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Abstract

Background—The number of Medicaid beneficiaries has increased under the Affordable Care 

Act (ACA), improving access to solid organ transplantation in this disadvantaged patient cohort. It 

is unclear what impact Medicaid expansion will have on transplant outcomes. We performed a 

retrospective cohort analysis to measure the frequency and variation in Medicaid transplantation, 

and post-transplant survival in Medicaid patients.

Study Design—Adult heart, lung, liver, and renal transplant recipients between 2002 and 2011 

(n=169,194) reported to the Scientific Registry of Transplant Recipients were identified. 

Transplant recipients were classified based on insurance status (Private, Medicare or Medicaid). 

Outcome measures included five-year post-transplant survival, summarized using Kaplan-Meier 

curves and compared with log-rank tests. Organ-specific Cox proportional hazards models were 

used to adjust for donor and recipient factors.

Results—Medicaid patients comprised 8.6% of all organ transplant recipients. Fewer transplants 

were performed than expected among Medicaid beneficiaries for all organs but liver [Observed/

Expected ratios (95% CI): liver=1.21 (0.68, 1.90); heart=0.89 (0.44, 1.49); lung=0.57 (0.22, 1.06); 
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renal=0.32 (0.08, 0.72)]. Medicaid transplant recipients were listed with more severe organ failure 

and experienced shorter transplant wait times. Post-transplant survival was lower in Medicaid 

patients compared to Private insurance for all organs. Post-transplant survival in Medicaid patients 

was similar to Medicare patients for heart, liver and renal but lower in lung.

Conclusions—Medicaid organ transplant beneficiaries had significantly lower survival 

compared to Privately insured beneficiaries. The more severe organ failure among Medicaid 

beneficiaries at the time of listing suggested a pattern of late referral, which may account for worse 

outcomes. Implementation of the ACA affords the opportunity to develop the necessary 

infrastructure to ensure timely transplant referrals and improve long-term outcomes in this 

vulnerable population.

Precis

Medicaid beneficiaries have a lower survival compared to private insurance and Medicare 

recipients for all organ transplants. Implementation of the Affordable Care Act provides the 

opportunity to explore strategies for developing the infrastructure required to ensure timely 

transplant referrals and improve long-term, post-transplant care in this vulnerable population.

INTRODUCTION

Affordable Care Act (ACA) implementation has significantly increased the number of 

Medicaid beneficiaries in the US. Current estimates suggest 50% of uninsured Americans 

have or will gain coverage via Medicaid Expansion. (1–4) For the 31 states adopting 

Medicaid expansion, financial eligibility requirements decreased to 138% of the federal 

poverty level resulting in 12.3 million new Medicaid beneficiaries. (1–4) Overall uninsured 

rates have decreased from 15.7% prior to ACA to now 9.2%. (1–4) Access to solid organ 

transplantation has thus increased for this previously disadvantaged population. However, it 

is unclear what impact, if any, implementation of the ACA Medicaid expansion program will 

have on transplant outcomes.

Non-Private insurance status has been demonstrated to be an adverse marker of transplant 

outcomes across solid organ transplantation. (5–13) With introduction of the ACA, there will 

be more Medicaid beneficiaries who can access organ transplantation, and given prior 

reports of inferior outcomes among this population, (5, 7–9) transplant centers may 

encounter observed survival rates significantly lower than expected. In the context of the 

current regulatory environment, understanding the impact of implementation of the ACA on 

transplant outcomes is of paramount importance.

To this end, we performed a retrospective cohort analysis of solid organ transplant 

recipients. Our approach was to examine recent historical transplant outcomes data in 

Medicaid, Medicare and Private insured recipients. Outcome measures include: 1) frequency 

of Medicaid transplantation across organ groups; 2) variation in Medicaid transplantation in 

the United States; and 3) post-transplant survival among Medicaid beneficiaries compared to 

patients with Private insurance or Medicare.
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METHODS

Data Source

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The 

SRTR system includes data, submitted by the members of the Organ Procurement and 

Transplantation Network, on all donors, waitlisted candidates, and transplant recipients in 

the United States. The Health Resources and Services Administration of the U.S. 

