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Abstract

Rationale: The Affordable Care Act’s Medicaid expansion has led
to increased access to chronic disease care among newly insured
adults. Despite this, its effects on clinical outcomes, particularly for
patients with asthma, chronic obstructive pulmonary disease, and
heart failure, are uncertain.

Objectives: To assess whether Medicaid expansion was associated
with changes in mechanical ventilation rates among hospitalized
patients with heart failure, asthma, and chronic obstructive
pulmonary disease.

Methods: Difference-in-differences analysis comparing discharge
data from four states that expanded Medicaid in 2014 (Arizona,
Iowa, New Jersey, and Washington) and three comparison states
that did not (North Carolina, Nebraska, and Wisconsin) was
performed. Models were adjusted for patient and hospital factors.

Results: Mechanical ventilation rates at baseline were 7.2% in
nonexpansion states and 8.8% in expansion states. Medicaid
expansion was associated with a decline in mechanical ventilation
rates at20.2% per quarter (95% confidence interval [CI],20.3% to
0.0%; P = 0.010). We did not observe a change in the rate of ICU
admission (20.4% per quarter; 95% CI,20.8% to 0.1%; P = 0.10) or
in-hospital mortality (0.1% per quarter; 95% CI, 0.0% to 0.1%;
P = 0.30). In a negative control among adults aged 65 years or
older, changes in mechanical ventilation rates were similar, though
the CIs crossed zero (20.1%; 95% CI, 20.2% to 0.0%; P = 0.08).

Conclusions:Medicaid expansion may have been associated with
a decline in mechanical ventilation rates among uninsured and
Medicaid-covered patients admitted with heart failure, chronic
obstructive pulmonary disease, and asthma.

Keywords: asthma; chronic obstructive pulmonary disease; health
policy; heart failure; insurance

(Received in original form November 8, 2018; accepted in final form February 26, 2019 )

*T.J.I. is a Section Editor and C.R.C. is a Deputy Editor of AnnalsATS. Their participation complies with American Thoracic Society requirements for recusal from
review and decisions for authored works.

Supported by grants from the National Heart, Lung, and Blood Institute (1R01HL137816 [C.R.C.], 1K01HL136687 [M.W.S.], and T32HL007749 [A.J.A.]). The
content is the responsibility of the authors alone and does not necessarily reflect the views or policies of the Department of Veterans Affairs, the United States
Government, or the Michigan Department of Health and Human Services. Under contract with the Michigan Department of Health and Human Services, the
University of Michigan Institute for Healthcare Policy and Innovation is conducting the evaluation of Medicaid expansion in Michigan (Healthy Michigan Plan)
required by the Centers for Medicare and Medicaid Services.

Author Contributions: Full access to all of the data in the study and takes responsibility for the integrity of the data and accuracy of the data analysis: A.J.A.; study
concept and design: A.J.A., J.Z.A., and C.R.C.; acquisition, analysis, or interpretation of the data: A.J.A., M.W.S., S.M.L., J.Z.A., T.J.I., and C.R.C.; drafting of
the manuscript: A.J.A. and C.R.C.; critical revision of the manuscript for important intellectual content: A.J.A., M.W.S., S.M.L., J.Z.A., T.J.I., and C.R.C.;
statistical analysis: A.J.A. and C.R.C.; obtained funding: M.W.S. and C.R.C.; administrative, technical, or material support: C.R.C.; and study supervision: C.R.C.

Correspondence and requests for reprints should be addressed to Andrew J. Admon, M.D., M.P.H., University of Michigan, 2800 Plymouth Road, Building
16-169c, Ann Arbor, MI 48109. E-mail: ajadmon@umich.edu.

This article has an online supplement, which is accessible from this issue’s table of content at www.atsjournals.org.

Ann Am Thorac Soc Vol 16, No 7, pp 886–893, Jul 2019
Copyright © 2019 by the American Thoracic Society
DOI: 10.1513/AnnalsATS.201811-777OC
Internet address: www.atsjournals.org

886 AnnalsATS Volume 16 Number 7| July 2019

 

http://orcid.org/0000-0002-7432-3764
mailto:ajadmon@umich.edu
http://www.atsjournals.org
http://10.1513/AnnalsATS.201811-777OC
http://www.atsjournals.org


Severe exacerbation of asthma, chronic
obstructive pulmonary disease (COPD),
and congestive heart failure (CHF) are
common causes of intensive care unit
(ICU) admission and mechanical
ventilation (1, 2). However, early,
accessible ambulatory treatment may
improve disease control among these
patients, reducing the rate of downstream
complications (3–8). By expanding
eligibility criteria for Medicaid, the
Affordable Care Act (ACA) enhanced
access to ambulatory care for lower-
income adults, leading to increased use of
primary and preventive care and better
access to routine chronic disease
management (9–13). Despite improved
access to ambulatory care, it is uncertain
whether the ACA’s Medicaid expansion
translated into improvements in clinical
outcomes among these or other patients.

Several studies of insurance
expansion have reported declining use of
emergency department (ED) or inpatient
care among newly insured adults (14, 15).
Other studies reported stable or increased
rates of ED and inpatient use (10, 12, 16–
19). Together with methodological
differences, these conflicting results have
been attributed to differences in care-
seeking behavior among patient
populations, health plan coverage features,
and wide practice variation among ED and
ambulatory providers surrounding the
decision to admit patients or refer them for
emergency care (20). For asthma, COPD,
and CHF, the decision to mechanically
ventilate a patient is less susceptible to
financial pressures or patient and provider
discretion than ED referrals or hospital
admissions and so may be a valuable lens
for evaluating complex policy changes.

This study tested the hypothesis that
rates of mechanical ventilation declined
among uninsured or Medicaid-covered
patients with asthma, COPD, and CHF
after Medicaid expansion. To test this
hypothesis, this study used variation
among states in adoption of the ACA’s
Medicaid expansion as a natural
experiment in a difference-in-differences
study design. It further evaluated changing
rates of insurance coverage, ICU
admission, hospital length of stay, and
mortality among patients hospitalized
with these conditions after Medicaid
expansion. Some of these results were
reported previously in the form of an
abstract (21).

