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This study evaluated the impact of Medicaid eligibility expansion (ME) on
lung transplant (LT) listings and Medicaid coverage. Data on LT candi-
dates aged 18—64 were obtained from the Scientific Registry of Transplant
Recipients (N = 9153). The impact of ME was evaluated by comparing LT
listings in 2011-2013 with listings in 2014-2016, as well as comparing
states that had and had not adopted ME in 2014. LT listings increased by
7.7% nationally post-ME. In ME states, LT listings increased by 15.2%,
whereas nonexpansion states decreased by 1.5%. LT candidates with Medi-
caid increased after ME nationally (8.3% vs. 9.9%, P = 0.006) and in ME
states (9.7% vs. 11.5%, P = 0.036), but not in nonexpansion states (6.6%
vs. 7.7%, P = 0.170). Following multivariable adjustment, LT listings in
ME states had 58% greater odds for Medicaid compared to nonexpansion
states (P < 0.001). Expansion of Medicaid provided greater healthcare
access and increased LT listings, but only within states that adopted eligi-
bility expansion.
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adults aged 18-65 years with incomes up to 138% of
the federal poverty level, regardless of age, family, or

Access to transplantation has traditionally favored can-
didates with private insurance. Medicaid represents the
largest source of health insurance in the United States
and is jointly funded by states and the federal govern-
ment, providing coverage to low-income families and
individuals. Specific provisions of the Patient Protection
and Affordable Care Act (ACA) of 2010 were explicitly
designed to even the playing field by expanding eligibil-
ity for Medicaid public insurance in a bid to reduce the
numbers of Americans without health insurance [1]. It
required states to provide Medicaid coverage for all
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employment. This optional state-level expansion of pub-
lic insurance eligibility achieved a nearly 10-30% reduc-
tion in the uninsured rate in states such as Kentucky
and Arkansas and suggested substantial gains in health-
care access through utilization [2].

The increase in expansion directly benefited socially
disadvantaged and low-income groups with chronic ill-
nesses and improved access to primary care and preven-
tive medicine [3]. Medicaid transplant recipients are
more likely to be young, female, non Caucasian, lack
pretransplant employment, reside in a rural residence,
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and have a lower education level when compared to
those with Medicare or private insurance. Because they
are often also less likely to have access to specialty sur-
gical services, they represent a unique at-risk group
likely to benefit from such provisions [4]. A recent
report cited an increase in heart transplant wait list
rates among African Americans with heart failure, post-
expansion [5]. Overall, however, there is, a paucity of
published data pertaining to the impact of this expan-
sion on access to surgical services as a whole, including
transplantation.

In theory, expanded Medicaid enrollment would per-
mit broader access to timely diagnosis of end-stage lung
disease, referral to lung transplant (LT) centers for eval-
uation, and attenuate existing disparities in access to
evaluation, wait-listing, and transplantation. To the best
of our knowledge, no study has explicitly evaluated
these trends in the LT population and we sought, there-
fore, to evaluate this effect in the contemporary era of
the lung allocation scoring (LAS) system, which was
implemented in 2005. The purpose of this study was to
examine the influence of the optional expansion of
Medicaid eligibility on the number of LT listings and
on Medicaid coverage of candidates. We hypothesized
that there would be an increase in access as determined
by the rate of listing for potential LT candidates and
transplants performed in states that implemented the
expansion in Medicaid eligibility in 2014.

Data were obtained from the Scientific Registry of
Transplant Recipients (SRTR), which were submitted by
the Organ Procurement and Transplantation Network
on donors, wait listed candidates, and recipients in the
United States and overseen by the Health Resources and
Services Administration (HRSA) of the US Department
of Health and Human Services. Data included in this
study pertained to LT candidates aged 18-64 years, rep-
resenting adult patients eligible for Medicaid based on
age (N =09153) and avoiding those eligible for chil-
dren’s health insurance programs or age-based Medicare
coverage. Two groups of LT candidates were created to
examine the impact of the ACA Medicaid expansion
program: patients listed in 2011-2013 (pre-ACA Medi-
caid expansion) and patients listed in 2014-2016 (post-
ACA Medicaid expansion). In addition, LT listings in
states that adopted Medicaid expansion in 2014 were
compared to those in states that did not adopt Medi-
caid expansion. Candidates in states that adopted Medi-
caid expansion after January 2014 (n = 1751) or
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without a state listed (n = 77) were excluded from the
sample. Specifically, state participation in Medicaid
expansion was based on expanded Medicaid eligibility
by January 2014. Therefore, states that deferred or
delayed Medicaid expansion to a later date such as
Pennsylvania, Michigan, Alaska, Indiana, and New
Hampshire were excluded.