Department of Health and Human Services provides the oversight to the activities of the 

Organ Procurement and Transplantation Network and SRTR contractors. The University of 

Alabama at Birmingham Institutional Review Board reviewed and approved the study 

(#E121024003).

Study Population

Deceased donor, adult heart, lung, liver, and renal transplant recipients reported to the SRTR 

between January 1, 2002 and December 31, 2011 were identified [heart: 17,239; lung: 

13,206; liver: 48,201; renal: 90,548]. This time interval pre-dates implementation of the 

ACA. (Table 1)

Transplant recipients were classified by insurance type as Private insurance, Medicare or 

Medicaid based upon SRTR classifications. Insurance status was assigned based upon the 

patient’s primary insurance at the time of transplantation.

Outcome Ascertainment

Post-transplant survival was defined as time from transplantation to death or last follow-up, 

and was censored at five years post-transplant. Death dates were supplemented by 

information from the Centers for Medicare and Medicaid Services and the Limited Access 

Death Master File available from the National Technical Information Service through 2013.

Other outcomes included measures of access to transplant as a function of insurance status 

including observed to expected transplant ratios (O/E), waitlist time, and measures of end-

stage organ disease at the time of transplant (heart status, (14) lung allocation score (LAS), 

(15, 16) Model for End-Stage Liver Disease (MELD), (17) and cumulative years of dialysis 

(18)). Expected insurance distribution for the O/E ratios were calculated using health 

coverage status provided by the Kaiser Family Foundation State Health Facts from 2011 at 

both the national and state levels, (19) and was calculated as the proportion of Medicaid 

patients transplanted in each organ group divided by the proportion of the population insured 

with Medicaid between 2010 and 2011. Other patient covariates, measured at the time of 

transplant, included recipient age, gender, race/ethnicity, BMI, education, select 

comorbidities (diabetes and hypertension), albumin, and renal function (creatinine). 

Additional outcome measures included post-transplant length of stay.

Statistical Analysis

Baseline characteristics among Private, Medicare and Medicaid solid organ recipients (heart, 

lung, liver and renal) were compared. Continuous variables were analyzed using analysis of 

variance (ANOVA) or Kruskal Wallis tests, and categorical variables using chi-square tests. 
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O/E ratios, stratified by organ-specific transplant, were calculated for Private, Medicare and 

Medicaid insurance transplant recipients. Number of Medicaid transplants and O/E ratios 

were compared for all 50 States and the District of Columbia.

Survival Analysis—Patient survival was summarized using Kaplan-Meier survival curves 

stratified by insurance group and compared using log-rank tests. Organ-specific Cox 

proportional hazards models were built using a backwards step-wise selection, with p-value 

< 0.05 on bivariate analysis and were used to adjust for donor and recipient factors as 

described above, with the most parsimonious model chosen through minimization of 

Akaike’s Information Criteria. Although education is reported, age, race, and gender were 

the only sociodemographic factors considered in adjusted analyses. Recipient age, transplant 

year (2002–2011), BMI, albumin, and creatinine were treated as continuous covariates. 

Gender and race (coded as white, black, Hispanic, and other) were categorical variables. 

Heart status was a categorical variable while MELD and years of dialysis were continuous 

variables. Adjusted survival curves were generated from the fitted Cox models using the 

direct adjusted survivor function, (20) and proportional hazards assumptions were tested in 

the fitted Cox models with Schoenfeld residuals and time dependent covariates. Spline 

regression was used to generate time-dependent hazard ratios when the assumptions were 

violated for insurance status. Patients missing data for variables included in the models were 

excluded from adjusted analyses.

