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Abstract

Objective

To assess state coverage and utilization of Medicaid smoking cessation medication benefits

among fee-for-service enrollees who smoked cigarettes.

Methods

We used the linked National Health Interview Survey (survey years 1995, 1997–2005) and

the Medicaid Analytic eXtract files (1999–2008) to assess utilization of smoking cessation

medication benefits among 5,982 cigarette smokers aged 18–64 years enrolled in Medicaid

fee-for-service whose state Medicaid insurance covered at least one cessation medication.

We excluded visits during pregnancy, and those covered by managed care or under dual

enrollment (Medicaid and Medicare). Multivariate logistic regression was used to determine

correlates of cessation medication benefit utilization among Medicaid fee-for-service enroll-

ees, including measures of drug coverage (comprehensive cessation medication coverage,

number of medications in state benefit, varenicline coverage), individual-level demographics

at NHIS interview, age at Medicaid enrollment, and state-level cigarette excise taxes, state-

wide smoke-free laws, and per-capita tobacco control funding.

Results

In 1999, the percent of smokers with�1 medication claims was 5.7% in the 30 states that

covered at least one Food and Drug Administration (FDA)-approved cessation medication;

this increased to 9.9% in 2008 in the 44 states that covered at least one FDA-approved med-

ication (p<0.01). Cessation medication utilization was greater among older individuals (� 25

years), females, non-Hispanic whites, and those with higher educational attainment. Com-

prehensive coverage, the number of smoking cessation medications covered and vareni-

cline coverage were all positively associated with utilization; cigarette excise tax and per-

capita tobacco control funding were also positively associated with utilization.
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Conclusions

Utilization of medication benefits among fee-for-service Medicaid enrollees increased from

1999–2008 and varied by individual and state-level characteristics. Given that the Afford-

able Care Act bars state Medicaid programs from excluding any FDA-approved cessation

medications from coverage as of January 2014, monitoring Medicaid cessation medication

claims may be beneficial for informing efforts to increase utilization and maximize smoking

cessation.

Introduction

Cigarette smoking is the leading cause of premature disease and deaths in the U.S. accounting

for approximately 480,000 deaths annually [1]. Medicaid recipients are disproportionately

affected by the burden of tobacco use: cigarette smoking prevalence among Medicaid enrollees

is significantly higher than in the general adult population (30.1% vs.18.1%) [2]. Smoking

accounts for an estimated 15.2% of Medicaid program expenditures, or $40.1 billion annually

[1].

Studies suggest that smokers enrolled in Medicaid are as interested in quitting and as likely

to make a quit attempt as those in the general population. For example, in 2015, 69.2% of ciga-

rette smokers enrolled in Medicaid indicated they wanted to quit smoking compared with

68.0% in the general population [3]; 56.3% had made a quit attempt for >1 day in the past year

compared with 55.4% in the general population [3]; and 5.9% were recent successful quitters

compared with 7.4% in the general population. Medicaid-enrolled smokers are also as likely as

those in the general population to use cessation treatments [3]. Among current cigarette smok-

ers enrolled in Medicaid who tried to quit in the past year and former smokers who success-

fully quit in the past 2 years, 32.2% had used a cessation medication and 8.0% used counseling,

compared with 29.0% and 6.8%, respectively, of smokers in the general population [3].

Insurance coverage of evidence-based smoking cessation treatments is associated with

increased quit attempts, use of cessation treatments, and successful smoking cessation [4]. In

2011, Healthy People 2020 was established to provide science-based, 10-year national objectives

for improving the health of all Americans [5]. One of the Healthy People 2020 objectives (TU-

8) is to increase the number of states whose Medicaid insurance covers all evidence-based

smoking cessation treatments including individual, group, and telephone counseling and the

seven Food and Drug Administration (FDA)-approved cessation medications [5]. Although

progress toward meeting this objective has occurred, many states lack comprehensive cessa-

tion coverage. For example, the number of states that covered any counseling increased from 7

in 1999 to 49 in 2014 (however, five of the 49 states restricted counseling to only pregnant

women) [6,7,8,9]. Additionally, the number that covered all FDA-approved cessation medica-

tions increased from 13 in 1999 to 30 in 2015 [6,7,8,9]. Although the 2010 Affordable Care Act

prohibits state Medicaid programs from excluding coverage for FDA-approved smoking cessa-

tion medications, including over-the-counter medications, effective January 1, 2014 [10], as of

June 30, 2015, based on data from the American Lung Association, 30 state Medicaid pro-

grams covered all seven FDA-approved cessation medications [9].

Large state variations have been observed in cessation medication utilization among Medic-

aid enrollees. For example, a recent study by Ku et al. using Medicaid’s 2013 aggregate state

prescription drug utilization rebate files, estimated that utilization of tobacco cessation medi-

cation among Medicaid adult smokers varied from 1% in Texas to 27% in Minnesota [11]. To

Smoking cessation medication utilization among medicaid enrollees

PLOS ONE | DOI:10.1371/journal.pone.0170381 February 16, 2017 2 / 15

funding, Biostatistics, Inc. served as a contractor to

CDC for this project and did not provide any

funding for the project. Biostatistics, Inc. provided

support in the form of salaries for authors Paul

Mowery and Varadan Sevilimedu, but did not have

any additional role in the study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: Paul Mowery and Varadan

Sevilimedu are employed by Biostatistics, Inc.

