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Abstract 

Objective: The high rates of illness and mortality associated with cigarette smoking necessitate the 

development of novel reduction and cessation treatments. Inhibitory control training (ICT) has 

recently emerged as a potentially efficacious intervention to reduce the consumption of alcohol and 

unhealthy food. This randomised controlled trial was the first to investigate the effect of internet-

delivered ICT on cigarette consumption in a community sample of heavy smokers. Method: One-

hundred and seven adult smokers (mean age = 46.15, 57 female), who smoked a minimum of 10 

cigarettes per day, and met criteria for a moderate or severe Tobacco Use Disorder, were recruited for 

the present study. Participants were randomly allocated to receive Go/No-Go training in which either 

smoking stimuli (intervention) or non-smoking stimuli (control) were paired with No-Go signals and 

were instructed to complete one training session per day over a two-week period. This trial was pre-

registered with the Australian and New Zealand Clinical Trials Registry (Trial ID: 

ACTRN12617000252314). Results: We found no significant differences between conditions on 

percent days abstinent or daily cigarette consumption, although there was a significant decrease in 

daily cigarette consumption across both conditions. Further, we found no significant moderating 

effects of impulsivity on the relationship between cigarette consumption and the two tasks. 

Conclusions: Although participants in both conditions reduced their daily cigarette consumption, the 

intervention task was no more successful than the control task in achieving cigarette abstinence or 

reduction. 

Keywords: smoking; inhibitory control; impulsivity; cognitive training; e-health. 

Public health significance statement 

Findings from this randomised controlled trial suggest that smoking-specific inhibitory control 

training (ICT) does not appear to help adult smokers cease or reduce cigarette smoking compared to 

an active control task.  

 

 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370204
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Introduction 

Cigarette smoking is one of the leading preventable causes of illness and premature death 

worldwide (World Health Organisation [WHO], 2015). In 2015, over 6 million people died globally 

as a result of smoking and, if current mortality trends persist, this number will exceed eight million by 

the year 2030 (Forouzanfar et al., 2016; WHO, 2011). Despite a variety of effective behavioural and 

pharmacological treatments (Cahill, Stevens, Perera, & Lancaster, 2013; Lancaster & Stead, 2017; 

Stead & Lancaster, 2012), relapse to smoking remains the most likely outcome (Hughes, Peters, & 

Naud, 2008; Piasecki, 2006), highlighting the need for novel and innovative smoking reduction and 

cessation treatments. 

In recent years, inhibitory control training (ICT) has emerged as a potentially efficacious 

intervention to reduce addictive and unhealthy behaviours, such as the consumption of alcohol or 

unhealthy food (Allom, Mullan, & Hagger, 2015; Jones et al., 2016). Using modified Go/No-Go 

(GNG) or Stop-Signal tasks (SST), ICT requires participants to establish prepotent motor responses 

towards neutral stimuli (e.g., clothes), while, on a minority of trials, pairs cue-specific stimuli (e.g., 

unhealthy food/alcohol) with stop or No-Go signals (Jones et al., 2016). It has been proposed that the 

pairing of cue-specific stimuli with stop/No-Go cues leads to the automatisation of inhibition towards 

these stimuli (Logan, 1988; Verbruggen, Best, Bowditch, Stevens, & McLaren, 2014; Verbruggen & 

Logan, 2008a) or, alternatively, results in a reduced approach tendency towards these stimuli via 

devaluation (Veling, Holland, & van Knippenberg, 2008).  

ICT interventions were developed from extensive research demonstrating that impaired 

inhibitory control, defined as the ability to stop, or withhold an unwanted or inappropriate response 

(Logan, Cowan, & Davis, 1984), is an important component in the development and maintenance of 

addictive and other health-related behaviours (Goldstein & Volkow, 2002; Hall, 2012; Luijten et al., 

2014; Perry & Carroll, 2008; Smith, Mattick, Jamadar, & Iredale, 2014). Indeed, for smokers, 

research has shown that deficits in inhibitory control are positively associated with cigarette 

consumption (Billieux et al., 2010; Spinella, 2002), relapse following a cessation attempt (Krishnan-
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Sarin et al., 2007; Powell, Dawkins, West, Powell, & Pickering, 2010) and nicotine dependence 

(Billieux et al., 2010; Glass et al., 2009). Further, a recent meta-analysis compared the inhibitory 

control capacities of substance users with controls and found that cigarette smokers exhibited 

significant inhibitory control deficits (via GNG tasks; Smith et al., 2014). Consequently, ‘training’ this 

potentially modifiable risk-factor may lead to improved reduction and cessation outcomes.    

