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Abstract

Background: Adolescence and young adulthood are critical times of initiation and progression to daily use of
tobacco. However, it is difficult to recruit young adults to traditional smoking cessation and retention rates are
typically low. Smartphone cessation applications (apps) can provide real-time responses to smoking urges and
related cues, which are known to be important factors in lapse and relapse. Given the popularity of smartphones
among young adults and the considerably higher download rates of commercially developed apps compared to
research-based apps, there is a need to design pragmatic studies that evaluate commercial tobacco cessation apps.
The aims of this pilot study are to assess the impact on tobacco cessation of using a smartphone app compared
with usual care and to generate feasibility data to inform a future fully powered clinical trial.

Methods: We will conduct an open randomized controlled trial with parallel groups. Participants will be selected
from hospitalized patients and must be aged 18–30 years, interested in cessation, smoked > 5 cigarettes/day over
the past 30 days, and own an Apple or Android smartphone. Participants who are eligible will be randomized to
either a smartphone experimental group or patient-initiated follow up (usual care). As this study seeks to assess
feasibility, the primary data will include (1) recruitment rates, (2) retention rates, and (3) adherence, measured through
user engagement with the app.

Discussion: This pilot trial will be the first to evaluate a commercially available smartphone app for tobacco cessation
in a hospitalized setting. Data generated by this study can be used for larger fully powered trials such as comparative
effectiveness studies against apps developed by academics or health scientists based on behavioral theories, or cost-
effectiveness analyses of mobile interventions.

Trial registration: ClinicalTrials.gov, NCT03538678. Registered on 28 May 2018.
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Background
Tobacco use continues to be the leading cause of prevent-
able death in the USA [1]. Smoking causes almost 9 out of
10 lung cancers. Indeed, the US Surgeon General’s Report
notes that young adults’ smoking remains a major public
health concern [2]. However, individuals who successfully
quit smoking reduce their risk of death from lung cancer
by half within 10 years. Although 30 million smokers con-
tact a healthcare provider each year [3], and more than
half attempt to quit, most are not successful [4].

Additionally, most available treatments are not optimized
for use among the young adult population [5], and unfor-
tunately, young adults who try to quit often relapse [6].
Adolescence and young adulthood remain critical times of
initiation and progression to daily use of tobacco [7].
Nevertheless, there are barriers to effective implementa-
tion of traditional smoking cessation programs among
young adults. First, it is difficult to recruit young adults
into traditional programs [8], and retention rates for this
population in these programs are as low as 33% [9]. More-
over, traditional program interactions between facilitators
and clients are highly intermittent. This compromises the
ability to provide real-time responses to smoking urges
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and related cues, which are known to be important factors
in lapse and relapse.
Smartphones have become ubiquitous in the USA, es-

pecially among young adults. The Pew Research Center
reported in 2018 that 94% of US adults age 18–29 years
owned a smartphone [10]. Mobile health (mHealth) re-
searchers have taken advantage of these opportunities:
Android and Apple platforms have numerous options of
commercially developed apps designed to help quit to-
bacco use. However, studies reviewing tobacco cessation
apps have been generally descriptive [11–13], providing
information such as popularity, features, or techniques
used for smoking cessation. In addition, all of these re-
views cite a lack of evidence-based research, and no pub-
lished studies report verified information on any health
outcome.
In spite of the lack of evidence, commercially devel-

oped apps for tobacco cessation are successful. In com-
parison, there are two apps available through
smokefree.gov, in collaboration with the National Cancer
Institute (NCI): QuitGuide and quitSTART. While these
apps were developed through research efforts by NCI,
they are not highly rated by user reviews and are less
popular than commercial apps. Both QuitGuide and
quitSTART have each been downloaded approximately
1/10th as many times as Kwit, a leading commercial app
and the focus of the current study, according to Google
Play. This poor performance of research-based apps may
be due to the lack of dedicated marketing teams and/or
insufficient updates, as research-based apps can depend
on continued funding for support rather than profits.
For example, as of this writing, neither app has been up-
dated in several months, while top-rated commercial
apps are updated every 1–2 weeks.
Given the popularity of smartphones among young

adults and the considerably higher download rates of
commercially developed apps compared to research-
based apps, there is a need to design pragmatic studies
that evaluate commercial tobacco cessation apps. This
study aims to fill this gap by combining the advantages
of traditional industry-developed software with the bene-
fits of a comprehensive, research-focused feasibility trial.
Moreover, while human-computer systems, including

smartphone apps, are usually built to focus on principles
of interface design and user engagement [14, 15], this
study also offers the opportunity to systematically study
the use of an app to understand why it might be effective
based on known behavior change theories, techniques,
or mechanisms.

Study objectives
The primary aim of this pilot study is to assess the im-
pact on tobacco cessation of using a smartphone app
compared with usual care. The secondary aim is to

generate feasibility data to provide the necessary infor-
mation to inform a future fully powered clinical trial.

Methods
Trial design
We will conduct an open randomized controlled trial
(RCT) with parallel groups. For additional information
on this study’s compliance with Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT),
see Fig. 1 and Additional file 1.

Participants
Participants will be recruited from hospitalized patients
from UPMC Montefiore, a large, general hospital located
in the mid-Atlantic region of the USA. When patients
are admitted, the clinical staff document patient smok-
ing status. Members of the hospital’s Tobacco Treatment
Service (TTS) receive a daily list of newly admitted pa-
tients who are smokers and attempt to provide approxi-
mately 20 min of bedside counseling. A study research
staff member will ask permission to shadow the TTS
counselor during the session. At the end of the counsel-
ing session, if a patient is motivated to quit smoking and
meets the inclusion criteria, the research staff member
will describe the study, assess eligibility, obtain informed
consent (see Additional file 2), collect baseline data, and
assign the patient to a study arm. The inclusion criteria
are: young adult smoker, aged 18–30 years, interested in
cessation, smoked > 5 cigarettes/day over the past 30
days, and must own an Apple or Android smartphone.
Potential participants will be excluded if they are already
receiving pharmacological and/or behavioral interven-
tion or counseling for tobacco cessation, are unable to
provide informed consent, or do not speak English. Par-
ticipants will be compensated US$25 for completion of
each survey for a total of US$50.

Recruitment
Over a 6-month period, we will recruit 40 young adult
smokers aged 18–30 years who are interested in smok-
ing cessation. Participants will receive a TTS counseling
session focused on motivational interviewing and then
be randomized 1:1 to either standard patient-initiated
follow up (through the state Quitline) or use of the Kwit
app for 1 month. Participants will be stratified by sex at
a 1:1 ratio (10 male and 10 female participants in each
group) because men and women are known to have
highly variable responses to existing tobacco control in-
terventions [16]. The recruitment procedure will follow
existing processes currently being implemented by the
TTS. In FY2016, there were 3078 everyday smokers that
consented to receive TTS counseling and additional fol-
low up. Of that population, 363 (11.8%) were aged 18–
30 years. Therefore, a 6-month recruiting period would
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expect to identify approximately 181 potential young
adult smokers to meet the eligibility criteria. Stratifica-
tion by sex as planned is highly feasible because roughly
half of all TTS-identified individuals were male. While
the recruitment of 40 individuals from about 181 who
are eligible (22%) seems highly feasible to the TTS team,
we have developed contingency plans for recruitment
should numbers fall short. Individuals will be compen-
sated for their time to participate in follow-up interviews
at the end of 1 month.

Sample size
Given this is a feasibility trial, a formal sample size calcula-
tion is not appropriate [17]. For the current study, we are
informed by quantitative usability-testing recommenda-
tions that suggest a sample size of 20 [19]. Because we
wish to stratify by birth sex, we obtained our sample size
of 40 individuals. While we expect this to be more than
sufficient, we will remain flexible in our approach and will
recruit additional individuals if necessary.

Randomization
Participants who are eligible will be randomized to either
a smartphone experimental group or patient-initiated fol-
low up (usual care) by the research team. They will be
stratified by gender, and will be randomized in total using
a 1:1 ratio. Neither the participant nor the research team

will be blind to their status. An independent statistician
will generate an allocation table using Stata’s ralloc func-
tion. That list will be provided to a member of the re-
search recruitment team, who will upload the table into
the Research Electronic Data Capture (REDCap) online
survey. Neither the principal investigator (PI) nor any re-
searcher conducting analyses will have access to the
randomization process or allocation table. Once recruit-
ment has started, participants that have consented to the
study will then be assigned by REDCap to either the ex-
perimental or control arms based on the allocation order.

Intervention
The Just Kwit! study has two arms (see Fig. 2). For the
intervention arm, the Kwit app will be installed on the
participant’s phone by a research team member. The
team member will help the participant create an account
and explain the functions of the Kwit app. App use will
be tracked for the 30 days between the baseline and
follow-up surveys. The control arm is the current stand-
ard of care, which is a TTS consult with patient-initiated
follow ups after discharge.
In choosing a smartphone app for this study, the selec-

tion criteria were (1) available for both Apple and An-
droid; (2) well-rated in both platforms (i.e., 4+ stars); (3)
at least 100,000 downloads; (4) features that are compar-
able to other available apps; and (5) the development

Fig. 1 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) schedule of enrollment, interventions, and assessments
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team would be willing to have an open collaboration
both in data sharing and software development. The
Kwit app matched each criterion; it is one of the few
cessation apps that is available for download for both
Apple and Android. Kwit is highly rated in both online
stores, scoring 4.5/5 for Apple and 4/5 for Android. It
has been downloaded 100,000–500,000 times on An-
droid phones (Android releases only ranges for down-
loads). Kwit combines several popular features of
tobacco cessation apps, including game-like features
(e.g., unlocking achievement milestones for completing
cessation-related tasks), useful statistics (e.g., money
saved), and an ability to share progress with friends.
Users can actively engage with the app to track cravings
or view progress, such as life expectancy gained. A pas-
sive component notifies users when milestones have

been achieved (e.g., when blood no longer contains nico-
tine). Motivational messages can be actively requested at
any time; they can also appear unsolicited, such as when
the user logs cravings. The basic app is free, although
users are able to purchase additional features, such as
removing ads, if so desired.
As with other commercially developed tobacco cessa-

tion apps, Kwit development was not informed by
evidence-based practices: its features were based on
personal experience and user feedback. However, the
two aims of this study will provide data to identify
which components are most promising, and if health
behavior-change mechanisms can help explain their ef-
fect. Connecting to a model of behavior change is im-
portant as we seek to modify behaviors among young
adults. For example, the motivational messages might

Fig. 2 Patient participation flowchart for the Just Kwit study
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be closely tied to motivational enhancement therapy,
while the money or lifespan trackers might be related
to self-monitoring.

Outcomes
As this study seeks to assess feasibility, the primary data
will include (1) recruitment rates, (2) retention rates,
and (3) adherence, measured through user engagement
with the app. High usability measures correlate strongly
with effective interventions [20]. Engagement with the
app will be measured using both survey data in conjunc-
tion with logged data from the app itself. Logged data
will include specific features that are used as well as pat-
terns of activity (e.g., checking the current money saved
after viewing a motivational message). We are particu-
larly interested in the use patterns of two popular fea-
tures in many cessation apps: calculator and calendar.
Measures of usability are based on principles from ubi-
quitous computing guidelines [21]. These concepts will
include (1) attention (e.g., “How many times did you use
Kwit per day?”); (2) trust (e.g., “Were you able to
complete tasks with ease?”); (3) conceptual model (e.g.,
“Did Kwit behave as expected?”); (4) interaction (e.g.,
“Was Kwit frustrating to use?”); and (5) impact (e.g.,
“How comfortable were you using Kwit in social set-
tings?”). Following guidelines for evaluating the usability
of medical applications [22], responses will be either yes/
no, or chosen from a Likert scale of 1–9 (a longer
Likert-type scale was selected to minimize the risk of a
ceiling effect). These questions will be paired with
open-ended qualitative questions and comments that
will complement numerical ratings. For example, an
interaction question will first ask the user: “Was Kwit
frustrating to use?” with a 1–9 Likert scale option,
followed by the open-ended question: “Please describe
an example of how Kwit was frustrating to use.”

Data collection and management
Data will be collected by a member of the study team
both on paper and using the REDCap tools hosted at the
University of Pittsburgh [23]. REDCap is a secure,
web-based application designed to support data capture
for research studies, providing (1) an intuitive interface
for validated data entry; (2) audit trails for tracking data
manipulation and export procedures; (3) automated
export procedures for seamless data downloads to com-
mon statistical packages; and (4) procedures for import-
ing data from external sources. Consent documents,
payment information, and eligibility screening docu-
ments will be in paper form. The two surveys adminis-
tered in this study, the baseline and the follow up, will
be completed within REDCap. The baseline survey will
be administered to the patient bedside by a member of
the research team directly following enrollment and

consent. The follow-up survey will be provided to the
participant via email, phone, or in person, depending on
the participant’s preference. Only members of the re-
search team will have access to the collected data.
The PI has the primary responsibility for study moni-

toring. Given the nature of the trial (i.e., brief, limited
feasibility), there being no access to protected health in-
formation, and there being a limited amount of personal
information being collected, no formal data monitoring
committee will be convened. Quarterly assessments will
be made of data quality and timeliness, participant re-
cruitment, accrual and retention, participant risk/benefit
ratio, protection of confidentiality of information, and
any other factors that affect the study. The Institutional
Review Board (IRB) will be informed immediately on a
case by case basis of any adverse outcomes, while re-
quests for modifications of the protocol will be submit-
ted to the IRB on a quarterly basis. Confidentiality of the
data and the results of monitoring will be protected.

Data analysis
The primary method of analysis will be provision of de-
scriptive statistics characterizing key app features, such
as viewing of money saved, viewing of quit days, achieve-
ment sharing, and crave logging. We will examine de-
scriptive and qualitative data in the context of the fit
between individuals, task and technology (FITT) frame-
work [24]. The FITT framework is prevalent among
human-computer interaction studies and often used in
mobile health research [25]. It posits a strong relation-
ship between individual, task, and technology, and was
adopted to assess feasibility and usability in a holistic
manner. The FITT approach will help to assess how us-
ability and feasibility metrics are interrelated, and the
cyclic effects with relation to the user. We will identify
associations between survey Likert-scale responses (i.e.,
usability and feasibility measures) and quantitatively
measured actions from app log data. Given the ordinal
data and unknown distributions, the Mann-Whitney U
test will be used for statistical analyses.

Power calculations
In a feasibility pilot trial, it is inappropriate to consider
mean outcomes due to the lack of power [17, 18]. How-
ever, we will still calculate standard deviation of the dif-
ferences between the intervention and control groups at
1 month, which is a standard time for tobacco cessation
treatment. These data can help inform the calculations
needed for a larger RCT.

Discussion
This pilot trial will be the first to evaluate a commercially
available smartphone app for tobacco cessation in a hospi-
talized setting. The study offers a research/industry
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collaboration that allows the study to leverage resources
from two directions: (1) providing cutting-edge research
tools and methods founded on evidence-based academic
research and (2) applying translational and implementa-
tion strategies from the software development team.
We have chosen a pragmatic approach in order to

simulate more real-world settings in app usage. Indeed,
the effectiveness of off-the-shelf tobacco cessation apps
is compromised by the rapid development cycle of mo-
bile apps and urgency for apps to be quickly released
and profitable. Data generated by this study can be used
for larger fully powered trials such as comparative effect-
iveness studies against apps developed by health scien-
tists based on behavioral theories or cost-effectiveness
analyses of mobile interventions.

Trial status
Protocol version: 4
Trial registration: ClinicalTrials.gov
Registration number: NCT03538678 (https://clinical-

trials.gov/ct2/show/NCT03538678)
Date of trial registration: 28 May 2018
Was this trial prospectively registered? Yes
Date recruitment began: June 2018. Recruiting is

ongoing
Anticipated completion date: May 2019.
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