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ABSTRACT

Background and aims A chronic care strategy could potentially enhance the reach and effectiveness of smoking
treatment by providing effective interventions for all smokers, including those who are initially unwilling to quit. This
paper describes the conceptual bases of a National Cancer Institute-funded research program designed to develop an
optimized, comprehensive, chronic care smoking treatment. Methods This research is grounded in three methodological approaches: (1) the Phase-Based Model, which guides the selection of intervention components to be experimentally evaluated for the different phases of smoking treatment (motivation, preparation, cessation, and maintenance);
(2) the Multiphase Optimization Strategy (MOST), which guides the screening of intervention components via efﬁcient
experimental designs and, ultimately, the assembly of promising components into an optimized treatment package; and
(3) pragmatic research methods, such as electronic health record recruitment, that facilitate the efﬁcient translation of
research ﬁndings into clinical practice. Using this foundation and working in primary care clinics, we conducted three
factorial experiments (reported in three accompanying papers) to screen 15 motivation, preparation, cessation and
maintenance phase intervention components for possible inclusion in a chronic care smoking treatment program.
Results This research identiﬁed intervention components with relatively strong evidence of effectiveness at particular
phases of smoking treatment and it demonstrated the efﬁciency of the MOST approach in terms both of the number of
intervention components tested and of the richness of the information yielded. Conclusions A new, synthesized
research approach efﬁciently evaluates multiple intervention components to identify promising components for every
phase of smoking treatment. Many intervention components interact with one another, supporting the use of factorial
experiments in smoking treatment development.
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INTRODUCTION
Despite considerable advances in smoking treatment research [1–3], greater progress is needed in multiple areas.
For instance, counseling effects tend to be modest, and
we have little understanding of which counseling contents
are effective [4–6]. Further, most smokers still fail to
achieve long-term abstinence in their quit attempts even
while using multiple pharmacotherapies [7–10]. Finally,
© 2015 Society for the Study of Addiction

translating evidence-based interventions into clinical practice has been slow and limited [11–16]. In sum, we need to
improve smoking treatments and increase their translation
into practice.
Why has research progress not been greater? First,
there has been insufﬁcient recognition that effective
smoking treatment requires chronic care; i.e. treatment
that can be used effectively across all phases of smoking
cessation (e.g. with smokers unwilling to quit, smokers
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willing to set a quit day and smokers trying to maintain
abstinence). Developing an effective chronic care tobacco
treatment might enhance both abstinence rates and treatment reach (i.e. offering motivational treatment to the
60–80% of smokers unwilling to make a quit attempt at
any point in time should enhance reach [13,17–19]).
Secondly, interventions for smoking have often been either
difﬁcult to implement or have lacked effectiveness in realworld settings, limiting their translation [20–23]. Thirdly,
commonly used research methods have been inefﬁcient,
resulting in too few individual intervention components
being evaluated, and the data these methods yield have
been insufﬁciently informative and useful. For instance,
because previous research has rarely tested interaction effects, we have not learned which intervention components
work well together, hampering our ability to combine them
effectively [24,25].
The three papers accompanying the present paper
[26–28] describe a complementary set of studies designed
to support the development of an optimized chronic care
smoking treatment. By optimized, we mean that the
resulting treatment package comprises intervention components that have each been shown to be promising in
screening experiments; e.g. yielding signiﬁcant, beneﬁcial
main or interaction effects with regard to key optimization
criteria. We used several frameworks to address this goal.
First, a chronic care treatment requires effective intervention strategies for the different phases of the smoking cessation process; we used the Phase-Based Model (PBM) of
smoking treatment [2,24] to help identify the intervention components that should be evaluated experimentally
for each phase of smoking treatment. Secondly, we needed
a research framework to guide the efﬁcient and methodologically principled evaluation of the candidate intervention components identiﬁed via PBM. We selected the
Multiphase Optimization Strategy (MOST [25,29–31]),
an engineering-inspired framework for the development
and evaluation of optimized treatments. The three experiments we report are the ﬁrst to use MOST to screen
clinical interventions for smoking that are designed for
use in the health-care setting [32,33]. Finally, we used
pragmatic research methods (e.g. [34]) to hasten the
translation of our research ﬁndings into real-world use.
These three research frameworks are described below.

THE PHASE-BASED MODEL (PBM) OF
SMOKING INTERVENTION
The PBM was developed to spur research progress on the
chronic care of tobacco use [35–38]. Speciﬁcally, PBM
was designed to enhance research progress, but in a

manner that would directly inform clinical decisions and
practice.
Clinicians, and smokers, face multiple smoking-related
decisions over time, including whether the smoker will take
action with regard to smoking, the type of action to be
taken and how that action will be accomplished. The
smoking change goal (e.g. quitting versus reducing) is particularly important, and affects the challenges the smoker
faces and the opportunities for intervention. For instance,
smokers unwilling to try to quit face different motivational
challenges than do smokers who are willing to do so; i.e.
the change-goal ‘organizes’ challenges and opportunities,
and therefore has implications for assessment and treatment. For example, the smoker attempting to quit faces
rapidly escalating withdrawal, for which front-loaded treatment designed to ameliorate withdrawal (e.g. combination
nicotine replacement therapy [39]) might be especially
appropriate.
PBM currently identiﬁes ﬁve goal-related treatment
phases (see Fig. 1 and Table 1): motivation, preparation,
cessation, maintenance and relapse recovery [2]; the last
phase was not addressed in the present research. The
time–courses suggested for the phases (see Table 1),
reﬂecting their associated challenges and treatment opportunities, have been informed by prior research (e.g. on
withdrawal duration, durations of effective treatments
[24]).1 We believe that future research will yield more
informative guidance with regard to optimal durations
of phase-targeted treatment. For the individual patient,
however, engagement in and duration of phase-based
treatment will often be affected by change-goal decisions
made by the patient and/or clinician (e.g. deciding to
reduce smoking or try to quit). Below we describe
the phases and list examples of challenges and opportunities that are particularly (but not exclusively or exhaustively) relevant for each phase (see Table 1 for additional
examples).
The motivation phase comprises smokers unwilling to
make a quit attempt. The chief goal of motivation-phase
treatment is to increase the rate and probability of successful quit attempts. Representative challenges are low quitting motivation, inadequate coping skills and high levels
of smoking and dependence [2,24]. Importantly, any
smoker unwilling to make a quit attempt should be offered
motivation-phase treatment.
The smoker in the preparation phase is willing to make
a quit attempt but, based on clinical judgment, patient
preference and/or evidence of effectiveness, a decision is
made to use treatment to prepare the smoker for the cessation attempt. The chief goal is to increase the likelihood of
initial abstinence following a quit attempt and one challenge is to intervene effectively within a brief time

