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Abstract

Objective: Tobacco dependence treatment initiated in the hospital emergency department (ED)
is effective. However, trials typically use multicomponent interventions, making it difficult to
distinguish specific components that are effective. In addition, interactions between components
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cannot be assessed. The Multiphase Optimization Strategy (MOST) allows investigators to
identify these effects.

Methods: We conducted a full-factorial, 24 or 16-condition optimization trial in a busy hospital
ED to examine the performance of 4 tobacco dependence interventions: a brief negotiation
interview (BNI); 6 weeks of nicotine replacement therapy (NRT) with the first dose delivered

in the ED; active referral to a telephone quitline; and enrollment in Smokefree TXT, a free short-
messaging service program. Study data were analyzed with a novel mixed methods approach

to assess clinical efficacy, cost effectiveness, and qualitative participant feedback. The primary
endpoint was tobacco abstinence at 3 months, verified by exhaled carbon monoxide.

Results: Between February, 2017 and May, 2019, we enrolled 1056 adult smokers visiting the
ED. Biochemically confirmed abstinence rates at 3 months for each intervention, vs. control,
were: BNI, 13.5% vs. 8.9% (P=0.02); NRT, 14.4% vs. 8.0% P=0.001); quitline, 12.4% vs. 10.1%
(P=0.24); Smokefree TXT, 11.6% vs. 10.8% (P=0.70). There were no statistically significant
interactions among components. Economic and qualitative analyses are in progress.

Conclusions: The BNI and NRT were efficacious. This study is the first to identify components
of ED-initiated tobacco dependence treatment that are individually effective. Future work

will address scalability of the BNI and NRT, by offering provider-delivered BNIs and NRT
prescriptions.

Trial registration: Trial (NCT02896400) registered in Clinicaltrials.gov on September 6, 2016.

Keywords
smoking cessation; tobacco dependence treatment; emergency department

Introduction

Background.

Nearly 60 years after the landmark 1964 Surgeon General’s report, smoking remains the
leading cause of preventable death in the United States, with about 480,000 deaths per year.
In 2019, 14% of Americans smoked cigarettes,? still above the Healthy People 2020 goal

of 12% prevalence.3 Although tobacco dependence has declined across all demographic
groups, the rate of decline has been slower among individuals of lower socioeconomic
status, leading to higher smoking prevalence among this group®. Individuals at particular
risk include those with low income or low education, those with serious mental illness, and
individuals with other substance use disorders.

These groups of smokers are frequently treated in emergency departments (EDs). ED
patients are disproportionately of low socioeconomic status, more likely to smoke compared
with the general population.>  ED smokers often present with illnesses caused or
exacerbated by tobacco use or have injuries for which smoking impedes healing.”~2 Hence
the ED visit represents an opportune time to discuss patients’ tobacco use and its relevance
to their current visit, and to initiate tobacco treatment and aftercare.1? This represents an
evolving standard of treatment in the treatment of many ED patients with substance use
disorders, including tobacco.1!
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It is common to treat behavioral disorders and addictions with multicomponent approaches,
given the complex behavioral, genetic, physiologic, and environmental factors that mediate
disorders such as addiction. Our group has shown that a multicomponent intervention
delivered in the ED that includes behavioral and pharmacologic therapies can promote
tobacco abstinence.® We adapt the paradigm known as Screening, Brief Intervention, and
Referral to Treatment (SBIRT).12 Because we initiate pharmacotherapy during the ED visit,
we refer to our model as Screening, Treatment Initiation, and Referral (STIR).13

It is imperative to identify the most clinically effective intervention components that are also
cost-effective to create an efficacious intervention that can be delivered for the lowest cost
possible in real-world ED settings. This requires assessing the performance of individual
intervention components. However, an important limitation of the traditional approach is that
it does not enable the investigator to disaggregate the effects of individual components or
examine whether interactions exist between components.

