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Background:While tobacco use among individuals involved in the criminal legal system

remains 3–4 times higher than the general population, few interventions have been

targeted for this population to aid in smoking cessation. Nicotine replacement therapy

(NRT) is a relatively effective and accessible smoking cessation aid; however, individuals

frequently stop use of NRT early due to side effects and misperceptions about the

products. The present study aims to address lowmedication adherence by examining the

efficacy of an “in vivo” NRT sampling experience in individuals under community criminal

legal supervision.

Methods: Following recruitment through community legal outlets, participants (N =

517) are randomized to either an “in vivo NRT sampling” group or a standard smoking

cessation behavioral counseling group. The in vivo group uses NRT in session and

discusses perceptions and experiences of using NRT in real time while the standard

smoking cessation counseling group receives four sessions of standard behavioral

smoking cessation counseling. Both groups receive four intervention sessions and 12

weeks of NRT following the intervention. The 6-month post-intervention primary outcome

measures are smoking point-prevalence abstinence and medication adherence.

Conclusion: This is a novel smoking cessation intervention specifically aimed at

increasing NRT adherence and smoking cessation among those involved in the

criminal legal system, a group of individuals with high smoking rates and low rates

of pharmacotherapy use. If proven effective, the present treatment could be a novel

intervention to implement in criminal legal settings given the minimal requirement of

resources and training.

This trial is registered with www.clinicaltrials.gov-NCT02938403
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INTRODUCTION

Tobacco use remains the leading preventable cause of death and
disability in the United States (1). While smoking prevalence has
declined to about 14% in 2019 among the general population
(2), tobacco use is more than 3–4 times as common among
individuals with criminal legal (CL) involvement [i.e., people who
have been in jail or prison, on probation/parole, or arrested;
(3–7)] (estimated prevalence of 50% to 83%) (8). Individuals in
the American CL system who smoke are generally younger at
initiation, smoke more cigarettes per day, are 31% more likely
to screen positive for nicotine dependence (3), and have high
rates of other comorbidities (9, 10). The high rates of smoking
among individuals in the CL system suggests that public health
messages and interventions have been largely ineffective or not
adequately disseminated to this population (5). Additionally,
many prisons (for incarcerations exceeding 1 year) and jails (for
incarcerations no more than 1 year) have now banned smoking
in their facilities (11) and many people who are incarcerated
relapse following release (12). However, effective provision of
evidence-based interventions for this population offers great
public health significance (3, 4, 9, 10, 13), particularly given the
health and related risks of smoking upon release. Individuals
under community corrections supervision (i.e., probation or
parole) represent the majority of the CL population (69%),
(14) but have reduced healthcare access due to a lack of
health insurance and poverty (15, 16). Since individuals under
community supervision are required to have regular contact with
CL monitoring agencies, providing smoking cessation services
at this point of contact represents an untapped strategy for this
under-resourced population who need services and could be
routinely treated while under monitoring (17).

A small number of smoking cessation intervention studies
have been conducted with the CL population (9, 18). In one,
nicotine replacement therapy (NRT) combined with group
therapy was provided to a sample of incarcerated women (N =

250). Importantly, adherence to NRT was generally low (43%
adherent), though it was significantly related to abstinence (10).
These results established the initial efficacy of providing NRT
for smoking cessation to those in the CL system (10, 19). As
mentioned earlier, smoking is now banned in most jails and
prisons in the U.S. Additionally, forced abstinence in these
smoke-free environments is not enough to maintain abstinence
post-release (20). Therefore, interventions targeting the broader
CL system are primarily needed as most individuals held in
jail are not incarcerated long enough for cessation efforts to
be implemented or for prolonged abstinence to occur (21).
Unfortunately, few trials have specifically targeted individuals
under community corrections supervision to date (22, 23).

Medication adherence can more than triple rates of cessation
(24–27). However, medication adherence is particularly low
among individuals from under-resourced communities due to
negative perceptions of the healthcare system, including less
trust in medical providers, lower belief about the efficacy of
medication, difficulty accessing services, high costs, and lower
health literacy (28–32). Interventions to improve medication
adherence in these populations have been identified as the

best way to reduce health disparities over other targets
such as equalizing access to healthcare or reducing provider
discrimination (33, 34). Adherence to smoking cessation
pharmacotherapies generally and NRT specifically are similarly
poor as most people do not use medications when attempting
to quit smoking (35), and among individuals who do use
pharmacotherapies, about 69% stop using them prematurely
(36). Although brief psychoeducation can improve attitudes
toward NRT (37, 38) as well as increase intentions for future
use (39), studies measuring behavioral changes (e.g., cessation)
did not find psychoeducation alone to be effective (38, 40).
This suggests that more hands-on experience, such as trying the
cessation medication in the presence of an interventionist, may
be necessary to increase medication adherence and subsequent
abstinence. This gives the interventionist the opportunity to
address any questions or concerns that come up, in real time,
rather than asking about the person’s experiences trying the
medication on their own, when they might have a hard time
recalling specific details.