1

Thus, the timing of phases and the challenges and opportunities they offer have been greatly informed by prior phase relevant research (e.g. [40–50]).
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Figure 1 The phase-based model of cessation and the phase-speciﬁc intervention factors evaluated in the three accompanying experiments

Table 1 Goals, time-frame and challenges of the smoking cessation treatment phases of the phase-based model.
Phase

Motivation

Preparation

Cessation

Maintenance

Main goals

To encourage smoking
reduction and increase the
likelihood of a successful
quit attempt
While smoker is unwilling
to make a quit attempt:
may range from weeks to
years
1. Low motivation to quit

To increase the likelihood
of initial abstinence
following the quit attempt

To produce sustained
abstinence early in the
quit attempt

To preserve or restore
abstinence

~Several weeks prior to
quit attempt

~2–4 weeks after quit
attempt

~1–12 months after
quit attempt

1. Heavy smoking and
dependence
2. Limited time for quitting
preparation
3. Imminent withdrawal

1. Escalating or peaking
withdrawal
2. High lapse likelihood

1. Flagging motivation/
fatigue
2. Risk of transitioning
from lapses to relapse
3. Recurrent withdrawal

Time-frame

Especially relevant
challenges

2. Low self-efﬁcacy
3. Heavy smoking and
dependence
4. High density of smoking
cues

3. Lapse related decreases
in self-efﬁcacy
4. Limited time for
intervention prior to
lapsing

4. Lack of social support
and/or partner support
5. Non-adherance to
treatment

The time-frames are rough estimates that are useful for treatment planning and evaluation; patient and clinician decisions will often affect phase durations
(deciding to quit, whether to use a preparation treatment). Also, the ‘challenges’ listed are intended to be illustrative, not exhaustive, for each phase, nor
exclusive to a particular phase.

window: typically 2–3 weeks [40] to prevent quitting
motivation from ﬂagging prior to the quit attempt.
The cessation phase comprises the immediate post-quit
period (~2–4 weeks after the quit day) when the smoker is
engaged actively in cessation intervention and striving to
become abstinent. The goal is sustained early abstinence,
and representative challenges include withdrawal symptoms that escalate and typically peak at this time, lapsing,
and a brief time-frame for effective intervention [51–53].
© 2015 Society for the Study of Addiction

The maintenance phase follows the establishment of
initial abstinence in the cessation phase and is of indeterminate length. The chief goal is the preservation or restoration of abstinence, while representative challenges include
ﬂagging motivation, poor adherence to interventions and
the transition of lapses to relapse.
PBM holds that knowledge regarding the challenges
and opportunities of the different phases of the smoking
cessation process can facilitate decision-making (e.g.
Addiction
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selection of a change-goal and the treatment to achieve it),
treatment evaluation and the application of theory. PBM
calls for researchers to ask: (1) what are the intervention
opportunities and challenges for the various phases; and
(2) what interventions are likely to capitalize on those
opportunities and address those challenges successfully?
Thus, research organized by PBM could ultimately help
to guide clinical decisions about what change-goal to pursue, when to pursue it and how to achieve it (i.e. what intervention components to use). Smokers typically undergo
numerous transitions with regard to their smoking
change-goal [2,54]; PBM is aimed at making such transitions more strategic and successful. PBM may be most
useful as an organizational research tool, and to guide
the design and application of clinical interventions. Thus,
it is chieﬂy relevant to planned, clinical intervention versus
unplanned self-quitting [54].
Making effective smoking treatment available for each
phase should enhance the net beneﬁt of treatment; i.e. by
using the most effective intervention components at each
treatment phase [24]. This necessitates developing effective
interventions for those phases for which effective interventions have not been deﬁnitively identiﬁed: e.g. preparing for
cessation or avoiding relapse [40,55,56].
Phase-based treatment should also enhance the net
beneﬁt of treatment by enhancing the reach of treatment.
Given that the majority of smokers are not willing to make
an aided quit attempt at any given time-point [57–59],
reach would be enhanced if such smokers entered effective
treatment with a different change-goal, one that ultimately
increases cessation (e.g. motivation phase treatment with a
smoking reduction goal).
Unlike the Transtheoretical Model (TTM [60]), PBM is
not a theory of change, but is instead an organizing framework, and its chief goal is to help organize all data, theory
and research relevant to decisions about smoking treatment goals and interventions in order to support successful
change. PBM certainly shares features with the TTM, but it
differs from it in several ways. (1) Unlike the TTM, PBM
phases are determined largely by the clinician’s and
patient’s strategic selection of change-goals and success
in meeting those goals, and therefore need not unfold in a
set order; (2) PBM is directed at the treatment of tobacco
smoking per se, meaning that any data and theory relevant
to smoking and its treatment can be incorporated into the
framework, and they need not apply to behavior change in
general; (3) PBM is not constrained to view change as
occurring via a restricted set of extracted mechanisms
(such as the TTM ‘processes of change’ [61]), and therefore
any effective treatments thought to work via any sort of

