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Introduction: This study sought to empirically evaluate whether the Medicaid expansion under the
Affordable Care Act increased smoking cessation among low-income childless adult smokers.

Methods: The effects of the Medicaid expansion on smoking quit attempts and the probability of
30- and 90-day smoking cessation were evaluated using logistic regression and data from the 2010
—2011 and 2014—2015 waves of the Tobacco Use Supplement to the Current Population Survey.
Using boosted logistic regression, the Tobacco Use Supplement was restricted to an analytic sample
composed of childless adults with high probability of being <138% of the federal poverty level. Pro-
pensity score weighting was used to compare changes in smoking cessation among a sample of cur-
rent and past smokers in states that expanded Medicaid with a control sample of current and past
smokers in states that did not expand Medicaid with similar sociodemographic characteristics and
smoking histories. This study additionally controlled for state socioeconomic trends, welfare poli-
cies, and tobacco control policies. Analysis was conducted between January 2018 and June 2019.

Results: After weighting by propensity score and adjusting for state socioeconomic trends, welfare
policies, and tobacco control policies, the Medicaid expansion was not associated with increases in
smoking quit attempts or smoking cessation.

Conclusions: The Medicaid expansion did not appear to improve smoking cessation, despite
extending health insurance eligibility to 2.3 million low-income smokers. Greater commitments to
reducing barriers to cessation benefits and increasing smoking cessation in state Medicaid programs
are needed to reduce smoking in low-income populations.
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INTRODUCTION

educing smoking among people of low SES is an

important goal for tobacco control in the U.S.'

Compared with people with high income or
education, people with low income or education are
more likely to smoke™” and smoke over longer periods.”
Consequently, they are at a greater risk for lung cancer,”
respiratory and cardiovascular diseases,” and premature
mortality.” Once initiated, low-SES smokers are far less
likely to quit smoking than high-SES smokers,” which
contributes to the smoking disparities between these
populations. For example, in 2012, only 34.5% of smok-
ers living below the poverty line successfully quit smok-
ing after quit attempts compared with 57.5% of those
living at or above the poverty line.” In part, low-SES
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smokers may be less likely to quit smoking because they
have less access to cessation aids, which have been
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shown to be effective at increasing abstinence during
quit attempts.”"* Low-SES individuals are less likely to
have health insurance,”* and cessation aids typically
require prescriptions from healthcare providers and cost
between $100 and $500 per prescription.”

In 2014, the Affordable Care Act (ACA) sought to
expand Medicaid health insurance coverage to all indi-
viduals living <138% of the federal poverty level (FPL).
However, the Supreme Court limited HHS authority to
enforce the Medicaid expansion and left the Medicaid
expansion up to states to decide.'® Since 2014, a total of
33 states have expanded Medicaid under the ACA."
Most states expanded Medicaid on January 1, 2014, and
all adults without dependent children <138% of the FPL
became newly eligible. Some states expanded Medicaid
after 2014 or already had coverage for some of the indi-
viduals included in the expansion before 2014. Appendix
Table 1, available online, provides information about each
state’s Medicaid expansion status.

Among the newly Medicaid-eligible populations were
2.3 million low-income smokers."® In conjunction with
an ACA mandate that state Medicaid programs cover all
U.S. Food and Drug Administration—approved cessa-
tion aids, such as prescription medicines and nicotine-
replacement therapies, this expansion increased access
to smoking-cessation aids. Recent studies have found
that this expansion increased new prescriptions for
smoking-cessation medications by 24%'’ and decreased
cigarette purchases while increasing the probability of
purchasing smoking-cessation products.”’

