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A B S T R A C T

Despite advances in behavioral and pharmacological treatment for tobacco use and dependence, quit rates re-
main suboptimal. Increasing physical activity has shown some promise as a strategy for improving cessation
outcomes. However, initial efficacy studies focused on intensive, highly structured exercise programs that may
not be applicable to the general population of smokers. We describe the rationale and study design and report
baseline participant characteristics from the Lifestyle Enhancement Program (LEAP), a two-group, randomized
controlled trial. Adult smokers who engaged in low levels of leisure time physical activity were randomly as-
signed to treatment conditions consisting of an individualized physical activity intervention delivered by health
fitness instructors in community-based exercise facilities or an equal contact wellness control. All participants
received standard cognitive behavioral smoking cessation counseling combined with nicotine replacement
therapy. The primary outcomes are seven-day point prevalence abstinence at seven weeks, six- and 12 months.
Secondary outcomes include self-reported physical activity, dietary intake, body mass index, waist cir-
cumference, percent body fat, and nicotine withdrawal symptoms. Participants consist of 392 sedentary smokers
(mean [standard deviation] age = 44.6 [10.2] = years; 62% female; 31% African American). Results reported
here provide information regarding experiences recruiting smokers willing to change multiple health behaviors
including smoking and physical activity.

1. Introduction

Despite notable reductions in cigarette use, 15% of the U.S. adult
population continues to smoke [1]. Empirically-supported treatments
are available but rarely exceed quit rates of 30–35% at one year [2,3].
Consequently, improving cessation strategies remains an important
public health priority.

Some evidence suggests that physical activity and exercise may be
beneficial to the quitting process. Physical activity refers to any
movement of the body generated by skeletal muscles that leads to en-
ergy expenditure [4]. Exercise reflects a subcategory of physical activity

that involves planned, structured, and repetitive activities that are en-
gaged in for the specific purpose of improving or maintaining physical
fitness [4]. Moderate-to vigorous-intensity physical activity or exercise
is associated with several proximal outcomes that predict quitting
success, including acute relief from nicotine withdrawal [5–12] and
greater quitting self-efficacy [13,14]. Exercise also attenuates post-
cessation weight gain [15], a common concern among smokers [16].
Most importantly, physical activity and exercise may enhance cessa-
tion. Four prior studies [17–20] demonstrated higher end-of-treatment
cessation rates among smokers assigned to a physical activity or ex-
ercise intervention compared to control; however, only one study
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provided evidence that exercise improved long-term (12 month) ab-
stinence [19].

Prior trials [8] were hampered by methodological limitations in-
cluding small sample sizes [17,18,21–31], absence of men
[17–19,25,27,29–36], and inadequate comparison groups. In addition,
interventions often suffered from insufficient “dose” of activity, poor
adherence to physical activity prescriptions, and lack of sustainable
programming. Studies also varied substantially in both cessation
treatment (e.g., number of treatment sessions and use of pharma-
cotherapy) and physical activity parameters (e.g., initiation relative to
quit date, intensity, instructional format and location of the exercise)
[10]. Thus, the potential for physical activity to enhance cessation, and
the most effective approaches to promote physical activity in the con-
text of a quit attempt, remain unclear.

In addition, many trials relied exclusively [18,19,22,25,26,34,37]
or primarily [20,23,24,27,33] on highly structured, supervised exercise
at research-based fitness facilities, typically targeting vigorous activities
(e.g., stationary bicycling) in a group setting multiple times over several
weeks. Although this has allowed for carefully-controlled evaluations of
the efficacy of vigorous exercise for smoking cessation, it may not be an
optimal strategy to maximize treatment effectiveness in community
settings [38]. Additionally, trials generally have not encouraged parti-
cipants to engage in short bouts of activity outside of supervised ex-
ercise sessions as a way to cope with withdrawal symptoms and urges to
smoke, although this is likely to be helpful [9]. Programs have also not
usually provided the resources or skills to optimally maintain long-term
adherence to physical activity goals. Finally, access to exercise re-
sources typically has been offered for a short duration and is terminated
once the intervention is completed.

Given the potential to more effectively disseminate physical activity
programming as an aid to smoking cessation in community settings
[36,38], LEAP was designed to evaluate whether the efficacy of struc-
tured leisure-time moderate-intensity physical activity can be enhanced
by using a more flexible treatment approach of longer duration (one
year). The physical activity intervention included individual fitness
instruction, cognitive-behavioral skills training, and delivery of the
physical activity intervention in convenient and accessible community-
based facilities (YMCAs). Physical activity programming was integrated
as an adjunct to standard smoking cessation treatment (behavioral
counseling and nicotine patch) and was compared to a wellness inter-
vention that was matched on contact frequency. Here, we describe the
methodological approach, recruitment flow, and baseline sample
characteristics.

2. Methods

The trial was registered at www.ClinicalTrials.gov (Identifier
NCT00403312). Protocols and consent documents were approved by
The University of Memphis and The University of Tennessee Health
Science Center Institutional Review Boards and reviewed by an in-
dependent Data and Safety Monitoring Board.

2.1. Design

The study is a two-group, randomized controlled trial comparing
different adjuncts to standard smoking cessation treatment including a
1) physical activity intervention or 2) frequency matched wellness
contacts. The primary outcome is seven-day point prevalence smoking
cessation measured at the end of treatment (seven weeks) and both six-
and 12 months. Secondary outcomes include changes in physical ac-
tivity, dietary intake, body mass index (BMI), waist circumference,
percent body fat, and nicotine withdrawal symptoms.