mechanism can be incorporated into the framework; and
(4) in PBM each phase has associated behavioral and clinically relevant smoking change-goals (e.g. smoking reduction in the motivation phase, maintenance of abstinence
in the maintenance phase). Therefore, PBM represents a
unique framework for developing and applying smoking
treatment. While matching optimal treatments to theorybased stages of change has proved challenging [62–64],
although see Prochaska [65], PBM may nevertheless prove
useful in guiding such treatment-matching.
THE MULTIPHASE OPTIMIZATION
STRATEGY (MOST)
The classic approach to behavioral intervention science
has been to identify a set of intervention components,
and then assemble them into a treatment package that
is evaluated in a two-arm randomized controlled trial
(RCT).2 This approach has several shortcomings. Because
the individual components of the treatment package are
never assessed in a controlled, randomized factorial experiment (we use the term ‘experiment’ to indicate the use of a
factorial design, versus the non-factorial RCT), it is impossible in an RCT to determine which components are active
ingredients and which are inert. Moreover, interactions
among intervention components are not examined, so it
is unknown whether and how the performance of a particular component may be enhanced or reduced by the
presence other components.
Screening experiments
MOST ultimately encompasses the conduct of RCTs, but it
entails considerable research prior to an RCT, including
initial, factorial ‘screening’ experiments, so named because
they are aimed at screening out poorly performing intervention components by evaluating the performance of individual components and any interactions among them.
Factorial experiments differ from RCTs in that their objective is to provide estimates of the individual main effects
of several experimental factors and interactions among
them, whereas the objective of an RCT is direct comparison
of the means of experimental conditions (e.g. experimental
treatment versus usual care: see [66]). The information
obtained from factorial screening experiments makes it
possible to optimize treatment packages to meet one or
more speciﬁc criteria (e.g. effectiveness, cost-effectiveness,
translation potential) by selecting the appropriate components for inclusion. Our criterion for optimization was
simple. In the three companion experiments [26–28], we

2
In MOST, a clinically meaningful, but relatively speciﬁc treatment element is termed an intervention component; such components can be screened for effectiveness using factorial experiments. As per MOST, those components that are especially effective would then be combined into treatment packages or
treatments.
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sought to develop a treatment comprising only components that have promising patterns of effects in terms of
the magnitude, consistency and signiﬁcance of the main
and interaction effects.
In our research [26–28], an intervention component
was viewed as promising if it yielded a signiﬁcant main effect and/or interacted synergistically with other components. Note that assessment of ‘promise’ in screening
experiments depends upon an appraisal of evidence across
different effects (e.g. across main effects and interactions at
different time-points), and is not necessarily reducible to a
signiﬁcant effect on a single outcome. This synthesis of
information across effects is efﬁcient, as it permits the use
of all information yielded by the experiment; however, it
introduces some subjectivity into the evaluation of the
results. In addition, factorial screening experiments can
yield tests of numerous main and interaction effects, leading to increased risk of Type I error. (However, it should
be noted that with effect coding, all main effects and interactions are essentially uncorrelated [66,67]). For these
reasons, the conclusions yielded by such factorial screening
experiments serve the purpose of hypothesis generation,
not hypothesis conﬁrmation; they suggest that certain intervention components will perform well as an integrated
treatment, a hypothesis that can be evaluated ultimately
in an RCT comparing the treatment package developed
via screening experiments with a meaningful alternative
such as usual care.
MOST and the three experiments
This series of three screening experiments [26–28] evaluated 15 intervention components to identify especially
promising components for the motivation, preparation,
cessation and maintenance phases (Fig. 1). The components evaluated were those with promise to address
phase-relevant challenges, based on prior positive ﬁndings
and/or substantive considerations. For instance, nicotine
gum and patch were both used in the motivation phase
in the Cook et al. experiment [26]; the gum has been
shown in multiple studies to increase abstinence rates
among those not initially motivated to quit (e.g. [42]),
while the nicotine patch seemed a theoretically promising
substitute for smoking, with the potential to reduce
smoking pre-quit and promote greater success in a subsequent quit attempt (also see [68]).
The factorial designs used [26–28] are highly efﬁcient,
in keeping with MOST’s resource management principle;
i.e. using available research resources, including research
participants, as efﬁciently as possible [67]. Factorial experiments efﬁciently produce information needed to optimize a
treatment; namely, all main and interaction effects for
multiple components. With proper analysis, factorial experiments can maintain a given level of statistical power
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with only a fraction of the subjects required by alternative
approaches (e.g. an RCT [67,69]).
The resulting experimental data were analyzed primarily with multivariable analyses with effect coding (where
the two levels of a factor are coded –1 and 1), rather than
with dummy coding (where coding is 0 and 1). These two
approaches yield statistical models that are identical in
terms of their overall ﬁt to the data, but yield different
estimates of component effects that should be interpreted
differently. As noted above, a key virtue of effect coding is
that the effects obtained are uncorrelated in balanced
designs. This permits interpretation of a factor’s main
effects even when it interacts signiﬁcantly with (an)other
factor(s) [31,70].
With effect coding, the main effect of a factor represents
its effect averaged over all the other factors in the model. As
Fisher pointed out, this provides ‘a wider inductive basis’
for any conclusions [71, p. 102]. Thus, main effects are
especially important in evaluating promise, as they reﬂect
robustness across variation due to the inﬂuence of other
factors.
Interactions
Relative to main effects, interactions can pose greater
interpretive and inferential challenges. Each of the factorial
experiments in our research [26–28] entailed the experimental evaluation of four or more intervention components. These yielded numerous interaction tests (e.g. 11
in a four-factor experiment) and higher-order interactions
that produced complex patterns of effects. In these
experiments [26–28], we interpret interaction effects via
practices used in engineering (as per MOST [25]); i.e. we
inspect differences in performance of one or more components across levels of other relevant components, and then
relate this information to relevant main effects (see also
[72,73]). We do not conduct simple effects hypothesis tests,
in part because they would be gravely underpowered. Wellpowered simple effects tests following higher order interactions would require a substantial increase in n, greatly
reducing the efﬁciency of the factorial experiment (i.e. to
test multiple components using relatively small ns: [25]).
Our approach to interpreting interactions is consistent
with the goal of this research being hypothesis generation,
not conﬁrmation.
The results of the factorial experiments reported in this
issue [26–28] contain examples of synergistic and antagonistic interactions. In a synergistic interaction, the effect of
components A and B together is signiﬁcantly greater than
would be expected simply from the additive effects of the
two component main effects [i.e. the effects of one experimental factor varies signiﬁcantly depending on the level
of another factor(s)]. Conversely, in an antagonistic interaction, the joint effects would be less than expected based
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upon the additive main effects. A promising component
would either produce a beneﬁcial main effect, interact synergistically with other promising component(s) or, ideally,
do both. However, even if two components interact antagonistically they may both merit inclusion if their main
effects are strong and the interaction is modest.

