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Abstract

Smoking and physical inactivity contribute to
disproportionate disease burden among underserved
adults. Telephone-based interventions (quitlines) are be-
coming the standard care for addressing smoking. There
is increasing interest to determine whether quitlines can
be utilized to administer interventions for other unhealthy
behaviors. This study aims to examine the proof-of-
concept and potential efficacy of a telephone-based be-
havioral counseling intervention to boost daily low-to-
moderate physical activity among low-income, physically
inactive smokers. Participants (V= 101) were random-
ized to receive 4 weeks of counseling prior to their
smoking quit day that included either standard smoking
cessation counseling (control) or the Step-up to Quit
(SUTQ) intervention. SUTQ promoted daily walking to
foster physical activity as a primary smoking urge man-
agement strategy and facilitate incremental increases in
daily steps with the goal of achieving 7500 steps/day by
the quit day in week 4. Exploratory structural equation
modeling tested SUTQ effects on six measures of low-to-
moderate physical activity (primary outcome) and
smoking cue reactivity (secondary outcome) simulta-
neously in a single multivariate model with controlling
variables. The sample was 51 % female and 77 % African-
American, with a mean age of 42.1 years (SD = 10.9).
Compared to the control condition, SUTQ intervention was
associated with greater physical activity at week 4
(b=0.51, z=1.71, p= 0.08), with between-group differ-
ences sustained at follow-up. At week 4, the SUTQ group
had higher 7-day mean steps/day (M = 7,207.25, SD =
4,276.03) than controls (M = 3,947.03,SD = 3,655.03) (t
= 3.35; p <.01); and had more participants reach the
»7500 steps/day goal (49% vs. 11 %, c2=10.78; p<.01),
a difference that was sustained at 1-month follow-up (X2
= 9.04, p <.01) Effects of SUTQ treatment on cue reactivity
were in the hypothesized direction but not significant
(b=-0.29; z=-1.09, p=0.27). To our knowledge, this is the
first study to promote physical activity using telephone
counseling in an underserved population of smokers known
to have greater challenges with physical activity adoption
and smoking cessation. The SUTQ approach suggests that
integration of physical activity advice and support within the
context of smoking cessation treatment has the potential to
promote physical activity among smokers intending to quit.

Implications

Policy: Resources should be devoted to utilizing
quitlines to promote multiple health behaviors
along with smoking cessation efforts

Research: Telephone-based interventions may be
utilized to promote physical activity among physi-
cally inactive smokers, thereby reducing overall
unhealthy lifestyle-related disease burden.

Practice: A telephone-based counseling interven-
tion that integrates multiple health behavior
change within the context of nicotine treatment
can be adopted and disseminated through quitlines
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BACKGROUND

Telephone-based smoking cessation services, or
quitlines, have become important components of
comprehensive tobacco control and cessation
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programs [1]. Quitlines have intuitive appeal for deliv-
ering services because they are cost-efficient means to
provide evidence-based smoking cessation counseling,
eliminate potential barriers to treatment access (e.g.,
lack of transportation, inability to pay for support), and
can effectively reach underserved or disparate groups
of smokers who may have difficulties accessing tradi-
tional forms of treatment [2-4]. Given the emergence
of quitlines as the standard of care for smoking cessa-
tion counseling in the United States along with evi-
dence that smokers are more likely than the general
population to engage in other unhealthy behaviors
(e.g., more than 90 % of smokers maintain co-
existing unhealthy behaviors [5]) public health profes-
sionals have shown increased interest in expanding
telephone-based services to address other health be-
haviors than just smoking [6]. Physical inactivity is one
such behavior that could be addressed via quitlines
given its high occurrence among smokers [7, 8].

Well-established evidence points to the many benefits
of routine physical activity (e.g., reducing cancer risk [9],
enhancing cardiovascular health [10, 11]). Despite efforts
to educate the public about the benefits of physical activ-
ity, many adults in the USA remain routinely inactive.
Similar to smoking, physical inactivity is more likely in
low-income populations compared to higher-income
groups [12, 13]. Low-income populations also face greater
health risks related to low physical activity than higher-
income groups (e.g., hypertension, obesity) [14]. There-
fore, combining elements of behavioral health treatment
for addressing both physical activity and smoking in the
same intervention could increase the impact of public
health efforts to reduce disease risk in this vulnerable
population of smokers.