At least two clinical trials have examined NRT sampling
and Practice Quit Attempts (PQAs) to increase NRT use and
subsequent cessation among outpatient smokers (41, 42). In both,
the distribution of and general (i.e., unguided) encouragement to
use NRT samples produced positive change in process measures
as well as actual cessation. While NRT samples were provided for
PQAs, this approach relied on the participant to use the sample
on their own without in-session support. Other studies have
investigated a more structured sampling experience, providing
NRT for in-session sampling, which also led to improved
perceptions of medication compared to psychoeducation alone;
however, these studies did not investigate subsequent cessation
(43, 44). It is possible that providing a guided sampling paradigm
of trying NRT samples could also increase adherence to NRT
and further promote cessation efforts. Support for this theory
is found in exposure therapy whereby exposing a person to an
avoided and/or feared but benign situation brings about reduced
anxiety when no negative consequences occur (45). Guided, in-
session sampling of NRT is particularly well suited to the CL
setting, where smokers are available for sustained and structured
cessation support. Furthermore, many people in the CL system
and other underserved populations are more distrustful of the
medical field due to the long history of not having access to
healthcare, systemic racism in medical systems, and/or being
taken advantage of (8, 46, 47), which decreases the likelihood that
they would try cessation medications and ask for help in quitting
smoking. In our study, the availability of an interventionist to
address side effects in real time and reassure participants that
such side effects are normal and expected might make this
population more at ease about trying these medications and
sticking to them. In addition, given the minimal training and
expertise required by the interventionist, the present intervention
is especially suitable for these settings as well as other under-
resourced environments (48).

Our novel intervention is designed to provide in-session
sampling of NRT to increase long-term adherence and cessation.
An in-session experience with NRT is a critical aspect of this
approach, as it is direct medication experience that appears
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to be most strongly associated with adherence and subsequent
meaningful clinical outcomes [i.e., smoking abstinence; (41)].
The present article discusses the innovative design of the
NRT exposure intervention used in our ongoing clinical trial
for outpatients in the CL system (NCT02938403). The trial
specifically examines the impact of providing NRT in real
time with an interventionist (hereafter referred to as “in vivo”)
sampling to increase later NRT adherence and smoking cessation
as compared to a standard smoking cessation counseling group.

METHODS AND ANALYSIS

Study Design and Hypotheses
Participants are randomized to one of two conditions (1:1)
testing four 30-min sessions delivered over 4 weeks. A blocked
randomization procedure with random blocks sizes 10 and 20
was used to generate the randomization list. The in vivo group
receives in sessionNRT sampling with a focus on expectancies for
medication and experience using the medication in session. The
counseling group receives standard smoking cessation behavioral
counseling. All participants receive NRT for 13 weeks with
additional nonintervention follow-ups at 1-, 3-, and 6-months
post-intervention. Thus, all participants receive almost the same
level of evidence-based medication (in vivo group receives an
additional 2 weeks during sessions 1 and 2); the only differences
are the process of introducing it (guided sampling vs. not) and the
difference in behavioral sessions (e.g., focus on experience with
medication vs. standard smoking cessation behavioral strategies).
Specifically, the patch and lozenge were chosen, and the dosage
and duration of use were based on standard of care practices
(49, 50). These products were chosen because the patch provides
a steady dose of nicotine throughout the day while the lozenge
is a short-acting NRT, which can help curb cravings in the
moment (51). Nicotine gum is another over-the-counter, short-
acting option, however using gum requires dentation. Unlike
the nicotine inhaler and nasal spray, the patch and lozenge do
not require a prescription (44). All procedures are approved
by the institutional review board at the University of Alabama
at Birmingham (UAB). It is expected that individuals who
experience the effects of the medication during sessions will have
increased adherence and cessation relative to participants who
receive standard smoking cessation counseling.

