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Abstract

Background Cigarette smoking remains the leading cause of preventable disease and death in the United States.
Primary care offers an ideal setting to reach adults who smoke cigarettes and improve uptake of evidence-based
cessation treatment. Although U.S. Preventive Services Task Force Guidelines recommend the 5As model (Ask, Advise,
Assess, Assist, Arrange) in primary care, there are many barriers to its implementation. Automated, comprehensive,
and proactive tools are needed to overcome barriers. Our team developed and preliminarily evaluated a proactive
electronic visit (e-visit) delivered via the Electronic Health Record patient portal to facilitate evidence-based smok-
ing cessation treatment uptake in primary care, with promising initial feasibility and efficacy. This paper describes

the rationale, design, and protocol for an ongoing Hybrid Type | effectiveness-implementation trial that will simul-
taneously assess effectiveness of the e-visit intervention for smoking cessation as well as implementation potential
across diverse primary care settings.

Methods The primary aim of this remote five-year study is to examine the effectiveness of the e-visit intervention
vs. treatment as usual (TAU) for smoking cessation via a clinic-randomized clinical trial. Adults who smoke cigarettes
are recruited across 18 primary care clinics. Clinics are stratified based on their number of primary care providers

and randomized 2:1 to either e-visit or TAU. An initial baseline e-visit gathers information about patient smoking
history and motivation to quit, and a clinical decision support algorithm determines the best evidence-based ces-
sation treatment to prescribe. E-visit recommendations are evaluated by a patient’s own provider, and a one-month
follow-up e-visit assesses cessation progress. Main outcomes include: (1) cessation treatment utilization (medication,
psychosocial cessation counseling), (2) reduction in cigarettes per day, and (3) biochemically verified 7-day point
prevalence abstinence (PPA) at six-months. We hypothesize that patients randomized to the e-visit condition will have
better cessation outcomes (vs. TAU). A secondary aim evaluates e-visit implementation potential at patient, provider,
and organizational levels using a mixed-methods approach. Implementation outcomes include acceptability, adop-
tion, fidelity, implementation cost, penetration, and sustainability.
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Discussion This asynchronous, proactive e-visit intervention could provide substantial benefits for patients, provid-
ers, and primary care practices and has potential to widely improve reach of evidence-based cessation treatment.

Trial registration NCT05493254.

Keywords Smoking cessation, Electronic visit (e-visit), Electronic health records, Primary care

Introduction

Cigarette smoking remains the leading cause of prevent-
able disease and death in the United States (U.S.), result-
ing in 480,000 premature deaths each year [1, 2]. Despite
nationwide progress in reducing smoking prevalence,
28.3 million U.S. adults continue to smoke cigarettes
[3]. Smoking cessation significantly reduces the risk of
premature death, as well as risk for a number of adverse
health effects (e.g., cardiovascular diseases, chronic
obstructive pulmonary disease, cancer) [1]. Although
two-thirds of adults who smoke cigarettes want to quit,
fewer than one-third use an evidence-based approach to
support their quit attempts [1, 4]. As a result, fewer than
one in ten adults who smoke cigarettes successfully quit
each year [4]. Integrating cessation services into existing
healthcare infrastructure can be a scalable, cost-effective,
and efficacious way to widely reach adults who smoke
cigarettes and improve the uptake of evidence-based ces-
sation treatments [1].

Primary care offers an ideal healthcare setting in which
to deliver cessation services given that the vast majority
(>70%) of adults who smoke cigarettes visit a primary
care provider (PCP) annually [5-7]. Although the U.S.
Preventive Services Task Force Guidelines recommend
the use of the 5As model (Ask, Advise, Assess, Assist,
Arrange) for cessation treatment in primary care [5],
there are many barriers to its implementation (e.g., lack
of provider time, confidence, and familiarity with guide-
lines) [8-10]. A U.S. nationwide lung cancer screening
trial assessed the provision of cessation treatment among
participants in primary care, finding that delivery of the
5As became less common as steps progressed: Ask smok-
ing status (77.2%), Advise quitting (75.6%), Assess moti-
vation (64.4%), Assist with referrals (56.4%), and Arrange
follow-up (10.4%) [11]. Proactive, automated tools that
can address barriers to delivery of evidence-based smok-
ing cessation treatment within primary care are clearly
needed.

To abide by the Centers for Medicare and Medicaid
Services’ (CMS) Meaningful Use Guidelines [12, 13], pri-
mary care practices are required to maintain electronic
health records (EHRs) with smoking status data for all
patients. Therefore, EHRs offer a means via which to
proactively identify patients who are smoking cigarettes
and facilitate connection to high-quality, evidence-based
treatment from a patient’s own PCP. Existing proactive

automated cessation approaches within primary care
have more commonly outsourced treatment to exter-
nal sources (e.g., automated voice recognition messages,
tobacco quit lines, text messaging) [14—16]. However,
delivering treatment from one’s own PCP (rather than
outsourcing treatment) affords the unique ability to
capitalize upon the trust between adults who smoke and
their PCPs [17], which is predictive of greater adher-
ence to care [18]. Though few prior studies have evalu-
ated automated delivery of cessation treatment from a
patient’s own PCP, studies that have (including from our
own group) have shown clinical benefit. For example, in
one prior trial, asynchronous cessation care provided by
one’s PCP via patient portals doubled quit rates com-
pared to portal messaging delivering standard advice to
quit [19]. Thus, cessation treatment approaches delivered
in an automated fashion via the EHR from a patient’s own
PCP could help to address barriers to receipt of cessation
treatment and improve cessation outcomes for primary
care patients.

An electronic visit (e-visit), which can be delivered
automatically via the EHR, could be a fitting telehealth
treatment to universally and proactively deliver cessation
treatment to all adults who smoke cigarettes via primary
care [20]. E-visits are embedded in the most common
EHRs and offer a secure platform through which patients
can remotely supply providers with health information.
Providers in turn can deliver personalized treatment.
Recent studies have concluded that implementation of
e-visits within primary care could divert 20% of in-per-
son visits to electronic communication [21] and eliminate
PCP shortages nationwide [22]. Asynchronous e-visits
enable PCPs to respond at a time that is suitable for them,
eliminating in-session time constraints. Thus, PCPs can
deliver tailored treatment to large numbers of patients
[23, 24]. E-visit invitations can be automated and sent
in bulk via the EHR to all patients who meet treatment
criteria. After accepting an e-visit invitation, the patient
completes a questionnaire that may include built-in algo-
rithms to facilitate treatment decision-making. All e-visit
outcomes are sent to the PCP (or another medical team
member) via the EHR. Upon reviewing the e-visit, the
PCP will recommend a treatment plan. If medications are
indicated, the PCP can e-prescribe the medication to the
patient’s pharmacy. Prior studies of asynchronous e-visits
(for other health conditions) via primary care have found
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high satisfaction among both patients and PCPs and that
such e-visits can be delivered efficiently (average time for
patient completion=28.3 min, average time for PCP to
review and respond = 3.6 min) [25].

Our team previously developed and preliminarily
evaluated an asynchronous smoking cessation e-visit for
delivery via primary care and demonstrated via a pilot
trial that this intervention may be a feasible and effica-
cious approach to extend the reach of cessation treatment
[26]. During the smoking cessation e-visit, an initial base-
line evaluation gathers information asynchronously about
a patient’s smoking history and motivation to quit, and
an evidence-based clinical decision support algorithm
determines the best FDA-approved cessation medication
(i.e., nicotine replacement therapy [NRT], varenicline,
bupropion) to prescribe. A one-month follow-up e-visit
clinically assesses cessation progress consistent with the
fifth “A” to provide follow-up. Pilot trial outcomes indi-
cate that at three-month follow-up, patients who received
the e-visit intervention were 4.7 times more likely to have
used an FDA-approved medication, 4.1 times more likely
to have reduced their cigarettes per day by>50%, and 4.2
times more likely to report 7-day point prevalence absti-
nence (PPA) [26].

This paper describes the rationale, design, and proto-
col for an ongoing five-year Hybrid Type I effectiveness-
implementation trial that will simultaneously assess
effectiveness of the e-visit intervention for smoking ces-
sation as well as implementation potential across 18
primary care clinics within South Carolina. The e-visit
intervention evaluated in this trial aims to improve ces-
sation treatment access for adults who smoke cigarettes,
allow PCPs to more efficiently deliver reimbursable
smoking cessation services, and improve health care sys-
tems’ delivery of cessation treatment.

Methods

Study aims

The primary aim of this trial is to examine the effec-
tiveness of an e-visit intervention vs. treatment as
usual (TAU) within primary care for smoking cessa-
tion across 18 practices in South Carolina via a clinic-
randomized clinical trial. Primary outcomes include 1)
evidence-based smoking cessation treatment utilization
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(medication, psychosocial cessation counseling), 2)
reduction in cigarettes per day, and 3) biochemically
verified 7-day point prevalence abstinence (PPA) at six-
month follow-up. We hypothesize that patients rand-
omized to the e-visit condition will have significantly
better cessation outcomes relative to TAU. The second-
ary aim is to evaluate e-visit implementation outcomes at
patient, provider, and organizational levels. Implementa-
tion outcomes will be assessed using a mixed-methods
approach and will follow Proctor’s Framework [27, 28] by
evaluating acceptability, adoption, fidelity, implementa-
tion cost, penetration, and sustainability.

Aim 1 effectiveness trial design

At trial outset, clinics are stratified based on their num-
ber of PCPs (1-4 vs >4) and randomized 2:1 via a HIPAA
compliant electronic database (REDCap) [29, 30] hosted
by the South Carolina Clinical and Translational Sci-
ence (SCTR) Institute at MUSC [30, 31] to receive either
e-visit or TAU (see Fig. 1). Following enrollment, par-
ticipants complete baseline assessments and receive their
clinic-randomized intervention. A participant’s clinic is
based on the location of their last primary care visit. Par-
ticipants complete follow-up assessments at one, three,
and six-months post-enrollment.

Study setting & recruitment

Participants are recruited from primary care clinics
affiliated with the Medical University of South Carolina
(MUSC). Recruitment sites include 18 unique clinics
which collectively treat more than 76,000 patients annu-
ally. These clinics are distributed across the South Caro-
lina counties of Charleston, Dorchester, and Berkeley and
all serve Health Professional Shortage Area (HPSA)-des-
ignated low-income populations [32]. See Table 1 for fur-
ther detailed clinic-level information.

Participant recruitment occurs proactively and
remotely. Leveraging EHR data, potential partici-
pants are identified via a study recruitment report
generated by MUSC’s Biomedical Informatics Center
(BMIC) (consistent with Institutional Review Board
[IRB] procedures). MUSC patients > 18 years of age,
identified as smoking cigarettes, and who have seen a
PCP within the past two months, or with an upcoming

Clinical Partners Randomization Patient Recruitment Enroliment Treatment
- EHR list of patients: Remote - R rch A ments. Week

18 primary care E-Visit v Age 18+ recruitment, E-Visit

clinics affiliated screening,

with the Medical - v Visitin last year - consent, - n n

University of v Current smoker enroliment,
South Carolina TAU treatment TAU -
v MyChart access delivery Mail iCO™

Fig. 1 Aim 1 effectiveness randomized controlled trial study design
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Table 1 Description of Medical University of South Carolina
(MUSC) primary care clinics

Primary Care # of Providers HPSA Score Rurality Status Size

Clinic

Clinic #1 1 9 Partially Rural Small
Clinic #2 1 9 Partially Rural Small
Clinic #3 2 9 Partially Rural Small
Clinic #4 2 9 Partially Rural Small
Clinic #5 3 14 Partially Rural Small
Clinic #6 3 9 Partially Rural Small
Clinic #7 3 9 Partially Rural Small
Clinic #8 3 9 Partially Rural Small
Clinic #9 4 12 Non-rural Small
Clinic#10 5 9 Partially Rural Large
Clinic #11 5 9 Partially Rural Large
Clinic #12 6 16 Non-rural Large
Clinic #13 6 14 Partially Rural Large
Clinic#14 6 14 Partially Rural Large
Clinic #15 7 9 Partially Rural Large
Clinic#16 7 9 Partially Rural Large
Clinic#17 12 9 Partially rural Large
Clinic#18 15 9 Partially rural Large

" All clinics serve Health Professional Shortage Areas (HPSA)-designated low-
income populations. HPSA score was developed by the National Health Service
Corps in determining priorities for the assignment of clinicians. Scores range
from 0 to 26, with a higher score indicating greater priority for clinicians. Large
clinic=clinic with more than 4 providers of any type

appointment in the next month, at one of the 18 eli-
gible primary care clinics are included on the recruit-
ment report. The following methods are used to
cold-contact participants: MyChart (i.e., MUSC’s EHR
patient portal), e-mail, text messaging, and phone call.
The total target sample size is 672 participants.

Participant screening, eligibility and enrollment

Screening

Identified patients are sent proactive study invitations
that provide information about the study and a link
to complete an online screening via REDCap. Invita-
tions are first sent via MyChart message. If the patient
does not respond to the MyChart screener within 72 h,
they are sent an invitation via email, followed by text
and then phone call. A total of three follow-up invita-
tions are sent following the initial MyChart message.
Follow-up invitations are sent once per day on consec-
utive days starting 72 h after the MyChart message is
sent. If a participant completes the screener or informs
study staff they are not interested in the study, invita-
tions are ceased. Between 50-60 initial study invita-
tions are sent each week.
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Eligibility

Inclusion criteria include: 1) currently smoking defined
as 5+ cigarettes/day for 20 or more days in the past 30 for
the last 6+ months, 2) aged 18 years or older, 3) enrolled
in MyChart or willing to enroll 4) possesses a valid e-mail
address that is checked daily to access assessments and
MyChart messages, 5) owner of an iOS or Android
smartphone to provide remote carbon monoxide (CO)
biochemical verification at follow-up assessments, 6) has
a valid mailing address, and 7) English fluency. Exclusion
criteria includes use of an FDA-approved cessation medi-
cation in the past 7 days.

Informed consent

Remote electronic informed consent (e-consent) is
obtained via REDCap [33]. Participants receive a link
to the REDCap e-consent form that they can review
and sign, paired with a phone or video call with IRB-
approved research staff to answer questions. As smart-
phone ownership is a study inclusion criterion, all eligible
participants have internet access and thus access to the
e-consent form.

Smoking cessation electronic visit (E-Visit) intervention

Following screening and consent, participants recruited
from clinics assigned to the e-visit condition are auto-
matically linked to initiate the asynchronous smoking
cessation e-visit via MyChart. All costs of the e-visit (i.e.,
$25 charge per e-visit paid to the clinic) are covered by
the study during the effectiveness trial. The baseline
e-visit gathers information about cigarette smoking his-
tory and motivation to quit, and an algorithm determines
the best FDA-approved cessation medication (i.e., nico-
tine replacement therapy [NRT], varenicline, bupropion)
to recommend to the patient. This algorithm is based on
our team’s prior research [34-36] and evidence-based
guidelines [5]. Branching logic is used to prioritize the
most efficacious medications (i.e., varenicline and combi-
nation NRT), while tailoring recommendations based on
contraindications and patient preference. The outcome is
a medication recommendation displayed to the patient
with a personalized rationale as to why the medication
was selected. All medication recommendations are pro-
vided in conjunction with a referral to the tobacco quit
line for psychosocial counseling and a digital copy of
National Cancer Institute’s Clearing the Air: Quit Smok-
ing Today [37]. Patients can agree with the recommenda-
tion or request a different treatment. E-visit results are
automatically sent to the patient’s PCP’s in-basket where
all information provided by the patient, including the
algorithm-recommended treatment and the patient’s pre-
ferred treatment (if applicable), are displayed. Providers
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then 1) open the e-visit from their in-basket, 2) review
the e-visit and its algorithm outcome (e.g., medication
recommendation or patient requested medication if
applicable), 3) review patient EHR chart for contraindi-
cations for that outcome, 4) agree or disagree with the
treatment, 5) respond to the patient via MyChart with
instructions, and 6) e-prescribe medication (if indicated).
A patient’s own PCP has seven calendar days to respond.
If the e-visit is not responded to within this time frame,
it is routed to a central pool of MUSC providers who are
trained in review of and response to completed e-visits.

All e-visit participants are scheduled for an asynchro-
nous follow-up e-visit one month later to assess progress
toward cessation and troubleshoot barriers (consistent
with the 5As guidelines to Arrange follow-up). The one-
month follow-up e-visit assesses current self-reported
smoking status, quit attempts in the last month, and
quit duration. Subsequently, the participant reports: 1)
whether they received a cessation medication following
baseline, 2) whether they are currently taking the medi-
cation, and 3) whether they have any questions/concerns.
Participants are asked if they are interested in any other
treatment options, including a medication refill. Those
requesting a different treatment option are queried with
the same series of questions from the baseline e-visit to
determine contraindications. Results are sent to provid-
ers for review and response in the same manner as the
baseline e-visit.

Medication considerations

Varenicline, a class C medication, may be prescribed as
a result of the e-visit. Because risks during pregnancy
related to varenicline are unknown, all participants who
report female sex at screening receive additional ques-
tions to assess for current pregnancy and childbearing
potential. Female patients are asked if they are pregnant
or planning to become pregnant in the next six months.
Those reporting no current or planned pregnancy, as well
as no history of hysterectomy or surgical sterilization, are
then asked the following 1) “Are you currently lactating?”
(Yes/No) 2) “In the last 12 months, have you had a men-
strual period?” (Yes/No), and 3) “Are you currently using
a form of birth control that would cause you to not have
had a menstrual period within the last year?” (Yes/No).
If patients respond yes to any of these items, they are
asked if they would be willing to complete a pregnancy
test that will be mailed to them. These patients then
receive a REDCap form via email and have three days to
verify (with signature) that they completed the test and
to confirm their pregnancy test results. If the participant
reports either current or planned pregnancy, or reports a
positive pregnancy test, they will not receive varenicline
within the e-visit algorithm.
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All medications are prescribed on label to the patient’s
pharmacy on record and billed as in usual practice (i.e.,
to the patient’s insurance if insured), consistent with
procedures from our pilot trial [26]. Participants are
not required to obtain their prescribed medication from
their pharmacy or to take the medication as part of study
participation. Whether a participant receives their pre-
scribed medication and reasons for non-receipt (e.g.,
medication cost) are tracked as a study outcome via self-
report at follow-up assessments.

Provider training

Throughout the first three months following study
startup, the study team (VD, MP) provided training on
the smoking cessation e-visit to all PCPs affiliated with
e-visit assigned clinics during departmental meetings.
Because PCPs at MUSC already respond to e-visits as
part of their clinical practice, study training focuses on
the specific use of the smoking cessation e-visit and its
decision-support algorithm. Trainings are recorded and
distributed following meetings. A brief video describing
the workflow and tip sheets with overviews of the e-visit
functionality are also sent to providers. Tip sheets include
information on smart phrases developed to improve the
ease with which e-visits can be responded to (e.g., with
information regarding varenicline dosing and links to
additional information). These procedures are consistent
with current training approaches to implement new clini-
cal workflows in ambulatory practice. Training record-
ings and tip sheets are provided to new hires in e-visit
clinics upon onboarding. Once a PCP receives their first
e-visit to complete, the video and tip sheet are sent to
them again via EHR. PCPs are also offered the oppor-
tunity to meet with study team (VD, MP) to review the
e-visit protocol if they have any further questions.

Treatment as usual (TAU)

TAU mimics existing usual care within primary care for
smoking cessation treatment. Participants recruited from
clinics assigned to TAU will be sent via MyChart a link to
a screen that includes information on the state tobacco
quit line, education about the importance of quitting, and
a recommendation to contact their PCP to discuss quit-
ting smoking. This same approach was also utilized in
our pilot work [26].

Assessments

Assessments occur at baseline as well as at one, three, and
six-months post enrollment for participants in both treat-
ment conditions. For all follow-up assessments, partici-
pants are text messaged and/or emailed (based on their
preference) a REDCap link, accessible via smartphone.
Assessments are estimated at 20 min each. Participants
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are compensated $20 in electronic gift codes for comple-
tion of each follow-up assessment, $20 for submission of
CO at each follow-up, and a $100 bonus for completing
all follow-up assessments (including self-report question-
naires and CO). A subgroup of participants in the e-visit
condition will be invited to earn an additional $20 by
participating in post-study interviews (to evaluate imple-
mentation determinants and outcomes).

Patient and cigarette smoking characteristics

At baseline, all participants report sociodemographic
characteristics and complete measures assessing digi-
tal literacy (Mobile Device Proficiency Questionnaire
(MDP-Q) [38], eHealth Literacy Scale [39], Computer
Proficiency Questionnaire [40]) and depressive symp-
toms [Patient Health Questionnaire-8 [41]]. Cigarette
smoking, use of other tobacco products (e.g., electronic
cigarettes), and quit attempts/quit duration are assessed
at baseline and at each follow-up using a 7-day timeline
follow back [42, 43]. Nicotine dependence is assessed via
the Fagerstrom Test of Nicotine Dependence [44], and
participants also report motivation to quit and confi-
dence in quitting using a modified Contemplation Lad-
der (range 0—10) [45] at baseline. Self-reported smoking
is biochemically verified via breath CO, with abstinence
defined as CO of<4 ppm at all follow-up assessments
[46]. Self-report and CO data will be utilized together to
determine 7-day PPA.

Treatment utilization
At each follow-up, participants in both conditions are
queried for: 1) use of cessation treatment (medication
and/or psychosocial counseling) since last assessment, 2)
how medication was obtained, and 3) receipt of the 5As
from their PCP [47].

Confounders of carbon monoxide (CO)

At all assessments, participants report combustible can-
nabis use, secondhand smoke exposure, and environ-
mental CO exposure within the last 24 h to account for
factors that may falsely inflate CO.

Remote biochemical verification

Because the e-visit is delivered remotely and the trial is
conducted remotely, biochemical verification of smoking
must also be completed remotely for all participants. Fol-
lowing enrollment, participants are mailed an iCOquit "
Smokerlyzer (personal breath CO monitor) [48]. All par-
ticipants receive their iCOquit" device via mail prior
to their one-month follow-up in anticipation of having
CO assessments at all follow-up timepoints. Along with
their device, participants are also mailed a handout with
information about how to use their iCOquit™" device.
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Participants are asked to download the iCOquit™ app
and register their iCOquit" device through the app prior
to follow-ups. At each follow-up (one, three, six-months),
participants complete a breath sample and use the share
feature in the app which sends results to study team via
email. Participants can also take a screenshot of their
results and send to study team via text message or e-mail
directly. All iCOquit " data is entered and stored in RED-
Cap by study team.

Sample size justification
Our primary effectiveness outcome is cessation, defined
as 7-day CO-verified PPA at six-months. Preliminary
data from our pilot trial [26] demonstrated 7-day self-
reported PPA rates at three-months of 21.7% and 6.3% for
e-visit and TAU groups, respectively. Although we expect
similar group differences in abstinence, we expect that
7-day PPA rates will be somewhat lower at six-months for
both groups and conservatively estimate these rates to be
18% (e-visit) and 4% (TAU). In addition, we expect some
degree of intra-clinic and intra-provider correlation (i.e.,
intraclass correlation [ICC]), where patients who “see”
the same provider at the same clinic are correlated. We
estimate this at 0.013 for providers, based on previous
site-randomized primary care studies [49, 50]. We expect
that not every MUSC PCP will have a patient enrolled in
the trial and estimate that 67% of PCPs (103 PCPs) will
have enrolled patients. Based on our pilot trial, we plan
for attrition of 25% [26]. Using an ICC of 0.013 and an
a priori significance (alpha) level of 0.05, (assuming 103
PCPs will have participating patients and inflating by 25%
for attrition), a total sample of 672 (448 e-visit, 224 TAU)
would have sufficient power (>80%) to detect differences
of 18% vs. 4% respectively, in 7-day PPA at six months.
Other trial outcomes include cessation treatment uti-
lization and reduction in cigarettes per day by at least
50%. In our pilot trial, treatment utilization rates at
three-months were higher in the e-visit group compared
to TAU (60.9% vs. 25%, respectively); similarly, reduc-
tion in cigarettes per day was higher in the e-visit group
(65.2% vs. 31.3%, respectively) [26]. With sample sizes of
n=448 in the e-visit group and n=224 in the TAU group,
we will have more than sufficient power to see similar
differences, and in fact, smaller differences, even after
accounting for potentially lower rates in the e-visit group
at six months than seen at three months.

Aim 1 effectiveness trial data analytic plan

Main outcomes of the Aim 1 effectiveness trial include
1) evidence-based smoking cessation treatment utiliza-
tion (medication, psychosocial cessation counseling),
2) reduction in cigarettes per day, and 3) biochemi-
cally verified 7-day PPA at six-month follow-up. Simple
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descriptive statistics will be calculated overall and within
group for baseline demographic variables (e.g., sex, age,
race, ethnicity, income, marital status, nicotine depend-
ence, motivation to quit, other household members who
smoke) and primary smoking-related outcomes. Baseline
variables will be compared between treatment groups
using Chi-square/Fisher’s exact tests (categorical vari-
ables) and t-tests or non-parametric equivalents (con-
tinuous variables), as appropriate, to identify potential
covariates. Generalized linear mixed models (GLMMs)
with logit links for binary outcomes will also be used
to examine between group differences in baseline vari-
ables while accounting for provider and clinic clustering
effects. As rates of the primary outcomes are expected
to be low in the TAU group, we will utilize Fisher’s
exact tests to compare rates between the e-visit and
TAU groups at the one, three, and six-month follow-up
assessments. To examine group differences adjusted for
relevant covariates, GLMMs with logit links for binary
outcomes will be used. These mixed methods models
will account for any clustering effects within provider by
including a random provider effect in the models. Clinic
level effects will be examined in a similar manner.

Secondary group analyses

GLMMs including main effects of treatment and spe-
cific subgroup variables of interest (e.g., education, race,
income, rurality, mental health comorbidities) along with
an interaction term between treatment and the subgroup
will be used to evaluate for which groups the e-visit is
most beneficial. Each subgroup will be evaluated indi-
vidually. All models will include a random provider effect
to account for clustering. As this is an exploratory analy-
sis, the focus will be on effect sizes rather than statistical
significance.

Missing data and dropout

All enrolled participants will be included in analyses
(intent-to-treat approach). We will examine dropout as
function of treatment group to examine whether treat-
ment is associated with differential study retention. A
sensitivity analysis will be used to assess the potential
effect of missing outcome data on parameter estimates.
Parameters will be estimated using: 1) all available data,
2) missing outcome data imputed to baseline, and 3)
methods of multiple imputations. Imputation of missing
data in smoking cessation trials to the baseline condition
is often used because it is a conservative approach [51],
does not necessitate the missing and random assump-
tion, and allows for correlation between missing status
and smoking status [52].
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Aim 2 implementation evaluation

The secondary aim of this research is to provide an in-
depth understanding of the acceptability, adoption, and
sustainability outcomes of the e-visit intervention. A
mixed-methods approach will assess implementation
of the e-visit intervention throughout the effective-
ness trial at the patient, provider, and organizational
levels. Implementation factors are guided by the Con-
solidated Framework for Implementation Research
(CFIR), which provides a comprehensive, pragmatic
approach to understand implementation barriers, facil-
itators, and processes [53]. Further, the CFIR offers an
organizational framework for synthesizing knowledge
about an intervention across multiple settings. Specific
implementation outcomes will be assessed according
to Proctor’s Framework [27], which has been adapted
for digital intervention evaluation [54]. These models
suggest the evaluation of key implementation factors
including acceptability, adoption, fidelity, cost, penetra-
tion, and sustainability. All self-report assessments will
be administered to participants in the e-visit condi-
tion at the three-month research assessment, following
completion of their e-visit (baseline and one-month).
Provider questionnaires will be administered via RED-
Cap to MUSC PCPs affiliated with clinics randomized
to the e-visit condition who have at least one patient
enrolled in the study. Provider questionnaires will be
collected at six-months after the start of the study and
again at the end of participant enrollment. After the
implementation period, key informant interviews will
be conducted with patients, PCPs, and healthcare lead-
ers and qualitatively analyzed to enhance quantitative
data.

Acceptability

We define acceptability as the degree to which the
e-visit intervention is agreeable, palatable, and/or
satisfactory to patients and providers. Intervention
acceptability will be assessed via patient and provider
self-report using the 4-item Acceptability of Interven-
tion Measure [55]. Items are scored on a 5-point Likert
scale, and the resulting score is the mean of responses.

Adoption

Adoption refers to the intention, decision, and/or ini-
tiation of the use of the e-visit intervention. At the
patient level, we will capture the percent of: 1) e-vis-
its opened, 2) e-visits completed and forwarded to
the PCP, and 3) patients prescribed a medication who
obtain their medication. At the provider level, we will
assess the percent of: 1) e-visits opened by the patient’s
PCP, 2) e-visits responded to by the patient’s PCP, and
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3) e-visits that result in a medication prescription from
the patient’s PCP. This approach will identify adoption
gaps which will be further explored during key inform-
ant interviews.

Fidelity

We define fidelity as the extent to which the e-visit inter-
vention is used as it is intended. Protocol adherence will
be assessed at patient and provider levels. We will use an
implementation tracking checklist to monitor comple-
tion of each step of the e-visit process for patients and
providers. Research personnel will complete the check-
list for each completed e-visit and we will evaluate the
percentage of total steps completed. Across e-visits, we
will assess which steps are most often skipped, which
will be probed during key informant interviews and will
guide refinements. For example, if across e-visits PCPs
are e-prescribing medications but are not responding to
patients electronically with treatment plans, this would
suggest needed intervention modifications to augment
and facilitate this process. During key informant inter-
views with PCPS, we will explore their perspectives on
incomplete e-visit follow-ups as well as about their over-
all experience. Information gathered from these PCP
interviews will be used to further refine the intervention.

Implementation costs
To examine cost-savings, a cost—benefit analysis will
compare differences in all-cause and tobacco health-
related healthcare expenditures prior to and following
e-visit implementation relative to TAU. From this differ-
ence, we will subtract the cost of implementing e-visits
and add anticipated revenues of $25 per e-visit. Cost
data for all inpatient, outpatient, and emergency depart-
ment care will be obtained from MUSC billings. As study
participants may seek care outside of MUSC, all-payors’
claims data from South Carolina’s Revenue and Fiscal
Affairs Office (RFA) will also be obtained. E-visit imple-
mentation cost will be provided by MUSC’s BMIC, who
will provide ranges of e-visit development and distribu-
tion costs. Cessation medication costs will be based on
actual billing data captured as part of the effectiveness
trial but will account for national differences in costs
using National Average Drug Acquisition Cost data. We
will also vary anticipated revenues from $15.52 to $50.16
(the current Medicare e-visit reimbursement range) per
patient in sensitivity analyses. The case for e-visit adop-
tion and implementation will be the strongest if the
e-visit reduces healthcare expenditures while at least pro-
viding non-inferior cessation outcomes [56].

For cost-effectiveness analyses, gold standard proce-
dures [56] will be used to calculate the incremental cost
effectiveness ratio (ICER), defined as the additional cost
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per additional desired outcome, operationalized as 7-day
PPA at six-months. This study’s ICER is defined as: (cost
of e-visit — cost of TAU)/ (e-visit 7-day PPA prevalence
— TAU 7-day PPA prevalence), assuming the two groups
(e-visit, TAU) have similar characteristics. If group differ-
ences are evident, a generalized linear model will be used
to adjust outcomes and costs for between-groups differ-
ences. If the e-visit is more expensive with a less desirable
result, it will be considered not cost effective. Otherwise,
a probabilistic sensitivity analysis will test results robust-
ness with differing ranges of costs, revenues, and treat-
ment effectiveness [57]. Effectiveness ranges will be based
on confidence intervals estimated in Aim 1 outcomes.
Cost and revenue data, including potential ranges, will
be captured in the manner described for the cost—ben-
efit analysis. All costs and revenues will be converted to
net present value at standard discount rates (3% and 5%).
Based on the probabilistic sensitivity analysis, an accepta-
bility curve will demonstrate the probability of the e-visit
being cost-effective under different levels of willingness

to pay.

Penetration

Penetration refers to the integration of a practice into
a service setting. To assess the integration of the e-visit
into these primary clinics, we will first determine the
total number of unique PCPs employed by MUSC pri-
mary care clinics who reviewed a study e-visit and divide
this number by the total number of PCPs employed by
a clinic randomized to the e-visit condition. Patient-level
penetration will be assessed during the sustainability
evaluation period (12-month period beginning at enroll-
ment completion [see next section]) and will be defined
as the total number of unique patients who complete a
smoking cessation e-visit divided by the total number of
adult patients who are currently smoking cigarettes with
MyChart access that have a primary care appointment.

Sustainability

Following recruitment completion of the effectiveness
trial, a 12-month e-visit sustainability evaluation period
will begin. During the final three months of trial recruit-
ment, the study team (JD, VD, MP) will ensure that the
e-visit (previously utilized for research), will be readied
for clinical implementation across MUSC clinics. At the
beginning of the sustainability evaluation period, the
e-visit will become available for clinical utilization. Dur-
ing this year, providers will be able to invite their own
patients to complete the e-visit. All training materials
developed for providers in the context of the effectiveness
trial will remain available during the sustainability evalu-
ation period but will be modified to instruct providers on
how to proactively invite their patients to complete the
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e-visit. Automated procedures to remind invited patients
of the available e-visit will be clinically deployed. During
the sustainability evaluation period, EHR analytics data
will track adoption, fidelity, and penetration. E-visit costs
will be billed consistent with standard institutional bill-
ing procedures (e.g., either to insurance or at a flat rate of
$25 billed to the patient), and we will assess whether the
difference in cost (free during effectiveness trial vs. cost
during sustainability evaluation) impacts patient-level
adoption by comparing adoption metrics during years of
effectiveness trial vs. sustainability evaluation period and
via key informant interviews.

Qualitative data collection and analysis

Key informant interviews will supplement quantita-
tive data collection. Interviews will be conducted with
patients (n=30), PCPs (n=20), and healthcare lead-
ers (n=5). Although quantitative data will identify
implementation outcomes, qualitative data can evalu-
ate and provide guidance on barriers and facilitators to
implementation outcomes to guide future optimization.
Diverse patients and PCPs in terms of demographics,
time in practice, and cessation outcomes will be recruited
for interviews. For patient interviews, we will specifi-
cally recruit patients who were invited to enroll in the
trial, but opted not to (n=10), patients who enrolled
but did not complete either the baseline or one-month
e-visit (n=10), and patients who enrolled and com-
pleted both the baseline and one-month e-visits (n=10).
Similarly, we will recruit PCPs with high adoption of
the e-visit (i.e., responded to>80% of e-visits completed
by their patients; n=10), and low e-visit adoption (i.e.,
responded to<20%; n=10). PCPs and healthcare lead-
ers will be recruited for these interviews via targeted
e-mail and phone messages. Interviews (30—45 min) will
be conducted by study team investigators in person or
by telephone using a structured interview guide devel-
oped using CFIR constructs [53]. Interviews will focus
on each implementation factor to enhance quantitative
data within each domain. Interviews will be conducted
until theme saturation is achieved [58] and will be audio-
taped and transcribed for analysis. Methods to ensure
trustworthiness of qualitative data collection and analy-
sis (e.g., audit trails, prolonged engagement with data)
will be used [59]. Qualitative data will be analyzed using
NVivo software [60] and with a deductive/inductive
template analysis approach [61]. Two coders will inde-
pendently review and code data using an iterative, team-
based process to refine the codebook with discrepancies
resolved by the study team. After completing qualitative
and quantitative data analysis independently, data from
each source will be synthesized using graphical matrix
configurations for data triangulation [62]. Qualitative
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themes will be supplemented by patterns identified in
quantitative results. Findings will characterize needs,
concerns, and impressions of key informants and will
guide implementation strategies for disseminating the
e-visit intervention widely.

Discussion

This paper describes an ongoing Hybrid Type I effective-
ness-implementation trial funded by the National Cancer
Institute that aims to comprehensively assess effective-
ness and implementation outcomes of a proactive e-visit
intervention delivered via the EHR. Across 18 primary
care practices, this trial will provide detailed informa-
tion to inform future dissemination of this smoking ces-
sation intervention in primary care settings broadly.
This research builds upon our previous pilot work [26],
with the overall goal to scale a proactive e-visit interven-
tion beyond one academic medical center to dramati-
cally improve cessation rates among adults who smoke
cigarettes.

Even if study results demonstrate that e-visit effec-
tiveness is no different from TAU, or if implementation
outcomes suggest considerable refinements are needed,
outcomes can inform considerations in the delivery of
other proactive treatment approaches and remote clini-
cal trial methodology. Specifically, implementation out-
comes will detail how to refine and improve the provision
of smoking cessation e-visits within the context of pri-
mary care from patient, provider, and organizational per-
spectives. Further, this trial will employ and assess the
implementation of fully remote procedures for participa-
tion, including remote biochemical verification of smok-
ing status [48]. Decentralized clinical trials that employ
remote methodology, such as this trial, have potential to
reduce traditional barriers (e.g., transportation issues,
geographic distance, physical challenges) to participa-
tion and can increase accessibility of clinical research
[63]. Evaluating remote biochemical verification within
a large-scale effectiveness trial can improve the rigor of
this methodology in future smoking cessation studies.

Several design decisions in this Hybrid Type I effec-
tiveness-implementation trial were carefully considered.
For one, participant-level randomization was opted
against due to concerns regarding within-provider and
within-clinic contamination of treatment effects. There-
fore, participating clinics are randomized at trial outset.
Second, to minimize the impact of changes over time on
trial outcomes, all clinics serve as recruitment sites for
the entire trial duration vs. enrolling one clinic at a time
until each reaches its enrollment target. Third, all clinics
within this trial are affiliated with one academic medi-
cal center (MUSC), which has a previously established
e-visit program. Evaluating e-visit implementation within
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other care systems without e-visit programs is important
to assess but beyond the scope of this Hybrid I trial. If
implementation outcomes of this trial are promising, the
next step is to purse implementation evaluation in more
diverse settings via a Type II Hybrid trial.

Conclusion

This trial will provide rich data at patient, provider, and
organizational levels. The asynchronous proactive e-visit
intervention evaluated in this study has great potential to
reduce tobacco morbidity and mortality by improving uptake
of evidence-based cessation treatment in primary care.
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