Despite the evidence that the Medicaid expansion
decreased cigarette purchases and increased use of cessa-
tion aids, the relationship between Medicaid and smoking-
cessation outcomes is unclear. Four studies have attempted
to answer this question, 3 using Behavioral Risk Factor
Surveillance System data and 1 using National Health
Interview Survey data. All 4 studies used difference-in-
differences study designs to compare smoking trends in
states that did and did not expand Medicaid. Two stud-
ies found the Medicaid expansion reduced the probabil-
ity of current smoking,”"”* and another found that it
increased 30-day cessation.”” However, 1 study that con-
trolled for changes to Medicaid nationwide following the
ACA found no effect of the Medicaid expansion on
smoking.”*

This study sought to build on this literature and
examine the effect of the Medicaid expansion on smok-
ing cessation using a different data set—the Tobacco
Use Supplement to the Current Population Survey
(TUS-CPS)—and propensity score weighting to com-
pare smoking cessation across individuals in expansion
and nonexpansion states. The TUS-CPS permitted
exploration of more detailed smoking-cessation
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outcomes than in previous studies, such as quit attempts
and 90-day smoking cessation, as well as ability to adjust
for previous smoking history and intensity.

METHODS

Study Sample

This analysis used data from the TUS-CPS and Annual Social and
Economics Supplement of the Current Population Survey
(ASEC), downloaded from the Integrated Public Use Microdata
Series,” for years 2010, 2011, 2014, and 2015. The TUS-CPS is a
survey of non-institutionalized adults, with data about smoking
behaviors and cessation, and is conducted alongside the U.S. Cen-
sus Bureau’s CPS every 3—4 years. The ASEC is conducted along-
side the CPS in March each year, measures individual income,
and is the official source for estimates of health insurance coverage
in each state. The CPS uses a panel-rotating design (described
elsewhere)*® and only a subset of CPS respondents complete both
the ASEC and TUS-CPS. Linking the 2 data sets would have lim-
ited sample size considerably, so the TUS-CPS and ASEC were
analyzed separately. Analysis was conducted between January
2018 and June 2019.

Measures

Income in the TUS-CPS is reported as the total income of all
related family members living in the same household. However,
income used to determine health insurance eligibility is mea-
sured only among an individual, their spouse, and their depen-
dent children (called a “health insurance unit”).”” To focus the
analysis on respondents targeted by the ACA Medicaid expan-
sion (childless adults <138% of the FPL), the TUS-CPS was
restricted to respondents with high probability of being <138%
of the FPL based on predictions from a boosted logistic regres-
sion trained in ASEC data where income at the health insurance
unit was measured.

Variables used to fit boosted logistic regression predictions
were sociodemographic characteristics available and collected in
the same manner in both data sets. These included age, race/eth-
nicity, number of children, education, employment status, occu-
pation classification, hours worked in the previous week, total
family income, and up to second-order interaction terms for all
variables. Diagnostics for the boosted logistic regression are
described in the Appendix, available online. These diagnostics
include the rule used to determine the optimal cut off for inclu-
sion in the analytic sample (Appendix Figure 1, available online),
plots demonstrating which variables were most influential in pre-
dictions (Appendix Figure 2, available online), fivefold cross-vali-
dation (Appendix Table 2, available online), and descriptive
statistics comparing respondents predicted <138% of the FPL in
the TUS-CPS to respondents actually <138% of the FPL in the
ASEC (Appendix Table 3, available online).

To assess whether results were sensitive to the optimal cut off
used for the sample restriction (described in Appendix Figure 1,
available online), sensitivity analyses were conducted using 10
alternative cut offs. To assess whether results using boosted logis-
tic regression for sample restriction were consistent with other
possible sample restrictions, sensitivity analysis was also con-
ducted restricting the sample to respondents with high school
education or less, following previous studies of the Medicaid
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expansion when income at the health insurance unit level has not
been available.”®

The analytic sample restricted the full TUS-CPS sample from
2010—2011 and 2014—2015 (n=438,618) to adults aged 25—
64 years (n=309,671) without dependent children (n=155,713),
who reported smoking 1 year ago (n=23,319), were predicted
<138% of the FPL by the boosted logistic regression (n=10,408),
lived in states without prior substantial state Medicaid expansions
and that did not expand Medicaid after the second wave of data
collection had already started (n=8,868), and did not have missing
information regarding their smoking histories. The final analytic
sample included 8,523 respondents. The main outcomes for this
study consisted of binary events where respondents who reported
smoking 1 year ago (1-year-ago smokers) reported any attempts
to quit smoking in the past year (quit attempts), reported having
quit smoking >30 days ago (30-day cessation), and reported hav-
ing quit smoking >90 days ago (90-day cessation).