PRAGMATIC RESEARCH STRATEGIES
Pragmatic criteria were also used to guide this research
program [20,34]: (1) the topic addressed (smoking cessation) is important to key stakeholders (e.g. patients and
payers [74]); (2) the participants were those to be
targeted in real-world application: smokers visiting primary care clinics; (3) the research was conducted in primary care clinics; and (4) the evaluated components and
their delivery systems were feasible and appropriate for
use in health-care settings. This research did not, however, adhere to all pragmatic research criteria ([34]: e.g.
research staff were hired to function as clinic-based case
managers).
One objective of pragmatic research is to develop treatments that are easy to implement and maintain over time
[20,34]. We tried to achieve this via use of intervention
components appropriate for real-world health-care and
the use of a chronic care management model used widely
in health-care (e.g. to manage diabetes, asthma [75,76]).
The latter involved a team approach with clinic managers,
medical assistants (MAs) and BA-level case managers identifying, recruiting, referring and treating smokers. This
team effort was coordinated and guided by an enhanced
electronic health record (EHR). The EHR is used increasingly widely, and can leverage up-front developmental
costs into long-term, systematic intervention support
[77–80]. In this research, the EHR guided the identiﬁcation of smokers by clinic MAs and provided them with
a script to assess interest in smoking treatment and to
offer treatment. The MAs then used the EHR to refer interested smokers seamlessly to study treatment personnel
for screening and treatment enrollment. All in-person
treatment was delivered at the patient’s primary care clinic
[81,82].

WHAT WE HAVE LEARNED
The accompanying screening experiments address the motivation [26], preparation/cessation [27] and maintenance
[28] phases of chronic care smoking treatment. The results
are promising. First, we conducted this research successfully in a manner largely consistent with pragmatic
research criteria: e.g. recruiting three non-overlapping
samples of smokers and treating them in their primary care
clinics. Secondly, there was evidence that a phase-based
chronic care approach to smoking treatment can pay clinical and scientiﬁc dividends (e.g. by including an option for
smokers to reduce their smoking via a motivation phase
treatment, we increased the proportion of smokers attending routine primary care visits who entered smoking
treatment by approximately one-third [26]). Thirdly, we
demonstrated the feasibility of factorial experiments for
the experimental analysis of multiple clinical interventions;
enabled by database prompting, across three experiments
[26–28] case managers adherently delivered 80 different
combinations of intervention components. Of course, in
clinical practice, case managers would deliver only the
components included in an optimized treatment.
Scientiﬁcally, this research provided informative comparative effectiveness data on multiple components across
four phases of smoking treatment. Figure 2 lists especially
promising components. As per PBM, the components were
evaluated using primary outcomes designed to be sensitive
to treatment effects at the targeted treatment phase; i.e.
smoking reduction in the motivation phase [26], end-oftreatment abstinence for the preparation and cessation
phases [27] and 12-month abstinence for the maintenance
phase [28]. All experiments involved analyses of assessments both at a time-point proximal to treatment delivery
to maximize sensitivity to treatment effects [24], and at a
long-term time-point to maximize public health relevance.
This research yielded additional meaningful ﬁndings.
For instance, it showed numerous interaction effects
among intervention components [83], underscoring the
importance of examining interactions prior to combining
components into treatment packages, a step rarely taken
in prior treatment development. It is important to note that
while interactions among naturally occurring person