The effectiveness of ICT in reducing the consumption of alcohol (Bowley et al., 2013; 

Houben, Havermans, Nederkoorn, & Jansen, 2012; Houben, Nederkoorn, Wiers, & Jansen, 2011; 

Jones & Field, 2013) and unhealthy food (Houben, 2011; Houben & Jansen, 2011, 2015; Veling, 

Aarts, & Papies, 2011; Veling, Aarts, & Stroebe, 2013) and, more recently, smoking (Adams, 

Mokrysz, Attwood, & Munafò, 2017), has primarily been examined within a laboratory setting. For 

instance, Houben et al. (2011) embedded cue-specific (i.e., alcohol-related) and neutral pictures (i.e., 

water) into a GNG task and randomly allocated participants to one of two conditions: a No-Go 

condition, which consistently paired cue-specific stimuli with a stopping response, and a Go 

condition, which consistently paired cue-specific stimuli with the requirement to respond. Following a 

single ICT session within the laboratory, participants in the No-Go condition consumed significantly 

less self-reported alcohol in the week following the session compared with pre-intervention alcohol 

consumption. Similar findings were reported by Jones and Field (2013). In their study, following a 

single ICT session which utilised an alcohol-paired SST, social drinkers were found to consume 

significantly less alcohol in a subsequent taste test. Recently, Adams et al. (2017) conducted a 

laboratory-based ICT program with smokers and examined the effect of a single session smoking-

specific GNG training task on cigarette consumption in comparison to a control GNG training task. 

They found no significant differences between groups on post-training cigarette consumption seven 

days later; however, participants in their study were not required to have an intention to quit smoking 

and, their control task paired smoking-related stimuli with No-Go signals on 50% of trials, which may 

have had a reduction effect on cigarette consumption. Therefore, further research is warranted to 

examine whether these factors contributed to their null findings. 
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Importantly, ICT has been found to be effective when delivered outside of the laboratory and 

in real-world settings (Allom & Mullan, 2015; Lawrence et al., 2015; Veling, van Koningsbruggen, 

Aarts, & Stroebe, 2014). For example, Lawrence et al. (2015) implemented an internet-delivered ICT 

program for 83 mostly overweight and obese adults. Participants were randomly allocated to receive 

four, 10-minute training sessions in which either high calorie food (i.e., intervention) or non-food 

stimuli (i.e., control) were paired with No-Go signals. At one-week follow-up, participants in the 

intervention condition consumed less food and showed significant weight loss and had decreased 

positive evaluations of high calorie foods compared to the control condition. Furthermore, at six 

months, participants in the intervention condition displayed significantly higher average self-reported 

weight loss compared to the control condition (d = .47), suggesting that cue-specific ICT can yield 

sustained effects. In contrast, Jones et al. (2018) recently examined the effectiveness of an internet-

delivered ICT program in reducing alcohol consumption in a community sample of 246 problem 

drinkers. In their study, participants were randomly allocated to one of three training conditions (cue-

specific GNG, cue-specific SST, general SST) or a control condition (self-monitoring only) and were 

required to complete a maximum of 14 ICT sessions over a four-week period. While all conditions 

reported reductions in alcohol consumption, they found no significant differences between conditions 

on any measures of alcohol consumption. The authors noted that prior to commencing ICT, 

participants were required to complete an online alcohol intervention (Linke, Brown, & Wallace, 

2004) in order to increase their motivation to reduce alcohol consumption, which may have masked 

the reduction effects of ICT. In conclusion, there is mixed evidence regarding the effectiveness of ICT 

in real-world settings and interestingly, no online study has examined whether it might be effective in 

assisting individuals to reduce or quit smoking. Given the accessibility and affordability potential of 

an effective internet-based ICT smoking intervention, such a study is worthy of investigation.  

