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A B S T R A C T   

Introduction: Light smoking (smoking ≤ 10 cigarettes per day or on some days) has become increasingly prevalent in the US and increases morbidity and mortality. 
Many light smokers do not experience significant nicotine withdrawal but instead smoke in response to cues. Minimal evidence exists supporting interventions to help 
light smokers quit smoking. 
Methods: We present results from a proof-of-concept pilot study designed to evaluate the feasibility and acceptability of a cue-based smoking cessation intervention 
targeted to light daily and intermittent smokers. Participants were randomized to one of two arms: Arm 1) standard smoking cessation treatment or Arm 2) standard 
smoking cessation treatment + enhanced cue-based treatment that included interactive texting to extend cue exposure treatment to real-world settings and cue 
management counseling. Outcomes included feasibility (number of participants who were recruited and who completed the intervention), acceptability (intervention 
ratings), and preliminary efficacy (7-day point prevalence abstinence). 
Results: We randomized 24 English and Spanish-speaking light smokers, 13 to the treatment arm and 11 to the control arm. Across both arms, 77% attended all 
counseling sessions, 90% rated these sessions as very useful and 100% said that they would recommend the intervention to a friend. 15% in the treatment arm had 
biochemically-validated smoking abstinence compared to 0% in the standard counseling arm. 
Conclusions: Results from this proof-of-concept study demonstrated that a cue-based intervention is feasible and acceptable among light smokers and suggests the 
need for a fully powered study to assess this approach. 
Trial registration: This study is registered at www.clinicaltrials.gov NCT03416621.   

1. Introduction 

Light smoking (≤10 cigarettes/day or on some days) significantly 
increases the risk of all-cause mortality and now represents almost 50% 
of all US smokers (Jamal et al., 2016; Reyes-Guzman et al., 2017; 
Schane, Ling, & Glantz, 2010). Many light smokers express the desire to 
quit (Savoy et al., 2014; Tong, Ong, Vittinghoff, & Pérez-Stable, 2006), 
yet often are excluded from trials due to their low level of smoking 
(Okuyemi et al., 2002). This contributes to disparities in 
smoking-related outcomes as many light smokers are Black or Latinx 
(Ackerson & Viswanath, 2009; Coggins, Murrelle, Carchman, & Heid-
breder, 2009; Trinidad et al., 2009; Wortley, Husten, Trosclair, 
Chrismon, & Pederson, 2003). Some investigators have developed in-
terventions to help light smokers; however, thus far no large-scale trials 
have demonstrated efficacy for helping light smokers quit (Ahluwalia 
et al., 2006; Cabriales, Cooper, Salgado-Garcia, Naylor, & Gonzalez, 

2012; Cox et al., 2012; de Dios, Anderson, Stanton, Audet, & Stein, 2012; 
Ebbert, Croghan, Hurt, Schroeder, & Hays, 2016; Gariti et al., 2009; 
Shiffman et al., 2002, 2019). One reason that interventions may have 
not helped light smokers quit is that they have largely been adapted 
from interventions designed to treat heavier smokers. These in-
terventions typically focus on reducing nicotine withdrawal using 
pharmacotherapy (Gariti et al. 2009). Both heavy and light smokers 
smoke in response to cues; however, light smokers typically do not 
experience significant symptoms of nicotine withdrawal (Hughes, 
2007). Instead, light smokers appear to smoke primarily in response to 
conditioned cues (Ferguson, Shiffman, Dunbar, & Schüz, 2016; Shiff-
man, Dunbar, & Ferguson, 2015). We suggest intervention approaches 
for light smokers should not focus on management of nicotine with-
drawal but instead should focus on reducing cue response. To date, there 
are no interventions for light smokers specifically designed to reduce 
cue-based smoking. 
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Among heavy smokers, cue exposure treatment helped smokers 
“unlearn” smoking cues so that the cue no longer triggers a desire to 
smoke (Kamboj et al., 2012; Pericot-Valverde, Secades-Villa, Gutierrez- 
Maldonado, & Garcia-Rodriguez, 2014; Unrod et al., 2014). Unfortu-
nately, the unlearning of cues failed to generalize to natural environ-
ments and, thus, did not lead to cessation (Otto et al., 2019; Pericot- 
Valverde et al., 2014). A key innovation in this intervention was to 
use a cue exposure procedure that would extend cue-based learning into 
natural environments. 

We designed a pilot study to test the feasibility and acceptability of 
enhancing cue exposure treatment by extending it to real-world situa-
tions via SMS texting. We also compared this enhanced cue-based 
treatment to standard smoking cessation treatment to assess a signal 
for efficacy. 