2.2. Study participants

Participants include adults 18–65 years of age who smoked at least

five cigarettes per day for one or more years and were interested in
quitting. To be eligible, individuals were required to be sedentary or
engaging in only low levels of leisure-time physical activity for the past
six months, defined as ≤ three days per week of 30 min of moderate-
intensity leisure-time physical activity (equivalent to brisk walking)
and ≤ one day per week of 30 min of vigorous-intensity leisure-time
physical activity (equivalent to running), as measured by a brief, two-
item screen that was created for the study. Prior to randomization,
participants completed a medical screen to ensure they were healthy
enough to engage in physical activity (described below). Eligibility and
exclusion criteria are presented in Table 1. Smokers were excluded due
to inability to understand consent procedures, contraindications to NRT
use (known contraindication or sensitivity to nicotine replacement
therapy, or currently pregnant, lactating, or intending to become
pregnant, recent history of a cardiac event or procedure), history of a
serious illness that might limit longevity or ability to participate in the
study (e.g., significant renal disease, liver disease, cancer with life ex-
pectancy less than one year, or current substance abuse), and any of
several health conditions that might be contraindications for initiating a
physical activity program such as extremely elevated blood pressure,
positive exercise tolerance test, uncontrolled arrhythmia or hy-
perthyroidism, symptomatic peripheral artery disease, 2nd or 3rd de-
gree AV block on EKG, or congestive heart failure.

2.3. Recruitment and screening

Participants were recruited through several traditional strategies
commonly used for community-based clinical trials [36]. These in-
cluded paid advertisements and public service announcements in local
newspapers and on radio and television, free university media including
telephone “on hold” announcements and stories in employee news-
letters, physician referral, and “word of mouth.” Potential participants
contacted the project office by telephone to receive information about
the study. Individuals interested in participating completed a brief pre-
screen by telephone to determine whether they met basic study re-
quirements based on self-reported age, smoking status, physical activity
level, health status, plans to remain in the area for the next year, and
current pregnancy or plans to attempt pregnancy. Recruitment was
initiated in June of 2004 and continued until May of 2007. Enrollment
was stopped at the point when there would not be sufficient time in the
funding cycle to complete follow-up assessments. The top three sources
for recruiting eligible randomized participants were newspaper ads
(n = 134), television (n = 71), and word-of-mouth referrals (n = 71).

Those who passed the phone screen were scheduled for the first of

Table 1
Inclusion and exclusion criteria.

Inclusion criteria
1. Adult daily smoker (≥5 cigarettes per day for ≥ 1 year)
2. Sedentary or minimally active during leisure time (≤3 days per week of 30 min
of moderate-intensity leisure time physical activity and ≤1 day per week of 30 min
of vigorous-intensity leisure time physical activity) as determined by brief, two-
item screen

Exclusion criteria
1. Inability to understand consent procedures
2. Known contraindication or sensitivity to nicotine replacement therapy
3. Currently pregnant, lactating, or intending to become pregnant
4. Blood pressure ≥160/95 mm Hg
5. History of myocardial infarction, stroke, unstable angina, coronary artery bypass
grafting, or angioplasty/stent in the past 6 months
6. Symptomatic peripheral artery disease
7. History of congestive heart failure (NYHA Class III or IV)
8. EKG evidence of 2nd or 3rd degree AV block
9. Positive exercise tolerance test (ETT)
10. History of a serious illness that might limit longevity (e.g., significant renal or
liver disease, cancer)
11. Current substance abuse or alcohol use of ≥21 drinks/week
12. Uncontrolled arrhythmia or hyperthyroidism
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two in-person baseline screening visits. Study procedures were ex-
plained, informed consent was obtained, and a baseline assessment was
completed, which included demographics and several self-report in-
struments. Because smoking cessation treatment included nicotine re-
placement therapy (both groups) and one intervention condition in-
volved physical activity, a medical history and physical examination
were performed by a study physician at the second screening visit. The
examination included assessment of vital signs and an electro-
cardiogram. A urine pregnancy test was given to any eligible female
participant who had the potential to be pregnant. All participants then
underwent a maximal, symptom-limited exercise tolerance test (ETT) to
screen for occult coronary artery disease. Individuals with positive ETT
results [39] (n = 26) were deemed ineligible and were referred to their
personal physician for follow-up. Positive ETT results included ≥1 mm
ST segment depression or elevation in one or more leads during max-
imum exercise or during the recovery period, angina pectoris during
exercise, arrhythmia, syncope, or an abnormal blood pressure response
to exercise such as hypotension or severe hypertension.

2.4. Randomization

Eligible participants next attended a Randomization Visit during
which laboratory measures (height, weight, body fat, blood pressure)
were collected along with a seven-day physical activity recall [40],
which was obtained by interview. Participants were randomly assigned
to standard smoking cessation treatment combined with either the
physical activity or wellness interventions. Assignments were con-
ducted based on a 1:1 ratio by the study biostatistician, who was not
involved in assessment or intervention delivery. Randomization was
accomplished using a computer-generated uniform random number
sequence. Participants were informed of their group assignment by the
project coordinator or health educator.

2.5. Interventions

2.5.1. Overview
Participants in both treatment conditions received behavioral

smoking cessation counseling combined with nicotine replacement
therapy (NRT) in the form of the transdermal nicotine patch. Sessions
were delivered by bachelors-level health and fitness instructors (HFI)
with backgrounds in exercise science or health promotion who were
cross-trained to deliver both interventions and trained in cognitive-
behavioral counseling strategies. The HFIs were supervised weekly by
study co-investigators and monitored for quality control by review of
audiotaped sessions.

