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Abstract: We examined the efficacy of a pediatric emergency visit-based screening, brief intervention,
and referral to treatment (SBIRT) condition compared to a control condition (Healthy Habits Control,
HHC) to help parental smokers quit smoking. We enrolled 750 parental smokers who presented to
the pediatric emergency setting with their child into a two-group randomized controlled clinical
trial. SBIRT participants received brief cessation coaching, quitting resources, and up to 12-weeks
of nicotine replacement therapy (NRT). HHC participants received healthy lifestyle coaching and
resources. The primary outcome was point-prevalence tobacco abstinence at six weeks (T1) and six
months (T2). The mean (SD) age of parents was 31.8 (7.7) years, and 86.8% were female, 52.7% were
Black, and 64.6% had an income of ≤$15,000. Overall abstinence rates were not statistically significant
with 4.2% in both groups at T1 and 12.9% and 8.3% in the SBIRT and HHC groups, respectively, at T2.
There were statistically significant differences in SBIRT versus HHC participants on the median (IQR)
reduction of daily cigarettes smoked at T1 from baseline (−2 [−5, 0] versus 0 [−4, 0], p = 0.0008),at T2
from baseline (−4 [−9, −1] vs. −2 [−5, 0], p = 0.0006), and on the mean (SD) number of quit attempts at
T2 from baseline (1.25 (6.5) vs. 0.02 (4.71), p = 0.02). Self-reported quitting rates were higher in SBIRT
parents who received NRT (83.3% vs. 50.9%, p = 0.04). The novel use of the pediatric emergency visit
to conduct cessation interventions helped parents quit smoking. The near equivalent abstinence rates
in both the SBIRT and HHC groups may be due to underlying parental concern about their child’s
health. Cessation interventions in this setting may result in adult and pediatric public health benefits.

Keywords: tobacco; cessation; emergency department; parents; secondhand smoke

1. Introduction

Annually, there are over 30 million emergency departments (ED) visits by children [1] and Urgent
Cares (UC) are becoming a common setting for treating children [2]. Parents who visit these settings
for immediate care of their child’s nonacute and acute illnesses [3–5] are frequently publicly insured
or uninsured [1,6–9]. Research indicates that more than one in three parents who visit the pediatric
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ED (PED) or UC are active smokers [9–11]. Since many adults access healthcare for their children
more often than for themselves [12], PEDs/UCs represent largely untapped settings which can be
leveraged to provide smoking cessation interventions to parental smokers. Over 50% of parents who
present to the PED/UC are motivated to quit, receptive to receiving cessation interventions, and aware
that tobacco smoke exposure (TSE) is harmful to their child’s health [9,13,14]. Further, the PED/UC
visit may represent a “teachable moment” during which parental smokers may be more receptive
to cessation interventions given concern for their child’s acute illness [15,16]. Thus far, past studies
have not demonstrated differences in cessation outcomes as a result of parental smoking cessation
interventions that are delivered during ill visits compared to well visits [17].

The adult ED has offered tobacco control interventions for decades [18,19]. Components of ED
interventions include provision of printed materials, motivational interviewing (MI)-based cessation
counseling, post-visit phone calls, and pharmacotherapy [18,20–22]. Overall, these interventions are
effective in promoting abstinence [18]. Bernstein et al. [21] conducted a randomized controlled trial
(RCT) that provided counseling, referral to a Quitline (QL), and nicotine replacement therapy (NRT)
to adult ED patients. There were significantly higher rates of abstinence and quit attempts in the
intervention versus control groups. To our knowledge, only two studies have examined the efficacy
of parental cessation interventions in the PED [9,11]. Although there were reductions in smoking
and increased quit attempts, overall cessation rates were low. The limitations of these studies were
small sample sizes, poor retention rates, and the use of behavioral counseling without the inclusion of
cessation medications.

We conducted a RCT to examine the efficacy of a tobacco cessation screening, brief intervention
and referral to treatment (SBIRT) plus NRT compared to an active control condition (Healthy Habits
Control, HHC) delivered in the PED/UC setting. The primary outcome was parental abstinence
assessed at six weeks and six months, and secondary outcomes were changes in tobacco behavior and
children’s TSE. Our hypotheses were that a higher proportion of parents in the SBIRT group would be
abstinent and would smoke fewer cigarettes compared to parents in the HHC group.

2. Materials and Methods

2.1. Design, Participant Recruitment and Screening

Parents presented with their child to one of two PEDs or UCs which are part of a single Midwestern
tertiary care children’s hospital with over 150,000 PED/UC annual visits. The hospital Institutional
Review Board approved this study. Parental participants provided written informed consent and child
participants ≥age 11 provided written assent. This RCT is called Healthy Families and is registered in
www.clinicaltrials.gov NCI-2531594 [23].

Clinical research coordinators (CRCs) screened a convenience sample of participants for 37
months starting in April 2016. Adults were eligible if they were ≥18 years old, spoke English, smoked
combustible tobacco products daily, had a permanent address, had a working phone number, had
no plans to move within the next six months, lived within a 50 mile radius of the PED/UC, and were
the parent/legal guardian of a 0–17 year old patient who presented to the PED/UC with a TSE-related
complaint (e.g., wheezing). Parents were excluded from enrollment into the study if: they were
exclusive users of chewing tobacco or electronic cigarettes; taking smoking cessation medications; their
child was an active user of cigarettes, electronic cigarettes or marijuana; or they or their child could not
participate for medical or cognitive reasons.

2.2. Randomization and Study Conditions

Following baseline (T0) assessments, the CRC logged into a custom-built program to access the
randomization scheme. SAS® PROC PLAN was used to generate the stratified allocation schedule
with a ratio of 1:1 using random block sizes. There were eight randomization strata: parent sex and
stage of readiness to quit smoking: (1) Pre-contemplation; (2) Contemplation 1 (i.e., not planning to
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quit in the next 30 days; past year quit attempt); (3) Contemplation 2 (i.e., planning to quit in the next 30
days; no past year quit attempt); or (4) Preparation (i.e., planning to quit in the next 30 days; past year
quit attempt) [24]. Parental sex and readiness to quit stage were entered to obtain the study condition
assignment and study identification number. This study identification number was used to track the
study subject over the course of the study and to ensure correct tracing of the study activities (e.g.,
linkage with all study samples and the associated laboratory results).

Parents were randomized to one of two conditions: (1) SBIRT plus NRT; or (2) HHC, an active
control focusing on teaching parents healthy lifestyle practices for their child. Parents in the SBIRT
condition received: (1) A brief, tailored MI-based coaching session on the effect TSE had on the illness
that prompted their child’s PED/UC visit and how quitting may reduce their child’s TSE and subsequent
illnesses; (2) Six-weeks of NRT (choice of NRT patch or NRT lozenge) for interested parents who set
a quit date within 14 days and who had no contraindications [25] based on a strict study-specific
checklist. If these parents used ≥80% NRT and were interested and NRT-eligible at 6 weeks after T0
(T1), they received another 6 weeks of NRT (details published elsewhere) [26]; (3) A referral to the QL
during the PED/UC visit or via fax; (4) Demonstration of the smokefree.gov website and an offer to
sign-up for smokefreeTXT on their phone; (5) Written materials with cessation advice and information;
and (6) A weekly text message for 12 weeks with content that encouraged smoking cessation.

Parents randomized to the HHC received: (1) A brief, tailored MI-based obesity prevention
coaching session that encouraged the “Let’s Go! 5-2-1-0” health practices [27,28]; (2) A water bottle; (3)
Written materials on healthy diet and lifestyle choices; and (4) A weekly text message for 12-weeks
with content that encouraged the 5-2-1-0 behaviors. HHC parents received no study-specific cessation
treatment or TSE-related information but they could opt to get cessation information at the conclusion
of the study.

The MI-based coaching sessions were given by either social workers (SW) or CRCs who had
bachelor’s or master’s degrees and received MI training by an MI expert. There were nine SBIRT and
16 HHC SWs/CRCs. The median SBIRT intervention time was 11 min, including interruptions due to
clinical care. SBIRT SWs/CRCs were trained as tobacco treatment specialists from certified external
sites. Senior study team members trained the SW/CRCs who delivered the HHC. Both SBIRT and HHC
SWs/CRCs received training and supervision by experts in behavior change interventions specific
to the study conditions. All intervention sessions were audiotaped; approximately 5% of the initial
audiotapes were reviewed by the principal investigator or MI expert with subsequent feedback given
to SWs/CRCs.

2.3. Parental Assessments

At T0, parents completed assessments using REDCap (Research Electronic Data Capture [29]) on
an iPad, Apple Inc, Cupertino, USA. Assessments included sociodemographics, financial strain [30]
and tobacco use measures (e.g., number of cigarettes smoked by parent, number of household smokers,
home smoking bans). Nicotine dependence was assessed with the heavy smoking index (HSI; range
0–6) [31,32], and motivation to quit was assessed with the contemplation ladder (range 0–10) [33].

Follow-up assessments were conducted by phone, email, or during home visits at T1 and 6-months
(T2) after T0 by CRCs blinded to group assignment. Parents who self-reported that: “I haven’t smoked
at all, not even a puff” received a home visit to measure exhaled carbon monoxide testing using a
Bedfont MicroSmokerlyzer™, Bedfont Scientific Ltd, Kent, England, machine with ≤7 ppm as the
cutoff indicating abstinence [34]. Home visits at T2 were only conducted on parents who self-reported
abstinence. During study month 17, the MicroSmokerlyzer malfunctioned so salivary cotinine was
subsequently obtained to confirm abstinence on participants not taking NRT; cotinine <10 ng/mL was
used to indicate abstinence [34]. However, due to these inconsistencies with biochemical verification
during the study, self-reported abstinence was used as the primary outcome. Secondary outcomes
included: number of daily cigarettes, number of quit attempts, change in motivation to quit, participant
retention, and child TSE. Parents received up to $175 for completing study procedures.

smokefree.gov
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2.4. Child Measures, Saliva Collection and Analysis

We used two measures adapted from Wagener et al. [35], to assess parents’ perceived risk of their
smoking on their child’s health: (1) perceived vulnerability (PV): perception of their child’s health
risk due to parental smoking (5 items; each range 5–20) and (2) precaution effectiveness (PE): parents’
perception about the benefit on their child’s health if they quit smoking (5 items; each range 5–20).
Individual items were summed to calculate the total PV and total PE score.

Child saliva samples were obtained at T0 and at the T1 home visits; saliva was obtained at T2 only
if the parent reported abstinence. Saliva was tested for cotinine, a measure of recent TSE [36] using
enzyme-linked immunosorbent assay (ELISA) techniques by Salimetrics LLC [23] (78.2% of T0 and all
T1 and T2 samples; level of detection (LOD) = 0.15 ng/mL) or by liquid chromatography tandem mass
spectrometry (LC-MS/MS) with isotope dilution (21.9% of T0 and none of the T1 and T2 samples; LOD
= 0.1 ng/mL) [37]. A prior publication indicates that ELISA is a cost-effective alternative to LC-MS/MS
for detecting TSE to classify children into highly exposed versus not exposed to tobacco smoke [38].
Cotinine levels less than LOD were replaced with LOD/

√
2. The following cotinine cut-points were

used: (1) >1.0 ng/mL was used to classify children as exposed to any tobacco smoke [39]; (2) ≥3 ng/mL
was equivalent to active light smoking, and (3) ≥10 ng/mL was equivalent to active smoking [34].

2.5. Statistical Analysis

SAS® version 9.4 (SAS Institute, Cary, NC) was used for analysis. A critical value of p < 0.05 was
considered statistically significant. Univariate and bivariate examination of variables was the first step
to assess the distributional properties of the continuous outcome variables. Categorical variables are
reported as n(%), continuous variables as mean (standard deviation (SD)) or median (interquartile
range (IQR) 25th, 75th percentiles)). To control for non-normal distributions and heterogeneous error
variances, logarithmic transformation was used and geometric means and associated 95% confidence
intervals are reported, specifically for cotinine. Baseline variables were compared between SBIRT and
HHC groups using Chi-square or Fisher’s exact test for categorical variables and t-test or Wilcoxon
rank sum for continuous variables, as appropriate.

Both intent-to-treat (ITT) and complete case analyses were conducted and reported for the primary
outcome of 7-day point prevalence at T1 and T2. For the ITT analysis, we assumed that those lost
to follow-up were continued smokers. Trial results are reported in accordance with the CONSORT
statement [40]. First, we compared the primary outcome at T1 and T2 between the SBIRT and HHC
groups using Chi-square or Fisher’s exact test, as appropriate. To further assess the primary outcome
adjusting for motivation to quit, logistic regression was used. For assessment of prolonged abstinence,
a general linear mixed model employing general estimating equations was used due to the longitudinal
nature of the analysis and also again to incorporate motivation to quit and other potential demographic
covariates in the model. Care was taken with the addition of covariates in the model due to the limited
number of outcome events. For secondary outcomes, a similar approach was utilized including all
those with available data. Initially, a Chi-square or Fisher’s exact test for categorical variables and
t-test or Wilcoxon rank sum for continuous variables was used, as appropriate. Additionally, a general
linear mixed model employing general estimating equations was used to examine the longitudinal
changes (T0, T1, and T2) for number of daily cigarettes, motivation to quit, number of smokers in the
home, complete home smoking ban and complete home and car smoking ban and child cotinine level.

We examined potential moderators of the effects of the SBIRT condition on the primary outcomes:
financial strain, NRT received at T0, and number of household smokers and we also examined potential
mediators of the effects of SBIRT: PV and PE.

2.6. Sample Size and Power

Power analyses were based on estimates of differences in both T2 point prevalence and T2 prolonged
abstinence between groups. We conservatively estimated a point prevalence cessation rate of 6.3% and
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prolonged abstinence rate of 2.1% in the HHC group, based on prior research [41]. We based our estimate
of T2 point prevalence of the SBIRT group on the odds ratio derived from meta-analyses assessing the
effectiveness of NRT vs. a control, ranging from 1.4 to 4.65 to give a cessation rate of 10–12% in the SBIRT
group [42], since we expected high compliance with a 12% estimated cessation rate in the SBIRT group.
Similarly, for prolonged abstinence, we assumed a rate of 7% in the SBIRT group. With 300 subjects in
each group, we would have 80% power to detect an increase of 6.4% in cessation rate. For T2 abstinence,
we would be able to detect an increase of 4.5% with 300 subjects per group.

3. Results

3.1. Participant Characteristics

From April 2016 to May 2019, 750 parents were enrolled. See Figure 1 and Table 1, respectively,
for the study flow diagram and baseline characteristics of participants. The mean (SD) age was 31.8
(7.7) years; the majority were female (86.8%), Black (52.7%), had public or no insurance (87.3%; 3.6%
had no insurance), and had an income level of ≤$15,000 (64.6%). The median (IQR) number of daily
cigarettes smoked were 10 [5,15]. At T0, there were no significant differences between the SBIRT and
HHC groups. Follow-up assessments were completed by email or phone on 76% of participants at T2.
Those who completed follow-up assessments at T2 and thus were successfully retained were more
likely to be female (88.2% vs. 82.3%, p = 0.04), Black (55.3% vs. 44.8%, p = 0.01), and have more than a
high school education (64.1% vs. 54.3%, p = 0.03).

Table 1. Characteristics of the study population overall and by study group.

Variable
Overall SBIRT 1 HHC 2 p-Value

(N = 750) (N = 377) (N = 373) SBIRT vs. HHC
n (%) n (%) n (%)

Parent Age, Mean (SD) 31.76 (7.65) 31.97 (8.23) 31.55 (7.03) 0.46 *

Parent Sex-Female 651 (86.80) 330 (87.53) 321 (86.06) 0.55

Parent Race/Ethnicity

0.99 **
White, non-Hispanic 285 (39.39) 149 (39.52) 146 (39.25)
Black, non-Hispanic 395 (52.74) 198 (52.52) 197 (52.96)
Other, non-Hispanic 42 (5.61) 22 (5.84) 20 (5.38)

Hispanic 17 (2.27) 8 (2.12) 9 (2.42)

Insurance

0.75
Public or None 655 (87.33) 328 (87.00) 327 (87.67)

Commercial 80 (10.67) 40 (10.61) 40 (10.72)
Other 15 (2.00) 9 (2.39) 6 (1.61)

Income
0.06≤$15,000 483 (64.57) 231 (61.27) 252 (67.92)

>$15,000 265 (35.43) 146 (38.73) 119 (32.08)

Financial Strain
0.17 *Mean (SD) 2.41 (1.10) 2.46 (1.10) 2.35 (1.10)

Median (IQR) 2.33 (1.67, 3.00) 2.33 (1.67, 3.33) 2.00 (1.33, 3.00)

Employed (yes) 403 (54.24) 208 (56.06) 195 (52.42) 0.32

Highest Education Level
0.43Less than HS/HS 427 (56.93) 220 (58.36) 207 (55.50)

≥Some college 323 (43.07) 157 (41.64) 166 (44.50)

Child age, Mean (SD) 4.91 (4.71) 5.07 (4.88) 4.74 (5.54) 0.36 *

Number of Daily Cigarettes Smoked by the
Parent

0.39Mean (SD) 10.23 (7.23) 10.53 (7.47) 9.93 (6.97)
Median (IQR) 10.00 (5, 15) 10.00 (5, 15) 10.00 (5, 15)

Current electronic cigarette user 39 (5.20) 18 (4.83) 21 (5.57) 0.65

Stage of Change

0.94
Pre-Contemplation 111 (14.80) 56 (14.85) 55 (14.75)

Contemplation 402 (53.60) 204 (54.11) 198 (53.08)
Preparation 237 (31.60) 117 (31.03) 120 (32.17)

Past Year Quit Attempts 539 (71.87) 262 (69.50) 277 (74.26) 0.15

Number of Household SmokersMean (SD) 2.29 (1.45) 2.53 (1.48) 2.44 (1.42) 0.41 *
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Table 1. Cont.

Variable
Overall SBIRT 1 HHC 2 p-Value

(N = 750) (N = 377) (N = 373) SBIRT vs. HHC
n (%) n (%) n (%)

Home Smoking Ban 212/485 (43.71) 107/243 (44.03) 105/242 (43.39) 0.89

Home and Car Ban 93/485 (19.18) 44/243 (18.11) 49/242 (20.25) 0.55

Cotinine ng/mLMedian (IQR) 6.10 (2.61, 12.05) 6.74 (2.70, 12.58) 5.60 (2.40, 11.65) 0.40 *

Parent Believes Smoking Affects Child’s Health
(PV 3 total), Mean (SD) 11.95 (4.22) 11.93 (4.16) 11.97 (4.28) 0.90 *

Parent Believes Quitting Would Benefit Child
(PE 4 total), Mean (SD) 13.35 (4.71) 13.21 (4.70) 13.49 (4.72) 0.43 *

Notes: 1 SBIRT= Screening, Brief Intervention, Referral to Treatment; 2 HHC = Healthy Habit Control; 3 PV =
Perceived Vulnerability; 4 PE = Precaution Effectiveness; * Tested using Wilcoxon rank sum; ** Tested using Fisher’s
exact test; Missing data: Smoking ban (n = 265); T0 cotinine was assessed on n = 346 samples in SBIRT and n = 345
samples in HHC groups.
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3.2. Child T0 Cotinine Levels

Children were highly exposed to tobacco smoke; only 67 (8.9%) were considered not/minimally
exposed based on cotinine <1.0 ng/mL [39]. Cotinine levels ranged from 0.07 to 363.78 ng/mL; geometric
mean (95% CI) was 5.57 (5.05, 6.16) ng/mL, median (IQR) was 6.10 (2.61, 12.05) ng/mL. A total of 70.8%
of children had cotinine ≥3.0 ng/mL, and 30.8% had cotinine ≥10 ng/mL. There were no differences in
cotinine levels between conditions.

3.3. Primary and Secondary Outcomes at T1 and T2

Overall quit rates using complete case analysis were 4.2% in both groups at T1 and 12.9% and
8.3% in the SBIRT and HHC groups, respectively. Using ITT, quit rates were 9.5% and 6.4% in the
SBIRT and HHC groups, respectively, at T2. The GLMM analysis including both T1 and T2 as ITT
yielded similar non-significant results with an odds ratio of 1.34 (95% confidence interval (CI): 0.84,
2.15, p = 0.22). Invoking GEE, the odds ratio was 1.40 (95% CI 0.87, 2.25; p = 0.16). Since the primary
outcomes were non-significant, further ITT analyses were not conducted.

Using complete case analyses, there was a statistically significant difference in the SBIRT compared
to the HHC group on the following secondary outcomes: median [IQR] reduction of daily cigarettes
smoked by SBIRT compared to HHC participants at T1 compared to T0 (−2 [−5, 0] vs 0 [−4, 0], p =

0.0008) and at T2 compared to T0 (−4 [−9, −1] vs −2 [−5, 0], p = 0.0006), and increased mean (SD)
number of quit attempts at T2 compared to T0 (1.25 (6.5) vs. 0.02 (4.71), p = 0.02). See Table 2.

Table 2. Primary and secondary outcomes at T1 1 and T2 2.

Variable
SBIRT3 HHC4

p-Value
SBIRT HHC

p-ValueT1 T1 T2 T2
n (%) n (%) n (%) n (%)

N 283 288 – 280 289 –

Abstinence, Biochemically Verified N/
Total N of Participants Who
Self-Reported Quitting (%)

9/10 (90) 5/8 (62.5) 0.27 + 11/17 (64.7) 10/14 (71.4) 1.00 +

Abstinence, Self-report 12 (4.24) 12 (4.17) 0.96 36 (12.9) 24 (8.30) 0.08

Number of Daily CigarettesMedian
(IQR) 6 (3, 10) 7 (4, 11.5) 0.11 5 (2, 10) 5 (2, 10) 0.049

Change in Number of Daily Cigarettes
from Baseline Median (IQR) −2 [−5, 0] 0 [−4, 0] 0.0008 −4 [−9, −1] −2 [−5, 0] 0.0006

Change in Number of Daily Cigarettes
from T1 Median (IQR) – – – 0 [−4, 1] 0 [−2, 0] 0.84

Motivation to Quit
0.03Mean (SD) 6.98 (2.47) 6.46 (2.78) 7.03 (2.58) 6.77 (2.80) 0.41

Median (IQR) 8 (5, 9) 6 (5, 9) 8 (5, 9) 7 (5, 9)

Quit Attempts Since Baseline
Mean (SD) 2.69 (4.98) 2.22 (2.53) 0.99 3.82 (6.36) 2.34 (3.24) 0.003

Median (IQR) 2 (0,3) 2 (0, 3) 2 (1, 4) 2 (0, 3)

Change in Number of Quit Attempts
from Baseline

0.11 0.02Mean (SD) 0.44 (5.54) −0.25 (4.85) 1.25 (6.5) 0.02 (4.71)
Median (IQR) 0 (−1,1) 0 (−1, 1) 0 (−2, 1) 0 (−1, 1)

Number of Household Smokers
Mean (SD) 1.49 (1.28) 1.45 (0.76) 0.9 1.22 (0.80) 1.21 (0.64)

Median (IQR) 1 (1, 2) 1 (1, 2) 1 (1, 1) 1 (1, 2) 0.59

Home Smoking Ban 82 (43.85) 82 (44.09) 0.96 111 (51.63) 120 (52.63) 0.83

Home and Car Smoking Ban 47 (25.13) 38 (20.32) 0.27 69 (32.09) 84 (36.84) 0.29

Cotinine Change from T0 ng/mL *
0.05 0.66

Median (IQR) 1.81 (−2.94,
3.24)

1.81 (−2.02,
5.52)

2.44 (−1.61,
6.92)

1.81 (−2.18,
5.52)

Notes: 1 T1 = 6-weeks; 2 T2 = 6-months; 3 SBIRT= Screening, Brief Intervention, Referral to Treatment; 4 HHC =
Healthy Habit Control; + Fisher’s exact test; * T1 cotinine was assessed on n = 167 samples in SBIRT and n = 147
samples in HHC groups; T2 cotinine was assessed in n = 38 samples in SBIRT and n = 26 samples in HHC groups;
Boldface print indicates p < 0.05.
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Findings for secondary outcomes using a GLMM analysis were as follows: for number of cigarettes
smoked there was a significant interaction term for group by time: p = 0.03, with a specific difference
at T2 between SBIRT and HHC; for motivation to quit there was a significant interaction group by
time effect (p = 0.02), but no specific differences were found between SBIRT and HHC; there was
no significant group by time interaction for number of smokers in the home (p = 0.35); there was
no significant group by time interaction for complete home smoking ban or complete home and car
smoking ban (p = 0.72 and p = 0.13, respectively). The individual differences are displayed in Table 2.

There were no statistically significant differences in the number of home and car smoking bans at
T1 or T2. There were no statistically significant differences in cotinine levels in children of SBIRT or
HHC parents from T0 to T1 or T2. See Table 2.

Table 3 shows the self-reported quit rates in pre-specified potential moderators and mediators.
The following statistically significant differences were found: higher quit rates at T1 in SBIRT parents
who received NRT (83.3% vs. 50.9%, p = 0.04) but not at T2; lower quit rates at T1 in parents who had
>1 household smoker (37.5% vs. 71.1%, p = 0.001); and higher quit rates in parents with higher PE at
T2 (73.3% vs. 55.2%, p = 0.007).

Table 3. Self-reported abstinence at T1 1 and T2 2 for specific subgroups.

Variable
Yes, at T1 No, at T1 p-Value Yes, at T2 No, at T2 p-Value

n (%) n (%) n (%) n (%)

N 24 547 60 509

Financial Strain >2 at Baseline 11 (45.83) 201 (53.20) 0.53 * 27 (45.00) 267 (52.46) 0.27

NRT 3 Given at Baseline † 10/12 (83.33) 138/271
(50.92) 0.04 * 20/36 (55.56) 124/244

(50.82) 0.60

Number of Household Cigarette
Smokers >1 9 (37.50) 389 (71.12) 0.001 * 43 (71.67) 353 (69.35) 0.71

Parent Believes Smoking Affects Child’s
Health (PV 4

≥12) at Baseline 16 (66.67) 288 (52.65) 0.21 * 31 (51.67) 263 (51.67) 1.00

Parent Believes Quitting Would Benefit
Child (PE 5

≥14) at Baseline 13 (54.17) 270 (49.36) 0.68 * 32 (53.33) 254 (49.90) 0.62

Parent Believes Smoking Affects Child’s
Health (PV ≥ 12) at T1 16 (66.67) 292/544

(53.68) 0.30 * 23/47 (48.94) 247/446
(55.38) 0.40

Parent Believes Quitting Would Benefit
Child (PE ≥ 14) at T1 15 (62.50) 277/544

(50.92) 0.30 * 26/47 (55.32) 229/446
(51.35) 0.60

Parent Believes Smoking Affects Child’s
Health (PV ≥ 12) at T2 11/20 (55.00) 253/476

(53.15) 1.00 * 34 (56.67) 265 (52.06) 0.50

Parent Believes Quitting Would Benefit
Child (PE ≥ 14) at T2 14/20 (70.00) 261/476

(54.83) 0.25 * 44 (73.33) 281 (55.21) 0.007

Notes: 1 T1 = 6-weeks; 2 T2 = 6-months; 3 NRT = Nicotine Replacement Therapy; 4 PV = Perceived Vulnerability; 5

PE = Precaution Effectiveness; † SBIRT only; * Fisher’s exact test; Boldface print indicates p < 0.05.

3.4. Cessation Resources Given to SBIRT Participants

All SBIRT participants received MI-based cessation coaching and 366 (97%) received at least one
cessation resource. Of these, 345 (94%) received QL information, and 50 (14%) accepted fax QL referral.
A total of 354 (97%) parents were referred to smokefreeTXT and 23 (6%) signed up for the program
during the PED/UC visit. A total of 361 (96%) were given smokefree.gov information and 170 (47%)
visited the website during their visit. A total of 252 (66.8%) were interested in receiving NRT and
willing to set a quit date within 14 days; 53 (21%) interested parents had >1 NRT contraindication.
Thus, 199 (52.8%) participants received 6 weeks of NRT in the PED/UC [26]. Notably, 329 (88%) HHC
participants requested smoking cessation information at the end of the study.

4. Discussion

This RCT was designed to leverage the pediatric emergency visit to provide a public health
intervention that would benefit both parents and children. We tested the efficacy of an SBIRT with
NRT to achieve tobacco abstinence in parental smokers and TSE reduction in their children compared

smokefree.gov
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to an attention control condition. Similar to an adult ED-based study [20], our results suggest that
parental smokers in the PED/UC setting are interested in receiving help with quitting and that they
took important steps towards abstinence.

We observed decreases in the median number of daily cigarettes smoked and increased quit
attempts in SBIRT parents. Overall, these findings indicate that the SBIRT model resulted in positive
changes in parental smokers’ tobacco use and that the SBIRT model could decrease children’s TSE.
Any and all quit attempts and decreases in the number of cigarettes smoked benefits both parents and
children and represents an opportunity that may eventually result in abstinence [43].

There are several possible explanations for the lack of significant differences in abstinence between
conditions. First, it was challenging to consistently provide each of the intervention components in a
uniform fashion in terms of time and “dose” of each component due to the fast pace of the PED/UC
visit and the vast range of clinical acuity in the children. The median SBIRT length was only 11 min.
While we sought to leverage parental concern about their child’s illness during the PED/UC visit
as a “teachable moment” to mobilize parents to quit smoking, we found no differences in cessation
outcomes based on parental reports of PV or PE at T0. This may have been due to the brief assessments
used to assess parental PV and PE which may not have revealed parents’ actual feelings about how
smoking affects their child. These questions along with qualitative interviews should be conducted
in future trials to reveal the types of anxiety and specific concerns parents have in this setting which
may further motivate them (or deter them) to take steps to quit after the PED/UC visit. Another issue
was high SW/CRC turnover rates and the varied types of prior education and/or training that the
SWs/CRCs had which may have also contributed to lower rates of cessation. Further, few participants
used additional cessation resources, and only 52.8% of SBIRT parents received NRT due strict eligibility
criteria. Future pediatric-based trials should consider giving NRT to adult smokers with hypertension,
for example, since this is not a contraindication for NRT in adult ED-based trials [21,44]. However, it is
encouraging that SBIRT parents who did receive NRT had higher rates of quitting. Further research is
needed on how to provide more consistent intervention delivery including NRT in the PED/UC setting.

Second, there were higher-than-expected quit rates in HHC parents, which could be due to
higher-than-expected readiness to quit in this group. Indeed, this is reflected by the finding that 85% of
parents were in the contemplation or preparation stage of cessation at T0 [24] and 88% of HHC parents
requested cessation information at T2. Although the HHC condition did not contain information or
guidance on tobacco use, the health messages inherent in the condition may have indirectly activated
parents to reduce smoking.

Third, study results may have been biased in that the T0 assessment had 62 questions of which
47 (76%) were about tobacco use/TSE. This could have resulted in “assessment reactivity [45]” as the
assessment may have provided both the SBIRT and HHC participants a “dose” of the intervention,
time to think about their tobacco use and the effects of TSE on their child, and the impetus to quit
smoking after enrollment. Similar findings and concerns have been reported in other ED-based
trials [20,21,46,47]. Further, the follow-up assessments about tobacco use and TSE may have provided
additional prompts for parents to change their smoking behavior.

Finally, other ED-based studies that have achieved statistically significant abstinence rates
employed strategies that we did not use, including booster telephone calls, administration of the
first NRT dose in the ED, and dual modalities of NRT with both longer-acting NRT patches and
shorter-acting NRT gum [44,48,49]. Future PED/UC studies should explore adding these components.
Similarly, the lack of observed differences in smoking bans or child cotinine levels may be due to our
brief intervention with no booster coaching. A recent review of prior child TSE reduction interventions
reported that 33% of 78 studies had successful reductions in child TSE [17]. The successful trials
used more intensive interventions than we employed. Thus, future work should include follow-up
counseling and messaging to ensure that participants have the greatest chance to quit and reduce their
children’s TSE.
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This study had several strengths. The sample size was large, an attention control condition was
compared to the SBIRT condition, NRT was administered to parents who were not patients, six-month
follow-up assessments were conducted, biochemical assessments were obtained, and data were
gathered from multiple sources. The conduct of this study also speaks to the feasibility of incorporating
tobacco interventions in this busy setting. However, aspects of this study limit the generalizability of
findings. It was conducted at a single, midwestern tertiary care PED/UC. Although our predominantly
low-income study population had diverse racial/ethnic backgrounds, the majority of parents were
female which is common in smoking cessation interventions in the pediatric setting [17,50,51]. It is
unknown if similar results would have been obtained in a different setting or with a different study
population. Further, the intervention was conducted by trained, non-clinical research staff, and we
experienced high turnover. Interventions had limited face-to-face time and it is possible that improved
results may have been observed if clinical staff had delivered the SBIRT during the course of the
PED/UC visit using digital or other tools. The use of clinical decision support tools may facilitate
the delivery of cessation intervention components by clinical staff based on studies conducted in the
PED, UC, and primary care settings [52–54]. Additionally, many state QLs have electronic referral
options [55] which eases the burden on clinicians and may improve cessation outcomes after the
PED/UC visit. More research is needed in this area.

5. Conclusions

A PED/UC intervention decreased the number of cigarettes smoked, increased quit attempts, and
resulted in higher rates of quitting in parents who received NRT. Although significant differences in
quit rates across conditions were not found, the SBIRT condition was successful in facilitating quit
attempts, changes in smoking behavior, and short-term abstinence, all of which are essential in helping
smokers achieve long-term cessation [56,57]. The potential benefit of such cessation interventions,
defined as reach (number exposed to the intervention) multiplied by efficacy (percentage who quit),
could have a substantial public health impact [58]. For example, if 30% of the parents who bring their
children to EDs annually are smokers, then approximately nine million parental smokers could be
treated with brief interventions [1]. If 10% of these smokers quit, this would equal approximately
900,000 new ex-smokers annually. Numbers would be higher if UC visits were also utilized. Our study
represents an important foundation on which to launch future cessation and TSE reduction research in
the PED/UC setting.
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