In our prior work, the components of the intervention were: a brief adaptation of
motivational interviewing called the Brief Negotiation Interview (BN1);14 initiation of
nicotine replacement therapy (NRT) in the ED with provision of a 6-week supply of
patches and gum; referral to the Connecticut State smokers’ telephone quitline (QL);
provision of a smoking cessation brochure; and the provision of a booster phone call 3 days
after enrollment.® An additional modality added for this trial is ED-initiated short-message-
service (SMS) for tobacco dependence treatment, which, in recent studies by our group,
showed feasibility and potential efficacy.15 16

In this prior trial, we assumed that each intervention component contributed to overall
efficacy, but the packaged nature of the intervention did not permit quantitative analysis of
their individual effects.

Goals of This Investigation.

Methods

The goal of this study is to identify components of an ED-initiated intervention which are
optimally effective for treating adult smokers.

Overview and study design.

This investigation used the Multiphase Optimization Strategy (MOST) design, developed by
Collins!” and outlined in Figure 1. MOST is an iterative process that employs development
of a conceptual model and pilot testing of candidate intervention components (Preparation),
followed by a trial (Optimization) to identify the optimal intervention package, with testing
of the package in a subsequent randomized clinical trial (Evaluation). The results of the
optimization trial allow investigators to efficiently identify efficacious components of an
intervention, subject to a cost constraint.17-20 MOST has been used to study interventions to
treat tobacco dependence,21-29 but, to our knowledge, had not been previously used in the
ED setting.
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Details of this study protocol have been reported elsewhere.30 In brief, we examined

the following intervention components: (1) a Brief Negotiation Interview (BNI, our

brief adaptation of motivational interviewing3l), delivered by a trained staff member;

(2) provision of 6 weeks of nicotine patches and gum to the research participant, with
application of the first patch in the ED; (3) active referral to the Connecticut Smokers’
Quitline; and (4) enrollment in the Smokefree TXT short-messaging service (SMS) texting
program for mobile phones. All patients received a smoking cessation brochure. Our

study used a full 24 (i.e. 16-condition) factorial design to evaluate the effects of these

4 intervention components, at a fraction of the cost because this design requires only
one-fourth of the participants it would take to conduct 4 individual experiments to evaluate
each component separately. Although as Table 1 shows the factorial design requires the
allocation of participants to 16 different combinations of the 4 components, evaluation of
each individual component is performed comparing all participants receiving a component
to all participants not receiving a component, making this an efficient design. For instance,
evaluation of the BNI component will compare those randomized to conditions 1 through 8
to those in conditions 9 to 16. Based on the results of the screening phase in conjunction
with findings from the qualitative analysis, we will design and propose a 2-arm randomized
clinical trial comparing the efficacy of the multicomponent intervention package to usual
care for the evaluation phase.

Interventions

Our previous work employed a multicomponent approach to ED-initiated tobacco treatment,
which used both pharmacologic and behavioral approaches. All components were evidence-
based; most are cited in the 2008 Public Health Service clinical practice guideline.32 The
newest approach, text messaging on mobile phones, is supported by a Cochrane review.33

Brief Negotiation Interview (BNI).

Brief Negotiation Intervention (BNI) is a manual-guided brief intervention that is an
adaptation of motivational interviewing and has been shown to be feasible and efficacious in
the ED setting. The BNI manual for this study is based on one that we used in our previous
trial. The purpose of the BNI is to assist patients in recognizing the problematic nature of
and changing their tobacco use. The main goals of the interview are to elicit disincentives
for smoking and compelling personal reasons/motives for quitting from the patient, thereby
motivating them to change their smoking behavior by reducing the number of cigarettes
smoked daily or abstaining completely.

The BNI was delivered and audiotaped by trained RAs who have a bachelor’s-level
education. Tapes were reviewed biweekly by a clinical psychologist with the RASs to assess
fidelity to the scripted BNI protocol.

Nicotine gum and patch begun in the ED.

Participants randomized to NRT received from study personnel 6 weeks of patches (42
count) and gum (300 pieces of 2mg). As in our previous studies, NRT dosing was tailored
to the participant’s cigarette consumption (5-10 cigarettes/day: 14 mg patch and 2mg gum;
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>10 cigarettes/day: 21mg patch and 2mg gum). Patches come in 14 and 21 mg doses. The
first patch is applied by an ED nurse at the index visit. The RA then conducted a brief
educational session with the participant on the use of both the patch and the gum. We

use combination NRT because it is generally more efficacious than NRT monotherapy in
treating tobacco dependence.3?