Statistical Analysis

Changes in smoking cessation for childless adults predicted
<138% of the FPL in states that expanded Medicaid between the
2010—2011 and 2014—2015 waves of the TUS-CPS were com-
pared with changes in smoking cessation for a comparable sample
of adults in states that did not expand Medicaid. The analysis
used a propensity score weighting strategy that has been detailed
closely in another paper* and has been shown to work well in dif-
ference-in-difference study designs with repeated cross-sectional
data.” Propensity score weights were estimated to balance the
treatment and control groups before and after the Medicaid
expansion with respect to age, sex, race/ethnicity, education,
employment, number of years since started smoking regularly,
and average number of cigarettes smoked per day 1 year ago.

Using the propensity score weights described above, logistic
regression was estimated for each cessation outcome using a
binary indicator for whether each state expanded Medicaid, a
binary indicator for the wave following the Medicaid expansion in
2014—2015, and an interaction term between whether each state
expanded Medicaid and the 2014—2015 wave. In a second specifi-
cation, the regression additionally controlled for state- and time-
varying covariates that included state/year unemployment and
poverty rates, maximum Temporary Assistance for Needy Fami-
lies benefit for a family of 2, minimum wage, earned income tax
credits, state and federal taxes per pack on cigarettes, percentage
of residents covered by smoke-free laws, and per-capita expendi-
tures on tobacco control. This specification also included a vari-
able for the number of cessation aids (prescription pills and
nicotine-replacement therapies separately) that were covered by
Medicaid in each state/year to control for the effects of the 2014
nationwide ACA mandate that state Medicaid programs cover all
Food and Drug Administration—approved cessation products.
Further description of these variables and their data sources is
included in Appendix Table 4, available online.

Average marginal effects (AMEs) and RRs associated with the
interaction term between the binary indicators for Medicaid expan-
sion states and the 2014—2015 survey waves were calculated and
used for point estimates and hypothesis testing. In nonlinear mod-
els, the magnitude and statistical significance of marginal effects
varies across observations.” Therefore, AMEs were reported and
represent the average change in the predicted probability of quitting
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smoking associated with the Medicaid expansion. AMEs were
reported instead of ORs to facilitate comparison to other stud-
ies.”"** To assess whether results on the additive scale were consis-
tent with results on the multiplicative scale, the RR associated with
the interaction term was also reported.”® These estimates captured
the unbiased policy effects of the ACA Medicaid expansion, pro-
vided that exposure to a state Medicaid expansion was independent
of the trend in cessation outcomes that would have occurred with-
out the Medicaid expansion, conditional on the covariates used to
estimate propensity score weights.”’

To account for complex survey design, the logistic regression
was estimated with weights constructed by multiplying each indi-
vidual’s self-respondent weight by their propensity score weight.”®
All hypothesis testing accounted for weights and state-level clus-
tering.

RESULTS

Table 1 provides descriptive statistics for each of the
4 groups of individuals in the analytic sample. The means
within each group with respect to sociodemographic
characteristics and smoking history are presented in
Columns 2—5, and the unweighted standardized differ-
ence in means between each group and the group of
individuals in Medicaid expansion states before the
Medicaid expansion are presented in Columns 6—S8.
Before weighting by propensity score, several standard-
ized differences in means between the groups were >0.1,
including age, proportion that was black, proportion
that was usually full-time employed, proportion that was
not in the labor force, and the number of years smoking.
This suggests that there were large differences between
respondents in expansion and nonexpansion states
before and after the Medicaid expansion, and that pro-
pensity score weighting will account for bias in a more
robust fashion than simply including the covariates in a
regression.”* Columns 9—11 of Table 1 present the stan-
dardized difference in means between each group and
the group of individuals living in expansion states, pre-
expansion, after weighting by propensity score. After
weighting, differences between groups were eliminated
on all observed variables for sociodemographic charac-
teristics and smoking history.