Participants assigned to the physical activity condition received a
combined smoking cessation/physical activity intervention which in-
cluded 16 face-to-face counseling sessions targeting increased physical
activity, 11 telephone counseling sessions, and 11 supportive mailings,
for a total of 38 intervention contacts. Except for the seven-week and
six-month visits, which were conducted in a university setting, all in-
person visits occurred at the YMCA. Participants in the wellness con-
dition received the same smoking cessation intervention plus a general
wellness program which included eight face-to-face sessions, 12 tele-
phone calls, and 18 follow up mailings, for a total of 38 intervention
contacts, all occurring in a university setting. Although the physical
activity and wellness interventions were equated with regard to the
number of contacts (38), it is important to note that the number of face-
to-face contacts differed between conditions (16 versus eight). To the
extent that the type of contact may be associated with the success of the
intervention, this could impact study outcomes. Face-to-face sessions
lasted 60–75 min during the initial four weeks of the program and
60 min subsequently. Phone counseling sessions lasted approximately
20 min.

The face-to-face counseling sessions were conducted on a relapse
sensitive schedule and occurred more frequently early in the program

with progressively longer intervals between sessions over the course of
the year. As shown in the Supplementary Table, early sessions occurred
twice weekly (weeks one and two of the program), then weekly (weeks
3–8), bi-monthly (9–12), monthly (weeks 13–18), and bi-monthly
(weeks 19–42). The smoking cessation and physical activity/wellness
interventions were started simultaneously. The target quit date was
scheduled three weeks after the physical activity or wellness interven-
tion began to allow participants to begin mastering one set of beha-
vioral skills before a second set was introduced.

The primary purpose of the telephone contacts was to provide on-
going follow-up in a cost-effective manner by reviewing progress,
providing support, and assisting the participant with problem solving
and establishing new goals. HFIs used the calls to identify and intervene
early on smoking relapse, assess nicotine patch adherence and side ef-
fects, provide cognitive-behavioral coping skills, and offer on-going
feedback regarding physical activity or wellness goals and to review
materials and information delivered during the face-to-face sessions.

Mailings sent to both treatment groups included a quarterly project
newsletter as well as pamphlets about smoking cessation topics. Each
group also received mailings addressing content specific to their in-
tervention condition. The quarterly newsletter also included general
content that was appropriate for both groups.

2.5.2. Theoretical framework
The smoking cessation, physical activity, and wellness interventions

were based largely on Social Cognitive Theory (SCT) [41]. Each was
designed to enhance self-efficacy by engaging participants in a series of
graded success experiences for multiple behavior change. Self-efficacy
for physical activity and smoking cessation are highly related, and a
change in self-efficacy for one behavior is likely to positively enhance
the other [13]. Additional person-level factors predictive of smoking
cessation and physical activity include mood, perceived benefits of
engaging in the behavior, and barriers to achieving behavioral goals
[42–46].

Social environmental factors central to SCT that have been found to
influence the initiation and maintenance of physical activity include
social support and access to facilities and other resources [42,43]. In-
tervention components designed to target these factors included en-
listing community support for physical activity by providing access to
YMCA facilities for exercise sessions, modeling of proper physical ac-
tivity by the HFI, and social support for all targeted behavioral changes
through one-on-one counseling and supervised activity with a HFI.
Participants were also encouraged to elicit the help of individuals in
their social networks.

The Self-Regulation Model of Behavior Change [47], which is de-
rived from SCT, also informed all interventions. Specifically, partici-
pants were taught to use self-monitoring, self-evaluation, and self-re-
inforcement through goal setting, self-talk, and problem solving to
enhance their ability to quit smoking, integrate more physical activity
into their daily lives, and improve wellness behaviors.

2.5.3. Smoking cessation intervention
The standard smoking cessation intervention provided to both

treatment conditions included nicotine replacement therapy and be-
havioral counseling. Participants received six weeks of transdermal
nicotine, commencing on the date of their quit attempt. A gradual dose
tapering strategy was used, with the initial patch dose based on baseline
cigarette consumption. The behavioral cessation counseling was
adapted from interventions developed at the University of Memphis
[48–50] and involved four primary phases: (1) Preparing to quit; (2)
Going through the quitting process; (3) Maintaining short-term smoking
abstinence; and (4) Relapse prevention and long-term maintenance
[51]. The cessation intervention was delivered primarily during four
face-to-face sessions, with brief follow-ups occurring during other in-
person and telephone sessions. The first smoking cessation session
(during Week 3) occurred one week before the scheduled quit date and
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focused on preparing to quit and managing the first days as a non-
smoker. In addition to quitting rituals and building support, using the
“Five A's” (Anticipate [high risk situations], Avoid, Alter, Alternatives,
and Active) were emphasized, as well as self-monitoring of cigarette
smoking. The second smoking cessation counseling session (Week 4)
occurred one week after the quit attempt and involved providing sup-
port and addressed both problem solving and coping with negative
emotions. A telephone counseling call occurred approximately four
days after the quit attempt to provide support during the acute cessa-
tion period. The third counseling session occurred during Week 5 and
included problem solving, assessment of patch use, and coping with
negative cognitions. The fourth smoking cessation session, which oc-
curred at Week 7 (three weeks after the target quit date), included a
review of participants' progress, an assessment patch use, and relapse
prevention. Additional topics included in these sessions were medica-
tion issues (e.g., adherence, side effects), assertiveness, and building
social support. All other face-to-face and phone sessions included brief
follow-up and problem solving related to smoking cessation. Additional
information about the smoking cessation intervention is provided in a
Supplementary Table.

2.5.4. Physical activity intervention
The physical activity intervention included developing an in-

dividualized activity plan for each participant based on personal pre-
ferences and following recommended guidelines for moderate and
vigorous physical activity [52,53]. The physical activity intervention
included 1) supervised/planned leisure-time exercise sessions, 2)
“lifestyle activity” (activity which occurs in the context of working,
transportation, raising children, etc.), and 3) short bouts (≥10 min) of
physical activity, as needed, to manage urges to smoke and other
withdrawal symptoms. Each of these types of activity was included to
promote cessation through different mechanisms. For example, struc-
tured exercise promotes overall fitness levels, which was hypothesized
to reduce smoking and facilitate cessation, while lifestyle activity in-
creases overall activity levels, which was similarly thought to aid
quitting. Finally, brief bouts of activity were included as a strategy for
managing acute cigarette cravings. As stated previously, the program
was offered at convenient locations in the community (YMCAs) where
participants received a free one-year membership.