Text Messaging.

The SmokefreeTXT program, developed by the National Cancer Institute, is an SMS text
messaging service designed for adults. The program provides 24/7 encouragement, advice,
and tips to quit and stay quit.

In a previous study of ED-initiated texting,16 our group modified several of

Smokefree TXT’s 130 messages. Based on the qualitative data we collected during our pilot
study®, we offered participants in this trial a choice of how many messages they receive
per day (2—-4 messages per day) and the time of day they receive the first message. We also
added 18 messages for participants presenting with ED-relevant chief complaints (cardiac,
respiratory, or injury).

Active Quitline Referral.

Brochure.

Participant information was faxed to the state quitline’s service provider, Optum (formerly
Alere Wellbeing). QL staff then telephoned participants, provided information about
services standardly offered by the Connecticut QL, and enrolled interested participants in
QL services. Participants who enrolled in a multiple call or web-based program were also
eligible for two weeks of nicotine replacement therapy from the QL. Calls are scheduled
at times convenient to participants. In prior work by our group, 32% of participants in the
intervention arm engaged in at least one call with the quitline.3*

Lastly, all participants, irrespective of assigned experimental condition, were provided with a
state-produced brochure that reviewed the health hazards of smoking and provided the phone
number for the quitline.

Participants.

Inclusion criteria.: Patients who presented to the adult ED at Yale-New Haven Hospital
(YNHH) were eligible for the study if they: (1) were 18 years or older; (2) had smoked

at least 100 cigarettes in their lifetime; (3) described themselves as every-day or some-day
smokers; (4) smoked at least 5 cigarettes/day, on average; (5) owned a cellphone with texting
capability; and (6) were able to give written informed consent.

Exclusion criteria.: Patients were excluded for: (1) not being able to read or understand
English; (2) currently receiving formal tobacco dependence treatment; (3) having a life-
threatening or unstable medical, surgical, or psychiatric condition; (4) being unable to
provide at least one collateral contact; (5) living out-of-state; (6) planning to leave the ED
against medical advice; (7) being pregnant (self-report or urine testing) or currently nursing
or trying to conceive.
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Setting.—The hospital is part of an academic medical center that serves a moderately poor
city in the northeastern United States; in 2019, 26.5% of New Haven’s 130,000 residents
lived in poverty.3® The racial mix of patients reflects that of the surrounding community:
65% White, not Hispanic; 23% African-American, not Hispanic, 10% Hispanic; 2% other.
Payor status for ED smokers is approximately 55% Medicaid, 5% Medicare, 30% private
insurance, and 10% self-pay. The Adult ED is a level one trauma center that treats 100,000
adult visits per year. The prevalence of smoking in the city is 18%, slightly above the
national average.36

Selection of participants.—Participants were recruited during all days of the week from
8am-10pm, by trained research assistants (RAs) who screened all ED patients. Patients were
asked for verbal consent to complete the 2-item tobacco screener used by the Behavioral
Risk Factor Surveillance System (Do you smoke cigarettes every day, some days, or

not at all? Have you smoked at least 100 cigarettes in your entire life?). Patients who
reported smoking but were not eligible were given a handout recommending that they
abstain from smoking, contact their primary care provider, and consider calling the quitline.
Individuals who met inclusion and exclusion criteria and consented to participate had
baseline assessments performed and were then randomized to one of 16 combinations of
components (Table 1).

Randomization sequence generation, allocation, and concealment.—To assure
equal intervention allocation and concealment of intervention allocation a random permuted
block sequence was generated (via www.randomization.com) and intervention assignments
distributed through the clinical trial data management system.

Measurements and Outcomes

Baseline measures.

A brief battery of measures was obtained at baseline, included standard demographic and
clinical variables. These included self-reported brief screening instruments for depression
(PHQ?2), the Heaviness of Smoking Index (HIS), Rapid Alcohol Problem Screen, and Rapid
Drug Screen. All are validated, commonly used instruments which we have used in our
prior work. For ease of reporting, we dichotomized two instruments: the two-question PHQ2
score into categories of “likely depressed” and “likely not depressed,” and the two-question
HSI into categories of “moderate-severe dependence” and “mild dependence.”

Primary outcome measure.