Methods

Data Sources and Population
We conducted a retrospective cohort study
using hospital discharge records from seven
states between January 1, 2012, and
September 30, 2015. Admissions during the
fourth quarter of 2015 were excluded to
avoid introducing misclassification
stemming from the International
Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM), to ICD-
10 transition, which took place on October
1, 2015. Hospital discharge data were
obtained from the Healthcare Cost and
Utilization Project’s State Inpatient
Databases, maintained by the Agency for
Healthcare Research and Quality. The State
Inpatient Databases include more than 95%
of hospital discharges from hospitals in
participating states (22). Hospital
characteristics were obtained from the
American Hospital Association’s annual
surveys from 2012 to 2015 (23). U.S. Census
annual population estimates from 2012 to
2015 were used to obtain annual state
populations (24). Data from the Health
Resources and Services Administration’s
Area Health Resource File were used to
adjust for changing health resources and
population characteristics (25).

Selection of Study States
Patients admitted in Arizona, Iowa,
Nebraska, New Jersey, North Carolina,
Washington, and Wisconsin were eligible
for inclusion in the study. Arizona, Iowa,
New Jersey, and Washington implemented
the ACA’s Medicaid expansion on January
1, 2014, increasing eligibility limits to 138%
of the federal poverty level among childless
adults (26). Nebraska, North Carolina, and
Wisconsin did not enact the ACA’s
Medicaid expansion, although Wisconsin
had previously obtained a federal waiver to
implement a more modest expansion up to
100% of the federal poverty level (27).

Medicaid expansion was adopted
heterogeneously across the country, with
nearly all states in the northeastern and
western United States expanding Medicaid
coverage and nearly all states in the southern
and southeastern United States opting not to
expand Medicaid coverage (28). Included
states were selected to be both representative
of the underlying population of Medicaid
expansion and nonexpansion states and,
when possible, similar across selected

demographic, coverage-related, and
economic factors (see Table E1 in the online
supplement).

Patient Selection
Patients were included if they were between
the ages of 19 and 64 and admitted to an
acute care hospital with asthma, COPD, or
CHF. This age group was selected because
individuals younger than 19 qualify for the
Children’s Health Insurance Program, and
adults aged 65 years or older are eligible for
Medicare coverage. As a result, individuals
aged 19–64 years were the principal
beneficiaries of the ACA’s Medicaid
expansion. ICD-9-CM codes were used to
identify asthma, COPD, and CHF as
primary diagnoses or as secondary
diagnoses with acute respiratory failure as
the primary diagnosis (Table E2). These
conditions were selected because they are
common causes of ICU admission and
mechanical ventilation, can present with a
wide range of severity, and have previously
been characterized by the Agency for
Healthcare Research and Quality as being
sensitive to early, effective ambulatory
care (29).

Variable Definitions
The primary outcome of interest was
mechanical ventilation, defined using the
presence of ICD-9-CM procedure code
96.7x for invasive mechanical ventilation
(30). Because the Medicaid expansion began
in January 2014, January 2012 to December
2013 was considered the preexpansion
period, and January 2014 to September 2015
was considered the postexpansion period.
Patients admitted in Arizona, Iowa, New
Jersey, andWashington were included in the
Medicaid expansion group, and patients
admitted in North Carolina, Nebraska,
and Wisconsin were assigned to the
nonexpansion (control) group. Although
postintervention data were limited to 21
months after the start of Medicaid
expansion, Arizona, Iowa, New Jersey, and
Washington, experienced a significant early
increase in Medicaid enrollment within the
first 6 months of 2014 (19, 21, 20, and 37
percentage points above their preexpansion
averages, respectively) (31).

Statistical Analysis
Prior studies have revealed declining
mechanical ventilation rates over time
among patients with CHF and COPD (32).
As a result, a difference-in-differences
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design was used to evaluate the effects of
Medicaid expansion in the context of
preexisting secular trends (33). The
difference-in-differences estimator was
obtained from regression models by
examining the interaction between a
variable indicating assignment to the
intervention group (Medicaid expansion)
and a linear variable indicating time after
Medicaid expansion in quarter-years (see
online supplement for detailed methods).
This estimator corresponded to the
quarterly change in each outcome among
expansion states after subtracting the
change in nonexpansion states and any
preintervention trends; it can be interpreted
as the change in rates of an outcome in
expansion states over rates in those states if
they had not expanded Medicaid, based on
the experience of nonexpansion states. We
used logistic regression with robust variance
estimates and clustering of observations at
the hospital level for binary outcomes (with
a value of 1 indicating presence of each
outcome) and linear regression for length of
stay.

Several secondary outcomes,
including ICU admission, in-hospital
mortality, length of stay, and discharge
destination, were also evaluated. ICU
admission was ascertained through
relevant revenue center codes (34).
Because Arizona combined intensive and
intermediate care (e.g., step-down care) in
its revenue center charge data, it was
excluded from the analysis of ICU
admission. Insurance coverage was
defined using the primary payer variable.

Because changing hospital admission
practices may confound the relationship
between inpatient mechanical ventilation
rates and Medicaid expansion, per capita
hospitalization rates for asthma, COPD, and
CHF were plotted over time and examined
by state expansion status. State-level
per capita hospital admission rates were
included as covariates in each regression
model. In addition, all models were adjusted
for several patient, hospital, and regional
factors, including age, sex, zip code income
quartile, Elixhauser comorbidities, hospital
size, hospital teaching status, ICU capacity,
nurse/patient ratios, rural/urban status,
per capita income, rates of high school
graduation, and per capita rates of primary
care physicians (Appendix E1) (35).
Scatterplots employed locally weighted
scatterplot smoothing to account for
seasonal differences (36).