HFIs worked with each participant to develop an individualized
physical activity plan to achieve these goals. Initial levels and pro-
gression of activity dosage followed American College of Sports
Medicine [54] recommendations beginning with a goal of 30 + min-
utes of activity on three days per week at a moderate intensity (60–74%
maximal heart rate). The target frequency of activity sessions was
gradually increased, eventually reaching the goal of five to six times per
week, which translates into 150–180 min per week of activity. Parti-
cipants also had the option of meeting their activity goal by exercising
at a vigorous intensity (75–90% maximal heart rate) less frequently
(three days/week), or accumulating brief (e.g., ≥10 min) periods of
“lifestyle” activities rather than single 30-min sessions. Furthermore,
participants could accumulate activity toward their goal through any
combination of supervised/planned exercise sessions, lifestyle activity,
or short bouts of physical activity.

The behavioral counseling component of the intervention utilized a
cognitive-behavioral approach, based on SCT, and an adaptation of the
“Project Active” program [55,56]. Each face-to-face session focused on
a specific theme. Further details regarding the content and timing of the
physical activity sessions are included in the Supplementary Table.

2.5.5. Wellness (control) intervention
Participants in the comparison condition received an individually-

tailored general wellness curriculum that covered the multiple dimen-
sions of wellness and how to achieve balance in one's life. The com-
bined smoking cessation/wellness intervention was delivered by HFIs in
a university laboratory setting located within the community. Because

participants in the physical activity condition received a free fitness
center membership, wellness group participants were given small gift
certificates (e.g., movie passes, discount store certificates) to help
equate the incentive value for the two groups. Additional information
related to the wellness information is available in the Supplementary
Table.

2.6. Measures

2.6.1. Overview
Primary and secondary endpoints, predictors of treatment outcome,

and possible mediators and moderators were assessed at baseline and
seven weeks, six months, and 12 months after randomization. Research
staff not involved with intervention delivery conducted all assessments.
Measurement staff were trained at the start of the study using a
common, standardized protocol. For quality assurance purposes, the
staff were periodically monitored and received additional booster
trainings as needed.

2.6.2. Primary endpoints
Both point prevalent and prolonged smoking abstinence were as-

sessed. Seven-day point prevalent abstinence (PPA) was defined at each
follow-up period (seven weeks, six months, and 12 months) as a self-
report of no smoking whatsoever during the prior seven days, and an
expired-air carbon monoxide (CO) level < 10 parts-per-million (ppm).
Prolonged abstinence was defined as a self-report of no smoking
throughout the follow-up period after allowing for a two week “grace
period” after the quit attempt [57] and a CO level of< 10 ppm at that
follow-up. Because elevated CO can result from exposures other than
tobacco smoke (e.g., car exhaust), participants who self-reported ab-
stinence but who had CO levels ≥ 10 ppm provided a saliva sample for
measurement of cotinine [58].

2.6.3. Secondary endpoints
2.6.3.1. Physical activity level. Physical activity was assessed using the
Seven-Day Physical Activity Recall (PAR) [40]. The Compendium of
Physical Activities [59] was then used to code MET intensity values for
activities reported by participants. As recommended by Sallis et al.
[40], occupational-related activity was differentiated from leisure
activity. Because the intervention specifically targeted increases in
leisure time physical activity (LTPA), and considering that participants
were pre-screened for eligibility based on LTPA, analyses focused on
those data.

2.6.3.2. Body composition. Several measures of body composition and
adiposity were obtained including body mass index (BMI; weight [kg]/
height [m]2), waist circumference, and percent body fat, which was
measured using bioelectrical impedance analysis (BIA) [60].

2.6.3.3. Predictor variables and mediators/moderators. We evaluated
several potential predictors of treatment outcome and mediators and
moderators of the physical activity/smoking cessation association, as
described below.

2.6.3.3.1. Sociodemographics. Sociodemographic characteristics of
interest included gender, race, marital status, education, and age.

2.6.3.3.2. Physical and psychological functioning. Measures of
physical and psychological functioning included the following.
Health-related quality of life (HRQOL) was assessed using the SF-12
[61]. The SF-12 includes 12 items that are weighted and summed to
provide both physical (PCS) and mental component scores (MCS)
ranging from 0 to 100. Depressive symptoms were measured with the
Center for Epidemiologic Studies-Depressed Mood Scale (CES-D) [62].
The CES-D was chosen due to its well-established reliability and validity
and demonstrated utility for measuring depressive symptoms in a wide-
range of populations. Participants indicated the occurrence and
frequency of 20 depressive symptoms during the past week using a
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four-point Likert scale. Participants who scored at or above the
established cut-off for elevated depressive symptoms (≥16) were
contacted by a trained professional and offered a mental health
referral. To assess changes in other types of mood, we used the
Profile of Mood States (POMS) [63]. The POMS measures mood states
on a five-point continuum from 0 (not at all) to 4 (extremely). Six
subscales representing the following mood dimensions were assessed:
tension-anxiety, depression-dejection, anger-hostility, vigor-activity,
fatigue-inertia, and confusion-bewilderment. A total mood
disturbance index was also derived by adding scores on the five
negative mood states and subtracting the positive vigor score from
the total. Participants' levels of psychosocial stress were measured using
the 14-item Perceived Stress Scale (PSS) [64]. Items target thoughts and
feelings experienced during the past month. Responses are provided on
a five-point Likert scale ranging from 0 (never) to 4 (very often).
Finally, general social support was measured using a revised version of
the 12-item Perceived Social Support (PSS) scale [65]. Participants
rated their level of agreement with each of 12 statements reflecting the
level of support they receive from others using a six-point Likert scale
with responses ranging from “very strongly agree” to “very strongly
disagree.”