The primary efficacy endpoint was biochemically verified 7-day cessation at 3 months.3”
Tobacco cessation was assessed by self-report and confirmatory biochemical testing with
exhaled carbon monoxide. Participants who asserted abstinence by phone interview were
asked to return to the hospital for assessment of exhaled carbon monoxide. All phone
assessments were made by study RAs. Complete blinding was not possible because RAs
were aware of which treatment components participants had received.

Ann Emerg Med. Author manuscript; available in PMC 2024 February 01.
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Secondary outcome measures.

Secondary outcomes were use of cessation medications and services, including the quitline,
NRT, and other pharmacotherapies such as bupropion and varenicline, as well as changes

in daily cigarette consumption and self-reported abstinence at 1 and 3 months. These were
assessed by self-report and fax reports from the state quitline. A brief, structured interview
called the Treatment Service Review (TSR)38 was administered by study RAs to collect
information on the type and amount of services received by participants, including ED visits,
hospitalizations, primary medical care visits, quitline utilization, and self-help sources.

Analysis

Assessing clinical efficacy.

Participants were contacted by telephone by study RAs at 1 and 3 months after enrollment.
At 3 months, participants self-reporting tobacco abstinence were asked to return to the
hospital to measure exhaled carbon monoxide (CO). Participants whose breath CO levels
were 9 ppm or less were considered abstinent.3” Differences in proportions for the presence
or absence of each component were estimated along with 95% confidence intervals (CIs)
using the bootstrap method.3° As the goal of this study is to select promising components
that may be used in a multifactorial intervention, no adjustment for multiplicity was
performed.3?

For the primary analysis, multivariable logistic regression was used to model the primary
outcome, abstinence at 3 months. Per convention, in the primary analysis missing abstinence
data, including absence of biochemical verification, was coded as smoking. For this full-
factorial design, the model included main effects for each of the 4 components as well as all
2, 3 and 4-way interactions. The regression also included baseline covariates: age, sex, race/
ethnicity, and smoking characteristics, such as daily cigarette consumption. Main effects
were evaluated at the 0.05 significance level and 95% Cls estimated. Secondary outcomes

at 1 and 3 months were evaluated by a generalized linear model. Analyses were performed
with using SAS 9.4 (Cary, NC).

Sample size.

In previous work, we found a difference of 7.3% in biochemically confirmed abstinence
between the control and intervention arms at 3 months. In this factorial trial, the effect

of individual components would likely be less than that seen in the evaluation of our

prior multicomponent intervention.18: 40 Therefore, we powered the experiment based on an
absolute difference of 5% for the main effects of each component. We determined that with
a two-sided 0.05 significance level, and an average abstinence proportion of 4.9% in the
absence of a component, a total sample size of 860 participants would provide 80% power to
detect a 5% increase in the abstinence rate. We chose to enroll 1056 participants to account
for a 15% dropout rate by 3 months. We investigated whether the effect of a component was
dependent on the levels of other components (i.e. interactions), although the trial was not
powered to detect these. All analyses were performed under the intention-to-treat principle.

Ann Emerg Med. Author manuscript; available in PMC 2024 February 01.
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Results

Characteristics of study subjects.

Between February 2017 and May 2019, 1056 participants enrolled in the trial. Figure 2
shows the flow of patients throughout the trial. Table 2 shows their demographic and clinical
profile for participants classified by intervention received. For the entire cohort of 1056
participants, the median age is 43.3 years; 520 (49.2%) are male; their racial and ethnic
composition is 372 (35.2%) White non-Hispanic, 381 (36.1%) Black non-Hispanic, 231
(21.9%) Hispanic, and 72 (6.8%) Asian or other. Their insurance coverage is 733 (69.4%)
Medicaid, 30 (2.8%) Medicare, 57 (5.4%) Medicaid and Medicare, 189 (17.9%) private
insurance, and 40 (3.8%) uninsured. Participant demographics are comparable across all
conditions.

About one-fourth of all participants screened positive for self-reported alcohol misuse using
the Rapid Alcohol Problems Screen, and 12.3% self-reported drug misuse. Participants
smoked a median of 10 cigarettes daily, and about one-fourth reported heavy smoking.
About 20% of all participants screened positive for depression. Of all participants, 13.2%
believed their ED visit was related to their tobacco use; 43.7% believed they have a medical
illness related to tobacco use.

Main results.

Table 3 shows the proportions and differences in abstinence for each component. Both the
Brief Negotiated Interview (BNI) and nicotine replacement therapies (NRT) were associated
with increased smoking abstinence at 3 months: 13.5% vs. 8.9% and 14.4% vs. 8.0%,
respectively. Neither the state quitline nor the SmokefreeTXT program were significantly
associated with increased abstinence. The primary analysis using a factorial regression
adjusted for baseline covariates is presented in table 4. BNI and NRT were both significantly
associated with a greater likelihood of abstinence (OR [95% CI] = 1.8 [1.1, 2.8] for BNI
and 2.1 [1.3, 3.2] for NRT. No statistically significant interactions were identified among
the combinations of the individual interventions. Higher daily cigarette consumption was
associated with reduced odds of abstinence. Neither race, ethnicity, gender nor age were
associated with abstinence.

Table 5 shows the comparison of secondary endpoints for each intervention component. No
adjustments for multiple comparisons were made. Among the secondary endpoints, NRT
was associated with an increased odds of self-reported smoking abstinence at one and three
months, and a decline in daily cigarette consumption. Interestingly, the texting program was
associated with an increased odds of a quit attempt at 24 hours, self-reported abstinence at
one and three months, and decreased daily cigarette consumption. Neither the BNI nor the
quitline were significantly associated with improvement in secondary endpoints.

Limitations

As with all single-site studies, our results may not be generalizable to the broader population
of adult smokers who visit EDs. However, the racial, ethnic, gender, and economic diversity
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of the participants in this study is considerable. We have no a priorireason to believe these
individuals differ in clinically pertinent ways from smokers visiting other EDs.

The duration of follow-up, three months, is relatively brief, shorter than the 6-12 months

in trials of tobacco dependence treatment conducted outside EDs. This may raise questions
about the durability of our component interventions. However, we have used this endpoint
in prior studies, which given the limited intensity of the ED-initiated intervention, seems
clinically appropriate. Furthermore, a modest (10%) proportion of our study sample were
not assessed for our primary outcome. Per convention, in the primary analysis missing
abstinence data, including absence of biochemical verification, was coded as smoking. Of
note, sensitivity analyses (data not shown) using only completers or multiple imputation did
not alter the conclusions of the study.

Discussion

This study is the first to identify components of ED-initiated tobacco dependence treatment
that are individually effective. It extends and clarifies our prior work which demonstrated the
efficacy of a multicomponent package of interventions for adult smokers seen in the ED. In
addition, we found no interactions among components, indicating that the BNI and provision
of NRT were individually efficacious. Of note, three-fourths of our participants were insured
by Medicaid, suggesting the limited socioeconomic position of these individuals. That

two interventions were identified as effective reaffirms the ability of ED-initiated tobacco
dependence treatment to help low-income smokers achieve abstinence.

As in our prior work, our treatment model is that of STIR, with initiation of
pharmacotherapy at the index visit, rather than the more traditional SBIRT. We do not set a
quit date, as is typical in tobacco dependence treatment trials, rather preferring to capitalize
on the “teachable moment” when the patient may be primed to initiate a behavior change.
This is our second large-scale clinical trial of ED-initiated tobacco control that employed the
STIR model. Both showed evidence of STIR’s efficacy and feasibility in the ED.

Both initiation of NRT and brief negotiated interviews are feasible in ED settings. NRT can
be prescribed both for use during clinical care in the ED and discharge, even if several weeks
of NRT cannot be handed to the patient, as was done in this study. BNIs, an abbreviated
variant of motivational interviewing, have been specifically adapted by our group for use

in ED settings for various substance use disorders.13 In this study, BNIs were delivered

by research associates and not by frontline providers, although the latter can be trained in

the technique.*! Future work might focus on integrating the delivery of BNIs and NRT by
frontline ED providers and ancillary healthcare workers so as not to adversely affect patient
throughput. We are planning such a study.