There are no patents, products in development or

marketed products to declare. This does not alter

our adherence to all the PLOS ONE policies on

sharing data and materials.



date, few studies have examined the relationship between smoking cessation treatment cover-

age and cessation outcomes within the Medicaid population. Greene et al. [12] found that

enrollees residing in states with the most extensive coverage (counseling and pharmacotherapy

with no copayment) had higher rates of successfully quitting in the past 12 months as com-

pared to enrollees residing in states with no coverage and those residing in states in which

copayments were required for both counseling and pharmacotherapy. Moreover, Li and Dres-

ler [13] found that the number of tobacco cessation drug claims increased sharply after cover-

age for nicotine patch and gum started in Arkansas in October 2004, peaked in December

2004, and then declined rapidly; a similar pattern was observed with the addition of varenicline

coverage. Their study concluded that Medicaid coverage alone may have a limited, sustained effect

on increasing utilization of covered cessation treatments [13]. In addition, Liu [14] observed that

smokers residing in states with smoking cessation treatment coverage and no copayment require-

ments were more likely to have made a quit attempt in the past 12 months and to report intention

to quit in the next 6 months than smokers residing in states with no tobacco-dependency treat-

ment coverage. Finally, when Massachusetts widely promoted their new comprehensive cessation

benefit coverage to Medicaid enrollees and health care providers, 37% of all enrollees who smoked

used the cessation benefit, and cigarette smoking prevalence decreased significantly from 38% in

the pre-benefit period to 28% in the post-benefit period [15].

There are currently no studies examining the overall prevalence of utilization of smoking

cessation medication benefits among the Medicaid population using individual claims data

and how benefit utilization varies by the number or type of medications covered or other indi-

vidual and state-level characteristics. To fill this gap, we assessed trends in the utilization of

smoking cessation medication benefits during 1999–2008 among Medicaid fee-for-service

enrollees whose state Medicaid insurance covered at least one smoking cessation medication.

We also examined the relationship between cessation medication benefit utilization and cover-

age of all FDA-approved medications in a given year, the number of medications covered, cov-

erage of varenicline (Chantix) after 2006, individual-level demographic characteristics of

Medicaid smokers, and state-level characteristics (cigarette excise tax, statewide smoke-free

laws, and per-capita tobacco control program funding).

Methods

Data

The Centers for Disease Control and Prevention’s National Center for Health Promotion and

Disease Prevention’s and its National Center for Health Statistics’ (NCHS) IRB authorities

reviewed and approved this study. The study was performed at the NCHS’s Research Data

Center and no individual level information was released to the study authors. We used data

from the 1995 and 1997–2005 National Health Interview Surveys (NHIS) linked to the 1999–

2008 Centers for Medicare & Medicaid Services (CMS) Medicaid Analytic eXtract files [16];

no tobacco use questions were included on the NHIS 1996 survey, so subjects interviewed in

this year were not included in our analysis. The NHIS utilizes a complex probability sample

design to select a nationally representative sample of the civilian, non-institutionalized popula-

tion of the United States. The household-based survey consists of a core questionnaire with

demographic and health-related questions, as well as supplemental questionnaires on a variety

of health-related topics.

The Medicaid MAX files include Medicaid enrollment and claims data for NHIS respon-

dents who were successfully matched by the National Center for Health Statistics with Medic-

aid administrative records. Details of the linkage methodologies and the linked data files are

published elsewhere [16].
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Study population

The study population included all NHIS respondents 18–64 years of age during a Medicaid

enrollment year who were either current or former cigarette smokers at the time of the NHIS

interview and were residents of states whose Medicaid program covered a least one smoking

cessation medication at any time from 1999 through 2008. We then limited the population to

those who were enrolled in fee-for-service Medicaid for at least one month during the study

period, according to the Medicaid claims data. Details on how we obtained our study popula-

tion are included in Figure A in S1 Appendix.

For our analysis, we examined only periods of enrollment in Medicaid fee-for-service pro-

grams, and excluded the data for the entire enrollment year if a person was enrolled in either

Medicaid managed care or had dual enrollment in Medicaid and Medicare during any month

in a 12-month calendar year. These exclusions were made because for dual enrollees, Medicare

is the first payer for services that are covered by both Medicare and Medicaid; MAX only cap-

tures these services if additional Medicaid payments are made on behalf of the enrollee for

either Medicare cost-sharing or for shared services. In addition, encounter records for those

enrollees in Medicaid managed care plans are not provided by all states; in some states, only a

portion of managed care recipients have encounter data recorded. Because cessation medica-

tion recommendations differ for pregnant women [4] and because charges acquired during

pregnancy are often bundled, we also excluded monthly periods of enrollment during

pregnancy.