Since ICT is a relatively new intervention, it is also important to investigate whether any 

individual differences influence the effectiveness of training. That is, whom does it work best for? To 

date, this has received minimal attention. However, given that ICT purports to target impulses evoked 
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by the exposure to cue-specific stimuli (Veling et al., 2008; Verbruggen & Logan, 2008a), it follows 

that individuals with low inhibitory control, and indeed more broadly, high trait impulsivity, would 

likely benefit the most. To date, only one study (Houben, 2011) has examined the moderating role of 

inhibitory control on the effectiveness of ICT. Specifically, Houben (2011) assessed 29 participants’ 

baseline inhibitory control using the SST and then subsequently measured their unhealthy food 

consumption following a single ICT session. It was found that ICT was more effective at reducing 

unhealthy food consumption for participants with low baseline inhibitory control abilities compared to 

high levels of baseline inhibitory control. Other studies have used indicators of impulsivity such as 

body mass index or dietary restraint and found that ICT was more effective for individuals who 

possessed stronger impulses towards foods (Lawrence, Verbruggen, Morrison, Adams, & Chambers, 

2015; Veling et al., 2011; Veling et al., 2013; Veling et al., 2014). As of yet, no studies have 

examined whether trait impulsivity moderates the effectiveness of ICT; however, given the extensive 

literature demonstrating that it shares robust positive associations with cigarette consumption and 

relapse (Bloom, Matsko, & Cimino, 2013; Bos, Hayden, Lum, & Staiger, 2019; Kale, Stautz, & 

Cooper, 2018), we also expect ICT to be more effective for participants with high trait impulsivity.  

Overall, the primary aim of the present study was to investigate the effectiveness of ICT on 

smoking in a community sample of heavy smokers. We used a GNG paradigm as two recent meta-

analyses (Allom et al., 2015; Jones et al., 2016) demonstrated that the magnitude of the effect of ICT 

on alcohol and unhealthy food consumption were in the medium range for GNG tasks, whereas for 

SSTs, they were in the small range (Cohen, 1992). Thus, based on the work of Lawrence et al. (2015), 

we examined the effect of an online smoking-specific GNG training task on cigarette consumption in 

comparison to a non-smoking GNG training task. We chose a non-smoking GNG task as our control 

as it was not expected to affect smoking behaviour (Guerrieri, Nederkoorn, & Jansen, 2012; 

Lawrence, Verbruggen, Morrison, Adams, & Chambers, 2015; Oomen, Grol, Spronk, Booth, & Fox, 

2018) and, it ensured that we controlled for the difficulty and demands of the intervention task so as to 

maximise participant blinding. As such, our control can be considered ‘active’. This is the first study 
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to investigate ICT on smoking outside of the laboratory and in doing so, adds to the important body of 

literature testing the effectiveness of ICT in reducing unhealthy behaviours. If shown to be effective, 

internet-delivered ICT could be an accessible, convenient and cost-efficient treatment for smokers 

with the potential of reducing smoking-related mortality rates.  

Our pre-registered hypotheses were:  

1) Participants who received smoking-specific ICT would report higher abstinent rates 

compared to participants in the active control condition at post-intervention and one-month 

and three-months follow-up. 

2) Participants who received smoking-specific ICT would report lower daily cigarette 

consumption compared to participants in the active control condition at post-intervention 

and one-month and three-months follow-up. 

3) Impulsivity would moderate the relationship between smoking-specific ICT and cigarette 

consumption. Specifically, participants with low inhibitory control and/or high trait 

impulsivity would report greater reductions in cigarette consumption following smoking-

specific ICT compared to participants with high inhibitory control and/or low trait 

impulsivity at post-intervention and one-month and three-months follow-up. 

We also conducted three exploratory analyses that were not pre-registered which examined 

whether the standard demographic variables of gender and age, or training dose (i.e., the number of 

sessions completed) moderated the relationship between condition and cigarette consumption. This 

double blind randomised controlled trial (RCT) was pre-registered with the Australian and New 

Zealand Clinical Trials Registry and was implemented in accordance with JARS guidelines 

(Appelbaum et al., 2018). 

Method 

Design 

We conducted a double-blind RCT comparing the effect of an intervention task to a control 

task in a group of heavy smokers who wished to quit. The intervention task was a smoking version of 
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the food GNG task used in Lawrence et al. (2015) and the control task is similar to the non-food GNG 

task in Lawrence et al. (2015), with No-Go training to household items. A permuted block 

randomisation procedure was utilised (Altman & Schulz, 2001) whereby participants were 

automatically allocated to the intervention or control condition via the computer through the use of a 

randomly generated number. The permuted blocks were organised in groups of ten, the details of 

which were not known by researchers involved with the administration of the trial. The trial was 

registered prior to data collection (Trial ID: ACTRN12617000252314) and remained as per initial 

registration. An accompanying protocol paper is available in open access (Staiger et al., 2018). This 

study was approved by the Deakin University Human Research Ethics Committee (Project ID: 2015-

298). 