Statistical analysis

Continuous data are presented as mean + standard
deviation or median (interquartile range) and categori-
cal data are presented as frequency (percent). One-way
Chi-square analyses were used to compare count data
(i.e., number of candidates before and after Medicaid
expansion) using equal numbers in each group set for
expected values. Univariate group comparisons were
conducted with independent-samples t tests or Mann-
Whitney U tests for continuous variables and Chi-
square tests or Fisher’s Exact tests, as appropriate. Mul-
tivariable logistic regression was used to examine the
factors associated with use of Medicaid insurance in LT
candidates. The factors included in the model were
selected a priori and included age (years), gender, race,
education, employment status, diabetes, cigarette use
history, initial LAS, ACA Medicaid expansion era, and
state participation in Medicaid expansion. Cases with
missing data on factors in the model were excluded list-
wise, with working status having the greatest number of
missing values. Analyses were performed with BM spss
Statistics version 24.0 (IBM Corp., Armonk, NY, USA)
and a two-tailed P value <0.05 was considered statisti-
cally significant.

A total of 9153 candidates listed for LT who met the
inclusion criteria were included in the sample. These
patients had a mean age of 50.3 £ 12.7 years. Forty-
eight percent (48%) were female (Table 1). Nationally,
LT listings increased by 7.7% in the postexpansion era
(4407 vs. 4746, P < 0.001). In states that adopted Medi-
caid expansion, LT listings increased by 15.2% postex-
pansion (2427 vs. 2796, P < 0.001), whereas listings in
nonexpansion states decreased by 1.5%, but this change
was not statistically significant (1980 vs. 1950,
P =0.632; Fig. 1). The percentage of LT candidates
who were registered for the wait list with Medicaid cov-
erage increased significantly postexpansion (8.3% vs.
9.9%, P = 0.006). The increased Medicaid utilization in
candidates postexpansion was only observed in the
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Table 1. Patient characteristics for adult lung transplant listings between 2011 and 2016 (N = 9153).

Pre-ACA Post-ACA

n = 4407 n = 4746 P value
Age (years) 50.0 + 12.8 50.6 + 12.5 0.032
Female 2082 (47) 2281 (48) 0.433
Caucasian 3500 (79) 3624 (76) <0.001
Medicaid 365 (8) 471 (10) 0.006
Greater than high school education 2519 (60) 2615 (58) 0.032
Working for income 490 (15) 561 (17) 0.167
Cigarette use 2242 (51) 2336 (49) 0.114
Diabetes 952 (22) 1043 (22) 0.780
Creatinine 0.8 (0.6-0.9) 8 (0.7-0.9) 0.185
Initial LAS 417 £ 17.9 42 4 + 17.4 0.057

ACA, Affordable Care Act; LAS, lung allocation score.

Data presented as mean =+ standard deviation, median (interquartile range), or frequency (percent).
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Figure 1 Number of patients listed for lung transplant by registra-
tion year and home state Medicaid expansion status regardless of
insurance coverage.

states that adopted Medicaid expansion (9.7% vs.
11.5%, P =0.036), but not in nonexpansion states
(6.6% vs. 7.7%, P = 0.170; Fig. 2). Although LT listings
increased postMedicaid expansion, as did Medicaid cov-
erage at the time of listing, there was no increase in the
proportion of patients who were transplanted after
Medicaid expansion (74% vs. 74%, P > 0.999). How-
ever, given the overall increase in listings, the absolute
number of LT performed increased by 249 patients after
Medicaid expansion (8% increase, P = 0.002). In the
expansion states, the absolute number of LT performed
increased by 264 (P < 0.001) whereas the absolute num-
ber decreased by 15 in the nonexpansion states
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Figure 2 Impact of registration year and home state Medicaid
expansion status on percent of patients with Medicaid insurance
coverage at time of lung transplant listing.

(P =10.783). The absolute number of LT performed
increased after Medicaid expansion in patients with
(P = 0.003) and without (P = 0.023) Medicaid coverage
(Fig. 3).