Sensitivity Analyses
We performed several sensitivity analyses
to examine the robustness of our findings.
First, we conducted a falsification test—or
negative control—among adults aged
65 years or older to examine whether
declining mechanical ventilation rates
were related to Medicaid expansion or
contemporaneous policy or practice
changes. Because this population was
not the principal target of Medicaid
expansion, a positive result in this group
would suggest that other simultaneous
changes may have been occurring. Second,
to account for changing patterns in the use
of noninvasive ventilation (NIV) for
asthma, COPD, and CHF, we repeated our
analysis including NIV (ICD-9-CM code
93.90) in the definition of mechanical
ventilation. Third, to determine how
sensitive our findings were to our selection
of control states, we repeated the analysis
by limiting our control group to North
Carolina, Nebraska, and Wisconsin
individually and again using each possible
two-state combination of North Carolina,
Nebraska, and Wisconsin. Fourth, we
performed our analysis including only
Iowa (expansion) and Nebraska
(nonexpansion), given their close
geographic proximity and resulting face
validity as intervention and control states.
Finally, to examine whether our findings
were sensitive to our modeling approach,
we collapsed the data into quarterly
observations at the state level and
performed a state-level analysis with per
capita mechanical ventilation rate as the
dependent variable (see online supplement
for further methodological details).

All analyses were performed using SAS
9.4 (SAS Institute Inc.) and Stata 14.2
(StataCorp) software. All tests were two
tailed, and P, 0.05 was considered
statistically significant. Because this study
used publicly available, deidentified data, the
project was deemed exempt from full review
by the institutional review board at the
University of Michigan (HUM00134111).

Results

The study cohort included 62,346 patients
admitted to 609 hospitals. Before Medicaid
expansion, patients in expansion states
tended to be slightly older, were more likely
to be in a higher income quartile, and had

slightly fewer comorbidities (Table 1). Over
the two years before expansion, baseline
rates of mechanical ventilation were lower in
nonexpansion states than in expansion
states (7.2% vs. 8.8%). Baseline rates of
respiratory failure were higher in
nonexpansion states than in expansion
states (29.4% vs. 26.4%). There were no
differences in baseline rates of ICU
admission (19.5% in nonexpansion states
and 20.2% in expansion states) and
in-hospital mortality (1.7% in both
nonexpansion and expansion states).
Hospitals in nonexpansion states were
smaller than those in expansion states
(58.5% vs. 50.2% with <100 beds,
respectively) (Table E3). There were
no differences between hospitals in
nonexpansion and expansion states in
median annual patient volume (8,233 and
8,647, respectively).

Inpatient Payer Composition
Rates of uninsurance among hospitalized
patients with asthma, COPD, and CHF
declined in expansion states, from
12.3% before expansion to 4.4% after
expansion (Figure 1). Meanwhile, rates
of Medicaid coverage in these states
increased from 20.2% to 29.8% after
expansion. In nonexpansion states,
there were smaller changes in rates of
uninsurance (10.6–8.8%) and Medicaid
coverage (23.3–24.0%). Difference-in-
differences analysis revealed an association
between Medicaid expansion and
increasing rates of insurance coverage
among hospitalized adults by 1.6% per
quarter (95% confidence interval [CI],
1.4% to 1.9%; P, 0.001) (Table 2).

Mechanical Ventilation, ICUAdmission,
Length of Stay, and Mortality
We did not observe differences in the
preexpansion trend in mechanical
ventilation between states that expanded
Medicaid and states that did not
expand Medicaid (P = 0.62) (see online
supplement), thereby satisfying the
parallel trends assumption during the
preexpansion period. Unadjusted
mechanical ventilation rates in expansion
states declined from 8.8% in the first
quarter of 2013 to 8.4% in the first quarter
of 2015, though this decline was not
statistically significant (P = 0.19). During
the same interval, unadjusted mechanical
ventilation rates increased by a small
amount in nonexpansion states (from 7.8%
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to 8.5%; P = 0.07), though this increase was
not statistically significant (Figure 2). In the
fully adjusted difference-in-differences
models, Medicaid expansion was associated
with a decline in mechanical ventilation
rates by 20.2% per quarter-year (95% CI,
20.3% to 0.0%; P = 0.010) (Table 2). We
also observed slightly shorter lengths of
stay associated with Medicaid expansion
(20.05 days per quarter; 95% CI, 20.08 to
20.01 d; P = 0.006). We did not observe a
significant association between Medicaid
expansion and rates of ICU admission or
in-hospital mortality (20.4% per quarter;
95% CI, 20.8% to 0.1%; P = 0.10; and 0.1%
per quarter; 95% CI, 0.0% to 0.1%; P = 0.30,
respectively).

Discharge Destination
We did not observe differences in rates of
discharge to home (0.0% per quarter; 95%
CI,20.3% to 0.3%; P = 0.89) or discharge to
nursing or other facilities (20.1% per
quarter; 95% CI,20.2% to 0.0%; P = 0.15) in
expansion relative to nonexpansion states
(Table E4).

Per Capita Hospital Admission Rates
Admission rates for asthma, COPD, and
CHF decreased slightly in expansion states
(56.3 per 100,000 to 54.3 per 100,000)
between the first quarter of 2013 and the
first quarter of 2015. In the same period,
admission rates remained the same in
nonexpansion states (65.4 per 100,000 to

65.3 per 100,000) (Figure 3). We did not
observe a difference in these trends over
time between expansion and nonexpansion
states (P value for interaction = 0.49).

Sensitivity Analyses
In a falsification test among adults aged 65
years and older, the risk difference was in
the same direction as our primary analysis
among those aged 19–64, though it did not
meet statistical significance, owing to a
wider CI (annual risk difference, 20.1%;
95% CI, 20.2% to 0.00%; P = 0.08)
(Table 2). After we included NIV in the
definition of mechanical ventilation,
difference-in-differences analysis revealed
a similar association between Medicaid
expansion and declining mechanical
ventilation rates (20.4%; 95% CI, 20.7%
to 20.1%; P = 0.016).

