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Abstract

There is a significant research-to-practice gap with respect to
reaching underserved populations with evidence-based tobacco
cessation treatments. Increasing enrollment in evidence-based
treatments is necessary to reduce tobacco use and tobacco-
related health inequities. The purpose of the current study was
to evaluate whether Motivation And Problem Solving (MAPS),
a flexible, holistic counseling/navigation approach delivered
via phone, and proactive provision of Nicotine Replacement
Therapy (NRT) would improve Quitline enrollment among a
sample of low SES smokers who were not motivated to quit.
In a 3x2 factorial design, cigarette smokers (N = 603) were
randomized to one of six treatment conditions (Standard
Treatment, MAPS-6, or MAPS-12 by NRT or no NRT). Results
indicated that both MAPS-6 and MAPS-12 increased Quitline
enrollment compared to Standard Treatment (ps <.03). There
were no differences between MAPS conditions. NRT did not
increase Quitline enrollment. MAPS is an effective intervention
with the potential to be disseminated and implemented in
healthcare and community settings to increase the reach of
evidence-based interventions for tobacco cessation.
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Smoking remains the leading preventable cause of
morbidity and mortality, accounts for about 30% of
all cancer deaths, and is a leading cause of health
inequities [1-8]. Fortunately, quitting smoking
improves health and greatly reduces the risk of
developing cancer—former smokers have an almost
40% lower risk of developing lung cancer within five
years of quitting compared to individuals who con-
tinue to smoke [9].

A significant advance in cancer prevention and
control has been the development of evidence-based
interventions (EBIs) for tobacco cessation, including
those delivered via Quitlines [10]. Quitlines typic-
ally provide free EBIs in several different formats
(e.g., phone counseling, web-based programs, text
messaging, pharmacotherapy) to help tobacco users
quit and have consistently been found to be effica-
cious and cost-effective [11,12]. Quitlines are avail-
able in all 50 states, Puerto Rico, and Guam, and

Implications

Practice Providing MAPS via phone counseling
has the ability to reach large numbers of individ-
uals not motivated to quit smoking and has the
potential to increase enrollment into evidence-
based smoking cessation interventions.

Policy MAPS is a costeffective intervention
aimed at increasing enrollment in smoking
cessation treatment and policies aimed at
incorporating such interventions into existing
infrastructure should be considered.

Research Future research should focus on the
implementation and dissemination of MAPS,
given its high potential for scalability and broad
impact.

increasing their reach has the potential to greatly im-
pact tobacco use at the population level [13,14]. In
particular, increasing Quitline reach among under-
served populations could reduce tobacco-related
health inequities [15-17].

Unfortunately, individuals of lower SES are less
likely to be successful in quitting smoking compared
to those of higher SES, in part because of lack of
access to, and awareness of, EBIs such as Quitlines
[3,6,7,13,14]. In addition, the vast majority of
Quitlines (81%) only enroll smokers who are motiv-
ated to quit [18], and only about 10-20% of smokers
are motivated to quit at any particular moment in
time [19]. Moreover, differences regarding inten-
tion to quit are related to SES, such that individuals
with lower income or education are less likely to in-
tend to quit both within the next 6 months and long
term [20]. Consequently, despite immense potential,
Quitlines are underutilized, reaching less than 1% of
smokers as of 2017 [21].

The lack of enrollment of tobacco users in EBIs
for cessation, such as Quitlines, is a major break-
down in the translation of research-to-practice
[22-24]. Although the vast majority of smokers,
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and particularly low SES smokers, might be cat-
egorized as “unmotivated” to quit, motivation
can change over relatively short periods of time
[25-27]. As such, interventions that influence or
leverage motivation changes could be effective at
increasing treatment enrollment and the reach of
EBIs, particularly for populations that bear a dis-
proportionate burden of smoking and face unique
barriers to cessation.

Motivation And Problem Solving (MAPS) is a
flexible, holistic intervention approach that utilizes
an overarching motivational enhancement frame-
work combined with practical problem solving strat-
egies for enhancing behavior change [28]. MAPS is
appropriate for individuals regardless of their motiv-
ation to change and previous research has demon-
strated the efficacy of MAPS and its precursors in
improving smoking treatment enrollment, cessation
rates, relapse prevention, and in reducing alcohol
use [29-32].

