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Abstract

Background: E-health tools are a new mechanism to expand patient care, allowing supplemental resources to
usual care, including enhanced patient-provider communication. These applications to smoking cessation have yet
to be tested in a hospitalized patient sample. This project aims to evaluate the effectiveness and cost-effectiveness
of a tailored web-based and e-message smoking cessation program for current smokers that, upon hospital
discharge, transitions the patient to continue a quit attempt when home (Decide2Quit).

Design: A randomized two-arm follow-up design will test the effectiveness of an evidence- and theoretically-based
smoking cessation program designed for post-hospitalization.

Methods: A total of 1,488 patients aged 19 or older, who smoked cigarettes in the previous 30 days, are being
recruited from 27 patient care areas of a large urban university hospital. Study-eligible hospitalized patients
receiving usual tobacco cessation usual care are offered study referral. Trained hospital staff assist the 744 patients
who are being randomized to the intervention arm with registration and orientation to the intervention website.
This e-mail and web-based program offers tailored messages as well as education, self-assessment and planning
aids, and social support to promote tobacco use cessation. Condition-blind study staff assess participants for
tobacco use history and behaviors, tobacco use cost-related information, co-morbidities and psychosocial factors at
0, 3, 6, and 12 months. The primary outcome is self-reported 30-day tobacco abstinence at 6 months follow-up.
Secondary outcomes include 7-day point prevalence quit rates at 3-, 6-, and 12-month follow-up, 30-day point
prevalence quit rates at 3 and 12 months, biologically confirmed tobacco abstinence at 6-month follow-up, and
multiple point-prevalence quit rates based on self-reported tobacco abstinence rates at each follow-up time period.
Healthcare utilization and quality of life are assessed at baseline, and 6- and 12-month follow-up to measure
program cost-effectiveness from the hospital, healthcare payer, patient, and societal perspectives.

Discussion: Given the impact of tobacco use on medical resources, establishing feasible, cost-effective methods for
reducing tobacco use is imperative. Given the minimal hospital staff burden and the automated transition to a
post-hospitalization tailored intervention, this program could be an easily disseminated approach.
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Background
The health effects of smoking tobacco and their eco-
nomic impact are well documented [1]. Alabama’s
tobacco smoking prevalence rate of 22.5% [2] exceeds the
national average of 19.8% [3], with expected higher rates
among hospitalized patients [4,5]. Tobacco cessation
studies have demonstrated that proactive recruitment of
patients for smoking cessation counseling engages a lar-
ger percentage of patients, and intensive counseling with
at least 1-month follow-up post-hospitalization is effective
[6], with 3-months follow-up found even more effective
[7]. However, even longer duration counseling in-hospital,
without follow-up, was not found more effective [6].
Together, this suggests that, while hospitalization is
an opportunity to introduce smoking cessation, post-
discharge follow-up is essential.
In Crossing the Quality Chasm, the Institute of

Medicine began to emphasize that care should not
occur just within face-to-face visits but that ‘access to
care should be provided over the internet’ to foster
continuous healing relationships [8]. Subsequent
reports [9-11] and other groups [12], including the
Centers for Medicare and Medicaid Services [13], have
continued to support the concept of e-Health tools to
increase patient access, motivate patients in their care,
and re-engineer patient-centered care. Because of time
constraints on providers, and with over 70 million
Americans using the internet to access health-related
information [14], computer- and internet-based tools
are becoming widespread. Even in Alabama, with its
low ranking on digital access, 61.7% of households
have internet access with additional access through
work or community resources [15]. Innovative supple-
mental e-resources are being created to augment brief
tobacco-cessation counseling. These new web-based
tools/programs present a unique opportunity to en-
hance continued smoking cessation for hospitalized
patients after discharge.
Secure patient-provider e-messaging systems have

been found to improve patient satisfaction and increase
practice efficiency while maintaining HIPAA standards
[16,17]. The strategy of combining e-coaching and
computer-automated tailored information has been
shown to be successful [18]. Though these innovative
web-based tools/programs present a unique opportunity,
reports of web-based interventions for hospitalized smo-
kers are limited [6] and no reviews or meta-analyses that
included such programs had been found at the time of
writing this manuscript [19,20].
In a meta-analysis, 17% of web- and computer-based

smoking cessation out-patient interventions were found
effective in doubling quit rates at 6 months among gen-
eral population participants compared to controls [19].
Also, treatment effects for web-based smoking cessation
interventions appear fairly stable over time, as a meta-
analysis found cessation rates did not dissipate at subse-
quent follow-ups [21]. While many of the web-based
smoking cessation programs are appropriate for any
smoker, they may miss an opportunity to address spe-
cific relevance of smoking to the smoker’s recent
hospitalization and the unique needs of the smoker in
care-transition. For this reason, we have enhanced an
existing web-based smoking cessation program to ad-
dress individualized post-hospitalization smoking-
cessation needs through e-messages.

Methods/Design
Study design
This study uses a randomized controlled two-arm mul-
tiple follow-up design to: (1) test the effectiveness of the
Decide2Quit intervention against usual smoking cessa-
tion care for hospitalized patients transitioning to out-
patient care; and (2) determine the cost-effectiveness of
each component of a smoking cessation intervention for
hospitalized smokers (the Decide2Quit post-hospital
intervention and usual care). The primary outcome for
effectiveness is self-reported 30-day point prevalence at
6 month post-hospitalization. Secondary outcomes are:
biologically confirmed smoking cessation at 6 months;
30-day point prevalence at 3 and 12 months; and 7-day
point prevalence at 3, 6, and 12 months. Consecutive ab-
stinence will be assessed using the three 30-day point
prevalence data. The cost-effectiveness of the interven-
tion compared to usual care will be determined by con-
sidering costs of intervention implementation and costs
of healthcare with effectiveness measured in terms of
Quality Adjusted Life Years (QALYs).
This study has obtained approval from The University

of Alabama at Birmingham (UAB) Institutional Review
Board for Human Use (IRB). All study personnel are IRB
trained and Health Insurance Portability and Account-
ability Act (HIPAA) certified.