Figure 1 presents changes in each of the smoking-ces-
sation outcomes between 2010—2011 and 2014—2015 in
states that did and did not expand Medicaid under the
ACA after propensity score weighting. In 2010—2011,
the 30-day cessation, 90-day cessation, and quit attempts
were higher in states that expanded Medicaid. Between
2010—2011 and 2014—2015, the 30- and 90-day cessa-
tion increased in expansion states and decreased in non-
expansion states. Quit attempts increased between
2010—2011 and 2014—2015 in both expansion and non-
expansion states.
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Table 1. Characteristics of Respondents in Expansion and Nonexpansion States Before and After Weighting by Propensity Score

Unweighted standardized Weighted standardized
difference in means difference in means
Group 1: Group 2: Group 3: Group 4:

Covariate expand pre  expand post no expand pre  no expand post 2vs1 3vs1l 4vs1 2vs1 3vs1l 4vs1
Age, years 45.6 47.9 46.9 48.3 0.19 0.11 0.23 0 0 0.02
Female (p) 0.41 0.42 0.40 0.43 0.03 -0.01 0.06 0 0 0.04
Black (p) 0.14 0.15 0.22 0.26 0.02 0.24 0.33 0.01 -0.01 0.01
Hispanic (p) 0.11 0.11 0.09 0.09 0.01 -0.06 -0.06 -0.01 0 -0.02
High school graduate (p) 0.43 0.40 0.44 0.42 -0.05 0.02 -0.02 -0.01 0.01 -0.01
Some college (p) 0.29 0.29 0.24 0.24 0.01 -0.10 -0.10 0 -0.01 0
College graduate (p) 0.07 0.06 0.05 0.06 -0.05 -0.08 -0.05 0.01 -0.01 0
Usual full-time (p) 0.13 0.10 0.17 0.14 -0.07 011 0.02 0 0 -0.01
Usual part-time (p) 0.14 0.15 0.13 0.12 0.04 -0.01 -0.05 0 -0.01 -0.01
Not in labor force (p) 0.55 0.63 0.51 0.62 0.17 -0.06 0.16 0 0.01 0.01
Smoking intensity” 13.9 13.5 14.8 13.3 -0.04 0.09 -0.07 0.01 0.01 0.01
Years smoking® 279 30.5 29.0 30.1 0.20 0.09 0.21 -0.01 0.01 0.02
N 2,234 1,758 2,373 2,158

Note: Standardized difference in means are the difference in means between each group and Group 1 divided by Group 1’s SD. Variables with means that represent proportions are denoted by (p).
Boldface indicates differences in standardized means that are greater than 0.1.

3Smoking intensity was defined as the average number of cigarettes each respondent reported smoking 1 year ago. For the respondents in the analytic sample that reported smoking less than once per
day (n=1,821), there was substantial missing information (n=1,492). For these respondents, a random Poisson variable with a mean of 4 was imputed that approximately matches the distribution of
smoking intensity for nondaily 1-year-ago smokers whose smoking intensity was observed. For comparison, the distribution of smoking intensity for daily 1-year-ago smokers approximately resembled a
Poisson random variable with a mean of 16.

®Years smoking was calculated by subtracting the age each respondent reported starting smoking regularly from their current age.
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Figure 1. Changes in smoking cessation outcomes in expansion and nonexpansion states following the Medicaid expansion.
TUS-CPS, Tobacco Use Supplement-Current Population Survey.