Participants 

A total of 107 (57 female) adult smokers with a mean age of 46.15 years (SD = 9.38, range = 

20 – 60) took part in the present study (see Table 1). The sample size was smaller than intended (150; 

Staiger et al., 2018); however, we terminated recruitment early as attrition rates were substantially 

lower than expected and we had reached the necessary sample size for adequate statistical power. On 

average, participants smoked 18.79 cigarettes per day (SD = 6.93, range = 10 – 44) and all met criteria 

for a moderate (n = 41, 38%) or severe (n = 66, 72%) Tobacco Use Disorder according to the 

Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5; American Psychiatric 

Association [APA], 2013).  

[Insert Table 1] 

Participants were recruited via traditional media (radio, newspaper and television), social 

media (Facebook) and leaflets within Deakin University. Participants were included if they met the 

following criteria: 1) aged between 18-60 years; 2) smoked, on average, a minimum of 10 cigarettes 

per day regularly over the past 12-months; 3) met criteria for moderate or above Tobacco Use 

Disorder as defined by the DSM-5 (APA, 2013); 5) self-reported being motivated to make a quit 

attempt during the training stage of the intervention; 6) had computer and internet access and; 7) 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370204
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completed at least Year 9 (or equivalent) schooling; a proxy to rule out any intellectual disabilities 

which can interfere with cognitive task performance (Bexkens, Ruzzano, Collot d'Escury‐ Koenigs, 

Van der Molen, & Huizenga, 2014). Participants were excluded if they: 1) primarily used electronic 

cigarettes; 2) reported a non-smoking period of two-weeks or more in the past three-months; 3) were 

using anti-craving medication; 4) used nicotine replacement therapy (NRT) during the intervention 

period; 5) reported problematic alcohol or drug use other than tobacco; 6) reported a traumatic or 

acquired brain injury or loss of consciousness for more than 30 minutes and; 7) reported current use of 

psychotropic medication such as anti-depressant, anti-psychotic and/or anxiolytic medication as these 

have been shown to interfere with cognitive task performance (Dias et al., 2012; Stewart, 2005).  

Go/No-Go Training Tasks 

Smoking-specific GNG task. The smoking-specific GNG task was originally developed by 

Lawrence et al. (2015) and was modified to incorporate images of smoking using an online JavaScript 

library (de Leeuw, 2015). The task consisted of nine salient smoking-related images, nine relaxing 

images (e.g., depicting relaxing/enjoyable activities such as sitting by a river or lying in a hammock), 

and 18 neutral images (e.g., clothing). Participants were instructed to indicate as quickly and as 

accurately as possible if an image was located on the left or right side of the screen by pressing the keys 

“C” and “M” respectively (Go trials). On 50% of trials, the frame surrounding the picture was bold, 

which was a signal for participants to withhold their response (No-Go trials). All smoking images were 

consistently paired with No-Go trials (100% No-Go), all relaxing images were consistently paired with 

Go trials (100% Go), and 50% of neutral images were paired with No-Go trials (50% Go/No-Go). This 

was to prevent participants from easily identifying the associative rules of the task and to ensure the 

task remained challenging and engaging. Each of the 36 images were presented once per block and 

participants completed a total of six blocks per training session. After each block, participants were 

provided with feedback (accuracy and mean Go reaction time) and were encouraged to try and beat their 

own score to increase motivation and task adherence. Time between blocks was self-paced and each 

training session took approximately 10-minutes.  
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Control GNG task. The control GNG task was identical to the smoking-specific task except 

there were no smoking and relaxation images. Instead, the smoking and relaxation images were replaced 

with 18 images of household objects. Go and No-Go trials consisted of an equal mix of neutral and 

household images (50% Go/No-Go).  