Setting and sample
The setting for this study is UAB Hospital, a 1,000 bed
state-of-the-art academic center hospital with 43 patient
care areas (PCAs). Of these, 27 PCAs serve patients po-
tentially eligible for study participation. The 16 PCAs
not included in this study, maternity and palliative care
units and some intensive care and psychiatric units
(acute, dementia, and adolescent care), are excluded due
to the difficulty of obtaining informed consent and/or
the unique smoking cessation needs among the patients
served. As well, we will over-recruit smokers with pul-
monary and cardiac diseases, as this population is of pri-
mary interest to the study collaborative. While UAB
Hospital has a non-smoking policy, and patients are
expected to abstain from tobacco use while hospitalized,
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non-adherence to this policy has been noted in patients
sufficiently mobile to go outdoors.
The UAB Lung Health Center staff receive a daily re-

port of all current smokers admitted to UAB Hospital
during the previous 24 h to provide or facilitate the
provision of tobacco cessation usual care at bedside (see
Table 1 for description of this component). After
provision of usual care bedside, all potentially eligible
patients admitted to the selected PCAs between July
2011 and May 2013 will be given the opportunity to
learn about the study and enroll. To be eligible for the
study, a patient must meet the following criteria: (1) over
the age of 18; (2) a current smoker defined as at least
one puff in the past 30 days; (3) read and speak English;
(4) able to provide meaningful responses to the screen-
ing questions and to provide informed consent; (5) have
an email address and internet access through self or sur-
rogate; and, (6) not have another household member
participating in the study. In addition, patients under
isolation precautions, except for contact isolation only,
are not approached for participation. Criteria 2, 4 and 6
are common to all CHART sites.

Participant recruitment and randomization to condition
Study staff verify eligibility with a screening assessment
that includes questions about internet access and use of
e-mail, the participation of other household members in
this study, and mental status (if in question). Eligible
patients are provided an overview of the study and a
chance to ask questions prior to providing written
informed consent. After completion of baseline assess-
ments and listing on the electronic study roll by study
staff, patients are randomized to study condition (inter-
vention or usual care). Blocked randomization within
each PCA is used to reduce selection and accidental bias
and achieve balance in the allocation of participants to
Table 1 Intervention and usual care contacts by type, timing,

Type of contact

Usual Care - all patients Admission booklet page on smoking

Smoking Cessation local resources
handout and brief counseling

Smoking cessation information in
discharge packeta

Additional Components for those
randomized to Intervention

Website registration and orientation

Tailored e-mails

Telephone call

Secure messaging

Website use
aA portion of which is provided optionally at the discretion of the hospital-assigned
bMinimum of 12 weeks, longer if participant changes their readiness to quit status.
treatment arms. The study statistician generated random
number lists for each PCA prior to study initiation.
The Study Coordinator identifies the participants to
randomize to study condition each day based on their
order of listing on the study roll and the allocation
indicated for the PCA in which they were recruited.
As participants are allocated to the intervention arm,
the Study Coordinator sends email alerts to designated
hospital staff (Quit Staff ) that newly randomized
patients need to be registered to the intervention web-
site, Decide2Quit. Figure 1 depicts the recruitment and
initial study activities flow.

Intervention description
The intervention includes tailored e-mail messages and
an interactive website (Decide2Quit) designed for post-
hospitalization smoking cessation which allows secure
messaging with a certified Tobacco Treatment Specialist
(TTS) (Quit Advisor) and both in- and post-hospital
contact by the hospital Quit Staff. The Quit Staff visit
patients assigned to the intervention arm at bedside to
assist them with registration to Decide2Quit using se-
cure laptops connected to the website via the hospital’s
WiFi system. The Quit Staff then orient the participants
to the website by displaying general content areas and
available quit tools. Participants also receive a booklet il-
lustrating how to access and navigate the website. In
addition, this booklet features study contact information
for technical problems, blank copies of the website ‘quit
plan’ , and a letter for their primary healthcare provider.
This letter contains study-related information and
requests the healthcare provider’s verbal and pharma-
ceutical (as appropriate) support of their patient’s quit
attempt.
Some patients randomized to the intervention are dis-

charged from the hospital before the Quit Staff can visit
and instigator

Timing Instigator

At admission Hospital admitting staff

During hospital stay Lung Health Center staff

At discharge Hospital assigned nurse

Prior to discharge Hospital Quit Staff

Weekly for 12+ weeksb Automated by web-system

7 to 14 days post-discharge Hospital Quit Staff

At will Participant or Quit Advisor
(Tobacco Treatment Specialist)

At will Participant

nurse.



Figure 1 Participant eligibility and recruitment flow.
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them to provide website registration and orientation.
The print materials are mailed to these participants and
Quit Staff provide telephone assistance with website
registration and orientation. The Quit Staff make one
follow-up telephone contact, at 7 to 14 days post-
discharge, to encourage website use in the context of the
primary area of health concern the participant identified
at website registration.

Theoretical framework and intervention e-messages
Two behavioral change theories are the basis for both
the website content and e-mail messages: Social Cogni-
tive Theory [22] and the Transtheoretical Model [23].
Two types of email messages are sent: tailored to stage
of change and tailored to health concern. Stage of
change messages are framed to address where each par-
ticipant has self-identified along the quit continuum,
from no interest in quitting to already quit. For example:
those with no interest in quitting receive messages
containing information about benefits to quitting and
harm reduction; those actively trying to quit receive
messages that promote self-efficacy to avoid smoking
situations and overcome cravings; and, those already quit
receive messages targeting relapse prevention. Partici-
pants confirm or change their smoking stage status at
each website login. While a set number of messages are
available for each stage, when the participant changes
their stage, messages ‘start over’ with the messages for
the new stage, thereby increasing the total number of
messages sent.
The health concern messages, sent weekly for 12

weeks, are based on the primary area of health concern
identified by the participant at website registration (can-
cer, lungs disease, heart disease or stroke, surgery or
wound healing, or none of these). E-mail messages pro-
vide general information related to the selected health
concern, without specifying protected health informa-
tion. Outcome expectations and other theoretical
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constructs provide the basis for the messages. For example,
someone selecting ‘surgery or wound healing’ would receive
the message ‘Quitting smoking allows more blood with oxy-
gen to reach wounds to help them heal faster’ while some-
one selecting ‘heart disease or stroke’ would receive ‘In just
one day of quitting, you will have started to lower your risk
of having a heart attack. Every day you stay quit, you lower
your risk of having a heart attack more.’ Those choosing
‘none of these’ receive general health messages. Each mes-
sage ends with promoting website use by providing the link
to ‘learn more about ____'. Table 1 summarizes the inter-
vention contacts.