26,27,28

Figure 2 Relatively promising intervention components identiﬁed in the three accompanying factorial experiments
© 2015 Society for the Study of Addiction
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factors and treatments (e.g. aptitude × treatment interactions [84]) may be highly unstable (e.g. because of sampling error), the interactions reported in these factorial
experiments are different because the intervention components are manipulated experimentally in a controlled setting, and are therefore fairly standardized from one
participant to the next. Moreover, with effect coding, the
standard errors associated with our reported interactions
are essentially identical in magnitude to those associated
with main effects, and power for detecting the two types
of effects is equivalent (see [31,85]). Nevertheless, interactions of randomized intervention components, especially
interactions that are not stipulated a priori, should be
viewed as tentative until replicated. Finally, this research
leads to questions about why such interactions occurred.
Are interacting components exerting synergistic or antagonistic effects on targeted treatment mechanisms, or are
they instead producing their combined effects in other
ways, such as increasing distraction or burden in the case
of antagonistic interactions [83]?
This research also raises questions about why relatively
few intervention components produced strong main
effects. This might be because some components were of
low intensity (to make them appropriate for health-care
[86]) or because these factorial experiments attempted to
isolate the effects of relatively discrete, individual intervention components, which may have smaller effects than do
the packages of components that are often tested in RCTs
(e.g. [42]).
In sum, this research identiﬁed intervention components that were clearly effective when delivered at
particular phases of smoking treatment. Moreover, it demonstrated the efﬁciency of the MOST approach, not only in
terms of the number of intervention components tested,
but also in terms of the richness of information yielded
(the independent and interactive effects of all components).
Because of our integration of MOST and PBM, we now have
greater knowledge about what components work, and
when they work (which phase). Finally, the numerous statistical interactions among components illustrate that a
component can have different effects depending upon the
components with which it is combined. The success of
smoking treatments in the past may have been hampered
by assembling treatments in the absence of such data.
The information obtained through factorial experiments
will ultimately provide a coherent body of knowledge about
what works for smoking treatment and what hinders it.
NEXT STEPS
As per MOST, this program of research will proceed by further exploring the comparative effectiveness of the components via additional factorial screening or reﬁnement
experiments and by evaluating packages of the most
© 2015 Society for the Study of Addiction
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promising components via RCTs. For instance, most effective motivation-phase treatments have been at least
6 months long [42]; the treatment period in our motivation phase experiment was only 6–12 weeks [26]. Thus,
we will examine motivation-phase intervention components delivered over longer time-periods to determine if
we can obtain stronger effects. In addition, while the
Schlam et al. experiment [28] identiﬁed two intervention
components that produced promising effects across the
cessation and maintenance phases, at present we know
relatively little about how to intervene effectively with
recent relapsers. We will undertake a Sequential Multiple
Assignment Randomized Trial (SMART [87]) that evaluates multiple intervention components targeted at the
relapse–recovery phase. We will also begin to conduct RCTs
that evaluate packages of intervention components identiﬁed as promising in the factorial experiments. Ultimately,
once especially effective components are identiﬁed for all
phases of smoking treatment, we will evaluate an integrated, phase-based chronic care treatment as an alternative to usual care in multiple health-care systems. Of
course, we will conduct further secondary analyses on data
from these experiments to identify moderators and mediators of treatment effects, to identify sensitive phase-based
surrogate end-points and to explore the causes of the
observed interaction effects. In sum, this program of
research has efﬁciently identiﬁed promising intervention
components and clariﬁed the need for additional screening
experiments to meet the goal of developing a comprehensive, evidence-based chronic care treatment for smoking
that can be implemented in real-world clinical settings.

Acknowledgements
This research was supported by grants 9P50CA143188
and 1K05CA139871 from the National Cancer Institute
to the University of Wisconsin Center for Tobacco Research
and Intervention and by the Wisconsin Partnership
Program. This work was carried out in part while T.R.S.
was a Primary Care Research Fellow supported by a
National Research Service Award (T32HP10010) from
the Health Resources and Services Administration to the
University of Wisconsin Department of Family Medicine.
W.-Y.L. is also supported by NSF grant DMS-1305725. L.
M.C. is also supported by NIH grants P50DA10075 and
R01DK097364.

Declaration of interest
The authors have received no direct or indirect funding
from, nor do they have a connection with the tobacco,
alcohol, pharmaceutical or gaming industries or anybody
substantially funded by one of these organizations. W.-Y.L.
is partially supported by a grant from Eli Lilly and Company
Addiction

8

Timothy B. Baker et al.

for research that is unrelated to smoking or tobacco dependence treatment.

18.

References
1. Fiore M. C., Baker T. B. Treating smokers in the health care
setting. N Engl J Med 2011; 365: 1222–31.
2. Schlam T. R., Baker T. B. Interventions for tobacco smoking.
Annu Rev Clin Psychol 2013; 9: 675–702.
3. Stead L. F., Lancaster T. Combined pharmacotherapy and
behavioural interventions for smoking cessation. Cochrane
Database Syst Rev 2012; 10CD008286: .
4. Lancaster T., Stead L. F. Individual behavioural counselling for
smoking cessation. Cochrane Database Syst Rev 2005;
2CD001292: .
5. McCarthy D. E., Piasecki T. M., Lawrence D. L., Jorenby D. E.,
Shiffman S., Fiore M. C., et al. A randomized controlled clinical
trial of bupropion SR and individual smoking cessation
counseling. Nicotine Tob Res 2008; 10: 717–29.
6. Stead L. F., Lancaster T. Behavioural interventions as adjuncts
to pharmacotherapy for smoking cessation. Cochrane Database
Syst Rev 2012; 12CD009670: .
7. Cinciripini P. M., Robinson J. D., Karam-Hage M., Minnix J. A.,
Lam C., Versace F., et al. Effects of varenicline and bupropion
sustained-release use plus intensive smoking cessation
counseling on prolonged abstinence from smoking and on
depression, negative affect, and other symptoms of nicotine
withdrawal. JAMA Psychiatry 2013; 70: 522–33.
8. Ebbert J. O., Hatsukami D. K., Croghan I. T., Schroeder D. R.,
Allen S. S., Hays J. T., et al. Combination varenicline and
bupropion SR for tobacco-dependence treatment in cigarette
smokers: a randomized trial. JAMA 2014; 311: 155–63.
9. Fiore M. C., Jaen C. R., Baker T. B., Bailey W. C., Benowitz N.,
Curry S. J., et al. Treating Tobacco Use and Dependence: 2008 Update. Rockville, MD: US Department of Health and Human
Services, US Public Health Service; 2008.
10. Nides M., Glover E. D., Reus V. I., Christen A. G., Make B. J.,
Billing C. B. Jr., et al. Varenicline versus bupropion SR or placebo for smoking cessation: a pooled analysis. Am J Health
Behav 2008; 32: 664–75.
11. Curry S. J. Organizational interventions to encourage guideline implementation. Chest 2000; 118: 40S–6S.
12. Longo D. R., Stone T. T., Phillips R. L., Everett K. D., Kruse R. L.,
Jaen C. R., et al. Characteristics of smoking cessation guideline use by primary care physicians. MO Med 2006; 103:
180–4.
13. Papadakis S., McDonald P., Mullen K. A., Reid R., Skulsky K.,
Pipe A. Strategies to increase the delivery of smoking cessation treatments in primary care settings: a systematic
review and meta-analysis. Prev Med 2010; 51: 199–213.
14. Piper M. E., Fiore M. C., Smith S. S., Jorenby D. E., Wilson J. R.,
Zehner M. E., et al. Use of the vital sign stamp as a systematic
screening tool to promote smoking cessation. Mayo Clin Proc
2003; 78: 716–22.
15. Young J. M., Ward J. E. Implementing guidelines for smoking
cessation advice in Australian general practice: opinions,
current practices, readiness to change and perceived barriers.
Fam Pract 2001; 18: 14–20.
16. Centers for Disease Control and Prevention National Adult
Tobacco Survey, 2009–2010. Atlanta GA: US Department of
Health and Human Services; 2011.
17. Kaida A., Edwards J., Fraser-Lee N., Kunyk D., Lightfoot P.,
Marko J., et al. Smoking in the Capital Health region—Report,
© 2015 Society for the Study of Addiction