Importantly, sessions began in person for the first 364
participants, but were changed to primarily remote sessions as
COVID-19 precautions were put in place, with 273 participants
completing a combination of in-person sessions and some
remote sessions. After 6/1/20, the study procedures were
modified so that participants are now required to attend an
in-person baseline visit with the remaining nine appointments
conducted remotely. Participants complete the sessions (in vivo
or standard counseling) over the phone with study staff and
complete all study measures via email, text, or verbally over
the phone.

Participants
Participants are recruited from the University of Alabama
at Birmingham (UAB) Substance Abuse programs including

Beacon Addiction Treatment Center (BATC), Treatment
Alternatives for Safer Communities (TASC), Court Referral
(CRO) Program, drug court, mental health court, community
corrections, etc. with flyers posted in relevant locations and via
snowball recruitment. Interested participants are encouraged to
call or email the study team to complete eligibility screening.
All study related activities are conducted by research staff only.
The recruitment goal for this study is 517 smokers currently
under community corrections supervision (not incarcerated).
Participants who complete all study appointments receive $440
in compensation.

Potential study participants are phone screened and must
be (a) under community criminal legal supervision or will be
on probation or parole over the next 6 months, (b) smoking
at least 5 cigarettes/day for the past year (c) 18 years of
age or older, (d) able to read and speak English, (e) able to
provide contact information for at least 2 people if we cannot
reach the participant (f) living in an unrestricted environment
that allows smoking, (g) able to access a smartphone or a
personal email address. Participants must not (h) be pregnant
or breastfeeding, (i) have a cognitive impairment or untreated
mental illness that interferes with informed consent (based
on the judgment of the research assistant if the participant
is not responding appropriately or gives any indication that
they are not understanding the study), (j) have experienced
(within 6months) post-myocardial infarction or untreated severe
angina, (k) have a known sensitivity to NRT or adhesive
products (l) exclusively use other tobacco products (e.g., cigars,
e-cigarettes; although concurrent use of other tobacco products
was not an exclusion criterion), or (m) be currently receiving
treatment to quit smoking. It is not an eligibility requirement
that participants be motivated to quit smoking. The cutoff of
five cigarettes/day was chosen based on the logic that we do
not want to enroll people who are light smokers or nondaily
smokers for a treatment study, given that the intervention
includes use of NRT. Five cigarettes/day is commonly used
as a cutoff in many other smoking treatment research
studies (52–54).

Once the participants are phone screened eligible, they are
invited for an in-person consent and smoking is confirmed
via an expired Carbon Monoxide (CO) >10 ppm as well as
a positive urine cotinine test. Following these final inclusion
procedures, they are asked to complete survey measures as
part of this baseline appointment. After completion of the
baseline procedures, participants are then randomized into the
intervention or smoking cessation counseling group. We opted
not to include stratification variables given the large sample size
in the study. As shown in Table 1, side effects are assessed at
every time point the participant is expected to be using the
NRT. This 37-item questionnaire asks about the most common
side effects from using NRT, such as nausea, skin irritation,
headaches, etc. All serious adverse events or moderate/severe
adverse events are reported to the principal investigator or co-
investigator immediately for further guidance. All adverse events
will be documented in the research record. Further, all adverse
events will be compiled and reported on an annual basis to the
IRB and DSMB, as well as NIDA at the conclusion of the study.
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TABLE 1 | Study assessment schedule.

BL

R
A
N
D
O
M
IZ
A
T
IO

N

Post-Randomization Assessment Schedule

Measures or Procedures Day 0

$20

S1

$20

S2

$20

S3

$20

S4

$20

WK8

$40

WK

12

$40

M1

FU

$40

M3

FU

$40

M6

FU

$40

Screening Questionnaire X

MINI International Neuropsychiatry

Interview

X

Addiction Severity Index-Lite X

Everyday Discrimination Scale X

Functional Social Support

Questionnaire

X X X X X X X

Perceived Stress Scale−10 Item X X X X X X X X X X

Smoking History X

Treatment Interest X X X X X X X

Thoughts About Abstinence X X X X X X X X X X

Smoking Abstinence Questionnaire X X

Abstinence-Related Motivational

Engagement

X X X X X X X X X X

Attitudes about Nicotine

Replacement Therapy

X X X X X X X

Medication Adherence Questionnaire

(MAQ-8)