When we varied our selection of
control states, we found that Medicaid
expansion was associated with lower rates
of mechanical ventilation in each of the
analyses (range, 20.04% to 20.20% per
quarter after Medicaid expansion) (Table
E5). Similarly, in comparing only Iowa
(expansion) and Nebraska (nonexpansion),
the two most geographically aligned pair of
states in our study, we observed a 20.20%
quarterly difference in mechanical
ventilation in Iowa versus Nebraska
associated with Medicaid expansion (95%
CI, 20.22% to 20.18%; P, 0.001) (Table
E6).

We next performed a state-level
analysis of per capitamechanical ventilation
rates for asthma, COPD, and CHF. In our
unadjusted analysis, we observed fewer cases
of mechanical ventilation in expansion
states after Medicaid expansion (20.61
cases per 100,000 people; 95% CI, 21.06 to
20.16; P = 0.008). After adjusting for
characteristics of admitted patients
(comorbidities, age, zip code income
quartiles, and sex) and area health resources
(per capita income, rates of high school
graduation, and per capita rates of primary
care physician), we again found a21.23 per
100,000 decline in cases of mechanical
ventilation associated with Medicaid
expansion (95% CI, 22.27 to 20.20;
P = 0.019) (Table E7).

Discussion

We report results suggesting that Medicaid
expansion may have been associated with a

Table 1. Characteristics and outcomes among uninsured or Medicaid-covered patients
in the preexpansion period

Nonexpansion
States (n = 28,820)

Expansion States
(n = 33,526)

Age group, %
19–34 yr 10.5 12.0
35–44 yr 15.4 14.6
45–54 yr 35.7 33.8
55–64 yr 38.4 39.6

Diagnosis, %
Asthma or COPD 62.0 63.2
CHF 38.0 36.8

Female sex, % 56.5 52.8
Primary insurer, %
Medicaid 68.7 62.2
Uninsured/self-pay 31.3 37.8

Zip code income quartile, %
First quartile (lowest) 50.7 33.1
Second quartile 34.7 26.7
Third quartile 11.4 24.2
Fourth quartile (highest) 3.2 16.0

Elixhauser comorbidities, %
0 5.6 8.9
1 12.2 13.8
2 17.5 17.0
3 18.7 17.2
>6 46.1 43.1

Discharge disposition, %
Home 79.1 79.6
Rehabilitation, nursing, or

long-term acute care facility
4.2 5.7

Outcomes, %
Mechanical ventilation 7.2 8.8
Intensive care unit admission* 19.5 20.2
Respiratory failure 29.4 26.4
In-hospital mortality 1.4 1.4

Definition of abbreviations: CHF = congestive heart failure; COPD= chronic obstructive pulmonary
disease.
Values are pooled across all quarters before expansion and across expansion status. Expansion states
included Arizona, Iowa, New Jersey, and Washington. Nonexpansion states included Nebraska, North
Carolina, and Wisconsin.
*Arizona did not report intensive care unit (ICU)-specific revenue center codes and so was excluded
from analyses involving ICU admission.
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decline in mechanical ventilation rates among
adults admitted with asthma, COPD, or CHF.
Coincident with this trend, we observed an
increase in insurance coverage among
patients admitted in Medicaid expansion
states versus nonexpansion states.

There are several potential explanations
for our observed decline in mechanical
ventilation rates associated with Medicaid
expansion (Figure E1). By reducing rates
of uninsurance and increasing rates of

Medicaid coverage in expansion states,
Medicaid expansion in general led to an
increase in the use of both primary care and
preventive services (11, 12, 37), greater
access to and use of prescription
medications (38, 39), and fewer financial
barriers to accessing ED and hospital care
(18, 40). We speculate that this may have led
to both earlier presentation to the hospital
(18, 40, 41) and lower rates of severe illness
owing to better disease control (42, 43).

A second potential explanation for
these observations is the differential
enactment of other policy changes across
states, either as a result of the ACA or
otherwise coinciding with the ACA’s
Medicaid expansion. Though our
falsification test was not statistically
significant, the direction and magnitude of
the result suggest that other state-level
improvements in care may have occurred in
expansion states simultaneously with
Medicaid expansion. The absence of a
statistically significant trend in
postexpansion mechanical ventilation rates
among patients in nonexpansion states,
meanwhile, suggests that the effect may have
been limited to those states adopting
Medicaid expansion.

Our study did not identify significant
changes in the underlying admission rates
between expansion and nonexpansion
states. Although this is in line with prior
studies examining hospital use after
Medicaid expansion, it is in contrast to our
primary finding of declining mechanical
ventilation rates (44–46). This may be
because earlier presentation to the hospital
was more important than improved disease
control as a driver of decreased mechanical
ventilation rates. Alternatively, increased
coverage has led to decreased rates of
uncompensated care (45, 46) and lower
financial pressures among hospitals to avoid
potentially discretionary services (47, 48).
These factors may have combined to
increase discretionary use of the hospital,
leading to no net change in total
hospitalizations despite the declining rate of
mechanical ventilation (17, 46). Further
work using detailed patient-level clinical and
coverage data may be able to examine these
methods in more detail.

The results of this study differ from
those of a prior study that did not find
differences in ICU use rates after
Massachusetts health reform (49). One
possible reason for these differing findings
include the prior study’s use of all-cause ICU
admission as its primary outcome, which
may have masked changes among patients
admitted with ambulatory care–sensitive
conditions such as the conditions studied
in our analysis. Second, the differences
between baseline rates of uninsurance in
Massachusetts (which were far lower than
the national average) and those of other
states may have limited the potential benefit
of insurance expansion in Massachusetts.
Third, several prior studies have revealed

100%

80%

60%

40%

20%

0%
Pre-Expansion

Period

Non-Expansion States Expansion States

Post-Expansion
Period

Pre-Expansion
Period

Post-Expansion
Period

Other Private Insurance

Medicare

Self-Pay/Uninsured

Medicaid

Figure 1. Inpatient payer composition, by expansion status and time period. Uninsurance declined
after Medicaid expansion in expansion states.

