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Abstract

Introduction: Standard care interventions to reduce children’s tobacco smoke exposure (TSE) 

may not be sufficient to promote behavior change in underserved populations. A previous study 

demonstrated short-term efficacy of an experimental counseling intervention, “Family Rules for 

Establishing Smokefree Homes (FRESH)” compared with standard care on boosting low-income 

children’s TSE reduction and maternal smoking at 16-week end of treatment (EOT). This study 

tested long-term post-treatment efficacy of this treatment through 12-month follow-up.

Study design: This study was a two-arm RCT.

Setting/participants: Maternal smokers (N=300) not seeking cessation treatment were 

recruited from low-income, urban communities. Participants exposed their <4-year-old children to 

tobacco smoke daily. Data collection and analyses occurred from 2006 to 2018.

Intervention: The FRESH behavioral intervention included two home visits and seven phone 

sessions. FRESH used cognitive behavioral skills training, support, problem solving, and positive 
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social reinforcement to facilitate adoption of increasingly challenging TSE-protection behaviors. 

No nicotine-replacement therapy or medication was provided.

Main outcome measures: Primary outcomes were child cotinine (TSE biomarker) and 

reported TSE from EOT through 12 months post-treatment. Secondary outcome was bioverified 

maternal smoking cessation.

Results: Compared with controls, children in FRESH had significantly lower cotinine (β= −0.31, 

p<0.01) and lower maternal-reported TSE (β= −1.48, p=0.001) through the 12-month follow-up. A 

significant effect of time (β= −0.03, p=0.003) reflected a post-treatment decrease in cotinine. 

There was no treatment X time interaction, suggesting the treatment effect was sustained post-

treatment. Compared with controls, FRESH mothers maintained significantly greater odds of 

quitting from EOT through 12-month follow-up (OR=8.87, 95% CI=2.33, 33.75).

Conclusions: Study results with a sample of underserved maternal smokers demonstrated that 

the short-term effect of FRESH counseling at 16-week EOT was maintained through 12 months 

post-treatment—for both bioverified child TSE reduction and maternal smoking cessation. 

Smokers in low-income communities demonstrate elevated challenges to success in standard 

smoking treatment. FRESH follow-up results suggest high potential value of more-intensive 

behavioral intervention for vulnerable smokers.

INTRODUCTION

Tobacco use and tobacco smoke exposure (TSE) are associated with cancer, respiratory 

diseases, and cardiovascular diseases.1-4 TSE includes secondhand smoke from burning 

tobacco and exhaled smoke, as well as residual nicotine and tobacco contaminants 

(“thirdhand smoke”) that build up and re-disperse within indoor environments.5,6 TSE 

accounts for 42,000 non-smoker deaths annually in the U.S.2 and at least 600,000 deaths per 

year globally.8 Among children, TSE is a leading cause of preventable disease and death9 

and is associated with numerous health issues, such as sudden infant death syndrome, 

respiratory diseases, and increased infections.3,9,10 In recent decades, policies restricting 

smoking in worksite and public spaces have facilitated significant decreases in tobacco use 

and TSE in the U.S.9,11-13 However, these reductions have not been uniform across 

subpopulations, resulting in TSE disparities among low-income groups.7 In the U.S., the 

smoking prevalence in impoverished populations is almost twice as high as that in higher-

income groups,14 and TSE rates are greatest in vulnerable populations such as children, non-

Hispanic blacks, and individuals living in poverty.9,15 Most public policies do not directly 

affect residential smoking restrictions, which may lead to increased risk of TSE 

consequences among the youngest exposed children who spend most of their time inside at 

home and in close proximity to their smoking parents. One promising exception is the new 

U.S. Department of Housing and Urban Development regulation restricting residential 

smoking in low-income housing. It is too early to judge effects prior to full implementation 

of the regulation and subsequent assessment of child TSE.