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Population Health Survey 2002. Capital Health: Edmonton,
Alberta; 2004.
Los Angeles County Department of Public Health, Ofﬁce of
Health Assessment and Epidemiology. LA Health: Smoking Cessation Efforts Among Adult Smokers. Los Angeles, CA: Los
Angeles County Department of Public Health; 2006.
Lee M. T., Bracamontes J., Mosier E., Davis J., Maddock J. E.
Preferred smoking cessation methods for Asian or Paciﬁc
Islander household smokers who live with hospitalized
children. Hawaii Med J 2011; 70: 48–51.
Klesges L. M., Estabrooks P. A., Dzewaltowski D. A., Bull
S. S., Glasgow R. E. Beginning with the application in mind:
designing and planning health behavior change interventions to enhance dissemination. Ann Behav Med 2005; 29:
S66–S75.
Glasgow R. E., Klesges L. M., Dzewaltowski D. A., Bull S. S.,
Estabrooks P. The future of health behavior change research:
what is needed to improve translation of research into health
promotion practice? Ann Behav Med 2004; 27: 3–12.
Stevens V. J., Glasgow R. E., Hollis J. F., Lichtenstein E.,
Vogt T. M. A smoking-cessation intervention for hospital
patients. Med Care 1993; 31: 65–72.
Stevens V. J., Glasgow R. E., Hollis J. F., Mount K. Implementation and effectiveness of a brief smoking-cessation
intervention for hospital patients. Med Care 2000; 38: 451–9.
Baker T. B., Mermelstein R., Collins L. M., Piper M. E., Jorenby
D. E., Smith S. S., et al. New methods for tobacco dependence
treatment research. Ann Behav Med 2011; 41: 192–207.
Collins L. M., Baker T. B., Mermelstein R. J., Piper M. E.,
Jorenby D. E., Smith S. S., et al. The Multiphase Optimization
Strategy for engineering effective tobacco use interventions.
Ann Behav Med 2011; 41: 208–26.
Cook J. W., Baker T. B., Fiore M. C., Smith S. S., Fraser D., Bolt
D. M. et al. Comparative effectiveness of motivation phase intervention components for use with smokers unwilling to
quit: a factorial screening experiment. Addiction In press.
Piper M. E., Fiore M. C., Smith S. S., Fraser D., Bolt D. M.,
Collins L. M. et al. Identifying effective intervention components for smoking cessation: a factorial screening
experiment. Addiction In press.
Schlam T. R., Fiore M. C., Smith S. S., Fraser D., Bolt D. M.,
Collins L. M. et al. Comparative effectiveness of intervention
components for producing long-term abstinence from
smoking: a factorial screening experiment. Addiction In
press.
Collins L. M., Murphy S. A., Nair V. N., Strecher V. J. A strategy
for optimizing and evaluating behavioral interventions. Ann
Behav Med 2005; 30: 65–73.
Collins L. M., Murphy S. A., Strecher V. The multiphase optimization strategy (MOST) and the sequential multiple
assignment randomized trial (SMART): new methods for
more potent eHealth interventions. Am J Prev Med 2007;
32: S112–8.
Collins L. M., Trail J. B., Kugler K. C., Baker T. B., Piper M. E.,
Mermelstein R. J. Evaluating individual intervention components: making decisions based on the results of a factorial
screening experiment. Transl Behav Med 2014; 4: 238–51.
McClure J. B., Peterson D., Derry H., Riggs K., Saint-Johnson
J., Nair V., et al. Exploring the ‘active ingredients’ of an online
smoking intervention: a randomized factorial trial. Nicotine
Tob Res 2014; 16: 1129–39.
Strecher V. Internet methods for delivering behavioral and
health-related interventions (eHealth). Annu Rev Clin Psychol
2007; 3: 53–76.
Addiction