2.6.3.3.3. Tobacco-related variables. Variables representing smoking
history and patterns included the number of cigarettes smoked per day,
number of years as a smoker, and number of previous quit attempts.
Baseline smoking status was based on self-report without biochemical
verification. Nicotine dependence was assessed using the Fagerström
Test of Nicotine Dependence (FTND) [66] and the Wisconsin Inventory
of Smoking Dependence Motives (WISDM-68) [67]. Scores on the FTND
rage from 0 to 10, with higher scores indicating greater dependence.
The WISDM-68 is a 68-item multi-dimensional measure of dependence
that yields an overall smoking dependence score, as well as subscale
scores for various components of dependence, including non-physical
dimensions (e.g., automaticity, and social/environmental goads). Each
item is answered on a seven-point Likert scale ranging from 1 (not true
of me at all) to 7 (extremely true of me). To assess nicotine withdrawal
symptoms, we used the Minnesota Withdrawal Scale (MWS) [68,69].
Participants rated the degree to which they experienced each of nine
symptoms on a scale from 0 (none) to 4 (severe). A total score is
computed from the responses to these items.

Smoking for the purpose of controlling body weight was assessed
using the Smoking Situations Questionnaire (SSQ) [70]. The SSQ is
scored using six-point Likert scales ranging from 1 (strongly disagree) to
6 (strongly agree). Support for quitting smoking was measured using
the Partner Interaction Questionnaire (PIQ) [71]. The measure includes
10 positively and 10 negatively worded items representing behaviors
that a partner might engage in during the course of a smoking cessation
attempt. Responses are measured on a five-point Likert scale from 0
(never occurred) to 4 (occurred very often). Total positive and negative
behaviors are summed. The Smoking: Self-Efficacy/Temptation (Short
form) [72] was used to assess self-efficacy to remain abstinent from
tobacco. The nine items are scored on a five-point Likert scale ranging
from 1 (not at all tempted) to 5 (extremely tempted). The measure
includes an overall total score and three sub-scale scores. The Stages of
Change measure, which consists of three “yes or no” questions assessing
current smoking status and, for those who are current smokers, the
number of quit attempts in the past year and whether or not they are
thinking about quitting in the next 30 days or six months, was used to
categorize participants according to their readiness to quit smoking
[73]. Finally, the Smoking Decisional Balance (SDB) (short form) [74]
was used to assess decision-making related to smoking cessation. The
SDB consists of six items that are scored on a five-point Likert scale
ranging from 1 (not important) to 5 (extremely important). The mea-
sure is comprised of two, three-item subscales reflecting the perceived
pros and cons of smoking.

2.6.3.3.4. Physical activity-related variables. Variables related to
physical activity were measured as follows. Self-efficacy for exercise

was assessed using the six-item version of the Exercise Self-Efficacy
Scale [75]. Participants are asked to indicate their confidence in their
ability to exercise in response to commonly-reported barriers to
physical activity on a five-point scale ranging from 0 (not at all
confident) to 4 (completely confident). Stage of change was measured
by asking participants to select the statement that most accurately
described their current and recent activity levels and future intentions
from a list of five options representing the stages of exercise behavior
change from the Transtheoretical Model [76]. Decisional balance was
measured using a 10-item inventory [77] that evaluates the perceived
pros and cons of engaging in exercise. Participants evaluated each item
based on their personal circumstances using a five-point Likert scale
with 0 indicating “not important” to 4 indicating “very important.”
Social support for exercise was measured with the Social Support for
Exercise Behaviors Scale [78]. Participants were asked to rate the
frequency with which both friends and family engaged in 13 positive
and negative supportive behaviors over the past three months on a five-
point Likert scale (1 = none to 5 = very often). The Social Support for
Exercise Behaviors Scale includes three subscales representing friend
support for exercising together, family support involving rewards and
punishments, and family support for participation and involvement in
exercise. Physical activity enjoyment was measured using two scales.
First, participants rated the attributes of 12 types of physical activities
by level of enjoyment using a five-point Likert scale with response
options ranging from 1 (don't enjoy at all) to 5 (enjoy a lot) [79].
Participants also completed five items [80] from the 18-item Physical
Activity Enjoyment Scale (PACES) [81]. Participants were asked to rate
their level of enjoyment of physical activity while exercising or walking
on a five-point Likert scale. Finally, barriers to physical activity were
measured using the Barriers to Physical Activity Scale [79] and an
abbreviated version [80] of the Perceived Barriers to Exercise Scale
[82,83]. For the former, participants rated each item by the degree to
which a barrier impacts their physical activity on a five-point Likert-
type scale. Responses ranged from 1 (not a barrier) to 5 (very much a
barrier). On the latter, participants reported the frequency that each
potential barrier interfered with engaging in physical activity on a five-
point Likert scale from 0 (never) to 4 (very often).

2.6.3.3.5. Dietary intake. Dietary intake over the prior month was
assessed using the National Cancer Institute's Diet History
Questionnaire (DHQ) [84]. Data from the DHQ were analyzed using
Diet*Calc Version 1.4.2 software to arrive at estimates of daily energy
and macronutrient content. To address outliers in reporting of dietary
intake, extreme high values (> 3 SD above the mean) were Winsorized
[85]. Implausibly low values that suggested significant underreporting
of energy intake (defined as < 500 kcal/d) were converted to
500 kcal/d.

