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abstraCt

introduction: The focus on acute care, time pressure, and lack of resources hamper the implementation of smoking cessa-
tion guidelines in the emergency department (ED). The purpose of this study was to determine whether an emergency nurse- 
initiated intervention based on the 5A’s (Ask-Advise-Assess-Assist-Arrange) framework improves quit rates.

Methods: We conducted a pre–post implementation trial in 789 adult smokers who presented to two EDs in Iowa between 
August 13, 2008 and August 4, 2010. The intervention focused on improving delivery of the 5A’s by ED nurses and physicians 
using academic detailing, charting/reminder tools, and group feedback. Performance of ED cessation counseling was measured 
using a 5A’s composite score (ranging from 0 to 5). Smoking status was assessed by telephone interview at 3- and 6-month 
follow-up (with biochemical confirmation in those participants who reported abstinence at 6-month follow-up).

results: Based on data from 650 smokers who completed the post-ED interview, there was a significant improvement in the 
mean 5A’s composite score for emergency nurses during the intervention period at both hospitals combined (1.51 vs. 0.88, dif-
ference = 0.63, 95% confidence interval [CI] [0.41, 0.85]). At 6-month follow-up, 7-day point prevalence abstinence (PPA) was 
6.8 and 5.1% in intervention and preintervention periods, respectively (adjusted odds ratio [OR] = 1.7, 95% CI [0.99, 2.9]).

Conclusions: It is feasible to improve the delivery of brief smoking cessation counseling by ED staff. The observed improve-
ments in performance of cessation counseling, however, did not translate into statistically significant improvements in cessation 
rates. Further improvements in the effectiveness of ED cessation interventions are needed. 

intrODuCtiOn

There is growing recognition of the importance of smoking 
cessation in patients who present to the emergency depart-
ment (ED). The prevalence of tobacco use in ED patients 
exceeds that of the general population (Lowenstein et  al., 
1998), and an estimated 4.9% of all ED visits and 10% of 
all hospital charges are attributable to tobacco (Bernstein & 
Becker, 2002). Many smokers in the ED experience a height-
ened interest in quitting (McBride, Emmons, & Lipkus, 
2003), and are receptive to cessation counseling during 

or after the ED visit (Boudreaux, Baumann, Friedman, & 
Ziedonis, 2005; Ersel et  al., 2010; Klinkhammer, Patten, 
Sadosty, Stevens, & Ebbert, 2005). Based on the U.S. Public 
Health Service (USPHS) clinical practice guideline (Fiore 
et al., 2008) and level I evidence in primary care settings, a 
public health task force convened by the American College 
of Emergency Physicians strongly recommended implemen-
tation of smoking cessation counseling in the ED setting 
(Bernstein et  al., 2006). Most emergency physicians, how-
ever, do not consistently provide cessation counseling during 
ED visits (Bernstein et al., 2009).
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One approach to ensure more consistent smoking cessa-
tion counseling of ED patients is to redesign work processes 
to expand the clinical role of nurses (Stone et al., 2002) and 
to provide skills training in cessation counseling. Nurse-
delivered cessation counseling has been associated with 
higher quit rates as compared with usual care in a wide variety 
of non-ED practice settings (Mojica et al., 2004), and may also 
“prime” patients for physician counseling and prescription of 
pharmacotherapy (Duncan, Stein, & Cummings, 1991). To 
address several known barriers to implementation of smok-
ing cessation guidelines in the ED, we designed a pragmatic, 
ED nurse-initiated intervention based on the 5A’s framework 
(Ask-Advise-Assess-Assist-Arrange) (Fiore et  al., 2008; 
Whitlock, Orleans, Pender, & Allan, 2002). The feasibility 
of training ED nursing staff to deliver brief cessation coun-
seling has been previously demonstrated (Katz et  al., 2012; 
Mahabee-Gittens, Gordon, Krugh, Henry, & Leonard, 2008), 
but whether ED nurse-initiated counseling increases quit rates 
is unknown. Thus, the purpose of this analysis is to determine 
the effectiveness of a multifaceted intervention to improve on-
site delivery of the 5A’s by ED staff with regard to 3- and 
6-month quit rates. 