X X X X X X X

Fagerström Test for Nicotine

Dependence

X

Wisc Inventory of Smoking

Dependence Motives

X

Questionnaire of Smoking Urges X X1 X1 X1 X1 X X X X X

Minnesota Nicotine Withdrawal Scale X X1 X1 X1 X1 X X X X X

Cotinine Test X

Urine drug screen X X

Pregnancy test X X X X

Weekly Smoking Behavior X X X X X X X X X X

NRT Adherence X X X X X X

Treatment Satisfaction Survey X X X X

Perceived Risks of Nicotine

Replacement Scale

X X X X X X X

In-vivo Treatment Expectations X X X X X X X X X X

Credibility Expectancy Questionnaire

(CEQ)

X X X X X X

Alliance Questionnaire X

Carbon Monoxide Test (CO-iCO

smokerlyzer)

X X X X X X X X X X

Carbon Monoxide Test

(CO-Vitalograph)

X

Side Effect Scale X X X X X X X X

BL, Baseline Assessment; S, session; WK, week; M, month; 1All participants will complete these surveys twice (at the beginning and end of session) during sessions 1–4.

In vivo Intervention Group
Participants in the in vivo intervention group receive NRT
products and counseling focused on their experience of using
NRT, including positive experiences, side effects, and smoking
cessation expectancies. Intervention participants are instructed
to go as long as possible without smoking prior to each in vivo
session, although participants are not excluded from the study
for recent smoking. The rationale for instructing participants to

abstain before each session is to demonstrate the effect of NRT
for relief of withdrawal symptoms. All sessions are approximately
30min long and are conducted individually by bachelor’s-level
research assistants trained by the principal investigator, who is an
expert in tobacco treatment, in the in vivo and standard smoking
cessation counseling interventions.

All participants (regardless of group) complete the Minnesota
Nicotine Withdrawal Scale (MNWS) and Questionnaire of
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Smoking Urges (QSU) at the beginning of and end of each
session. The intervention at each session focuses on their
current experience of the product in real time and prior
experiences with these NRT products. Feedback is provided on
how their craving and withdrawal changes with use of their NRT
product(s) (e.g., “your total craving score was 29 and now it
is 10 after using the lozenge”). Then, each participant is given
instructions on how to use the NRT product(s) between sessions.
We solicit positive (e.g., “the patch helps with cravings”) as
well as negative perceptions of the NRT products (e.g., “the
patch makes my arm itch”) as the participant samples each
product. Participants discuss any side effects they experience
after using the product in session and their expectations for the
effectiveness of the product for smoking cessation. Safety and
efficacy results specific to the product are reviewed with the
participant in session. Participants are also encouraged to use
the NRT products for practice quit attempts (PQAs) between
sessions, which are formally assessed in the questionnaires at the
beginning of each session. While a more formal quit attempt
is encouraged between sessions three and four, there are no
consequences if the participant does not remain abstinent for
that session. Since COVID protocols were put in place, the
research assistants now provide all NRT products during the
baseline appointment and are notifying participants when to
start sampling the NRT products prior to their intervention
phone appointment.

At session one, participants try the nicotine patch in session
under direction of the therapist. Prior to patch placement, they
are asked about their perceptions and prior experiences about
the nicotine patch. Following patch placement, they are asked
about their current experience with the patch (e.g., things they
notice, positives as well as negatives, etc.). After this discussion,
participants are given seven patches to use for the upcoming week
outside of session, with the dose based on number of cigarettes
reported at baseline. At session two, participants try a nicotine
lozenge following the same procedures as above. At the end of
the session, they are given three tubes of 27 count mini lozenges
(2mg). Participants are encouraged to use 8–10 lozenges a day
(maximum of 20). At session three, participants try both the
patch and lozenge concurrently in session and follow the same
procedures in the previous session. They are then given seven
patches and three tubes of 27 mini lozenges (2mg) and asked
to set a quit date and make a quit attempt prior to session four.
Finally, at session four participants are given 28 patches and
12 tubes of mini lozenges for cessation attempts before their
first 1-month follow-up session. For specific session information,
see Table 2.