Before the Medicaid expansion, respondents in the ana- ~ Based on the propensity score weighted logistic regression
lytic sample who lived in states that would later expand  models, before adjusting for state-level variables, the
Medicaid had baseline probabilities of attempting to quit  effects of the Medicaid expansion were small, positive,
smoking of 0.383, quitting smoking for 30 days of 0.070,  and nonsignificant at the 5% level for quit attempts
and quitting smoking for 90 days of 0.056 (Table 2). = (AME=1.0 percentage point, 95% Cl= —5 percentage

Table 2. Weighted Logistic Regression Analysis of the Effect of the Medicaid Expansion on Smoking Cessation (N=8,523)

Unadjusted for state controls® Adjusted for state controls”
Probability Change in Change in Change in Change in
in expansion probability relative risk probability relative risk

states with expansion with expansion with expansion with expansion
Variable pre-ACA (95% Cl) (95% CI) (95% Cl) (95% CI)
Quit attempts 0.383 0.010 (-0.05, 0.07) 1.01 (0.87, 1.17) -0.019 (-0.09, 0.05) 0.95 (0.79, 1.11)
30-day cessation 0.070 0.014 (-0.01, 0.04) 1.22 (0.69, 1.76) 0.003 (-0.03, 0.03) 1.04 (0.56, 1.53)
90-day cessation 0.056 0.010 (-0.02, 0.04) 1.17 (0.60, 1.75) -0.001 (-0.03, 0.03) 0.98 (0.48, 1.48)

Note: Column 2 provides a baseline estimate of the probability for each outcome in expansion states before the Medicaid expansion. Estimates were
generated from a logistic regression, probability weighted by the product of each individual’s propensity score and TUS-CPS self-respondent weight.
SEs used in Cl estimation were clustered at the state level and calculated using the delta method. The authors estimate the effect of the Medicaid
expansion as changes in probability (average marginal effects) and changes in RRs associated with the interaction term between Medicaid expan-
sion states and the 2014—2015 TUS-CPS waves.

2Columns 3 and 4 report estimates before adjusting for state-level controls.

PColumns 5 and 6 report estimates after adjusting for state-level controls including state/year unemployment rates, poverty rates, EITC as a percent-
age of federal EITC, maximum Temporary Assistance for Needy Families benefit for a family of 2, minimum wage, cigarette taxes per pack, percent-
age of residents covered by comprehensive smoke-free laws, number of cessation aids covered by Medicaid, number of NRTs offered by Medicaid,
and number of barriers to cessation aids and NRTs within Medicaid.

ACA, Affordable Care Act; EITC, earned income tax credit; NRT, nicotine-replacement therapy; TUS-CPS, Tobacco Use Supplement-Current Population
Survey.
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points, 7 percentage points), 30-day cessation (AME=1.4
percentage points, 95% Cl= —1 percentage points, 4 per-
centage points), and 90-day cessation (AME=1.0 percent-
age point, 95% Cl= —2 percentage points, 4 percentage
points) (Table 2, Column 3). However, after controlling
for state-level covariates, point estimates changed; point
estimates were negative and nonsignificant for quit
attempts (AME= —1.9 percentage points, 95% Cl= —9
percentage points, 5 percentage points), attenuated but
still positive and nonsignificant for 30-day cessation
(AME=0.3 percentage points, 95% Cl= —3 percentage
points, 3 percentage points), and negative and nonsignifi-
cant for 90-day cessation (AME= —0.1 percentage points,
95% Cl= —3 percentage points, 3 percentage points)
(Table 2, Column 5). Interaction effects on the risk scale
matched marginal effects in terms of sign and significance
across all specifications (Table 2, Columns 4 and 5).

Results using alternative cut offs for restricting the
sample to individuals with a high probability of being
<138% of the FPL were null and approximately the
same as reported in Table 2 across all 10 alternative
specifications (Appendix Table 5, available online) using
the main propensity score weighted logistic regression
with state-level controls. Alternative cut offs varied sen-
sitivity (the probability that a respondent <138% of the
FPL was included in the sample) from 60% to 90%, cor-
respondingly increasing the sample size from 5,840 to
10,993 1-year-ago smokers and false-positive rate (the
probability that a respondent >138% of the FPL was
included in the sample) from 28% to 46%. Results
restricting the sample to individuals with high school
education or less, rather than using predictions from
boosted logistic regression, were also null (Appendix
Table 5, available online).