Table 2. Changes in insurance coverage and health outcomes after the Affordable Care
Act Medicaid expansion

Net Change per Quarter after
Medicaid Expansion (%, [95% CI])

P
Value

Patients with any insurer
Insurance coverage, % 1.6 (1.4 to 1.9) ,0.001
Mechanical ventilation rate, % 20.2 (20.3 to 0.0) 0.010
ICU admission, % 20.4 (20.8 to 0.1) 0.10
Length of stay, d 20.05 (20.08 to 20.01) 0.006
In-hospital mortality, % 0.00 (0.0 to 0.1) 0.30

Sensitivity analyses
Mechanical ventilation rates among

patients aged >65 yr, %
20.1 (20.2 to 0.0) 0.08

Mechanical ventilation and
noninvasive ventilation rates, %

20.4 (20.7 to 20.1) 0.016

Definition of abbreviations: CI = confidence interval; ICU = intensive care unit.
All analyses are adjusted for baseline differences between expansion and nonexpansion rates,
preexisting secular trends, patient-level factors (sex, age, comorbidities, zip code median income
quartile), hospital-level factors (size, ICU capacity, nursing workforce, teaching status), state-level
annual hospital admission rates, and area health resources (per capita income, rates of high school
graduation, and per capita rates of primary care physicians). Expansion states included Arizona, Iowa,
New Jersey, and Washington. Nonexpansion states included Nebraska, North Carolina, and
Wisconsin. Arizona did not report ICU-specific revenue center codes and so was excluded from
analyses involving ICU admission.
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widespread variability in ICU use across
hospitals, especially among patients with
low expected mortality (50–52). This
variability may have decreased our effective
power to identify small differences in ICU
admission rates (50, 53). Finally, ICU use

may be susceptible to changes in supply;
as a result, declines in ICU admission for
some preventable conditions may have
led to an increase in discretionary use for
other conditions (e.g., post-procedure
observation) (54, 55).

Notably, we did not observe a
difference in mortality between expansion
and nonexpansion states despite the decline
in mechanical ventilation. One potential
explanation for this finding is that a
mortality difference exists between
expansion and nonexpansion states,
though our study was underpowered to
identify this difference. Alternatively, the
hospitalizations resulting in death may
represent a clinical entity (e.g., more
advanced disease) distinct from others that
results in mechanical ventilation and may
not be amenable to better access to
ambulatory care or other changes that
occurred under Medicaid expansion.

This study should be interpreted in the
context of several limitations. First, it was
limited to seven states, and so the significant
declines in mechanical ventilation rates
may not be generalizable to other states,
particularly among states that differed in
baseline rates of uninsurance. Nonetheless,
the selected states included a large
population of patients spanning multiple
regions, and our analyses adjusted for
differences in patient and hospital
characteristics across states. Second,
administrative data have inherent
limitations, including incomplete risk
adjustment and potential misclassification
when using ICD-9-CM codes to identify
diagnoses and procedures such as
mechanical ventilation and NIV. In
particular, studies validating administrative
codes for mechanical ventilation against
chart review have revealed good specificity
but low sensitivity (56). Imperfect sensitivity
may have led our study to underestimate the
effects of Medicaid expansion on rates of
administrative coding for mechanical
ventilation or confound our observed
relationships if rates of coding for
mechanical ventilation changed differently
between expansion and nonexpansion states
over time. Meanwhile, there have been no
published studies validating administrative
codes for NIV in adults. Though we present
the results of a sensitivity analysis that
includes NIV in our definition of
mechanical ventilation, variations in
administrative coding for NIV across
hospitals may reduce our ability to reject
differential rates of NIV adoption as
influencing our observed associations.
Third, this study identified Medicaid
expansion at the state level and could not
differentiate patients who gained Medicaid
coverage under Medicaid expansion from
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those who previously held it or those who
moved to Medicaid insurance from private
insurance. As a result, this study is subject to
the ecological fallacy when ascribing
declines in mechanical ventilation to gains
in insurance coverage (57). Despite this
concern, the summed proportion of
uninsured and Medicaid-covered patients
admitted to the hospital remained
consistent across the study period, and prior
studies have revealed gains in Medicaid
coverage among previously uninsured
adults after Medicaid expansion (10).
Finally, the present study was limited to
three diagnoses (asthma, COPD, and CHF),
which were selected because they were
common indications for mechanical

ventilation and have been identified as
conditions in which severe illness can be
avoided with effective ambulatory care.
Additional research is needed to clarify
whether these trends apply to other
diagnoses.

Despite these limitations, this study has
several potential implications. First, this
study is consistent with prior research
suggesting that chronic disease care
improved afterMedicaid expansion. Second,
though most work examining the effects of
complex policies on healthcare use have
used hospital admissions and ED visits as
markers of ambulatory care access and
quality, this work used mechanical
ventilation as an alternative measure of

underlying health status that may be less
susceptible to discretionary patient and
provider decision making.