This trial offered some innovations to the MOST methodology. We believe it is the first ED
trial to use the MOST framework with a factorial optimization trial; an ongoing study in
Michigan (RO1LAA024755) is conducting an optimization trial using a Sequential Multiple
Assignment Randomized Trial (SMART). Ours is the first study to assess the efficacy of
the individual components of ED-initiated tobacco dependence treatment. And it will be the

Ann Emerg Med. Author manuscript; available in PMC 2024 February 01.
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first MOST trial to incorporate a qualitative component to the analytic strategy, in addition
to the quantitative assessments of clinical efficacy and cost effectiveness, using a concurrent
triangulation mixed methods approach.42

Disappointingly, neither the texting program nor the quitline were found to be efficacious.
These results are at variance with other studies of these modalities.#3-4° Several reasons for
the lack of efficacy are possible. First, smokers in the ED may differ in some way from
other smokers who do respond to these modalities. Second, the “dose” of treatment delivered
by texting programs and quitlines may be insufficient to motivate a behavior change in

ED smokers, beyond that of the motivation conferred by the ED visit itself. Boudreaux’s
Sentinel Events model of behavior change*® posits that event-related fear is a critical
component of affect that mediates changes in risky behaviors. ED visits and hospitalizations
for tobacco-related conditions are common events that may precipitate behavior change.
Third, the texting program we used, SmokefreeTXT, may not be as efficacious as other
texting programs available. We chose it because it is easily available, developed and
managed by the National Cancer Institute. Other texting programs are available that have
been tested in prior clinical trials, but their use may require licensing fees. Lastly, the study
may have been underpowered to detect a more modest effect of texting and the quitline.

It is intriguing that although the texting program did not improve abstinence relative to the
control condition, it did increase quit attempts and self-reported abstinence, and reduce daily
cigarette consumption. Perhaps there is a modest benefit of texting that could not be detected
by the choice of primary endpoint. However, insofar as we did not correct for multiple
comparisons, these results should be interpreted with caution.

Lastly, it is notable that although the BNI was efficacious regarding the primary endpoint

of abstinence, it did not show efficacy regarding the secondary endpoints. Insofar as the
primary goal of the components was abstinence, we favor retaining BNI in future work.
Further, the self-reported nature of the secondary endpoints, with the potential for social
desirability bias, in contrast to the biochemical verification of abstinence, may explain some
of these discrepancies.

We are exploring these possibilities in the study’s qualitative and economic analyses,
currently in process. In light of these results, we will likely not retain Smokefree TXT or
the quitline in future ED-initiated interventions.

Conclusions

This study is the first to identify the components of ED-initiated tobacco dependence
treatment that are independently efficacious. Both administration of nicotine replacement
therapies and an abbreviated version of motivational interviewing were efficacious. Neither
a standard texting program nor a referral to the state smokers’ quitline were efficacious.
There were no interactions among the components. Both motivational interviewing and NRT
can be adapted and scaled for use in other EDs. Follow-up work will focus on identifying
optimal methods to scale these interventions, and testing their combined effectiveness in a
new clinical trial.
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Continual optimization principle
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Figure 1.

Multiphase Optimization Strategy. Reproduced from Collins.
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MOST CONSORT Flow Diagram
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Figure 2.

CONSORT diagram.
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Conditions of the trial.

Table 1.

Experimental Condition | Brief Negotiation Interview | Nicotine Replacement Therapy | Quitline | SmokefreeTXT
1 X X X X
2 X X X

3 X X X
4 X X

5 X X
6 X

7 X X
8 X

9 X X
10 X

11 X X
12 X

13 X
14

15 X
16
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Table 3.

Primary efficacy endpoint: seven-day abstinence at 3 months, main effects.

Component Received Control Differences in Proportion Abstinent (95% CI)
Brief Negotiated Interview (BNI) | 71/528 (13.5%) | 47/528 (8.9%) 4.5% (0.74%, 8.4%)

Nicotine patch, gum (NRT) 76/528 (14.4%) | 42/528 (8.0%) | 6.4% (2.7%, 10%)

Quitline (QL) 65/528 (12.4%) | 53/528 (10.1%) | 2.2% (~1.6%, 6.1%)

SmokefreeTXT 61/528 (11.6%) | 57/528 (10.8%) | 0.8% (~3.1%, 4.6%)

*
losses to follow-up imputed to be smoking
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