Cigarette smoking status

Self-reported cigarette smoking information from the NHIS was used to identify respondents

as current smokers or former smokers at the time of their interview. Current smokers were

defined as those who answered “yes” when asked “Have you smoked at least 100 cigarettes in

your entire life?”, and who also answered “every day” or “some days” when asked “Do you

now smoke cigarettes every day, some days or not at all?” Former smokers were defined as

those who ever smoked� 100 cigarettes, but who answered “not at all” to the aforementioned

question. We constructed the person’s past smoking history from NHIS using age of initiation

and time since quitting to determine whether they were current smokers at the time of their

Medicaid claim. For example, if a person reported that they were a former smoker at time of

NHIS interview in 2005, had initiated smoking in 1980 and quit in 2004 then we defined them

as a current smoker for any Medicaid claims in the years 1999 (the year the Medicaid claims

began) through 2004. For those who were current smokers at the time of their Medicaid claim

according to their smoking history, we included Medicaid claims data from years prior to the

NHIS interview. For Medicaid claims that occurred after the person’s NHIS interview, we

assumed smoking status at the time of the NHIS interview remained constant for the remain-

der of the study period; only claims for those categorized as ‘current smokers’ at time of Med-

icaid claim were included.

Medicaid claims for cigarette smoking cessation medications

The primary outcome measure for this study was whether a current smoker had one or more

smoking cessation medication claims in a Medicaid enrollment year. Because enrollees could

appear in multiple years, drug claims were assessed for each enrollment year from 1999 to

2008. The percent of Medicaid enrollees with�1 cessation medication claim in a given year

was calculated. We included all FDA- approved smoking cessation medications (nicotine

patch, gum, spray, inhaler, bupropion, lozenges, and varenicline) starting in the year they were

approved. Since bupropion is also commonly used for the treatment of depression and other
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conditions, we also performed sensitivity analyses by excluding bupropion claims from all

analysis. Details on drug coding are available in the Text A in S1 Appendix.

Individual measures

Self-reported gender (male, female), race/ethnicity (Non-Hispanic (NH) White, NH Black,

Hispanic, and NH “other”), and educational attainment (< High School, High School/GED,

and> High School) of Medicaid enrollees were obtained from the NHIS. Age (18–24, 25–34,

35–44, 45–64 years) was age at Medicaid enrollment year.

State level measures

Three measures of cessation medication coverage were constructed for each year of the study

period: (1) comprehensive drug coverage (i.e., covered all FDA-approved medications; yes/

no); (2) number of drugs covered; and (3) varenicline coverage (yes/no). Comprehensive drug

coverage was defined as coverage of 5 drugs during 1999–2001, 6 drugs during 2002–2005

(nicotine lozenges were approved in 2002), and 7 drugs during 2006–2008 (varenicline was

approved in 2006). Information on state Medicaid drug coverage during 1999–2007 came

from published Morbidity Mortality Weekly Reports [6,7,8,17,18,19]; data for 2008 were

obtained from the American Lung Association [20].

Three state-level variables thought to potentially influence the likelihood of using smoking

cessation medications were included in the analysis: 1) state excise taxes on cigarettes (per

pack of cigarettes on November 1 of each year [21], adjusted for inflation using 1999 index

year); 2) per-capita funding for comprehensive statewide tobacco control programs; and 3)

presence or absence of a comprehensive statewide smoke-free law. State funding for tobacco

control programs was obtained from the Bridging the Gap/ImpacTeen Project, University of

Illinois at Chicago Health Policy Center, [22] where estimates were calculated from the follow-

ing sources: (1) state appropriations and allocations to tobacco control programs generated

from state tobacco excise tax revenues, state settlement payments, and/or state general funds;

(2) federal funds received by states and communities for tobacco control and prevention; (3)

tobacco control funds from the Robert Wood Johnson Foundation; and (4) tobacco control

funds from the American Legacy Foundation. Funding was calculated per capita and was

adjusted for inflation using 1999 as the index year [23]. Statewide comprehensive smoke-free

laws were determined using the State Tobacco Activities Tracking and Evaluation (STATE)

System [23]; states were categorized dichotomously as having a comprehensive smoke-free law

covering private workplaces, restaurants and bars versus any other less restrictive policy or no

policy. All three state level variables were calculated for each Medicaid enrollment year during

1999–2008.

Statistical analysis

Three analyses were carried out: 1) descriptive statistics showing the percentage of enrollees

who had� 1 claim for a smoking cessation medication in a year, by year and demographic

characteristics; 2) time trend tests of the percentages during 1999–2008; and 3) logistic regres-

sion to test for independent associations between a Medicaid enrollee’s cessation medication

utilization and state Medicaid cessation medication coverage, individual demographic charac-

teristics (age, gender, race/ethnicity, and education), state excise tax, per-capita state tobacco

control program funding, and comprehensive state smoke-free law status. The percentage of

enrollees with�1 medication claim was calculated by summing the indicator variable (whether

a person had a cessation medication claim in a given year, 1 = yes, 0 = no) for each enrollment

year and dividing that figure by the total number of enrollees who were enrolled for at least one

Smoking cessation medication utilization among medicaid enrollees
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month during that year. Time trends for the annual percentage of enrollees having a claim were

carried out using least squares regression and assuming a linear relationship over time. The out-

come measure for the logistic models was whether a smoker had one or more smoking cessation

medication claims in a Medicaid enrollment year. The three different cessation medication cov-

erage measures were evaluated individually in separate models.

Survey weights were used to account for the probability of selection for each NHIS respon-

dent and a nonresponse adjustment was used to account for demographic differences in link-

age eligibility of the linked-MAX files. A post-stratification adjustment was then applied to

make the analysis sample demographic distributions match the total MAX file population, by

enrollment year. Data were also weighted by the number of enrollment months to control for

differences in length of enrollment and eligibility to make a claim. Stratification and cluster

variables were included in the analyses to take into account the NHIS multi-stage survey

design as well as the fact that respondents could appear in multiple years of the MAX files.