Proactively ~providing nicotine replacement
therapy (NRT), often in conjunction with brief ad-
vice to quit, is another strategy designed to pro-
mote cessation among unmotivated smokers by
increasing motivation to quit and moving people
towards making an active quit attempt. Numerous
studies have found that the provision of NRT in this
manner is related to decreased cigarette consump-
tion and an increased likelihood of quitting [33-41].
For example, Wennike et al. found that among those
not interested in quitting, individuals randomized to
receive nicotine gum (vs placebo gum) were more
successful at sustaining smoking reduction and had
increased smoking abstinence at 12 and 24 month
follow-ups [38]. More recently, Dahne et al. found
that providing two weeks of NRT may have more
impact on cessation-related outcomes among lower
than higher SES smokers [41]. Thus, provision of
proactive NRT may not only promote an active
quit attempt, but also encourage smokers to enroll
in EBIs.

This randomized clinical trial tested the efficacy
of both MAPS and the provision of proactive NRT
with respect to increasing enrollment in EBIs de-
livered via a Quitline among a sample of low SES,
unmotivated to quit, cigarette smokers. Participants
were randomized to one of the following in a 3x2
design: (a) Standard Treatment (ST), (b) ST with the
proactive provision of NRT (ST+NRT), (c) MAPS-
6, (d) MAPS-6 with the proactive provision of NRT
(MAPS-6+NRT), (e) MAPS-12, or (f) MAPS-12 with
the proactive provision of NRT (MAPS-12+NRT).
We hypothesized that participants receiving MAPS
and proactive NRT would be more likely to engage
in a Quitline-delivered EBI (i.e., the Quitline) than
the comparison conditions. Tobacco abstinence was
also assessed. It should be noted that MAPS and
proactive NRT were designed to increase treatment
enrollment (rather than cessation) and that actual

cessation treatment was provided by the Quitline in-
dependent of the current study.

METHOD

Participants
From June 2011 to January 2013, 603 low-income, un-
motivated smokers were enrolled. Participants were
recruited in Houston, TX from the Harris County
Hospital District, radio and newspaper ads, and via
community organizations. Inclusion criteria included
the following: 218 years of age, current smoker of at
least one cigarette per day for the past year, not ready
to quit in the next 30 days, household income less
than 200% of the federal poverty level, valid home ad-
dress, functioning telephone number, and the ability
to speak, read, and understand English. Exclusion
criteria included: carbon monoxide (CO) breath
sample lower than 5 parts-per-million (ppm), less
than a 6" grade literacy level, enrolled in any other
smoking study in the past 90 days, used tobacco
products other than cigarettes regularly, reported
abuse or dependence on addictive substances other
than nicotine, were pregnant or lactating, or had an-
other household member enrolled in the study.
Figure 1 shows the consort diagram. Of the 2,878
who responded to recruitment efforts, 1,689 com-
pleted the initial phone screen, and 843 were eli-
gible. Of those 843 smokers, 603 met all eligibility
criteria, attended a baseline visit, and were con-
sented by study staff. Written informed consent was
obtained from all participants. All study procedures
were approved by the Institutional Review Board
of The University of Texas MD Anderson Cancer
Center (MD Anderson); clinicaltrials.gov registra-
tion #NCT00984724.

Procedures

This study used a form of adaptive randomization,
called minimization, which allows treatment groups
to remain balanced regarding participant character-
istics that may be related to time of accrual and was
based on gender, race/ethnicity, age, income, and
cigarettes smoked per day. Participants were random-
ized to treatment group via computer program: (a)
ST, (b) ST+NRT, (c) MAPS-6, (d) MAPS-6+NRT, (e)
MAPS-12, or (f) MAPS-12+NRT. All participants re-
ceived ST—a letter referring smokers to the Quitline
and standard self-help materials. Participants were
followed for 2 years and attended five in-person
visits (Baseline, Months 6, 12, 18, and 24), during
which they completed computer-administered self-
report questionnaires. Participants were provided
with a $50 gift card for each completed visit.

MAPS intervention.

