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It is well documented that lack of health insurance negatively affects access to care and health
outcomes. Uninsured people are less likely, compared to those with health insurance, to have
usual source of care and receive necessary care primarily due to the cost, leading to detrimental
health consequences. The Medicaid expansions under the Patient Protection and Affordable Care
Act (ACA) were intended to provide access to health insurance coverage for many of the more
than 45 million uninsured Americans. This major policy change originally required all states to
expand the eligibility of their Medicaid programs to those younger than 65 years with incomes
up to 138% of the federal poverty level (FPL), based solely on income without regard to
categorical eligibility status. To date, there is ample evidence that the percentage of the
uninsured has been significantly reduced nationally despite the fact that 14 states have not
ii

adopted the ACA Medicaid expansions as of August 2019 due to the 2012 Supreme Court ruling
making those expansions voluntary rather than mandatory.

This dissertation assessed the further effects of the ACA Medicaid expansions on out-of-pocket
spending, healthcare utilization, and health outcomes for chronic conditions using a nationally
representative sample of the low-income non-elderly population from the 2010-2016 Medical
Expenditure Panel Survey and 2005-2016 National Health and Nutrition Examination Survey. It
took advantage of the natural experiment that allowed a comparison of changes in outcomes
between the expansion and non-expansion states. The three studies found that the ACA Medicaid
expansions were associated with reduced out-of-pocket spending and improved financial risk
protection, a modest increase in primary care physician visits without any meaningful change in
emergency department visits, and improved clinical measures for hypertension and diabetes (but
no improvement in outcomes for hyperlipidemia and depression), during the three years after the
policy implementation.

The findings suggest that the ACA has been successful in achieving its goals of removing
financial barriers, promoting access to primary care, and improving population health among
low-income uninsured Americans. It has important implications for state decisions on adopting
the ACA Medicaid expansions and for the ongoing national debate over the repeal of the ACA,
including the Medicaid expansions.
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Chapter 1.

Introduction

Overview of the Dissertation
This three-paper dissertation evaluates the impact of the Medicaid expansions in 2014 under the
Patient Protection and Affordable Care Act (ACA) that primarily aimed to reduce the number of
uninsured low-income Americans by providing affordable health insurance. Among a wide
variety of outcomes, the three studies in this dissertation examine the effects of the ACA
Medicaid expansions on the following:
(i) Out-of-pocket spending, premium contribution spending, out-of-pocket plus premium
contribution spending, and catastrophic spending (paper #1);
(ii) Primary care physician and emergency department visits (paper #2); and
(iii) Health outcomes for hypertension, diabetes, hyperlipidemia, and depression (paper #3).

This first chapter introduces the background of the uninsured, ACA Medicaid expansions, the
conceptual framework underlying the three studies of this dissertation, and the contributions of
these studies to health policy and health services research. The second, third, fourth chapters
present papers #1, #2, and #3, respectively. The fifth chapter provides conclusions from the
dissertation.

The Uninsured
The proportion of the population without health insurance in the U.S. has been higher than other
comparable countries despite the fact that the U.S. spends substantially more on healthcare. 1,2 In
1

2010, 46.5 million nonelderly individuals (ages 0-64)—approximately 18% of that age group—
lacked health insurance coverage.3,4 Young adults, minorities, and low-income populations were
most likely to be uninsured.3,4

It is well documented that lack of health insurance negatively affects access to care and health
outcomes. Half of the uninsured non-elderly adults do not have a usual source of care when they
are sick or need medical advice.4 Uninsured people are less likely, compared to those with health
insurance, to receive recommended preventive care and treatments for chronic conditions,
primarily because of the cost of care.4-6 As a result, they are more likely to experience
detrimental health consequences such as diagnoses at later stages of diseases including cancer
and higher mortality rates.7,8

The uninsured frequently face financial hardship as well. They are far more likely than their
insured counterparts to have a problem paying medical bills or to be unable to pay medical bills.4
The negative consequences of medical bills include cutting back spending on food, clothing, or
basic household items, depleting savings, and having medical bills sent to collection agencies.9
They are also at high risk of financial catastrophe, especially in the event of emergency medical
situations.10

ACA Medicaid Expansions
The Patient Protection and Affordable Care Act (ACA) was signed in by President Barack
Obama on March 23, 2010, which brought the most significant changes to the U.S. healthcare
system since Medicare was established in 1965. One of the primary purposes of the ACA was to
2

expand access to health insurance coverage for the vast majority of uninsured Americans,
particularly among the population with low- and moderate family incomes.11,12 This major
transformation was based on the concept that healthcare is a right, rather than a privilege. 13

The ACA employed two approaches to achieve its goal. First, it required all states to expand the
eligibility of their Medicaid programs to those younger than 65 years with incomes up to 138%
of the federal poverty level (FPL) ($16,753 for individuals in 2018), based solely on income
without regard to categorical eligibility status for groups such as parents, pregnant women, and
individuals with disabilities.12,14,15 Second, it created Health Insurance Marketplaces (also known
as Exchanges)—organized and competitive markets for buying health insurance—through which
premium and cost-sharing subsidies are available for those with incomes up to 400% of FPL
($48,560 for individuals in 2018).12,15,16 Because these two approaches are quite different, this
dissertation focuses on the ACA Medicaid expansions, which target the most vulnerable
population financially, medically, and socially, consisting of a majority of the uninsured in the
U.S.17

The ACA Medicaid expansions were originally mandated for all states. The 2012 Supreme Court
ruling on the ACA, however, made the Medicaid expansion essentially optional for states. 12
Consequently, 14 states still have not adopted the ACA Medicaid expansions as of August 2019
while 37 states including District of Columbia (D.C.) (hereafter referred to as a state for brevity)
adopted the ACA Medicaid expansions (Table 1-A).18 This dissertation takes advantage of this
rare opportunity brought by the 2012 Supreme Court ruling that enabled us to examine the
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effects of this policy intervention by comparing changes in outcomes in expansion and nonexpansion states.

It is important to note that there are several subgroups among those states that have adopted the
ACA Medicaid expansions as of May 2019 (Table 1-A):
(i) 6 states (California, Connecticut, D.C., Minnesota, New Jersey, and Washington) that
have expanded Medicaid to low-income adults through the ACA State Plan
Amendment and/or Section 1115 Waiver authority in 2010 to 2011 to prepare for the
main implementation in 2014; although the magnitude of expansion was not
substantial in New Jersey and Washington;19,20
(ii) 19 states that implemented ACA Medicaid expansions on January 1, 2014;
(iii) 9 states that implemented ACA Medicaid expansions after January 1, 2014;
(iv) 3 states (Idaho, Nebraska, and Utah) that adopted ACA Medicaid expansions but
have not yet implemented;18
(v) 8 states that have approved Section 1115 Waivers for ACA Medicaid expansions;18
(vi) 5 states (Delaware, Hawaii, Massachusetts, New York, and Vermont) that had
already provided Medicaid or similar coverage to adults with family incomes up to at
least 100% of the FPL prior to 2014;19,21 and
(vii) Wisconsin, which started comprehensive insurance coverage for childless adults
with family incomes up to 100% of FPL through a non-Medicaid program as of
January 1, 2014.22

4

There is ample evidence that the percentage of the uninsured significantly reduced nationally
since the implementation of the ACA Medicaid expansions and that these reductions in the
expansion states significantly exceed those in the non-expansion states (Table 1-B).12,23 The
reductions in the share of the uninsured in the expansion states seem to be attributable to gains in
new Medicaid coverage as intended.23

Study Outcomes and Conceptual Framework
While early evaluations of the ACA Medicaid expansions have examined various outcomes in
addition to the share of uninsured, there are still knowledge gaps that need to be addressed. This
dissertation particularly investigates the impact of Medicaid expansions, comparing expansion
vs. non-expansion states, on the following outcomes among the low-income non-elderly
population:
(i) Out-of-pocket spending, premium contribution spending, out-of-pocket plus premium
contribution spending, and catastrophic spending (paper #1);
(ii) Primary care physician and emergency department visits (paper #2); and
(iii) Health outcomes for hypertension, diabetes, hyperlipidemia, and depression (paper #3).
This section discusses the conceptual framework underlying these three study outcomes. The
literature surrounding these outcomes will be detailed in the following chapters.

Figure 1-A, a conceptual model adapted from Anderson behavioral model,24 depicts expected
downstream effects of the ACA Medicaid expansions. Arrows indicated hypothesized directions
of effects. Positive and negative signs indicate positive and negative associations, respectively,
while arrows without signs indicate that the association could be positive or negative. The first
5

row includes the independent variable (i.e., the ACA Medicaid expansions) and the main
dependent variables. The second row includes unmeasured variables (except income) that are
hypothesized to be directly related to dependent variables. The third row includes control
variables that are hypothesized to be related to dependent variables through unmeasured
variables in the second row. Although individual- and neighborhood-level characteristics have
complicated interrelationships, this conceptual model is simplified for the sake of conciseness.

(i) Out-of-pocket spending, premium contribution spending, out-of-pocket plus premium
contribution spending, and catastrophic spending (paper #1):
As discussed in the previous section, it has been demonstrated that the ACA Medicaid
expansions were associated with a reduction in the share of uninsured and an increase in the
share of Medicaid enrollees in the expansion states. It is hypothesized that Medicaid coverage for
previously uninsured people following the ACA Medicaid expansions results in less out-ofpocket spending for health services (such as deductibles, copayment, and co-insurance) because
the cost-sharing for Medicaid is very low or zero.25 It should also protect them from financial
catastrophe in the event of emergency medical conditions. Premium contributions should not
increase by obtaining Medicaid coverage as Medicaid generally charges no premiums.25 In
addition, if there were offsetting decreases in the share of private health insurance following the
ACA Medicaid expansion (i.e., “crowd-out effect”), premium contributions should decrease on
average among this population. The results of the empirical examination of these outcomes
(paper #1) are presented in Chapter 2.

6

(ii) Primary care physician and emergency department visits (paper #2)
New Medicaid coverage is hypothesized to improve access to primary care providers in two
ways. First, no or low cost-sharing for Medicaid coverage would promote primary care visits for
those who had postponed or forgone care because of the cost of care.4 Second, new Medicaid
enrollees would no longer be turned down for care by primary care providers because they lack
health insurance,26,27 which should increase the likelihood of having primary care visits.
Emergency department (ED) visits could increase or decrease. Increased primary care visits
would be expected to improve health status, and therefore, the probability of visiting an ED is
hypothesized to decrease. However, lower cost-sharing for Medicaid coverage might encourage
them to visit an ED more frequently. Having a primary care provider (as a result of new
Medicaid coverage) could promote ED visits because of their referral to an ED as qualitatively
described in the analysis of the Oregon Health Insurance Experiment.28 The results of the
empirical examination of these outcomes (paper #2) are presented in Chapter 3.

(iii) Health outcomes for hypertension, diabetes, dyslipidemia, and depression (paper #3)
Improved access to primary care providers is expected to increase the probability of receiving
preventive care and treatments of common chronic conditions, including hypertension, diabetes,
hyperlipidemia, and depression. Therefore, population health for these conditions is expected to
improve in the expansion states. The results of the empirical examination of these outcomes
(paper #3) are presented in Chapter 4.

7

Difference-in-differences approach
One of the major goals of health policy research—including this dissertation—is to evaluate the
causal effects of policies and programs on various outcomes to help decide future priorities.
While randomized controlled trials (RCTs) are typically considered the “gold standard” for
causal inference, large-scale RCTs are very rare in practice due to feasibility and ethical issues,
and internal validity in RCTs often comes at the cost of external validity. Therefore, researchers
have increasingly relied on quasi-experimental approaches, such as regression discontinuity
design, instrumental variable method, propensity score matching, and difference-in-differences
(DID) design, to estimate causal effects using observational data.29 Among these methods, this
dissertation employs DID models by taking advantage of an environment created by the Supreme
Court’s decision in 2012 to make the ACA Medicaid expansion optional for states.

The DID design utilizes the control group (individuals living in non-expansion states) to estimate
the counterfactual outcomes of what would have happened to the treatment group (individuals
living in expansion states) in the absence of the treatment (i.e., ACA Medicaid expansions). The
effects of the treatment can then be elicited without bias by contrasting the changes in outcomes
over time between the treatment and control groups. Whereas the simplest form of the DID
design can only deal with the data with two groups (treatment and control groups) and two
periods (pre- and post-treatment periods), the generalized form of the DID design can
accommodate multiple groups and multiple time periods and has been frequently used by
researchers in the field of policy evaluation. 19,21,29-31 This dissertation uses the generalized DID
to account for multiple states with various time-invariant characteristics and different timings of
Medicaid expansions as well as national secular trends in outcomes.
8

The key assumption in the DID design is the parallel trends assumption. That is, the trends in
outcome variables should, without the treatment, be parallel between the treatment and control
groups for the control group to serve as an appropriate counterfactual of the treatment group
(although the treatment and control groups may have different levels of the outcome at
baseline).29 In assessing the validity of the parallel trends assumption, it is a common practice to
examine the trends in both groups during the pre-treatment period (because this cannot be tested
directly in the post-treatment period) and to conclude that the assumption is plausible if there is
no evidence of differential trends prior to the treatment. 19,21,29-32 This dissertation follows this
practice by comparing the trends in outcome variables between the expansion and non-expansion
states prior to the ACA Medicaid expansions.

In health policy applications, however, it is not uncommon that the parallel trends assumption
does not hold, which leads to biased estimation of the causal effects. Below are possible
scenarios and potential solutions:
(i) There is evidence that the trends differ between the treatment and control groups prior
to the treatment
Treatment and control groups may vary in terms of critical characteristics that determine
outcomes, resulting in non-parallel trends between the two groups. For example, the difference in
political stance between the expansion and non-expansion states (e.g., expansion states may be
more liberal) could lead to differential trends in outcomes across the two groups, in which case
the DID estimates would be biased. There are two emerging approaches to address this issue,
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essentially by constructing a control group comparable to the treatment group: a propensity score
matching approach and a synthetic control approach. 29,33,34
(ii) Although there is no evidence that the trends differ between the treatment and control
groups prior to the treatment, researchers have reasons to believe that an unexpected event
affected the two groups differently and biased the estimation
The parallel trends assumption includes an assumption that an unexpected event (unrelated to the
treatment) occurring simultaneously or after the treatment will equally affect the treatment and
control groups (occasionally referred to as “common shocks assumption”). 32 However, if such
events influence the two groups differently, it could become a source of confounding. For
example, time-variant macroeconomic factors (e.g., unemployment rate) may affect the
expansion and non-expansion states differently and could confound the DID estimate. This
confounding may be accounted for by adding an additional control group (that is not exposed to
the treatment but is exposed to the problematic time-varying confounder) and estimating the
treatment effects using a difference-in-difference-in-difference (DDD) design.29,33
(iii) Although there is no evidence that the trends differ between the treatment and control
groups prior to the treatment, the statistical test of the parallel trends assumption does not
have adequate power to detect violations
Recent studies suggest that the conventional test of the parallel trends assumption may have low
power to detect important assumption violations in many cases. 35,36 There does not seem to be
consensus on this subject yet and future research is warranted.
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In summary, the DID design is regarded as a robust approach to estimate causal effects and
widely used in the field of health policy research although it critically relies on the parallel trends
assumption, which may not be fully testable. This dissertation aims to examine the causal effects
of the ACA Medicaid expansions using the established methodologies of the DID design while
recognizing the limitations and emerging methodological advances.

Contribution to Health Policy and Health Services Research
The goal of this dissertation is to evaluate the effects of the ACA Medicaid expansions on
important outcomes and to provide critical policy implications for two audiences. First, the
findings should promote a better understanding of the outcomes of the ACA Medicaid
expansions for policymakers in the non-expansion states who have to decide whether their states
should expand Medicaid. Second, the study results should be of significant interest for those
policymakers who are currently attempting to prevent the repeal of the ACA including the
Medicaid expansions by documenting the negative coverage and health consequences of an
action.
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Tables and Figures
Table 1-A. Status of state decisions on the ACA Medicaid expansions as of August 2019
Adopted
(37 states including District of Columbia)
Early expansion
(6 states)
California
Connecticut
District of Columbia
Minnesota
New Jersey
Washington

Normal expansion
on 01/01/2014
(19 states)
Arizonaa
Arkansasa
Colorado
Delawarec
Hawaiic
Illinois
Iowaa
Kentuckya
Maryland
Massachusettsc
Nevada
New Mexico
New Yorkc
North Dakota
Ohio
Oregon
Rhode Island
Vermontc
West Virginia

Late expansion
(9 states)
Michigana
(04/01/2014)
New Hampshirea
(08/15/2014)
Pennsylvania
(01/01/2015)
Indianaa
(02/01/2015)
Alaska
(09/01/2015)
Montanaa
(01/01/2016)
Louisiana
(07/01/2016)
Virginia
(01/01/2019)
Maine
(01/10/2019)

Adopted but not
implemented
(3 states)
Idaho
Nebraska
Utah

Not adopted
(14 states)

Alabama,
Florida
Georgia
Kansas
Mississippi
Missouri
North Carolina
Oklahoma
South Carolina
South Dakota
Tennessee
Texas
Wisconsinb
Wyoming

Note:
a
Arizona, Arkansas, Indiana, Iowa, Kentucky, Michigan, Montana, and New Hampshire have approved Section
1115 waivers for the ACA Medicaid expansions.
b
Wisconsin started comprehensive insurance coverage to childless adults with family incomes up to 100% of the
FPL through a non-Medicaid program since January 1, 2014.
c
Delaware, Hawaii, Massachusetts, New York, and Vermont had already provided Medicaid or similar coverage to
adults with family incomes up to at least 100% of the FPL prior to 2014.
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Table 1-B. Trend of uninsured nonelderly adults (18-64 years old) by poverty level
2010
Federal Poverty
Level (FPL)

Total
(million)a

Uninsured
(million)b

2013
Uninsured
Rate (%)c

Total
(million)a

Uninsured
(million)b

2016
Uninsured
Rate (%)c

Total
(million)a

Uninsured
(million)b

Uninsured
Rate (%)c

<100% FPL

26.2

11.1

42.2%

26.4

10.4

39.3%

22.8

6.0

26.2%

100-199% FPL

31.4

13.5

43.0%

33.5

12.9

38.5%

28.7

6.7

23.2%

≥ 200% FPL

134.4

16.9

12.6%

134.6

15.3

11.4%

145.6

10.5

7.2%

Total

192.0

42.8

22.3%

194.5

39.7

20.4%

197.1

24.4

12.4%

(Expansion)

(20.1%)

(18.4%)

(9.2%)

(Non-expansion)

(24.8%)

(22.7%)

(17.9%)

Note:
a
Data from Poverty Data Tables by Census Bureau (2010-2017)
b
Author’s estimations based on sources a and c (Data may not sum to totals due to the use of different sources);
c
Data from Health Insurance Coverage: Early Release of Estimates From the National Health Interview Survey, January – March 2017
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Figure 1-A. Conceptual Framework
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Chapter 2. Out-of-Pocket Spending, Premium Contributions, and
Catastrophic Health Spending among Low-Income Families
during the First 3 Years of the ACA Medicaid Expansions
(Paper #1)
Abstract
Background: The Affordable Care Act (ACA) expanded Medicaid eligibility to persons earning
up to 138% of the federal poverty level, potentially leading to a reduction in out-of-pocket
(OOP) spending and the likelihood of catastrophic health spending among low-income families.
Methods: We compared changes in (1) the annual OOP spending, (2) premium contributions, (3)
OOP plus premium spending, and (4) catastrophic health spending (defined as OOP plus
premium spending >40% of post-subsistence income) during the first 3 years (2014-2016)
following the implementation of ACA Medicaid expansions in states with and without
expansion, using a difference-in-differences (DID) design. We analyzed nationally representative
families with reference person being a 19-64 years old U.S. citizen and family incomes below
138% of the FPL, using the 2010-2016 Medical Expenditure Panel Survey.
Results: Our analysis included 18,414 families. We found that the Medicaid expansions were
associated with approximately 25% lower OOP spending (baseline OOP spending in expansion
states, $647; DID estimate, -$160; 95%CI, -$292 to -$27; p=0.02), 21% lower OOP plus
premium spending (baseline in expansion states, $1,266; DID estimate, -$268; 95%CI, -$506 to
$-30; p=0.03), and 30% lower likelihood of catastrophic health spending (baseline in expansion
states, 21.9%; DID estimate, -6.4 percentage points; 95%CI, -10.5 to -2.3 percentage points;
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p=0.003) by year 3. We found no evidence that premium contributions changed after the
Medicaid expansions.
Conclusions: The ACA Medicaid expansions were associated with reduced OOP spending and
improved financial risk protection, for low-income families during the first 3 years of its
implementation.