SAS1 version 9.3 was used for all analyses.

Results

The number of states that covered at least one drug increased from 30 in 1999 to 45 in 2008,

and the number of states that offered comprehensive drug coverage increased from 13 in 1999

(�5 drugs) to 24 in 2008 (�7 drugs) (Table 1). During 2000–2008, at least 50% of states that

covered one or more smoking cessation drugs had comprehensive coverage.

The Centers for Medicare and Medicaid Services estimated that those enrolled in fee-for-ser-

vice represented 59%-61% of the Medicaid population during the midpoint of this study [24].

Among our Medicaid fee-for-service study population, only around one-half were enrolled in

Medicaid fee-for-service coverage for the entire year (range: 48.7% in 1999 to 53.0% in 2004;

data not shown) and on average they were enrolled for 8.8 months per year (range 8.6 in 1999

to 9.0 in 2003; data not shown). Table 2 shows demographic characteristics of study participants

by whether they had a cessation medication claim. Compared with enrollees without a claim,

enrollees with a cessation medication claim were more likely to be in older age groups at the

Table 1. Number of states whose Medicaid program covered FDA-approved smoking cessation medications,1 by number of medications covered

and year, 1999–2008.2

Number of Medications1 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

1 2 2 3 3 4 4 3 0 0 0

2 2 2 2 2 1 1 1 2 1 0

3 12 11 10 6 8 7 6 3 3 4

4 1 1 1 1 1 1 6 2 2 4

5 13 16 18 21 20 20 23 5 4 6

6 NA NA NA 0 0 0 0 8 5 7

7 NA NA NA NA NA NA NA 19 26 24

Total 30 32 34 33 34 33 39 39 41 45

Abbreviations: NA = Not Applicable
1FDA approved nicotine patch, gum, spray in 1996; inhaler and bupropion in 1997; nicotine lozenges in 2002 and varenicline in 2006.
2Drug coverage data for 1999–2007 came from published Morbidity Mortality Weekly Reports (MMWR 1998–2000, 1994–2001, 1994–2002, 2005, 2006,

2007) and 2008 data were obtained from the American Lung Association (ALA 2008)[6–8,17–20]. Coverage data from 2002 and 2005 was used to fill in

missing information for 2003 and 2004: if there was no change in coverage between 2002 and 2005, we filled in the same information for 2003 and 2004; if

2002 coverage data was different from 2005, we used 2002 data to fill in the missing information for 2003 and 2004, assuming that coverage remained the

same until 2005. We excluded the drug coverage if it was for pregnant women-only or for Medicaid Managed Care-only.

doi:10.1371/journal.pone.0170381.t001
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time of Medicaid enrollment (p<0.01). Enrollees with a claim were more likely to be female

and to be white compared with those without a claim (74.7% vs. 71.1%; p< .05 and 74.4% vs.

66.2%, respectively; p<0.01).

Table 3 shows the percentage of smokers enrolled in Medicaid fee-for-service with one or

more smoking cessation medication claims. In 1999, 5.7% of smokers had one or more claims,

which increased to 9.9% in 2008 (p<0.01). Among those with at least one cessation medication

claim in a given year, the percentage with�2 claims ranged from 43.6% in 2006 to 60.9% in

2001 (data not shown). Percentages generally increased for all age groups, both genders, and

for all three racial/ethnic and education groups.

Multivariate analysis

Comprehensive drug coverage (AOR = 1.6; 95% CI: 1.3–2.0; p< .05) (model 1), covering 5 or

more cessation medications (AOR = 2.4; 95% CI: 1.4–5.0; p < .05) (model 2), and varenicline

Table 2. Demographic characteristics1 of select Medicaid fee-for-service enrollees2 who were current cigarette smokers,3 by whether they had a

smoking cessation medication claim4: NHIS (1995, 1997–2005) linked to Medicaid Max files (1999–2008).

Enrollees with�1 cessation medication

claim

Enrollees with no cessation medication

claim

Characteristic and Data Source P-value Percent CI Percent CI

Age (years) (Max) P<0.01

18–24 10.0 7.5–12.5 20.5 19.6–21.3

25–34 23.4 20.6–26.2 31.2 30.4–32.0

35–44 20.0 17.7–22.3 18.7 18.2–19.3

45–64 46.7 43.4–49.9 29.6 28.8–30.3

Gender (NHIS) P<0.05

Male 25.3 22.4–28.1 28.9 28.1–29.6

Female 74.7 71.9–77.6 71.1 70.4–71.9

Race/Ethnicity (NHIS) P<0.01

White (NH) 74.4 71.6–77.2 66.2 65.4–67.0

Black (NH) 13.8 11.6–16.0 19.8 19.2–20.5

Hispanic 9.5 7.6–11.5 10.7 10.2–11.3

Other (NH) 2.3 1.5–3.1 3.2 2.9–3.6

Education (NHIS) P = 0.31

Less than HS 42.7 39.5–46.0 42.0 41.1–42.8

HS Diploma /GED 34.2 31.1–37.3 36.6 35.7–37.4

More than HS 23.1 20.3–25.8 21.5 20.8–22.2

Abbreviations: NH = Non Hispanic; HS = High school; GED = General Education Development; CI = confidence Interval

P-value from test of association between the domain and a variable measuring whether or not the enrollee had a claim.
1Information on demographic (except age) and smoking characteristics are from the National Health Interview Surveys (NHIS) conducted in 1995, 1997–

2005. Age was recoded as age at Medicaid enrollment.
2Includes persons aged 18–65 years in the NHIS/MAX linked file from states that covered at least one cessation medication from 1999–2008. Only persons

who were enrolled in fee-for-service Medicaid for at least one month are included.