In addition to the Quitline referral letter and self-help
materials, participants in MAPS-6 and MAPS-12 re-
ceived up to 6 or 12 proactive counseling sessions
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Fig 1 | Consort diagram.

via the phone, respectively, over a period of up to
24 months. MAPS is a holistic, dynamic approach
that integrates two empirically validated treat-
ment approaches—motivational enhancement and
practical problem solving—into a coordinated and
comprehensive treatment that addresses not only
motivation to quit, but also a variety of concerns
and barriers for low income smokers, many of which
reduce motivation and ability to quit smoking [28].
MAPS is strongly grounded in motivational enhance-
ment approaches such as Motivational Interviewing
(MI)[42-43] and was developed for anyone regard-
less of readiness to change/quit smoking. Key clinical
principles derived from MI included in MAPS are
expressing empathy, managing discord, developing
discrepancy, and supporting self-efficacy. MAPS util-
izes a “wellness program” approach that in addition
to focusing on smoking, also addresses life events,
stressors, and concerns that impact the lives of low
income individuals (e.g., stressors, family issues, fi-
nancial hardships). By addressing the larger context
in which smoking occurs, many of the barriers and
factors that impact engaging in a quit attempt can

be addressed.

In order to fully address changes in motivation,
MAPS allows the counselor to shift therapeutic
strategies within a single session. That is, MAPS
requires the counselor to carefully assess and at-
tend to changes in motivation so that they can be
addressed in the moment as they emerge, which
is different from other stage-based conceptual-
izations of behavior change. MAPS assumes that
motivation is a fluid and dynamic construct that
can fluctuate on a day-to-day or even moment-
to-moment basis depending upon the intra- and
interpersonal context. Although MAPS is a
manualized treatment, counselors in this study
were not provided with a specific agenda for each
session. Counselors were trained to listen for spe-
cific language related to changes in motivation to
quit, such that they shift between motivational en-
hancement and skills-based talk. This approach
allowed the counselor to dynamically address
changes in motivation and to comprehensively ad-
dress various topics most relevant to the partici-
pant. In the current study, participants were not
provided with cessation treatment to quit smoking
during sessions, given the target goal of enhancing
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enrollment in EBIs for cessation. If participants
indicated an interest in cessation treatment, the
counselor referred them to the Quitline; they were
able to continue sessions with a MAPS counselor
after the referral was made. Additional details
about MAPS can be found elsewhere [28]. MAPS-6
and MAPS-12 groups differed only in the potential
number of calls. Calls typically lasted 20-30 min-
utes and timing of the calls was completely flexible
based on the needs of the individual. As such, par-
ticipants might not complete all calls designed for
their assigned condition.

Proactive NRT.

Participants assigned to groups with proactive pro-
vision of NRT received 300 pieces of nicotine gum
at their baseline visit. They were not given specific
instructions to cut down their smoking or to quit.
Rather, they were told that they could use the gum
in any way that was helpful. For example, they could
use the gum to reduce their smoking if they wanted
too, in settings where smoking was not allowed, to
reduce cravings, or in any other situation that they
thought the gum could be useful.

NRT during a quit attempt.

If participants indicated that they were ready to ini-
tiate a quit attempt, all participants, regardless of
intervention condition, could request and receive up
to 600 pieces of nicotine gum. Participants received
gum in-person and were provided with instructions
on use at that time. For participants in the NRT con-
ditions, this means that they could receive up to 900
pieces of gum.

Treatment delivery and integrity.

Study staff who conducted assessments were
blinded to treatment condition; participants were
not blinded. All counseling sessions were conducted
by counselors (master’s level with 1+ years of coun-
seling experience) trained in MAPS. Participants
in MAPS-6 completed an average of 4.06 coun-
seling sessions and 58.2% completed all sessions.
Participants in MAPS-12 completed an average of
6.69 sessions and 37.5% completed all sessions. All
MAPS sessions were recorded and a subset (5.4%)
were randomly selected and coded for treatment
fidelity with a modified Motivational Interviewing
Treatment Integrity Manual (MITT) [44]. Average
global ratings (scored on a 5-point Likert scale
from 1 = low to 5 = high) were high: evocation
(M = 4.01), collaboration (M = 4.12), autonomy/
support (M = 4.29), empathy (M = 4.41), direction
(M = 4.47), and desirable shifting (M = 4.16). The
desirable shifting subscale is unique to MAPS and
captures appropriate transitions between problem
solving and motivational enhancement techniques.
Ratio of reflections to questions was good (2:1),

as was the % of open ended questions (72.67%), %
MI adherence (100%), and % complex reflections
(72.77%).

Measures

Questionnaires assessing demographic information
and tobacco history were administered at baseline.
Quitline use and smoking abstinence were meas-
ured at each follow-up visit.

Demographics questionnaire and tobacco use.
Demographic information (e.g., age, race/ethnicity)
and cigarettes smoked per day were collected.

Quitline enrollment.

The primary outcome of treatment enrollment was
assessed at each visit with two questions, “Are you
currently receiving services from the Quitline?” and
“Did you receive services from the Quitline?” If a
participant responded in the affirmative to either
question, his/her Quitline enrollment status was
coded as “Yes” for that visit. Once a visit was coded
“Yes,” that status was carried forward to all subse-
quent visits.

Tobacco abstinence.

Tobacco abstinence (7-day and 30-day point preva-
lence), based on recommendations from the Society
for Research on Nicotine and Tobacco for cessation
induction trials (i.e., among smokers not ready to
quit) [45], was assessed at the Months 6, 12, 18, and
24 visits. Abstinence at all follow-ups was biochem-
ically verified using a CO level of <6 ppm.

Analytic plan
Generalized estimating equations (GEE) with bi-
nomial probit link function were used to model
changes in Quitline enrollment and smoking ab-
stinence with respect to MAPS and proactive NRT.
GEE is an appropriate analytic strategy for analyzing
binomial outcomes and nested data obtained from
repeated longitudinal observations [46]. MAPS (ST,
MAPS-6, MAPS-12), NRT (NRT, no NRT), and
Time (follow-up time points at months 6, 12, 18, and
24) were entered as independent variables (IVs)
in a main effects model, followed by examining a
series of interaction models in which the three in-
dependent variables and their second-order inter-
action (MAPS x NRT, MAPS x Time, and NRT x
time) were entered as IVs, followed by a model with
both the second- and third-order (MAPS x NRT x
time) interaction terms. We used a compound sym-
metry, or exchangeable working correlation matrix.
Missing data were handled with multiple imput-
ation procedures to minimize bias and maximize
power in estimation of treatment effects. First,
missing observations were imputed with the multi-
variate imputation by chained equations (MICE)
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algorithm under SAS PROC MI, and 40 imputed
data sets were generated. Second, the GEE models
were estimated separately on each imputed data
set. Third, the GEE parameter estimates and their
standard errors were pooled using Rubin’s rules
[47]. To maximize the plausibility of the missing at
random (MAR) assumption, multiple imputation
models included outcome (e.g., Quitline enroll-
ment), predictor (e.g., treatment conditions), and
covariates (gender, age, partner status, ethnicity,
education, employment status, and income), as well
as auxiliary variables (cigarettes smoked per day
and alcohol use). Auxiliary variables are considered
associated with missing data mechanisms (i.e., prob-
ability of missingness) [48] but are not part of the ana-
lytic models. Sensitivity analyses were performed,
comparing the results from the imputed models
with models that excluded missing data (completers
only). No differences in results were found. Hence,
only the findings from the imputed models are re-
ported. A few participants (6.3%) reported previous
use of the quitline at baseline. When this variable
was included in the models, results did not change.

RESULTS

Participant demographic data (N = 603) and percent
missing data are reported in Table 1. No significant
differences were found among demographic vari-
ables across the 6 groups.

A simple main effects model regressed Quitline
enrollment on MAPS, NRT, and Time. There was
a significant main effect of both MAPS-6 (¢ = 2.30,
p=.02; OR = 1.60, 95% CI = 1.07-2.39) and MAPS-
12 (¢ = 2.45, p = .01; OR = 1.68, 95% CI = 1.11-
2.54), with participants in both groups significantly
more likely to report enrolling in Quitline services
across the follow-up time points than participants
who were assigned to ST (Fig. 2). MAPS-6 and
MAPS-12 did not differ significantly from one
another in their effects on Quitline enrollment
(¢=10.22,p = .83, OR = 1.05, 95% CI = 0.70-1.57).
No significant effects were found for proactive NRT,
and for the second and third order interaction terms
in subsequent models that added them. Finally,
we added covariates (gender, age, marital status,
ethnicity, education, and number of cigarettes
smoked per day) to the simple main effects model

Table 1 | Participants characteristics

Mean (SD), %

MAPS-12

Variables ST ST+NRT MAPS-6 MAPS-6+NRT MAPS-12 +NRT p
N 101 101 100 101 100 100
Demographics

Age (years) 475(10.0) 46.5(10.8) 46.8(10.7) 46.8(11.2) 47.2(10.7) 46.9(10.3) .99

Female 53% 54% 54% 55% 54% 54% .99

Married/living with Partner 27% 17% 22% 19% 20% 17% .50
Race/ethnicity

White, non-Hispanic 18% 18% 17% 18% 19% 21% .99

Black, non-Hispanic 64% 61% 64% 63% 64% 61%

Hispanic/Latino 7% 10% 9% 7% 7% 6%

Other 11% 11% 10% 12% 10% 13%
Socioeconomics

Education (years) 11.9(1.9) 12.1(1.7) 12.1 (2.0) 12.0(1.7) 11.9(1.7) 120(1.8) .96

Annual income < $10,830 51% 52% 58% 50% 57% 55% 97

Employed 20% 28% 29% 25% 16% 21% 34

No health insurance 63% 56% 63% 64% 56% 59% 45
Smoking characteristics

Cigarettes per day 17.1 (8.6) 17.8(10.6) 15.4(8.8) 16.5 (8.5) 16.7 (10.1) 15.1(9.0) .33

Years smoked 253(11.8) 25.9(13.7) 240(10.7) 25.3(12.2) 23.7(12.1) 23.3(125) .59

Smoke menthol cigarettes 65% 69% 79% 65% 69% 72% .19

Smoke within 5 minutes 43% 46% 39% 45% 54% 45% .38

of waking
Missing data (%)

6 months 22% 27% 23% 36% 23% 39%

12 months 31% 26% 30% 37% 30% 36%

18 months 29% 30% 30% 32% 25% 39%

24 months 28% 31% 35% 37% 30% 43%

MAPS motivation and problem solving; NRT nicotine replacement therapy; SD standard deviation; ST standard treatment.
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and found that the significant effect of both MAPS
conditions remained unchanged (MAPS-6 vs. ST,
t=240,p=.02, OR = 1.65, 95% CI = 1.10-2.47;
MAPS-12 vs. ST, t = 2.54, p = .01, OR = 1.71, 95%
CI = 1.13-2.59).

Given the overall effect of MAPS on Quitline
enrollment, we conducted a separate logistic re-
gression to examine the incremental effect of
MAPS sessions on participants’ enrollment status at
24 months. There was a significant dose response
effect (X2 = 3.79, p = .05), such that each add-
itional MAPS session increased participants’ odds
of enrolling in the Quitline by 7% (OR = 1.07, 95%
CI = 1.00-1.14). Adding covariates to the model did
not change the results (OR = 1.08, 95% CI = 1.01-
1.17). Figure 3 shows the dose—response relationship
of calls for all four MAPS groups combined over
time with Quitline enrollment.

Given recent research showing that the provision
of NRT was more strongly associated with quitting
in low income smokers as compared to high income
smokers [41], we examined the interaction of demo-
graphics (education, income, gender, age, race/eth-
nicity, partner status) and treatment conditions on

40
35
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MAPS-12

15 MAPS-6

10

Percent Quitline Enrollment

Month

Fig 2 | Quitline enrollment for ST, MAPS-6, and MAPS-12. MAPS
motivation and problem solving.

100

Percent enrolled
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o
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Quitline enrollment and abstinence. Results indi-
cated no significant interactions.

No significant main or interaction effects of
MAPS or proactive NRT were found on either 7-day
or 30-day point prevalence. Results remained gen-
erally unchanged (i.e., no significant main or inter-
action effects) when we only used data from those
participants who engaged in Quitline treatment.

DISCUSSION

Proactive phone counseling using MAPS increased
the likelihood of enrolling in Quitline treatment
among low SES, unmotivated smokers. There were
no differences between MAPS-6 and MAPS-12,
but there was a dose response effect such that each
additional call increased the likelihood of Quitline
enrollment by 7%. MAPS calls were well received
by unmotivated smokers, as over half of partici-
pants in each group completed at least six calls
(MAPS-6 = 58%; MAPS-12 = 53.5%). The provision
of proactive NRT did not increase enrollment in the
Quitline. There were no differences on abstinence
outcomes, which is not surprising given that the cur-
rent study was designed to test the effect of MAPS in
increasing enrollment in the Quitline, as opposed to
increasing abstinence.

Low SES populations experience higher levels of
chronic stressors and negative life events, which in-
fluence motivation to quit smoking and long-term
cessation outcomes [7,49-52]. MAPS may be par-
ticularly useful for this population given it is de-
signed as a dynamic, flexible treatment approach
that addresses a variety of concerns that may impact
quitting smoking (e.g., family and job stressors, fi-
nancial strain). In addition to the flexibility in topic
and timing of sessions, MAPS is highly scalable.
Previous research has demonstrated that Quitline
counselors can be effectively trained in MAPS [53],
and state Quitlines could consider incorporating
counseling/navigation for those not ready to quit

|

6 7 8 9 10 11 12

Number of completed MAPS sessions

Fig 3 | Dose response effect of completed MAPS sessions for all four MAPS conditions on Quitline enrollment. MAPS motivation and

problem solving.
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smoking, which is generally counter to current prac-
tice [18]. Although the “conversion rate” of Quitline
callers to enrollment in treatment is lower among
less motivated smokers [54], low SES populations
are less motivated to quit and our approaches need
to be broadened to more effectively reduce health
inequities [20]. Moreover, MAPS could be adopted
and implemented in numerous healthcare and
community settings through the use of patient navi-
gators, community health workers, and other lay
health workers [55]. Current research is evaluating
the efficacy of MAPS in engaging underserved to-
bacco users in EBIs through Federally Qualified
Health Centers in a stepped care approach [56].
Future research should broadly explore dissemin-
ation of MAPS through existing infrastructures (e.g.,
state Quitlines, healthcare systems).

Despite previous studies showing that proactive
NRT given to unmotivated smokers impacts EBI
enrollment and quit rates [33-39,41], provision of
NRT did not affect either in this study. Furthermore,
unlike Dahne et al. [41], the lack of effect was not
moderated by income. However, 20% of participants
had incomes =$50,000 in Dahne et al., whereas our
extremely low income sample severely restricted
our ability to examine the moderating effect of in-
come on NRT. Nevertheless, given that the effect of
NRT on making cessation attempts and outcomes
were stronger among low income smokers in Dahne
et al., one might have expected a significant effect in
the current study. Unlike prior research, the current
study outcome was EBI enrollment, whereas prior
studies focused on quit attempts and actual cessation.
Thus, several possibilities might account to the lack
of effect of proactive NRT. First, prior research often
provided only a “sampling” of NRT to smokers [41],
whereas participants in the current study received
an ample supply (725 days or more), which might
have led them to believe that they had the tools to
quit on their own without additional help, and thus
they did not initiate contact with the Quitline. Or
it may be the case that many smokers contact the
Quitline simply to get NRT and that incentive was
removed in the current study. Additional research
is needed to better understand the use and role of
proactive NRT in studies attempting to increase
enrollment in Quitline services. With regard to ab-
stinence, participants in the current study were pro-
vided scant instruction on how to use the product
(to mimic what would occur when accessing NRT
over-the-counter). Prior studies have often provided
NRT with additional instruction by counselors or
clinic staff.

Limitations include that only the nicotine gum
was provided (vs. patch, etc.) and that we relied on
selfreport of EBI enrollment in the Quitline (vs.
receiving data from the Quitline on services pro-
vided). This study did not include non-daily/occa-
sional smokers and thus it is unclear whether this

subgroup would benefit from MAPS. Finally, we
do not have data on NRT use at follow-up, and we
do not know the impact of NRT use on study out-
comes. Furthermore, this study only provided nico-
tine gum (as opposed to other forms of NRT, such
as the nicotine patch), so form of NRT may have
impacted usage.

Findings suggest that MAPS is an acceptable, scal-
able, and efficacious intervention to increase enroll-
ment in an EBI for smoking cessation among low
SES individuals. MAPS has the potential to reach
large numbers of individuals and is easily dissemin-
ated via phone counseling. As such, MAPS has the
potential for high impact if disseminated widely.
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