DISCUSSION

The estimates reported in this study suggest that the
effects of the Medicaid expansion on smoking cessation
were close to zero. This contradicts the findings of previ-
ous papers that found that expanding Medicaid was
associated with decreased current smoking”"** and
increased smoking cessation.”” However, it supports the
findings of another paper that found no effects of the
Medicaid expansion on smoking after controlling for
national effects of the ACA on Medicaid-eligible
populations.”

The null results were surprising given evidence that
cessation medication use increased following the Medic-
aid expansion.'””” More work is needed to understand
why increases in cessation medication use did not trans-
late into meaningful changes in smoking-cessation out-
comes. There may be other barriers to cessation that

make cessation medications less effective in low-income
and Medicaid-eligible populations. Collecting data on
Medicaid enrollees about smoking behaviors, quit attempts,
and cessation benefit use would help researchers better
understand this important question and could result in
meaningful improvements to cessation support programs
in Medicaid.

Future work should identify barriers to smoking ces-
sation among Medicaid enrollees and support reforms
to Medicaid that evidence suggests would increase
smoking cessation. For example, combined coverage of
cessation aids and counseling therapy has been shown to
increase the probability of successful smoking cessation
in Medicaid programs,”®” but fewer than 33 states cover
both of these services for all enrollees,’® and few Medic-
aid smokers who try to quit use counseling services.””
Furthermore, several recent papers have pointed out
that most Medicaid enrollees do not receive smoking-
cessation services or know that Medicaid will pay for
these services,”” and that coverage for cessation services
and barriers to their use vary widely across states and
plans despite federal requirements.'®”® Variation in
Medicaid cessation benefits exists even in states that
expanded Medicaid, limiting the potential effectiveness
of the Medicaid expansion for reducing smoking among
newly eligible populations.™

Limitations

There were several limitations to this analysis, which
might have led to underestimating the effect of the Medic-
aid expansion on smoking cessation. First, predicting
whether respondents were <138% of the FPL means that
the analysis was subject to measurement and misclassifi-
cation error. As this threshold was not an exposure vari-
able but rather an assessment of eligibility for the effect of
Medicaid exposure, it was unclear what the effect of these
errors would be on the analysis. To assess the impact of
this measurement error, a separate multiple imputation
analysis (reported in Appendix Table 4, available online)
was conducted. For the multiple imputation analysis, the
entire analyses outlined in this paper were repeated
20 times using different random samples of ASEC
respondents to train the boosted logistic regression that
predicted whether TUS-CPS respondents were <138% of
the FPL. Combined estimates of treatment effects and
variance were then computed using Rubin’s combining
rules.” The results using this approach closely matched
those reported in Table 2 (Appendix Table 4, available
online). Second, though this analysis indicated a lack of
large effects of the Medicaid expansion on smoking cessa-
tion, smoking cessation is a rare outcome; the statistical
tests used were moderately powered; and the CIs included
negative, null, and small meaningful and positive effect
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sizes. In particular, the CIs included the effects identified
in the 1 study that identified a positive effect of Medicaid
expansion on smoking cessation using Behavioral Risk
Factor Surveillance System data.”” Finally, this study
reported on the effects of the Medicaid expansion during
its first 2 years. The Medicaid expansion may have effects
on smoking cessation as new enrollees experience
improved access to medical professionals and cessation
services over a longer time.

CONCLUSIONS

Although the Medicaid expansion extended new health
insurance eligibility to millions of low-income smokers,
this study did not find evidence that it increased smoking
cessation in the first 2 years. Less than 20% of the newly
Medicaid-eligible smokers in the sample who attempted
to quit smoking in 2014 and 2015 successfully quit for
more than 30 days. Decreasing smoking among new
Medicaid enrollees will require addressing the well-known
barriers to cessation benefits in Medicaid programs.
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