Excludes monthly periods of enrollment for women enrolled due to pregnancy. Excludes the monthly data for an entire enrollment year if a person during

any month in a 12-month calendar year was enrolled in either Medicaid managed care or had dual enrollment in Medicaid and Medicare.
3Current smokers at the time of their NHIS interview. For current smokers (persons who ever smoked 100 cigarettes and who reported smoking every day

or some days) at NHIS interview we used data on age of initiation to capture all claims since they started smoking. For former smokers (persons who ever

smoked 100 cigarettes and did not smoke at time of the interview),we used time since quitting to capture all claims when they were a current smoker. For

claims after time of NHIS interview we assumed smoking status at NHIS remained constant for the remainder of the study.
4U.S. Food and Drug Administration approved cessation medications were nicotine patch, gum, spray, inhaler, bupropion, lozenges and varenicline.

doi:10.1371/journal.pone.0170381.t002
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coverage (AOR = 4.2; 95% CI: 2.8–6.4; p<0.05) (model 3) were all significantly associated

with having a cessation medication claim (Table 4). The relationships between the individual

demographic characteristics and cessation medication utilization that were observed in the

bivariate analyses remained significant in all three multivariate models. State excise tax and

per-capita tobacco control funding were positively associated with having a claim. Compre-

hensive statewide smoke-free laws were not associated with having a medication claim.

In our sensitivity analyses where bupropion claims excluded, we observed similar trends

over time in medication utilization as well as similar relationships between the individual- and

state-level characteristics and medication claims.

Discussion

During 1999–2008, both the number of states that covered at least one FDA-approved smok-

ing cessation medication and the number of states with comprehensive cessation medication

Table 3. Percentage1 of select Medicaid fee-for-service enrollees who were current cigarettesmokers1 in fee-for-service who had one or more ces-

sation medication claims by year2, 3, 4: NHIS (1995, 1997–2005) linked to Medicaid Max files (1999–2008).

Medicaid Enrollment Year

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 p-value 1999–2008

Characteristic and Data Source

Total 5.7 5.4 6.5 6.2 7.3 5.0 3.7 5.9 9.7 9.9 p<0.01

Age (years)5 (Max)

25–34 5.5 3.5 5.6 5.3 5.7 3.5 2.9 2.4 7.3 7.1 p = 0.49

35–44 4.5 6.1 7.5 9.5 6.8 4.5 3.3 6.7 9.8 10.7 p = 0.10

45–64 7.8 9.6 10.7 8.2 9.4 6.8 5.1 9.8 12.9 12.8 p = 0.06

Gender (NHIS)

Male 5.3 3.7 7.4 5.5 5.8 5.0 2.4 6.7 8.6 8.2 p = 0.14

Female 5.8 6.0 6.2 6.5 8.0 5.0 4.2 5.5 10.0 10.5 p<0.01

Race/Ethnicity6 ((NHIS)

White (NH) 7.1 6.0 8.2 7.0 8.6 5.2 3.7 6.5 10.2 11.6 p<0.05

Black (NH) 2.9 4.4 2.9 3.7 4.8 3.6 2.3 5.2 7.8 6.6 p<0.05

Hispanic 3.2 4.4 5.1 5.9 4.6 5.6 7.0 3.8 11.0 6.9 p<0.05

Education (NHIS)

Less than HS 4.2 5.8 6.5 6.2 7.4 5.0 4.3 6.3 10.7 8.6 p<0.05

HS Diploma /GED 6.6 4.8 5.8 5.4 6.6 4.9 2.6 5.8 8.2 10.9 p = 0.06

More than HS 7.2 5.6 7.8 7.7 8.0 5.1 4.3 5.2 8.3 10.4 p = 0.49

Abbreviations: NH = Non Hispanic; HS = High school; GED = General Education Development
1Current smokers at the time of their NHIS interview. For current smokers (persons who ever smoked 100 cigarettes and who reported smoking every day

or some days) at NHIS interview we used data on age of initiation to capture all claims since they started smoking. For former smokers (persons who ever

smoked 100 cigarettes and did not smoke at time of the interview), we used time since quitting to capture all claims when they were a current smoker. For

claims after time of NHIS interview we assumed smoking status at NHIS remained constant for the remainder of the study.
2Smoking cessation medication utilization is defined as the percentage of current cigarette smokers in fee-for-service Medicaid with at least one smoking

cessation medication claim. This percentage was weighted by person-months of enrollment calculated separately for each person and enrollment year. The

same enrollee may appear in multiple years.
3Smoking cessation medications: nicotine patch, gum, spray, inhaler, bupropion, lozenges and varenicline.
4Includes persons aged 18–65 years in the NHIS/MAX linked file from states that covered at least one cessation medication from 1999–2008. Only persons

who were enrolled in fee-for-service Medicaid for at least one month are included. Excludes monthly periods of enrollment for pregnant women enrolled due

to pregnancy. Excludes the monthly data for an entire enrollment year if a person during any month in a 12-month calendar year was enrolled in either