Materials anD MethODs

Study Design

This study was designed as a pre–post guideline implemen-
tation trial in two EDs in Iowa: one University hospital that 
has a residency training program in Emergency Medicine 
(Hospital 1)  and one large community teaching hospital that 
contracts with a group of private practice physicians to pro-
vide emergency medical services (Hospital 2). An advantage of 
this design is that each site serves as its own control (Glasgow, 
Magid, Beck, Ritzwoller, & Estabrooks, 2005). During the 
preintervention period (which lasted 3–5 months at each site), 
ED staff performed their usual duties and the research team 
worked concurrently with ED leaders to develop practice tools 
for guideline implementation. At the outset of the intervention 
period (which also lasted 3–5 months at each site), study per-
sonnel trained ED nurses and physicians on how to implement 
the USPHS smoking cessation guideline. We monitored the 
data for time-related changes in cessation counseling (e.g., sec-
ular trends related to new hospital policies, maturation effects 
related to the evolution of clinical skills; Shadish et al., 2002), 
and regularly consulted with ED leaders to identify concurrent 
changes in practice that might affect our results. This project 
was approved by the institutional review board at each study 
hospital. 

Selection of Participants

We enrolled a convenience sample of adult smokers, aged 
18 years or older, who smoked at least 5 cigarettes per day 
and who presented to the ED on a walk-in basis or by private 
vehicle between August 13, 2008 and August 4, 2010 (see 
Figure  1 for exclusion criteria). Although very light smok-
ers can also benefit from quitting, we excluded those who 
smoked less than 5 cigarettes per day. All eligible patients 
were invited to participate in the study regardless of their 
willingness to quit.

Intervention

Adapting elements of the Chronic Care Model (Glasgow, Orleans, 
& Wagner, 2001; Revell & Schroeder, 2005; Wagner, Austin, & 
Von Korff, 1996), we envisioned the ED as the point of entry into 
a comprehensive smoking cessation program that extends beyond 
the ED visit (Figure 2). ED staff were trained to provide brief ces-
sation counseling that was tailored to the patient’s readiness to 
quit. As the aim of the present analysis is to evaluate cessation out-
comes, we focus on those aspects of the intervention that relate to 
cessation counseling. More detail regarding other components of 
the study intervention are presented elsewhere (Katz et al., 2012). 

ED Staff Training
Individualized face-to-face training was provided by the prin-
cipal investigator (D.A.K.) to registered nurses in the ED 
(including those on the night shift), using an academic detailing 
approach (Goldstein et al., 2003; O’Brien et al., 2007), which 
has been shown to increase the volume of quitline (QL) referrals 
in primary care (Sheffer et al., 2012). The duration of training 
was approximately 20 min, and included role-play exercises and 
hands-on instruction on use of charting and referral tools. Both 
ED nurses and physicians also received a pocket card showing 
the intervention algorithm (Supplementary Figure 1), and were 
instructed to view an online smoking cessation tutorial devel-
oped by the study investigators. Guidance for acute care nurses 
in applying the 5A’s has been developed (Green & Briggs, 
2006). Consistent with principles of motivational interviewing 
(Lai, Cahill, Qin, & Tang, 2010), ED staff were trained how to 
recognize and manage resistance to behavior change (Miller & 
Rollnick, 1991; Rollnick, Mason, & Butler, 2000). ED nurses 
and physicians were expected to deliver the 5A’s to all smokers, 
including those who smoked less than 5 cigarettes per day (who 
were excluded from the trial).

Modified Intake Form and Quick Orders
We worked with each study site to adapt the 5A’s intake form so 
that it could be readily integrated into the workflow of ED staff. 
To facilitate prescribing of recommended pharmacotherapy, com-
puterized “quick orders” for these medications (with prefilled 
dose, duration, and patient instructions) were created at each site.

Self-management Support
For those patients who were willing to quit smoking within 
30 days, the nurse was instructed to complete a QL referral, 
which was faxed to Quitline Iowa by the study research assis-
tant (RA). Prior to the patient’s quit date, one of three desig-
nated QL counselors called to confirm the patient’s readiness to 
quit and discussed preparations for quitting (Fiore et al., 2000; 
Tsoh et al., 1997); this initial session typically lasted 30 min. 
None of the Quitline counselors were members of the research 
team; all were regular QL employees. To build confidence in 
quitting, the counselor discussed problem-solving (e.g., dealing 
with urges to smoke and high-risk situations) and coping with 
nicotine withdrawal symptoms (e.g., use of pharmacotherapy). 
Up to eight follow-up calls, which focused on relapse preven-
tion, were made by the same study counselor using a relapse-
sensitive schedule following the quit date (Kenford et al., 1994; 
Zhu et al., 1996). After the initial counseling session, a report 
summarizing the patient’s smoking history and cessation plan 
was sent to the patient’s primary care clinician (if any). 
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Study patients who smoked at least 10 cigarettes per day, 
who had scheduled quit dates, and who had not yet obtained 
pharmacotherapy through other sources were eligible for a free 
6-week course of nicotine replacement therapy (NRT, includ-
ing patches, gum, or lozenges), which was mailed to the patient 

by Quitline Iowa (Miller et al., 2005). For those who reported 
having used NRT unsuccessfully in the past, were unable to tol-
erate it on account of side effects, or were ineligible for NRT, 
we encouraged emergency physicians to prescribe alternative 
pharmacotherapy (e.g., bupropion, varenicline), if appropriate. 