Smoking Cessation Counseling Group
Participants in the smoking cessation counseling group receive
behavioral smoking cessation counseling based on best practice
guidelines (26). This same four-session counseling intervention
was used in our previous smoking cessation intervention with
participants in the CL system and was found to be acceptable
and feasible with this population (48). While this intervention
does not focus exclusively on use of NRT, proper NRT use
is included as part of any standard behavioral intervention

for smoking cessation and is recommended as a best practice
guideline when combined with counseling (26). Combination
NRT (patch and lozenge) was chosen for this group based
on the knowledge that using both a long-acting and short-
acting NRT product is the most effective way of using NRT
to aid in cessation attempts (51). However, NRT is not used
in vivo during counseling sessions and participants are not
asked to abstain prior to their appointments. Participants are
given a supply of seven patches (dose based on smoking
reported at baseline) and three tubes of 27 lozenges each
(2mg) to use after their third session. A quit attempt is
encouraged between sessions three and four, however there are
no consequences if the participant does not make an attempt.
At session four, participants are given the same amount of NRT
as the in vivo group, 28 patches and 12 tubes of lozenges for
smoking cessation before their first follow-up. Similar to in
vivo participants, counseling participants complete the MNWS
and QSU before and after each session but are not given any
feedback on these surveys. All sessions are conducted by a
research assistant trained in the intervention by the principal
investigator, who is a clinical psychologist with research and
clinical experience in both tobacco treatment and training other
clinicians. Sessions are ∼30min in length matched to the in vivo
counseling length.

Therapist Training and Fidelity
Therapists for the study are trained on delivering both the in
vivo and standard smoking cessation counseling protocols by
the principal investigator of the study. The one-day training
session includes reviewing the importance of smoking cessation,
behavioral strategies for quitting, etc. The manual is highly
structured to facilitate adherence to the intervention. When
counselors covered the topics with at least 90% accuracy
during practice, they were able to take study patients on
their own. However, if they did not reach the 90% mark,
they underwent further training and practice. While it is
impossible to blind the intervening therapists to the current
behavioral treatment they are delivering, the intervening
therapist does not complete the follow-up sessions for the
participants they treat. The follow-up assessor remains blind to
the intervention delivered to participants. In addition, since most
participants are able to complete the measures independently
on a surface pro tablet or remotely through REDCap, no
opportunity is present for the therapist to influence self-
reported changes.

Sessions 1 through 4 are audio recorded by study staff for
fidelity checks and 20% of all recordings are reviewed using
fidelity worksheets to assess the session therapist adherence to
the session. The other staff members trained in the intervention
complete the fidelity worksheets for each other, so that no
one completes them for sessions they conduct themselves. On
each worksheet, there are specified topics that the therapist
covers based on the therapist manuals. The reviewer indicates
(yes/no) on the worksheet whether the therapist covered the
session topics while listening to the audio recording for the
session. Staff were trained by the PI using the worksheet to
ensure coverage of specific items and topics. Therapists are
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TABLE 2 | Session information by group.

Session

#

In vivo Intervention: NRT Products Smoking Cessation Counseling Group

1 Patch (∼30min prior to session), dose is based on CPD at baseline,

complete pre- and post-administration withdrawal and craving measures,

explore expectancies and side effects of patch use, given 1 week supply for

PQAs

Covers benefits of quitting, eliciting social support from family/friends, goals

and reasons for quitting and solicit feelings about preparing to quit

2 Lozenge (∼15min in session use), dose is based on time of first cigarette

after waking at baseline, complete pre- and post-administration withdrawal

and craving measures, reflect on experience using patch prior week, explore

expectancies and side effects of lozenge use, given 1 week supply for PQAs

Focuses on the behavioral factors associated with smoking and the physical

symptoms related to nicotine withdrawal. Discuss strategies to cope with

craving and withdrawal symptoms

3 Patch and Lozenge (1 week supply of patch and lozenge), complete pre-

and post-administration withdrawal and craving measures, reflect on

experience using lozenge prior week, explore expectancies and side effects

of combination NRT use, assisted in setting a quit day before Session 4

Focus on problem solving strategies to use for successful abstinence

including letting friends/family know about quitting, relaxation strategies,

soliciting support for quitting, and stimulus control. Received 1 week supply

of patch and lozenge and set quit date before Session 4

4 Reflect on experiences with combination NRT prior week. Review problems

encountered during quit attempt and solicit solutions. Provided with 4

weeks of patch and lozenge to use for cessation

Focus on gains made during the intervention and discuss the threat of

relapse. Discussed problems encountered during quit attempt and solicited

solutions. Provided with 4 weeks of patch and lozenge to use for cessation.

When enrollment resumed with new COVID procedures, participants in both groups received all their NRT during the baseline appointment and were subsequently instructed on when

and how to use it depending on group assignment.

required to score 90% or higher on the session otherwise they
undergo additional training on the counseling interventions.
Supervision was given during weekly meetings with staff and the
principal investigator.