Background
Healthcare in the United States is extremely costly, and many find affordability of healthcare as a
major concern for them and their families. 1 This issue is especially salient for low-income
families, who often have no or insufficient health insurance coverage and have to make tradeoffs
between medical bills and basic living expenses including food, housing, and transportation.2
Evidence suggests that uninsured people often postpone or forgo necessary healthcare because of
cost, leading to detrimental health consequences, 2 and that they are at high risk of financial
catastrophe, particularly in emergency medical situations.3 The Patient Protection Affordable
Care Act (ACA) enacted in 2010 was aimed to reduce the burden of healthcare costs by
providing affordable health insurance to most of 50 million uninsured Americans at that time.2,4
As a part of ACA, Medicaid eligibility was expanded to people from ages 19 to 64 with family
incomes lower than 138% of the federal poverty level (FPL) in many states in 2014.5 Evidence to
date suggests that the ACA Medicaid expansions have been successful in reducing the number of
uninsured patients among the low-income population.6-9

Although the ACA’s Medicaid expansions were aimed at reducing out-of-pocket (OOP)
spending and the likelihood of catastrophic spending among low-income families, empirical
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evidence is limited to studies using the data from a small number of states (thus the
generalizability of the findings may be questionable), 10 using the self-report of experiencing
financial strain (e.g., questionnaire asking if participants were worried about the ability to pay
medical bills) without quantitative data on actual changes in household healthcare spending, 9 or
using indirect measures of OOP spending (e.g., medical collection balance). 11 Therefore, the
national impact of the ACA Medicaid expansions on household spending on healthcare remains
largely unknown. Additional empirical evidence is necessary for policymakers to gauge the
financial impact of Medicaid expansions on low-income families at the national level.

In this context, using a nationally representative sample of low-income non-elderly population,
we examined the impact of the ACA Medicaid expansions on OOP spending and probability of
catastrophic health spending during the first three years (from 2014 through 2016) of the ACA
Medicaid expansions.

Methods
Data source and study population
This study used the 2010-2016 Medical Expenditure Panel Survey (MEPS), a nationally
representative annual survey of the non-institutionalized civilian population in the U.S. by the
Agency for Healthcare Research and Quality (AHRQ). 12 MEPS conducts a series of five
interviews with households covering two full calendar years and publishes data representing a
whole calendar year. Collected data include demographics, family income, health status,
healthcare utilization (e.g., office visits, hospitalizations, and prescriptions), and OOP spending
for these services that are not covered by insurance and for cost-sharing such as deductibles,
21

copayments, and coinsurance. MEPS subsequently verifies self-reported spending information
with providers, hospitals, and pharmacies. 13 In addition, MEPS collects annual premium
contribution data for private health insurance based on self-reports at the first interview of the
survey year (typically occurs between January through July). 14 The mean overall response rate
of the MEPS data was 51.4%.15

Because financial risks are usually shared by members of a family, we conducted family-level
analyses in this study. In the Medical Expenditure Panel Survey (MEPS) data, researchers can
choose either MEPS-defined or Current Population Survey (CPS)-defined families to examine
family-level outcomes. While CPS families do not include non-married partners, foster children,
and in-laws, MEPS families do. We decided to use CPS-defined families because income and
poverty level variables in MEPS are constructed based on CPS-defined families. A CPS-family
is defined as “a group of two people or more (one of whom is the householder) related by birth,
marriage, or adoption and residing together”.16 Although a person living alone should not be
considered a CPS-family, strictly speaking, we included this type of individual as a family in our
analysis. In that sense, we used “family” and “household” interchangeably in this article.

We included families if a family’s reference person was a U.S. citizen aged 19-64 years and the
family incomes were below 138% of the FPL, following the eligibility criteria of the 2014 ACA
Medicaid expansions. We used the information of the reference person as the characteristics of a
family. MEPS defines the reference person as the household member 16 years of age or older
who owns or rents the home.17 If more than one person met this definition, the household
respondent identified one from among them. If the respondent was unable to identify a person
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fitting this definition, the questionnaire asks for the head of household and this person is then
considered the reference person. We excluded families if the reference person was a non-U.S.
citizen from the main analysis because non-U.S. citizens have to meet specific eligibility
requirements to be covered by Medicaid such as the duration of residence in the U.S.18 We also
excluded observations with missing data in covariates from the study sample. We used imputed
data for missing income and employment values, which were estimated by AHRQ using logical
editing and weighted sequential hot-deck procedures.17

Study variables
i) Expansion status
Most states implemented the ACA Medicaid expansion on January 1, 2014. However, the
following states expanded Medicaid later: Michigan (April 1, 2014), New Hampshire (August
15, 2014), Pennsylvania (January 1, 2015), Indiana (February 1, 2015), Alaska (September 1,
2015), Montana (January 1, 2016), and Louisiana (July 1, 2016). 19 Expansion states were defined
as states that implemented the ACA Medicaid expansion or an equivalent program by June 2016
and non-expansion states were those did not. Based on this definition, our study had 32
expansion states (including the District of Columbia) and 19 non-expansion states (Table 2-A).

California, Connecticut, District of Columbia, Minnesota, New Jersey, and Washington enacted
ACA Medicaid expansions or started an equivalent program in either 2010 or 2011 while the
extent of the expansion was limited in New Jersey and Washington. 20 Five states (Delaware,
Hawaii, Massachusetts, New York, and Vermont) had already provided significant coverage
prior to 2014. Wisconsin was included in the expansion states even though it did not adopt the
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ACA Medicaid expansion because Wisconsin provided comprehensive insurance coverage to
childless adults with family incomes up to 100% of the federal poverty level (FPL) through a
non-Medicaid program since January 1, 2014, which is considered as a significant change. 21

For non-expansion states and most expansion states that implemented the ACA Medicaid
expansions on January 1, 2014, we defined year 2010-2013 as the “pre-expansion” period, year
2014 as “Year 1”, year 2015 as “Year 2”, and year 2016 as ‘Year 3”. For those states that
expanded Medicaid after this date, we defined these periods based on when a given state actually
expanded Medicaid (Table 2-A). If a state expanded the Medicaid before July 1 of a certain year,
the whole year was considered as Year 1. On the other hand, if a state expanded after July 1 of a
certain year, the whole year was included in the pre-expansion period.

ii) Household healthcare spending
We estimated four annual healthcare spending outcomes at a household level: OOP spending,
premium contributions, OOP plus premium spending, and catastrophic health spending. OOP
spending included deductibles, copayments, and coinsurance by family members younger than
65 years old (because the ACA Medicaid expansions do not influence individuals 65 years and
older).22 Premium contributions included premiums for private health insurance because MEPS
does not collect premium information for non-private insurance. Generally, premiums in
Medicaid are not allowed for those with family incomes below 150% of the FPL while five states
charged low premiums under Section 1115 waiver authority as of 2016.23 While each state had
different premium rules, three states charged 2% of family incomes as premiums based on
certain income criteria.23 In Montana, for example, a family of two with incomes above 50% of
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the FPL was subject to yearly premiums of $320 in 2016 (2% of $16,020).23,24 Therefore, the
average Medicaid premiums per family at the national level would be much lower than $30,
which makes it unlikely to bias our estimates significantly. Similarly, Medicare beneficiaries
with family incomes lower than 135% of the FPL are eligible for the Medicare Savings
Programs, through which they receive Medicaid assistance with at least their Medicare Part B
and Part D premiums.22,25 In addition, 99% of Medicare beneficiaries are not required to pay
their Medicare Part A premiums. 26 Subsequently, not including premiums for Medicare should
not make a substantial impact on our national estimates. Nevertheless, we conducted a sensitivity
analysis by excluding families whose reference person was a Medicare beneficiary.

Catastrophic health spending was represented by a binary outcome variable defined as whether
OOP plus premium spending exceeded 40% of post-subsistence income. We calculated postsubsistence income by subtracting food expenses from family incomes. Mean food expenses
across income categories were derived from the Consumer Expenditure Survey data. 27 This
approach was used in previous literature and is consistent with the definition by the World
Health Organization.28,29 We assumed that post-subsistence income was $100 per year for
negative and extremely low values (values less than $100 per year), an approach used by a prior
study.30 All healthcare spending data was adjusted to 2016 U.S. dollars based on the Consumer
Price Index.31

iii) Health Insurance Coverage
As a supplementary analysis, we examined health insurance coverage among 19-64 years old
U.S. citizens with family incomes below 138% of the FPL to understand the causal mechanism
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linking the expanded Medicaid eligibility with a potential change in spending outcomes. We
used three binary health insurance coverage variables for the supplementary analysis at an
individual level: (1) uninsured defined as no coverage by Medicaid, Medicare, private insurance,
military programs, or other public programs throughout the survey year, (2) Medicaid defined as
Medicaid coverage for at least one day during the survey year, and (3) private health insurance
coverage defined as private health insurance coverage for at least one day during the survey year
but without any Medicaid coverage throughout the survey year.

iv) Adjustment variables
We included in the following family characteristics represented by the characteristics of the
family’s reference person to our regression models: age (as continuous), sex, race/ethnicity (nonHispanic White, non-Hispanic Black, Hispanic, and other), education attainment (less than high
school, high school or some college, bachelor’s degree, or more than bachelor’s degree),
employment status, family size (as continuous), and annual family income (as continuous).
Family size is the number of family members who are younger than 65 years old. Family
incomes are not included in the model for catastrophic health spending as they are used for the
definition of this outcome. We also included state- and year-specific fixed effects in our model to
account for state time-invariant factors and a secular trend.

Statistical analysis
We used a difference-in-differences (DID) design to compare differential changes in the
outcomes between families in states with and without expansion before and after the ACA
Medicaid expansions. For each of the outcome variables, we estimate the following regression:
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𝑌𝑓𝑠𝑡 = 𝜃𝑠 + 𝜆𝑡 + 𝛽1 𝑇1𝑠𝑡 + 𝛽2 𝑇2𝑠𝑡 + 𝛽3 𝑇3𝑠𝑡 + 𝛿𝑋𝑓𝑠𝑡 + 𝜀𝑓𝑠𝑡 ,
𝑌𝑓𝑠𝑡 : Outcome for family f living in state s at time t (expressed as year)
𝜃𝑠 : State-specific fixed effects
𝜆𝑡 : Year-specific fixed effects
𝑇1𝑠𝑡 , 𝑇2𝑠𝑡 , 𝑇3𝑠𝑡 : Interaction terms between expansion state indicator and each of postexpansion indicators (Years 1, 2, and 3) equal to 1 if the family lived in an expansion
state in Year 1, 2, or 3 for the state s where the family lived
𝑋𝑖𝑠𝑡 : Adjustment variables for family f (age, sex, race/ethnicity, marital status, education
attainment, employment, family size, and family income)

The coefficients 𝛽1 , 𝛽2 , and 𝛽3 on the interaction terms represent the average adjusted difference
between the expansion and non-expansion states in the change in the outcome variable 𝑌𝑖𝑠𝑡 from
the pre-expansion period to the Years 1, 2, and 3.

We used a two-part model (the first part is a logistic regression model indicating whether
participants experienced non-zero health spending in a given year, and the second part is a
generalized linear model with log link and gamma distribution to account for highly skewed
data),32 and a logistic regression model for the binary outcomes. We then estimated the
differences in the predicted outcomes at each category level of the interaction terms (e.g.,
indicator variable for Year 1 and expansion status) for each observation, and averaged over our
national sample for the ease of interpretation (i.e., average marginal effect in dollars for
outcomes in dollars and in percentage points for binary outcomes).33
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We formally tested the parallel trend assumption of the DID model. In the DID model, we
assume that the outcomes in the treatment group (i.e., expansion states) would have had a similar
trend as those in the control group (i.e., non-expansion states) if the treatment (i.e., ACA
Medicaid expansions) had not occurred. We estimated regression models with an interaction
term between the expansion state indicator variable and year trend variable (as continuous) for
the data during the baseline period. If the coefficient of the interaction term is not equal to zero,
it indicates that the linear trends for expansion and non-expansion states differ during the
baseline period, which suggests a violation of the parallel trend assumption.

For this test, we used a generalized linear model (GLM) with log link and gamma distribution for
OOP spending and OOP plus premium spending and a logistic regression model for binary
outcomes. We chose GLM instead of a two-part model because a two-part model yields two
coefficients for the interaction term, which leads to difficult interpretation in this case, and
because GLM and a two-part model produced very similar results for the main analysis. For
premium contribution spending, we used a linear regression model for the test of parallel trend
assumption as GLM did not converge for this outcome.

All analyses accounted for the complex survey design of MEPS, and cluster-robust standard
errors were estimated to account for the non-independence of observations within the primary
sampling unit (a set of neighboring counties).
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Sensitivity analysis
We conducted several sensitivity analyses with different sample population definitions. First, we
excluded 10 “non-full expansion” states that were different from full expansion states: 5 states
(Delaware, Hawaii, Massachusetts, New York, and Vermont) that already provided similar
coverage prior to 2014; 4 states (California, Connecticut, Minnesota, and District of Columbia)
that enacted ACA Medicaid expansions or started an equivalent program to some extent in either
2010 or 2011 (“early expansion states”); 1 state (Wisconsin) that provided comprehensive
insurance coverage to childless adults with family incomes lower than 100% of the FPL through
a non-Medicaid program since January 1, 2014, corresponding to previous literature.20 Second,
we excluded five “mild-expansion” (Delaware, District of Columbia, Massachusetts, New York,
and Vermont) from expanding states that provided Medicaid or similar coverage to adults with
incomes up to 100% of the FPL or greater during 2010-2013, corresponding to previous
literature.9,20 Third, we included families whose reference person was a non-US citizen, who can
become eligible for Medicaid under certain circumstances.18 Fourth, we restricted the study
sample to families with incomes lower than 100% of the FPL, who might have had a larger
impact of the ACA Medicaid expansions. Fifth, we excluded families whose reference person
was a Medicare beneficiary because Medicare beneficiaries were not the target of the ACA
Medicaid expansions and our study does not account for Medicare premiums due to data
availability. Sixth, we analyzed families with incomes greater than 400% of the FPL as a
falsification test because they should not have had an impact of the ACA Medicaid expansion.

We also analyzed the data with alternative model specifications: a generalized linear model with
log link and gamma distribution for spending outcomes (instead of a two-part model) as
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recommended in previous literature,34 and a linear probability model for catastrophic health
spending (instead of a logistic regression model), corresponding to previous literature
(coefficients are presented as DID estimates). 10

Statistical analyses were conducted with Stata software version 14.1 (StataCorp, Texas, USA).
We used restricted-access state identifiers for MEPS participants provided by AHRQ, and all
analyses were conducted in the California Census Research Data Center. The University of
California, Los Angeles Institutional Review Board approved this study.

Results
Our study included 18,414 families for the main analysis and 26,355 individuals for the
supplementary analysis of health insurance coverage (see Figure 2-A for the flowchart). Table
2-B presents the baseline demographic characteristics of family’s reference persons in the
expansion and non-expansion states based on the pooled data from 2010 to 2013. There was
evidence that race/ethnicity differs in two groups; the proportion of non-Hispanic Black
participants was lower (20.3% vs. 28.5%) in expansion states.

Figures 2-B, 2-C, and 2-D show the unadjusted yearly trends in outcomes by expansion status.
The formal test showed no evidence that baseline trends are significantly different for all
outcomes. The results are presented in Table 2-C.
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Out-of-pocket spending
Table 2-D presents DID estimates for the main outcomes. The baseline OOP spending was $647
for expansion states and $794 for non-expansion states. While OOP spending did not change in
Years 1 and 2 (DID estimates, -$2 in Year 1 and -$43 in Year 2; 95%CI, -$191 to +$187 in Year
1, -$195 to +$110 in Year 2; p=0.98 and 0.58), we observed a significant decrease in Year 3
(DID estimates, -$160; 95%CI, -$292 to -$27; p=0.02).

Premium contributions
The premium contributions were $619 and $708 for expansion and non-expansion states,
respectively, at baseline. We found no evidence that premium spending changed in the postexpansion period.