Taken together, this study suggests that
states expanding Medicaid may have
experienced a decline in mechanical
ventilation rates among patients
hospitalized with asthma, COPD, and
CHF. Further work is needed to explore
whether this effect is evident in other states
and for other conditions, examine
potential mechanisms for this decline, and
confirm the persistence of these findings
over time. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Detailed Description of Statistical Methods

We employed a difference-in-differences approach to estimate the effects of Medicaid 
expansion. Difference-in-differences is a common econometric approach used to evaluate the 
effects of a policy change independently of pre-existing secular trends.(1) In order to estimate 
the difference-in-differences attributable to Medicaid expansion, we used logistic regression 
models that were specified as follows:

𝑌 = 𝛽0 + 𝛽1 × 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒 + 𝛽2 × 𝑇𝑖𝑚𝑒𝑃𝑟𝑒𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 + 𝛽3 × 𝑇𝑖𝑚𝑒𝑃𝑟𝑒𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛
× 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒 + 𝛽4 × 𝑇𝑖𝑚𝑒𝑃𝑜𝑠𝑡𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 + 𝛽5 × 𝑇𝑖𝑚𝑒𝑃𝑜𝑠𝑡𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛
× 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒 +  𝛽𝜂𝑋𝜂 + 𝜀

This model allowed for baseline differences in outcome rates between non-expansion and 
expansion states and, because patients gained Medicaid coverage gradually over time during the 
expansion period, varying slopes between non-expansion and expansion states in the post-
expansion period. The included variables represented the outcome, , with  indicating 𝑌 𝑌 = 1
presence of each binary outcome, an indicator variable representing admission in a state that 
expanded Medicaid coverage under the ACA ( ), linear variables representing 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒
time in quarters before expansion ( ) and marginal time in quarters after 𝑇𝑖𝑚𝑒𝑃𝑟𝑒𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛
expansion ( ). The vector  represented additional patient-, hospital-, and 𝑇𝑖𝑚𝑒𝑃𝑜𝑠𝑡𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝑋𝜂
area-level covariates included in each model. The difference-in-differences estimator is provided 
by the coefficient , corresponding to the interaction between time after Medicaid expansion 𝛽5
and admission in a state that expanded Medicaid ( ). 𝑇𝑖𝑚𝑒𝑃𝑜𝑠𝑡𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 × 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒
This estimator represents the marginal quarterly change in each outcome (e.g., the slope) after 
Medicaid expansion in states that expanded Medicaid, after subtracting the post-intervention 
slopes among states that did not expand Medicaid and those in the pre-intervention period. For 
interpretability, statistical margins were used to report model results as quarterly percent 
changes.(2)

Assumptions underlying a difference in difference model include 1) parallel trends between 
treatment and comparison groups prior to the intervention, 2) the lack of “spill-over” in the 
effects of treatment in intervention groups on non-intervention groups, 3) the lack of 
contemporaneous events or changes that may alternatively explain the differences between 
treatment and comparison groups, and 4) compositional stability over time in both treatment and 
comparison groups with regards to other important covariates.(3)

With respect to our models, the parallel trends assumption assumes that both expansion and non-
expansion states experience the same trend in each outcome over time prior to Medicaid 
expansion. This assumption can be tested in our models by evaluating the significance of the  𝛽3
coefficient. Results indicated no significant difference in pre-expansion trend in mechanical 
ventilation between states that expanded Medicaid and states that did not expand Medicaid (P = 
0.21).

Spill-over effect, meanwhile, refers to differences in trends with respect to the outcome after 
Medicaid expansion among states that did not expand Medicaid. This assumption can be tested 
by evaluating for equality between the  coefficient, which corresponds to the trend in the 𝛽2
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outcome among non-expansion states prior to Medicaid expansion, and the sum of  𝛽2 + 𝛽4
coefficients, which corresponds to the trend in the outcome among non-expansion states after 
Medicaid expansion. Results indicated no significant differences between pre-expansion and 
post-expansion mechanical ventilation trends in non-expansion states (P = 0.35).

The assumption that contemporaneous events (such as alternative policy changes outside of 
health reform) differentially affecting the treatment and comparison groups can often be difficult 
to satisfy in analyses of state or federal policy changes and is not directly testable. In our models, 
the falsification test among adults to whom Medicaid expansion did not apply lends support to 
the difference being due to Medicaid expansion and not contemporaneous policy changes in 
expansion states. Finally, we control for differences in several observed covariates (including 
age, sex, zip code income quartile, Elixhauser comorbidities, hospital size, teaching status, ICU 
capacity, nurse-to-patient ratios, and rural-urban status) to limit the influence of compositional 
changes over time in expansion and non-expansion states.(4)

For our state-level sensitivity analysis, we used a linear regression model specified as follows: 

𝑌 = 𝛽0 + 𝛽1 × 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒 + 𝛽2 × 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑃𝑒𝑟𝑖𝑜𝑑 + 𝛽3 × 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑃𝑒𝑟𝑖𝑜𝑑
× 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒 + 𝛽4…18 × 𝑄𝑢𝑎𝑟𝑡𝑒𝑟𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠 + 𝛽𝜂𝑋𝜂 + 𝜀

In this model,  represented the state-level quarterly mechanical ventilation rate per 100,000 𝑌
residents.  was a binary indicator variable that was set to one for observations  𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑆𝑡𝑎𝑡𝑒
in states that expanded Medicaid and zero in states that did not expand Medicaid. 

 was a binary indicator variable that was set to one for observations occurring 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑃𝑒𝑟𝑖𝑜𝑑
after Medicaid expansion (i.e., from quarter 1, 2014 to quarter 3, 2015).  corresponded to our  𝛽3
difference-in-differences estimator of the change in mechanical ventilation rates after Medicaid 
expansion. We also included a series of quarterly indicator variables ( ) to 𝑄𝑢𝑎𝑟𝑡𝑒𝑟𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠
adjust for underlying temporal trends in the data and the vector , representing additional 𝑋𝜂
patient-, hospital-, and area-level covariates.

References

1. Dimick JB, Ryan AM. Methods for evaluating changes in health care policy: the difference-
in-differences approach. JAMA. 2014;312(22):2401-2402.

2. Norton EC, Dowd BE. Log odds and the interpretation of logit models. Health Serv Res.
2017:1-20.

3. Ryan AM, Burgess JF, Dimick JB. Why we should not be indifferent to specification choices
for difference-in-differences. Health Serv Res. 2015;50(4):1211-1235. doi:10.1111/1475-
6773.12270.

4. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with
administrative data. Med Care. 1998;36(1):8-27.

e-Figure 1: Conceptual Model. Adapted from Aday and Anderson Model for Health Care 
Access. 

E3



Figure E1: Conceptual Model

eFigure 1 References

1. Aday L, Andersen R. A framework for the study of access to medical care. Health services
research 1974;9:208–20. 

2. The Kaiser Family Foundation. Change in the Nonelderly Adult Uninsured, 2013-2016.
[Accessed 8/1/2017]. Available from: http://www.kff.org/other/state-indicator/change-in-the-
nonelderly-adult-uninsured/

3. Sommers BD, Gunja MZ, Finegold K, Musco T. Changes in Self-reported Insurance
Coverage, Access to Care, and Health Under the Affordable Care Act. JAMA 2015;314:366–74. 

4. Pickens G, Karaca Z, Cutler E, Dworsky M, Eibner C, Moore B, Gibson T, Iyer S, Wong HS.
Changes in Hospital Inpatient Utilization Following Health Care Reform.  Health Serv Res. 2017 
Jun 30. 

5. Dranove D, Garthwaite C, Ody C. Uncompensated Care Decreased At Hospitals In Medicaid
Expansion States But Not At Hospitals In Nonexpansion States. Health Aff (Millwood). 2016 
Aug 1;35(8):1471-9. 

E4



6. Lindrooth RC, Perraillon MC, Hardy RY, Tung GJ. Understanding The Relationship Between
Medicaid Expansions And Hospital Closures. Health Aff (Millwood). 2018 Jan;37(1):111-120. 

7. Simon K, Soni A, Cawley J. The impact of health insurance on preventive care and health
behaviors: evidence from the 2014 ACA Medicaid expansions. National Bureau of Economic 
Research 2016.

8. Sommers BD, Blendon RJ, Orav E, Epstein AM. Changes in Utilization and Health Among
Low-Income Adults After Medicaid Expansion or Expanded Private Insurance. JAMA Internal 
Medicine 2016;176:1501–1509. 

9. Tipirneni R, Rhodes KV, Hayward RA, Lichtenstein RL, Reamer EN, Davis MM. Primary
care appointment availability for new Medicaid patients increased after Medicaid expansion in 
Michigan. Health Aff (Millwood). 2015 Aug;34(8):1399-406. 

10. Mulcahy AW, Eibner C, Finegold K. Gaining Coverage Through Medicaid Or Private
Insurance Increased Prescription Use And Lowered Out-Of-Pocket Spending. Health affairs 
(Project Hope) 2016;35:1725–33. 

11. Myerson R, Lu T, Tonnu-Mihara I, Huang ES. Medicaid Eligibility Expansions May Address
Gaps In Access To Diabetes Medications. Health affairs (Project Hope) 2018;37:1200–1207. 

12. McMorrow S, Gates JA, Long SK, Kenney GM. Medicaid Expansion Increased Coverage,
Improved Affordability, And Reduced Psychological Distress For Low-Income Parents. Health 
affairs (Project Hope) 2017;36:808–818. 

13. Nikpay S, Freedman S, Levy H, Buchmueller T. Effect of the Affordable Care Act Medicaid
Expansion on Emergency Department Visits: Evidence From State-Level Emergency 
Department Databases. Ann Emerg Med. 2017 Aug;70(2):215-225.e6. 

14. Baghdadi JD, Wong M, Comulada SW, Uslan DZ. Lack of insurance as a barrier to care in
sepsis: A retrospective cohort study. Journal of Critical Care 2018;46:134–138. 

15. Loehrer AP, Chang DC, Scott JW, Hutter MM, Patel VI, Lee JE, Sommers BD. Association
of the Affordable Care Act Medicaid Expansion With Access to and Quality of Care for Surgical 
Conditions. JAMA Surg 2018; 153: e175568.

16. Crocker AB, Zeymo A, Chan K, Xiao D, Johnson LB, Shara N, DeLeire T, Al-Refaie WB.
The Affordable Care Act’s Medicaid expansion and utilization of discretionary vs. non-
discretionary inpatient surgery. Surgery 2018. 

17. Ellimoottil C, Miller S, Ayanian JZ, Miller DC. Effect of Insurance Expansion on Utilization
of Inpatient Surgery. Jama Surg 2014;149:829–836. 

E5



18. Freedman S, Nikpay S, Carroll A, Simon K. Changes in inpatient payer-mix and
hospitalizations following Medicaid expansion: Evidence from all-capture hospital discharge 
data. PLoS One 2017; 12:e0183616. 

E6



Table E1: Characteristics of Included States

All Non-
Expansion 
States

All 
Expansion 
States

Study Non-
Expansion 
States

Study 
Expansion 
States

Demographics
  Mean Population 4,601,049 6,290,521 5,776,904 6,353,282
  Median Age 36.8 38.1 37.6 37.8
  Female (%) 50.9 50.7 50.7 50.5
  White (%) 78 76 81.5 79.3
  Black (%) 11.5 9.6 10.8 6.1
  Hispanic (%) 8.4 12.3 8.2 16.4
  Married (%) 50.4 48.2 51.2 50.3
Education
  Less than High School (%) 12.1 11.8 11.1 11.1
  College Graduate (%) 26.7 30.6 30.7 30.6
Employment and Poverty
  Unemployment Rate 7.7 8.6 7.7 8.5
  Median Income ($) 25,123 28,613 26,468 29,332
  Population below federal 
    poverty level (%) 15.6 14.3 14.6 13.8

Insurance Coverage
  Uninsured (%) 14.3 11.7 11.7 12.5
  Private (%) 65.8 68.8 70.3 69.1
  Medicaid (%) 16.9 17.9 16.0 16.7
Area Health Resources 
(per 100,000 population)
  Physicians 232.7 323.8 254.7 286.2
  Registered Nurses 970.2 1009.1 1093.8 910.3
  Pharmacists 93.3 101.7 94.9 97.8
  Physical Therapists 63.4 80.2 67.8 71.7
  Respiratory Therapists 37.9 34.7 37.9 30.3
  Social Workers 138.4 197.8 177.3 162.3