Web-site content
This intervention website is a modification and refinement
of an existing version of Decide2Quit which is the product
of two Investigators’ prior NIH-funded research efforts to
develop web-delivered smoking cessation systems for
patients [24] and providers [25]. The website continues to
include an interactive quit-support calculator (questionnaire
with feedback focusing on decisional balance, triggers, risks,
and smoking-related symptoms), models for communica-
tion with health providers and family members, educational
materials, a secure messaging system to access a TTS (Quit
Advisor), and access to a social network of online smokers
(BecomeAnEx). The current site has been expanded and
tailored to better serve the unique needs of recently hos-
pitalized adult smokers by providing information on how
quitting reduces specific health risks, and the temporary
physical and emotional side effects of quitting. The ad-
ministrative side of the website includes the ability to
track patient web activity and smoking status, document
follow-up phone calls by the Quit Staff, and monitor
participant-generated messages to the Quit Advisor
(using the compose function on a secure, HIPAA-
compliant messaging system using Secure Socket Layer
technology and hosted on a separate server used exclu-
sively for Decide2Quit). Thus, the intervention has both
patient-facing and administrative components.

Identifying and training hospital staff
Meetings with various hospital staff groups led to the identi-
fication of respiratory therapists as the most appropriate
hospital staff (Quit Staff) for this study given their profes-
sional role in lung health and their hospital-wide duties.
When the respiratory therapists’ duties preclude assisting
with patient registrations, a hospital-paid smoking cessation
staff provides this service. Quit Staff provided input into the
development of the administrative portal they use to track
contact with intervention participants, as well as practical
suggestions for how best to implement this intervention in
UAB Hospital. Quit Staff training includes a didactic over-
view of the study, information on specific protocols (registra-
tion, orientation, and follow-up telephone contact) and the
website, and a hands-on computer training for the website,
from both the patient and administrative perspectives.

Data collection and measurements
Survey data collection takes place at the hospital bedside
for baseline and via telephone interview for the 3- , 6-
and 12-months follow-up. Additional biologic measures
are collected at 6-month follow-up as described below.
Tables 2 and 3 describe the measures to be collected at
each time point. Measures are noted as Tier 1 (core
across all collaborative projects), Tier 2 (optional mea-
sures, standard across projects), or Tier 3 (specific to
this project). Study staff who conduct assessments are
blinded to participant condition and are trained to col-
lect all data uniformly according to written protocols.
Data are entered directly into an internet-based survey
system using security-enabled laptop computers with ei-
ther WiFi (at bedside) or hard-wired internet access. All
questions require responses by the system to facilitate
complete datasets (‘refused’ and ‘does not know’ re-
sponse options available). Study staff are trained to
complete paper copies should there be difficulty in
accessing the internet, with the study data manager later
entering the data into the database. Some data are
acquired from patients’ electronic medical records, study
records, or outside sources, as noted in Table 3.

Biologic measures
At 6-month follow-up, participants are contacted by
telephone and asked about their past-7-days’ smoking
status. Participants reporting not smoking in the past
7 days and living within a 40-min commute are asked to
come to the clinic for in-person saliva collection, for
cotinine testing, as well as a Carbon Monoxide (CO)
measure. Those living farther away are mailed saliva col-
lection kits as described in the CHART biochemical
verification study (see Riley et al. CHART Overview
paper). A random sample of self-reported past-7-day
tobacco users are asked to provide saliva samples in the
same manner as non-smokers. For past-7-days smokers,
study staff check a random selection list to determine if
the participant is selected to provide a biologic speci-
men. We anticipate this sample to be about 10% of the
past-7-days smokers. At the time of the telephone inter-
view, those participants who are to provide in-person
biologic measures are scheduled to come into the clinic
within the following 2 weeks. If a participant misses two
scheduled clinic appointments, a saliva kit is mailed with
follow-up attempts the same as for all mailed kits.
The primary biologic measure is saliva cotinine mea-

surement. Salivary cotinine is considered a very sensitive
measure for determining smoking status [27,28]; a level of
<15 ng/mL confirms abstinence [29,30]. Exhaled air CO
levels in exhaled air are measured with a Bedfont



Table 2 General assessments and time-points

Tiera Measure Details Month

0b 3 6 12

1 Demographicsc Age, length of stay, insurance, height, weight, ICD-9 codes,
DRGs, Procedure codes, admission type, discharge ‘to’ plan,
race, ethnicity, gender, education, marital status, other
household smokers,

