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Abstract

Background—Although individuals classified as non-resident aliens, including undocumented 

immigrants, are entitled to receive emergency dialysis in the United States regardless of their 

ability to pay, most states do not provide them with subsidized care for maintenance dialysis or 

kidney transplantation. We explored whether non-resident aliens have similar outcomes to US 

citizens after receiving kidney transplants covered by Medicaid, a joint federal and state health 

insurance program.

Study Design—Retrospective observational cohort study.
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Setting & Participants—All adult Medicaid patients in the US Renal Data System who 

received their first kidney transplant during 1990–2011.

Predictor—Citizenship status, categorized as US citizen, non-resident alien, or permanent 

resident.

Outcomes—All-cause graft loss.

Measurements—HRs and 95% CIs estimated by applying Cox proportional hazards frailty 

models with transplant center as a random effect.

Results—Of 10,495 patients, 8660 (82%) were US citizens, 1489 (14%) were permanent 

residents, and 346 (3%) were non-resident aliens, whom we assumed were undocumented 

immigrants. Non-resident aliens were younger, healthier, on dialysis longer, and more likely to 

have had a living donor. 71% had transplantation in California, and 61% had transplantation after 

2005. Non-resident aliens had a lower unadjusted risk of graft loss compared to US citizens (HR, 

0.48; 95% CI, 0.35–0.65). Results were attenuated but still significant when adjusted for 

demographics, comorbidities, dialysis, and transplant-related factors (HR, 0.67; 95% CI, 0.46–

0.94).

Limitations—Citizenship status was self-reported, possible residual confounding.

Conclusions—Our study suggests that the select group of insured non-resident aliens who 

undergo transplantation with Medicaid do just as well as US citizens with Medicaid. Policymakers 

should consider expanding coverage for kidney transplantation in nonresident aliens, including 

undocumented immigrants, given the associated high quality outcomes in these patients.

Keywords

kidney transplantation; transplant outcomes; undocumented immigrants; non-resident aliens; 
citizenship; US health care policy; Medicaid; immigration; end-stage renal disease (ESRD)

Introduction

An estimated 6,000 undocumented immigrants in the United States have end-stage kidney 

disease (ESKD) based on 2014 data.1–3 Although the U.S. provides life-sustaining 

maintenance dialysis for virtually all of its citizens with ESKD, the care for undocumented 

immigrants is fragmented.1 While some states extend the benefit of scheduled, maintenance 

dialysis to undocumented immigrants, most states only dialyze them when their condition is 

acutely life-threatening, a situation under which federal funding may be used to cover costs.1

Access to kidney transplantation for this population is even more limited as there is no 

federal mandate to subsidize kidney transplantation for non-citizens.4 This is despite the fact 

that transplantation is a more cost-effective form of renal replacement therapy and provides 

better outcomes for patients with ESKD.5,67 Although some states provide funding for 

kidney transplantation for this population, most undocumented immigrants must rely on 

either charitable donations or private insurance to cover the costs of this procedure, making 

it unfeasible for the vast majority of these patients.8 Little is known about the outcomes of 

undocumented immigrant recipients of kidney transplants. Critics have voiced concerns that 
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undocumented immigrants would not do well since they are subject to deportation, which 

could disrupt the social and financial stability necessary for proper post-transplantation 

healthcare.9

We hypothesized that undocumented immigrants would have similar outcomes to US 

citizens following kidney transplantation if they were equally insured. To test this, we 

analyzed a cohort of patients with Medicaid, a joint federal and state health insurance 

program for low-income patients, who received their first kidney transplant from 1990 

through 2011. We compared the outcomes of presumed undocumented immigrants to those 

of US citizens.

Methods

Data Source and Study Population

From the US Renal Data System (USRDS), a national database of virtually all patients with 

ESKD, we identified all adult (18 years or older) patients with ESKD who received their 

first kidney transplant from January 1, 1990, through December 31, 2011 (Figure S1, 

available as online supplementary material). We excluded patients who underwent 

transplantation after 2011 because the categories for recording citizenship status were 

changed in 2012 to a combination of US citizen/non-US citizen and US resident/non-US 

resident, such that undocumented immigrants would be indistinguishable from permanent 

residents (since both would be listed as non-US citizen/US resident).10 By restricting the 

cohort to patients whose primary payer was Medicaid, we also minimized the inclusion of 

patients who traveled to the United States for the purpose of transplantation, as it would be 

unlikely that such “transplant tourists” would qualify for Medicaid.