Out-of-pocket plus premium spending
The OOP plus premium spending was $1,266 and $1,502 for expansion and non-expansion
states, respectively, at baseline. Although OOP plus premium spending did not change in Years 1
and 2 (DID estimates, -$147 in Year 1 and -$173 in Year 2; 95%CI, -$406 to +$112 in Year 1, $418 to +$71 in Year 2; p=0.26 and 0.16), we observed a significant decrease in Year 3 (DID
estimates, -$268; 95%CI, -$506 to -$30; p=0.03).

Catastrophic health spending
The probability of experiencing catastrophic health spending was 21.9% and 24.1% for
expansion and non-expansion states, respectively, at baseline. While the likelihood catastrophic
health spending did not change in Years 1 and 2 (DID estimates, -0.3 percentage points in Year 1
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and +0.5 percentage points in Year 2; 95%CI, -4.7 to +4.2 in Year 1, -3.7 to +5.5 in Year 2;
p=0.91 and 0.70, we observed a significant decrease in Year 3 (DID estimates, -6.4 percentage
points; 95%CI, -10.5 to -2.3; p=0.003).

Health insurance coverage
Table 2-E presents DID estimates for insurance coverage outcomes. The percentage of
uninsured significantly decreased and Medicaid share significantly increased in Years 1, 2, and
3. We also found that the private health insurance share significantly decreased in Years 2 and 3.

Sensitivity analyses
Table 2-F and 2-G present the results of the sensitivity analyses. Overall, analyses with
alternative sample definitions and model specifications yielded very similar results to the main
analysis except for the following. First, the analyses with families with incomes lower than 100%
of the FPL and analyses excluding Medicare beneficiaries generally showed a greater magnitude
of effects in all outcomes compared to the main analysis. Especially for the analyses with
families with incomes lower than 100% of the FPL, the decreases in premium contribution
spending became statistically significant in Years 2 and 3. Second, the falsification test by
analyzing those with family incomes greater than 400% of the FPL showed a completely
different pattern in OOP spending, premium contributions, and OOP plus premium spending,
which indicates the robustness of our analysis. The regression model for catastrophic health
spending for this population did not converge likely because only a very small proportion
experienced catastrophic health spending.
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Discussion
Using a nationally representative sample of the low-income non-elderly population in the U.S.,
we found that the ACA Medicaid expansions were associated with significant reductions in
household OOP spending, OOP plus premium spending, and the probability of catastrophic
health spending at the national level by year 3 of the implementation. The differences in
spending between states with and without Medicaid expansion became larger over time (and
became statistically significant by year 3), likely reflecting the gradual penetration of the policy
(gradual take-up of Medicaid programs in expansion states). To our knowledge, this is the first
study examining the impact of the ACA Medical expansions on household healthcare spending
using nationally representative data.

The magnitude of the effects of the ACA Medicaid expansions on study outcomes is arguably
large. Our findings suggest that Medicaid expansions reduced annual OOP spending by
approximately 25% ($160 reduction in Year 3 from $647 at baseline in expansion states), OOP
plus premium spending by 21% ($268 reduction from $1,266), and catastrophic health spending
by 30% (6.4 percentage-point reduction from 21.9%). Given that these changes are concentrated
in a small proportion of families who actually obtained Medicaid coverage because of Medicaid
expansions (approximately one in ten families), the magnitude of actual effects among these
families would be even larger than the observed values in our analyses that are diluted by a large
proportion of people who were unaffected by the policy (e.g., those who were covered by
Medicaid prior to the policy change, who remained uninsured after the expansions, who were
covered by private insurance both before and after the expansions).
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We found that the differences in spending between states with and without Medicaid expansion
were not statistically significant during the first 2 years of Medicaid expansions but became
statistically significant in year 3. This probably reflects a gradual take-up of Medicaid programs
in expansion states as it may take several years for beneficiaries, program administrators, and
providers to learn about a new program.9,35 It is also possible that a reduction in OOP spending
during the first 2 years might have been offset by a “pent-up demand” among newly-insured who
were foregoing or delaying care due to lack of insurance before Medicaid expansions.36

There are several mechanisms why the ACA’s Medicaid expansions lowered household OOP
spending and the risk of catastrophic health spending. First, improved coverage by Medicaid
among previously uninsured people led to less OOP spending as Medicaid takes up a large share
of their spending on healthcare services. Children with family incomes lower than 133% of the
FPL generally have no cost-sharing for Medicaid, and the maximum allowable cost-sharing
amounts for adults with Medicaid are very low (e.g., $4 for outpatient services for those with
family incomes lower than 100% of the FPL). 37 Second, because Medicaid generally charges no
premiums, premium contributions would not increase for previously uninsured people who
obtained Medicaid coverage and would decrease for those who switched from Medicaid to
private health insurance. In fact, our supplementary analysis and existing literature demonstrated
offsetting decreases in private health insurance share after the ACA Medicaid expansion (i.e.,
“crowd-out effect”).5,9,38 While our DID estimates for premium contributions were not
statistically significant, this mechanism seems to explain the additional decrease in OOP plus
premium spending compared to OOP spending.
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Our study is built upon previous studies suggesting the effectiveness of the ACA Medicaid
expansions on reducing household spending on healthcare. Sommers and colleagues studied the
impact of Medicaid expansions using the data from three states (Kentucky, Arkansas, and Texas)
and reported that Medicaid expansions led to a reduction in annual OOP spending by $88. 10
Miller and Wherry analyzed a national survey and found that the ACA Medicaid expansions
were associated with a significant decrease in respondent reporting yes to questionnaires asking
if they were worried about the ability to pay medical bills in the event of an illness or had
accident and problems paying medical bills. 9 Caswell and Waidmann analyzed major credit
bureau data and demonstrated reduced probabilities of a medical collection balance of $1,000 or
more and of a new bankruptcy filing in expansion states.11 While informative, these studies were
limited as they used a small number of states and have limited generalizability,10 they relied on
self-report about financial concerns without the quantitative data on spending, 9 or they used
indirect measures of health spending.11 To our knowledge, this is the first national study that
examined the impact of the ACA Medical expansions on household OOP spending using valid
and reliable data.

Our study has limitations. First, although we used a quasi-experimental method—a difference-indifference method—to account for both measured and unmeasured confounders, we could not
completely preclude the possibility of residual confounders. It is possible that expansion and
non-expansion states differ in a way that could not be captured by the use of a quasiexperimental approach. However, the fact that the trends in outcome variables were parallel
between expanded and non-expanded states before the Medicaid expansions supports the internal
validity of our findings. Second, given that lack of data, we could not include premiums for non-
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private insurance in our calculation of healthcare spending. Nevertheless, the bias from this
exclusion is estimated to be minimal, and the fact that our findings were not qualitatively
affected by excluding Medicare beneficiaries in the sensitivity analysis supports the robustness
of our findings. Furthermore, our findings the Medicaid expansions were associated with a lower
OOP spending were unaffected by the lack of data for premiums. Lastly, the mean response rate
of MEPS is just above 50% and people who responded to the survey might be different from
those who did not. In order for this to introduce a bias in our estimates (known as non-response
bias), these differences between respondents and non-respondents should also differ
systematically between expansion and non-expansion states, which we think is unlikely.

In summary, using a nationally representative sample of the low-income non-elderly population,
we found that family OOP spending, OOP plus premium spending, and the likelihood of
catastrophic health spending decreased significantly in expansion states relative to nonexpansion states during the first three years of the implementation of the ACA Medicaid
expansions. These findings provide important implication on the financial impact of the ACA
Medicaid expansions on low-income families in the U.S., particularly for the policymakers in
states currently considering to expand Medicaid programs.
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Tables and Figures
Table 2-A. Definition of expansion states and pre- and post-expansion periods
Definitions of periods by MEPS year

States (date of expansion)

Preexpansion

Non-expansion states (19 states)
Alabama, Florida, Georgia, Idaho, Kansas, Louisiana, Maine,
Mississippi, Missouri, Nebraska, North Carolina, Oklahoma,
South Carolina, South Dakota, Tennessee, Texas, Utah,
Virginia, and Wyoming
Expansion states (32 states)
Arizona, Arkansas, California, Colorado, Connecticut,
Delaware, District of Columbia, Hawaii, Illinois, Iowa,
Kentucky, Maryland, Massachusetts, Minnesota, Nevada, New
Jersey, New Mexico, New York, North Dakota, Ohio, Oregon,
Rhode Island, Vermont, Washington, West Virginia,
Wisconsin (All expanded on Jan 1, 2014)
Michigan (April 1, 2014)
New Hampshire (August 15, 2014)
Pennsylvania (January 1, 2015)
Indiana (February 1, 2015)
Alaska (September 1, 2015)
Montana (January 1, 2016)
Abbreviations: MEPS, Medical Expenditure Panel Survey.
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Post-expansion
Year 1

Year 2

Year 3

2010-2013

2014

2015

2016

2010-2013

2014

2015

2016

2010-2013
2010-2014
2010-2014
2010-2014
2010-2015
2010-2015

2014
2015
2015
2015
2016
2016

2015
2016
2016
2016
N/A
N/A

2016
N/A
N/A
N/A
N/A
N/A

Table 2-B. Baseline characteristics of family’s reference persons by ACA Medicaid
expansion statusa
Characteristics
Mean age, y
Female, %
Race/ethnicity, %
White, Non-Hispanic
Hispanic
Black, Non-Hispanic
Other
Education, %
<High school
High school or some college
Bachelor's degree
>Bachelor's degree
Employed, %
Married, %
Mean family sizeb
Mean family incomec, $

Expansion States
(N=6,361)
38.2 (13.8)
59.1

Non-Expansion States
(N=4,454)
38.3 (15.0)
61.0

P-value

63.5
10.4
20.3
5.8

57.9
10.1
28.5
3.5

0.03

19.5
69.8
8.9
1.8
43.1
15.1
1.9 (1.5)
11357 (8904)

21.0
71.0
6.9
1.2
45.7
17.3
2.0 (1.7)
11826 (9642)

0.054

0.89
0.27

0.19
0.14
0.10
0.11

Abbreviations: ACA, Patient Protection and Affordable Care Act.
Notes: a. Presented values are weighted to be nationally representative of families whose reference person is a U.S.
citizen 19-64 years old with family incomes lower than 138% of the federal poverty level based on the pooled data
of Medical Expenditure Panel Survey 2010-2013. Standard deviations are shown in parentheses.
b. Family size is the number of family members younger than 65 years old.
c. Income is adjusted to 2016 dollars using the Consumer Price Index.
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Table 2-C. Test of parallel trend assumption
Outcome

OOP plus premium spending
OOP spending
Premium contributions
Catastrophic health spending
Uninsured
Medicaid
Private health insurance

Interaction term between
expansion state indicator and year trend
Coefficient estimate [95% CI]
-0.097 [-0.209,0.015]
-0.107 [-0.219,0.004]
-43.089 [-130.208,44.029]
-0.056 [-0.184,0.073]
-0.018
-0.035
-0.003

[-0.128,0.092]
[-0.135,0.066]
[-0.132,0.125]

P-value
0.09
0.06
0.33
0.39
0.75
0.50
0.96

Abbreviations: CI, confidence interval; OOP, out-of-pocket.
Notes: We estimated regression models with an interaction term between the expansion state indicator variable and
year trend variable (as continuous) for the data during the baseline period (2010-2013). We used a generalized linear
model with log link and gamma distribution for OOP spending and OOP plus premium spending, a linear regression
model for premium contributions, and a logistic regression model for binary outcomes. See text for more detail and
Notes for Tables 2-D and 2-E for other details.
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Table 2-D. Change in spending and financial burden outcomes following ACA Medicaid expansionsa
Outcome

OOP plus premium spendingd, $

Baseline (2010-2013)
Unadjusted
Unadjusted
Mean in
Mean in
Expansion
Non-Expansion
States
States
1266

1502

OOP spendingd, $

647

794

Premium contributionsd, $

619

708

21.9

24.1

Catastrophic health spendinge, %

Year 1
DID
P-value
Estimatec
[95% CI]
-147
0.26
[-406,112]
-2
0.98
[-191,187]
-50
0.60
[-237,137]
-0.3
0.91
[-4.7,4.2]

Post-Expansionb
Year 2
DID
P-value
Estimatec
[95% CI]
-173
0.16
[-418,71]
-43
0.58
[-195,110]
-98
0.35
[-304,107]
0.9
0.70
[-3.7,5.5]

Year 3
DID
P-value
Estimatec
[95% CI]
-268
0.03
[-506,-30]
-160
0.02
[-292,-27]
-40
0.70
[-244,163]
-6.4
0.003
[-10.5,-2.3]

Abbreviations: ACA, Patient Protection and Accountable Care Act; CI, confidence interval; DID, difference-in-differences; OOP, out-of-pocket.
Note: a. Presented values are weighted to be nationally representative of families whose reference person is a U.S. citizen 19-64 years old with family incomes
lower than 138% of the federal poverty level based on the 2010-2016 Medical Expenditure Panel Survey. Spending outcomes are annual values converted to
2016 U.S. dollars using the Consumer Price Index.
b. Years 1, 2, and 3 indicate years 2014, 2015, and 2016, respectively, for most states but not for all (see text for more detail).
c. DID estimates are differential changes (in dollars for spending outcomes and in percentage points for catastrophic health spending) between families in
expansion states and those in non-expansion states comparing the pre-expansion period and each of the post-expansion periods (Years 1, 2, and 3). We used
multivariable regression models controlled for age, sex, race/ethnicity, education, employment, marital status, family size, and family incomes (for spending
outcomes only) as well as state- and year-specific fixed effects, and then calculated average marginal effects (see text for more detail).
d. OOP plus premium spending is the sum of OOP spending and premium contributions. Because each outcome was estimated from separate regression models,
DID estimates for OOP spending and premium contributions may not sum to combined spending.
e. Catastrophic health spending indicates OOP plus premium spending exceeding 40% of post-subsistence income. See text for more detail.
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Table 2-E. Change in insurance coverage following ACA Medicaid expansionsa
Insurance, %

Baseline (2010-2013)
Unadjusted
Unadjusted
Mean in
Mean in
Expansion
Non-Expansion
States
States

Uninsured

26.0

37.0

Medicaid

44.6

28.6

Private health insurance

26.0

30.2

Post-Expansionc
Year 2

Year 1
DID
Estimated
[95% CI]
-10.0
[-13.5,-6.4]
8.2
[3.9,12.6]
-1.5
[-5.9,3.0]

P-value

<0.001
<0.001
0.51

DID
Estimated
[95% CI]
-8.8
[-12.9,-4.7]
11.4
[6.9,15.9]
-8.3
[-12.3,-4.3]

P-value

<0.001
<0.001
<0.001

Year 3
DID
Estimated
[95% CI]
-11.1
[-15.1,-7.1]
9.2
[3.7,14.7]
-5.6
[-10.0,-1.1]

P-value

<0.001
0.001
0.02

Abbreviations: ACA, Patient Protection and Accountable Care Act; CI, confidence interval; DID, difference-in-differences.
Note: a. Presented values are weighted to be nationally representative of families whose reference person is a U.S. citizen 19-64 years old with family incomes
lower than 138% of the federal poverty level based on the 2010-2016 Medical Expenditure Panel Survey.
b. Years 1, 2, and 3 indicate years 2014, 2015, and 2016, respectively, for most states but not for all (see text for more detail).
c. DID estimates are differential changes (in percentage points) between individuals in expansion states and those in non-expansion states comparing the preexpansion period and each of the post-expansion periods (Years 1, 2, and 3). We used multivariable regression models controlled for age, sex, race/ethnicity,
education, employment, marital status, family size, and family income as well as state- and year-specific fixed effects, and then calculated average marginal
effects (see text for more detail).
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Table 2-F. Sensitivity analyses using alternate sample definitions
Year 1
DID
Estimate
OOP plus premium spending, $
(1) Excluding “non-full expansion” states
(2) Excluding “mild expansion” states
(3) Including non-U.S. citizens
(4) Restricting to <100% FPL
(5) Excluding Medicare beneficiaries
(6) Analyzing >400% FPL
OOP spending, $
(1) Excluding “non-full expansion” states
(2) Excluding “mild expansion” states
(3) Including non-U.S. citizens
(4) Restricting to <100% FPL
(5) Excluding Medicare beneficiaries
(6) Analyzing >400% FPL
Premium contributions, $
(1) Excluding “non-full expansion” states
(2) Excluding “mild expansion” states
(3) Including non-U.S. citizens
(4) Restricting to <100% FPL
(5) Excluding Medicare beneficiaries
(6) Analyzing >400% FPL
Catastrophic health spending, %
(1) Excluding “non-full expansion” states
(2) Excluding “mild expansion” states
(3) Including non-U.S. citizens
(4) Restricting to <100% FPL
(5) Excluding Medicare beneficiaries
(6) Analyzing >400% FPL

[95% CI]

Year 2
Pvalue

DID
Estimate

[95% CI]

Year 3
Pvalue

DID
Estimate

[95% CI]

Pvalue

-195
-126
-132
-165
-150
242

[-498,109]
[-412,160]
[-345,80]
[-444,114]
[-437,136]
[-219,703]

0.21
0.39
0.22
0.25
0.30
0.30

-134
-129
-182
-259
-248
591

[-414,146]
[-388,130]
[-382,18]
[-518,-1]
[-501,5]
[46,1136]

0.35
0.33
0.07
0.049
0.055
0.03

-291
-258
-308
-317
-331
403

[-574,-7]
[-516,-1]
[-504,-111]
[-573,-62]
[-573,-90]
[-74,879]

0.04
0.049
0.002
0.02
0.01
0.10

-3
-2
-3
46
13
136

[-224,218]
[-205,201]
[-165,160]
[-185,277]
[-191,217]
[-107,378]

0.98
0.99
0.98
0.69
0.90
0.27

-6
-16
-48
-51
-86
188

[-188,176]
[-183,151]
[-179,83]
[-218,117]
[-239,67]
[-127,503]

0.95
0.85
0.47
0.55
0.27
0.24

-204
-172
-137
-180
-192
139

[-345,-62]
[-310,-35]
[-252,-22]
[-324,-35]
[-322,-61]
[-157,435]

0.01
0.01
0.02
0.02
0.004
0.36

-93
-33
-68
-149
-61
90

[-290,105]
[-230,165]
[-221,85]
[-327,29]
[-267,145]
[-279,460]