Multiple health behavior change interventions attempt
to treat two or more health behaviors, either sequentially
or concurrently [15, 16], within a limited time period [17].
Testing such interventions is warranted because of poten-
tial efficiencies and synergistic effects that may occur when
treating multiple behaviors in the same intervention as
opposed to treating each target behavior separately [18].
Individuals making efforts to change one health behavior
may be likely to change another if they understand the
behaviors influence one another [19]. For example, phys-
ical activity could be engaged as a coping strategy or
compensatory behavior during a smoking urge episode
when someone is trying to quit smoking. Moreover, re-
cent evidence suggests that success in changing one be-
havior may serve as a “gateway” to promote other health
behavior change [17, 20], perhaps due to increased self-
efficacy in the behavior change process.

Previous studies combining physical activity and
smoking cessation treatment suggest potential to address
both behaviors in tandem. A recent systematic review
showed that short bouts of physical activity reduced
smoking urges, withdrawal, and negative mood in
smokers maintaining short-term abstinence [15, 21]. Oth-
er studies provide evidence supporting vigorous-intensity
physical activity for long-term abstinence [22]. However,
methodological differences (e.g., variability in length, in-
tensity, and timing in relation to quitting) make it difficult

to determine which physical activity intervention ele-
ments could facilitate both physical activity adoption
and smoking behavior change in different sub-groups.
Moreover, we are not aware of any studies that have
targeted low-income, underserved smokers known to
have greater challenges with health behavior adoption.
Given that supervised vigorous physical activity pro-
grams lack external validity in low-income smokers [23],
there is potential utility in strategies that integrate more
realistic physical activity programming (low-to-moderate
intensities) within the context of smoking treatment. Such
strategies may be more acceptable for this population [24],
thereby also reducing attrition [25]. Moreover, consider-
ing the acute positive effects of engaging in short bouts of
physical activity on smoking urges and nicotine withdraw-
al [16], examining the effects of change in routine physical
activity on withdrawal and cue-induced urge reactivity is
warranted. Theoretically, using physical activity as an
alternate reinforcement to smoking during urge episodes
could facilitate the reduction in cue reactivity over time.
Therefore, teaching smokers to practice engaging in phys-
ical activity to manage smoking urges when they occur
[26], could be an ecologically valid and potentially effec-
tive approach to integrating physical activity as a counter-
conditioning strategy to facilitate health behavior change
during smoking cessation treatment. To date, few studies
have attempted to integrate physical activity efforts and
urge management training in this manner [15, 27).

To address these gaps in existing approaches, the cur-
rent study reports the proof-of-concept and preliminary
efficacy of an adoptable, translatable, and telephone-
based multiple health behavior change intervention mod-
el, “Step-up to Quit (SUTQ)”. The purpose of the SUTQ
intervention was to increase physical activity (primary
outcome) among smokers intending to quit smoking
and to test treatment effects on quit day smoking cue
reactivity (secondary outcome). Specifically, the SUTQ
counseling was structured to engage treatment-seeking
smokers in low-to-moderate physical activity program-
ming by promoting daily steps (walking) and linking short
bouts of physical activity with urge management training,
thus integrating evidence-based physical activity
promotion- and smoking cessation-related health messag-
ing. Given the efficacy and utility of telephone-based
services or quitlines to promote smoking behavior change
for disadvantaged populations [2, 4], this study used a
proactive telephone counseling approach to deliver the
multiple health behavior change intervention. We hy-
pothesized that compared to a control group that received
standard, evidence-based quitline counseling only, the
SUTQ intervention group would have greater daily phys-
ical activity and lower smoking cue reactivity on their quit
day. Exploratory outcomes included physical activity and
smoking quit rates at 1 week and 1 month post-quit day
follow-ups.

METHODS
Participants
Participants included treatment-seeking male and fe-

male smokers aged 18-59 who self-reported low levels
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of physical activity. Participants were recruited using
fliers placed in local stores and laundromats in low-
income, largely African-American neighborhoods in
urban North Philadelphia (median annual income in
recruitment areas ranged from US$16,500 to 29,000)
[28]. Study inclusion criteria included smoking more
than six cigarettes per day [29], intention to quit
smoking within the next 6 months, and low physical
activity. Low physical activity was measured via self-
report using the International Physical Activity Ques-
tionnaire (IPAQ) [30] at the time of eligibility screen-
ing and was defined as <20 min of purposeful
vigorous-intensity activity or <60 min of purposeful
moderate-intensity activity, or <100 min of purposeful
walking during a typical week [30]. The IPAQ captures
three specific types of activity: walking, moderate in-
tensity, and vigorous intensity. Exclusion criteria in-
cluded pregnancy; substance abuse (e.g., alcohol, stim-
ulants, or narcotics) within the past 12 months; current
diagnosis or treatment for mental health disorders
(e.g., bipolar, schizophrenia); use of psychiatric medi-
cations (e.g., lithium,); and non-English proficiency.

Design overview

The study used a two-group randomized controlled de-
sign with assessment time points at baseline, quit day
(week 4), 1-week (week 5), and 1-month (week 8) fol-
low-ups. The study procedures were reviewed and ap-
proved by the Institutional Review Board. Following
telephone screening, eligible participants were instructed
to attend a baseline session with three hours of smoking
abstinence. During this session, participants completed
informed consent, self-report assessments, and pre-
treatment smoking cue-exposure task, followed by ran-
domization procedures. Randomization was stratified by
gender and conducted using values from Research Ran-
domizer (http://www.randomizer.org/). Following ran-
domization, participants met briefly with a health coun-
selor where they received treatment orientation and an
Omron™ Digital Pocket Pedometer (HJ-112) with in-
structions for usage specific to their assigned group de-
scribed below. All participants were instructed to set their
quit day during the fourth week post baseline. The pub-
lished protocol describes the detail of study procedures
[31]. Staff conducting baseline and follow-up assessments
were blind to treatment assignment throughout all time
points.

Intervention procedures

SUTQ counseling intervention group—Participants ran-
domized to the SUTQ) intervention group received a
pedometer, written treatment materials, and weekly
phone counseling sessions. Counselors’ primary goals
were to (a) facilitate daily low-to-moderate physical
activity following a tailored algorithm that gradually
increased daily steps with the goal of achieving 7500
steps by their week 4 (quit day) (7500 steps is a mini-
mum goal to realize health benefits [32]) and (b) adop-
tion of physical activity as the primary smoking urge
control strategy. Counseling during weeks 1 and 2

(pre-cessation) focused on establishing concurrent
self-monitoring of cigarettes smoked and smoking
urges, as well as initial adoption of routine physical
activity with guidance to gradually increase daily steps.
To explicitly intertwine physical activity within
smoking cessation preparation efforts, SUTQ partici-
pants were encouraged to delay smoking at the onset
of a smoking urge at least one time every day by taking
a 10-15-min walk. During weeks 3 and 4 (pre-cessa-
tion), participants continued to increase the frequency
and duration of daily walking. They were also intro-
duced to additional cognitive-behavioral coping skills
to prepare for their quit day with ongoing emphasis on
using walking to delay urge-motivated smoking. The
messaging around increasing physical activity also in-
cluded an empbhasis of its utility in managing negative
affect, withdrawal, and weight concerns/weight gain
post-smoking cessation [33, 34]. Adherence to walking
was maximized by maintenance of daily exercise logs
where participants recorded their end-of-day pedome-
ter count and urge monitoring data which were report-
ed to the counselors during each phone session. At
their quit day session, counselors additionally provid-
ed participants with strategies to achieve a long-term
goal of 10,000 steps/day as advised by the American
College of Sports Medicine [35]. No counseling was
provided after the week-4 quit day session and partic-
ipants were only contacted to obtain follow-up
assessments.

Standard smoking cessation counseling control group—The
smoking cessation counseling (SCC) control group
was designed to provide the same intensity of pre-
quit telephone sessions as the SUTQ intervention,
but the focus was on standard evidence-based cessa-
tion counseling only (no explicit focus on physical
activity). Participants were provided with a pedometer,
but counseling was centered on standard stimulus and
urge control strategies (avoiding smokers, escaping
high-risk situations, using gum or candy as substitutes)
during the pre-quit preparatory period. SCC partici-
pants did not receive any encouragement or coaching
to increase their physical activity. Similar to the SUTQ
group, the SCC control did not receive any phone
counseling after their quit day.

Baseline and quit day smoking cue-exposure assessment
procedures
Participants completed one smoking cue-exposure tri-
al during their baseline pre-treatment session and four
trials on their quit day. Subjects were abstinent (veri-
fied using expired CO <10 ppm) [36] prior to initiation
of the cue-exposure procedures at baseline and quit
day. Each trial consisted of exposure to smoking cues
(e.g., cigarettes, ashtray) accompanied by audio-taped
instructions that directed participants through each
trial. The instructions started with guided imagery
focusing on multi-sensory cues associated with
smoking, had the participant light and handle a ciga-
rette, and mimic motor movements associated with
TBM
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smoking (without inhaling), and finally, extinguishing
the lit cigarette. Each trial lasted approximately for 5—
6 min. Self-report assessments of smoking urge and
nicotine withdrawal were administered after each trial.
For the baseline session, participants were presented
with a single trial since the purpose of the task was to
acquaint them to the lab environment. On the quit
day, after observing overnight abstinence, participants
were exposed to four massed trials. All trials and
instructions were similar to the baseline session. Addi-
tional details of the intra-trial cue-exposure procedures
can be found elsewhere [31, 37].

Measures

Physical activity (primary outcome)—Seven-day point
prevalence mean steps per day, time spent in physical
activity, and metabolic equivalent tasks (METs—a mea-
sure of exercise intensity) served as measures of phys-
ical activity at week 4 (quit day). Steps per day was
obtained by pedometers, a reliable and valid device to
measure physical activity [38-40]. The Omron™ pe-
dometers in this study record the last 7 days’ total step
counts. On the quit day, researchers recorded 7-day
step counts directly from the pedometer, whereas par-
ticipants reported their pedometer readings during
telephone follow-up assessments (at 1 week and
1 month) following the same protocol as quit day data
collection. Self-reported total time spent in physical
activity and metabolic equivalent of tasks (METS)
was obtained using the International Physical Activity
Questionnaire (IPAQ) [41]. The IPAQ has adequate
reliability and criterion validity with accelerometers
[30, 42].

Quit day smoking cue reactivity (secondary outcome)—
Smoking cue reactivity was obtained on the week 4
quit day and was measured using two single-item
Likert format scales that assessed strength of smoking
urge [37, 43] and the 10-item brief questionnaire of
smoking urges [44]. Participants completed four se-
quential cue reactivity trials on their quit day, and
difference scores (trial 4 urge—trial 1 urge) were calcu-
lated to assess changes in strength of urge across the
four trials.

Controlling variables—Baseline controlling variables
included (1) nicotine dependence as measured using
the Fagerstrom Test for Nicotine Dependence
(FTND). The FTND has good internal consistency
and high test-retest reliability and has been extensively
used to assess nicotine dependence [45]. (2) Body mass
index (BMI) was calculated using self-reported height
(in meters) and weight (in kilograms). (3) Impulsivity
was assessed using the impulsivity subscale from the
Adult ADHD Rating Scale [46]. (4) Sex (0 = male;
1 = female) was collected as part of the demographic
assessment. Quit day controlling variables were (1)
depressive symptoms assessed using the short-form
of the Center for Epidemiological Scale Depression
Scale [47]. (2) Smoking urge coping measured using a
12-item scale adapted from O’Connell et al. [48] that
assessed use of cognitive and behavioral strategies for

urge management. (3) Nicotine withdrawal prior to
exposure to the cue-exposure trial procedures was
assessed using the Minnesota Nicotine Withdrawal
Scale [49].

Smoking status (exploratory follow-up outcome)—
Smoking status at 1-week and 1-month follow-ups
was assessed by self-report using standard, validated
7-day timeline follow back methods [50]. Participants
were coded as quit if they reported smoking zero (0)
cigarettes (not even a puff) during all 7 days prior to
assessment.

Statistical analysis

Descriptive statistics, including means, standard devi-
ations, and frequencies for selected variables were
reported. We used multivariate exploratory structural
equation modeling (ESEM) to test our primary hy-
pothesis that at week 4, the SUTQ) participants would
demonstrate greater physical activity (primary out-
come) and lower smoking cue reactivity (secondary
outcome) compared to the SCC control group. ESEM
is a hybrid structural equation modeling method that
allows one to combine exploratory and confirmatory
factor analysis in a single model [51, 52]. Unlike con-
firmatory factor analysis alone, which restricts items to
load on a single factor, ESEM permits items to load on
multiple factors, which is a more realistic assumption.
[51] The process involves several steps. In the first, an
exploratory factor analysis is conducted to identify the
number of factors that best represent the relations
among the measured variables. In the second step,
theoretically relevant predictor variables are added to
the model. In the third step, the effects of the predictor
variables on the observed indicator variables are
assessed. This is achieved by modeling direct paths
from all predictors to all measured variables, and then
testing the effects for significance through a chi-square
difference test. Importantly, ESEM permitted us to
assess intervention effects on physical activity and
cue reactivity outcomes (six measures) simultaneously
with theoretically relevant controlling variables in a
single multivariate model. Therefore, all controlling
variables included in the model affected variance ex-
plained on the outcome measures.

Secondary univariate analyses explored group dif-
ferences in physical activity and quit status at 1 week
and 1 month post quit day. Because a key focus of
physical activity counseling was to promote daily steps
(not time or intensity), we compared mean steps per
day between groups as well as the proportion of par-
ticipants in each group that achieved the 7500 steps/
day goal at follow-up. Likewise, because cue reactivity
was not tested post-quit day, we explored group differ-
ences in quit status at 1-week and 1-month follow-ups.

Given that this was a pilot study and in keeping with
the small sample size, we set our a priori alpha at
p = .10. SPSS 21 software was used to generate de-
scriptive statistics and frequency distributions. We
used Mplus 7.0 software [53] for the ESEM analysis.
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Model fit was evaluated with model chi-square, com-
parative fit index (CFI), root mean square error of
approximation (RMSEA), and standardized root
mean residual (SRMR). Suggested criteria for model
fit are non-significant model chi-square, CFI above
.95, RMSEA below .05-.08, and an SRMR value be-
low 8 [53-55].

RESULTS

Baseline sample characteristics

We screened 501 individuals for eligibility. Ran-
domization was completed for 106 eligible
smokers. Figure 1 shows the CONSORT (COnsol-
idated Standards of Reporting Trial) flow diagram
[56]. The final study sample included 101 partici-
pants (N= 50 assigned to the SUTQ and N= 51 to
the SCC). Descriptive characteristics by treatment
condition are presented in Table 1. There were no
significant baseline differences between treatment
conditions in terms of demographics, smoking his-
tory, or other study measures. Overall, the sample
was 51 % female, 94 % non-Hispanic, and over
70 % reported being Black/African-American.
The average age was 42.1 years (SD = 10.91),

60 % had less than or equal to a high school
education, and 78.6 % were single/never married.
Over 75 % had a BMI > 25 indicating that major-
ity of the population was overweight. On an aver-
age, participants completed at least two (out of a
possible three) counseling sessions (M = 2.46;
SD = .83) and the average time for each phone
session was 12.21 min (SD = 2.17). There were no
significant differences in duration of counseling
contact time between the SUTQ and SCC group
(tar (55 = —1.46; p= .15).

Primary analyses: multivariate modeling of quit day physical
activity and cue reactivity
Exploratory factor analysis—As expected, the exploratory
model of six dependent measures supported the two-
factor structure with one factor for physical activity
(eigenvalue = 1.897; variance = 33 %) and a second
factor for cue reactivity (eigenvalue = 2.284; vari-
ance = 38 %), x°(ms1, di—g) = 5.733, p = .22; and
CFI = .983, RMSEA = .073 (95 % CI = .000-.195),
SRMR = .037.

ESEM analysis—We next added treatment and the
seven control variables into the multivariate model.
This model fit the data well with a non-significant chi-

’ Calls from Interested Respondents (N=686)

.................. > e Missed baseline appointments (N= 38)

Eligible (N= 163)
e Required physician’s approval (N=7)

o Eligible but refused (N=5)
Ineligible (N=338)*
Refused (N=78)
Unable to reach for screening (N= 107)

Completed Baseline Assessments

N=113
l ---------------- > Ineligible post-baseline? (N=7)
Randomized
N=106
. SUTQ (Treatment Group) scc (Con}rol Group) AN
ol N=50 N=>51 AN
- i 1 .
Withdra\;vn Quit Day Assessments Quit Day Assessments Withdrawn
(N=3) Completed (N=38) Completed (N=44) (N=2)3
Lost in Treatment (N=12) Lost in Treatment (N=7)

|

1-week follow up*
Completed (N=37)
Lost to follow-up (N=1)

l

1-month follow up*
Completed (N=37)
Lost to follow-up (N=1)

1-week follow up*

Completed (N=42)
Lost to follow-up (N=2)

v

1-month follow up4
Completed (N=42)
Lost to follow-up (N=2)

Fig. 1| Participant flow. 7 Reasons for ineligibility: not meeting criteria for physical inactivity (z = 134), mental health diagnosis
(n = 70), smoking history (n = 40), age (n = 31), not owning a phone (z = 24), drug/alcohol use (z = 30), disability (r = 5),
pregnancy (n = 2), exclusive e-cig use (z = 2). 2 Seven participants were ineligible after completion of baseline (prior to being
randomized); reasons included mental health diagnosis (n= 3), smoking <5 cigarettes per day (n = 2), and not meeting the criteria
for physical inactivity (z = 1). 3 Reasons for withdrawal post-randomization included reported use of psychotropic medications,
drug and alcohol use, and misreporting physical activity levels during screening, and moving outside service area. 4 One-week
and 1-month assessments were only completed for participants who completed their quit day session
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square, xz(,,:m’ di=36) = 47.792, p=.09. Several of the
other fit indexes diverged from the prevailing heuris-
tic; CFI = 0.908, RMSEA = 0.065 (95 % CI = 0.000,
0.110), and SRMR = 0.118. These results suggest that
the model complexity in relation to the sample size
may be high. However, use of the ESEM method was
necessary to assess the effects of treatment and covar-
iates on the various observed outcomes
simultaneously.

Quit day physical activity—The effects of our interven-
tion was associated with greater physical activity, our
primary outcome in the SUTQ group vs. controls
(b= .51, z= 1.71, p = .08). Further, having greater
impulsivity symptoms was also positively associated
with physical activity (b = 0.26, z = 2.85, p < .01).
There were no other significant baseline predictors of
post-test physical activity (Table 2).

Quit day cue reactivity—The effects of the SUTQ) treat-

ment on cue reactivity were in the hypothesized direc-
tion but did not reach statistical significance (b= —.29;
z=-1.09, p=27). Greater nicotine withdrawal prior to
the cue reactivity assessment (b= .04, z= 199, p=.04)
and reporting greater number of coping strategies at end
of treatment was significantly associated with increased
reactivity (b=.08, z=1.98, p=.04) (Table 2).
Given the relatively small sample size and the mixed
model fit statistics (i.e., CFI and SRMR), we assessed the
power associated with our primary research questions,
the effect of SUTQ intervention on physical activity and
smoking cue reactivity. Using 1000 replications in a
Monte Carlo simulation study, the population parame-
ter value for the effect of treatment on physical activity
was recovered (95 % CI) 93 % of the time, with a power
(1-p) of .48. Only when the simulation sample was raised
to n= 180 did 95 % coverage surpass the expected 95 %
(.954), and was power >.80 (.84). Thus, the results of this
simulation suggest that the group differences may be
robust, but that a sample size greater than twice that of
the present study may be necessary to have the effect
reach p<.05 significance level, and that sample size may
be the reason for the lower CFI value.

All (V= 101)
42.1 (10.9)
29.8 (7.4)

5.2 (1.2)
14.7 (9.4)
9.5 (5.4)
6.8 (3.5)

49.5
50.5
15.3
43.9
40.8
78.6

51)

SCC (control) group (VN

42.3 (11.5)
30.6 (7.8)
12.4 (5.3)
5.3 (1.2
13.6 (9.0)
9.3 (5.6)
6.8 (3.2)

47.1
52.9
12.2
44.9
42.8
50.6

50)

Gender (%)
Education (%)

SUTQ (intervention) group (V

41.7 (10.3)
29.1 (6.9)
12.2 (6.4)
5.3 (1.3)
15.8 (9.8)
9.8 (5.3)
6.9 (3.2)

52.9
46.1
18.4
42.9
38.8
49 4

Secondary analyses: group comparison of average steps and
quit status

Seven-day point prevalence mean steps and steps goal achieve-
ment—Seven-day point prevalence data on steps was
obtained for 81.8 % of participants who completed
their quit day (and 83.5 % of 1-week and 85 % of 1-
month follow-up). At week 4, a significantly greater
proportion of participants in the SUTQ group (80 %)
compared to the control group (20 %) achieved the
goal of 7500 steps/day (p<<.01). Effects were sustained
at 1 week (81 vs 19 %, p<.01) and 1-month follow-up
(80 vs 20 %, p < .01). The SUTQ group also had
significantly greater number of steps per day com-
pared to the SCC control group at week 4: SUTQ
[(M = 7207.24; SD = 4276.03) vs. SCC
(M = 3974.03; SD 3655.27) (p = <.01). The group
difference was maintained at 1-week post-quit day:
BM page 143 of 147

Variables

Less than high school

High school/GED
Above high school
Single/never married (%)

Male
Female

Table 1| Baseline participant characteristics
Nicotine dependence (FTND) mean (SD)
Number of urge coping strategies, mean (SD)

Self-efficacy, mean (SD)
Depressive symptoms, mean (SD)

Body mass index, mean (SD)
Cigarettes per day, mean (SD)

Age, mean (SD)
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Table 2 | Results of exploratory structural equation modeling

Outcome variables

Predictor Cue Reactivity Physical Activity
variables
Coefficient SE z- i Coefficient SE z- ya
value value value value
Treatment -0.29 0.265 -1.095 0.274 0.509 0.298 1.711 0.087
Nicotine dependence 0.075 0.124 0.601 0.548 0.098 0.134 0.73
(FTND)
0.465
Sex -0.194 0.271 -0.717 0.473 -0.381 0.312 -1.221 0.222
Body mass -0.015 0.017 -0.876 0.381 -0.028 0.021 -1.334 0.182
index (BMI)
Depression 0.005 0.027 0.171 0.864 0.012 0.034 0.359 0.72
symptoms
Impulsivity -0.127 0.084 -1.515 0.13 0.262 0.092 2.852 0.004
Number of 0.08 0.04 1.982 0.047 0.028 0.044 0.638 0.523
urge coping
strategies
Nicotine 0.047 0.024 1.996 0.046 -0.035 0.027 -1.279 0.201
withdrawal
(WSCL)

SUTQ (M = 8482.82; SD = 5843.57) vs. SCC
(M= 3932.24; SD = 3150.02) (p <.001). At 1-month
post-treatment, the SUTQ group showed an increase
in mean daily steps: SUTQ (M = 7506.78;
SD = 5142.47) compared to the SCC control group
(M= 3700.50; SD = 3089.51); (p<<.001).

Seven-day point prevalence quit status—We examined
differences in quit rates at 1 week and 1 month post-
treatment as exploratory outcomes. There were no
significant differences in 7-day point prevalence quit
rates at 1 week and 1 month between the two groups.
Thirty-eight percent of the SUTQ group reported
quitting compared to 33.3 % in the SCC control group
(p = .67) at 1 week. At 1 month, 32.4 % of SUTQ
reported quitting (vs 40 % in the SCC group) (p=.34).

DISCUSSION

To our knowledge, this is the first study that has tested
proof-of-concept and preliminary efficacy of a
telephone-based counseling intervention promoting
physical activity during smoking cessation treatment
among underserved, physically inactive smokers. Con-
sistent with our hypothesis, the SUTQ) intervention was
associated with increased physical activity during the 4-
week pre-quit preparatory period that was sustained at
1 week and 1 month post-treatment, and with reduced
quit day smoking cue reactivity (although the trend was
not significant with our small sample size). Our results
also suggest our intervention promotes adoption of daily
walking, and this emphasis on promoting physical activ-
ity during the pre-quit period did not undermine SUTQ
participants’ efforts to quit smoking compared to control
group participants.

Our encouraging results and similar between-group
attrition rates suggests that our approach was acceptable,
feasible, and potentially efficacious in promoting physi-
cal activity in a low-income, underserved population
known to have low intervention uptake and less success-
ful response to physical activity and smoking interven-
tions than the general population—major contributors to
health disparities [57-61]. A review of counseling treat-
ments in low-income populations underscored the need
to establish enhanced interventions for this high-risk
group, including more effective telephone-based
counseling services (e.g., quitlines) [62].

Results suggest treatment effects on cue reactivity in
the hypothesized direction that, with a larger sample
size, could reflect reliable group differences. These re-
sults, coupled with evidence that reactivity to smoking
cues during abstinence may predict of smoking relapse
[63], suggest that further examination of strategies to
encourage physical activity to help smokers manage
their smoking urges is warranted. Future research could
help determine whether our pre-quit intervention could
foster physical activity to become an effective alternate
reinforcer to smoking. Practicing this strategy during
short periods of abstinence, along with increasing daily
physical activity, could promote greater pre-quit urge
management skills and reduce quit day, abstinence-
induced cue reactivity..5

Nicotine withdrawal was a significant predictor of
reactivity with greater withdrawal symptoms associat-
ed with increased quit day smoking cue reactivity. This
finding is also consistent with the literature indicating
that overnight abstinence can increase reactivity to
smoking-related cues [64, 65]. The nicotine withdraw-
al syndrome [66] that includes irritability, difficulty
concentrating, and restlessness are observed within
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two hours after tobacco use and usually peak between
24 and 48 hours after cessation. [67] All participants in
the study provided a measure of expired CO (CO
<10 ppm) to bioverify abstinence prior to initiating
the reactivity procedures and since abstinence results
in withdrawal, it elucidates the significant association
between withdrawal and reactivity.

The positive association between quit day cue reac-
tivity and greater number of coping strategies for urge
management is contrary to the hypothesis that devel-
oping an increased number of coping skills can facili-
tate extinction of conditioned reactivity to cues. Social
learning theory suggests that engaging in coping skills
practice during high-risk situations increases the effec-
tiveness of those skills when in the presence of cues. In
one study that examined effectiveness of urge coping
strategies in reducing alcohol-related cue reactivity
[68], coping skills training was introduced in a gradu-
ated fashion whereby participants were introduced to
one coping strategy at a time, encouraged to practice it
during exposure to each drinking trigger, and the
practice ended when the urge had reduced. Thus,
while developing urge coping strategies can help at-
tenuate cue reactivity and relapse in the long-run, the
utility of coping skills training may have less to do with
developing greater number of strategies as opposed to
focusing on relevant/fewer key strategies that may be
specific to the individuals’ high-risk situations.

Another interpretation is that the context for testing
smoking cue reactivity may not have been best
equipped to assess the potential association between
pre-quit day training to use physical activity for urge
management and quit day cue-elicited urge reactivity.
Future studies could examine whether engaging in
walking immediately following the cue-exposure trial
on the quit day would mitigate urge reactivity in
SUTQ participants compared to controls. Given evi-
dence that short bouts of physical activity mitigates
nicotine withdrawal [69], modifying the cue reactivity
test as such would provide a greater opportunity to
observe the degree to which physical activity training
prior to quitting could attenuate quit day abstinence-
induced cue reactivity.

Future research could also examine whether the type
of urge coping strategies, as opposed to the number of
strategies, may better predict quit day urge reactivity.
Evidence of the differential effectiveness of coping on
smoking cessation outcome is mixed. Some studies
compared cognitive and behavioral coping in general
[70] and suggest that while the number of coping strat-
egies or the combination of the two was associated with
reduced urges, no differential effects of cognitive and
behavioral coping exist. Others studies revealed clear
differential effects of behavioral and cognitive coping
strategies (e.g., [71, 72]). This suggests that the distinction
between cognitive and behavioral coping requires more
examination and future studies in this area could benefit
from exploration of other potential classification frame-
works (e.g., stress and temptation coping paradigm [73],
engagement or problem-focused coping, emotion-
focused or disengagement coping) [74].

Exploratory analyses showed that at the 1-week and
1-month follow-up, there were equivalent quit rates in
both groups with the overall quit rate being relatively
high for the target population. We did not expect differ-
ences in quit rates between the two groups because (a)
this was a proof-of-concept study primarily focused on
increasing physical activity and reducing cue reactivity
by week 4, (b) behavioral counseling was not provided
beyond the quit day to focus on relapse prevention
efforts, (c) no nicotine replacement therapies were pro-
vided, and (d) the short timeline of the study and re-
source constraints did not allow us to look at long-term
bioverified quit rates. Importantly, compared to the con-
trol group, the SUTQ) intervention group was signifi-
cantly more likely to maintain physical activity during
follow-up, suggesting that SUTQ counseling was effec-
tive at promoting physical activity adoption and main-
tenance among treatment-seeking smokers. Thus, con-
tinuing counseling to focus on smoking relapse preven-
tion, physical activity maintenance, and provision of
smoking cessation medications would be appropriate
in a follow-up fully scaled treatment outcome study.

Limitations
The primary limitation of the study was the absence of a
no-treatment control group. While this was a proof-of-
concept study, we were interested in examining the pre-
liminary evidence of the SUTQ) intervention on adoption
of daily physical activity in comparison to a standard care,
smoking cessation-only control—despite the relative, po-
tential potency of proactive SCC on short-term quit rates.
However, this study provides pilot data for larger trials,
perhaps a three-group randomized controlled trial, which
can examine impact of the SUTQ intervention on long-
term cessation and relapse. Secondly, given the pilot
nature and the focus of the study on smoking cue reactiv-
ity, cessation outcomes at follow-up were not bioverified.
While validated assessments were used to assess self-
reported abstinence [50], future studies could benefit from
using validated biochemical verification of smoking ab-
stinence. Related to this, while safeguards were in place to
maximize accurate reporting of step counts from pedom-
eters, future studies may also benefit from utilizing nu-
anced and sophisticated measures of assessment of phys-
ical activity (e.g., Fitbit) that enables regular uploading of
recorded data for enhanced objective measurement of
physical activity. The study was also not designed to
compare the influence of different intensities of exercise
on smoking behavior change or compare the effects of
adoption of daily physical activity relative to a quit at-
tempt (e.g., sequential vs simultaneous). However, the
area of multiple behavior change is a relatively new and
emerging area and while some empirical questions need
to be addressed, we believe that our results can guide
theory and data related to promoting multiple behavior
change efforts, especially in an underserved sample of
smokers. Finally, the design may not have been the best
equipped to examine the relation between pre-quit urge
management practice and quit day urge reactivity. Future
studies can utilize nuanced cue reactivity test strategies to
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better ascertain this association by including 5-10 min of
walking immediately after eliciting smoking
urges—similar to the counseling instructions during the
4 weeks prior to the quit day.

CONCLUSION

This study tests the effects of a novel multiple health
behavior change intervention approach among under-
served populations that bear a disproportionate burden
of unhealthy lifestyle (i.e., tobacco use and physical inac-
tivity) related death and disease rates. The SUTQ inter-
vention that integrates an evidence-based non-pharmaco-
logical strategy for urge management within a smoking
cessation context, making it seem complementary rather
than burdensome, is appealing since it promotes broader
health gain among people who have a cluster of unhealthy
lifestyle behaviors. To our knowledge, this is the first study
to deliver a telephone-based counseling intervention to
increase physical activity among a group of low-income
smokers. Our model has intuitive appeal since it is an
approach that can be adopted by community based ser-
vice providers such as quitlines. State quitlines are in a
prime position to reach disparate populations (e.g., low-
income, underserved smokers) and our telephone-based
approach that promotes physical activity within the con-
text of nicotine treatment can be adopted and disseminat-
ed through quitlines and perhaps deliver behavioral
health promotion efforts that have high potential for re-
ducing health disparities.
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