Exposure and Outcomes

The primary exposure of interest was recipient citizenship status, which was self-reported on 

the Transplant Candidate Registration form (US citizen versus resident alien versus non-

resident alien). The three-category exposure was used for all analyses. We considered 

resident aliens to be permanent residents, or individuals who are allowed to live and work in 

the United States indefinitely. We assumed non-resident aliens to be undocumented 

immigrants.

To assess the validity of the citizenship variable from the Transplant Candidate Registration 

form, we reviewed the medical records of all patients covered by Medicaid who had received 

a kidney transplant from 2009–2011 at a single center to find their UNOS registration 

number. For logistical reasons, we were unable to access records at other transplant centers. 

Whereas US citizens and permanent residents are registered in UNOS using their social 

security number, non-resident aliens are given UNOS registration numbers beginning with 

9FN. We also reviewed the social work evaluations to determine whether patients had 

traveled to the United States for the purpose of receiving a transplant.

For the survival analyses, our primary outcome was all-cause graft failure. We analyzed non-

fatal graft failure and all-cause mortality individually as secondary outcomes. We treated 
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death as a competing event for non-fatal graft failure. All outcomes we ascertained from the 

USRDS transplant file.

Patient Characteristics

We obtained demographics, dialysis characteristics, comorbidities, transplant characteristics, 

and donor characteristics from the USRDS transplant files. These data are derived from the 

Organ Procurement and Transplantation Network (OPTN) candidates, recipients, donors, 

and histocompatibility files.

Statistical Analysis

We tabulated transplant recipient characteristics by citizenship status using frequencies and 

percentages and means ± standard deviations or medians (interquartile range) and compared 

the groups using ANOVA or the Kruskall-Wallis test for continuous variables, and Chi-

square or Fisher’s exact test for categorical variables, as appropriate.

We used Cox proportional hazards frailty models with transplant center as a random effect to 

estimate the hazard ratio (HR) for all-cause graft failure and all-cause mortality in non-

resident aliens versus US citizens. In the presence of the competing event of death, we used 

cause-specific hazards frailty models with transplant center as a random effect to estimate 

the cause-specific HRs for non-fatal graft failure by treating the competing event as 

censoring. We defined the index date as the date of transplantation. Patients were censored 

after 5 years of follow-up or on end of study (January 1, 2012), whichever was earlier. All 

HRs were accompanied by their corresponding 95% confidence interval (CI).

We created the following models: 1) unadjusted analysis (citizenship status only), 2) 

adjusted for demographics (age at transplantation, sex, and race/ethnicity), 3) model 2 plus 

dialysis factors (years on dialysis pre-transplantation and cause of kidney failure), 4) model 

3 plus transplant factors (HLA 0-mismatch [versus any mismatch], living [versus deceased] 

donor, transplantation before year 2000 [versus year 2000 or after]), and 5) model 4 plus 

comorbidity count (number of comorbidities a patient has).

We assessed effect modification by living (versus deceased) donor, age (< or ≥ 50 years), 

and race/ethnicity separately by including an interaction term between the variable of 

interest and citizenship in the full model. Age was treated as a binary variable in the effect 

modification analyses to ease interpretation.

Sensitivity Analyses

We conducted two sensitivity analyses. In the first, given the potential for misclassification 

of non-resident aliens as permanent residents and vice versa, we conducted analyses 

combining these two groups and comparing them against US citizens. Since we cannot 

capture outcomes of non-resident aliens who leave the United States and do not return, this 

may bias the results towards a beneficial association with non-resident alien status. Thus, we 

conducted a second set of sensitivity analyses restricting the outcomes to 1- and 3- year 

survival, since the shorter the follow-up time, the less likely patients will have left the 

country.
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All analyses were performed using R v. 3.3.0 (R Foundation for Statistical Computing; 

http://www.r-project.org). The Institutional Review Board of the Los Angeles Biomedical 

Institute at Harbor-UCLA Medical Center approved the study and waived the requirement 

for written consent owing to the de-identified nature of the data.