X

1 Smoking status Self-reported - last 7 days X X X

1 Smoking status Self-reported - last 30 days X X X X

3 Smoking status Prolonged abstinence (multiple point prevalence) X X X

1 Quit plan Post-hospital plans regarding quitting X

1 Other tobacco use Other than cigarettes-last 30 days X X X X

2 Tobacco dependence Heavy Smoking Index (2 questions) X X X X

2 Tobacco cessation treatments Behavioral and pharmacologic treatments, dose/frequency,
length of use

X X X

3 Pack-history Lifetime X

3 Longest abstinent period Lifetime at 0 months; past year at 12 months X X

1/3 Satisfaction Satisfaction with smoking cessation help X

3 Quit attempts Past year (over 24 h abstinent) X X X

3 Social support Perceived support from significant others to quit/abstain X X X

3 Internet and e-mail use Frequency and type of use X

1 Self-efficacy for abstinence Single question X X X

3 Self-efficacy for abstinence SEQ12 X X

2 Alcohol use Audit-C X X X

2 Depressive symptomology PHQ-2 X X X

2 Saliva cotinine, exhaled CO,
surrogate corroborationd

Validate 7-day smoking status X

aTier 1 = common to all CHART trials, Tier 2 = common among some CHART sites, Tier 3 = this site only.
bMonth 0= Baseline.
cSome data collected after hospital discharge from electronic medical records and discharge summaries.
dRandomly selected sample of past-7-days smokers and all past-7-days non-smokers.
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Smokerlyzer; a level of <10 parts per million confirms ab-
stinence [31]. CO is considered the primary biological con-
firmation measure when the saliva cotinine measure is
considered potentially invalid due to current use of nico-
tine replacement therapy or alternate tobacco products. If
a selected participant is unable to attend the 6-month in-
person visit, every attempt is made to collect the specimen
by mailed saliva sample kit or home visit (or other mutu-
ally agreed upon meeting place) by study staff. When no
biological measure can be acquired from a participant,
study staff attempt corroboration of self-reported smoking
status from another person (contact information and per-
mission to contact provided by participant at previous
contact).
Participant incentives
Participants are provided checks as incentives for com-
pletion of the follow-up data collection portion of this
project to compensate for their time and effort. For sur-
vey completion: a $20 check is mailed after the 3-month
telephone follow-up and $25 checks are mailed after
each of the 6- and 12-month follow-up. For those pro-
viding saliva samples: those providing saliva samples in
the clinic receive a $100 check at the end of visit, while
those providing mailed samples will be sent a $75 check
upon receipt of the mailed saliva sample.
Process measures
To ensure that the study protocol is implemented with
fidelity, systems- and records-based data are collected
on an ongoing basis. Process measures fall into three
areas: (1) recruitment and retention; (2) intervention de-
livery and dose; and (3) staff productivity. Study investi-
gators review reports monthly to monitor study
activities and make recommendations for remediation as
needed. Reports include the proportion of patients par-
ticipating (or lost) at each level of screening and study
activity (Figures 1 and 2). Intervention delivery and dose
data collected include website log-ins, tailored e-
messages sent, secure messages generated, and post-



Table 3 Data collection for cost effectiveness analysis

Costa Tier Data item Description Valuation

Cost of usual care 1 LHC staff time LHC staff time spent at bedside Average time per patient

1 Hospital nurse time Time spent by assigned nurse assembling
discharge packet (containing usual care)

Average time per patient

1 Materials Cost of printing Actual costs

Cost of intervention 1 Hospital Quit Staff training Time of trainers and trainees, materials,
and so on

Study records

1 Hospital Quit Staff time Time spent on each patient in preparation,
implementation, and documentation of website
registration/orientation and 7-14 days
post-discharge follow-up call

Average time per
patientWeb tracking

1 Quit Advisor time Time spent on each patient in preparation,
implementation, and documentation of
responses to patient-generated messages

Average time per message

1 Patient materials Brochures, booklets, and so on Study records

1 Web site implementation
(not development)

(To be determined, though may contain
maintenance, servers, programming,
content updating, emailing, and so on)

Study records

1 Time of participant on website Time recorded on website per personal login;
number, frequency, and content of messaging to
Quit Advisor through the Decide2Quit website

Website tracking

Month/Source

0 3 6 12

Healthcare-related costs 2 Health care utilization Hospitalizations, outpatient visits, procedures,
Emergency Room visits (last 6 months)
(No/Yes - # times)

X X X

2 Time cost related to care Time (hours) off work for participant and
others who accompany participant to visits

X X X

Gender-age group average wages for the state Bureau of Labor Statistics

2 Out-of-pocket (OOP) costs Copayments, deductibles, transportation,
parking, meals, and so on (including caregivers,
when applicable) (last 6 months)

X X X

2 Costs to health care payers Reimbursements to health care payers
according to type of care

Hospital bills / Medicare
reimbursements

2 Medicines Copayments, deductibles, OOP costs
(last 6 months)

X X X

Wholesale price for health care payers Red Book

Smoking cessation
products / programs
costs

3 OOP costs Co-payments, and so on. (last 6 months) X X X

2 Reimbursements Reimbursements for health care payers TBD

Quality of life 2 EQ-5D-5L [26] X X X

3 SF-12 X X X
aAll costs will be expressed in the same year of currency.
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hospitalization telephone call receipt. Quit Staff manu-
ally enter the telephone call information into the web-
site’s administrative portal while all other data are
collected automatically by the website system. Staff
productivity is monitored to ensure both protocol fi-
delity and timely completion of the study. These data
include contact rates by the Quit Staff (bedside/tele-
phone registrations and follow-up phone calls) and in-
dividual recruitment and retention rates for each
study staff. Ongoing performance feedback from the
Study Coordinator is provided to staff with appropri-
ate recommendations.

Sample size estimate
We have estimated the total number of participants
recruited during the 22-month recruitment phase of this
study as 1,488 based on published and UAB-specific in-
formation. Given published findings that smoking rates
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Figure 2 Study flow diagram from enrollment to analyses.

Harrington et al. Trials 2012, 13:123 Page 8 of 12
http://www.trialsjournal.com/content/13/1/123
among hospitalized patients exceed general population
rates [4,5,32-35], the estimated current rate of smoking
in Alabama (22.5%) [2], and the UAB Hospital 2009 data
(24% to 32%, depending on the ICD-9 codes used to de-
fine current smokers), we estimate that at least 24% of
UAB Hospital inpatients will be current smokers.
Among hospitalized smokers in other studies, 60% to
82% desired to quit and expressed willingness for post-
hospitalization smoking cessation contact [4,33,36]. Al-
most 62% of Alabama households have internet access
[15]; we anticipate 50% of our hospitalized patients who
smoke will have internet access, given the likelihood of
being from a lower socioeconomic status. Based on
current admission trends, we expect an average of 10
new patients to meet eligibility criteria on a typical day
within the 27 PCAs targeted, with at least half willing to
receive information about the study. It is anticipated that
the study population’s demographics and reasons for
hospitalization will mimic the general population of hos-
pitalized smokers at UAB Hospital (based on 2009 hos-
pital data): 60% male, 43% African American, 1.5%
Hispanic, 1.3% Asian, and <1% of other racial/ethnic
background, with approximately 17% having acute myo-
cardial infarction (AMI), pneumonia, and/or congestive
heart failure (CHF).