Measures 

Stop-Signal Task (SST; Verbruggen & Logan, 2008b). All images in the SST were smoking-

related and were different from the images used in the smoking-specific GNG task. A total of 16 images 

(eight pairs) were embedded into the SST, where one image of the pair was a cigarette pointing to the 

left, and the second image was its mirror image pointing to the right. Using a laptop, participants were 

presented with a fixation cross (‘+’) in the centre of a white screen for 500ms. Following, a Go stimulus 

(i.e., one of the 16 cigarette images) appeared on the screen for 1000ms, followed by a blank white 

screen for 1000ms. Participants were instructed to determine as quickly and as accurately as possible if 

the lit end of the cigarette was pointing to the left or the right by pressing the computer key “C” and 

“M” respectively. Participants were also instructed to withhold their response if the Go stimulus was 

followed by a pair of red lines across the screen (i.e., the stop signal). The stop signal was presented 

randomly, and on a minority of trials (25%), to prevent participants from predicting when it would 

occur. The stop-signal also occurred at a variable delay (Stop-Signal Delay; SSD) after the target 

stimulus appeared, and the length of this delay was contingent upon the participant’s trial accuracy. 

After a successful stop trial, the SSD increased by 50ms, whereas after a failed stop trial, the SSD 

decreased by 50ms. This staircase method converges upon a SSD which results in an inhibition success 

rate of approximately 50%. The Stop Signal Reaction Time (SSRT) was calculated by subtracting the 

SSD from the mean reaction time to Go stimuli and, a longer SSRT reflects poorer inhibitory control. 

The SST consisted of one block of 194 trials with each of the 16 images presented 12 times and 

participants completed one practice block of 10 trials prior to commencing the SST.  

The Barratt Impulsiveness Scale-11 (BIS-11; Patton, Stanford, & Barratt, 1995). The BIS-

11, consisting of 30 items scored on a 4-point scale, is a commonly used measure which assesses 
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different types of trait impulsivity on three main subscales: motor impulsiveness (e.g., “I do things 

without thinking;”), attentional impulsiveness (e.g., “I concentrate easily;”) and non-planning 

impulsiveness (e.g., “I plan tasks carefully;”). The Total BIS-11 score is the sum of the subscale scores 

and showed acceptable reliability (α = .79). 

The Fagerström Test of Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & 

Fagerström, 1991). The FTND is a six-item self-report scale which assesses nicotine dependence and 

scores range from 0 to 10, with higher scores indicating greater dependence. The FTND has been 

validated in smokers from the general population and in clinical samples and showed acceptable 

reliability (α = .72). 

Timeline Follow-Back (TLFB; Robinson, Sobell, Sobell, & Leo, 2014). The TLFB is a 

calendar-based assessment of daily cigarette use for periods of time ranging from 1 to 12 months prior 

to assessment. Initially developed to assess alcohol consumption, the TLFB has since been utilised to 

assess a variety of substance use inclusive of cigarette use (Robinson et al., 2014) and found to be 

reliable. Memory aids are used to enhance recall of certain time-periods in order to retrospectively 

estimate number of cigarettes used for each date. The TLFB for cigarettes has shown high test-retest 

reliability and temporal stability across both clinical and non-clinical participants (Robinson et al., 

2014). 

Procedure 

Interested participants were invited to contact the research team via email and were screened 

via a structured survey over the phone/online to determine their eligibility. Eligible participants were 

invited to participate and attended a face-to-face meeting at the University. Participants were 

instructed to abstain from smoking for one-hour prior to the start of the meeting in order to ameliorate 

the acute effects of nicotine on cognitive performance without introducing withdrawal effects 

(Houlihan, Pritchard, & Robinson, 1996, 2001). At the outset of this meeting, the study and its 

requirements were explained to participants and informed consent was obtained. Participants 

completed demographic and baseline questionnaires, a one-month retrospective recall diary of daily 
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cigarette consumption and the Stop-Signal Task. Participants were then reminded that they would be 

required to cease smoking, or reduce towards cessation, at any point during the two-week training 

program. We did not impose an abrupt cessation target upon participants, unless this was their 

preference, as research has demonstrated that gradual reduction towards eventual abstinence is an 

effective method for dependent smokers (Asfar, Ebbert, Klesges, & Relyea, 2011; Ebbert, Hughes, 

West, & et al., 2015; Hughes & Carpenter, 2006; Klemperer & Hughes, 2015; Wang et al., 2008) and, 

our two pilot studies indicated that participants wanted flexibility to select their own quit dates (Guo, 

2018).  