Results

Patient Characteristics

Out of the 278,779 adult patients who received their first kidney transplant from 1990 to 

2011, Medicaid was the primary payer for 10,495 (Figure S1). Of these patients, 8,660 

(82.4%) were US citizens, 1489 (14.2%) were permanent residents, and 346 (3.3%) were 

non-resident aliens (Table 1). Non-resident aliens were younger and more likely to be male 

and Hispanic than both US citizens and permanent residents. They generally had better 

functional status and were less likely to have comorbid conditions despite having spent more 

time on maintenance dialysis prior to transplantation. The panel reactive antibody (PRA) 

profiles of non-resident aliens did not differ significantly from those of US citizens, and they 

were more likely to have blood type O and to have received a 0-HLA-mismatched kidney. 

There was a longer duration of time for non-resident aliens to get waitlisted and undergo 

transplantation, with a higher proportion having transplantation in more recent years. Two 

hundred ten (61%) non-resident aliens underwent transplantation after 2005, while only 

3704 (36%) of permanent resident and US citizen recipients had transplantation after 2005. 

Non-resident aliens were also more likely to have had living donors (40% vs. 32% of U.S. 

citizens and 27% of permanent residents). Like their recipients, donors of non-resident 

aliens tended to be younger, Hispanic, and to be permanent residents or non-resident aliens 

themselves. Non-resident aliens received transplants in 20 states, with 71% having 

transplantation in California, the state with the highest percentage of Medicaid-funded 

transplantations that went to nonresident aliens (Figure 1, Table S1).

Association of Citizenship With Outcomes

We identified 2,741 graft losses over 37,000 person-years of follow-up, for a rate of 7.3 all-

cause graft losses per 100 person-years (Table 2). Non-resident aliens had more than a 45% 

lower unadjusted risk of all-cause graft loss, death-censored graft loss, and death compared 

to US citizens (Table 3, Figure 2, Figures S2 and S3). Results were attenuated when further 

adjusted for demographics (model 2), dialysis factors (model 3), transplant factors (model 

4), and comorbidity count (model 5), with no significant difference in mortality in model 4, 

nor in death-censored graft loss or death in the fully adjusted model 5. Type of donor (living 

versus deceased), age (<50 versus ≥ 50 years), and race/ethnicity did not modify any of the 

associations.

We performed sensitivity analyses where we 1) addressed misclassification of immigrants by 

combining non-resident aliens and permanent residents into one group and compared them 

against US citizens and 2) restricted follow-up times to 1 and 3 years to minimize 

differential loss to follow-up between the groups. All results were materially unchanged 

from that of the primary analysis (tables a–c of Item S1). Citizenship was treated as a three-
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level variable in all analyses except for the first sensitivity analysis. Outcomes of permanent 

residents versus US citizens are reported in tables d–f of Item S1.

Validity of Exposure Variable

To assess the validity of the citizenship variable from the Transplant Candidate Registration 

form, we reviewed the medical records of all 29 patients covered by Medicaid who had 

received a kidney transplant from 2009–2011 at a single center. Of the 20 patients 

categorized as non-resident aliens on the form, 19 (95%) were confirmed to be non-resident 

aliens via chart review. Conversely, all 19 patients who were found to be non-resident aliens 

via chart review were correctly categorized as such on the form. The sensitivity of the non-

resident alien variable was 95% and the specificity was 90%. None of the patients at this 

center had traveled to the United States for the purpose of receiving a transplant.

Discussion

Our study examined kidney transplantation outcomes in adult non-resident aliens in the 

United States and found that very few Medicaid patients who received their first kidney 

transplant between 1990 and 2011 were non-resident aliens. Our analyses suggest that they 

have comparable outcomes to US citizens when similarly insured. These results were robust 

in models that adjusted for various demographic, dialysis, and transplant-related factors, as 

well as sensitivity analyses that varied the length of follow-up and that combined permanent 

resident outcomes with those of non-resident aliens.