Patients screened
Failed exclusion criteria1

Refused
Enrolled 
(70.7% enrollment rate)

1  Died
16  Declined/withdrew

at 3-month follow-up

436 Eligible for 3-month interview

280 3-month interviews complete (64.2%)
0  interviews in progress

16 declined/withdrew
75 unable to locate2

65 unable to contact3

Recruitment

3-Month 
follow-up

6-Month 
follow-up

1707
1090
181
436

1707
1090
181
436

419 Eligible for 6-month interview

254 6-month interviews complete (60.6%)
0  interviews in progress
4 declined/withdrew

99 unable to locate1

62 unable to contact2

910
417
140
353

Patients screened
Failed exclusion criteria1

Refused
Enrolled 
(71.6% enrollment rate)

910
417
140
353

Patients screened
Failed exclusion criteria1

Refused
Enrolled 
(71.6% enrollment rate)

334 Eligible for 6-month interview

202 6-month interviews complete (60.5%)
0 interviews in progress 
4 declined/withdrew

66 unable to locate1

62 unable to contact2

353 Eligible for 3-month interview

228 3-month interviews complete (64.9%)
0  interviews in progress 
18 declined/withdrew
50 unable to locate2

57 unable to contact3

2. Unable to locate = contact information on file no longer valid; unable to obtain updated 
contact information

3. Unable to contact = interviewers were unable to complete interview despite having valid 
contact information

Pre-intervention Intervention
8/13/08-1/14/09: Hospital 1 Enrollment
7/11/09-12/15/09: Hospital 2 Enrollment

2/17/09-5/1/09: Hospital 1 Enrollment
2/23/10-8/4/10: Hospital 2 Enrollment

355 interviews complete
(81.4%)

Post-ED
Interview

295 interviews complete
(83.6%)

1  Died
18  Declined/withdrew

at 3-month follow-up

1. Exclusion criteria: acute medical decompensation (e.g., acute respiratory failure requiring 
intubation, cardiogenic or septic shock)(43), life-threatening trauma (1), altered mental 
status (22), dementia (0), language barrier (11), incarceration (0), transfer to another ED 
(4), departure from the ED prior to evaluation (46), inability to be contacted by telephone 
(32), uncontrolled psychiatric disorder or psychiatric emergency (0), sexual assault (0), 
prior enrollment in the study (15), intoxicated (7), other (26) <5 cigarettes/day (1300).

Figure 1. Study enrollment and follow-up.
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Feedback to ED Staff
Group feedback on performance of the 5A’s was presented at 
the initial training session (based on data collected during pre-
intervention period) and approximately every 2  months dur-
ing the intervention period in small group meetings (nurses), 
business meetings (physicians), and via departmental newslet-
ter and/or email. Practice feedback has been shown to be an 
important impetus for changing clinician behavior with regard 
to cessation counseling in primary care (Andrews, Tingen, 
Waller, & Harper, 2001; Katz, Muehlenbruch, Brown, Fiore, 
& Baker, 2004). 

Data Collection and Processing

Every adult patient was screened for eligibility by medical 
record review and brief screening questionnaire by one of sev-
eral study site RAs, who were stationed in the ED for a total of 
40 h per week (between 7 AM and 11 PM), including weekend 
days. 

Baseline Interview
A baseline interview was administered to enrolled patients 
to assess sociodemographic factors, overall health status, any 
alcohol use, and smoking related variables (e.g., prior diagno-
sis of smoking-related illnesses [U.S. Department of Health 
and Human Services, 2010], patient’s perceived relatedness 
of the ED encounter to smoking [Boudreaux et  al., 2005], 
readiness to quit smoking [Contemplation Ladder; Biener & 
Abrams, 1991], Fagerström Test for Nicotine Dependence 
[FTND; Heatherton, Kozlowski, Frecker, & Fagerstrom, 
1991]). Alcohol use was positive if the patient indicated that he 
or she had drunk any alcoholic beverages in the last 3 months. 
We assessed depressed mood using the PHQ-9 depression 
module (Kroenke, Spitzer, & Williams, 2001).

Postvisit Survey
Shortly after leaving the ED (or transfer to an inpatient ward), 
the RAs telephoned study patients to determine whether or 
not the ED staff had performed the 5A’s. Patient self-report of 

cessation counseling (within 2 weeks of primary care visits) 
has been shown to be highly accurate relative to audio taped 
interviews (Ward & Sanson-Fisher, 1996), and is superior to 
medical record review (Conroy et al., 2005). 