0.36
0.74
0.38
0.10
0.56
0.63

-45
-69
-108
-273
-117
326

[-275,186]
[-281,142]
[-270,55]
[-435,-111]
[-341,107]
[-40,692]

0.70
0.52
0.19
0.001
0.31
0.08

7
-29
-103
-188
-59
200

[-237,251]
[-239,181]
[-262,56]
[-375,-1]
[-276,158]
[-176,577]

0.95
0.79
0.20
0.049
0.59
0.30

-0.9
0.3
-0.1
0.1
-1.7
N/A

[-5.8,4.1]
[-4.3,4.9]
[-3.9,3.7]
[-5.7,5.8]
[-6.2,2.8]

0.73
0.89
0.95
0.99
0.45

1.5
1.6
0.3
2.1
0.8
N/A

[-3.5,6.6]
[-3.1,6.3]
[-3.6,4.2]
[-4.0,8.2]
[-3.8,5.4]

0.55
0.50
0.89
0.49
0.74

-7.1
-6.1
-5.8
-7.6
-7.4
N/A

[-12.3,-1.9]
[-10.5,-1.8]
[-9.4,-2.1]
[-12.9,-2.4]
[-11.6,-3.3]

0.008
0.006
0.002
0.005
0.001

Abbreviations: CI, confidence interval; DID, difference-in-differences; FPL, Federal Poverty Level; OOP, out-of-pocket.
Notes: The regression model for catastrophic health spending for alternate sample definition (6) did not converge. See text for the details of alternate sample
definitions. See Notes for Table 2-D for other details.
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Table 2-G. Sensitivity analysis using alternate model specifications
Outcomes

Baseline (2010-2013)
Unadjusted
Mean in
Expansion
States
1266

Unadjusted
Mean in
NonExpansion
States
1502

OOP spending, $

647

794

Premium contributions, $

619

708

21.9

24.1

OOP plus premium spending, $

Catastrophic health spending, %

Post-expansion
Year 1
DID
P-value
Estimate
[95% CI]
-139
[-417,138]
1
[-205,207]
-205
[-451,40]
-0.2
[-4.4,4.1]

0.32
0.99
0.10
0.93

Year 2
DID
P-value
Estimate
[95% CI]
-195
[-442,53]
-40
[-204,124]
-213
[-438,12]
1.0
[-3.3,5.2]

0.12
0.63
0.06
0.66

Year 3
DID
P-value
Estimate
[95% CI]
-305
[-546,-64]
-170
[-314,-27]
-85
[-346,176]
-6.5
[-11.4,-1.5]

0.01
0.02
0.52
0.01

Abbreviations: CI, confidence interval; DID, difference-in-differences; OOP, out-of-pocket.
Notes: We used a generalized linear model (instead of a two-part model) for spending outcomes and a linear probability model (instead of a logistic regression
model) for catastrophic health spending (see text for more detail). See Notes for Table 2-D for other details.
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Figure 2-A. Flow diagram of the study population
All participants in 2010-2016
MEPS (n= 249,030)

Logical editing and weighted,
sequential hot-decks procedure to
impute missing income and
employment variables by AHRQ

Participants 19-64 years old with
family incomes <138% FPL
(n=40,440)

U.S. citizen participants 19-64
years old with family incomes
<138% FPL (n=26,636)
Missing data in marital status
(n=1) and education (n=281)
U.S. citizen participants 19-64
years old with family income s <
138% FPL with no missing data
(n=26,355 individuals, 18,414
families)

Expansion states (32 states)
AK, AZ, AR, CA, CO, CT, DE,
DC, HI, IL, IN, IA, KY, MD,
MA, MI, MN, MT, NH, NV, NJ,
NM, NY, ND, OH, OR, PA, RI,
VT, WA, WI, WV (n=15,634
individuals, 10,948 families)

Non-expansion states (19 states)
AL, FL, GA, ID, KS, LA, ME,
MS, MO, NE, NC, OK, SC, SD,
TN, TX, UT, VA, WY
(n=10,721 individuals, 7,466
families)

Abbreviations: MEPS, Medical Expenditure Panel Survey; FPL, federal poverty level.
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Figure 2-B. Unadjusted yearly trend in spending outcomes by ACA Medicaid expansion
status

Abbreviations: ACA, Patient Protection and Accountable Care Act; OOP, out-of-pocket.
Note: Data shown are weighted means of annual OOP spending, premium contributions, and OOP plus premium
spending of families whose reference person is a U.S. citizen 19-64 years old with family incomes lower than 138%
of the federal poverty level in states that expanded Medicaid on January 1, 2014, and non-expansion states based on
the 2010-2016 Medical Expenditure Panel Survey. Spending values are converted to 2016 U.S. dollars using the
Consumer Price Index. The dashed line indicates the implementation of the ACA Medicaid expansion on January 1,
2014. I bars indicate 95% confidence interval.
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Figure 2-C. Unadjusted yearly trend in catastrophic health spending by ACA Medicaid
expansion status

Abbreviations: ACA, Patient Protection and Accountable Care Act; OOP, out-of-pocket.
Note: Data shown are weighted prevalence of catastrophic health spending due to OOP plus premium spending of
families whose reference person is a U.S. citizen 19-64 years old with family incomes lower than 138% of the
federal poverty level in states that expanded Medicaid on January 1, 2014 and non-expansion states based on the
2010-2016 Medical Expenditure Panel Survey. The dashed line indicates the implementation of the ACA Medicaid
expansion on January 1, 2014. I bars indicate 95% confidence interval. Catastrophic health spending indicates OOP
plus premium spending exceeding 40% of post-subsistence income (see text for more detail).
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Figure 2-D. Unadjusted yearly trends in insurance coverage by ACA Medicaid expansion
status

Abbreviations: ACA, Patient Protection and Accountable Care Act.
Note: Data shown are weighted means of health insurance coverage with 95% confidence intervals (I bars) of U.S.
citizens 19-64 years old with family incomes lower than 138% of the federal poverty level in states that expanded
Medicaid on January 1, 2014, and non-expansion states using the 2010-2016 Medical Expenditure Panel Survey.
The dashed line indicates the implementation of the ACA Medicaid expansion on January 1, 2014.
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Chapter 3. Association between the ACA Medicaid Expansions and
Emergency Department and Primary Care Use during the
First 3 Years (Paper #2)
Abstract
Background: Evidence is limited and mixed as to how the Patient Protection and Affordable
Care Act (ACA) Medicaid expansions affected the utilization of primary care physicians (PCPs)
and emergency departments (EDs) at the national level.
Objective: To examine the association between the ACA Medicaid expansions and changes in
the utilization of PCP and ED visits at the national level during the first 3 years (2014-2016) of
the implementation.
Design: A difference-in-differences analysis to compare outcomes between individuals in 32
states that expanded Medicaid versus individuals in 19 non-expansion states.
Participants: A nationally representative sample of U.S. citizens 26-64 years old with family
incomes lower than 138% of the federal poverty level from the 2010-2016 Medical Expenditure
Panel Survey.
Intervention: ACA Medicaid expansions
Main measures: We examined PCP-related outcomes: (i) whether a participant had any PCP
visit during a year, and (ii) the annual number of PCP visits among those who had any PCP visit
during a year; and ED-related outcomes: (i) whether a participant had any ED visit during a year,
and (ii) the annual number of ED visits among those who had any ED visit during a year.
Key results: A total of 19,319 participants were included in our analysis. We found that the
proportion of individuals with any PCP visit during a year significantly increased (difference-in53

differences estimate, +3.6 percentage points; 95% CI, +0.4 to +6.8; P=0.03) following the
Medicaid expansions, without any change in the number of PCP visits among those with any
PCP visit. We found no evidence that ED utilization changed meaningfully after the Medicaid
expansions.
Conclusion: Using the nationally-representative data of individuals who were affected by the
ACA, we found that the ACA Medicaid expansions were associated with a modest improvement
in access to PCPs without an increase in ED use.

Background
Expanding the eligibility for the Medicaid program to individuals earning up to 138% of the
federal poverty level (FPL) was one of the key components of the Patient Protection and
Affordable Care Act (ACA) signed into law in 2010. Literature indicates that the introduction of
the ACA led to a significant decline in the number of uninsured patients and a substantial
improvement in financial risk protection. 1-3 One of the goals of the ACA was that, by removing
financial barriers, Medicaid expansions would allow low-income people who were previously
uninsured to gain access to appropriate primary care physicians (PCPs), and as a consequence,
reduce unnecessary use of emergency departments (EDs) and hospitalizations. However,
evidence is limited and mixed as to how the ACA Medicaid expansions affected the utilization of
PCPs and EDs at the national level.

The Oregon Health Insurance Experiment (OHIE) was a randomized controlled trial that
examined the impact of expanded Medicaid coverage among low-income families in the state of
Oregon from 2008 through 2010. The results of the OHIE found a 50% increase in the number of
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outpatient visits and a 40% increase in the number of ED visits among those who were newlycovered by Medicaid.4-6 Observational studies found mixed findings as to how the Medicaid
expansions affect the utilization of primary care 7-13 and ED 7-10,14-19. While informative, previous
studies (including the OHIE) were restricted to a small number of states, and therefore, it
remains unclear whether their findings are generalizable to the national level. 4-8,14-19 In addition,
many studies relied solely on self-reported data to identify PCP and ED visits (without
verification by clinicians and hospitals), and therefore, there have been concerns about the
accuracy of measurements.5,7-12 Given that many states are currently considering to expand their
Medicaid programs, and that expensive ED visits could potentially put a financial burden on the
states’ budgets,20 it is critically important for policymakers to understand the national impact of
the ACA Medicaid expansions on the utilization of PCPs and EDs.

In this context, using a nationally representative data of low-income working-age Americans, we
examined how the ACA Medicaid expansions impacted on the utilization of PCP and ED visits
in the first 3 years with a quasi-experimental difference-in-differences approach.

Methods
Data source and population
The primary data source for this study is the 2010-2016 Medical Expenditure Panel Survey
(MEPS), a nationally representative annual survey of the non-institutionalized civilian
population in the U.S. by the Agency for Healthcare Research and Quality (AHRQ). 21
Households participate in a series of five interviews that collect various data including utilization
of PCP and ED visits covering two full calendar years. MEPS subsequently verifies self-reported
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information with clinicians and hospitals about the utilization of PCP and ED visits including
dates of service, event type, and diagnoses, and publishes data representing a whole calendar
year.22 The mean overall response rate of the MEPS data was 51.4%. 23

We restricted our study sample to U.S.-born individuals 26-64 years old with family incomes
lower than 138% of the FPL based on the eligibility criteria of the ACA 2014 Medicaid
expansions. Non-U.S.-born participants were excluded from the main analysis because there are
specific requirements to be eligible for Medicaid (e.g., many non-citizens must wait 5 years after
receiving qualified immigration status before they can receive Medicaid coverage). 24 We also
excluded adults 19-25 years old because many of them have access to their parents’ health
insurance under the 2010 dependent coverage mandate of the ACA, 25 a similar approach used by
a prior study.13 Observations with missing data in covariates were also excluded from the study
sample. We used imputed data for missing income values, which were estimated by AHRQ using
logical editing and weighted, sequential hot-decks.26 To obtain information about which state
participants lived in, we used restricted-access state identifiers for MEPS provided by AHRQ
and all analysis was conducted in the California Census Research Data Center. The University of
California, Los Angeles Institutional Review Board approved this study.

Expansion status
The ACA Medicaid expansion became effective on January 1, 2014 for all expansion states
except for the following: Michigan (April 1, 2014), New Hampshire (August 15, 2014),
Pennsylvania (January 1, 2015), Indiana (February 1, 2015), Alaska (September 1, 2015),
Montana (January 1, 2016), Louisiana (July 1, 2016), Virginia (January 1, 2019), and Maine
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(January 10, 2019).27 We defined expansion states as those states that expanded Medicaid or an
equivalent program by June 2016. Based on this criterion, 32 states (including the District of
Columbia [D.C.]) were identified as expansion states and 19 were considered non-expansion
states (Table 3-A).27

We defined the years 2010-2013 as the “pre-expansion” period, 2014-2016 as the “postexpansion” period for non-expansion states and most expansion states that expanded Medicaid
on January 1, 2014. For those states that expanded Medicaid after January 1, 2014, we defined
pre- and post-expansion periods based on the actual implementation date of a given state (Table
3-A). If a state expanded Medicaid before July 1 of a certain year, the whole year was included
in the pre-expansion period while if a state expanded after July 1 of a certain year, the whole
year was included in the post-expansion period. Although we could define pre- and postexpansion periods more precisely based on the date of a certain event (e.g., ED visit) relative to
the implementation date of each state, we did not take this approach as it would bias our
estimates if we could not fully account for the seasonality (e.g., the significance of an ED visit in
July may not be the same as that of an ED visit in January).

Of note, California, Connecticut, District of Columbia, Minnesota, New Jersey, and Washington
enacted ACA Medicaid expansions or started an equivalent program in either 2010 or 2011
although the early expansion in New Jersey and Washington was very limited. 11 Five states
(Delaware, Hawaii, Massachusetts, New York, and Vermont) had already provided prior
coverage similar to the eligibility of the ACA Medicaid expansions.11 Wisconsin provided
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comprehensive insurance coverage through a non-Medicaid program starting January 1, 201411
and was included in the expansion state in the main analysis.

Health Insurance Coverage
We examined health insurance coverage outcomes to understand the pathway from the expanded
Medicaid eligibility to potential changes in PCP and ED utilization. We used three insurance
coverage variables: (i) uninsured defined as no coverage by Medicaid, Medicare, private
insurance, military programs, or other public programs throughout the survey year; (ii) Medicaid
defined as Medicaid coverage for at least one day during the survey year; and (iii) private health
insurance defined as private health insurance coverage for at least one day during the survey year
without any Medicaid coverage throughout the survey year.

Primary Care Physician and Emergency Department Visits
Our outcomes of interest were the utilization of PCPs and EDs. We examined two outcomes
related to PCP visits: (i) whether a participant had any PCP visit during a year (as a binary
outcome variable), and (ii) the annual number of PCP visits among those who had any PCP visit
during a year (as a continuous outcome variable). A physician was considered a PCP if their
specialty was family practice, general practice, or internal medicine, excluding telephone
encounters. Similarly, we analyzed two outcomes related to ED visits: (i) whether a participant
had any ED visit during a year (as binary), and (ii) the annual number of ED visits among those
who had any ED visit during a year (as continuous).
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Statistical analysis
We used a difference-in-differences (DID) design to compare changes in outcomes between
individuals in expansion states and those in non-expansion states before and after the ACA
Medicaid expansions. Our model specification is shown below.
𝑌𝑖𝑠𝑡 = 𝜃𝑠 + 𝜆𝑡 + 𝛽(𝐸𝑋𝑃𝑠 × 𝑃𝑂𝑆𝑇𝑡 ) + 𝛿𝑋𝑖𝑠𝑡 + 𝜀𝑖𝑠𝑡 ,
where 𝑌𝑖𝑠𝑡 indicates outcomes for individual i living in state s at time t (expressed as year), 𝜃𝑠
denotes state-specific fixed effects, 𝜆𝑡 denotes year-specific fixed effects, 𝐸𝑋𝑃𝑠 denotes the
expansion state indicator, 𝑃𝑂𝑆𝑇𝑡 denotes the post-expansion period indicator, and 𝑋𝑖𝑠𝑡 denotes
adjustment variables for individual i including age (as continuous), sex, race/ethnicity (nonHispanic White, non-Hispanic Black, Hispanic, and other), education attainment (less than high
school, high school or some college, bachelor’s degree, or more than bachelor’s degree),
employment status, and household size (as continuous). We used multivariable ordinary least
squares (OLS) regression models that include an interaction term between expansion state
indicator and post-expansion period indicator. The coefficients 𝛽 for the interaction terms (i.e.,
DID estimates) represent the changes in the outcomes that are attributable to the Medicaid
expansions and are interpreted as percentage point changes for binary outcomes and as changes
in annual numbers for number of visits outcomes. A similar approach has been used by Miller
and Wherry.9,10

We tested the parallel trend assumption of the DID model: the outcomes in the expansion states
would have had a similar trend as those in the non-expansion states if the ACA Medicaid
expansions had not been implemented. First, we compared the trends of the outcomes during the
pre-expansion period between the expansion and non-expansion states visually in the graphs.
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Second, we estimated regressions with interaction terms between the expansion state indicator
variable and the time (year) indicator variables for all pre-expansion years (using 2013 as the
reference year) for the data during the pre-expansion period. We formally tested the null
hypothesis that the coefficients on all of these interaction terms are equal to 0 with an F-test.

All analyses accounted for the complex survey design of MEPS and the results were presented
with Huber-White cluster-robust standard errors to account for the non-independence of
observations within the MEPS primary sampling unit (a set of neighboring counties). Statistical
analyses were conducted with Stata software version 14.1 (StataCorp, Texas, USA).

Sensitivity analyses
We conducted a series of secondary analyses. First, we re-analyzed the data with different
sample population definitions: (i) excluding participants living in 5 expansion states (Delaware,
Hawaii, Massachusetts, New York, and Vermont) where comprehensive insurance coverage was
provided for low-income adults prior to 2014, an approach used in prior studies; 9,10 (ii)
excluding participants living in 4 “early expansion states” (California, Connecticut, District of
Columbia, and Minnesota) that partially implemented the ACA Medicaid expansions or started a
similar program in either 2010 or 2011 (we did not include New Jersey and Washington in the
early expansion states because the extent of implementation was limited);11,28 (iii) excluding
participants living in 6 “late expansion states” (Michigan, New Hampshire, Pennsylvania,
Indiana, Alaska, and Montana) that implemented the ACA Medicaid expansions after January 1,
2014 because these states might differ from the states that expanded on January 1, 2014; (iv)
excluding participants living in Wisconsin because it has not adopted the ACA Medicaid
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expansion (in the main analysis we included Wisconsin in the expansion states as it started
comprehensive insurance coverage for low-income adults under Section 1115 waiver authority
since January 1, 2014);11 (v) Including non-US citizens, who need to meet specific requirements
to become eligible for Medicaid such as a 5-year waiting period (and therefore, we excluded
them in the main analysis);24 (vi) Including participants 19-25 years, many of whom had access
to their parents’ health insurance under the 2010 dependent coverage mandate of the ACA (and
therefore, we excluded them in the main analysis); and (vii) Analyzing participants 26-64 years
old with incomes greater than 400% of the federal poverty level, who should not have had a
significant impact from the ACA Medicaid expansion (a falsification test).