Power estimate
Power is estimated for the primary outcome: differences
in self-reported smoking abstinence rates between the
two treatment conditions at 6 months post-
hospitalization based on 30-day point prevalence. Rates
for smoking cessation reported in the literature for
‘usual’ post-hospitalization care are 5% to 15% at 6
months and 7% to 10% at 1 year [37]. With 1,488
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participants, 744 assigned to each treatment condition,
using 12% as an estimated rate for the comparison
group, this study will be powered (β= 80%-type II error,
α= 0.05-type I error) to detect a difference of 5.12% be-
tween the two treatment conditions (two-sided). For the
intervention condition, a sub-analysis between the group
with one of three diagnoses (CHF, AMI, or pneumonia-
expected n= 256) and the group with all other diagnoses
(expected n = 488) will have sufficient power (β= 80%-
type II error, α= 0.05-type I error) to detect a difference
in tobacco abstinence rates of 9.4% (two-sided), assum-
ing the three-diagnoses comparison group has a 25%
quit rate (two-sided). Note that, as the smoking cessa-
tion rate increases for the comparison group, a larger
difference is necessary between groups to achieve a spe-
cific level of power, which is why a higher rate is used
for power computation. The reverse of this is true as
well: as the comparison group rate decreases, a smaller
difference between groups achieves the same level of
power.

Data analyses
Primary and secondary outcomes analyses
The study analyses will be conducted using the most up-
to-date version of SAS (SAS Institute, Cary, NC, USA)
and P ≤ 0.05 will be considered significant for all anal-
yses, except where Bonferroni correction for multiple
comparisons is necessary. Baseline characteristics of
both groups will be compared to ensure that random as-
signment results in comparable groups. Any factors not
found balanced across randomization groups will be
adjusted for in subsequent models. Continuous variables
will be compared using a two-sample t-test, while a chi-
square test of association will be used to compare cat-
egorical variables.
The primary outcome for this study will be self-

reported 30-day tobacco abstinence rates at 6-months
follow-up. For missing outcome data at the 6- and 12-
months follow-ups, we will impute missing data using a
propensity-based multiple imputation method [38] that
has been agreed upon for the collaborative [39]. This ap-
proach assumes that non-response is random which is
more robust than assuming all non-responders are smo-
kers [40]. Using baseline and any additional available
data (for example, 3-month survey), we will use a logistic
regression model to estimate the propensity to respond
to the follow-up survey for each hospital stratum and
treatment arm combination. Within each combination
we will stratify further based on values of the estimated
propensities and then impute a value for the outcome
for each non-respondent by randomly sampling from
the respondent values within their sub-stratum. Multiple
datasets will be created and the point estimates and the
estimated standard error from each dataset will be
combined to arrive at a single point estimate, its esti-
mated standard error, and the associated confidence
interval or significance test [40]. Given the potential for
missing data not-at-random, we will further implement a
pattern-mixture analyses [41] based on content experts
and the observed patterns of missing data.
We will also run a responders-only analysis for de-

scriptive purposes. A two-sample test for the difference
in proportions will be used to test whether the quit rates
are different between the two treatment conditions
(two-sided) and, if indicated, whether the Decide2Quit
intervention is effective in promoting smoking cessation
compared to the usual care group (one-sided). We will
conduct this same statistical analysis for secondary
outcomes.
Several covariates may affect the relationship between

the intervention effect and the quit rate. Potential cov-
ariates include age, tobacco dependence, major health
issue, number of diagnostic codes assigned at hospital
discharge, race, smoking history, alcohol use, depressive
symptoms, social support, use of other smoking cessa-
tion programs, and self-efficacy. Because participants are
randomized to treatment arm, these potential covariates
will theoretically be balanced across the two arms. How-
ever, the strength of the association between each of
these covariates and the quit rate will be assessed in a
logistic regression model. This analysis will provide the
variables that are predictive of smoking cessation among
all smokers and can be repeated to test for predictors
among the three diagnostic groups (AMI, pneumonia,
and CHF) vs all other diagnostic groups. Secondary ex-
ploratory analyses are planned to investigate a range of
broader issues related to smoking cessation. An analysis
similar to the primary analysis will test potential differ-
ential effects of the Decide2Quit intervention among
diagnostic groups by comparing those patients with
AMI, CHF, and/or pneumonia to patients not having
these diagnoses. A third set of tests of proportions will
compare each of the three diagnostic groups of interest
in the intervention condition to their matching group in
the usual care condition (although power will be limited
due to small sample sizes). The relationship between
dose and smoking cessation will be examined using lo-
gistic regression tests, as we expect dose will not be nor-
mally distributed.

Cost-effectiveness analyses
The cost-effectiveness will be conducted from the per-
spectives of the hospital, health care payers, patients,
and society. Analyses will be conducted for the short-
term of the trial and for the lifetime of participants using
modeling techniques and data from the literature, using
the established cost-effectiveness analyses measures
common to participating CHART projects. Effectiveness
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will be measured using Quality Adjusted Life Years
(QALYs) which will be calculated using the EQ-5D-5L
[26]. See Table 2 for all measures related to cost-
effectiveness. Incremental cost-effectiveness ratios
(ICERs) will be calculated by dividing the net cost of
Decide2Quit by its effectiveness, that is, QALYs saved by
the intervention. ICERs will be calculated if Decide2Quit
is effective in improving QALYs and is more expensive
than usual care. Ratios will be compared to others pub-
lished in the literature to determine if the Decide2Quit
intervention is cost-effective. ICERs do not need to be
calculated if Decide2Quit is cost-saving, that is, more ef-
fective and not more costly than usual care. To examine
the robustness of and the impact of parameter uncer-
tainty on these results, univariate and multivariate sensi-
tivity analyses [42] will be used.
In addition, a non-parametric bootstrap method [43-