Sensitivity Analyses—Sensitivity analyses were performed for pre-emptive renal 

transplants (transplant prior to initiation of dialysis). This analysis was done to account for 

renal recipients who had no dialysis-associated morbidity. Additional models were run with 

the variables with significant missingness excluded, and inferences were consistent with 

those reported in this manuscript. Correlation between Medicaid transplant center volume 

and 1-year post-transplant survival was determined for all organ types using Spearman’s 

correlation coefficient. All of the tests were two-sided with statistical significance set at α = 

0.05. Analyses were performed using SAS 9.3 (Cary, NC). Additional Supporting 

Information may be found in the online version of this article.

RESULTS

Study Population

Only 8.6% of solid organ transplants were performed for patients with Medicaid insurance 

(Table 1). Medicaid transplant recipients were younger and more often female. Medicaid 

patients were more frequently non-Caucasian than Medicare and Private. Medicaid 

transplant recipients were less likely to have a college or beyond education than Private or 

Medicare recipients. The highest frequency of Medicaid transplants was performed for liver 

(14.7%) and heart (12.5%) with the lowest frequency performed for lung (7.4%) and renal 

(4.8%) (Figure 1a and Supplemental Digital Content Tables 1–4).

Access to Transplant

Fewer transplants were performed for Medicaid patients than was expected for all organ 

types but liver (Figure 1b). The O/E ratio (95%CI) for transplantation in Medicaid patients 
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ranged from liver: 1.21 (0.68, 1.90); heart=0.89 (0.44, 1.49); lung=0.57 (0.22, 1.06); 

renal=0.32 (0.08, 0.72). The number of transplants performed in Medicaid patients, by state 

of residence, for all organ types combined, varied from 0–304 (Figure 2a, Supplemental 

Table 5). The O/E ratio for all organ transplantation in patients insured with Medicaid 

ranged from 0 to 1.4 but was only at or above 1.0 in 3 states (Figure 2b, Supplemental Table 

5).

Heart transplant outcomes

Medicaid patients receiving a heart were more likely to be transplanted as a Status 1A 

(46.9%), the highest-priority listing, compared to Private (44.3%) or Medicare (40.6%) 

patients (p<0.001, Table 2). Medicaid heart transplant recipients also had a significantly 

shorter wait time (66 days) compared to Private (75 days) and Medicare (91 days) patients 

(p<0.001). Post-heart transplant adjusted survival was lower in Medicaid patients compared 

to Private but similar to Medicare. (Figure 3a) Among Medicaid recipients, heart transplant 

survival was 0.8% lower than Medicare and 4.7% lower than Private at 3 years and 0.9% 

lower than Medicare and 5.9% lower than Private at 5 years. Compared to Private recipients, 

the adjusted Medicaid mortality HR for heart transplant was 1.10 in the first two years post-

transplant (95% CI 0.97, 1.26), increasing to 1.77 after two years (95% CI 1.49, 2.09; Table 

3). Similar survival hazard ratios were observed with sensitivity models that included 

recipient center as a covariate to control for geography. There was no significant correlation 

between heart transplant survival and center Medicaid volume (r=−0.137, p=0.12). 

Compared with non-Medicaid patients, the median length of stay was 2 days longer for heart 

transplant recipients with Medicaid insurance (Table 2).

Lung transplant outcomes

The LAS, a priority lung listing score, for Medicaid recipients (39.1) was less than Private 

(39.6) but more than Medicare (38.1) patients at the time of transplantation (Table 2). There 

was no difference in waiting time between insurance cohorts for lung transplants (p=0.8). 

Post-lung transplant adjusted survival in Medicaid recipients was significantly worse 

compared to Medicare and Private insurance recipients (Figure 3b). Among Medicaid 

recipients, post-lung transplant survival was 3.3% lower than Medicare and 6.7% lower than 

Private at 3 years and 3.8% lower than Medicare and 8.0% lower than Private at 5 years. 