Second, to test whether our findings were sensitive to the model specification, we repeated the
analyses using a (i) Ordinary least squares (OLS) regression models clustered at the state level
(as opposed to primary sampling units) which is recommended in previous literature,29 by using
sampling weights and the CLUSTER option in Stata (although without accounting for the
stratified structure of the MEPS sampling design); (ii) Logistic regression models for binary
outcomes (DID estimates are reported as adjusted odds ratios); (iii) Poisson regression models
for number of visits outcomes using average marginal effects for ease of interpretation (DID
estimates are reported as changes in the number of visits), by estimating the differences in the
predicted outcomes at each category level of the interaction terms for each observation and
averaging over the entire study sample; 30 and (iv) OLS regression models including three
interaction terms between expansion state indicator and each of post-expansion year indicator
based on a finer definition of the post-expansion period (year 1=2014, year 2=2015, and year
3=2016 for most expansion states but not for all; see Table 3-A for the definition).
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Results
A total of 19,319 participants were included for the analyses (see Figure 3-A for the flow chart).
Table 1 shows the demographic characteristics of participants in expansion and non-expansion
states based on the pooled data from 2010 to 2013. The proportion of non-Hispanic Black
participants was significantly lower in expansion states compared to non-expansion states
(22.2% vs. 29.6%).

The analysis for health insurance coverage showed that the probability of being covered by
Medicaid increased by 10.6 percentage points (p<0.001) and the probability of being uninsured
reduced by 8.0 percentage points (p<0.001) in expansion states relative to non-expansion states
(Table 3-B).

Figures 3-B and 3-C present unadjusted yearly trends in the utilization of PCPs and EDs,
respectively, by expansion status. The trends of the proportion of individuals with any PCP visit
during a year were similar between the two groups before 2014. The formal statistical tests
showed no significant difference in baseline trends between the two groups for all outcomes we
studied (Table 3-C).

Primary Care Physician Visits
We observed a significant increase in the proportion of those who had any PCP visit during a
year in expansion states relative to non-expansion states after the ACA Medicaid expansions
(DID estimates, +3.6 percentage points; 95% CI, +0.4 to +6.8; P=0.03) (Table 3-D). However,
we did not observe any significant change in the annual number of PCP visits among those who
62

had any PCP visit during a year (DID estimates, -0.28 visits; 95% CI, -0.66 to +0.10; P=0.15)
(Table 3-D).

Emergency Department Visits
We found no evidence that the proportion of those who had any ED visit during a year changed
significantly in expansion states relative to non-expansion states after the ACA Medicaid
expansions (DID estimates, -0.5 percentage points; 95% CI, -3.7 to +2.7; P=0.76) (Table 3-E).
The annual number of ED visits among those who had any ED visit during a year also did not
change (DID estimates, +0.04 visits; 95% CI, -0.15 to +0.24; P=0.65) (Table 3-E).

Sensitivity Analyses
Our findings were qualitatively unaffected by alternate sample definitions (Table 3-F) or
different model specifications (Table 3-G).

Discussion
Using a nationally representative sample of low-income, working-age Americans, we found that
the ACA Medicaid expansions were associated with a higher likelihood of receiving care
provided by PCPs at the national level during the first three years of its implementation. We
found no evidence that the number of PCP visits changed among those who had at least one PCP
visit, or that the utilization of EDs (both the likelihood of receiving care at EDs and the number
of ED visits among those who had a least one ED visit) changed due to the ACA Medicaid
expansions. Taken together, these findings suggest that the ACA Medicaid expansions have
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achieved its goal of improving access to primary care, at least with respect to the likelihood of
seeing a PCP once a year. Our findings indicating the lack of meaningful change in the
utilization of EDs should be reassuring for states and policymakers who were concerned about
the potential financial burden of increased use of EDs associated with the ACA Medicaid
expansions.

Our finding that the ACA Medicaid expansions were associated with increased utilization of
PCPs was consistent with previous studies. For example, the OHIE observed a 50% increase in
the annual number of office visits. 5 Several observational studies examining the impact of the
ACA Medicaid expansions also found increased use of primary care providers7,8,10,13 (whereas
other observational studies found no evidence that the utilization of primary care changed after
the Medicaid expansions9,11,12). However, these observational studies had limitations because
they were conducted in a small number of states, 7,8 relied solely on self-reports (without
verification by clinicians and hospitals as done in MEPS),7-12 or examined only short-term effects
of the policy implementation.13 To our knowledge, this is the first study that examined the longterm impact of Medical expansions on the utilization of PCP visits using nationally
representative data and valid and reliable measurements.

Improved access to primary care providers due to Medicaid coverage can, in theory, prevent
patients from receiving care at EDs. However, it is also possible that people visit an ED more
frequently because of both perceived and actual lower out-of-pocket costs for receiving care at
ED, or because PCPs (to whom they have improved access) could refer more patients to EDs. 6
Our findings contradict with the findings from the OHIE showing a dramatic increase in ED
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visits after the Medicaid expansion in Oregon, 4-6 suggesting that the impact of the Medicaid
expansion vary by state. Previous observational studies found mixed evidence as to how the
ACA Medicaid expansions affected the utilization of EDs, 7-10,14-19 but these studies have the
same limitations that they studied a small number of states,7,8,14-19 relied totally on self-reported
data,5,7-10 or evaluated only the short-term impact.15,17

There are several reasons why our findings differed from the findings from the OHIE. First,
given substantial variation in how Medicaid programs are designed and implemented in each
state,31 it is possible that the findings from Oregon were not generalizable to the national level.
For example, Oregon spent 13% more on Medicaid ($6,272 per Medicaid enrollee) compared to
the national average ($5,527 per enrollee) in 2009,31 which suggests that Medicaid beneficiaries
in Oregon might have better access to healthcare providers allowing them to utilize more
healthcare services than other states. Second, the participants of the OHIE might have had higher
medical needs than our national sample, because the OHIE recruited uninsured adults who
voluntarily signed up for a lottery for Medicaid coverage (those with low healthcare needs may
not have signed up for a lottery, to begin with).4 This hypothesis is supported by the data
showing the control group in the OHIE experienced a substantially higher number of ED visits
(0.68 visits per person-year) compared with the national average of age group 18-64 years (0.40
visits per person-year).4,5,32

Our study has limitations. First, although we used a quasi-experimental difference-in-differences
approach to account for both measured and unmeasured confounders, it is still possible that
expansion and non-expansion states differ in a way that could not be captured by this approach.
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However, observed parallel trends in outcome variables between expanded and non-expanded
states before the Medicaid expansions support the validity of our study design. Second, people
who responded to the survey may be different from those who did not. However, in order for this
to introduce a “non-response bias,” the characteristics that differ between respondents and nonrespondents should also be associated with the expansion status of states, which we believe is
unlikely. Finally, we analyzed the impact of the ACA Medicaid expansions in states that actually
expanded Medicaid under the ACA. Therefore our findings may not be generalizable to the
remaining non-expansion states if they were to expand their Medicaid programs in the future.

In conclusion, using a nationally representative sample of low-income non-elderly adults, we
found that the ACA Medicaid expansions were associated with a modest increase in PCP
utilization but did not affect the utilization of EDs during the first three years of the
implementation. These findings provide important information regarding the impact of the ACA
Medicaid expansions on health care utilization and warrant further studies to better understand
how we can make sure Medicaid beneficiaries receive care from appropriate healthcare
providers.
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Tables and Figures
Table 3-A. Definition of expansion states and expansion period

Definitions of Periods by MEPS Year
States (Date of Expansion)
Pre-Expansion

Post-Expansion
(Main Analysis)

Post-Expansion
( Sensitivity Analysis)
Year 1

Year 2

Year 3

Non-expansion states (19 states)
Alabama, Florida, Georgia, Idaho, Kansas,
Louisiana, Maine, Mississippi, Missouri,
Nebraska, North Carolina, Oklahoma, South
Carolina, South Dakota, Tennessee, Texas,
Utah, Virginia, and Wyoming

2010-2013

2014-2016

2014

2015

2016

2010-2013

2014-2016

2014

2015

2016

2010-2013

2014-2016

2014

2015

2016

New Hampshire (August 15, 2014)

2010-2014

2015-2016

2015

2016

N/A

Pennsylvania (January 1, 2015)

2010-2014

2015-2016

2015

2016

N/A

Indiana (February 1, 2015)

2010-2014

2015-2016

2015

2016

N/A

Alaska (September 1, 2015)

2010-2015

2016

2016

N/A

N/A

Montana (January 1, 2016)

2010-2015

2016

2016

N/A

N/A

Expansion states (32 states)
Arizona, Arkansas, California, Colorado,
Connecticut, Delaware, District of
Columbia, Hawaii, Illinois, Iowa, Kentucky,
Maryland, Massachusetts, Minnesota,
Nevada, New Jersey, New Mexico, New
York, North Dakota, Ohio, Oregon, Rhode
Island, Vermont, Washington, West
Virginia, Wisconsin a
(All expanded on Jan 1, 2014)
Michigan (April 1, 2014)

Abbreviations: MEPS, Medical Expenditure Panel Survey.
Notes: a Although Wisconsin has not adopted the ACA Medicaid expansion, we included Wisconsin in the
expansion states because it started comprehensive insurance coverage for low-income adults under Section 1115
waiver authority since January 1, 2014.
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Table 3-B. Baseline characteristics of participants by ACA Medicaid expansion status
Expansion
States
(n = 6,322)

Non-Expansion
States
(n = 4,499)

P-Value

43.5 (12.1)

43.8 (12.9)

0.27

44.0

42.2

0.21

White, non-Hispanic

62.6

58.6

Hispanic

9.7

9.2

Black, non-Hispanic

22.2

29.6

Other

5.5

2.6

Less than High school

20.0

21.5

High school or some college

69.0

69.6

Bachelor's degree

8.6

7.4

More than Bachelor's degree

2.5

1.5

29.8

34.0

0.079

2.5 (1.9)

2.6 (2.0)

0.30

Characteristics
Mean age (year)
Male sex (%)
Race/ethnicity (%)

0.047

Education (%)

Married (%)
Mean household size

0.09

*Presented values are weighted baseline characteristics of U.S. citizens 26-64 years old with family incomes lower
than 138% of the federal poverty level from the pooled data of the Medical Expenditure Panel Survey 2010-2013.
Standard deviations are shown in parentheses for mean age and household size.
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Table 3-C. Association between ACA Medicaid expansions and insurance coverage
Outcome

Baseline (2010-2013)

Post-Expansion (2014-2016)

Mean in
Expansion
States

Mean in
Non-Expansion
States

DID
Estimate

[95% CI]

P-Value

Private insurance (%)

23.4%

28.5%

-3.8pp

[-7.9pp,+0.3pp]

0.07

Medicaid (%)

45.7%

28.4%

+10.6pp

[+6.4pp,+14.8pp]

<0.001

Uninsured (%)

26.4%

37.7%

-8.0pp

[-11.8pp,-4.2pp]

<0.001

Abbreviations: ACA, Patient Protection and Affordable Care Act; CI, confidence interval; DID, difference-indifferences.
Notes: See notes for Table 3-E for detail.
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Table 3-D. Test for parallel trend assumption

Outcome
Any PCP visit during a year
2011 x Expansion
2012 x Expansion
2013 x Expansion
2014 x Expansion
2015 x Expansion
2016 x Expansion
Annual number of PCP visits
among those with any PCP
visit during a year
2011 x Expansion
2012 x Expansion
2013 x Expansion
2014 x Expansion
2015 x Expansion
2016 x Expansion
Any ED visit during a year
2011 x Expansion
2012 x Expansion
2013 x Expansion
2014 x Expansion
2015 x Expansion
2016 x Expansion
Annual number of ED visits
among those with any ED
visit during a year
2011 x Expansion
2012 x Expansion
2013 x Expansion
2014 x Expansion
2015 x Expansion
2016 x Expansion

Interaction Term between
Expansion Status and Year
Coefficient
[95% CI]
P-Value

P-Value for
F-Test

0.023
0.037
0.047
0.041
0.091
0.063

[-0.041,0.088]
[-0.029,0.102]
[-0.030,0.125]
[-0.021,0.102]
[0.017,0.165]
[-0.014,0.141]

0.47
0.27
0.23
0.20
0.02
0.11

0.65

-0.184
0.168
-0.566
-0.470
-0.039
-0.451

[-0.856,0.487]
[-0.454,0.791]
[-1.382,0.249]
[-1.131,0.191]
[-0.805,0.728]
[-1.096,0.193]

0.59
0.59
0.17
0.16
0.92
0.17

0.18

0.020
-0.026
-0.005
-0.026
0.046
-0.028

[-0.032,0.071]
[-0.076,0.025]
[-0.059,0.049]
[-0.076,0.024]
[-0.010,0.103]
[-0.089,0.034]

0.45
0.32
0.86
0.31
0.11
0.37

0.54

0.144
0.373
0.351
0.466
0.116
0.403

[-0.277,0.565]
[-0.031,0.777]
[-0.064,0.766]
[0.081,0.851]
[-0.254,0.486]
[0.022,0.784]

0.50
0.07
0.10
0.02
0.54
0.04

0.25

Abbreviations: CI, confidence interval; ED, emergency department; PCP, primary care physician.
Notes: See main text for detail.
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Table 3-E. Association between ACA Medicaid expansions and emergency department and
primary care use

Outcome

PCP-related outcome
Any PCP visit during a year (%)
Annual number of PCP visits among
those with any PCP visit during a year
ED-related outcome
Any ED visit during a year (%)
Annual number of ED visits among
those with any ED visit during a year

Baseline (2010-2013)

Post-Expansion (2014-2016)†

Mean in
Expansion
States

Mean in
Non-Expansion
States

DID Estimate‡
[95% CI]

50.9%

46.3%

+3.6pp
[+0.4pp,+6.8pp]

0.03

3.34

3.16

-0.28
[-0.66,+0.10]

0.15

24.0%

23.6%

-0.5pp
[-3.7pp,+2.7pp]

0.76

1.70

1.67

+0.04
[-0.15,+0.24]

0.65

P-Value

*Presented values are unadjusted weighted means in the baseline period and difference-in-differences (DID)
estimates from ordinary least squares regression models adjusted for age, sex, race/ethnicity, education attainment,
marital status, household size, and state- and year- fixed effects based on the data of Medical Expenditure Panel
Survey 2010-2016.

†Post-expansion period indicates years 2014-2016 for most states but not for all (see Table 3-A for detail).
‡DID estimates are reported as percentage point changes for binary outcomes and as changes in annual number for
number of visits outcomes.
Abbreviations: ACA, Patient Protection and Affordable Care Act; CI, confidence interval; DID, difference-indifferences; ED, emergency department; PCP, primary care physician.
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Table 3-F. Sensitivity analysis using alternate sample definitions
DID
Estimate

[95% CI]

P-Value

(i) Including 5 states with prior significant coverage

+2.8pp

[-0.5pp,+6.1pp]

0.10

(ii) Excluding 4 "early expansion states"

+3.3pp

[-0.2pp,+6.8pp]

0.06

(iii) Excluding 6 "late expansion states"

+4.0pp

[+0.5pp,+7.5pp]

0.03

(iv) Excluding Wisconsin

+3.6pp

[+0.4pp,+6.9pp]

0.03

(v) Including non-U.S. born participants

+2.1pp

[-0.2pp,+4.4pp]

0.07

(vi) Including 19-25 years old

+2.9pp

[+0.1pp,+5.8pp]

0.046

(vii) Analyzing >400% FPL (falsification test)

+0.4pp

[-3.0pp,+3.8pp]

0.82

(i) Including 5 states with prior significant coverage

-0.33

[-0.67,+0.02]

0.06

(ii) Excluding 4 "early expansion states"

-0.28

[-0.68,+0.13]

0.18

(iii) Excluding 6 "late expansion states"

-0.22

[-0.61,+0.18]

0.29

(iv) Excluding Wisconsin

-0.28

[-0.67,+0.10]

0.15

(v) Including non-U.S. born participants

-0.17

[-0.48,+0.14]

0.29

(vi) Including 19-25 years old

-0.25

[-0.62,+0.12]

0.19

(vii) Analyzing >400% FPL (falsification test)

+0.01

[-0.13,+0.14]

0.92

-0.5pp

[-3.8pp,+2.8pp]

0.76

(ii) Excluding 4 "early expansion states"

-0.6pp

[-4.0pp,+2.9pp]

0.75

(iii) Excluding 6 "late expansion states"

+0.2pp

[-3.3pp,+3.7pp]

0.91

(iv) Excluding Wisconsin

-0.4pp

[-3.6pp,+2.8pp]

0.81

(v) Including non-U.S. born participants

-0.4pp

[-2.9pp,+2.2pp]

0.79

(vi) Including 19-25 years old

-0.3pp

[-3.6pp,+3.0pp]

0.87

(vii) Analyzing >400% FPL (falsification test)

+0.6pp

[-1.0pp,+2.3pp]

0.45

(i) Including 5 states with prior significant coverage

+0.10

[-0.10,+0.29]

0.34

(ii) Excluding 4 "early expansion states"

+0.03

[-0.17,+0.24]

0.75

(iii) Excluding 6 "late expansion states"

+0.10

[-0.11,+0.31]

0.35

(iv) Excluding Wisconsin

+0.05

[-0.14,+0.25]

0.59

(v) Including non-U.S. born participants

-0.02

[-0.18,+0.14]

0.82

(vi) Including 19-25 years old

+0.02

[-0.15,+0.18]

0.83

(vii) Analyzing >400% FPL (falsification test)

+0.10

[-0.02,+0.22]

0.11

Alternate Sample Definition
Any PCP visit during a year (percentage point changes)

Annual number of PCP visits among those with any PCP
visit during a year (changes in the number of visits)

Any ED visit during a year (percentage point changes)
(i) Including 5 states with prior significant coverage

Annual number of ED visits among those with any ED
visit during a year (changes in the number of visits)

Abbreviations: CI, confidence interval; ED, emergency department; FPL, federal poverty level; PCP, primary care
physician.
Notes: See main text for detail.
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Table 3-G. Sensitivity analysis using alternate model specifications
DID
Estimate

[95% CI]

P-Value

+3.6pp

[-0.4pp,+7.6pp]

0.08

1.17

[1.02,1.35]