2.7. Treatment implementation quality control

Several procedures were used to enhance treatment fidelity. All
HFIs were trained together at the start of the study using a series of
didactic presentations, readings, role-plays, and mock intervention
sessions under the observation of project investigators. HFIs were not
allowed to conduct sessions with randomized participants until they
achieved mastery of all intervention components. Protocols for both the
physical activity and wellness interventions were manualized. HFIs
completed checklists for each face-to-face and phone session doc-
umenting when and for how long the contact took place, whether each
component was delivered, deviations from the protocol, and other
problems or issues that arose. The project coordinator also observed
intervention activities on a periodic basis to provide an independent
assessment.

HFIs also received on-going clinical supervision from project in-
vestigators, which included a weekly team meeting to review cases. All
face-to-face intervention sessions were audiotaped, and 10% were
randomly selected, with 4–5 audiotapes reviewed by investigators and
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discussed at each weekly meeting. The reviewer completed a checklist
for each audiotape to evaluate whether criteria for intervention de-
livery were met consistently across HFIs and across time for individual
HFIs.

To ensure that the interventions were adequately “received,” par-
ticipants completed a brief questionnaire at baseline and end-of-

treatment to assess whether key points were learned and remembered,
including the techniques, information, and philosophies discussed in
the intervention sessions. Participation in physical activity also was
assessed using activity logs.

To evaluate potential treatment contamination, use of any other
product (or programs) that may have influenced cessation rates,

Fig. 1. Enrollment and retention.
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including smoking cessation aids such as pharmacotherapy (e.g., nico-
tine replacement products or bupropion), behavioral interventions, and
participation in other physical activity interventions was assessed at all
follow-ups.

2.8. Sample size and power

Given the intensity of the smoking cessation intervention (beha-
vioral cessation counseling delivered through numerous individual
face-to-face sessions and phone contacts, and provision of nicotine
patch) we estimated a 12 month point prevalent abstinence rate of 25%
for the wellness (control) group, which is consistent with meta-analyses
of quit rates for randomized trials of similarly intensive behavioral/
pharmacological cessation programs [2]. Based on previous trials of
physical activity as an aid to smoking cessation that had similar target
activity goals as our study [18,19,23,25]; reviewed by Ussher et al.
[86], we anticipated that the physical activity intervention would in-
crease quitting by 50%, for a 38% 12 month point prevalent abstinence
rate. A sample size of 400 (200/group) was needed to achieve 80%
power to detect an effect of 25% vs. 38% at a p-level of < 0.05. As
noted above, however, enrollment was stopped at 392 participants in
order to have sufficient time during the funding period to collect follow-
up data.

2.9. Data analysis

The primary endpoints of seven-day point prevalent and prolonged
abstinence will be analyzed using generalized estimating equations
(GEE; SPSS GENLIN). This approach allows observations between par-
ticipants to be considered as independent and observations within
participants as correlated. Several baseline and time-varying variables
will be included based on documented associations in the extant lit-
erature. Interactions with sex and race will also be considered as ap-
propriate. The intention-to-treat principle in which those with missing
data are treated as smokers will be used in all analyses of primary
endpoints. Data will be analyzed in IBM SPSS Statistics for Windows
Version 23.0 (IBM Corp, Armonk, NY: IBM Corp, Released 2015).

The secondary endpoints (physical activity and body composition)
will be evaluated using linear mixed models (SPSS MIXED). This pro-
cedure will allow us to test changes in outcomes over time and between
treatment levels in the face of heterogeneity of measures. Testing and
parameter estimations will be done using the restricted maximum
likelihood method. For activity, we will look at change from baseline to
posttest, as well as both follow-ups. Participants within group will be
repeated at the four time points, and participant will be treated as a
random effect. As above, the model will include group, time, and a
group by time interaction. Other factors that may be considered as
potential covariables include baseline demographic, self-efficacy, and
body composition variables.

3. Results

3.1. Recruitment and randomization

Fig. 1 shows study flow from screening to follow-up. A total of 2525
interested smokers contacted our office to learn more about the study;
80.6% (n = 2036) of these were initially pre-screened by phone. Of
those, 69.4% (n = 1414) were potentially eligible based on meeting
age, health, physical activity, and smoking status criteria. Ninety one
percent (n= 1280) of those eligible agreed to attend a two-part face-to-
face screening that involved completing self-report measures and a
medical visit consisting of a physical exam, blood work, and an exercise
tolerance test. Five hundred and ninety-two (46.3%) individuals at-
tended both screening visits, of whom 32.4% (n = 415) were eligible
for randomization. From these, 94.5% (n = 392) were randomized to
either the physical activity (n = 199) or wellness (n = 193) conditions

Table 2
Baseline participant characteristics by treatment group.

Variable Physical Activity
(n = 199) (Mean
(SD) except where
stated)

Wellness (n = 193)
(Mean (SD) except
where stated)

Demographic measures
Age in years 44.6 (9.9) 44.6 (10.4)
Gender, n (%)
Male 70 (35.2) 79 (40.9)

Race, n (%)
White, non-Hispanic 131 (65.8) 130 (67.4)
African American 64 (32.2) 57 (29.5)
Other 4 (2.0) 6 (3.1)

Marital status, n (%)
Never married 28 (14.1) 34 (17.6)
Married or cohabitating 96 (48.2) 102 (52.9)
Divorced or separated 67 (33.7) 53 (27.5)
Widowed 8 (4.0) 4 (2.1)

Education, n (%)
Completed college 43 (21.6) 38 (19.7)
Some post-baccalaureate 11 (5.5) 11 (5.7)