Effectiveness of smoking treatment research
34. Glasgow R. E. What does it mean to be pragmatic? Pragmatic
methods, measures, and models to facilitate research translation. Health Educ Behav 2013; 40: 257–65.
35. Ellerbeck E. F., Mahnken J. D., Cupertino A. P., Cox L. S.,
Greiner K. A., Mussulman L. M., et al. Effect of varying levels
of disease management on smoking cessation: a randomized
trial. Ann Intern Med 2009; 150: 437–46.
36. Fiore M. C., Goplerud E., Schroeder S. A. The Joint Commission’s new tobacco-cessation measures—will hospitals do
the right thing? N Engl J Med 2012; 366: 1172–4.
37. Joseph A. M., Fu S. S., Lindgren B., Rothman A. J., Kodl M.,
Lando H., et al. Chronic disease management for tobacco
dependence: a randomized, controlled trial. Arch Intern Med
2011; 171: 1894–900.
38. Rigotti N. A. The future of tobacco treatment in the health
care system. Ann Intern Med 2009; 150: 496–7.
39. Bolt D. M., Piper M. E., Theobald W. E., Baker T. B. Why
two smoking cessation agents work better than one: role
of craving suppression. J Consult Clin Psychol 2012; 80:
54–65.
40. Agboola S., McNeill A., Coleman T., Leonardi B. J. A
systematic review of the effectiveness of smoking relapse
prevention interventions for abstinent smokers. Addiction
2010; 105: 1362–80.
41. Hajek P., Stead L. F., West R., Jarvis M., Hartmann-Boyce J.,
Lancaster T. Relapse prevention interventions for smoking
cessation. Cochrane Database Syst Rev 2013; 8CD003999.
42. Moore D., Aveyard P., Connock M., Wang D., Fry-Smith A.,
Barton P. Effectiveness and safety of nicotine replacement
therapy assisted reduction to stop smoking: systematic review
and meta-analysis. BMJ 2009; 338: b1024.
43. Brandon T. H., Vidrine J. I., Litvin E. B. Relapse and relapse
prevention. Annu Rev Clin Psychol 2007; 3: 257–84.
44. Carpenter M. J., Hughes J. R., Solomon L. J., Callas P. W. Both
smoking reduction with nicotine replacement therapy and
motivational advice increase future cessation among smokers
unmotivated to quit. J Consult Clin Psychol 2004; 72: 371–81.
45. Ferguson S. G., Gitchell J. . G., Shiffman S. Continuing to wear
nicotine patches after smoking lapses promotes recovery of
abstinence. Addiction 2012; 107: 1349–53.
46. Hall S. M., Humﬂeet G. L., Munoz R. F., Reus V. I.,
Robbins J. A., Prochaska J. J. Extended treatment of older
cigarette smokers. Addiction 2009; 104: 1043–52.
47. Killen J. D., Fortmann S. P., Schatzberg A. F., Arredondo C.,
Murphy G., Hayward C., et al. Extended cognitive behavior
therapy for cigarette smoking cessation. Addiction 2008;
103: 1381–90.
48. Rose J. E., Herskovic J. E., Behm F. M., Westman E. C.
Precessation treatment with nicotine patch signiﬁcantly
increases abstinence rates relative to conventional treatment.
Nicotine Tob Res 2009; 11: 1067–75.
49. Schnoll R. A., Patterson F., Wileyto E. P., Heitjan D. F., Shields
A. E., Asch D. A., et al. Effectiveness of extended-duration
transdermal nicotine therapy: a randomized trial. Ann Intern
Med 2010; 152: 144–51.
50. Wennike P., Danielsson T., Landfeldt B., Westin A., Tonnesen
P. Smoking reduction promotes smoking cessation: results
from a double blind, randomized, placebo-controlled trial of
nicotine gum with 2-year follow-up. Addiction 2003; 98:
1395–402.
51. Garvey A. J., Bliss R. E., Hitchcock J. L., Heinold J. W., Rosner
B. Predictors of smoking relapse among self-quitters: a report
from the Normative Aging Study. Addict Behav 1992; 17:
367–77.
© 2015 Society for the Study of Addiction

9

52. Kenford S. L., Fiore M. C., Jorenby D. E., Smith S. S., Wetter D.,
Baker T. B. Predicting smoking cessation. Who will quit with
and without the nicotine patch. JAMA 1994; 271: 589–94.
53. Hendricks P. S., Ditre J. W., Drobes D. J., Brandon T. H. The
early time course of smoking withdrawal effects. Psychopharmacology (Berl) 2006; 187: 385–96.
54. Hughes J. R., Solomon L. J., Naud S., Fingar J. R., Helzer J. E.,
Callas P. W. Natural history of attempts to stop smoking.
Nicotine Tob Res 2014; 16: 1190–8.
55. Hajek P., Stead L. F., West R., Jarvis M., Lancaster T. Relapse
prevention interventions for smoking cessation. Cochrane
Database Syst Rev 2009; 1CD003999: .
56. Hajek P., Stead L. F., West R., Jarvis M. Relapse prevention
interventions for smoking cessation. Cochrane Database Syst
Rev 2005; 1CD003999: .
57. Etter J. F., Perneger T. V., Ronchi A. Distributions of smokers by
stage: international comparison and association with
smoking prevalence. Prev Med 1997; 26: 580–5.
58. Vangeli E., Stapleton J., Smit E. S., Borland R., West R. Predictors of attempts to stop smoking and their success in adult
general population samples: a systematic review. Addiction
2011; 106: 2110–21.
59. Prochaska J. O. The process of behavior change: from individual
patients to entire populations. Clin Res Digest 1999; 20: 1–2.
60. Prochaska J. O., DiClemente C. C. Stages and processes of selfchange of smoking: toward an integrative model of change. J
Consult Clin Psychol 1983; 51: 390–5.
61. Prochaska J. O., Wright J. A., Velicer W. F. Evaluating theories of health behavior change: a hierarchy of criteria
applied to the Transtheoretical Model. Appl Psychol 2008;
57: 561–88.
62. Aveyard P., Massey L., Parsons A., Manaseki S., Grifﬁn C. The
effect of Transtheoretical Model based interventions on
smoking cessation. Soc Sci Med 2009; 68: 397–403.
63. Chan S. S., Leung D. Y., Wong D. C., Lau C. P., Wong V. T., Lam
T. H. A randomized controlled trial of stage-matched intervention for smoking cessation in cardiac out-patients. Addiction
2012; 107: 829–37.
64. Riemsma R. P., Pattenden J., Bridle C., Sowden A. J., Mather L.,
Watt I. S., et al. Systematic review of the effectiveness of stage
based interventions to promote smoking cessation. BMJ
2003; 326: 1175–7.
65. Prochaska J. O. Flaws in the theory or ﬂaws in the study: a
commentary on ‘The effect of Transtheoretical Model based
interventions on smoking cessation’. Soc Sci Med 2009; 68:
404–6discussion 7-9.
66. Collins L. M., Dziak J. J., Kugler K. C., Trail J. B. Factorial
experiments: efﬁcient tools for evaluation of intervention
components. Am J Prev Med 2014; 47: 498–504.
67. Collins L. M., Dziak J. J., Li R. Design of experiments with
multiple independent variables: a resource management perspective on complete and reduced factorial designs. Psychol
Methods 2009; 14: 202–24.
68. Chan S. S., Leung D. Y., Abdullah A. S., Wong V. T., Hedley A.
J., Lam T. H. A randomized controlled trial of a smoking
reduction plus nicotine replacement therapy intervention
for smokers not willing to quit smoking. Addiction 2011;
106: 1155–63.
69. Collins L. M., Nahum-Shani I., Almirall D. Optimization of
behavioral dynamic treatment regimens based on the sequential, multiple assignment, randomized trial (SMART). Clin
Trials 2014; 11: 426–34.
70. Kugler K. C., Trail J. B., Dziak J. J., Collins L. M. Effect Coding
Versus Dummy Coding in Analysis of Data From Factorial
Addiction

10

71.
72.

73.

74.

75.
76.

77.

78.

79.

Timothy B. Baker et al.
Experiments. The Methodology Center, Pennsylvania State
University: University Park, PA; 2012.
Fisher R. A. Statistical Methods For Research Workers. Oliver
and Boyd: Edinburgh; 1925.
Box G. E. P., Hunter W. G., Hunter J. S. Statistics for Experimenters: Design, Innovation and Discovery, 2nd edn. Hoboken,
NJ: Wiley-Interscience; 2005.
Cox D. R., Reid N. In: Cox D. R., Isham V., Kelding N., Louis T.,
Reid N., Tibshirani R., et al., editors. The Theory of the Design of
Experiments. Boca Raton, FL: Chapman & Hall/CRC; 2000,
pp. 106–7.
Riley W. T., Glasgow R. E., Etheredge L., Abernethy A. P.
Rapid, responsive, relevant (R3) research: a call for a rapid
learning health research enterprise. Clin Transl Med 2013;
2: 10.
Wagner E. H. The role of patient care teams in chronic disease
management. BMJ 2000; 320: 569–72.
Wagner E. H., Austin B. T., Davis C., Hindmarsh M.,
Schaefer J., Bonomi A. Improving chronic illness care:
translating evidence into action. Health Aff (Millwood)
2001; 20: 64–78.
Jamoom E., Beatty P., Bercovitz A., Woodwell D., Palso K.,
Rechtsteiner E. Physician adoption of electronic health
record systems: United States, 2011. NCHS Data Brief 2012;
98: 1–8.
Bordowitz R., Morland K., Reich D. The use of an electronic
medical record to improve documentation and treatment of
obesity. Fam Med 2007; 39: 274–9.
Goldberg H. I., Neighbor W. E., Cheadle A. D., Ramsey S. D.,
Diehr P., Gore E. A controlled time-series trial of clinical reminders: using computerized ﬁrm systems to make quality

© 2015 Society for the Study of Addiction

80.

81.

82.

83.

84.
85.

86.

87.

improvement research a routine part of mainstream practice.
Health Serv Res 2000; 34: 1519–34.
Rattay K. T., Ramakrishnan M., Atkinson A., Gilson M.,
Drayton V. Use of an electronic medical record system to support primary care recommendations to prevent, identify, and
manage childhood obesity. Pediatrics 2009; 123: S100–7.
Fraser D., Christiansen B. A., Adsit R., Baker T. B., Fiore M. C.
Electronic health records as a tool for recruitment of participants’ clinical effectiveness research: lessons learned from
tobacco cessation. Transl Behav Med 2013; 3: 244–52.
Piper M. E., Baker T. B., Mermelstein R., Collins L. M., Fraser D.
L., Jorenby D. E., et al. Recruiting and engaging smokers in
treatment in a primary care setting: developing a chronic care
model implemented through a modiﬁed electronic health
record. Transl Behav Med 2013; 3: 253–63.
Fraser D., Kobinsky K., Smith S. S., Kramer J., Theobald W. E.,
Baker T. B. Five population-based interventions for smoking
cessation: a MOST trial. Transl Behav Med 2014; 4: 382–90.
Smith B., Sechrest L. Treatment of aptitude × treatment interactions. J Consult Clin Psychol 1991; 59: 233–44.
Dziak J. J., Nahum-Shani I., Collins L. M. Multilevel factorial
experiments for developing behavioral interventions: power,
sample size, and resource considerations. Psychol Methods
2012; 17: 153–75.
Glasgow R. E., Lichtenstein E., Marcus A. C. Why don’t we see
more translation of health promotion research to practice?
Rethinking the efﬁcacy-to-effectiveness transition. Am J Public
Health 2003; 93: 1261–7.
Lei H., Nahum-Shani I., Lynch K., Oslin D., Murphy S. A. A
‘SMART’ design for building individualized treatment
sequences. Annu Rev Clin Psychol 2012; 8: 21–48.

Addiction