Compared to Private, the adjusted Medicaid mortality HR for lung transplant was 1.15 

within the first two years post-transplant (95% CI 1.00, 1.33), then increased to 1.44 after 

two years (95% CI 1.20, 1.72; Table 3). Similar survival hazard ratios were observed with 

sensitivity models that included recipient center as a covariate to control for geography. 

There was no significant correlation between lung transplant survival and center Medicaid 

volume (r=0.058, p=0.64). Compared with non-Medicaid patients, the median length of stay 

was 2 days longer for lung transplant recipients with Medicaid insurance (Table 2).

Liver transplant outcomes

The lab-MELD score, a priority liver wait listing score, was highest in Medicaid (21) 

compared to Private (19) and Medicare (18) patients at the time of transplantation (Table 2). 

Medicaid liver transplant recipients also had shorter wait times (51 days) compared to 

Private (71 days) and Medicare (90 days) patients. Post-liver transplant adjusted survival 
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was lower in Medicaid patients compared to Private but similar to Medicare. (Figure 3c) 

Compared to Private recipients, liver transplant survival was 2.8% lower in Medicaid at 1 

year, 4.5% lower at 3 years and 5.4% lower at 5 years. Compared to Private, the adjusted 

Medicaid mortality HR for liver transplant was 1.25 (95%CI 1.18, 1.32; Table 3). Similar 

survival hazard ratios were observed with sensitivity models that included recipient center as 

a covariate to control for geography. There was no significant correlation between liver 

transplant survival and center Medicaid volume (r=−0.065, p=0.48). Compared with non-

Medicaid patients, the median length of stay was 1 day longer for liver transplant recipients 

with Medicaid insurance (Table 2).

Renal transplant outcomes

Medicaid renal transplant patients had the longest time spent on dialysis (3.9 years) 

compared to Private (1.8 years) and Medicare (3.8 years) patients (Table 2). Post-renal 

transplant adjusted survival was lower in Medicaid patients compared to Private but similar 

to Medicare. (Figure 3d) Compared to Private recipients, renal transplant survival for 

Medicaid patients was 1.4% lower at 1 year, 3.0% lower at 3 years, and 4.9% lower at 5 

years. Similar survival distributions were observed when excluding pre-emptive Renal 

transplants. Compared to Privately insured recipients, the adjusted Medicaid mortality HR 

for renal transplant was 1.37 (95%CI 1.24–1.51; Table 3). Similar survival hazard ratios 

were observed with sensitivity models that included recipient center as a covariate to control 

for geography. There was a statistically significant inverse correlation between renal 

transplant survival and center Medicaid volume (r=−0.346, p=< 0.0001). The median length 

of stay was not different in Medicaid and non-Medicaid renal transplant recipients (Table 2).

Transplant outcomes in Medicaid Expansion states

Of all Medicaid transplants performed, 69.8% were among states that have implemented 

Medicaid expansion as of February 2015, and 30.2% were among those not currently 

planning to expand. Among the 31 states (including the District of Columbia) that have 

implemented Medicaid expansion (21), the average O/E ratio for Medicaid organ transplants 

was similar compared to those not planning to expand (expansion states: 0.61 vs. non-

expansion states: 0.59, p=0.89). Among all organs, there was no difference in 5-year survival 

for Medicaid organ transplants among expansion states compared to non-expansion states 

(expansion states: 70.6% vs. non-expansion states: 70.4%, p=0.91). There was no difference 

in 5-year survival for Medicaid heart transplant (expansion states: 68.5%; non-expansion 

states: 67.8%, p=0.96), or Medicaid lung transplant (expansion states: 45.6% vs. non-

expansion states: 42.6%, p=0.72). Five-year survival was significantly lower in Medicaid 

liver transplant in expansion states (expansion states: 65.7% vs. non-expansion states: 

70.4%, p=0.005). There was no difference in 5-year survival in Medicaid renal transplant in 

expansion states (expansion states: 83.5% vs. non-expansion states: 82.1%, p=0.36).