Medicaid managed care or had dual enrollment in Medicaid and Medicare.
5, 6 The “18–24” category for age and “other” level for race were not reportable due to RSE > 30%.

doi:10.1371/journal.pone.0170381.t003
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coverage increased. In addition, among smokers from states whose Medicaid program covered

at least one medication and who were enrolled in Medicaid fee-for-service, the percentage

with one or more cessation medication claims also increased from 5.7% to 9.9% during the

same time period. Comprehensive coverage, the number of cessation medications covered,

and varenicline coverage, which was approved by the FDA in 2006, were all positively associ-

ated with having a medication claim. Cessation medication claims also varied by the enrollee’s

demographic characteristics and the state’s excise tax and per-capita tobacco control funding.

While it is encouraging that utilization of cessation medication is increasing among Medicaid

enrollees who smoke, use remains low. The 9.9% utilization in our study is similar to the

10.0% utilization found in 2013 by Ku et al. [11] using 2010–2013 Medicaid state aggregate

Table 4. Multivariate logistic regression models for correlates of having a claim for smoking cessation medication,1 among current smokers2 who

were enrolled in Medicaid Fee-for-Service3,4, Source: NHIS (1995, 1997–2005) linked to Max files, 1999–2008.

Characteristic and Data Source Model 1 Comprehensive

cessation edication coverage5
Model 2 Number of cessation

medications in state benefit

Model 3 Coverage ofvarenicline6

OR (95% CI) OR (95% CI) OR (95% CI)

Comprehensive Drug Coverage5

No Ref - - - -

Yes 1.62 (1.31–2.01) - - - -

Number of cessation drugs in statebenefit5

1 - - Ref - -

2 - - 1.92 (0.72–5.08) - -

3 - - 1.50 (0.70–3.22) - -

4 - - 2.21 (0.96–5.06) - -

5 or more - - 2.38 (1.41–4.95) - -

Varenicline Coverage6

No - - - - Ref

Yes - - - - 4.25 (2.81–6.43)

Age (years) (Max)

18–24 Ref Ref Ref

25–34 1.13 (0.73, 1.74) 1.12 (0.72, 1.74) 1.33 (0.55, 3.21)

35–44 1.90 (1.25, 2.87) 1.84 (1.21, 2.79) 2.51 (1.01, 6.21)

45–64 2.60 (1.72, 3.94) 2.50 (1.64, 3.81) 3.29 (1.29, 8.38)

Gender (NHIS)

Male Ref Ref Ref

Female 1.60 (1.31, 1.96) 1.63 (1.33, 1.99) 1.52 (1.11, 2.09)

Race/Ethnicity (NHIS)

Black (NH) Ref Ref Ref

White (NH) 1.71 (1.33, 2.20) 1.72 (1.34, 2.21) 1.63 (1.09, 2.45)

Hispanic 1.19 (0.87, 1.63) 1.16 (0.85, 1.59) 0.83 (0.51, 1.38)

Other, (NH) 1.01 (0.54, 1.88) 1.08 (0.58, 2.02) 0.68 (0.28, 1.64)

Education (NHIS)

More than HS Ref Ref Ref

HS Diploma /GED 0.96 (0.73, 1.26) 0.94 (0.72, 1.23) 1.22 (0.78, 1.92)

Less than HS 1.14 (0.88, 1.48) 1.11 (0.86, 1.43) 1.49 (1.02, 2.17)

State Excise Tax7,* 1.18 (1.08, 1.29) 1.14 (1.04, 1.26) 1.16 (1.02, 1.31)

State Funding Per Capita8,* 1.05 (1.02, 1.08) 1.04 (0.99, 1.80) 1.07 (1.01, 1.12)

State Comprehensive Smoke-free law9

No Ref Ref Ref

(Continued)
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prescription drug rebate data that included both fee-for-service and managed care prescrip-

tions. Well-funded comprehensive state tobacco control programs which include anti-tobacco

mass media campaigns, increased cigarette excise taxes, and barrier-free access to cessation

treatments are needed to further increase cessation among the smoking population in general

including Medicaid enrollees [4,25,26].

Our observation of increased utilization of cessation medications with increased coverage

underscores the importance of offering comprehensive cessation benefits to Medicaid smok-

ers. Use of FDA-approved cessation medications in combination with counseling by individu-

als can double or triple quit rates [4]. The 2008 update to the Public Health Service Clinical

Practice Guideline on Treating Tobacco Use and Dependence [4] determined that providing

tobacco dependence treatments (both medication and counseling) as a paid or covered benefit by

health insurance plans increases the proportion of smokers who use cessation treatment, attempt

to quit, and successfully quit. Additionally, the guideline recommends that cessation treatments

be included as covered services in public and private health benefit plans [4]. Although coverage

of medications increased during 1999–2008, as of June 2015, only nine states met the Healthy

People TU-8 objective [5] of Medicaid programs covering individual, group, and telephone

counseling and all seven FDA-approved cessation medications [9,25]. Accordingly, it is critical

that state tobacco control programs continue to work with their Medicaid programs to expand

Table 4. (Continued)