0.03

Year 1

+2.6pp

[-1.6pp,+6.8pp]

0.22

Year 2

+4.8pp

[-0.1pp,+9.6pp]

0.055

Year 3

+3.8pp

[-2.2pp,+9.7pp]

0.21

(i) OLS model clustered at the state level

-0.28

[-0.57,+0.01]

0.055

(iii) Poisson regression model a

-0.28

[-0.65,+0.08]

0.13

Year 1

-0.42

[-0.90,+0.07]

0.09

Year 2

-0.08

[-0.60,+0.44]

0.76

Year 3

-0.29

[-0.83,+0.25]

0.29

-0.5pp

[-4.3pp,+3.3pp]

0.80

0.98

[0.83,1.16]

0.81

Year 1

-3.6pp

[-7.3pp,+0.2pp]

0.06

Year 2

+4.7pp

[-0.6pp,+9.9pp]

0.08

Year 3

-1.6pp

[-7.2pp,+4.0pp]

0.57

(i) OLS model clustered at the state level

+0.04

[-0.19,+0.28]

0.71

(iii) Poisson regression model a

+0.05

[-0.15,+0.24]

0.65

Year 1

+0.10

[-0.16,+0.36]

0.45

Year 2

-0.03

[-0.27,+0.21]

0.79

Year 3

+0.04

[-0.23,+0.31]

0.77

Alternative Model Specification
Any PCP visit during a year
(i) OLS regression model clustered at the state level (percentage point
change)
(ii) Logistic regression model (adjusted odds ratio)
(iv) OLS regression model using finer post-expansion period definition
(percentage point change)

Annual number of PCP visits among those with any PCP visit
during a year (changes in the number of visits)

(iv) OLS model using finer post-expansion period definition

Any ED visit during a year
(i) OLS regression model clustered at the state level (percentage point
change)
(ii) Logistic regression model (adjusted odds ratio)
(iv) OLS regression model using finer post-expansion period definition
(percentage point change)

Annual number of ED visits among those with any ED visit during a
year (changes in the number of visits)

(iv) OLS model using finer post-expansion period definition

Abbreviations: CI, confidence interval; ED, emergency department; OLS, ordinary least squares; PCP, primary care
physician.
Notes: See main text for detail. a DID estimates for Poisson regression models are reported as changes in the number
of visits using average marginal effects.
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Figure 3-A. Flow diagram of the study population

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; MEPS, Medical Expenditure Panel Survey;
FPL, federal poverty level.
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Figure 3-B. Unadjusted yearly trends in PCP use by ACA Medicaid expansion

Data shown are unadjusted weighted mean (A) percentages of individuals who had any PCP visit during a year and
(B) annual numbers of PCP visits among those with any PCP visit during a year for states that expanded Medicaid
on January 1, 2014 and non-expansion states. The sample included U.S. citizens 26-64 years old with family
incomes lower than 138% of the federal poverty level from the Medical Expenditure Panel Survey 2010-2016. The
dashed line indicates the implementation of the ACA 2014 Medicaid expansion. Note the difference in scales in the
y-axis. Abbreviations: ACA, Patient Protection and Affordable Care Act; PCP, primary care physician.
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Figure 3-C. Unadjusted yearly trends in ED use by ACA Medicaid expansion status

Data shown are unadjusted weighted mean (A) percentages of individuals who had any ED visit during a year and
(B) annual numbers of ED visits among those with any ED visit during a year for states that expanded Medicaid on
January 1, 2014 and non-expansion states. The sample included U.S. citizens 26-64 years old with family incomes
lower than 138% of the federal poverty level from the Medical Expenditure Panel Survey 2010-2016. The dashed
line indicates the implementation of the ACA 2014 Medicaid expansion. Note the difference in scales in the y-axis.
Abbreviations: ACA, Patient Protection and Affordable Care Act; ED, emergency department.
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Chapter 4. Association between the ACA Medicaid Expansions and
Health Outcomes for Hypertension, Diabetes, Hyperlipidemia,
and Depression (Paper #3)
Abstract
Background: The Affordable Care Act (ACA) expanded Medicaid eligibility to persons earning
below 138% of the federal poverty level (FPL) in 2014. However, evidence is scarce and mixed
as to whether the ACA Medicaid expansions were associated with improved health outcomes for
chronic conditions.
Methods: We compared changes in measured clinical outcomes before (2005 through 2012) and
after (2015 and 2016) the implementation of ACA Medicaid expansions between states with and
without Medicaid expansion, using a difference-in-differences design. We analyzed nationally
representative individuals 19-64 years old with family incomes below 138% of the FPL from the
2005-2016 National Health and Nutrition Examination Survey. Measures included blood
pressure, hemoglobin A1c (HbA1c) levels, cholesterol levels, and screening for depression.
Results: Our study included 9,177 individuals. We found that the ACA Medicaid expansions
were associated with significantly lower systolic blood pressure (difference-in-differences [DID]
estimate, -3.0 mmHg; 95%CI, -5.3 mmHg to -0.7 mmHg; p=0.01) and lower HbA1c levels (DID
estimate, -0.14 percentage points [pp]; 95%CI, -0.24 pp to -0.03 pp; p=0.01) in expansion states
relative to the non-expansion states. We observed no significant change in diastolic blood
pressure, cholesterol levels, or the probability of a positive screening for depression following
the ACA Medicaid expansions.
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Conclusions: The ACA Medicaid expansions were associated with statistically significant and
clinically meaningful improvement in measured health outcomes in two out of four major
chronic conditions among low-income families during the second and third years of the policy
implementation. Our findings add important evidence on the effects of the ACA Medicaid
expansions on population health.

Background
Studies have shown that people without health insurance are less likely than those with health
insurance to receive recommended screening tests and treatments for chronic conditions such as
hypertension and diabetes,1,2 and experience worse health outcomes including delayed diagnoses
and higher mortality rates.3-5 One of the goals of the Patient Protection Affordable Care Act
(ACA) enacted in 2010 was to improve population health outcomes through providing affordable
health insurance to the majority of 50 million uninsured Americans. 6,7 Under the ACA, many
states expanded Medicaid eligibility to working-age adults with family incomes below 138% of
the federal poverty level (FPL) in 2014. 8 The literature to date suggests that the ACA Medicaid
expansions have significantly reduced the number of uninsured patients as intended. 9-11
However, little is known as to whether the ACA Medicaid expansions led to better health
outcomes for chronic conditions among low-income individuals.

Evidence is scarce and mixed as to whether health insurance coverage is associated with
improved clinical outcomes for chronic conditions. The Oregon Health Insurance Experiment
(OHIE) is a seminal randomized control trial conducted from 2008 to 2010 to evaluate the
impact of providing Medicaid coverage among the previously uninsured population. Although
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the OHIE led to a significant improvement in health insurance coverage, they found no impact
on their measured clinical data after two years of Medicaid coverage, except for a reduction in
the number of people with depression. 12 Only a handful studies examined as to how the ACA
Medicaid expansions affected health outcomes for chronic conditions,13-17 and these studies,
including the OHIE, have limitations in that they (i) were conducted in a small number of states
(resulting in restricted generalizability), 12,14 (ii) solely relied on self-reports without clinical data
(e.g., blood pressure values),13,15 or (iii) analyzed aggregated data (as opposed to individual-level
data).16,17 Given the ongoing discussions regarding the benefits and costs of the ACA, it is
critical to understand whether expanded Medicaid coverage improves population health
outcomes among low-income adults at the national level.

In this context, we examined the effect of the 2014 ACA Medicaid expansions on health
outcomes for chronic conditions using a nationally representative sample of low-income
working-age adults with clinical data. We focused on outcomes related to hypertension, diabetes,
hyperlipidemia, and depression because these conditions are prevalent and important risk factors
for mortality and considered modifiable in a relatively short time-frame.12

Methods
Data source and study population
We analyzed the 2005-2016 National Health and Nutrition Examination Survey (NHANES), a
nationally representative survey of the non-institutionalized population in the U.S. conducted by
the National Center for Health Statistics (NCHS). 18 NHANES first conducts interviews in
participants’ homes to collect information about their health, disease, medications, and diet.
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Qualified participants are subsequently invited to a mobile examination center (MEC) for
additional interviews, physical examinations, and laboratory tests (blood and urine). In addition,
a subsample of MEC participants is randomly selected for morning fasting laboratory testing.19
NHANES data are released in 2-year cycles and the mean overall response rate was 68.5%. 20

We also linked the American Community Survey (ACS) data to NHANES using census tract
identifiers to collect information about the neighborhood socioeconomic status (SES) of
participants. The ACS is an annual survey by the U.S. Census Bureau and produces estimates for
socioeconomic information at various geographic levels. 21,22 The ACS 5-year summary files
provide precise estimates even for smaller geographic levels, including at the census tract level.23
These data enables us to incorporate information about the neighborhood socioeconomic status
(SES) of participants, which can affect participants’ health status through access to healthy food
and preventive healthcare services. 24,25 The 2005-2010 NHANES data were linked to the ACS
2005-2009 summary file and the 2011-2016 NHANES to the ACS 2012-2016 summary file.

We restricted our study sample to individuals 19-64 years old with family incomes lower than
138% of the FPL, the eligibility criteria of the ACA Medicaid expansions. NHANES provides
data on the ratio of family income to poverty (INDFMPIR) by dividing family (or individual)
income by the relevant poverty guidelines. If the respondent was unable to report greater detail
about family income than < $20,000 or ≥$20,000, then these two categories were used to report
the family income but INDFMPIR was not computed.22 For our analytic sample, we first
included individuals 19-64 years old with INDFMPIR lower than 1.38 in the 2005-2016
NHANES data (n=8,925). If an observation had a missing value in INDFMPIR but family
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income was coded as < $20,000, we then included this observation in our main analysis (n= 263)
because the poverty thresholds for household of one, two, and three in 2016 were $11,880,
$16,020, and $20,160, respectively.26 As this may result in including some participants with
income greater than 138% of the FPL (particularly households of one), we conducted a
sensitivity analysis by restricting our study sample with a non-missing value in INDFMPIR. We
excluded observations with missing values in education attainment and neighborhood SES
(n=11). See Figure 4-A for a flowchart.

Expansion Status
While most of the expansion states implemented the ACA Medicaid expansion on January 1,
2014, the following states expanded Medicaid after that day (“late expansion states”): Michigan
(expanded on April 1, 2014), New Hampshire (August 15, 2014), Pennsylvania (January 1,
2015), Indiana (February 1, 2015), Alaska (September 1, 2015), Montana (January 1, 2016),
Louisiana (July 1, 2016), Virginia (January 1, 2019), and Maine (January 10, 2019). 27 In our
study, a state was considered as an expansion state if the state expanded Medicaid or an
equivalent program by the end of 2016. We included Wisconsin in the expansion states because
it started comprehensive insurance coverage to childless adults with family incomes up to 100%
of the FPL through a Section 1115 waiver program since January 1, 2014 although Wisconsin
has not adopted the ACA Medicaid expansion.27 Based on this definition, there would be 33
expansion states (including the District of Columbia) and 18 non-expansion states (Table 4-A).
However, NHANES does not collect data from all 51 states; to achieve cost-efficiency, the
survey is designed to produce national estimates.28 As a result, our study included 25 expansion
states and 15 non-expansion states. We analyzed the data using a masked state variable provided
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by NHANES due to disclosure risk. We conducted several sensitivity analyses with alternative
definitions of expansion states to test the robustness of our findings.

For non-expansion states and most expansion states that expanded Medicaid on January 1, 2014,
we defined survey cycles 2005/2006, 2007/2008, 2009/2010, and 2011/2012 as “pre-expansion”
period, 2013/2014 as “transition” period, 2015/2016 as “post-expansion” period (Table 4-A).
We accounted for the transition period because the ACA Medicaid expansions were
implemented during the survey cycle 2013/2014 and this period may contain data both before
and after the implementation. For those states that implemented the ACA Medicaid expansion
after January 1, 2014, we defined these study periods based on the actual implementation data
(Table 4-A).

Health Outcomes
i) Hypertension
We examined mean systolic and diastolic blood pressures (BPs) for participants with at least one
recorded BP (See Figure 4-A for a flowchart). Mean systolic and diastolic BPs were calculated
after excluding the first reading for individuals with more than one values as recommended by
NHANES.29 We also examined current use of medications for hypertension, defined as the use of
one or more antihypertensive medications in the past 30 days of the interview. Medication names
were ascertained from medication containers during the household interview and coded using a
proprietary drug database (Lexicon Plus; Cerner Multum, Inc.). 22 Lastly, we calculated the
prevalence of hypertension, defined by: (1) mean systolic BP ≥140mmHg and/or mean diastolic
BP ≥90mmHg, and/or (2) current use of medication for hypertension.
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The definition of hypertension in this study relied on the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)
in 2003.30 We did not use different hypertension criteria for patients with diabetes mellitus or
chronic kidney disease (CKD) (≥130/≥80mmHg) that were recommended by JNC 7 because of
the controversy over this stringent goal at that time. 31 Similarly, we did not use the updated
hypertension criteria for patients 60 years and older (≥150/≥90mmHg) recommended by JNC 8
in 2014 due to the discrepancy with other guidelines. 32,33

Antihypertensive medications in this study include angiotensin converting enzyme inhibitors,
beta-adrenergic blocking agents, calcium channel blocking agents, diuretics, angiotensin II
inhibitors, aldosterone receptor antagonists, vasodilators, renin inhibitors, antiadrenergic agents,
and antihypertensive combinations, according to the classification by Lexicon Plus.

ii) Diabetes
We analyzed hemoglobin A1c (HbA1c) levels for participants 20 years and older with recorded
HbA1c values (Figure 4-A). We also examined whether a participant’s HbA1c level was 6.5%
or greater, which is one of the diagnostic criteria for diabetes. Similarly to hypertension, we
analyzed current use of anti-diabetic medications and the prevalence of diabetes. A participant
was considered to have diabetes by: (1) HbA1c level of 6.5% or greater, and/or (2) current use of
medication for diabetes.
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While fasting plasma glucose (FPG) and 2-hour plasma glucose (PG) levels are used as
diagnostic criteria (in addition to HbA1c) by American Diabetes Association (ADA), 34 we did
not use these values in deciding prevalent diabetes cases because these require fasting testing,
and therefore, it would significantly decrease our study sample size. In addition, while ADA
recommends a repeat measurement of HbA1c for diabetes diagnosis, 34 we are unable to account
for this due to NHANES data availability.

Anti-diabetic medications in this study include sulfonylureas, biguanides, alpha-glucosidase
inhibitors, thiazolidinediones, meglitinides, dipeptidyl peptidase 4 inhibitors, amylin analogs,
GLP-1 receptor agonists, SGLT-2 inhibitors, insulin, and antidiabetic combinations, according to
the classification by Lexicon Plus.

iii) Hyperlipidemia
We examined the levels of low-density lipoprotein cholesterol (LDL-C), total cholesterol (TChol), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) for participants
older than 20 years in a fasting subsample who had recorded values (Figure 4-A). LDL-C
values were calculated from measured values of T-Chol, TG, and HDL-C according to the
Friedewald calculation (participants with triglycerides >400 mg/dL were excluded from the
analysis).35 We also analyzed current use of anti-hyperlipidemic medications and the prevalence
of high LDL-C levels. A high LDL-C level was defined as the LDL-C level above the specific
goal for each risk category specified by a guideline and/or current use of anti-hyperlipidemic
medications.
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Our analysis relied on the National Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) 36 in 2001 instead of the 2013 guidelines by the American College of
Cardiology and the American Heart Association (ACC/AHA) because the target of the new
guidelines is adults 40 to 75 years,37 and therefore, the sample size would decrease significantly.
It should not bias our results as this recommendation change occurred nationwide.

In calculating the prevalence of high LDL-C, we used the following criteria: (1) LDL-C ≥100
mg/dL in participants with coronary heart disease (CHD) or CHD risk equivalents and those with
10-year CHD risk >20%; (2) LDL-C ≥130 mg/dL in participants with at least two major CHD
risk factors and/or 10-year CHD risk 10% to 20%; (3) LDL-C ≥160 mg/dL in participants with
no or one major CHD risk factor and 10-year CHD risk <10%; or (4) current use of antihyperlipidemic medications.

CHD and CHD risk equivalents include diabetes mellitus and self-reported history of CHD,
angina, myocardial infarction, and stroke. Peripheral arterial disease and abdominal aortic
aneurysm were not accounted for because of NHANES data availability. 10-year CHD risk was
calculated based on the Framingham risk scoring using categorical values for age, total
cholesterol level, cigarette smoking status, HDL-C level, and systolic blood pressure. Major
CHD risk factors include current cigarette smoking, hypertension, HDL-C <40mg/dL, family
history of premature CHD, and age (men ≥45 years; women ≥55 years). The presence of HDL-C
≥60mg/dL removes one risk factor from the total count of major CHD risk factors. While ATPIII defines family history of premature CHD as CHD in male first-degree relative <55 years or
CHD in female first-degree relative <65 years, we used CHD in first-degree relative.
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Anti-hyperlipidemic medications in this study include HMG-COA reductase inhibitors, fibric
acid derivatives, bile acid sequestrants, cholesterol absorption inhibitors, miscellaneous antihyperlipidemic agents, anti-hyperlipidemic combinations, and omega-3 polyunsaturated fatty
acids, according to the classification by Lexicon Plus.

iv) Depression
We analyzed the prevalence of a positive depression screening result, defined by the 9-item
Patient Health Questionnaire (PHQ-9) depression scale score of 10 or greater, among MEC
participants (Figure 4-A). The PHQ-9 asks about the frequency of symptoms of depression over
the past 2 weeks with a total score ranging from 0 to 27, and this cut point is recommended for
depression screening purpose.38 Participants with one or more missing responses to PHQ-9 items
were excluded. We also examined current use of antidepressant medications. Antidepressant
medications in this study include SSRI antidepressants, tricyclic antidepressants, monoamine
oxidase inhibitors, phenylpiperazine antidepressants, tetracyclic antidepressants, SSNRI
antidepressants, and miscellaneous antidepressants, according to the classification by Lexicon
Plus.

Adjustment Variables
We included the following individual characteristics in our regression models as adjustment
variables: age (as continuous), sex, race/ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, and other), education attainment (less than high school, high school, some college, or
bachelor’s degree or more), family size (as continuous), and neighborhood SES (as continuous).
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Additionally, we included state- and year-specific fixed effects to account for time-invariant state
factors and a secular trend.