DISCUSSION

An objective of Medicaid Expansion is to ensure access to quality, culturally competent care 

for vulnerable populations. (22) The Medicaid program currently provides transplant care to 

a diverse patient population. Despite providing transplant care to a higher proportion of 
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vulnerable patients, there remains a large disparity in the frequency of solid organ 

transplantation in Medicaid patients. The O/E transplant ratio for Medicaid was <1.0 for all 

organ types but liver. Furthermore, only 3/50 states performed solid organ transplants at a 

frequency equal to the proportion of population insured by Medicaid. This is an especially 

alarming statistic because higher rates of organ dysfunction and failure are observed in 

patients with lower socioeconomic status, (23–25) the same patients who are over-

represented in the Medicaid population.

Development of an infrastructure to increase timely referral as a part of the Medicaid 

Expansion program may improve outcomes. Currently, Medicaid transplant recipients were 

listed with more severe organ failure, experienced shorter transplant wait times, and longer 

time on dialysis, hallmarks of a pattern of late referral for transplant evaluation. It is likely 

that Medicaid patients in many states will be managed via some form of Managed Care 

Organization (MCO) in the future. (21) MCOs may reduce barriers to transplantation and 

increase the likelihood of early referral via prompt diagnosis and an established network of 

transplant providers. Earlier referral may ameliorate the advanced organ failure observed in 

the Medicaid population at the time of transplantation.

A second challenge for the Medicaid Expansion Program is to improve post-transplant 

survival outcomes. Compared to Private insurance, post-transplant survival in Medicaid 

patients dropped off soon after transplant and then continued to slowly diverge for all organ 

types. A similar survival outcome was observed for both Medicaid and Medicare patients, 

despite the fact that these public insurance programs cover vastly different patient 

populations. Medicare covers the elderly and disabled whereas Medicaid covers patients 

living at or near poverty. Worsened outcomes among Medicaid patients are especially 

disturbing given the younger age of the Medicaid cohort when compared to Medicare 

patients. Although Medicaid patients had higher disease severity scores at the time of 

transplantation, post-transplant survival was significantly reduced even when controlling for 

this covariate.

Studies demonstrate that adverse predictors of post-transplant survival were over-expressed 

in the Medicaid population, especially patients with lower education and lower social 

support. (7, 8, 10, 24) We expected that there would be a volume-outcome relationship, with 

high-volume Medicaid transplant centers having a discriminating evaluation process and/or a 

more rigorous infrastructure for post-transplant care. However, no statistical relationship 

between Medicaid transplant volume and post-transplant survival was demonstrated. There 

also was no statistically significant difference in post-transplant survival outcomes between 

states that adopted Medicaid Expansion and those that did not. Achieving good outcomes in 

this vulnerable population was a challenge for all centers.

It may be advisable for transplant programs to use Medicaid insurance status as a surrogate 

marker of poorer post-transplant survival and implement specific post-transplant care 

practices in an attempt to ameliorate decreased survival observed in this population. Policies 

that encourage more frequent long-term follow-up clinic appointments in Medicaid insured 

patients also might reduce the disparity in post-transplant survival outcomes. Improving 

long-term survival outcomes is especially important given the current practice of using 
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measures of utility in the lung allocation system (16) and the consideration of adding utility 

to the renal (26) and liver (27) allocation systems. Younger Medicaid patients have high 

utility potential (i.e., should have more life-years gained with transplantation), but only if 

improved post-transplant survival rates can be achieved.