Tobacco Use
Cigarettes smoked/day 20.0 (9.0) 21.9 (10.0)
Total years smoking 23.7 (9.8) 24.0 (11.6)
Number of prior quit attempts, n (%)
None 19 (9.6) 25 (13.0)
1–5 115 (58.4) 104 (53.9)
6–10 30 (15.2) 33 (17.1)
11–15 10 (5.1) 8 (4.1)
16+ 23 (11.7) 23 (11.9)

Fagerström Test of Nicotine
Dependence

4.7 (2.3) 5.1 (2.3)

Self-efficacy for Quitting Smoking
Habit 3.5 (0.9) 3.6 (0.9)
Positive social situations 3.9 (0.8) 3.9 (0.9)
Negative social situations 4.4 (0.7) 4.2 (0.8)

Confidence in quitting smokinga 8.1 (2.1) 8.0 (2.1)
Motivation to quit smokinga 8.8 (1.5) 8.8 (1.3)
Social support for quitting

(positive)
14.2 (11.4) 13.7 (10.6)

Social support for quitting
(negative)

14.9 (10.8) 13.4 (11.2)

Nicotine withdrawal symptoms 0.93 (0.62) 1.02 (0.74)
Smoking for weight control 1.8 (1.1) 1.8 (1.2)
Psychosocial
Perceived stress 22.1 (7.5) 22.4 (8.9)
Depressed mood (CES-D) 11.3 (9.4) 12.7 (10.4)
Social support 66.9 (14.5) 65.6 (14.7)
Total Mood Disorder (POMS) 15.2 (29.1) 18.5 (38.4)
Body Composition
Body mass index (BMI) 28.2 (6.2) 27.7 (5.5)
Percent body fat (%) 32.9 (10.0) 32.2 (9.2)
Waist circumference (cm) 96.5 (15.2) 96.4 (15.7)
Abdominal obesityb 106 (53.3) 108 (56.0)

Physical Activity
Leisure Physical Activity Only
Moderate activity (min/week) 91.7 (138.9) 84.2 (135.8)
Hard activity (min/week) 41.9 (144.9) 24.5 (71.7)
Very hard activity (min/week) 4.7 (29.6) 1.7 (8.6)
Strength Training 6.7 (26.4) 5.7 (20.5)

Self-efficacy for physical activity 18.7 (5.9) 17.8 (5.8)
Percent attaining 150 + minutes

of moderate or greater
intensity physical activity per
week

27.6 21.8

Importance of decision to exercise
(positive opinion)

20.2 (4.3) 20.3 (4.4)

Importance of decision to exercise
(negative opinion)

6.4 (2.1) 6.6 (2.5)

Dietary Intake
Total energy intake (kcal/d) 2285.8 (1273.4) 2360.0 (1264.8)
Percent of total energy intake

from carbohydrates (%)c
47.6 (10.0) 47.2 (10.2)

Percent of total energy intake
from fat (%)c

35.7 (7.6) 36.6 (7.4)
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between August 2004 and May 2007.

3.2. Demographic and health-related characteristics

Participant characteristics are presented in Table 2. Participants'
mean (SD) age was 44.6 (10.2) years. Sixty two percent were female,
67% were Caucasian and 31% were African American. Approximately
half of participants were married or living with a significant other, and
26% had at least some college education. Overall, 42% of participants
rated their health as very good to excellent. Twenty-seven percent of
participants' scores on the CES-D suggested clinically significant levels
of depressive symptomatology. None of the baseline characteristics
differed significantly by group.

3.3. Tobacco use history, patterns, dependence, and attitudes

Participants consumed a mean of 21 (9.5) cigarettes/day and had
been smoking for approximately 23.8 (10.7) years. The majority
(56.2%) had tried to quit 1–5 times in the past; only 11% had never
made a quit attempt. Of those who had made a previous quit attempt,
most attributed their lack of success to the urge or need to have a ci-
garette (73%) and the difficulty in quitting the habit (58%). Scores on
the FTND indicated that, on average, participants were moderately
dependent on nicotine (mean = 4.9; SD = 2.3). Eighty-six percent of
participants were in the preparation stage of change for smoking ces-
sation at the time of enrollment, indicating that they were starting to
take steps to modify their smoking behavior. Participants rated their
mean level of motivation to quit as 8.8 (1.5) on a 0 to 10 scale (with 10
being the highest level of motivation). The mean score for confidence to
stay quit was 8.1 (2.1). Mean concern about post-cessation weight gain
was 3.5 on a scale of 0–5 (with 5 indicating the highest degree of
concern).

3.4. Body composition, physical activity, and dietary intake

Participants' mean (SD) BMI was 27.9 (5.9) indicating that, on
average, participants were in the overweight range. Overall, 63.3% of
participants met criteria for overweight, while 32.1% met criteria for
obesity. Based on waist circumference, 43% of men and 62% of women
exhibited abdominal obesity. Mean (SD) body fat percent was 32.5
(9.6)%. Participants' mean (SD) waist circumference was 96.5 (15.4)
cm. Approximately 55% of participants met criteria for abdominal
obesity, defined as waist circumference> 88 cm for women and>
102 cm for men [87]. Mean self-reported energy intake was 2322 kcal/
d, with 36.1% of energy derived from dietary fat. The proportions of
energy intake that came from carbohydrate and protein sources were
47.4% and 15.3%, respectively. Results from the Seven-Day Physical
Activity Recall indicated means of 88 min of moderate-, 33 min of
hard-, and 3 min of very hard-intensity leisure-`time physical activity
per week. Although those assigned to the physical activity intervention
had slightly higher levels of baseline activity than those in the wellness

condition, differences were not statistically significant (all p's> 0.10).