Participants were told that they would be randomly allocated to receive one of two brain 

training tasks, as the aim of the study was to investigate which was more effective. The types of 

images included in the training were not specified to prevent participants from identifying if they were 

in the intervention or control condition. In this respect, the study enabled a reasonable level of 

blinding as to which task was considered to be the intervention. Participants then began the online task 

and were automatically randomised to receive either the intervention or control GNG training task via 

a pre-computed randomisation procedure. Upon finishing the task, participants were instructed to 

complete the online training task once per day for the next 13 days, totalling 14 sessions, and were 

requested to abstain from smoking for two-hours prior to each session to reduce the acute effects of 

nicotine on cognitive performance without introducing withdrawal effects (Houlihan et al., 1996, 

2001). Participants were advised that they had 24-hours to complete each of their daily training 

sessions and could do so at a place and time of their convenience. If participants missed a session, 

they were not given the opportunity to complete additional sessions. Twice per week, participants 

were sent text reminders to complete the task. All data from the online task and outcome measures 

were securely stored on the University server and linked to an anonymous participant ID number such 

that only de-identified data were available to researchers. The data was checked for task performance 

accuracy and participant adherence to the training protocol by a research assistant who was 

independent from investigators and not involved in data collection or analyses.  
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Upon completion of the training period (T2), participants were contacted via telephone by a 

researcher naïve to the group randomisation (i.e., a different researcher to the one who conducted the 

baseline face-to-face interview). During these phone interviews, participants were asked to provide 

details about their daily use of cigarettes and nicotine replacement therapies or anti-craving 

medications during the past 14-days of training. We had two follow-up time points which occurred at 

one-month (T3) and three-months (T4) after T2. Telephone interviews at T3 and T4 were conducted 

in the same manner as T2. At the completion of each time point, participants were mailed a $20 gift 

card. At the conclusion of the data collection period, participants in the control condition were offered 

the opportunity to complete the smoking-specific ICT program.  

Analytic Strategy 

All analyses were conducted using IBM Statistical Package for Social Sciences (SPSS, 

Version 25) unless otherwise stated. An a priori power analysis using G*Power (Faul, Erdfelder, 

Lang, & Buchner, 2007) indicated that a minimum of 92 participants were required to detect a 

medium effect size (d = .50), with an alpha set at 0.05 and power set at .80 (see Staiger et al., 2018). 

Our effect size estimate was drawn from Lawrence et al. (2015) weight-loss reduction outcome as no 

previous ICT studies have measured abstinence.  

To examine if there were any significant differences between conditions on GNG performance 

and adherence, one-way ANOVAs were conducted. Percent days abstinent was chosen as the most 

appropriate outcome measure to assess our primary hypothesis as only five participants reported 

complete cessation (see Staiger et al., 2018 for a discussion of the analysis plan of this variable). 

Given the strong skew, percent days abstinent was analysed using the non-parametric Mann-Whitney 

U test. Our primary hypothesis relating to reduction in daily cigarette consumption was analysed using 

a 2 (condition: intervention, control) x 4 (time: baseline, T2, T3 and T4) mixed-design ANOVA. For 

our primary analyses, Bayes factors were calculated using JASP (2018), using non-informed default 

priors. Our moderator hypotheses were separately analysed using the SPSS macro PROCESS (Hayes, 

2012), with condition as the predictor variable, average daily cigarette consumption at T2, T3 and T4 
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as separate dependent variables, baseline cigarette consumption as a covariate and trait impulsivity 

(BIS-11), inhibitory control (SSRT), training dose, gender and age as separate moderator variables. 

Any significant moderation effects were examined using the Johnson-Neyman (JN) technique. The JN 

technique determines the values of the moderator where the 95% confidence interval for the expected 

difference in cigarette consumption between conditions at a particular follow-up point (after adjusting 

for cigarette consumption at baseline) does not include zero. Thirteen participants reported that they 

used a smoking cessation treatment at some point during T3 or T4. Results did not significantly differ 

when we controlled for the use of other treatment or excluded these participants and therefore, they 

were retained for all analyses. 

Results 

Participant Flow 

Figure 1 illustrates the flow of participants through each stage of the study. A total of 164 

participants met eligibility criteria and were invited to participate. Although 110 participants were 

recruited into the study and randomised to the intervention or control condition, two participants 

formally withdrew all their data from the study during the training period and one individual was 

deemed ineligible to participate in the study as they used NRT during the training period. As such, the 

final intent-to treat sample was 107.  

[Insert Figure 1] 

Missing Data 

Missing values analysis indicated that a total of four participants (3.8%) had missing TLFB 

data at T2, six participants (5.6%) at T3 and 13 participants (12.1%) at T4 and all TLFB missing data 

was due to attrition. One-way ANOVAs were conducted to compare missing and non-missing groups 

on all baseline characteristics and no significant differences were identified. