing; endpoint = date of UNOS removal).

10. Received DDKT at another transplant center: (Endpoint = date of transplant, if 

noted, or date transplant is first noted in medical record).

11. Received LDKT at another transplant center: (Endpoint = date of transplant, if 

noted, or date transplant is first noted in medical record).

Statistical Analysis

We divided participants’ race/ethnicity into 4 groups—non-Hispanic white, non-Hispanic 

black, Hispanic, and other minorities (ie, American Indian/Alaskan Native, Asian, Native 

Hawaiian or Other Pacific Islander, other–unspecified). We dichotomized several predictor 

variables due to small sample size: occupation, experience of discrimination, anxiety, 

depression. We summarized all binary and categorical variables in frequencies and 

proportions. We examined continuous variables by mean and SD for normally distributed 

variables and median and interquartile range for nonnormally distributed variables. To 

handle missing data, we used an available-case approach and utilized all cases where the 

variables of interest are nonmissing. Specific missing data are detailed in the notes of each 

table.

We performed time-to-event analysis, in the presence of competing risks, to examine the 

association of baseline risk factors with time from evaluation to time of transplant. It is of 

major importance to be aware of the presence of any competing risks when performing 

survival analyses. The Kaplan-Meier method for unadjusted survival analysis can handle 

only one outcome and yields unreliable results for the estimation of survival probability in 

the presence of competing risks. We fit 3 nested models using an SAS macro produced by 

Kohl et al,74 as recommended by Noordzij et al52 using the cumulative incidence competing 

risk method instead.

When the main event of interest was time to receive any KT (categories 1 and 2 above, 

received LDKT or DDKT, respectively), we treated categories 4, 5, 10, 11 (death or 

receiving a KT at a non-VA center) as competing events because they hinder the occurrence 

of the event of interest (receiving a KT within the VA transplant system).52 We treated 

categories 3 and 6 through 9 (still on waitlist or removed from waitlist) as noninformative 

censoring because those participants neither experienced the outcome of interest during the 
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observation period nor did they experience a competing event. We also fit separate 

regression models for DDKT and LDKT to assess factors associated with the different types 

of transplant because the literature has shown that different factors are associated with, and 

predict, whether a patient receives a deceased or living donor KT.2,3,5,11–14,31–34 For DDKT, 

we treated category 2 as the main event, categories 1, 4, 5, 10, 11 as competing events, and 

categories 3 and 6 through 9 as noninformative censoring. For LDKT, we treated category 1 

as the main event, categories 2, 4, 5, 10, 11 as competing events, and categories 3 and 6 

through 9 as noninformative censoring.

We used cumulative incidence plots to visualize the estimated probability of events. We 

calculated an unadjusted cumulative incidence for each outcome event (any transplant, 

DDKT, or LDKT, competing event, or other removal) as a function of years from evaluation. 

To conduct the regression analyses, we fit Fine-Gray75 models, which directly estimate the 

relationship between predictor variables and the cumulative incidence function of the main 

event, and computed subdistribution hazard ratios with 95% confidence intervals. We 

incorporated the revision of the Kidney Allocation System (KAS) in the regression model as 

a time-varying covariate, which equaled 0 before the implementation of KAS (December 4, 

2014) and 1 after its implementation. We considered all other predictor variables fixed at 

baseline. We fit 3 models for time to receiving any KT, a DDKT, and an LDKT, separately. 

Model 1 was a univariable Fine-Gray model with race/ethnicity. Model 2 was a multivariable 

Fine-Gray model with race/ethnicity, demographics, and medical/health factors. Model 3 

was a multivariable Fine-Gray model in which we added KAS, culturally related factors, 

psychosocial characteristics, and transplant knowledge variables to model 2. In models 2 and 

3, we constructed multivariable models by including potential predictors either that were 

significant at the P < 0.10 level or that had an effect size (subdistribution hazard ratios) > 2.0 

in the univariable model (table not shown), to reduce the likelihood of type 2 error.

RESULTS

Descriptive Statistics by Race/Ethnicity

Of the 611 veterans being evaluated for transplant in our analysis, 270 were non-Hispanic 

white, 198 were non-Hispanic black, 77 were Hispanic, and 66 were other minorities. One 

hundred sixty-eight participants received a transplant (142 DDKT and 26 LDKT), 192 died 

before receiving a transplant, 144 were removed from evaluation or waitlist for various 

reasons, 29 were transplanted at another non-VA center, and 78 were still on the waitlist at 

the end of the study (see Table 2 for details of the complete sample by race/ethnicity). Of the 

168 veterans who received KT, 18.5% (31) was transplanted at site A, 24.4% (41) at site B, 

23.2% (39) at site C, and 33.9% (57) at site D. Table 2 also lists all the variables of our 

complete sample by race/ethnicity. The proportions in the VA differ from national non-VA 

data.76 Figure 1 depicts the unadjusted cumulative incidence function of each outcome 

category and its 95% confidence interval. Based on the plot, for those receiving an LDKT, 

the waiting time is generally <1.5 years but longer for those receiving a DDKT.
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Predictors of Time to Transplant

We present the results of our Fine-Gray competing regression analyses for time to KT in 

Table 3. In our unadjusted model, only Hispanics were more likely to get a KT than non-

Hispanic whites (after adjusting for multiple comparisons using Bonferroni correction). The 

other race/ethnicity groups did not differ from non-Hispanic whites. After adjusting for 

demographics and medical/health factors (model 2), the racial differences disappeared. 

Veterans who were younger, married, or from study site B (rather than site A) were more 

likely to get a KT, but those from site C (rather than site A) or who had more comorbid 

conditions were less likely to get a KT. The addition of KAS in model 3 mitigated the effects 

of study site; however, the effect Hispanics were once again more likely to be transplanted 

than non-Hispanic whites.

We present the results of our regression analysis for receiving a DDKT in Table 4. After 

adjusting for multiple comparisons, Hispanics had a higher probability of receiving DDKT 

than non-Hispanic whites. In model 2, the probability of DDKT was higher among 

participants who were younger, married, from study site B (rather than site A), or had a 

longer dialysis duration but lower among those with higher comorbidity. Our inclusion of 

KAS and other variables in model 3 showed that religious objection to LDKT and outcome 

event occurring after KAS was associated with a lower likelihood of DDKT, but a preference 

for deceased donation predicted a higher likelihood of DDKT. We evaluated the interaction 

effect of race/ethnicity by site and race/ethnicity by KAS, but neither of them was 

significant.

We present the results of our regression analysis of LDKT in Table 5. Non-Hispanic African 

American patients were less likely to receive an LDKT than non-Hispanic whites. With the 

addition of demographic and medical factors in model 2, younger age, presenting with a 

living donor at evaluation, and fewer years on dialysis were significant predictors of LDKT. 

In model 3, the outcome event occurring after KAS and lower self-esteem were significant 

predictors of LDKT. Higher transplant knowledge was approaching significance as another 

predictor of LDKT. In the multivariable analyses, the maximum number of missing values 

for any single variable was 12 (2.0%) for KT, 15 (2.5%) for DDKT, and 26 (4.3%) for 

LDKT. Among all candidate variables, the highest proportion of missing was 4.2% (n = 26 

missing for the asking for a living donor item); the maximum proportion of missing was 

smaller than 5%.

DISCUSSION

Our study is the largest prospective study of veterans who were evaluated for KT in the 

National VA transplant program. Unlike most studies that collect a sample of a target 

population,8,30,51 our study recruited virtually all Veterans who received a KT within every 

VA National Transplant Program Center during our study period. It also represents the first 

of its kind to focus on pretransplant social determinants of health as potential predictors of 

racial disparities in transplant status outcomes in Veterans transplanted within the National 

VA Transplant Program. It is a major advance from our previous study27 that focused on 

disparities in waitlisting for KT in the VA because the current work tracked Veterans through 

2017 to study disparities in receiving a KT and the type of KT received, distinct steps in the 
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transplantation process that have been shown to have different rates of disparities with 

different factors influencing outcomes at each of those steps.1,5,11,31,32,34

In addition to variables that are known to predict transplant outcomes (eg, age, comorbid 

conditions, or dialysis) we identified several social determinants of health that predicted type 

of transplant received, including marital status, self-esteem, and transplant knowledge. As 

we expected, the revision of the KAS policy in 2014 affected rates of DDKT but not LDKT. 

We found that Hispanic veterans were significantly more likely to receive a DDKT than non-

Hispanic white veterans. This result indicates that the VA National Transplant Program does 

not exhibit the same pattern of racial disparities in receipt of DDKT as has been found in 

other non-VA centers, where minorities repeatedly have been shown to receive transplants at 

lower rates than non-Hispanic whites.1–5,11–14,31–34 Of particular interest in our sample of 

veterans was that non-Hispanic black, Hispanic, and other minority veterans received 

transplants at similar rates to non-Hispanic white veterans, which is in stark contrast to 

national non-VA outcomes.1–3,5,11–14,31–34,76 These analyses, along with the results 

demonstrating no race/ethnicity disparities in time from evaluation to listing in our previous 

article,27 indicate that the VA’s approach to KT evaluation surmounts the disparities that are 

consistently found in non-VA settings. This reduction in race/ethnicity disparities was 

strengthened for Hispanic veterans but not non-Hispanic black veterans after the 

introduction of KAS in 2014.

Marital status consistently has been found to be a psychosocial asset for positive outcomes 

in transplant, other clinical populations, and community-dwelling adults, as it is often a 

proxy of social support.77–85 Marriage is particularly advantageous in transplant because the 

spouse most often serves as the patient’s primary support person. In the past, patients have 

been turned down for transplant if they lacked a support person or if that person was not 

reliable. Thus, it is not surprising that being married was a significant predictor of transplant 

receipt across both transplant types in our study. Similarly, our findings on transplant 

knowledge and engagement in kidney transplant-related learning activities support our 

own6,27,36 and other’s work86–89 showing knowledge as a predictor of successful transplant 

outcomes.

We also found a transplant center effect for receiving a transplant, which was most likely 

influenced by the local difference in time to receive a deceased donor KT. These findings 

support other research that demonstrated geographic variation in transplant rates to be an 

important variable influencing racial disparities in rates of DDKT.90 Geographic variation 

may be due to local economic differences, local practice patterns, differences in referral rates 

by regional VAs that the transplant centers have no control over, local organ recovery rates, 

and local and regional organ wait times (also not under the control of any center). Although 

a direct comparison of transplant center rates between VA and non-VA centers is not 

equivalent because VA transplant centers serve patients from a larger geographic distribution 

than non-VA centers (who typically only serve patients within close proximity), we used 

Organ Procurement and Transplantation Network data76 across the same time period and 

combined across UNOS regions to make a rough comparison of transplant rates between 

each VA transplant center and the respective UNOS regions. We found that VA transplant 
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center rates were equivalent for Hispanics and other minorities to similar UNOS regions but 

VA centers had higher rates of KT for AA patients than similar UNOS regions.

Overall, these results point to the important role that addressing social determinants of 

health may play in reducing disparities in transplantation. Although transplant centers 

cannot select patients based on marital status, nor can they force people to learn about 

transplantation, they can identify patients at risk for not obtaining a transplant due to a 

possible lack of social support or transplant knowledge and target those patients for 

additional support throughout the evaluation and transplant process. Furthermore, our results 

demonstrate that variation between centers can help identify key areas to target for process 

improvements so that the VA can provide high-quality care across all sites. The National 

Director of Surgery recently addressed how the VA continues to make process improvements 

in transplant care.29

Limitations

One important limitation of our work, because we limited our study to the VA National 

Transplant Program, is that we cannot definitively determine that the differences between 

our VA-specific findings and other published reports of national data are not an inherent 

result of the population served by the VA rather than the VA system itself. It is also 

important to note that some of our patients had to be censored because they were still on the 

waitlist at the end of our study period. Also, because there were relatively few Veterans who 

received LDKT, only very large differences between the groups were detected for this 

outcome. Furthermore, although our study investigated many potential predictors of KT 

outcomes, there are other predictors, such as time from ESKD diagnosis to referral, or 

county/state of residence, which we did not measure. Finally, it is important to note that 

race/ethnicity persisted in being a significant predictor of outcome but in ways that favored 

Hispanic veterans for DDKT. This finding indicates that other unique factors that we did not 

measure may influence KT outcomes in veterans who are transplanted within the VA 

National Transplant Program. Future research should examine other potential factors that 

may contribute to differences in transplant outcomes in this group.

CONCLUSIONS

Our results indicate that the VA National Transplant Program does not exhibit the same 

pattern of racial disparities in receipt of KT as has been found in non-VA transplant centers 

in that non-Hispanic black and Hispanic Veterans were transplanted at equal or greater rates 

than non-Hispanic white Veterans.2,3,5,11–14,31–34 Even though race/ethnicity and several 

medical factors persisted in predicting KT, we found that social determinants of health 

contributed as well (ie, marital status, self-esteem, and transplant knowledge). We also 

identified important risk factors for receipt of transplant among Veterans. VA transplant 

centers may be able to use these risk factors to target patients who may be in need of more 

social support or transplant education to increase their likelihood of receiving a transplant.
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FIGURE 1. 
Unadjusted cumulative incidence function by event status.
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