4. Discussion

This study was designed to evaluate the impact of physical activity
as an adjunct to standard smoking cessation treatment consisting of
cognitive behavioral smoking cessation counseling and nicotine re-
placement therapy. Although evidence supports the benefits of exercise
for alleviating acute nicotine withdrawal and craving among those
undergoing temporary abstinence, and one prior trial found vigorous
structured group exercise to be associated with increased long-term
cessation in women, little is known about whether a more flexible and
personalized approach to increasing physical activity improves treat-
ment outcomes.

The recruitment goal for the study was largely achieved, with 98%
of the targeted sample size enrolled in the trial. To achieve this sample
size, however, the study required a lengthy enrollment period of ap-
proximately three years. Furthermore, a high proportion of those who
initially expressed interest were excluded or dropped prior to rando-
mization. While many (n = 881) were excluded because they did not
meet all eligibility criteria, a large number were either active (n = 81)
or passive refusals (i.e., cancelled or failed to show for a screening visit;
n = 1171). Ultimately, only 16% of those who requested more in-
formation about the project were randomized to treatment conditions.
Although the reasons for the high attrition rate are not readily ap-
parent, the large number of required study visits and focus on multiple
domains of health behavior change may have reduced interest among
some smokers.

Compared to prior trials of physical activity as an aid to smoking
cessation, the sample was relatively diverse with regard to gender (38%
male) and race (31% African American). The sample was slightly
overrepresented with middle-aged, heavy smokers with a long history
of cigarette use. Participants evidenced high levels of both confidence
in their ability to quit and motivation for smoking cessation.

By design, the sample was largely sedentary. To be eligible for the
study, all participants at baseline were screened to engage in no more
than 3 days/week of 30 min of moderate intensity activity and no more
than 1 day per week of 30 min of vigorous intensity activity. Prior to
intervention, and using a more sensitive assessment tool (the 7-day
PAR), only 24% reported that they accumulated the recommended
150 + minutes of moderate to vigorous leisure-time activity in the
prior week. Among US adults in 2005, when data for the current study
were collected, 49% of adults reported getting either 150 + minutes of
physical activity per week or 60 + minutes of vigorous activity [88].
Although these estimates were obtained based on different measures
and are therefore not directly comparable, they do suggest that parti-
cipants in the study were slightly less active overall than the general
population. Nevertheless, these results indicate that nearly a quarter of
participants' baseline activity levels exceeded target levels for the study,
despite meeting entry criteria at the time of screening. Although this
could reflect behavioral reactivity to the initial phone screen or a desire
to increase one's activity in response to enrolling in the study, it also
may be because the initial screening instrument consisted of a brief,
two-item assessment, whereas subsequent measures were based on a
more detailed physical activity interview (i.e., Seven-day Physical Ac-
tivity Recall). Considering that the interview is likely to be a more valid
indicator of physical activity than the brief, two-item screen, some of
the participants may have been more active than the target group for
this information. We chose not to exclude non-sedentary participants
because this would have made our randomized treatment arms non-
comparable. Future studies targeting physical activity should consider
this issue when assessing eligibility.

Findings regarding the proportion of participants that met criteria
for overweight, obesity, and abdominal obesity are generally consistent
with characteristics of the general US population at the time the study
was conducted. Considering that quitting smoking is typically

Table 2 (continued)

Variable Physical Activity
(n = 199) (Mean
(SD) except where
stated)

Wellness (n = 193)
(Mean (SD) except
where stated)

Percent of total energy intake
from protein (%)c

15.1 (4.1) 15.5 (3.6)

Percent of total energy intake
from alcohol (%)c

3.4 (6.3) 2.4 (4.5)

SD = standard deviation.
a Assessed on a 0 (lowest) to 10 (highest) point scale.
b Defined as> 88 cm for women and>102 cm for men.
c Reflects the percentage of total calories derived from a given macronutrient.
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associated with increases in body weight and body fat, some partici-
pants may be at elevated risk for certain health problems due to post-
cessation weight gain. Whether physical activity helps to mitigate the
amount of weight gain that participants experience will be investigated
as a secondary outcome.

The mean score on the CES-D was 12.5 (SD = 9.9). Although within
the normal range, this score represents a higher average level of de-
pressive symptoms than is typically observed in surveys of the general
adult population [89,90]. Given the elevated rates of depression in
smokers relative to non-smokers [91,92] and the increased prevalence
of smoking in patients with a history of depression [93,94], this finding
is not particularly surprising. Notably, 27% of participants scored at or
above the cut-off commonly used to identify those with probable de-
pression, a rate that is approximately double that reported in large
population samples and cohort studies [89,90,95]. Considering that
depression is associated with a reduced likelihood of quitting smoking
[94,96,97] and poorer adherence to physical activity interventions
[98–100], these findings may have important implications for treat-
ment outcomes.

5. Summary

Despite considerable advances in the design and implementation of
pharmacological and behavioral treatments for tobacco use and de-
pendence, most quit attempts do not lead to successful long-term ab-
stinence. Considerable evidence supports the benefits of acute bouts of
physical activity for reducing craving and nicotine withdrawal, at least
during periods of temporary abstinence. Furthermore, although highly
structured, vigorous-intensity activity conducted in a group setting has
been shown to increase cessation rates in women out to one year [19],
most studies investigating the impact of physical activity have failed to
demonstrate long-term effects. LEAP was specifically designed to ad-
dress many of the limitations associated with prior trials. By providing
smokers with personalized instruction delivered in convenient locations
in their community, and allowing considerable flexibility regarding the
nature, intensity, and frequency of activities that they can choose to
engage in, it is hoped that physical activity adherence and maintenance
will be increased, thereby enhancing the potential benefits of regular
activity for smokers attempting to quit. The results of LEAP will provide
important insights about how to most effectively promote physical ac-
tivity as an adjunctive treatment for smokers attempting cessation.

Trial registration

ClinicalTrials.gov identifier number NCT00403312.
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