This study has several limitations inherent to retrospective analyses of large cohort studies, 

including limited data granularity and missingness. Not all patients were followed for 5 

years for the survival analysis. Moreover, these data did not allow for a direct measure of 

access to transplant, as they lack referral information. A better measure of transplant access 

would be O/E ratio of Medicaid patients referred for transplantation, but SRTR data lack this 

information. These analyses utilized past Medicaid outcomes to predict how the ACA will 

impact transplant outcomes, although many of those gaining insurance via Medicaid 

expansion were previously without insurance. Although uninsured would be a better 

comparison group, this group has not had transplant coverage and thus outcomes in this 

group are not known. Furthermore, the assumption of these analyses were that past Medicaid 

outcomes will be predictive of future outcomes which may or may not be the case given the 

change in the population insured by Medicaid expansion efforts. Finally, insurance type was 

assigned at the time of transplantation, and it is possible that patients may have changed 

their insurance type during the follow-up period of the study.

CONCLUSION

A higher proportion of women and minorities with Medicaid insurance received a solid 

organ transplant compared to Private insurance or Medicare. However, with the exception of 

liver, Medicaid patients were transplanted at a much lower proportion than would be 

expected for all other organ groups. The ACA affords the opportunity to develop and 

implement strategies that will increase overall referrals and the likelihood of early referral 

for transplant evaluation. Moreover, current ACA implementation practices may improve 

Medicaid practice infrastructure to reduce the significant disparity in post-transplant survival 

between Medicaid and Private insurance recipients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A) Percentage of heart, lung, liver and renal transplantation stratified by organ type. The 

percentages were corresponds to the number of transplants performed in Medicaid patients 

divided by the total number of transplants performed for each organ as seen in Table 1 (ie 

liver transplant: 7,102/48,201× 100%). B) Observed to expected ratios for heart, lung, liver 

and renal transplantation stratified by insurance group.
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Figure 2. 
A) Number of solid organ transplants performed in Medicaid patients for each State. B) 

Observed to expected ratios for Medicaid transplantation for each State.
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Figure 3. 
Direct adjusted survivor functions for A) heart, B) lung, C) liver, and D) renal transplant 

recipients stratified by insurance type.
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Table 3

Multivariable Analysis of Mortality Risk Factors after Transplantation Stratified by Organ Type.

Organ type aHR 95% CI p Value

Heart*

  Within 2 years

    Medicare vs private 1.18 1.07–1.30 <.001

    Medicaid vs private 1.10 0.97–1.26 0.15

  After 2 years‖

    Medicare vs private 1.39 1.20–1.60 <.001

    Medicaid vs private 1.77 1.49–2.09 <.001

Lung†

  Within 2 years

    Medicare vs private 1.10 1.01–1.19 0.03

    Medicaid vs private 1.15 1.00–1.33 0.05

  After 2 years‖

    Medicare vs private 1.18 1.06–1.31 0.004

    Medicaid vs private 1.44 1.20–1.72 <.001

Liver‡

    Medicare vs private 1.24 1.18–1.30 <.001

    Medicaid vs private 1.25 1.18–1.32 <.001

Renal§

    Medicare vs private 1.36 1.30–1.42 <.001

    Medicaid vs private 1.37 1.24–1.51 <.001

*
adjusted for recipient age, race, gender, heart status, diabetes, hypertension, albumin, creatinine, and transplant year

†
adjusted for recipient age, race, gender, hypertension, albumin, creatinine, and transplant year

‡
adjusted for age, race, gender, diabetes, hypertension, MELD, and transplant year

§
adjusted for age, race, gender, years on dialysis, diabetes, hypertension, creatinine, and transplant year

‖
Model splined at 2 years post-transplant to account for violation of the proportional hazards assumption by the Medicare variable. Patients 

contributed time at risk for the first 2 years at which point they were censored if they were still alive. Those patients who died within 2 years only 
contributed time-at-risk until death date and were not included in the post-2 year estimate of risk. The post-2 year estimate includes only those who 
survived for more than 2 years post-transplant with time at risk beginning at 2 years and continuing until death or 5 years post-transplant.

aHR, adjusted hazard ratio
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