46] will be used to sample with replacement costs and
outcomes from usual care and intervention arms. In
cost-effectiveness analyses, non-parametric bootstrap-
ping is one of the methods used to allow the comparison
of arithmetic means of cost data, which usually are heav-
ily skewed to the right. In the case the cost data are dis-
tributed normally, we will use parametric statistical
testing. The bootstrapping also is used to examine un-
certainty in cost-effectiveness analyses. Relying on a con-
ventional confidence interval of the cost-effectiveness
ratio is complicated by the fact that a positive ratio indi-
cates a case of the intervention being more effective and
more costly than the comparison (and thus may be cost-
effective) and indicates a case of an intervention being
less effective and less costly than the comparison. A de-
piction of cost and effect differences of the bootstrap
samples on a cost-effectiveness plane will allow us to
better consider these cases and understand the variabil-
ity around the ratio. The difference in costs and out-
comes of each bootstrap sample, obtained by repeating
the procedure 1000 times, will be plotted in a cost-
effectiveness plane. An acceptability curve then will be
obtained by considering the proportion of bootstrap
replications for which the CE ratio falls below each pos-
sible value of cost per QALY, including the commonly
used $100,000/QALY. This information will allow a bet-
ter understanding of the probability of the Decide2Quit
intervention being cost-effective.

Discussion
There is considerable research on smoking cessation
among outpatients and among inpatients with respiratory
or cardiac disease. However, for general inpatient smo-
kers, there is little information on programs that transi-
tion to post-hospitalization and most have follow-up
limited to less than 6 months. Rates of smoking cessation
immediately post-hospitalization are high, but relapse
rates are also high [47]. Conceptually, relapse prevention
should begin in the hospital and continue after discharge,
as the crucial time for relapse occurs 1 week after quitting
[48]. For many patients, this is concurrent with discharge
and the return to a smoking-related routine with deeply
engrained smoking-related behaviors [6]. Despite this
knowledge, cessation interventions designed to transition
patients from hospital to home have not widely diffused
into usual clinical practice. This study will add to the
limited literature about smoking cessation in the general
inpatient population as well as smoking status at
12 months post-hospitalization.
Identifying appropriate hospital staff to register

patients for a smoking cessation program was a chal-
lenge in the current healthcare system. A strong interest
in tobacco cessation and access to and familiarity with
all areas of the hospital are considered essential. As hos-
pital resources, environments, and staffing vary, different
hospital personnel may be identified as most appropri-
ate. After discussions with personnel on many levels and
areas of this hospital, respiratory therapists were identi-
fied as the best fit. Regardless, having committed cham-
pions among the hospital staff, or even better dedicated
hospital staff, is imperative for successful implementa-
tion and the institutionalization that leads to program
sustainability.
Given the unknown validity of self-reported health

behaviors and the expense and difficulty of collecting
biological specimens, this study also aims to determine
the validity of self-reported smoking status for both self-
reported quitters and non-quitters post-hospitalization.
Participants are not informed of their selection for
biological confirmation until after their quit status is
assessed via telephone. We anticipate these findings
will provide an algorithm for estimating true rates of
smoking status from self-reported rates in future studies,
increasing confidence in findings while reducing costs
and allowing more precise measures of cost-effectiveness.
A limitation of this study is that the intervention is

designed for the general medical or surgical patient. We
are not involving adolescents, acute psychiatric patients,
and maternity patients as these individuals have unique
needs. Ideally, we would include all smokers hospitalized
within our medical hospital complex, to be able to meet
the needs of every patient in the hospital population;
however, given resource and time constraints, it is not
feasible for this study. In the future, this website inter-
vention could be expanded, similar to how this study’s
website is an expansion of one originally developed for
outpatients, to include messages and web pages tailored
to meet the needs of these groups. As well, it could be
tailored to specialty hospital populations. Another limi-
tation of this study is potential selection bias given that
a large proportion of our potential participant pool does
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not have internet access, a requirement for study partici-
pation. Those on the other side of the ‘digital divide’
may vary from our study sample in terms of smoking
habits, concomitant tobacco use or other salient attri-
butes. This limits the generalizability of the findings to
this study to the proportion of the hospitalized popula-
tion with internet and e-mail capability.
We have developed a tailored web-based program in

an effort to apply these new e-health tools to facilitate
the transition of the hospitalized smoker to the out-
patient arena. This study will examine the effectiveness
and cost-effectiveness of this smoking cessation program
that is facilitated by hospital staff and links the dis-
charged patient to a certified TTS and the intervention
program for as long as needed. If this program proves to
be effective and cost-effective, it will be an approach that
could easily be adopted by other hospitals.

Trial status
This study began recruitment July 17, 2011 and will con-
tinue to enroll participants until May 2013.

Abbreviations
AMI: Acute Myocardial Infarction; Audit-C: Alcohol Use Disorders
Identification Test; CHART: Consortium of Hospitals to Advance Research on
Tobacco; CHF: Congestive Heart Failure; CO: Carbon Monoxide;
HIPAA: Health Insurance Portability and Accountability Act; HSI: Heavy
Smoking Index; ICERs: Incremental cost-effectiveness ratios; IRB: Institutional
Review Board for Human Use; NIH: National Institutes of Health; OOP: Out of
Pocket; PCA: Patient Care Area; PHQ-2: Patient Health Questionnaire-2;
QALYs: Quality Adjusted Life Years; SAS: Statistical Analysis Software;
SEQ12: Smoking Self-Efficacy Questionnaire; SF-12: Short Form Health Survey
(12-item); TTS: Tobacco Treatment Specialist; UAB: University of Alabama at
Birmingham.

Competing interests
The authors have no competing interests, either financial or otherwise.

Authors’ contributions
TKH and RS designed the website, participated in the study design, and
helped draft the intervention description section of this manuscript. MP
designed and drafted the cost-effectiveness methods. BZ ran the power
analyses and designed the primary analyses methods. JAM participated in
the design of some study methods and helped draft the manuscript. KFH
and WCB conceived the study, developed the design, and drafted sections
of the manuscript. All authors read and approved the final manuscript.

Authors’ information
Dr Houston received previous NIH-funding (R01CA129091 and
R01DA017971) to develop the original Decide2Quit website intervention
described herein. His experience with these previous efforts and ongoing
internet-based tobacco interventions are influential in the design of this
current study’s Decide2Quit intervention website.