Maternal smoking is the primary source of TSE among young and underserved children.
15-18 Women encounter greater barriers to cessation19-22 and are less successful at quitting 

than men— disparities that are magnified among women of childbearing age.23-27 Because 
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low-income female smokers are less likely than others to respond favorably to existing 

evidence-based cessation treatments,28,29 a growing number of studies have tested the 

efficacy of harm reduction interventions aimed at child TSE reduction as the primary goal of 

smoking treatment. However, current standard TSE reduction interventions (e.g., brief 

healthcare provider advice) have typically shown limited effectiveness.30

A systematic review shows two limitations of previous child TSE-reduction trials, including 

lack of bioverified outcomes31 and limited long-term follow-up examining maintenance of 

TSE outcomes, shortcomings that are even more evident in studies targeting vulnerable 

populations and parental smokers.32,33 Low-income smokers are more likely to live in 

subsidized multiunit rentals, which can be susceptible to TSE sources outside the immediate 

residence34 and have elevated thirdhand tobacco smoke residue from previous residents.35 

Moreover, low-income smokers report lower stigma around smoking behaviors than other 

smokers36 and may experience less social pressure to create smokefree environments for 

their children. Not surprisingly, brief advice, health education, and self-help strategies have 

limited effect on changing residential contingencies and norms affecting smoking and 

behavior change.

The need to improve maternal smoking and child TSE reduction interventions in vulnerable 

populations remains a significant public health priority.15,37 Interventions targeting these 

populations require more-intensive behavior change strategies. For example, skills training 

must address unique barriers women and low-income smokers face when attempting to 

modify smoking. Interventions could be enhanced by guiding maternal smokers’ efforts to 

shift residential smoking norms toward the unacceptability of indoor smoking, and 

acceptability of protecting children from TSE.38,39 Moreover, interventions that focus on 

maternal TSE reduction could include elements that boost smokers’ confidence in smoking 

behavior change that, in turn, could lead to a quit attempt.40 Thus, more-intensive 

interventions are warranted.

This study was designed to examine long-term, 12-month post-treatment effects of an 

experimental counseling intervention, Family Rules for Establishing Smokefree Homes 

(FRESH]), on bioverified child TSE and maternal smoking cessation. The FRESH trial 

targeted low-income maternal smokers interested in learning how to protect their children 

from TSE without the expectation of quitting smoking during treatment. Analyses of short-

term, end-of-treatment (EOT) outcomes after 16 weeks of treatment demonstrated 

preliminary efficacy of FRESH behavioral counseling compared with standard care control 

treatment in reducing bioverified child exposure and promoting bioverified maternal 

cessation.41 The current paper presents the long-term results of the FRESH trial. The a priori 

hypotheses of this study were that the significant main effect of treatment observed at EOT 

(16 weeks) would be sustained as a linear function over time from EOT through 12-month 

follow-up.

METHODS

The trial was approved by the Temple University IRB (protocol #7152). Data collection and 

analyses occurred from 2006 to 2018. The study was a two-arm RCT. Randomization used 

Collins et al. Page 3

Am J Prev Med. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



small blocks of random length stratified by child sex, race, and recruitment site. The project 

biostatistician generated the allocation sequence, which was concealed from the project 

team. At in-home baseline, participants completed consent and structured interviewer-

administered assessments, and provided a child urine sample. After the 16-week intervention 

period, assessment staff (blind to assignment) conducted in-home assessments at EOT, 3 

months post-EOT, and 12-months post-EOT. Outcome measures included child urine 

cotinine (TSE biomarker), reported TSE from self and all sources, and bioverified 7-day 

point prevalence cessation. This report focused on post-treatment outcome assessments 

(EOT through two follow-ups). Greater detail of the study methods and protocols 

highlighted in this section can be found in the short-term outcome paper.41

Study Population

Recruitment targeted maternal smokers with young children in low-income, urban 

communities. Systematic recruitment methods included advertising in free newspapers, on 

public transit, in neighborhood stores, and in community clinics serving target communities. 

Eligible mothers smoked five or more cigarettes per day, and had a child aged <4 years who 

was exposed to at least two maternal cigarettes per day in the same room. Respondents were 

excluded if they were pregnant, currently diagnosed or treated for severe mental illness, or 

non-English speaking.

Interventions

Participants were randomized to the experimental intervention (FRESH Behavioral 

Counseling), or an enhanced standard care intervention (Control). Content in the two 

interventions were equivalent, including TSE-related health education and guidance in 

evidence-based, cognitive behavioral strategies for smoking behavior change emphasizing 

child TSE protections. All trial participants received “no smoking” signs and printed 

behavioral contracts with instructions to discuss treatment goals among family members and 

post signed contracts in the house (techniques adapted from applied behavioral analysis to 

facilitate adoption and adherence to newly agreed-upon residential smoking restrictions).
42,43 Materials also included structured information to facilitate skills for smoking behavior 

change in the context of identified environmental stressors and unique barriers to behavior 

change. All participants received information about accessible smoking-cessation services, 

medications, and low- or no-cost nicotine-replacement therapy (NRT); however, the trial did 

not provide medication or NRT.

Between the two groups, intervention modes and processes differed. The Control group 

received a treatment binder with all print materials, brief advice, and overview of materials 

and encouragement to discuss materials with other home residents. The FRESH Counseling 

group received the same materials as Controls plus 16 weeks of behavioral counseling 

(Master’s degree–level counselors maintained ≥95% protocol fidelity.) The FRESH 

intervention included two in-home sessions during the first 6 weeks of treatment and up to 

seven phone sessions. Using an individualized treatment approach with short-term goal 

setting, counselors focused on mothers’ efforts toward child TSE reduction while providing 

social reinforcement (e.g., praise) and guidance toward incrementally more challenging 

smoking behavior change. For example, the first week would include initiation of stimulus 
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control and coaching (e.g., assisting with placement of no smoking signs, problem solving 

barriers to protecting children) to help mothers begin to avoid smoking in self-designated 

smokefree zones where children play, eat, or sleep. Counselors used motivational 

interviewing techniques to boost motivation to modify smoking to protect children, and 

coaching to enhance residential social support for child TSE protection. Counselors 

facilitated completion of behavioral contracts with family members’ signatures designating 

their commitment to a smokefree home. In subsequent weeks, skills training and problem 

solving would continue, while counselors encouraged sequentially more ambitious short-

term goals for enhancing TSE reduction (e.g., eliminating indoor smoking among 

residents… then TSE from visitors.) This process was intended to build mothers’ self-

efficacy in smoking behavior change, including the eventual consideration of a smoking quit 

attempt.

Measures

Three outcome measures were obtained at EOT (16 weeks), and both 3 and 12 months post-

treatment:

1. Child urine cotinine was the primary outcome.44 Staff followed previous study 

collection and storage protocols.45,46 Assays were completed using high-

performance liquid chromatography–mass spectrometry.47 The lowest detectible 

level was 0.1 ng/mL.

2. Maternal-reported TSE from her own smoking and TSE from all sources were 

collected with interviewer-administered, timeline follow-back methods used 

previously.48,49 TSE was operationalized as mean cigarettes per day to which the 

child was exposed in the same room as a smoker during the 7 days prior to 

assessment.

3. Bioverified 7-day point prevalence quit status was confirmed with maternal 

saliva cotinine (high-performance liquid chromatography–mass spectrometry). 

Non-verified quit status as well as self-reports of “not quit” were coded as 

quit=0.

The independent variable was treatment assignment coded 0=Control group, 1=FRESH.

Control variables included baseline demographics, smoking- and exposure-related 

behaviors, home environment, and psychosocial factors. Race was recoded as binary (i.e., 

1=African American, 0=non-African American). Marital status was coded as 0=single or 

1=married or living with a partner. Child age was dichotomized as 0= <12 months old and 

1=12–48 months old given the likelihood that infants have more frequent maternal contact 

exposure than toddlers. Nicotine dependence was assessed using the Fagerström Test of 

Nicotine Dependence (FTND).50 Other smokers living in home was dichotomized as 

1=other smokers or 0=mother is the only smoker. Home smoking restrictions were coded as 