Follow-Up Procedures
Following the four sessions for both groups, participants
complete six brief check-ins to confirm their contact information
(weeks 6, 10, 14, 20, 28, and 32) and five follow-up visits (weeks 8
and 12, months 1, 3, and 6), as shown in Figure 1. At each follow-
up visit, participants complete questionnaires sent through an
email/text link or over the phone with study staff. The participant
also provides a carbon monoxide reading.

Prior to social distancing measures due to the COVID
pandemic, CO was tested at all visits using the Vitalograph CO
monitor. After start of COVID distancing measures, participants
began being tested at baseline using both the Vitalograph CO
monitor and the iCO Smokerlyzer monitor and then are given
the iCO to use remotely. The Covita iCO Smokerlyzer is an
individual CO monitor that connects to the participant’s phone
via the headphone jack and utilizes a phone application (iCO
Smokerlyzer) to measure the participant’s CO. The application
instructs the participant how to complete the CO testing, asks
them how many cigarettes per day (CPD) they are smoking,
along with how soon they start smoking after waking up, and
provides feedback to the participant about their CO level (e.g.,
Heavy smoker, Moderate smoker, etc.). Participants share their
CO reading results with study staff via email directly from the
iCO app, which allows study staff to continue to remotely verify
smoking status in participants.

At weeks 8 and 12, participants are given instructions and
reminders about the remaining NRT (4-week supply at both time
points) and are reminded to track their tobacco andNRT use with
study calendars until the Month 1 follow-up. At all follow-up
visits until Month 6, study staff also verbally confirm pregnancy
status for individuals who could become pregnant.

Outcomes
The primary outcome variable will be smoking 7-day point
prevalence abstinence confirmed by a CO ≤ 3ppm (if measured
using the Vitalograph) or CO <6 ppm [if measured using
the iCO Smokerlyzer; (55, 56)] at the 6-month follow-up. We
will also examine abstinence across the study using the same
CO-verified self-reported 7-day point prevalence abstinence. A
secondary outcome includes medication adherence (defined as
using >80% of doses) during the 10-week intervention period
between groups. Adherence is assessed by self-report using
timeline followback (TLFB) methods and prior to COVID,
included verification through returned patches and blister packs
of lozenges. Additional outcomes of interest include quitting
across time and incidence, frequency, and duration of quit
attempts. If participants are using other tobacco products, this
will be reflected in the tobacco-use survey used to determine 7-
day point prevalence abstinence for all products (e.g., e-cigarettes,
cigars, chew/dip, etc.) as well as in the CO data for products
that increase expired CO. In addition, this will be regarded as
continued tobacco use and not as quit. Similarly, if participants
are smoking other substances (e.g., cannabis) and are over the
CO cutoff, regardless of self-report, they will be considered as
smoking as we cannot separate the source of smoke through CO
at follow-up. This is more conservative but given the high rates
of comorbid tobacco and other drug use, particularly cannabis, it
is unlikely they would stop one smoking behavior but continue
the other.

Sample Size Considerations and Data
Analysis
We powered this study based on its primary Aim: intervention
effects on 6-month smoking abstinence. Assuming a reference
abstinence proportion of 5.8% in the smoking cessation
counseling group (based on our previous bupropion trial in the
CL population), using a likelihood ratio test of proportions at a
significance level of 0.05, a sample size of 250 per group provides
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FIGURE 1 | Study flow chart.

80% power to detect a difference of 7.3% (i.e., 13.1% abstinence
in the in vivo group, OR= 2.45).

To determine whether the abstinence rates differ over time
between the two groups, a repeated measures model fitted
with a generalized linear mixed-effects model or generalized
estimating equations (GEE) will be used, including up to the
6-month follow-up period. This modeling approach includes a
covariance structure among the repeated measurements within
participants and will use all available data. If necessary, baseline
covariates showing relevant baseline imbalances or associated
with attrition will be included (57). Measures of effect size
(e.g., Cohen’s d, Cramer’s V) will be used to determine baseline
balance in covariates as well as the magnitude of the association
between dropout and covariates. We will conduct similar
analyses to evaluate differences in incidence rates of 24-h quit
attempts as well as longest duration of quit attempt. To examine
the secondary outcome of the project (intervention effects
on medication adherence during the 10-week intervention
period), we will use repeated measures modeling, as
described above.