Funding
This work is funded by the National Institute on Drug Abuse at the National
Institutes of Health (NIH) through cooperative agreement number
1U01DA031515.

Acknowledgements
This study is conducted within the Consortium of Hospitals to Advance
Research on Tobacco (CHART), an affiliation of tobacco control researchers
from six non-profit research organizations and the National Institutes of
Health with the aims of evaluating the effectiveness and cost-effectiveness
of practical interventions to reduce smoking among hospitalized patients.
CHART is funded by the National Heart, Lung, and Blood Institute (HL105218,
HL105229, HL105231, HL105232, HL105233), National Cancer Institute
(CA159533), and the National Institute on Drug Abuse (DA031515).

Author details
1Department of Medicine, Division of Pulmonary, Allergy & Critical Care
Medicine, The University of Alabama at Birmingham (UAB), 619 19th Street
South – OHB 143, Birmingham, Alabama 35249-7337, USA. 2UAB Department
of Medicine, Division of Pulmonary, Allergy and Critical Care Medicine, 619
19th Street South – OHB 130-B, Birmingham, Alabama 35249-7337, USA.
3UAB Division of Preventive Medicine and Center for Outcomes and
Effectiveness Research and Education (COERE), 1700 11th Avenue South –
MT 628, Birmingham, AL 35249-4410, USA. 4Division of Biostatistics and
Epidemiology, Cincinnati Children's Hospital Medical Center, MLC 5401, 3333
Burnet Avenue, Cincinnati, OH 45229, USA. 5Division of Health Informatics
and Implementation Science, University of Massachusetts Medical School –
AC7-116, 55 Lake Avenue, North - Room S7-321, Worcester, Massachusetts
01655, USA. 6UAB Department of Medicine, Division of Pulmonary, Allergy &
Critical Care Medicine, 619 19th Street South – NHB 102, Birmingham,
Alabama 35249-7337, USA.

Received: 30 September 2011 Accepted: 8 June 2012
Published: 1 August 2012

References
1. Centers for Disease Control and Prevention: Tobacco-Related Costs and

Expenditure in the United States. http://www.cdc.gov/tobacco/data_statistics/
fact_sheets/fast_facts/index.htm.

2. CDC: State-specific prevalence and trends in adult cigarette smoking ---
United States, 1998--2007. MMWR 2009, 58:221–226.

3. CDC: Cigarette smoking among adults---United States, 2007. MMWR
2008, 57:1221–1226.

4. Katz A, Goldberg D, Smith J, Trick WE: Tobacco, alcohol, and drug use
among hospital patients: concurrent use and willingness to change.
J Hosp Med 2008, 3:369–375.

5. Adult Smoking Prevalence. http.//www.dhs.ca.gov/tobacco.
6. Rigotti NA, Munafo MR, Stead LF: Smoking cessation interventions for

hospitalized smokers: a systematic review. Arch Intern Med 2008,
168:1950–1960.

7. Mohiuddin SM, Mooss AN, Hunter CB, Grollmes TL, Cloutier DA, Hilleman
DE: Intensive smoking cessation intervention reduces mortality in
high-risk smokers with cardiovascular disease. Chest 2007, 131:446–452.

8. Committee on Quality of Health Care in America IoM: Crossing the Quality
Chasm. Washington, DC: National Academy Press; 2001.

9. Personal Health Working Group: Connecting for Health. New York, NY: Markle
Foundation; 2006. www.connectingforhealth.org.

10. Pagliari C, Detmer D, Singleton P: Potential of electronic personal health
records. BMJ 2007, 335:330–333.

11. Computer Science and Telecommunications Board - National Research
Council: Networking Health: Prescriptions for the Internet. Washington, D C.
National Academy Press; 2000.

12. The value of personal health records: A joint position statement for
consumers of healthcare by the American Health Information
Management Association and the American Medical Informatics
Association. J Ahima 2007, 78:22–24.

13. Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ: Personal health
records: definitions, benefits, and strategies for overcoming barriers to
adoption. J Am Med Inform Assoc 2006, 13:121–126.

14. Anderson JG, Rainey MR, Eysenbach G: The impact of CyberHealthcare on
the physician-patient relationship. J Med Syst 2003, 27:67–84.

15. Murtaugh D: Internet access hardest to come by in Mississippi, Alabama. 2010.
In Press-Register. Mobile.

16. eRisk Guidelines: ERisk Working Group for Healthcare. 2005. http://
wwwmedemcom/phy/phy_eriskguidelinescfm.

17. Hobbs J, Wald J, Jagannath YS, Kittler A, Pizziferri L, Volk LA, Middleton B,
Batesa DW: Opportunities to enhance patient and physician e-mail
contact. Int J Med Inf 2003, 70:1–9.

18. Japuntich SJ, Zehner ME, Smith SS, Jorenby DE, Valdez JA, Fiore MC, Baker
TB, Gustafson DH: Smoking cessation via the internet: a randomized
clinical trial of an internet intervention as adjuvant treatment in a
smoking cessation intervention. Nicotine Tob Res 2006, 8(Suppl 1):S59–S67.

http://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm
http://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm
http://http.//www.dhs.ca.gov/tobacco
http://www.connectingforhealth.org
http://wwwmedemcom/phy/phy_eriskguidelinescfm
http://wwwmedemcom/phy/phy_eriskguidelinescfm


Harrington et al. Trials 2012, 13:123 Page 12 of 12
http://www.trialsjournal.com/content/13/1/123
19. Myung SK, McDonnell DD, Kazinets G, Seo HG, Moskowitz JM: Effects of
Web- and computer-based smoking cessation programs: meta-analysis
of randomized controlled trials. Arch Intern Med 2009, 169:929–937.

20. Bock BC, Graham AL, Whiteley JA, Stoddard JL: A review of web-assisted
tobacco interventions (WATIs). J Med Internet Res 2008, 10:e39.

21. Shahab L, McEwen A: Online support for smoking cessation: a systematic
review of the literature. Addiction 2009, 104:1792–1804.

22. Bandura A: Social Foundations of Thought and Action. Englewood Cliffs, N.J.:
Prentice-Hall; 1986.

23. Prochaska JO, Redding CA, Evers KE: The transtheoretical model and
stages of change. In Health behavior and health education. Edited by Glanz
K, Lewis FN, Rimer BK. San Francisco, CA: Jossey-Bass; 1997.

24. Houston TK, Ford DE: A tailored Internet-delivered intervention for
smoking cessation designed to encourage social support and treatment
seeking: usability testing and user tracing. Inform Health Soc Care 2008,
33:5–19.

25. Houston TK, Sadasivam RS, Ford DE, Richman J, Ray MN, Allison JJ: The
QUIT-PRIMO provider-patient Internet-delivered smoking cessation
referral intervention: a cluster-randomized comparative effectiveness
trial: study protocol. Implement Sci 2010, 5:87.

26. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, Bonsel G, Badia
X: Development and preliminary testing of the new five-level version of
EQ-5D (EQ-5D-5L). Qual Life Res 2010, 20:1727–1736.

27. SRNT Subcommittee on Biochemical Verification: Biochemical verification
of tobacco use and cessation. Nicotine Tob Res 2002, 4:149–159.

28. Gorber SC, Schofield-Hurwitz S, Hardt J, Levasseur G, Tremblay M: The
accuracy of self-reported smoking: a systematic review of the
relationship between self-reported and cotinine-assessed smoking
status. Nicotine Tob Res 2009, 11:12–24.

29. Society for Research on Nicotine and Tobacco Subcommittee on
Biochemical Verification: Biochemical verification of tobacco and
cessation. Nicotine Tob Res 2002, 4:149–159.

30. Motalto NJ, Wells WO: Validation of self-reported smoking status using
saliva continine: A rapid semiquantitative dipstick method. Cancer
Epidemiol Biomarkers Prev 2007, 16:1858–1862.

31. Smokerlyzer CO Monitor. www.bedfont.com/smokerlyzer.
32. Division of Chronic Disease Prevention and Control: Illinois Department of

Public Health Tobacco Burden in Illinois 2005. Springfield, IL: Illinois
Department of Public Health; 2005.

33. Reid RD, Mullen KA, D'Angelo ME, Aitken DA, Papadakis S, Haley PM,
McLaughlin CA, Pipe AL: Smoking cessation for hospitalized smokers: An
evaluation of the “Ottawa Model”. Nicotine Tob Res 2010, 12:11–18.

34. Shields M: Smoking-prevalence, bans and exposure to second-hand
smoke. Health Rep 2007, 18:67–85.

35. Benowitz NL, Schultz KE, Haller CA, Wu AH, Dains KM, Jacob P 3rd:
Prevalence of smoking assessed biochemically in an urban public
hospital: a rationale for routine cotinine screening. Am J Epidemiol 2009,
170:885–891.

36. Wolfenden L, Campbell E, Wiggers J, Walsh RA, Bailey LJ: Helping hospital
patients quit: what the evidence supports and what guidelines
recommend. Prev Med 2008, 46:346–357.

37. Fiore MC, Jaen CR, Baker TB, Bailey WC, Benowitz NL, Curry SJ, et al: Treating
Tobacco Use and Dependence: 2008 Update. Rockville, MD: U.S. Department
of Health and Human Services. Public Health Service; 2008.

38. Little RJA: Survey nonresponse adjustments for estimates of means. Intl
Stat Rev 1986, 54:139–157.

39. Sherman S: Methods for Handling Missing Data. (personal communication via
email to Kathleen Harrington). June 14. 2011.

40. Little RJA, Rubin DB: Statistical Analysis with Missing Data. 2nd edition.
Hoboken, N.J.: John Wiley & Sons; 2002.

41. Little RJA: Pattern-mixture models for multivariate incomplete data. J Am
Stat Assoc 1993, 88:125–134.

42. Gold MR, Siegel JE, Russel LB, Weinstein MC: Cost-effectiveness in Health and
Medicine. New York, NY: Oxford University Press; 1996.

43. Briggs AH, O'Brien BJ, Blackhouse G: Thinking outside the box: recent
advances in the analysis and presentation of uncertainty in cost-
effectiveness studies. Annu Rev Public Health 2002, 23:377–401.

44. Doshi JA, Glick HA, Polsky D: Analyses of cost data in economic
evaluations conducted alongside randomized controlled trials. Value
Health 2006, 9:334–340.
45. Barber JA, Thompson SG: Analysis of cost data in randomized trials: an
application of the non-parametric bootstrap. Stat Med 2000,
19:3219–3236.

46. Glick HA, Doshi JA, Sonnad SS, Polsky D: Economic Evaluation in Clinical
Trials (Handbooks for Health Economic Evaluation). Oxford, UK: Oxford
University Press; 2007.

47. Rigotti NA, Munafo MR, Murphy MF, Stead LF: Interventions for smoking
cessation in hospitalised patients. Cochrane Database Syst Rev 2007,
3:CD001837.

48. Prochazka AV, Palisoc A: What is the best intervention to help
hospitalized patients quit smoking? The Hospitalist 2008.

doi:10.1186/1745-6215-13-123
Cite this article as: Harrington et al.: Web-based smoking cessation
intervention that transitions from inpatient to outpatient: study
protocol for a randomized controlled trial. Trials 2012 13:123.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.bedfont.com/smokerlyzer

	Abstract
	Background
	Design
	Methods
	Discussion
	Trial registration

	Background
	Methods/Design
	Study design
	Setting and sample
	Participant recruitment and randomization to condition
	Intervention description

	link_Tab1
	Theoretical framework and intervention &b_k;e-&e_k;&b_k;messages&e_k;

	link_Fig1
	Web-site content
	Identifying and training hospital staff
	Data collection and measurements
	Biologic measures
	Participant incentives
	Process measures

	link_Tab2
	Sample size estimate

	link_Tab3
	Power estimate

	link_Fig2
	Data analyses
	Primary and secondary outcomes analyses
	Cost-effectiveness analyses


	Discussion
	Trial status
	Competing interests
	Authors´ contributions
	Authors´ information
	Funding
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48