1=total indoor smoking ban or 0=no to some smoking restrictions. The Center for 

Epidemiologic Studies Depression Scale (CES-D) was used to assess depressive symptoms.
51 The sum of life events mothers reported experiencing in the 3 months prior to assessment 

represented stressful life events.52 Mean smoking-related weight concerns was measured 
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with a four-item assessment with a 6-point response scale (0=not at all, 5=very much) used 

in previous research.53 The total number of pediatric provider visits for TSE-related illnesses 

(e.g., respiratory symptoms, ear infections) in the previous 3 months as well as recall of TSE 

health messaging from providers and other sources (e.g., media) were collected.54 Also, 

baseline exposure variables related to outcomes of interest (baseline cotinine, baseline 

maternal TSE, and baseline all source TSE) were included in their respective multivariable 

analyses.

Statistical Analysis

Analyses of child TSE followed an intention-to-treat approach where all randomized 

participants were included in the outcome analyses. Initial analyses generated descriptive 

statistics, QQ plots, and histograms to examine variable distributions. CES-D, life events, 

weight concerns, total doctor visits, and FTND scores were standardized. Two cotinine 

values were below 0.1 ng/mL at EOT and 12-month follow-up, respectively. To be consistent 

with the publication of short-term outcomes,41 the authors included the original assayed 

values in the data set (0.00 and 0.05). The distribution of child cotinine values was not 

normal; however, it did follow a log-normal distribution. For the child cotinine analysis, a 

log-normal (i.e., Gaussian family but a log link) mixed effects model was fit using the SAS 

glmmix procedure to the untransformed cotinine values. The model included a random 

intercept and was estimated using an MMPL (maximum marginal expansions pseudo 

likelihood), a pseudo likelihood method approximating maximum likelihood estimation 

(SAS, version 9.2). The following baseline covariates were included in the child cotinine 

model: child cotinine, FTND, CES-D, baseline other smokers in home, life events, support, 

marital status, child age, total doctor visits, and home smoking ban. In addition, the model 

included the time-varying covariates total household ban and other smokers in the home 

besides the participant. Two models of reported TSE (from self and all sources) were fit 

using a generalized linear mixed model with a logit link using the glmer function and the 

Laplace Approximation. The maternal TSE model included baseline FTND, total doctor 

visits, total home smoking ban, and other smokers in home as covariates. The all-source TSE 

model included baseline total pediatrician visits, total home smoking ban, and other smokers 

in home as covariates. Initially, baseline FTND was included in this latter model, but the 

model failed to converge so it was removed. For each outcome, the authors tested for over-

dispersion and there was none. All models included a random intercept as well as effects for 

the intervention and time (across the three follow-up time points in months). Authors also 

tested for intervention X time interactions. When the interaction was not significant, this 

term was removed from the final model to improve parsimony and model fit. The secondary 

outcome, binary bioverified quit, was assessed by change in quit status using a binary 

generalized linear mixed model including a treatment X time interaction, a random intercept, 

and a logit link function. This model included standardized data from baseline assessments 

of weight concerns, total doctor visits, and FTND as covariates. The generalized linear 

mixed model was run using SPSS, version 24.
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RESULTS

The previously published short-term outcome results41 included detailed demographic 

baseline data showing no between-group differences in baseline demographic, smoking, or 

exposure characteristics except that there were significantly more single mothers in the 

Control group (86.9%) than in Counseling (76.1%). The sample included 87.3% African 

Americans, 11.7% Caucasians, and 1.0% Native American or Asian, with 8.5% identifying 

as Latina. More than two thirds of the sample was unemployed and single, and nearly 60% 

completed at least a high school education. The sample reported mean CES-D scores >19 

and an average of approximately nine current stressful life events, suggesting elevated 

distress.

Baseline smoking and exposure characteristics suggest that mothers were moderate-to-heavy 

smokers for this target population (a daily average of 12 cigarettes with a mean FTND just 

below 5.0). Mothers reported that their target child was exposed to a daily average of 

approximately five of her cigarettes in addition to approximately nine cigarettes per day 

from other sources.

Half of the sample lived with another smoker, and nearly half of the sample reported living 

in a home with at least some indoor smoking restrictions (7% reported having a total indoor 

smoking ban). Children in the sample showed high levels of baseline cotinine [(arithmetic 

mean=36.23 ng/mL, SD=121.73 ng/mL; geometric mean=16.22 ng/mL, SE=7.08 ng/mL)], 

characteristic of young children living in low-income, urban environments and within homes 

that are likely to have high degrees of thirdhand tobacco smoke contamination. Figure 1 

shows participant flow from randomization. Enrollment ended when the goal of 300 

participants were randomized. Retention from EOT through follow-up was similar in both 

groups. Such retention is consistent with clinical trials research with similar low-income, 

highly distressed populations. There were no reported adverse events during the trial.

Results of the repeated measures analysis of child cotinine appear in Table 1. There was a 

statistically significant effect of intervention on cotinine levels (β= −0.31, SE=0.13, p=0.01): 

Controlling for baseline cotinine and other covariates, participants in the FRESH Counseling 

group had children with lower cotinine levels from EOT assessment through 12-month 

follow-up than Controls. There was also a significant effect of months reflecting a decrease 

in the entire sample’s cotinine levels from EOT through follow-up (β= −0.03, SE=0.01, 

p=0.003). Testing for an intervention X month interaction showed a non-significant 

interaction term that did not contribute to the model. Therefore, the final model does not 

include an interaction term. Three covariates also had a significant effect on child cotinine 

over time. These terms included baseline child cotinine level as well as the time-varying 

covariates capturing other smokers in the home, and whether homes had an indoor smoking 

ban. Figure 2 used back-transformed geometric means to illustrate the change in child 

cotinine by group from baseline to 12-month follow-up. There was a statistically significant 

effect of the intervention on child TSE from maternal smoking (β= −1.48, SE=0.45, 

p=0.001): Children in FRESH were less likely to be exposed to tobacco smoke from mom 

than Control children. There was no effect of time and no time X treatment interaction. 

Thus, the treatment effect was maintained over time. Among the covariates, there were 
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statistically significant effects of FTND and total doctor visits. The analysis of factors 

affecting TSE from all sources showed no effect of treatment or time. Only the number of 

pediatrician visits predicted exposure in the “all sources of exposure” model (Table 2).

There was a large, significant effect of FRESH treatment on repeated measures of 

bioverified abstinence controlling for baseline nicotine dependence, number of pediatrician 

visits, and weight concerns. Specifically, participants in FRESH had significantly greater 

odds of being quit compared with the Control group (OR=8.87, 95% CI=2.33, 33.75). The 

largest difference in bioverified quit status between FRESH Counseling and Control groups 

was at EOT (13.8% vs 1.9%). There was neither a significant main effect of time nor a 

significant time X intervention interaction. Thus, the FRESH treatment effect on quit status 

was maintained through 12 months post-treatment (12.3% vs 6.1%) even though the control 

group demonstrated an increase in bioverified quits during the post-treatment period.

DISCUSSION

These results support the primary hypothesis that the effects of FRESH behavioral 

counseling on 16-week, short-term child TSE reduction would be sustained through the 12-

month, post-treatment period. This study is among the first to show with a vulnerable sample 

of maternal smokers that, compared with an active standard care control intervention, 

behavioral counseling led to long-term, post-treatment reductions in bioverified child TSE. 

The effect of FRESH Counseling on reported child TSE from maternal smoking was 

consistent with the child cotinine results, further supporting the hypothesis that FRESH 

counseling would boost mothers’ TSE protection efforts relative to the Control condition. 

The significant between-group difference in smoking quit rates supported the secondary 

hypothesis that the short-term differences in quit rates at EOT would be sustained through 12 

months post treatment. Thus, it appears that focusing vulnerable maternal smokers’ efforts 

on reducing their child’s TSE not only helps mothers learn how to protect their children 

from exposure, but also may facilitate their subsequent effort to quit smoking.

The effect of FRESH counseling on long-term maintenance of child TSE reduction is indeed 

notable and highly encouraging, particularly given its potential to reduce tobacco-related 

disparities among underserved smokers. Nevertheless, the 12-month mean and range of 

cotinine values suggests an opportunity for improving the magnitude of the long-term, post-

treatment effect. Study results point to areas future interventions could address. First, 

nicotine use is a chronic relapsing disorder. Thus, providing ongoing treatment contact 

would be appropriate, given that effective treatments of other chronic conditions (e.g., 

diabetes) are typically not withdrawn. Also, there are additional strategies, such as monetary 

contingencies based on behavioral economics that could augment the FRESH intervention 

strategies designed to shape social contingencies and family-level norms around child TSE 

protections. Alternatively, the null effect of treatment on TSE from all sources suggests that 

expanded strategies are needed to help expand mothers’ skills with child TSE protections 

beyond their homes and their own smoking. Even though many FRESH intervention 

mothers may have successfully overcome obstacles to TSE reduction related to the 

residential-level social milieu, reducing all sources of TSE is even more challenging. Thus, 

extending FRESH treatment beyond 16 weeks could foster greater skills development to 

Collins et al. Page 8

Am J Prev Med. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



enable mothers to tackle a wider array of TSE-related contexts. Additionally, intervention 

intensity could be increased with multilevel interventions designed to create synergistic 

effects (e.g., integrating smokefree public housing policies and TSE messaging) with 

residential-level skills training and support for families with smokers to create smokefree 

homes and neighborhoods). Recent studies55-57 have begun to test multilevel interventions 

that could potentiate efficacy of TSE reduction counseling by adding advice and support 

from trusted providers (e.g., primary care physicians, community health workers). A trusted 

healthcare provider’s advice could increase motivation to initiate and maintain engagement 

in more-intensive treatment components (e.g., counseling) that are necessary to promote 

skills for smoking behavior change.

The sustained effect of FRESH counseling on long-term bioverified quit status was another 

highlight of the results for a number of reasons. First, eligible participants were invited to 

enroll in the trial even if they were not seeking cessation treatment or planning to quit 

smoking at enrollment—they could simply focus on a treatment goal of creating a smokefree 

home and protecting their child from TSE. It is remarkable to see this effect in a non–

cessation treatment seeking population known to have greater challenges to quitting smoking 

than the general population of smokers. Also, NRT was not provided in this trial, and few 

participants reported obtaining it from outside sources. The results suggest that mothers’ 

TSE reduction efforts may facilitate smoking cessation. Offering NRT and withdrawal 

medications when mothers consider quitting would likely enhance the magnitude of the 

treatment effect beyond what was observed in this trial. Given that quit attempts would 

eliminate TSE from maternal smoking, improving treatment effects on cessation would also 

improve TSE outcomes.

Limitations

Targeting a specific vulnerable population for enrollment in this trial limits generalizability 

of results beyond this population. Similarly, this study’s target population experiences 

elevated concerns about biomarker assessment as well as psychosocial challenges and 

nuisance barriers to long-term repeated measures assessment compared with broader 

populations. Although there was no evidence of between-group differences in retention, the 

conservative analytic plan (e.g., coding missing quit status as “not quit”) attempted to 

address potential selection effects. Given that this high-risk population consistently 

demonstrates low response to standard smoking-cessation intervention, any trial that 

demonstrates associations between intervention and outcomes in vulnerable populations still 

provides valuable information for future research and practice, even when considering 

attrition.58 Also, the FRESH intervention was relatively intensive. Because intensive 

behavioral counseling requires more resources than the provision of self-help materials and 

brief advice, critics often argue that more-intensive behavioral smoking interventions are not 

sustainable. However, more-intensive behavioral intervention may be necessary to promote 

smoking behavior change in the target population59,60 to compete with the oversaturation of 

industry advertising and other corporate efforts that contribute to the elevated smoking rates 

in underserved communities. Moreover, there are other public health programs that include 

intensive behavioral intervention with home visits. For example, the Nurse–Family 

Partnership includes 30 home visits with low-income parents to address a spectrum of child 
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health and developmental issues. Early intervention and prevention efforts of the Nurse–

Family Partnership reduce costs associated with future utilization of government subsidized 

health services.61 By comparison, the FRESH approach seems appropriate and potentially 

valuable when comparing the alternative long-term consequences of TSE and maternal 

smoking.

Future behavioral theory–driven studies could test social and behavioral mechanisms that 

facilitate both TSE reduction and maternal cessation. FRESH counseling was designed to 

boost incremental behavioral, social, and environmental changes by enhancing self-control 

skills in smoking contexts, social support, and skills to shape home-level child TSE 

protection, and problem solving around challenges with children’s TSE harm reduction. 

Perhaps these efforts boosted smokers’ self-efficacy with smoking behavior change, shaped 

family-level social norms that maintain TSE reduction, and enhanced mothers’ motivation to 

quit smoking. Similarly, understanding more about potential moderators of smoking 

behavior change, such as baseline levels of nicotine dependence, could also inform future 

optimization strategies that could further improve smoking outcomes.

CONCLUSIONS

The FRESH RCT demonstrated long-term, 12-month post-intervention effects of behavioral 

counseling on bioverified TSE and cessation outcomes in a vulnerable population of 

maternal smokers. This is one of the first studies to show both long-term, sustained TSE 

reduction and cessation effects. Compared with brief advice and self-help materials, a more-

intensive counseling intervention emphasizing protection of children from TSE can promote 

reductions in child exposure and facilitate mothers to smoking-cessation success. As 

vulnerable populations continue to be subject to more-intensive industry exposure to tobacco 

products and demonstrate less success in standard smoking interventions, the outcomes of 

this trial suggest high potential value in investing in more-comprehensive smoking 

interventions to promote TSE protection and smoking cessation. Future research testing 

optimization strategies, multilevel intervention, and quitline implementation would build on 

these findings.
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Figure 1. 
Participant flow through follow-up assessments.

Note: Shaded participants flow previously published in the American Journal of Preventive 
Medicine.41
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Figure 2. 
Geometric mean child cotinine between groups.

FRESH, Family Rules for Establishing Smokefree Homes.
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Table 1.

Factors Affecting Child Cotinine Through Follow-up

Predictor Beta SE

Treatment group (1=counseling) −0.31** 0.13

Time (in months) −0.03** 0.01

Baseline cotinine 0.002*** 0.001

Marital status (1=yes) −0.13 0.16

Child age (1= <12 months old) 0.16 0.13

Baseline FTND (standardized) 0.06 0.06

Baseline CESD (standardized) −0.05 0.07

Baseline total TSE health messages received −0.02 0.06

Baseline stressful events (standardized) 0.05 0.06

Baseline social support (standardized) −0.11 0.07

Baseline other smokers in home 0.55*** 0.13

Time varying other smokers in home
a 0.08 0.13

Baseline home smoking ban −0.50 0.24

Time varying home smoking ban
a −0.54*** 0.13

Note: Boldface indicates statistical significance (**p<0.01; ***p<0.001).

a
Time varying covariates are calculated as a vector of the same baseline variable at end of treatment, 3- and 12-month follow-ups.

FTND, Fagerstrom Test for Nicotine Dependence; CESD, Center for Epidemiologic Studies Depression Scale; TSE, Tobacco Smoke Exposure.
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Table 2.

Factors Affecting Reported Child Tobacco Smoke Exposure

Predictor

Exposure from mom Exposure - all sources

Beta (SE) Beta (SE)

Treatment group (1=counseling) −1.48*** (0.45) −0.87 (0.53)

Time (in months) 0.02 (0.02) 0.02 (0.03)

Baseline TSE
a 0.04 (0.06) 0.02 (0.03)

Baseline other smokers in home 0.33 (0.43) 0.87 (0.54)

Baseline home smoking ban −1.14 (0.83) −0.37 (1.01)

Baseline total pediatrics visits (standardized) −0.58* (0.23) −0.60* (0.29)

Baseline FTND (standardized) 0.46* (0.23) 0.32 (0.27)

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01).

a
Baseline TSE=exposure from mom in left column; from all sources in right column. TSE, Tobacco Smoke Exposure; FTND, Fagerstrom Test for 

Nicotine Dependence.
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