Characteristic and Data Source Model 1 Comprehensive

cessation edication coverage5
Model 2 Number of cessation

medications in state benefit

Model 3 Coverage ofvarenicline6

OR (95% CI) OR (95% CI) OR (95% CI)

Yes 1.33 (0.99, 1.80) 1.34 (1.00, 1.07) 1.32 (0.93, 1.88)

*Continuous variable Blank cell means estimates not applicable to model. P-value for the Wald Chi-squared was <0.05 (bolded in table).
1The dependent variable was defined as having at least one smoking cessation medication claim in an enrollment year. The same enrollee may appear in

multiple years.
2Current smokers at the time of their NHIS interview. For current smokers (persons who ever smoked 100 cigarettes and who reported smoking every day

or some days) at NHIS interview we used data on age of initiation to capture all claims since they started smoking. For former smokers (persons who ever

smoked 100 cigarettes and did not smoke at time of the interview), we used time since quitting to capture all claims when they were a current smoker. For

claims after time of NHIS interview we assumed smoking status at NHIS remained constant for the remainder of the study.
3Includes persons aged 18–65 years in the NHIS/MAX linked file from states that covered at least one cessation medication from 1999–2008. Only persons

who were enrolled in fee-for-service Medicaid for at least one month are included. Excludes monthly periods of enrollment for women enrolled due to

pregnancy. Excludes the monthly data for an entire enrollment year if a person during any month in a 12-month calendar year was enrolled in either

Medicaid managed care or had dual enrollment in Medicaid and Medicare.
4Claims were weighted by person-months of enrollment.
5Comprehensive drug coverage was defined as coverage of 5 drugs in 1999–2001, 6 drugs in 2002–2005, and 7 drugs in 2006–2008 (source: references

6–8, 17–20).
6This model is limited to 2006–2008 in that varenicline was approved by the FDA in 2006. Coverage of varenicline was defined as living in a state with

Medicaid coverage of varenicline (source: references 18–20).
7State excise tax was defined as total state excise taxes per pack adjusted for inflation for the enrollee’s state and year (source: Orzechowski and Walker

(2012).
8State funding per capita was defined as amount in dollars of funds per person for the enrollee’s state and year available for tobacco control. Includes

funding from federal sources and private foundations. Source: Bridging the Gap/ImpacTeen Project, University of Illinois at Chicago Health Policy Center

(http://www.bridgingthegapresearch.org/).
9State comprehensive smoke-free law was defined as a law prohibiting smoking in all indoor areas of private worksites, restaurants, and bars in the

enrollee’s state and year (source: CDC STATE system).

doi:10.1371/journal.pone.0170381.t004
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coverage, remove barriers to coverage utilization by eliminating co-pays and prior authorization,

and promote cessation treatment coverage to enrollees and providers [9, 25].

Consistent with what we found with varenicline coverage, Li and Dresler [13] observed

increased utilization following the addition of varenicline coverage among Arkansas Medicaid

enrollees. In 2006, 32 states added varenicline coverage, which likely caused an increase in uti-

lization that could be detected at an aggregate level in our study.

We also observed differences in utilization by demographic characteristics of the Medicaid

enrollees. Older age, female gender, and white/non-Hispanic race/ethnicity were positively

associated with cessation medication claims. These finding are consistent with those of Li and

Dresler [13], who also found that age� 25 years and white, non-Hispanic race/ethnicity were

positively associated with utilization of medication benefits in Arkansas. These demographic

patterns are also consistent with national data in which self-reported use of medication during

smokers’ last quit attempt was associated with being female, older, and non-Hispanic white

[3,27,28]. The demographic differences in medication utilization may reflect patterns of health

care utilization, receipt of cessation advice from a health care professional, and knowledge,

attitudes, and beliefs related to the effectiveness and safety of tobacco cessation medications.

Women and non-Hispanic whites are more likely to utilize health care than men and other

racial/ethnic groups, respectively, and utilization of health care also increases with age [29].

Among those who have seen a health care provider, receipt of counseling increases with age

[3,30]. Finally, studies show that there is a lack of knowledge about nicotine replacement ther-

apy effects and its efficacy, as well as the benefits of pharmacotherapy for cessation in general

across racial and ethnic groups [31–35]. It is critical that advice to quit and assistance with ces-

sation, including discussing the benefits of cessation medications, be consistently offered to all

patients [4].

State excise tax and state per capita funding for tobacco control programs were positively

associated with having a Medicaid claim for a smoking cessation medication. These findings

are consistent with prior literature that found that increases in cigarette tax are positively asso-

ciated with quit attempts, successful quits [25, 36–39], and the use of quitline counseling and

nicotine replacement therapy [40–41]. Increased funding for state tobacco control programs is

associated with the ability of states to educate consumers about the dangers of tobacco prod-

ucts and thereby also motivates quit attempts and use of quitlines [25, 38, 42–43]. Although

comprehensive statewide smoke-free laws were not associated with cessation medication utili-

zation in this study they have been found to increase population-level rates of smoking cessa-

tion [26].