We calculated a 5A’s composite score for each patient 
based on the sum of ask, assess, advise, assist, and arrange 
follow-up (ranging from 0 to 5, where each item was scored 
as 0 or 1), using a modified instrument originally developed 
to measure cessation counseling by inpatient nurses (Berndt 
et  al., in press). Validity of the 5A’s composite score is sup-
ported by the finding that patients were more likely to report 
abstinence at 6-months when more of the 5A’s were delivered 
by either emergency nurses or physicians (p  =  .003, test for 
trend; Supplementary Table 1). In logistic regression models 
adjusting for readiness to quit, a 1-point increase in the 5A’s 
composite score for emergency nurses and physicians was 
associated with a 33 (95% confidence interval [CI] [8, 64]) and 
41 (95% CI [14, 76]) percent increase in the odds of abstinence 
at 6-month follow-up, respectively. 

Smoking Behavior at Follow-up
At 3- and 6-month follow-up, research staff who were not 
involved in delivering the study intervention contacted patients 
by telephone to ascertain current smoking status and any 
quit attempts (>24 h) during follow-up. All interviewers were 
blinded to assessment period, and administered study ques-
tionnaires using a script. A reminder letter was mailed to study 
patients approximately 2 weeks prior to each scheduled follow-
up. Up to 15 attempts were made until successful contact was 
made. 

Given the possibility that some ED patients may be inclined 
to overreport abstinence (e.g., those with smoking-related con-
ditions), we mailed a collection kit for salivary cotinine deter-
mination to all participants who reported abstinence at 6-month 
follow-up (SRNT Subcommittee on Biochemical Verification, 
2002). We asked these subjects about current use of NRT, as this 
could result in a false positive cotinine sample in a recent quit-
ter (SRNT Subcommittee on Biochemical Verification, 2002). 
Cotinine assays were performed by J2 Laboratories (Tuscon, 

Figure 2. Conceptual model for the study intervention. ED = emergency department; USPHS = U.S. Public Health Service.

Modified
Intake Form

Practice
feedback

Reminder
System

Self-management
Support

Data collection
System

Implementation

ED patient's stage of change CessationED staff's readiness to change

ED Staff
Training

Quit line counseling
Pharmacotherapy

Adherence to practice guideline

Practice
Redesign

USPHS Guideline
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AZ) using liquid chromatography/tandem mass spectrometry 
(LC/MS/MS); a cutoff of 20 ng/ml was used to determine absti-
nence, as this threshold is associated with high sensitivity and 
specificity (>90%; Etter, Vu Duc, & Perneger, 2000). 

Outcome Measures
We determined point prevalence abstinence (PPA) based on 
self-report of no smoking over 7 days prior to each interview 
at 3- and 6-month follow-up (Hughes et  al., 2003; Velicer, 
Prochaska, Rossi, & Snow, 1992). As PPA probably overes-
timates the proportion of smokers who will remain abstinent 
over time (Pierce & Gilpin, 2003), we also report the repeated 
PPA (defined as no smoking over 7 days prior to both 3- and 
6-month follow-up assessments; Hughes et al., 2003). 

Statistical Analysis

Primary Data Analysis
We originally estimated that enrollment of 974 patients would 
provide approximately 80% power to detect a 6 percentage-
point absolute difference in 7-day PPA at 6-month follow-up, 
assuming that 10% of participants in the preintervention period 
would report abstinence, that 20% of enrollees would be lost 
to follow-up, and that the intraclass (i.e., within-nurse) cor-
relation for self-reported abstinence was 0.015 (Katz et  al., 
2004), with a two-sided type I error of 0.05. We did not attain 
this enrollment target for two reasons: (a) premature termina-
tion of enrollment at Hospital 1 on account of implementation 
of a new electronic medical record (with disablement of the 
computerized nurse reminder), and (b) a higher than expected 
refusal rate (29%).

Preintervention and intervention groups were compared 
with respect to potential confounding variables using the two-
independent-sample t-test, Wilcoxon’s rank-sum, or chi-square 
tests as appropriate. We also checked for any linear time trends 
in quit attempts during the preintervention period at each site, 
in order to detect any secular trends in ED patients’ quitting 
behavior. Linear models of the 5A’s composite score were 
estimated using generalized estimating equations with an inde-
pendent working correlation matrix across the preintervention 
and intervention periods (Zeger & Liang, 1986), adjusting for 
age, gender, race, education, presence of a smoking-related 
condition, patient concern that the ED symptoms might be 
smoking-related, cigarettes per day, readiness to quit, and study 
site. Regression assumptions of linearity and homoscedastic-
ity were checked by inspection of residual plots and were suf-
ficiently satisfied (Neter, Kutner, Nachtsheim, & Wasserman, 
1996).