After multivariable adjustment, the factors associated
with greater odds for use of Medicaid insurance at the
time of wait list registration were younger age, non
Caucasian race, less than college education level, not
working for income, cigarette use history, and home
state participation in Medicaid expansion (Table 2). Ini-
tial LAS was not associated with use of Medicaid insur-
ance (P = 0.402). Lung transplant listings in states that
adopted Medicaid expansion were associated with 58%
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Figure 3 Impact of Medicaid expansion program on lung transplant listings showing 56% of expansion states and 42 % of nonexpansion states
with increased lung transplant listings (solid color states = increased lung transplant listings; patterned states = no change or decreased lung
transplant listings). Source: “Status of State Action on the Medicaid Expansion Decision,” KFF State Health Facts, updated November 8, 2017.

greater odds for use of Medicaid insurance at wait list
registration compared to listings in nonexpansion states
(OR = 1.58, P < 0.001). The comparison of preexpan-
sion and postexpansion eras was not independently
associated with use of Medicaid insurance (OR = 1.16,
P =0.128). Examining these factors associated with
using Medicaid coverage, patients with non Caucasian
race (21% vs. 24%, P < 0.001), lower education level
(40% vs. 42%, P = 0.032), and home state that adopted
Medicaid expansion (55% vs. 59%, P < 0.001) were
represented on the wait list in greater proportions after
Medicaid expansion. There was no difference between
the expansion eras on age, employment status, or cigar-
ette use history.

Broadening access to care has been a long-standing
vision of the federal government. Indeed, Healthy Peo-
ple 2020 is a policy initiative whose implementation was
designed to eliminate disparities in health care with
specific focus on improving access by socially disadvan-
taged and medically underserved groups. Access has two
individual components, geographic availability and uti-
lization [4]. Insurance penetration and coverage theoret-
ically opportunities for potential
transplant candidates to obtain referral for evaluation,
listing and transplantation, as long as transplant services
are actually available. The results of our analysis indi-
cate that states that adopted ACA Medicaid expansion

influence the
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Table 2. Factors associated with Medicaid insurance
coverage at time of listing.

OR 95% Cl P value
Age (years) 0.95 0.94-096 <0.001
Female 096 0.79-1.16 0.643
Caucasian 0.49 0.40-0.60 <0.001
College educated 0.49 0.40-0.59 <0.001
Working for income 0.35 0.24-0.52 <0.001
Diabetes 1.01 0.82-1.26 0.911
Cigarette use history 1.54 1.22-195 <0.001
Initial LAS 0.998 0.99-1.003 0.402
Post-ACA expansion era 1.16  0.96-1.39 0.128
State participated in expansion 1.58 1.30-1.91 <0.001

ACA, Affordable Care Act; Cl, confidence interval; LAS, lung
allocation score; OR, odds ratio.

were associated with increased candidate listings,
increased use of Medicaid insurance at the time of wait
list registration, and an increase in absolute number of
LT performed. Furthermore, these increases notably
occurred among minority groups and those with lower
levels of education. Perhaps, just as importantly, these
gains did not occur in states that did not adopt the
expansion. The option for broader coverage may proffer
a safety net that permits the individual recipient to seek
care for a medical problem that they may have chosen
to ignore out of financial concern. There certainly could

potentially be wunrelated reasons at play such as
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improved negotiated contracts with private payers or a
spurt of cases of end-stage lung disease but these appear
much less plausible in view of the relative stability over
the past decade.

The same phenomenon has not been observed in
trends in liver transplantation where Medicaid expan-
sion increased the number of enrollees using Medicaid,
but did not translate into a similar increase in the num-
ber on the wait list or indeed produce any changes in
the socioeconomic composition of the recipients [1].
This latter finding suggests that some candidates may
have merely switched to Medicaid from other forms of
commercial insurance when given the opportunity,
resulting in the absence of any meaningful change in
the demographic profile of the recipients. This result
also indicates that the expansion may alter insurance
status without necessarily permitting broader access to
those of different ethnicities, or lower education attain-
ment, or to the unemployed. Oliveira et al. [6] went
further to report that Medicaid expansion increases cov-
erage without any increase in access to transplant listing
among patients with end-stage liver disease. Tumin
et al. [1] further confirmed these findings and reported
that the socioeconomic and demographic profiles of
recipients remained substantively similar in the postex-
pansion era.