All responses of participants aged 80 years and older are coded as 80 by NHANES for disclosure
risk.22 Similarly, family size was top-coded at 7 by NHANES.22 We constructed an index of
neighborhood SES using six variables previous literature:24 (1) percentage of family households
with children not headed only by a female (non-single mother households); (2) percentage of
population ages 25 and older with high school diploma or higher education; (3) percentage of
households with income higher than the poverty threshold; (4) median household income; (5)
percentage of households that do not receive public assistance income; and (6) percentage of
male population ages 16 and older that are employed. We calculated a summary measure of
neighborhood SES by summing z scores for the 6 variables (higher score indicated higher
neighborhood SES) and included this as a covariate.

Statistical Analysis
We employed a difference-in-differences (DID) approach to compare changes in outcomes
between participants in the expansion and non-expansion states before and after the ACA
Medicaid expansions. Our model specification is shown below.
𝑌𝑖𝑠𝑡 = 𝜃𝑠 + 𝜆𝑡 + 𝛽1 (𝐸𝑋𝑃𝑠 × 𝑇𝑅𝐴𝑁𝑡 ) + 𝛽2 (𝐸𝑋𝑃𝑠 × 𝑃𝑂𝑆𝑇𝑡 ) + 𝛿𝑋𝑖𝑠𝑡 + 𝜀𝑖𝑠𝑡 ,
where 𝑌𝑖𝑠𝑡 denotes outcomes for individual i living in state s at time t (expressed as survey
cycle), 𝜃𝑠 denotes state-specific fixed effects, 𝜆𝑡 denotes survey cycle-specific fixed effects,
𝐸𝑋𝑃𝑠 denotes the expansion state indicator, 𝑇𝑅𝐴𝑁𝑡 denotes the transition period indicator,
𝑃𝑂𝑆𝑇𝑡 denotes the post-expansion period indicator, and 𝑋𝑖𝑠𝑡 denotes adjustment variables (age,
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sex, race/ethnicity, education attainment, family size, and neighborhood SES). The coefficient 𝛽2
for the interaction term between the expansion state indicator and the post-expansion period
indicator represents the changes in the outcomes that are attributable to the ACA Medicaid
expansions. We also included an interaction term between the expansion state indicator and the
transition period because the ACA Medicaid expansions were implemented on January 1, 2014
in most states and the data from survey cycle 2013/2014 may include data both before and after
the implementation. A similar approach has been used by Miller and Wherry. 13,39 We report
estimates for the post-expansion period only as estimates for the transition period may not be
interpretable.

To examine the validity of our estimates, we tested the parallel trend assumption of the DID
model. That is, the outcomes in the expansion states would have had a similar trend as those in
the non-expansion states if the ACA Medicaid expansions had not been implemented. We
estimated regression models with an interaction term between the expansion state indicator
variable and survey cycle variable (as continuous) during the baseline period (i.e., 2005 through
2012). If the coefficient of the interaction term is close to zero, it suggests that the linear trends
for expansion and non-expansion states are similar during the baseline period.

All analyses were conducted with Stata software version 14.1 (StataCorp, Texas, USA)
accounting for the complex survey design of NHANES with the weights specified for each of
household interview sample, mobile MEC participants, and fasting subsample. We used clusterrobust standard errors to account for the non-independence of observations within a state, as
recommended in the previous literature, 40 by using sampling weights and the CLUSTER option
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in Stata. We used restricted-access state and census tract identifiers provided by NCHS and all
analysis was conducted in a California Census Research Data Center. The University of
California, Los Angeles Institutional Review Board approved this study.

Sensitivity Analysis
We conducted a series of sensitivity analyses with different sample population definitions to test
the robustness of the results: (1) excluding 5 states (Delaware, District of Columbia,
Massachusetts, New York, and Vermont) from expanding states that provided Medicaid or
similar coverage to adults with incomes up to 100% of the FPL or greater during prior to 2014,
an approach used in previous literature;13,41 (2) excluding 7 states that expanded Medicaid after
January 1, 2014; (3) Excluding non-US citizens from the study sample (because non-US citizens
have to meet certain requirements to be eligible for Medicaid coverage 42); (4) excluding
observations with a missing value in the ratio of family income to poverty but with family
income recoded as “under $20,000”; (5) excluding people 19-25 years old, the target of the 2010
ACA Dependent Coverage Mandate; and (6) analyzing participants with family incomes greater
than 400% of the FPL as a falsification test because this population should not have had a
significant impact of the ACA Medicaid expansions.

Results
Our study included 9,177 individuals (Figure 4A). Table 4B presents the baseline characteristics
of individuals by expansion status based on the NHANES 2005-2012 data. There were no
statistical differences in the characteristics of participants between the expansion and nonexpansion states.
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Figures 4B through 4D present unadjusted yearly trends in outcomes for the expansion and nonexpansion states (see Figure 4E for unadjusted trends in other outcomes). The formal tests
showed no evidence that the baseline trends in outcome variables differ between expansion and
non-expansion states except for diastolic blood pressure. See Table 4-C for the results of the
tests for the parallel trend assumption.

Health Outcomes
i) Hypertension
We found that the mean BPs at baseline were 118.1/70.0 mmHg in the expansion states and
119.5/70.2 in the non-expansion states (Table 4-D). We found that the ACA Medicaid
expansions were associated with a significantly lower systolic BP (difference-in-differences
[DID] estimate, -3.03 mmHg; 95%CI, -5.33 mmHg to -0.73 mmHg; p=0.01) although there was
no significant changes in diastolic BP (DID estimate+1.05 mmHg; 95%CI, -2.44 mmHg to +4.53
mmHg; p=0.55). We did not observe any changes in current use of medication for hypertension
or the prevalence of hypertension following the ACA Medicaid expansions.

ii) Diabetes
We found that the mean HbA1c at baseline was 5.6% in the expansion states and 5.7% in
the non-expansion states (Table 4-D). The proportions of participants with HbA1c levels of
6.5% or greater were 7.15% in the expansion states and 9.71% in the non-expansion states. We
observed significantly reduced HbA1c levels (DID estimate, -0.14 percentage points [pp];
95%CI, -0.24 pp to -0.03 pp; p=0.01) following the ACA Medicaid expansions although we
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found no significant change in the proportion of participants with HbA1c levels of 6.5% or
greater (DID estimate -1.14 pp; 95%CI, -3.89 pp to +1.60 pp; p=0.40). There was no significant
change in current use of medication for diabetes or the prevalence of diabetes following the ACA
Medicaid expansions.

iii) Hyperlipidemia
Mean blood cholesterol levels at baseline for the expansion and non-expansion states are
presented in Table 4-D. We found no significant changes in LDL-C levels (DID estimate, -6.82
mg/dL; 95%CI, -16.75 mg/dL to +3.11 mg/dL; p=0.17), triglyceride levels (DID estimate, -4.66
mg/dL; 95%CI, -31.64 mg/dL to +22.32 mg/dL; p=0.73), total cholesterol levels (DID estimate,
-4.49. mg/dL; 95%CI, -11.45 mg/dL to +2.48 mg/dL; p=0.20), or HDL-C levels (DID estimate, 1.05 mg/dL; 95%CI, -4.18 mg/dL to +2.09 mg/dL; p=0.50) following the ACA Medicaid
expansions. There was no significant change in current use of medication for hyperlipidemia or
the prevalence of hyperlipidemia after the ACA Medicaid expansions.

iv) Depression
We observed no significant change in the proportion of participants with a positive depression
screening result (DID estimate -0.22 pp; 95%CI, -7.43 pp to +6.99 pp; p=0.95) or current use of
medication for depression (DID estimate -2.34 pp; 95%CI, -8.91 pp to +4.22 pp; p=0.48) (Table
4-D).
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Sensitivity Analysis
Alternative sample definitions did not affect our findings qualitatively. The falsification test
analyzing individuals with incomes greater than 400% FPL showed that health outcomes did not
change following the ACA Medicaid expansions for this population. See Tables 4-E and 4-F for
the results.

Discussion
We found that the ACA Medicaid expansions were associated with a significantly lower systolic
BP and HbA1c during the second and third years of program implementation, using a nationally
representative sample of the low-income working-age population in the U.S. We did not observe
any significant changes in diastolic BP, blood cholesterol levels, or the likelihood of having a
positive depression screening result. These findings suggest that expanding Medicaid coverage
under ACA led to a modest improvement in health outcomes for prevalent and important chronic
conditions among low-income adults at the national level, which should be reassuring for the
policymakers.

The magnitudes of the changes in the present study are arguably clinically meaningful. Our
estimates are significantly diluted by a large subset of the study population who did not have
relevant clinical conditions (i.e., hypertension and diabetes) and were unaffected by the ACA
Medicaid expansions (e.g., individuals who were covered by Medicaid or private health
insurance both before and after the expansions, those who remained uninsured after the
expansions). In other words, the changes we observed are concentrated within a small portion of
our study population with hypertension and/or diabetes who newly obtained Medicaid coverage
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following the expansions. Therefore, the actual impact among these individuals would be much
larger than the estimates in our analyses and have clinical significance given that even a 2 mmHg
decrease in systolic BP and 0.4 percentage point reduction in HbA1c have shown to decrease
major cardiovascular events in randomized controlled studies.43,44 The improvements we
observed were probably driven by lifestyle modification given non-significant changes in
medication use.

Our present study builds on prior studies that examined the effects of Medicaid coverage on
health outcomes for chronic conditions. The OHIE observed no significant change in BPs,
HbA1c levels, the percentage of participants with HbA1c levels of 6.5% or higher, or total and
HDL cholesterol levels among the uninsured who won the opportunity to apply for a new
Medicaid program in Oregon, whereas the probability of a positive screening for depression
significantly decreased.12 Sommers et al. studied the impact of the ACA Medicaid expansions
based on the data from three southern states (Kentucky, Arkansas, and Texas) and found that the
expansions were associated with a reduction in the probability of a positive depression screening
using a two-item mental health screening questionnaire.14 Other reported that the ACA Medicaid
expansions were associated with increases in self-reported diagnoses of diabetes, high
cholesterol levels, and depression,13,15 an increase in the percentage of those with BPs less than
140/90 mmHg among patients in federally-funded community centers,16 and lower
cardiovascular mortality at the county level.17 While informative, these studies are limited
because they were restricted to a small number of states,12,14 based on self-reported data,13,15 or
analyzed aggregated data.16,17 To our best of knowledge, this is the first national study that
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examined the impact of the ACA Medicaid expansions on health outcomes based on individuallevel clinical data using a robust quasi-experimental design.

Several potential mechanisms could explain the difference between our findings and those by the
OHIE. First, our estimates may be representing longer-term effects than were observed in the
OHIE. The 2015/2016 NHANES data—post-expansion data in our study—were collected
between 12 and 35 months after coverage under the ACA Medicaid expansions became effective
on January 1, 2014 whereas the OHIE examined outcomes in participants who gained an average
of 17 months.12 Therefore, clinical effects might not have accumulated enough to be detected at
the interview/examination in the OHIE. Second, the OHIE participants, who voluntarily signed
up for the lottery for a new Medicaid program, might have had more medical and social needs
compared to our national sample, and therefore the findings from the OHIE may not be
generalizable to other states. For example, 30 percent of the control group in the OHIE had a
positive depression screening result, substantially higher than the national prevalence of
depression among low-income adults 20 years and older (up to 15 percent). 12,45 Similarly, the
control group in the OHIE had more frequent emergency department visits (0.68 visits per
person-year) in comparison to the national average of age group 18-64 years (approximately 0.40
visits per person-year).46,47 It is possible that, given the complex needs of the OHIE participants,
the new Medicaid coverage did not benefit them as much as it did in our study population.

Our study has to be interpreted with caution. First, the power of our study might not have been
adequate to detect small but clinically meaningful changes in cholesterol levels using a fasting
sample. Future studies with a larger sample size are warranted to determine the association
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between the ACA Medicaid expansions and cholesterol levels. Second, while our quasiexperimental study design helps to control unmeasured confounders, there is still a possibility
that expansion and non-expansion states are different in a way that our approach could not
account for. However, the parallel trends between the two groups prior to the ACA Medicaid
expansions provide confidence in the validity of our findings. Lastly, our study only included 25
expansion and 15 non-expansion states due to the NHANES sampling design, and the findings
may not be applicable to the states that were not included, especially in the context of evaluating
a policy change. However, NHANES is designed to produce national estimates by accounting for
various state-level health-related variables,28 and our study arguably provides precise estimates at
the national level.

In summary, using a nationally representative sample of the low-income working-age
population, we found statistically significant and clinically meaningful reductions in measured
health outcomes in two out of four chronic conditions in the second and third year after the
implementation of the ACA Medicaid expansions. Our findings should be reassuring for
policymakers and add important evidence to the national debate over whether the Medicaid
expansions improved health.
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Tables and Figures
Table 4-A. Definitions of expansion states and expansion periods
Definitions of periods by NHANES survey cycle
States (date of expansion)
Pre-expansion

Transition

Postexpansion

2005/2006; 2007/2008;
2009/2010; 2011/2012

2013/2014

2015/2016

Arizona, Arkansas, California, Colorado, Connecticut, Delaware, District of
Columbia, Hawaii, Illinois, Iowa, Kentucky, Maryland, Massachusetts,
Minnesota, Nevada, New Jersey, New Mexico, New York, North Dakota,
Ohio, Oregon, Rhode Island, Vermont, Washington, West Virginia,
Wisconsin (All expanded on Jan 1, 2014)

2005/2006; 2007/2008;
2009/2010; 2011/2012

2013/2014

2015/2016

Michigan (April 1, 2014), New Hampshire (August 15, 2014)

2005/2006; 2007/2008;
2009/2010; 2011/2012;
2013/2014

2015/2016

N/A

Pennsylvania (January 1, 2015), Indiana (February 1, 2015), Alaska
(September 1, 2015), Montana (January 1, 2016), Louisiana (July 1, 2016)

2005/2006; 2007/2008;
2009/2010; 2011/2012;
2013/2014

2015/2016

N/A

Non-expansion states (18 states)
Alabama, Florida, Georgia, Idaho, Kansas, Maine, Mississippi, Missouri,
Nebraska, North Carolina, Oklahoma, South Carolina, South Dakota,
Tennessee, Texas, Utah, Virginia, Wyoming
Expansion states (33 states)

Note: Even though Wisconsin has not adopted the ACA Medicaid expansion, it was considered as an expansion state because it provided comprehensive
insurance coverage to childless adults with family incomes below 100% of the federal poverty level through a non-Medicaid program since January 1, 2014.
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Table 4-B. Baseline characteristics of participants by ACA Medicaid Expansion status a

Characteristics
Mean age (year)
Female sex (%)
Race (%)
White, non-Hispanic
Hispanic
Black, non-Hispanic
Other
Education (%)
Less than high school
High school
Some college
College degree or more
Mean family size
Neighborhood SES index b

Expansion
States
(n = 4,232)

Non-Expansion
States
(n = 1,869)

37.1±13.3
54.4

37.1±13.5
53.9

51.1
15.9
26.2
6.8

40.2
22.4
31.1
6.4

P-Value
0.99
0.74
0.25

0.39
35.3
26.9
28.5
9.3

35.8
25.6
32.1
6.4

3.7±1.9

3.7 ±1.9

-0.3±0.8

-0.4±0.7

0.90
0.94

Abbreviations: ACA, Patient Protection and Affordable Care Act; SES, socioeconomic status.
Notes: a. Presented values are weighted to be nationally representative of individuals 19 to 64 years of age with
family incomes lower than 138% of the federal poverty level based on the pooled data of National Health and
Nutrition Examination Survey 2005-2011. Plus-minus values are means ±SD.
b. Neighborhood socioeconomic status (SES) is a continuous variable in a Z-score based on American Community
Survey 5-year summary files, and a larger number indicates a higher SES (see main text for more detail).
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Table 4-C. Test of parallel trend assumption
Interaction Term Between
Expansion State Indicator and Year Trend
Outcomes

Coefficient [95% CI]

Hypertension-related outcomes
Systolic BP among all participants (mmHg)

-0.197

[-1.076,+0.682]

0.65

Diastolic BP among all participants (mmHg)

+0.922

[+0.221,+1.624]

0.01

Current use of medication for hypertension (%)
Prevalence of hypertension (%)

+0.001
0

[-0.008,+0.010]
[-0.013,+0.014]

0.88
0.99

-0.010

[-0.036,+0.016]

0.43

Hemoglobin A1c ≥ 6.5% (%)
Current use of medication for diabetes (%)

-0.007
-0.003

[-0.014,+0.001]
[-0.008,+0.003]

0.07
0.36

Prevalence of diabetes (%)

-0.008

[-0.016,+0.001]

0.07

Diabetes-related outcomes
Hemoglobin A1c (%)

Cholesterol-related outcomes
LDL-cholesterol (mg/dL)

P-Value

-1.128

[-2.780,+0.525]

0.17

Triglyceride (mg/dL)
Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Current use of medication for high cholesterol (%)

+2.768
+0.821
-0.354
+0.004

[-7.050,+12.585]
[-0.460,+2.103]
[-1.055,+0.348]
[-0.005,+0.013]

0.57
0.20
0.31
0.33

Prevalence of high LDL-cholesterol (%)

-0.009

[-0.028,+0.010]

0.33

+0.013
-0.001

[-0.001,+0.026]
[-0.010,+0.007]

0.08
0.73

Depression-related outcomes
Positive depression screening
Current use of medication for depression (%)

Abbreviations: CI, confidence interval
Notes: We estimated regression models with an interaction term between the expansion state indicator variable and
survey cycle variable (as continuous) for the data during the baseline period (2005-2012). See main text for more
detail and Notes for Table 4D for other details.
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Table 4-D. Change in health outcomes following ACA Medicaid expansions a
Baseline
(2005-2012)

Outcomes

Post-Expansion b
(2015-2016)

Mean in
Expansion
States

Mean in
Non-Expansion
States

DID Estimate c
[95% CI]

PValue

118.06

119.53

0.01

Diastolic blood pressure (mmHg)

70.01

70.23

Current use of medication for hypertension (%) d

13.79

17.03

Prevalence of hypertension (%) e

22.39

24.69

-3.03
[-5.33 to -0.73]
+1.05
[-2.44 to +4.53]
-0.26
[-4.81 to +4.30]
-1.46
[-7.03 to +4.11]