The strength of this study is that it uses individual Medicaid claims data across multiple

states over time and links smoking behavior to medical claims; however, the study has some

limitations. We limited claims to those from fee-for-service plans due to the incomplete claims

data for those enrolled in Medicaid managed care plans and our results are not generalizable

to the entire Medicaid enrolled population. Also, only those Medicaid fee-for-service enrollees in

the MAX file who were found in the NHIS, and thus eligible to be linked, were included in the

analysis. A secondary analysis comparing the linked NHIS-MAX file population to the NHIS

Medicaid population revealed that the linked file population was, on average, more likely to be

younger, female, non-Hispanic white, and to have a high-school diploma or GED. Since many of

these populations are more likely to use cessation treatments than other demographic groups [3,

27–28], we may have overestimated the utilization rate of Medicaid cessation benefits. It is impor-

tant to note that the post-stratification of the sample weights to administrative data totals and the

effect of combining the samples and re-weighting the annual national weights used in this analy-

sis has not been well studied. We made several assumptions regarding the weights, for example,

that the post-stratification cells were reasonably homogenous even given that the participants

Smoking cessation medication utilization among medicaid enrollees
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were from different NHIS survey years. Prevalence estimates may be particularly affected by this

choice of sample weighting and should be interpreted with caution. In addition, although the

same NHIS respondent could appear in the analysis dataset for more than one Medicaid enroll-

ment year, our intent was not to model the pattern of cessation claims for individuals over time.

Rather we estimated the population average cessation drug claim rates by year. For analyses that

included data from multiple enrollment years (for example, see Table 4), we accounted for any

variance inflation due to the same person in multiple years by modeling the covariance structure

of the dataset. This covariance structure was included in the estimation algorithm. Although

respondents who appeared in most or all Medicaid enrollment years could potentially bias the

results, the proportion of NHIS respondents who appeared in more than one year is small and

probably not a source of bias.

Some of the measures also have limitations. Cigarette smoking status was determined at the

time of the NHIS interview, and we assumed that all smokers continued to smoke throughout

the study period. It is likely that some study participants quit after the NHIS interview, in that

approximately 7% of cigarette smokers quit in a given year [3]. There is also a possibility that

some enrollees may have started smoking after age 18 years [44] and some of those who were

formers smokers at the time of NHIS interview may have relapsed to smoking [45]. Similarly,

education was determined at NHIS interview and may have changed over time particularly for

people who were interviewed prior to age 25. We also may have included cessation medication

utilization claims from persons who were using bupropion for treatment of depression or

other conditions, and not smoking cessation. However, when we excluded bupropion claims

from the analysis, our trend and logistic models results did not change. Finally, we were not

able to assess whether the enrollees received advice to quit, smoking cessation counseling or

important factors that affect medication utilization (e.g., awareness/promotion of benefits or

potential barriers to accessing treatments). We did not analyze data on smoking cessation

counseling due to small sample sizes (< 1% of current smokers had a Medicaid counseling

claim). In addition, advice to quit was not examined because that question was only included

in the 2000 and 2005 NHIS and state-level data on advice to quit and health insurance from

the Behavioral Risk Factor Surveillance System was available for only the year 2000 for 19

states (http://www.cdc.gov/brfss/questionnaires/index.htm). The combined use of cessation

counseling and cessation medications is more effective in increasing quit rates than the use of

either alone [4].

In January 2014, the Affordable Care Act barred states programs from excluding FDA-

approved cessation medications from coverage [10]. This expansion of coverage should hope-

fully accelerate the increasing trends of cessation medication utilization by Medicaid enrollees

who smoke observed in this study. However, the impact of the provision will depend on state

implementation, and optimal utilization of treatments will most likely occur in states that add

cessation medications to their Medicaid preferred drug lists and remove other barriers to

accessing these medications [9]. Although expansion of Medicaid coverage of effective cessa-

tion treatments will increase their accessibility, it will not guarantee sustained rates of

increased utilization [13, 42–43, 46]. Therefore, efforts are warranted to increase the adoption

of comprehensive tobacco control programs that work to motivate tobacco users to quit [26,

37], particularly given that this study found that levels of both state tobacco control program

funding and state cigarette excise taxes were independently associated with increased rates of

cessation medication utilization among Medicaid enrollees who smoke. Population-based

strategies that increase cessation are particularly important given that the majority of cigarette

smokers now quit without using behavioral interventions or medication [3]. Targeted promo-

tions are also critical to educate Medicaid enrollees and their health care providers about Med-

icaid’s cessation treatment coverage and the effectiveness of cessation treatments. Health care

Smoking cessation medication utilization among medicaid enrollees
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providers are missing many opportunities to provide cessation advice, counseling, and medi-

cations to patients. For example, estimates from the 2015 National Health Interview Survey

show that 89.8% of smokers aged 18–64 years with Medicaid saw a doctor or dentist in the

past year. However, among those who saw a doctor or dentist 40.0% (2.7 million) did not

receive advice to quit and among those who were advised to quit 63.3% (2.3 million) did not

use any effective treatment for their last quit attempt (https://www.cdc.gov/nchs/nhis/nhis_

2015_data_release.htm). Implementation of tobacco policies and programs that motivate

tobacco users to quit, expand comprehensive Medicaid coverage of cessation treatments,

increase awareness of Medicaid cessation benefits, educate on the effectiveness of cessation

treatments, and institutionalize health systems changes that make tobacco use screening and

treatment the standard of care have the potential to increase utilization of effective cessation

treatments and long-term cessation among Medicaid enrollees [4, 25–26, 37].
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