We modeled 7-day PPA and repeated PPA outcomes, 
using logistic regression to adjust for study site and a set of 
prespecified covariates that have been associated with cessa-
tion in the literature: age, gender, cigarettes per day, tobacco 
dependence (FTND score), readiness to quit, and depression 
(Biener & Abrams, 1991; Freund, D’Agostino, Belanger, 
Kannel, & Stokes, 1992; Glassman et  al., 1990; Hymowitz, 
Sexton, Ockene, & Grandits, 1991; Piper, McCarthy, & Baker, 
2006; Thorndike et  al., 2008). We used robust estimators of 
variance to account for clustering of outcomes at the ED nurse 
level (clustering was negligible for cessation outcomes; Huber, 
1967). Model discrimination and calibration were acceptable 
for cessation outcomes (C-statistic ranged from 0.69 to 0.77); 
the Hosmer–Lemeshow goodness-of-fit test did not detect 

any significant lack of fit (p > .05 for all models; Hosmer & 
Lemeshow, 2000). All analyses were performed using an 
intent-to-treat approach in which participants were analyzed 
according to the treatment period during which they were origi-
nally enrolled (intervention vs. preintervention). In our primary 
analysis, participants who were unavailable for follow-up were 
considered to be smoking (penalized imputation). 

Secondary Analyses
To evaluate differences in cessation rates between sites dur-
ing the intervention period, we tested for interactions between 
period and site. We used multivariable logistic regression to 
determine whether the intervention increased the likelihood 
that patients made at least one serious quit attempt (>24 h) 
during follow-up. Lastly, we assessed whether intensity of ces-
sation counseling (5A’s composite score) was associated with 
6-month PPA, by testing for a linear trend of the log odds (and 
adjusting for readiness to quit) across increasing composite 
score. We also estimated the impact of misreporting of absti-
nence by multiplying the 6-month PPA by the biochemical 
confirmation rate in both periods.

Sensitivity Analysis
The assumption that those lost to follow-up are still smoking 
may not necessarily provide a conservative estimate of inter-
vention effect (Nelson, Partin, Fu, Joseph, & An, 2009). Thus, 
we conducted a sensitivity analysis to evaluate missing data 
assumptions. First, we reanalyzed cessation outcomes in those 
patients who completed follow-up at 3 and 6 months (complete 
case analysis). Second, we used multiple imputation, which 
assumes that the data are “missing at random” (i.e., conditional 
on the value of other observed variables, whether an outcome 
is missing does not depend on the value of the outcome itself; 
Raghunathan, 2004). Of note, the proportion of study patients 
with missing follow-up data and the reasons for missingness 
(e.g., not reachable, declined interview) were virtually identi-
cal in both periods. 

All statistical analyses were specified a priori in the study 
protocol, except for analysis of the 5A’s composite scores 
(which was exploratory). We used STATA 10.0 (Stata Corp), 
SAS for Windows, version 9.2 (SAS Institute), and R program-
ming language for all analyses. Multiple imputation was per-
formed using the method of chained equations (Van Buuren, 
Boshuizen, & Knook, 1999) as implemented by the STATA 
command ice (Royston, 2004). All tests were two-sided and a 
p-value of <.05 was defined as statistically significant; we did 
not adjust for multiple comparisons.

results

Characteristics of Study Subjects

Figure 2 summarizes the recruitment and follow-up of study 
patients. Those who were lost to 6-month follow-up (N = 333) 
were significantly younger (33 vs. 39 years, p < .0001), more 
likely to be nonwhite, p = .03), and less dependent on tobacco 
(mean FTND score 4.3 vs. 4.7, p = .04) than those who com-
pleted 6-month follow-up (Supplementary Table 2). The mean 
ladder score was 6.0 (SD = 2.8), which roughly corresponds 
to the “contemplation” stage (“think I  should quit but not 
quite ready”). As compared with preintervention patients, 
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intervention patients were more likely to be female, more 
likely to have a smoking-related condition, and were more con-
cerned that their acute symptoms might be related to smoking 
(Table  1). The Cochran–Armitage trend test showed no evi-
dence of a secular trend in quit attempts during the preinterven-
tion period at either site (Agresti, 2002).

Main Results

Based on data from 650 smokers who completed the post-ED 
interview, there was a significant overall improvement in the 
mean 5A’s composite score for emergency nurses (1.47 vs. 0.83, 
adjusted difference = 0.68, 95% CI [0.46, 0.89]) and for emer-
gency physicians (1.15 vs. 0.76, adjusted difference = 0.36, 95% 
CI [0.12, 0.59]) during the intervention period. Detailed results for 
the individual A’s have been reported elsewhere (Katz et al., 2012). 