5.57

5.70

0.01

Hemoglobin A1c ≥ 6.5% (%)

7.15

9.71

Current use of medication for diabetes (%) d

5.60

7.40

Prevalence of diabetes (%) e

9.08

12.23

-0.14
[-0.24 to -0.03]
-1.14
[-3.89 to +1.60]
+0.66
[-3.19 to +4.50]
+0.35
[-3.89 to +4.60]

116.13

113.12

0.17

Triglyceride (mg/dL)

140.73

139.55

Total cholesterol (mg/dL)

194.28

192.75

HDL-cholesterol (mg/dL)

50.70

49.08

Current use of medication for high cholesterol (%) d

7.86

8.66

Prevalence of high LDL-cholesterol (%) e

28.39

26.87

-6.82
[-16.75 to +3.11]
-4.66
[-31.64 to +22.32]
-4.49
[-11.45 to +2.48]
-1.05
[-4.18 to +2.09]
-1.83
[-6.47 to +2.81]
-8.47
[-20.27 to +3.34]

Depression-related outcomes
Positive depression screening result (%) f

15.54

16.82

0.95

10.75

9.89

-0.22
[-6.80 to +6.36]
-1.82
[-8.03 to +4.38]

Hypertension-related outcomes
Systolic blood pressure (mmHg)

Diabetes-related outcomes
Hemoglobin A1c (%)

Hyperlipidemia-related outcomes
LDL-cholesterol (mg/dL)

Current use of medication for depression (%) d
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0.55
0.91
0.60

0.40
0.73
0.87

0.73
0.20
0.50
0.43
0.15

0.56

Abbreviations: ACA, Patient Protection and Accountable Care Act; CI, confidence interval; DID, difference-indifferences; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Note: a. Presented values are weighted to be nationally representative of individuals 19-64 years old with family
incomes below 138% of the federal poverty level (FPL) based on the 2005-2016 National Health and Nutrition
Examination Survey.
b. Post-expansion period indicates years 2015 and 2016 for most states but not for all (see main text and Table 4-A).
c. DID estimates are differential changes between individuals in expansion states and those in non-expansion states
comparing the pre-expansion and post-expansion periods. We used multivariable linear regression models controlled
for age, sex, race/ethnicity, education, family size, neighborhood socioeconomic status as well as state- and yearspecific fixed effects. Estimates are reported as percentage point changes for binary outcomes and hemoglobin A1c.
d. Current use of medication was ascertained by medication containers. See main text for detail.
e. For the definitions of prevalence for each condition, see main text.
f. A positive depression screening was defined by the 9-item Patient Health Questionnaire (PHQ-9) depression scale
score of 10 or greater.
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Table 4-E. Sensitivity analyses using alternative sample definitions (hypertension and
diabetes-related outcomes)
Alternate Sample Definition
Systolic blood pressure (mmHg)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

DID Estimate 95% CI]

P-Value

-2.41
-2.57
-3.00
-3.55
-3.11
-1.54

[-4.56,-0.25]
[-4.74,-0.40]
[-5.40,-0.60]
[-6.09,-1.01]
[-5.28,-0.95]
[-3.72,+0.64]

0.03
0.02
0.02
0.007
0.006
0.16

Diastolic blood pressure (mmHg)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

+1.73
+1.07
+1.27
+1.29
+0.94
+1.50

[-1.85,+5.32]
[-2.69,+4.83]
[-2.01,+4.55]
[-2.40,+4.97]
[-2.61,+4.50]
[-0.94,+3.94]

0.33
0.57
0.44
0.48
0.59
0.22

Current use of medication for hypertension (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-0.51
-0.35
+0.23
+0.38
-0.87
+2.29

[-5.15,+4.12]
[-4.42,+3.71]
[-5.04,+5.51]
[-6.02,+6.79]
[-5.30,+3.55]
[-4.59,+9.16]

0.82
0.86
0.93
0.90
0.69
0.50

Prevalence of hypertension (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-1.31
-1.29
-0.87
-1.34
-2.58
-3.57

[-6.91,+4.30]
[-6.90,+4.33]
[-7.30,+5.56]
[-8.96,+6.28]
[-8.34,+3.18]
[-11.58,+4.45]

0.64
0.64
0.79
0.72
0.37
0.37

Hemoglobin A1c (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-0.16
-0.14
-0.17
-0.18
-0.15
+0.01

[-0.27,-0.06]
[-0.25,-0.03]
[-0.37,+0.02]
[-0.31,-0.05]
[-0.26,-0.04]
[-0.14,+0.17]

0.004
0.01
0.07
0.009
0.008
0.89

Hemoglobin A1c ≥ 6.5% (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-0.78
-1.31
-2.84
-1.32
-1.63
+0.73

[-3.47,+1.90]
[-4.06,+1.45]
[-6.10,+0.42]
[-4.58,+1.94]
[-4.34,+1.07]
[-4.76,+6.23]

0.56
0.34
0.09
0.42
0.23
0.79

Current use of medication for diabetes (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014

+0.56
+0.60

[-3.63,+4.74]
[-3.29,+4.49]

0.79
0.76
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(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

+0.89
+1.08
+0.27
+0.19

[-2.99,+4.77]
[-3.92,+6.09]
[-3.61,+4.14]
[-3.26,+3.64]

0.64
0.66
0.89
0.91

Prevalence of diabetes (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

+1.09
+0.57
-0.81
+0.48
-0.30
+0.24

[-3.14,+5.32]
[-3.73,+4.87]
[-4.98,+3.36]
[-4.69,+5.65]
[-4.48,+3.88]
[-4.95,+5.43]

0.61
0.79
0.70
0.85
0.89
0.93

Abbreviations: CI, confidence interval; DID, difference-in-differences; FPL, federal poverty level.
Notes: See main text for more details about alternative sample definitions and Notes for Table 4D for other details.
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Table 4-F. Sensitivity analyses using alternative sample definitions (hyperlipidemia and
depression-related outcomes)
Alternate Sample Definition
LDL-cholesterol (mg/dL)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-3.90
-7.43
-6.11
-5.56
-7.79
+2.55

[-12.81,+5.00]
[-18.04,+3.18]
[-17.39,+5.17]
[-17.66,+6.54]
[-17.12,+1.54]
[-3.67,+8.76]

0.38
0.16
0.28
0.36
0.10
0.41

Triglyceride (mg/dL)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-2.11
-4.14
-25.36
-5.91
-5.06
-2.35

[-31.61,+27.39]
[-31.31,+23.04]
[-55.87,+5.15]
[-44.98,+33.16]
[-31.55,+21.44]
[-32.66,+27.97]

0.89
0.76
0.10
0.76
0.70
0.88

Total cholesterol (mg/dL)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-2.01
-3.87
-5.63
-4.16
-4.49
-3.91

[-8.07,+4.04]
[-10.67,+2.93]
[-12.41,+1.16]
[-11.96,+3.63]
[-11.57,+2.59]
[-11.46,+3.63]

0.50
0.26
0.10
0.29
0.21
0.30

HDL-cholesterol (mg/dL)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-1.22
-0.67
-1.19
-0.89
-1.21
-2.72

[-4.55,+2.11]
[-3.66,+2.33]
[-5.00,+2.62]
[-3.60,+1.81]
[-4.17,+1.75]
[-5.88,+0.44]

0.46
0.65
0.53
0.51
0.41
0.09

Current use of medication for hyperlipidemia (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-3.81
-1.36
-0.80
-1.58
-1.93
+1.85

[-8.13,+0.52]
[-5.99,+3.27]
[-6.39,+4.80]
[-7.57,+4.41]
[-6.50,+2.64]
[-5.59,+9.29]

0.08
0.55
0.77
0.60
0.40
0.62

Prevalence of high LDL-cholesterol (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-10.69
-9.26
-9.07
-11.85
-9.68
-1.25

[-23.76,+2.37]
[-21.24,+2.71]
[-21.79,+3.65]
[-26.75,+3.05]
[-21.27,+1.91]
[-9.84,+7.34]

0.11
0.13
0.16
0.12
0.10
0.77

-2.58
-2.22

[-9.66,+4.49]
[-9.26,+4.81]

0.46
0.52

Positive depression screening
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
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DID Estimate [95% CI]

P-Value

(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-2.44
-2.15
-2.75
+2.19

[-11.05,+6.18]
[-11.04,+6.73]
[-9.59,+4.08]
[-6.14,+10.53]

0.57
0.63
0.42
0.60

Current use of medication for depression (%)
(i) Excluding 5 states with prior significant coverage
(ii) Excluding 7 states that expanded Medicaid after 1/1/2014
(iii) Excluding non-U.S. citizens
(iv) Excluding 19-25 years old
(v) Excluding observations with missing income to poverty ratio
(vi) Analyzing >400% FPL (falsification test)

-2.58
-2.22
-2.44
-2.15
-2.75
+2.19

[-9.66,+4.49]
[-9.26,+4.81]
[-11.05,+6.18]
[-11.04,+6.73]
[-9.59,+4.08]
[-6.14,+10.53]

0.46
0.52
0.57
0.63
0.42
0.60

Abbreviations: CI, confidence interval; DID, difference-in-differences; FPL, federal poverty level; HDL, highdensity lipoprotein; LDL, low-density lipoprotein.
Notes: See main text for more details about alternative sample definitions and Notes for Table 4D for other details.
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Figure 4-A. Flowchart of the study population

Abbreviations: FPL, federal poverty level; MEC, mobile examination center; NHANES, National Health and
Nutrition Examination Survey
*Includes those with a missing value in income to poverty ratio variable but family income variable coded as <
$20,000 (n= 263). See main text for more detail.
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Figure 4-B. Unadjusted yearly trend of blood pressures by ACA Medicaid expansion status

Data shown are weighted means of systolic and diastolic blood pressures among individuals 19-64 years old with
family incomes below 138% of the federal poverty level (FPL) in states that expanded Medicaid on January 1, 2014
and non-expansion states based on the 2005-2016 National Health and Nutrition Examination Survey. Gray bars
indicate the implementation of the ACA Medicaid expansion on January 1, 2014. I bars indicate 95% confidence
interval. Note the differences in scales on y-axes. Abbreviations: ACA, Patient Protection and Accountable Care
Act.
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Figure 4-C. Unadjusted yearly trend of hemoglobin A1c by ACA Medicaid expansion
status

Data shown are weighted means of hemoglobin A1c and proportions of those with hemoglobin A1c ≥ 6.5% among
individuals 19-64 years old with family incomes below 138% of the federal poverty level (FPL) in states that
expanded Medicaid on January 1, 2014 and non-expansion states based on the 2005-2016 National Health and
Nutrition Examination Survey. Gray bars indicate the implementation of the ACA Medicaid expansion on January 1,
2014. I bars indicate 95% confidence interval. Note the differences in scales on y-axes. Abbreviations: ACA, Patient
Protection and Accountable Care Act.
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Figure 4-D. Unadjusted yearly trend of cholesterol levels by ACA Medicaid expansion
status

Data shown are weighted means of LDL-Cholesterol and total cholesterol levels among individuals 19-64 years old
with family incomes below 138% of the federal poverty level (FPL) in states that expanded Medicaid on January 1,
2014 and non-expansion states based on the 2005-2016 National Health and Nutrition Examination Survey. Gray
bars indicate the implementation of the ACA Medicaid expansion on January 1, 2014. I bars indicate 95%
confidence interval. Note the differences in scales on y-axes. Abbreviations: ACA, Patient Protection and
Accountable Care Act; LDL, low-density lipoprotein.
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Figure 4-E. Unadjusted yearly trend of other outcomes by ACA Medicaid expansion status
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Data shown are weighted means of various outcomes among individuals 19-64 years old with family incomes below
138% of the federal poverty level (FPL) in states that expanded Medicaid on January 1, 2014 and non-expansion
states based on the 2005-2016 National Health and Nutrition Examination Survey. Gray bars indicate the
implementation of the ACA Medicaid expansion on January 1, 2014. I bars indicate 95% confidence interval. Note
the differences in scales on y-axes. Abbreviations: ACA, Patient Protection and Accountable Care Act.
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Chapter 5. Conclusions
5-1.

Summary of Key Findings

The Medicaid expansions under the ACA aimed to improve access to health insurance coverage
among low-income uninsured people in the U.S. Evidence to date suggests that the percentage of
the uninsured has been significantly reduced nationally. This dissertation evaluated the further
impact of the ACA Medicaid expansions using a nationally representative sample of the lowincome working-age population in the U.S. with a robust quasi-experimental study design.

Paper #1 (Chapter 2) examined the effects of the ACA Medicaid expansions on financial
protection against medical expense using MEPS data. It found that the ACA Medicaid
expansions were associated with significant reductions in household OOP spending, OOP plus
premium spending, and the probability of catastrophic health spending in the third year of the
program implementation. Paper #2 (Chapter 3) evaluated the impact on healthcare utilization
also with MEPS data and showed that the ACA Medicaid expansions were associated with a
modest increase in the likelihood of having a PCP visit during a year but unchanged ED
utilization during the three years of the program implementation. Paper #3 (Chapter 4) used
NHANES data and found that the ACA Medicaid expansions were associated with improved
clinical measures for hypertension and diabetes but unchanged outcomes for hyperlipidemia and
depression in the second and third years after the program implementation.
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5-2.

Implications for Policy

The findings of the dissertation suggest that the ACA Medicaid expansions have been successful
in removing financial barriers, promoting access to primary care (without a meaningful increase
in ED utilization), and improving health among low-income uninsured Americans. It has
important implications for state decisions on adopting the ACA Medicaid expansions and for the
ongoing national debate over the repeal of the ACA, including the Medicaid expansions.

As of August 2019, 37 states (including D.C.) have adopted the Medicaid expansion, including
three conservative states that voted to expand in the mid-term elections on November 6, 2018,
and millions of people have gained insurance coverage since the program implementation. 1
However, due to 14 states’ decisions not to expand Medicaid, more than two million low-income
uninsured adults are left in the coverage gap of having incomes above the eligibility limits for the
state Medicaid programs but below the lower limit for Health Insurance Marketplace Advanced
Premium Tax Credits.2 A growing literature—including this dissertation—suggesting positive
impacts of the ACA Medicaid expansions provides support for those governors, legislators, and
voters who are attempting to expand Medicaid coverage among low-income uninsured adults
under the ACA or through other mechanisms. For example, the state of Georgia, one of 14 nonexpansion states, is actively considering expanding Medicaid coverage under the leadership of
the new governor, and the findings of this dissertation would be of significant interest for the
stakeholders.3,4

At the national level, Republicans have repeatedly attempted to repeal the ACA since it was
signed into law in 2010, while state and federal Democrats have been defending the ACA.5 As of
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this writing, the constitutionality of the ACA is being challenged in the courts by 18 states’
attorneys general given the elimination of the individual shared responsibility requirement (also
known as the individual mandate), and this case could prompt an appeal to the U.S. Supreme
Court.5,6 It is estimated that nearly 30 million people, including more than 10 million people with
Medicaid or Children’s Health Insurance Program, would lose their health insurance if the ACA
were repealed.7 Given the findings of this dissertation along with other studies documenting
positive impacts of the ACA, the repeal of the ACA would highly likely cause negative financial
and health outcomes to those who are expected to lose their health insurance. 8

In addition, the 2020 presidential election will undoubtedly have significant consequences for the
future of U.S. health care policy. The major Democratic presidential contenders have been
advocating to expand healthcare coverage for more Americans such as through Medicare-for-All
plan.9 This dissertation has implications in terms of the positive effects of providing health
insurance coverage for the uninsured.

5-3.

Future research directions

Future research should continue to address knowledge gaps about the impact of the ACA
Medicaid expansions in a variety of ways.

First, the mechanism of improved clinical outcomes in hypertension and diabetes indicated in
Paper #3 needs to be investigated. As Paper #3 found no evidence of increased medication use
for these conditions, it can be hypothesized that having a healthier lifestyle (e.g., balanced diet
and regular exercise) recommended by a PCP led to better health outcomes. Examining the
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effects of the ACA Medicaid expansions on lifestyle outcomes such as diet, weight, and exercise
would have significant implications.

Second, it would be important to disentangle why we observed significant improvement in
outcomes for hypertension and diabetes but not in hyperlipidemia and depression in Paper #3. It
is possible that the study did not have adequate power to detect small but clinically relevant
changes—particularly because the analysis of LDL-C used a fasting subsample and showed a
statistically insignificant yet relatively large DID estimate indicating an improvement. Further
studies with a larger sample size would be necessary to determine if the ACA has improved these
outcomes.

Third, racial and ethnic disparities in health outcomes following the ACA Medicaid expansions
should be evaluated. While previous evidence suggests that the ACA Medicaid expansions
helped to reduce racial and ethnic disparities in measures of insurance coverage, access to care,
and affordability of care,10 it is unknown whether the program reduced disparities in health
outcomes. Non-Hispanic black persons have a significantly higher prevalence of hypertension,
and non-Hispanic black and Mexican-American persons have a significantly higher prevalence
of diabetes, compared to non-Hispanic white persons.11 Therefore, it would be imperative to
understand how the ACA Medicaid expansion affected the disparities in clinical outcomes to
consider additional interventions.

Fourth, evaluating longer-term clinical effects of the ACA Medicaid expansions would have
critical policy implications. Recent studies suggest that the ACA Medicaid expansions were
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associated with reduced county-level all-cause mortality and cardiovascular mortality. 12,13 Future
studies should confirm these effects using different data sources and investigate the mechanism
of reduced mortality, such as by examining the effects of program implementation on major
cardiovascular event rates.

Lastly, studies of healthcare expenditures are warranted to determine the cost-effectiveness of
the ACA Medicaid expansions. The improvement in financial protection observed in Paper #1
was realized through cost-shifting from patients to the federal government, which covers nearly
100% of the costs of newly eligible enrollees during the period studied. 14 Similarly, at the state
level, it has been reported that the ACA Medicaid expansions brought savings by moving adults
who had been in existing state-funded health programs into expanded coverage, which has a
higher federal matching rate.14 As expected, total Medicaid spending showed high growth rates
nationally following initial program implementation in 2014 and 2015, although this growth rate
slowed in 2016.10 Because providing insurance coverage to the uninsured could improve health
status as suggested in Paper #3 and potentially contain healthcare expenditure through
prevention, early detection, and treatment of diseases at the same time, it would be meaningful to
evaluate the cost-effectiveness of the program in the long run.
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