Those results are meaningful but starkly different
from ours which revealed an improved access in under-
represented socioeconomic and demographic profiles,
achieving the very goal the expansion set out to achieve.
Indeed, Medicaid expansion has been separately linked
to significant increases in the likelihood of having a per-
sonal physician, decreased reliance on the emergency
department (ED) as a usual location of care, allowed
substantial reductions in cost-related barriers to care,
and prompted better compliance with prescription med-
ications. It has also been responsible for decreased diffi-
culty in paying medical bills, reduced annual out-of-
pocket medical spending, and resulted in significant
improvements in self-reported quality of life [2]. Tumin
et al. [7] evaluated the impact of Medicaid expansion in
patients with chronic obstructive pulmonary disease and
confirmed a reduction in low-income adults without
health insurance from 32% to 21%, underscoring the
benefit proffered by Medicaid expansion among disad-
vantaged populations. Sommers et al. [2] confirmed
these findings in rural Kentucky and Arkansas, where
Medicaid expansion was associated with increased access
to primary care, outpatient utilization, reduced out of
pocket spending, reduced ED visits, increased screening,
and improved self-reported health. Indeed, Arkansas

766

was the first state to be granted approval to expand
Medicaid under the ACA and opted to include a private
option, allowing use of Medicaid funds to purchase pri-
vate health plans within the insurance marketplace. The
result was improved access to primary care, prescription
medications, and preventive care [8]. Regardless, there-
fore, of the means by which it is accomplished, either
by Medicaid expansion or the use of alternative models
of coverage expansion, the expansion was shown to
increase access to quality health care and improve
health equity [9].

Where Medicaid expansion has increased insurance
coverage without enabling broader access to solid organ
transplantation, it may be postulated that the solution
to increased access goes beyond the mere provision of
coverage [1]. Dubay et al. [5] reported no differences in
waiting time for Medicaid recipients when compared
with Medicare and private insurees, once listed. It is,
thus, a worthwhile consideration to go further and eval-
uate barriers to listing as well as those most likely to be
encountered immediately following listing as these
might serve to stall the pathway to transplantation. Our
results identified an increased proportion of non Cau-
casian candidates in the postexpansion era, as well as
those with lower education attainment suggesting that
some of the barriers to listing such as lack of compre-
hension or transportation may have been mitigated
likely through increased access to Medicaid, health edu-
cation resources, and skilled providers. It is well estab-
lished that nonprivate insurance recipients have worse
post transplantation outcomes, longer lengths of stay,
and lower post-LT survival [5]. Significant barriers thus
exist before, and after, listing and judging success within
the Medicaid population should likely extend prior to
and then beyond listing so as to quantify actual volume
of transplants performed in candidates drawn from the
vulnerable populations.

Disparities in outcomes may be further fueled by an
implicit bias by providers that triggers a tacit reluctance
to list or transplant newly insured, under-insured or
established Medicaid enrollees, because of the identifi-
able risk factors that jeopardize their candidacy and
outcomes. These include late diagnoses, late evaluations,
poor compliance, comorbidities, restricted socioeco-
nomic reserved and health literacy, and even the impli-
cit bias itself by health providers [1,10]. These patients
also have comparatively higher hospitalization charges
[11]. Private payor reimbursement is also often higher
than Medicare-Medicaid reimbursement and this may
further influence decision making. Each of these charac-

teristics may incrementally erode access to
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transplantation and highlight the existence of subtle,
often complex dynamics at play in evaluating candidacy
for transplantation that may inadvertently galvanize the
barriers to listing or indeed transplanting these patients
for fear of compromised outcomes.

Our study has several limitations. First, it pertains
only to LT candidates within the confines of the United
States, and indeed those in states that opted for expan-
sion or no expansion in 2014 and thus, not necessarily
generalizable. Second, the absence of granular detail
prevents an in-depth evaluation of the quantitative and
qualitative influences on wait list decision-making algo-
rithms, both objective and subjective particularly perti-
nent to implicit bias and or unmeasured factors
pertaining to wait listing and candidate selection. The
retrospective nature of the analysis and the reliance on
registry data each increase the potential for a multitude
of unmeasurable confounders. Third, the relative
recency of the Medicaid expansion does not allow for
robust long-term survival analysis. In addition, the full
impact of Medicaid expansion on LT may not be evi-
dent in this early cohort. Fourth, we are unable to
quantify the reasons for enrollment or indeed whether
the new enrollees also carried private insurance. Fifth,
this study analyzes the expansion as a binary event in
2014 without an evaluation of the nuanced policy dif-
ferences among expansion states. For example, although
both Kentucky and Arkansas expanded Medicaid,
Arkansas opted for a private option, using Medicaid
funding to purchase private health insurance from the
ACA marketplace for low-income adults. Differences,
nevertheless, between these options in terms of access
and utilization have reportedly been negligible [2].
Finally, our study design does not proffer any causal
inference and it is plausible that a host of unmeasured
confounders are at play and in this vein, we recognize
that this is merely a single evaluation of one aspect of
the ACA and does not represent the overall impact of
healthcare reform.
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