Further analysis of assistive behaviors showed that 11 and 
0% of intervention and preintervention period patients were 
referred to the QL, respectively (confirmed by checking inter-
nal QL records). In comparison, 42 and 38% indicated that 
they were at least thinking about changing their smoking pat-
tern (contemplation ladder scores ≥ 8), respectively. Of the 
former group (i.e., motivated smokers during the intervention 
period), only 14% (20/148) were actually referred to the QL; 
this suggests that the pool of candidates for QL referral was 
considerably larger than those who were actually referred. In 
addition, 7% (14/205) of less motivated patients (contempla-
tion ladder scores <8) were referred to the QL. QL enrollees 
completed a mean of 4.6 (SD = 2.3, range = 1–9) counseling 
sessions. Mean duration of total counseling time was 43.8 min 
(SD  =  21.8); mean duration of the initial and aggregated 

follow-up counseling sessions was 16.5 (SD = 4.4) and 33.5 
(SD = 15) min, respectively. Post-ED interview data showed 
that emergency physicians were more likely to discuss drug 
therapy for smoking cessation during the intervention period 
(as compared with preintervention): 18 and 5% (adjusted 
OR = 4.8, 95% CI  [2.2, 10.5], p < .0001), respectively. This 
change mirrored the increased frequency of nurses’ discussion 
of drug therapy: 17 vs. 4%, respectively (adjusted OR = 4.9, 
95% CI [2.7, 9.0], p < .0001). 

Cessation outcomes at 3- and 6-month follow-up are shown 
in Table 2. The impact of the intervention was comparable at 
both sites (as evidenced by non-significant site by period inter-
actions); thus, we report results for both hospitals combined. 
At 6-month follow-up, 6.8% of intervention patients reported 
7-day PPA, as compared with 5.1% during the preinterven-
tion period (adjusted OR = 1.7, 95% CI [0.99, 2.9], p = .054). 
Repeated PPA was 3.7 and 1.8%, respectively (adjusted 
OR = 2.4, 95% CI  [6.1], p =  .08). In addition, 6-month PPA 
was higher in patients with greater baseline readiness to quit 
(defined by a contemplation ladder score ≥ 8), as compared 
with those with lower ladder scores (8.9 vs. 3.8%, adjusted 
OR = 2.1, 95% CI =  [1.1, 3.8], p =  .02), with no significant 
interaction between period and readiness to quit. 

Although there was a trend toward higher quit rates dur-
ing the intervention period, the proportion of intervention and 
preintervention patients who had made a quit attempt dur-
ing 6-month follow-up was not significantly different (61.9 
vs. 57.6%, adjusted OR = 1.0, 95% CI [0.72, 1.5], p = 0.80). 
Among those who were still smoking at 6-month follow-up, 
cigarette consumption had changed similarly (as compared 
with baseline) during both periods. 

table 1. Characteristics of ED Study Patients

Variable

Preintervention 

(n = 436)

Intervention 

(n = 353)

Age, mean (SD) 35.6 (11.9) 37.2 (13.3)
Gender, % male 49 39*
Race, % nonwhite 12 11
Highest grade, median (IQR) 12 (10–13) 12 (12–14)
Marital status, % married or living with companion 37 37
Self-rated health, % excellent–very good 34 36
Alcohol use in past 3 months, % 62 58
PHQ-9 depression score, median (IQR)a 8 (4–13) 8 (4–13)
Smoking-related variables
 Cigarettes per day, median (IQR) 15 (10–20) 15 (10–20)
 Nicotine dependence (FTND), median (IQR)b 5 (3–6) 5 (3–6)
 Any smoking-related condition, %c 31 38*
 Concern that ED symptoms might be related to smoking, %d 19 26*
 Prior quit attempts (>1 full day), median (IQR)e 3 (1–4) 3 (1–5)
 Contemplation ladder (0–10), mean (SD) 5.9 (2.8) 6.2 (2.8)
 Any other smoker in household, % 60 65

Note. FTND = Fagerstrom Test of Nicotine Dependence; IQR = interquartile range; SD = standard deviation.
aA PHQ-9 score of >10 has a sensitivity of 88% and a specificity of 88% in diagnosing major depression in primary care. Data 
were missing for 23 patients.
bData were missing for 70 patients.
cPrior diagnosis of any of the following conditions: coronary heart disease, congestive heart failure, stroke or transient ischemic 
attack, chronic obstructive lung disease, peripheral vascular disease, tobacco-related cancer (e.g., lung, oral cavity).
dAt least “a little bit.”
eResults shown for 346 and 258 preintervention and intervention period patients who reported any prior quit attempt, respectively.
*p < .05.
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Among the 43 patients who reported abstinence at 6-month 
follow-up and agreed to provide a saliva sample (3 refused), the 
saliva sample return rates for intervention and preintervention 
patients were similar: 45% (196/436) versus 43% (152/353), 
respectively (p = .87). Of the 15 patients with analyzable saliva 
samples, 67% (6/9) of intervention patients and 67% (4/6) of pre-
intervention patients were confirmed to be abstinent from smok-
ing (one preintervention patient was excluded as he reported using 
nicotine replacement therapy at the time of saliva collection). 