The non-resident aliens in this study likely represent a select subgroup of patients. We 

assumed they were undocumented immigrants, who have a high employment rate and tend 

to be younger and healthier than US citizens.1 Their younger age may explain the lower 

prevalence of diabetic nephropathy compared to US citizens. The predominantly Hispanic 

immigrants may also have a higher rate of Mesoamerican nephropathy that partly accounts 

for the high percentage of unknown etiology of ESKD in the group. Given the barriers to 

transplantation for non-citizens, these non-resident aliens that receive transplants are likely 

to be healthier, to have stronger family and financial support, and to be better able to 

navigate the healthcare system. Such selection bias could explain why the non-resident 

aliens had lower rates of all-cause graft loss than US citizens. While not all undocumented 

immigrants may be suitable transplant candidates, our study suggests that with proper 

screening, citizenship status itself is not predictive of poor outcomes.

Our findings that non-resident aliens have favorable transplant outcomes are in line with a 

recent single-center study of 289 pediatric kidney transplant recipients in California, 48 

(17%) of whom were undocumented immigrants.11 In contrast to our study, citizenship 

status was ascertained by chart review. Patients were categorized as either undocumented 

immigrants or US citizens, with permanent residents considered as citizens. After 

adjustment for patient age, donor age, donor type, and HLA mismatch, the authors found 

that undocumented immigrant children had a lower risk of graft loss at 5 years as compared 

to permanent residents and US citizens (HR, 0.38; 95% CI, 0.15–0.96). Over 20% of the 

undocumented recipients who reached the age of 21 years or older subsequently lost their 

graft, primarily because they could not afford their immunosuppressive medications when 
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they aged out of the state-funded program that cover these medications for pediatric patients. 

The insurance status of these patients was not reported, so it is not clear if these patients 

were covered by Medicaid or other insurance at the time of their transition out of the 

pediatric program.

Both our study and the pediatric study highlight the limited access non-resident aliens, 

including undocumented immigrants, have to kidney transplantation. Most adult US citizens 

have their dialysis and kidney transplantation costs covered by Medicare, a federal health 

insurance program.12 The Omnibus Reconciliation Act of 1986, on the other hand, restricts 

federal Medicaid funds from being spent on undocumented immigrants unless it is for a life-

threatening or emergency situation.13 Thus, the estimated 6,000 undocumented immigrants 

in the United States with ESKD are entitled to emergency dialysis, regardless of their ability 

to pay, but maintenance dialysis is only available in certain areas depending on state and 

local legislation and policy interpretation.1, 3, 14 For instance, California, home to the most 

undocumented immigrants in the United States (2.35 million), uses state funds to provide 

maintenance dialysis for these patients.15 By contrast, Texas, which has the second largest 

number of undocumented immigrants (1.65 million), often only dialyzes these patients if 

they present with imminent, life-threatening symptoms, a practice that leads to increased 

costs, higher mortality rates, and a poor quality of life stemming from the physical and 

psychosocial distress of receiving emergent-only dialysis.15–20

Kidney transplantation is not considered an emergency treatment for ESKD. Thus, unlike 

dialysis, under no condition would it be federally subsidized for undocumented immigrants, 

even though it leads to lower morbidity and mortality rates and better quality of life for 

patients at a lower cost.5, 6 Transplant centers often deny uninsured patients kidney 

transplantation out of concern that they might not be able to pay for their graft-sustaining 

immunosuppressant medications.212223 In the era of the Affordable Care Act, undocumented 

immigrants remain one of the few groups of patients ineligible for either Medicaid or 

insurance through the Health Insurance Marketplaces.24 Immigrants with valid visas are 

eligible to participate in the exchange. Undocumented immigrants can be insured through 

off-the-exchange commercial health insurance plans subsidized by charitable organizations, 

although it is unclear if this option is sustainable.25

As a result, many undocumented immigrants have turned to state programs for insurance 

coverage for transplantation. This is likely the reason that the vast majority of the 

undocumented immigrants in our study were transplanted in California. About 1,350 (2%) 

out of 61,000 patients on dialysis in that state are undocumented immigrants.26 Although 

emergency Medi-Cal (the California version of Medicaid) does not cover transplants, 

anecdotally, patients have been getting transplants by securing full-scope Medi-Cal as 

immigrants permanently residing in the United States under color of law (PRUCOL).27 

PRUCOL patients are individuals living in the United States with the knowledge of the US 

Citizenship and Immigration Services (USCIS) but that the USCIS does not plan to deport. 

Undocumented immigrants not yet on dialysis do not qualify for the program. This is likely 

the reason none of the non-resident aliens in our study received pre-emptive transplants. 

Regarding pediatric patients, in 2016 California state law expanded Medi-Cal coverage to 

low-income children regardless of immigration status.28 In 2011 the state legislature also 

Shen et al. Page 7

Am J Kidney Dis. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



passed a bill mandating that Medi-Cal would continue to provide anti-rejection medications 

for up to two years post-transplantation if the patient has no other insurance coverage, even 

if patients later become ineligible for Medi-Cal (for example if they are no longer considered 

low-income).29 Many safety-net and county hospital programs will also provide these 

medications if patients cannot afford them, making long-term graft survival feasible even for 

low-income patients. These state-sponsored initiatives do not violate federal policies since 

they only use state and not federal funds. Notably, increasing access to kidney 

transplantation has not resulted in an influx of undocumented immigrants to California; in 

fact, after peaking in at 2.8 million in 2007, the number of undocumented immigrants has 

slowly fallen to 2.35 million.15

Illinois is another state that subsidizes transplantation for undocumented immigrants. In 

2014, it passed Comprehensive Medicaid Legislation, which allows undocumented 

immigrants already enrolled in the state-funded dialysis program to receive state public aid 

funds to cover kidney transplantation.30 The financial savings were a driving factor in 

approving the bill. Even with the cost of surgery, transplantation is more cost effective than 

dialysis after less than two years. Based on an 8 year life expectancy, the projected savings 

would be $321,000 per patient.4 The savings would be even more dramatic in states that 

only provide emergent (rather than maintenance) dialysis, where costs are estimated to reach 

$285,000 a year per patient.18

In states without coverage for kidney transplantation, undocumented immigrants are often 

denied a better and more cost effective ESKD treatment option. Some have argued that such 

unequal access is inevitable given the relative scarcity of deceased donors in the United 

States. However, this argument fails to consider that undocumented immigrants 

disproportionately contribute to the pool of potential deceased donors for the United States.
31 In the 22 years of our study, 990 deceased donors were non-resident aliens, more than 4 

times the number of non-resident aliens on Medicaid who received a deceased donor 

transplant.32 Also, 40% of the non-resident aliens in our study had living donors and did not 

take away any organs from potential US citizen recipients. Similarly, a survey of 

undocumented immigrants on dialysis in New York found that 60% had potential living 

donors.4 Expanding coverage for kidney transplantation for these patients with living donors 

would improve their outcomes without negatively affecting the chances of US citizens 

undergoing transplantation. Even if half of the undocumented immigrants with ESKD in the 

UnitedStates were to be waitlisted for a deceased donor transplant, it would only increase 

the waitlist by 3%.

There would also be a societal benefit to having these patients receive transplants. They tend 

to be younger, healthier, and, thus, more likely to contribute to the US workforce if they 

undergo transplantation.4 As noted earlier, there would be healthcare savings associated with 

having non-resident alien patients receiving maintenance dialysis treatments undergo 

transplantation.

Our study has several limitations. The primary one is that citizenship status was self-

reported as non-resident alien, resident alien, and U.S. citizen. Thus, it is difficult to discern 

whether non-resident aliens were undocumented immigrants, foreign nationals with a legal 
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visa, or foreign nationals traveling to the United States for transplantation (though it is 

unlikely that the last group would have qualified for Medicaid). Similarly, undocumented 

immigrants may have been misclassified as resident aliens. Chart review from a single center 

found the citizenship variable to be highly sensitive and specific, but it is unclear how 

generalizable these measures are to other centers. Another limitation is that we cannot 

capture outcomes of non-resident aliens who leave the United States and do not return. This 

would bias the results towards a beneficial association with nonresident alien status. Given 

the low number of outcomes in the non-resident alien group, we also could not adjust for 

many potential confounders, including the specific cause of kidney failure, BMI, specific 

comorbidities (instead of a comorbidity count), and donor characteristics. We also could not 

adjust for unobserved confounders such as immunosuppressive regimen and employment 

status. Our results may not be generalizable to wealthier patients who do not qualify for 

Medicaid or to residents outside of California, the home state of >70% of the non-resident 

aliens. We were also unable to assess patient-reported outcomes such as quality of life. As 

with all observational studies, we cannot prove causation. However, the limitations must be 

balanced against the strengths of the study, which include a large, national cohort and results 

that were consistent across various sensitivity analyses.

In conclusion, we found that only a small percentage of patients with Medicaid who 

received transplants in the United States were non-resident aliens. The transplantations 

occurred mostly in California and have increased in recent years, and our study suggests that 

these nonresident aliens do no worse than US citizens after transplantation. Policymakers 

should consider expanding coverage for kidney transplantation in nonresident aliens, 

including undocumented immigrants, as it is associated with high quality outcomes.
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Figure 1. 
Percent of adult Medicaid patients who received kidney transplants from 1990–2011 who 

were non-resident aliens, by state. CA (244), MA (18), and NY (26) transplanted the most 

non-resident aliens with Medicaid. The following states transplanted between 1 and 9 

undocumented patients with Medicaid: DC, FL, GA, HI, IL, MI, MN, MO, NC, NJ, OR, PA, 

SD, TN, TX, VA, WA. Per federal research regulations, any counts <10 must not be 

reported.
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Figure 2. 
Kaplan-Meier Curve for unadjusted overall graft survival in adult Medicaid patients who 

received kidney transplants from 1990–2011, by citizenship.
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Table 2

Number of events, follow-up time, and incidence and unadjusted survival rates for all study outcomes. Note 

that patients were only followed for up to 5 years.

All Patients
(N=10495)

US Citizens (n=8660) Permanent Residents (n=1489) Non - resident aliens
(n=346)

All - cause graft failure

 No. of events 2741 2445 254 42

 Survival rate at 5 y 70% 68% 79% 84%

 Follow-up time (years) 3.56 ±1.78 3.57 ±1.78 3.54 ±1.75 3.31 ±1.80

 Total follow-up time, person-y 37365 30936 5282 1147

 Incident rate (per 100 person-years) 7.3 7.9 4.8 3.7

Death-censored graft failure

 No. of events 1824 1624 168 32

 Survival rate at 5 y 80% 79% 86% 88%

 Follow-up time (years) 3.95 ±1.58 4.00 ±1.57 3.79 ±1.63 3.52 ±1.73

 Total follow-up time, person-y 41465 34602 5645 1218

 Incident rate (per 100 person-years) 4.4 4.7 3.0 2.6

Death from any cause

 No. of events 1389 1243 128 18

 Survival rate at 5 y 85% 84% 89% 93%

 Follow-up time (years) 3.56 ±1.78 3.57 ±1.78 3.55 ±1.75 3.31 ±1.80

 Total follow-up time, person-y 37365 30936 5282 1147

 Incident rate (per 100 person-years) 3.7 4.0 2.4 1.7
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Table 3

Hazard ratios for adverse transplantation outcomes for non-resident aliens versus US citizens estimated from a 

frailty model clustered by transplant center.

HR (95% CI)a

Model All - cause graft loss Death-censored graft lossb Death

1: unadjusted 0.48 (0.35–0.65) 0.55 (0.39–0.79) 0.42 (0.26–0.67)

2 : adjusted for demographicsc 0.56 (0.41–0.76) 0.59 (0.41–0.85) 0.58 (0.36–0.93)

3: model 2+ dialysis factorsd 0.58 (0.42–0.78) 0.60 (0.41–0.86) 0.58 (0.36–0.93)

4: model 3+ transplant factorse 0.63 (0.45–0.85) 0.65 (0.45–0.94) 0.65 (0.40–1.06)

5: model 4 + comorbidity countf 0.67 (0.48–0.94) 0.68 (0.46–1.01) 0.68 (0.41–1.15)

Note: Patients were followed up to 5 years.

CI, confidence interval; HR, hazard ratio

a
: Citizenship was a three-level variable. See Table d of Item S1 for HRs for permanent residents vs US citizens. Type II p-values of the Wald test 

(i.e. null hypothesis of no difference across all three groups) was <0.001 for all outcomes.

b
: HRs for death-censored graft loss are cause-specific.

c
: age, sex, race/ethnicity (Hispanic, non-Hispanic black, non-Hispanic white or other)

d
: time on dialysis (<1 or ≥1 year) cause of kidney failure (diabetes, other, or unknown)

e
: 0-HLA mismatch, living/deceased donor, transplant before 2000

f
: Count included peripheral vascular disease, cerebrovascular disease, lung disease, cancer, and diabetes
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