Exploratory moderation analyses will be conducted to
determine whether baseline psychosocial variables such as
ethnoracial identity, gender, educational attainment, and annual
income, or smoking characteristics such as motivation to quit,

abstinence self-efficacy, prior use of NRT, and abstinence-related
expectancies moderate the relationship between intervention
group and abstinence. These analyses will be conducted by fitting
models with interaction terms for study group by moderator.
We will also conduct mediation analyses (58, 59) to determine
if factors such as medication adherence, withdrawal and craving,
treatment engagement, and motivation to quit mediate the effect
of intervention group on abstinence. These analyses will be
conducted using path modeling to partition the intervention
effect into direct and indirect. Lastly, we will examine treatment
retention (% of people who were not lost to follow-up at 6-
months), and engagement (# of study appointments completed)
as well as therapist ratings for participants who completed
study visits all in person, all remote, or a mixture of
both modalities.

DISCUSSION

Significance
The present intervention evaluates whether in vivo sampling of
NRT can lead to increased smoking abstinence rates compared
to standard behavioral smoking cessation treatment among
individuals in the CL system. As mentioned earlier, both groups
receive NRT although only the in vivo group receives guided
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and structured sampling in real time with a counselor. If the
proposed hypothesis is supported, this intervention could serve
as a novel strategy that improves NRT adherence in a quit
attempt among individuals in the CL population. The protocol
outlined above is feasible to conduct in a wide variety of settings
and requires minimal training from staff. In fact, non-therapist,
bachelor’s-level research assistants trained on both interventions
following a therapist manual are the individuals responsible for
administering the intervention, underscoring the translatability
of this intervention in under-resourced settings. Specifically, the
findings will especially benefit individuals involved in the CL
system, a population for which smoking cessation interventions
are lacking and tobacco use prevalence is high. The low cost and
availability of NRT in theU.S., in addition to the limited resources
necessary for the intervention, make it easily implementable
in community programs as well. Furthermore, the intervention
could also be implemented in other settings, such as homeless
shelters and hospitals, as those are opportune locations to
intervene with under-resourced populations with high smoking
rates (60, 61). Initially, training members of the community in
this intervention would be required but in the long run, given the
impact of smoking on one’s health and quality of life, the benefits
outweigh the initial costs. While this intervention is specific to
NRT, the protocol could potentially be adapted to other smoking
cessation medications with low adherence [e.g., varenicline; (62)]
as well as other health conditions (e.g., diabetes management)
where medication adherence is low.

Remote Research Implications
General Methodology
While the present intervention was initially intended to be
conducted as an in-person intervention across all study time
points, recruitment and study procedures were adjusted to limit
staff-participant contact given the development of the COVID-19
pandemic. Therefore, the intervention was modified to include
one initial in-person baseline visit (primarily to verify smoking
status and provide participants with the treatment manual, iCO
monitor, and NRT products), with the remaining visits being
conducted remotely. The circumstances of the pandemic led
to the realization that some research procedures might benefit
from the convenience and versatility of remote methods. For
example, an increasing number of assessments are now being
completed through platforms such as REDCap and Qualtrics,
and it is plausible that entire interventions could be adapted to
other remote modalities (i.e., phone calls, videoconferencing;53).
In addition, consenting procedures as well as recruitment
advertising can be easily performed remotely (63). Our team’s
adaptations for this study suggest that it is feasible to not only
deliver smoking cessation interventions and counseling over the
phone, but also to give smokers instructions on how to use
NRT remotely, even in difficult to reach populations such as the
CL population. If medication adherence and cessation outcomes
are similar or better for those who complete study procedures
remotely, these findings could provide support for moving to a
more remote model of research. We plan to conduct a secondary
data analysis to compare recruitment rate and retention between

those who completed the study pre-pandemic to those post-
pandemic.

Remote CO Collection
When the study began, carbon monoxide (CO) readings were
captured using a Vitalograph COMonitor. In order to be eligible
for participation, participants’ CO reading must be >10 ppm at
baseline, and if their CO reading is 3 ppm or less (as measured by
the Vitalograph) at follow-up assessments, they are considered
abstinent from cigarettes. The study protocol was modified as in-
person recruitment resumed. Since the new procedures included
only one in-person visit, adjustments were necessary so study
staff could continue to monitor the participant’s smoking status
remotely. Study staff continue to use the Vitalograph at the in-
person baseline visit as well as train participants to use a take-
home device, the Covita iCO Smokerlyzer as mentioned earlier.
Study staff assists the participants with downloading the app,
setting up an account, and walking through the procedures to
complete a breath sample using the participants’ own phones at
the baseline appointment. The recommended cutoff to determine
abstinence with this device is <6 ppm (55, 56).

Therapeutic Interaction
The central premise of the presented in vivo exposure is to have
a trained bachelor’s level therapist present while the participants
try the cessation medication and explore expectancies and
their experiences with using NRT. As previously mentioned,
the therapist encourages participants to provide feedback
(both positive and negative) on the use/experience of the
medication, helps address any possible side effects, and provides
additional product information. It is possible that this therapeutic
interactionmay be affected by the modality of the interaction (64,
65) (i.e., in person vs. remote). While therapeutic alliance may
be comparable in remote vs. in-person sessions, each modality
has specific challenges. For example, in-person sessions bring
with them the logistical challenges of traveling to an in-person
appointment, while a barrier to remote sessions could be limited
access to technology or low technology literacy.

Limitations and Strengths
While the intervention described presents numerous benefits
and provides novel contributions to the field, several limitations
should be noted. One potential limitation is that the intervention
is not particularly tailored to the needs of the CL population.
While it cannot be overlooked that those in the CL system have
many important needs (e.g., financial, housing, and employment
assistance), smoking cessation interventions remain extremely
important (3, 4) especially given the negative health effects of
smoking. Though these structural barriers cannot be fixed with a
single intervention, evidence suggests that medication adherence
is a critical target for increasing abstinence (33, 34) and that
experience with smoking pharmacotherapy may be an important
way to improve medication adherence in this population (23).
With limited access to healthcare resources for extended periods
of time, implementing a smoking cessation treatment plan into
CL operations gives individuals the otherwise difficult-to-access
opportunity to get help quitting smoking, which will ultimately
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lead to better health outcomes. It can also be argued that another
weakness of the study is that the treatment is not imbedded in
the community corrections system. However, this is a limitation
inherent in most research that tests the efficacy of a new approach
prior to expanding into more implementation science research,
in this case with the community corrections staff.

An additional limitation of the present intervention could
be that it is not intensive enough to promote a change in
smoking behavior. A sampling intervention such as this may
not provide the intensive and prolonged treatment that is
necessary for a chronic relapsing condition such as smoking (66).
However, time and resource-heavy interventions are unlikely
to be implemented in busy clinical or low-resource settings.
The proposed intervention was designed to be brief and simple
enough to be implemented in busy settings by non-therapist
providers but still intensive and targeted to encourage behavior
change. While the PI is not a Tobacco Treatment Specialist
(TTS) and the staff were not sent for specific TTS training, they
are a clinical psychologist with research and clinical experience
in both treating and training other clinicians about tobacco
treatment,. Furthermore, RA level staff completed the counseling
treatment fidelity ratings rather than a clinical supervisor or an
outside clinician. Finally, as previously mentioned, intervention
procedures were adapted in order to reduce staff-participant
contact as the COVID-19 pandemic evolved. While necessary,
these adjustments (e.g., primarily conducting remote sessions)
could negatively affect the in vivo experience and impact the
therapeutic interaction. Additionally, another potential issue in
the study is the ability to retain participants until study end.
Oftentimes people in the CL population have unpredictable
lives, where unstable housing situations, cell phone access,
transportation, etc. can impact participants’ ability to adhere to
the study protocol (67). Missed appointments are expected to
be similar to our previous study (25–30% missed appointments
at any point up to 6 months post intervention). The analytical
approach will use all available data adjusted for characteristics
relevantly associated with attrition, if any, and thus decreasing
potential bias from missing data (57).

Nevertheless, the integrity of the intervention is generally
maintained through phone calls with participants, where they can

share feedback and discuss questions with the study staff. Further,
with the use of the iCO, biochemical verification of smoking
status is maintained at all study visits, a significant strength. A
final strength of this study was the comparison group (four 30-
min behavioral smoking cessation counseling sessions); thus, if
the in vivo intervention shows stronger cessation results over
the current standard, this will provide an important advance in
smoking cessation treatment.

CONCLUSION

The presented intervention seeks to improve NRT adherence
and smoking cessation over current best practice guidelines. The
intervention is delivered onsite where individuals commonly
attend to check in for CL supervision. Furthermore, the
intervention was adapted due to COVID-19 restrictions by
pivoting to remote methods. As such, the current study presents
a compelling and innovative contribution to the literature
with implications for smoking cessation, NRT adherence, and
remote methodologies.
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