Data obtained from United States Census Bureau, American Household Survey, 2015 and Area 
Health Resource File, 2011-2015.
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Table E2: ICD-9-CM Definitions

Diagnosis or Procedure ICD-9-CM Code
CHF 398.91, 402.01, 402.11, 402.91, 404.01, 

404.03, 404.11, 404.13, 404.91, 404.93, 428
COPD/Asthma 491.0-491.2, 491.8, 491.9 492.0, 492.8 494, 

496, 493
Mechanical Ventilation 96.70, 96.71, 96.72
Non-Invasive Ventilation 93.90
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Table E3: Hospital characteristics by expansion status* (n=609)
Non-expansion 

states Expansion states

Type of Hospital
  Government 17.6 31.4
  Not-for-profit 78.2 60.0
  For-profit 4.2 8.6
Teaching Status
  No Residents 85.6 69.2
  Minor Teaching Program (<0.25 
    residents/bed) 12.0 24.3

  Major Teaching Program (>0.25 
    residents/bed) 2.5 6.5

Hospital Beds
  ≤ 100 58.5 50.2
  101-200 20.4 18.2
  201-300 8.1 12.3
  301-400 6.3 7.7
  > 400 6.7 11.7
Percentage of ICU Beds
  ≤ 5% 28.9 26.5
  >5-7.5% 10.2 12.6
  >7.5-10% 15.1 16.9
  >10-12.5% 13.7 14.2
  >12.5-15% 5.6 5.2
  >15% 26.4 24.6

Annual Admissions (Median, IQR) 8,233 (3,297-16,604) 8,647 (3,123 – 
22,030)

*Expansion states included Arizona, Iowa, New Jersey, and Washington. Non- expansion states included
Nebraska, North Carolina, and Wisconsin.
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Table E4: Difference-in-Differences Analyses - Discharge destination*

Net Change per Quarter after 
Medicaid Expansion

(%, 95% CI)
 P Value

Discharge Destination

  Home 0.0 (-0.3, 0.3) 0.89
  Nursing, or Rehabilitation, 
    or Other Facility -0.1 (-0.2, 0.0) 0.15

* All analyses are adjusted for baseline differences between expansion and non-expansion rates, pre-
existing secular trends, patient-level factors (sex, age, comorbidities, zip code median income quartile), 
hospital-level factors (size, ICU capacity, nursing workforce, teaching status), state-level annual hospital 
admission rates, and area health resources (per capita income, rates of high school graduation, and per 
capita rates of primary care physicians). Expansion states included Arizona, Iowa, New Jersey, and 
Washington. Non- expansion states included Nebraska, North Carolina, and Wisconsin.
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Table E5: Sensitivity Analysis Varying Control States*

Choice of Control Change in Mechanical 
Ventilation Rate after 
Medicaid Expansion (%, 95% 
CI)

P-Value

  North Carolina -0.15 (-0.3, 0.0) 0.09
  Nebraska -0.04 (-0.4, 0.3) 0.85
  Wisconsin -0.20 (-0.4, 0.0) 0.05
  North Carolina 
    and Nebraska

-0.19 (-1.4, 0.10) 0.02

  North Carolina 
    and Wisconsin

-0.19 (-0.34, -0.05) 0.009

  Nebraska 
    and Wisconsin

-0.13 (-0.31, 0.05) 0.15

* All analyses are adjusted for baseline differences between expansion and non-expansion rates, pre-
existing secular trends, patient-level factors (sex, age, comorbidities, zip code median income quartile), 
hospital-level factors (size, ICU capacity, nursing workforce, teaching status), state-level annual hospital 
admission rates, and area health resources (per capita income, rates of high school graduation, and per 
capita rates of primary care physicians). Expansion states included Arizona, Iowa, New Jersey, and 
Washington. Non- expansion states included Nebraska, North Carolina, and Wisconsin.
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Table E6: Sensitivity Analysis comparing only Iowa and Nebraska*

Comparison Change in Mechanical 
Ventilation Rate after 
Medicaid Expansion (95% CI)

P-Value

Iowa versus Nebraska -0.20 (-0.22, -0.18) <0.001

* All analyses are adjusted for baseline differences between expansion and non-expansion rates, pre-
existing secular trends, patient-level factors (sex, age, comorbidities, zip code median income quartile), 
hospital-level factors (size, ICU capacity, nursing workforce, teaching status), state-level annual hospital 
admission rates, and area health resources (per capita income, rates of high school graduation, and per 
capita rates of primary care physicians).
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Table E7: State-Level Analysis of Mechanical Ventilation Rates after Medicaid Expansion. 
All changes are per 100,000 population over entire post-expansion period

Subset Unadjusted Adjusted*
Difference-in-
Differences (95% CI)

p-value Difference-in-
Differences (95% CI)

p-value

All Patients -0.61 (-1.06, -0.16) 0.008 -1.23 (-2.27, -0.20) 0.019
  Medicaid 0.28 (-0.11, 0.67) 0.16 0.08 (-0.38, 0.53) 0.74
  Private 
  Insurance

-0.24 (-0.52, 0.04) 0.09 -0.21 (-0.47, 0.04) 0.10

  Uninsured -0.38 (-0.64, -0.13) 0.003 -0.36 (-0.75, 0.03) 0.067
*Adjusted for characteristics of the admitted population (comorbidities, age, zip code income
quartiles, and sex) and area health resources area health resources (per capita income, rates of 
high school graduation, and per capita rates of primary care physician)

E13


	2019-16-886-93.pdf
	link2external
	link2external
	link2external

	admon_data_supplement.pdf