2. Methods 

2.1. Sample 

We conducted a 2-arm randomized trial: Arm 1) standard smoking 
cessation counseling (n = 11), and Arm 2) standard smoking cessation 
counseling + enhanced cue-based treatment (n = 13). The primary 
outcomes were feasibility, acceptability, and preliminary efficacy using 
biochemically validated 7-day smoking abstinence post-treatment. The 
intervention was offered in both English and Spanish. We translated and 
back-translated all surveys, text messages, and counseling protocols into 
Spanish. 

We recruited light smokers via their medical chart with letters from 
their primary care provider and via social media (e.g., Facebook, 
Instagram, flyers in public housing complexes and the main Latinx 
community center). Participants who completed a phone-based 
screening survey were asked to complete consent in person. Eligibility 
requirements: 1) ≥ 18 years old; 2) able to read and understand English 
or Spanish (given 70% of Latinx smokers are light smokers); 3) cogni-
tively able to provide informed consent; 4) a biochemically-validated 
light smoker who smoked 1–10 cigs/day on at least 4 days in the past 
month; 5) willing to attempt smoking cessation in the next 30 days; 6) 
has access to a cell phone with a camera capable of sending photos and 
receiving text messages. Study procedures were approved by the Duke 
University Health System IRB. 

2.2. Assessment 

Staff administered an in-person baseline (~20 min) and follow-up 
survey (~15 min) post-intervention. We paid participants $50 for the 
baseline survey and $100 for the follow-up survey. After consent and the 
baseline survey, staff randomized participants to study arm from a 
stratified random number generated list programmed onto study lap-
tops. We stratified on the number of cigarettes per day (1–5 vs. 6–10) 
and native (has always been a light smoker) or converted (was previ-
ously a heavier smoker) light smokers. Data were collected between July 
2018 and February 2020. 

The baseline survey included questions about demographics (e.g., 
gender, race, marital status, etc.), smoking factors (e.g., Fagerstrom 
nicotine dependence, timeline follow back, quit attempts, etc.), and 
household information (See Table 1 for all measures) (Heatherton, 
Kozlowski, Frecker, & Fagerström, 1991) The follow-up survey 
included, questions on acceptability via process items in which partici-
pants rated the helpfulness of the intervention (1 = Not at all helpful to 
7 = Extremely helpful) and whether they would recommend it to a 
friend (1 = Definitely would not recommend to 7 = Definitely would 
recommend). We also collected participant feedback through open- 
ended questions (e.g., “What was the most helpful part of the program 
for you and why?”). We assessed smoking status with standard 7-day 
point prevalence abstinence (e.g., “Have you smoked any cigarettes in 
the past 7 days?”). At the follow-up survey, we biochemically validated 

smoking status by testing saliva for cotinine with a NicAlert strip; co-
tinine has a half-life of 72 h. Smoking abstinence was thus defined as 
self-reported abstinence for 7 days combined with a negative NicAlert 
test. We counted all missing data at follow up as smoking. 

2.3. Intervention 

2.3.1. Smoking cessation counseling (control) 
Study staff met with participants in both arms to conduct three 

weekly (~15–30 min) sessions of standard cognitive-behavioral smok-
ing cessation counseling. Standard counseling focused on identifying 
barriers to quitting, problem-solving, reviewing quit attempts, identi-
fying high-risk situations, and coping skills such as stress management 
and identifying support for quitting. In the first session, participants 
were asked to set a quit date in the next week. Control arm participants 
also received supportive text messages to help them quit. The supportive 
text message library was developed for a previous study based on mes-
sage library from smokefree.gov. The text message library was modified 
for this pilot study and included messages to increase motivation for 
quitting (e.g., “there are over 4000 chemicals in cigarettes that can cause 
cancer”), suggestions for successful quitting (e.g., handling slips), and 
messages to increase self-efficacy (e.g., “the difference between a 
smoker and a quitter is the quitter tried again. You can do this!”) 

2.3.2. Cue-based treatment 
For participants in the cue-based treatment arm, we provided stan-

dard counseling as described above and added cue-based treatment. 
Study staff met with participants to conduct five weekly counseling 

Table 1 
Participant characteristics.   

Total Standard 
counseling 

Cue-based 
treatment  

(N = 24) (N = 11) (N = 13) 

Characteristics    
Age (M, SD) 43.2 

(16.2) 
44.2 (18.4) 42.3 (14.8) 

Gender (%)    
Female 75 73 77 

Education (%)    
Some college or college grad 71 82 62 

Race (%)    
White 29 36 23 
Black 63 64 62 
More than one race/Other 8 0 15 

Ethnicity (%)  (missing = 1)  
Hispanic or Latino 9 0 15 
Not Hispanic or Latino 91 100 85 

Employment (%)    
Employed 33 45 23 

Financial security (%)    
Enough money for special 
things 

33 45 23 

Little spare money for extra 
things 

29 27 31 

Money to pay bills 17 9 23 
Difficulty paying the bills 21 18 23 

Marital status (%)    
Single 65 80 54 

Cigarettes per day prior the 
study (M,SD) 

6.1 (2.2) 6.5 (2.0) 5.8 (2.5) 

Daily vs intermittent smokers 
(%)    
Daily 96 100 92 
Intermittent 4 0 8 

Nicotine dependence (FND) 
(0–10) (M,SD) 

2.5 (1.9) 2.3 (1.7) 2.8 (2.1) 

Native vs. converted light 
smoker (%)    
Native 63 73 54 
Converted 37 27 46  
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sessions. In Visit 1, staff provided the same smoking cessation coun-
seling. Additionally, the staff reviewed information about smoking 
triggers and identified a list of the participant’s smoking triggers. In 
addition to the triggers, the staff helped participants create a list of 
smoking triggers, their frequency, how often they smoked in response to 
the trigger, and how difficult it would be to resist smoking. In the first 
session, participants set a quit date within the next week. Staff asked 
participants to send a text every time they smoked for four consecutive 
days, including a weekend day to become accustomed to texting when 
they experience a craving. An SMS text-response system we developed 
then texted participants asking them to name the trigger, rate their 
craving level, and rate their stress level. Staff asked participants to text a 
photo of the context in which they smoked, used in the in-person cue 
exposure treatment. 

At Visit 2, staff reviewed participants’ real-time data collected and a 
feedback report that included the average, minimum, and maximum 
number of cigarettes per day, craving level, and stress level. During the 
counseling portion of the session, staff used techniques to encourage 
problem-solving and discussed plans for coping with triggers. 

In Visits 2–5, after counseling, participants watched the cue- 
extinction presentation that included four extinction sets of 37 images 
that appeared on a computer screen for 12 s each with 3 s between 
images to induce craving (Brandon et al., 2011; Carter et al., 2006; 
Unrod et al., 2014). Each block included up to nine personal images that 
the participants had provided and included 16 standardized photos of 
smoking triggers such as ashtrays, people smoking, and coffee. Each 
block also included eight negative affect inducing images. Finally, each 
block included four images during which staff asked participants to 
touch/hold/smell smoking paraphernalia (i.e., personal brand of ciga-
rettes, ashtray, and lighter). After approximately two minutes, the in- 
vivo smoking paraphernalia was put away. Each image in the 4-block 
image set contained a logo with a meaning explained as “not smoking 
in response to cues.” 

After the cue exposure treatment, staff reviewed strategies discussed 
to manage cravings outside the lab setting when they faced a cue to 
smoke. Staff instructed participants to message the team anytime they 
felt an urge to smoke. The system sent the retrieval cue along with a 
supportive message. Specifically, staff instructed participants to text the 
program with the letter “C” whenever these experienced craving for a 
cigarette, and the logo was sent to them as part of text message 
encouraging abstinence. Staff asked participants to continue to text the 
system up to the follow-up visit (approximately 4 weeks total). 

2.4. Analyses 

We defined feasibility as the number of light smokers enrolling over 
the 6-month recruitment period, attending at least half of the inter-
vention sessions, and if, in the cue-based treatment arm, at least 50% 
texted at least one picture and responded to at least half of the inter-
active texts. We assessed acceptability as 75% rating the program as a 
“6” or “7” on the helpfulness item and the “recommend the program to a 
friend” item. We used salivary cotinine, which has a half-life of 72 h, to 
confirm smoking abstinence. We used the level of <14 ng/ml to define 
abstinence (van Vunakis et al., 1989). To analyze the smoking data, we 
assessed self-reported 7-day point prevalence smoking abstinence and 
biochemically confirmed abstinence outcomes with saliva cotinine 
testing. Although we did not conduct inferential statistics given the 
small sample, we present confidence intervals for the smoking cessation 
data. Missing data was counted as smoking. 

3. Results 

3.1. Sample characteristics 

We recruited 24 light and intermittent smokers and randomized 11 
to standard counseling and 13 the counseling plus cue-based treatment. 

As illustrated in Table 1, 75% were female, 63% were Black, 10% were 
Spanish-speaking, and their average age was 43 (SD = 16). All partici-
pants smoked between 1 and 10 cigarettes on days they smoked with a 
mean of 6.1 cigarettes per day. 

3.2. Feasibility and acceptability 

We recruited participants in the expected timeframe (~3/month). In 
the intervention arm, we met our a priori benchmark as 77% (10 out of 
13) completed all counseling sessions; 64% of those in the control arm 
completed all sessions (7 out of 10). We did not meet our a priori 
benchmark for the control arm. 64% of control arm participants (7 out of 
11) completed all counseling sessions. Adherence to the texting program 
in the cue-based treatment arm was excellent, with 85% texting photos, 
and 92% texting when they had a craving in their natural environment. 
When asked to rate the intervention, 90% rated it a “6′′ or “7” on a 7- 
point scale on helpfulness, and 100% responded that they would 
recommend it to a friend. 

In addition to acceptability questions, we asked what was most 
helpful about the intervention. Participants most commonly reported 
that that the SMS text messages helped them most. When asked what 
was least helpful, several mentioned that they would like more variety in 
the cue-exposure pictures, even though we explained that the cues and 
pictures should become “boring” indicating a reduction in their response 
to cues. 

3.3. Smoking cessation 

Of the 11 participants in the control arm, 3 self-reported quitting, but 
all 3 were considered smokers based on biochemical validation (0% 
smoking abstinence rate, 95% CI = 0.000–0.285). In the treatment arm 
(cue-based treatment) of the 13 participants, 4 self-reported quitting. 
Among the 4 self-reported quitting, 3 (75%) were converted light 
smokers, 1 was a native light smoker. Two of the four had biochemical 
validation that verified smoking abstinence (we were unable to obtain 
biochemical validation for one and had to count the participant as 
smoking). We calculated that 15% (95% CI = 0.019–0.455) of the cue- 
based arm were biochemically confirmed as abstinent. The two in-
dividuals who were biochemically confirmed as abstinent were the 
converted light smokers. One participant who was an intermittent 
smoker in the cue-based arm reported gave inconsistent reports of 
smoking in the past 7 days. Even though the biochemical validation 
indicated not smoking, we counted the participant as smoking. 

4. Discussion 

The study achieved our pre-determined a priori benchmarks for 
feasibility and acceptability for English and Spanish speaking light 
smokers. We found the cue-based treatment to be feasible and accept-
able for the new components: texting pictures of cues and texts for 
cravings. Most smokers sent pictures and their smoking data in the first 
week. Across both arms, most attended all counseling sessions. Partici-
pants in both arms rated the program as helpful and would recommend 
it to a friend. As this was the first type of study that asked light smokers 
to take pictures and attend cue exposure sessions, showing feasibility 
and acceptability were paramount to moving forward to a larger trial. 

In addition to feasibility and acceptability, we found a signal that the 
cue-based treatment might have helped with smoking cessation. Almost 
a fifth of the light smokers who were randomized to the cue-based 
treatment arm quit, whereas none in the standard smoking cessation 
counseling and texting arm quit. The study was not designed to test 
group differences in smoking abstinence between arms. However, the 
between arm effect size was clinically meaningful in the predicted di-
rection. These outcomes suggest that interventions targeting retrieval 
cues in the real world may improve smoking cessation outcomes and 
deserve further investigation. This is indeed promising as most light 
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smokers who smoke primarily in response to cues have not responded 
particularly well to interventions designed to manage withdrawal. Our 
pilot suggests that there may be a way to implement cue-based treat-
ment, such that it impacts smoking outside of the lab. 

5. Limitations 

This study had a small sample, which limits generalizability. We 
excluded participants who did not have a camera phone and text mes-
sage capabilities and thus excluded disadvantaged smokers; although, 
this group was small. We also had lower than expected attendance at 
sessions, which is consistent with prior trials with light smokers (Ebbert 
et al., 2016). Future trials might consider fewer treatment sessions. 
Although reliance on SMS for data collection and messaging increases 
reach, it does not allow us to determine if messages were received and 
read, or how smokers interacted with these messages. The majority of 
this sample was Black and/or female which limits generalizability of the 
results to other groups. Lastly, procedures for biochemical verification of 
abstinence in light smokers are not well-established which limits con-
fidence in the present results and is an important consideration for larger 
trials. 

6. Conclusions 

This pilot study indicates promise for cue-based treatment for daily 
light smokers. We demonstrate feasibility, acceptability and preliminary 
efficacy. This study design warrants a definitive test of cue exposure 
treatment on a larger scale. 
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