Sensitivity Analysis

We explored the effect of missing cessation data on our find-
ings. The results of complete case analysis were similar to 
those obtained using penalized imputation (base case); how-
ever, adjusted odds ratios for 6-month PPA and repeated PPA 
were distinctly lower (>10%) when multiple imputation was 
used (Supplementary Table  3). We also assessed the impact 
of misreporting of abstinence; adjusting for the biochemical 
confirmation rate, the corrected 7-day PPA at 6-months was 
4.6 and 3.4% in the intervention and preintervention periods, 
respectively.

COnClusiOns

In the ED, the focus on acute care, time pressure, and the lack 
of an ongoing relationship with the patient may hinder the 
delivery of cessation counseling (Katz et al., 2010). By inte-
grating cessation counseling into the nurse’s workflow, our 
intervention was designed to enable ED staff to efficiently 
provide cessation counseling and pharmacotherapy based on 
the patient’s readiness to quit. Study results demonstrate that 
patients enrolled during the intervention period were more 
likely to have received brief cessation counseling (based on the 
5A’s) from ED staff. In addition, ED staff were more likely to 
provide concrete assistance to those patients who were moti-
vated to quit. The magnitude of improvement in the 5A’s sum-
mary score was modest, however, and did not translate into 
statistically significant improvements in cessation rates. After 
adjustment for misreporting of abstinence, the difference in 
6-month PPA between treatment groups was further attenuated. 

The results of this study indicate that a substantial proportion 
of ED patients are considering smoking cessation (as indicated 
by mean contemplation ladder scores of 6 on a scale of 0–10) 
and are receptive to low-intensity smoking cessation interven-
tions in the ED. During the preintervention period, nearly 60% 
of study patients had made one or more quit attempts, and 5.7% 
reported having quit smoking at 6-month follow-up. The lat-
ter finding is comparable to that observed in the standard care 
arm of the EDITT trial (Boudreaux et al., 2008), which also 
enrolled unselected ED patients regardless of their willingness 
to quit.

Few published studies have addressed the delivery of 
smoking cessation interventions by ED nurses and physicians 
(Supplementary Table  4). Two randomized controlled trials 
in adults showed no benefit of brief physician advice coupled 
with referral for outpatient (face-to-face) tobacco use coun-
seling (Antonacci & Eyck, 2000; Richman et al., 2000); how-
ever, neither of these studies provided sufficient detail to judge 
whether the cessation intervention was implemented with high 
fidelity (Glasgow et al., 2005). 

Several additional studies have investigated the feasibility 
and effectiveness of ED-based smoking cessation interventions 
using non-ED personnel to deliver the counseling intervention 
(Bernstein et  al., 2011; Bock et  al., 2008; Boudreaux et  al., 
2008; Neuner et al., 2009). Although interventions were deliv-
ered more consistently by trained research staff in these stud-
ies, cessation results were not much better than those relying 
upon ED personnel (Supplementary Table 4); moreover, these 
interventions were generally not sustainable as they relied 
exclusively on research staff. In some of these trials, cessa-
tion rates were higher in both study arms (as compared with 
those of the current trial), possibly secondary to the presence 
of a strong cue to action (e.g., chest pain; Bock et al., 2008), 
co-interventions (e.g., NRT; Bock et al., 2008; Bernstein et al., 
2011), inclusion of more motivated patients (Bernstein et al., 
2011), and selection bias (enrollment of patients who were 
more favorably disposed toward health promotion; Neuner 
et al., 2009).

There are several possible reasons why the intervention did 
not produce a larger effect on cessation rates. First, the propor-
tion of patients who specifically received critical components 
of the intervention, such as advice to quit and QL referral, was 
low. Like their counterparts in primary care, some ED staff 
try to avoid confrontation with patients by giving advice only 
to those patients with smoking-related problems (Coleman, 
Cheater, & Murphy, 2004). Second, we were unable to verify 
the quality of brief counseling as delivered by the ED staff; the 
data suggest that ED staff were no more effective in motivating 
patients to quit during the intervention, as the proportion of 
patients who made a quit attempt was similar in both periods. 
Third, several patients who were potential candidates for QL 
referral were not offered this service, and of those who were 
referred, many could not be reached by a telephone counselor or 
deferred counseling once they were contacted. These findings 
are similar to those obtained in feasibility trials of QL refer-
ral in ED patients (Mahabee-Gittens et al., 2008; Schiebel & 
Ebbert, 2007). Fourth, most patients who were enrolled in QL 
counseling only participated in a single counseling session and 
did not receive booster calls. Prior research in inpatient smok-
ers suggests that only interventions that include booster phone 
calls over a postdischarge period greater than 4 weeks lead to 
significantly greater cessation rates (Rigotti et al., 2012). Fifth, 
telephone follow-up revealed that several study patients who 
received a prescription for smoking cessation pharmacotherapy 
either did not fill their prescription or experienced administra-
tive barriers in obtaining the medication. The ED smoking ces-
sation algorithm included several interconnected steps during 
and after the ED visit—a lapse in any of these steps would tend 
to lessen the overall impact of the intervention.

Limitations of this trial deserve comment. First, we had 
reduced statistical power to detect the prespecified change in 
our primary outcome (6-month PPA) on account of low enroll-
ment and higher than expected attrition; however, we still had 
80% power to detect a 5.7 percentage-point difference (or an 
odds ratio of 2.25) in 7-day PPA at 6  months, based on the 
attained sample size and an observed preintervention quit rate 
of 5.1%. Second, approximately 40% of study enrollees did 
not provide data for the 6-month follow-up survey, despite 
efforts to obtain complete contact information from subjects 
at enrollment (Thibodeau, Chan, Reilly, & Reyes, 2000; 
Woolard et  al., 2004) and to track down study patients with 
nonworking telephone numbers (Lovell & Morcuende, 2006). 
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High study attrition has been well-documented in ED popula-
tions (Boudreaux, Ary, St. John, & Mandry, 2000; Schiebel & 
Ebbert, 2007). The overall response rate was within the range 
reported for other practice-based studies (>60%; Hughes et al., 
2003), however, and there was no evidence of differential loss 
to follow-up across periods. Third, only approximately half of 
self-reported quitters provided a saliva sample for biochemi-
cal confirmation of abstinence. Of those who did, abstinence 
was confirmed in only two-third of the subjects (which sug-
gests that biochemical confirmation of abstinence is warranted 
in this population). Fourth, we did not collect data during low 
census hours (11 PM to 7 AM); however, demographics of the 
analysis sample were very similar to those of the two study EDs 
as a whole. Fifth, we excluded very light smokers on account 
of concern that these patients may have perceived the ED inter-
vention to have less personal relevance. Considering that even 
low levels of smoking are associated with significant health 
risks, these patients should be included in future interventions 
in order to realize the full public health impact of smoking 
cessation efforts in the ED. Sixth, the modified 5A’s summary 
score has not been validated in a separate patient population. 
Finally, the study was performed in two selected EDs in a sin-
gle Midwestern state, and may not be generalizable to inner-
city or county EDs with a high proportion of uninsured patients 
or unselected EDs with less interest in smoking cessation.

Our findings challenge the prevailing guidance for ED 
staff to provide brief cessation counseling plus QL referral 
for the approximately 20 million smokers who visit the ED 
each year (Bernstein et  al., 2007). In-depth interviews with 
ED staff suggest that current procedures for QL referral are 
cumbersome for ED staff (data not reported here); moreover, 
our data suggest that the impact of referral is attenuated by 
high rates of non-participation in the ED population. Although 
the study intervention did not attain statistical significance, it 
could nonetheless have a major public health impact (given 
its high reach, based on the estimated volume of smokers 
who present to U.S. EDs annually). Moreover, the difference 
between treatment groups in 6-month PPA (1.7%) translates 
into a number-needed-to-treat (NNT) of 59; to put these 
results in perspective, the effectiveness of brief one-time phy-
sician advice during routine consultation, proactive telephone 
counseling, and self-help materials on long-term cessation 
(≥6 months) has been estimated to be 2% (NNT = 50), 2.3% 
(NNT = 43), and 1.5% (NNT = 67), respectively (Law & Tang, 
1995; Fiore et al., 2008).

Further work is needed to develop more effective ED ces-
sation interventions that better integrate cessation counseling 
into ED work flow, that facilitate the real-time enrollment 
and retention of ED smokers in cessation counseling, and that 
reduce financial barriers to smoking cessation pharmacother-
apy (without creating more hassles for ED clinicians). In addi-
tion, lessons can be learned from brief ED-based intervention 
trials that have been shown to reduce alcohol consumption in 
patients with hazardous and harmful drinking (D’Onofrio & 
Degutis, 2002). 

suppleMentary Material

Supplementary Figure 1 and Tables 1–4 can be found online at 
http://www.ntr.oxfordjournals.org 
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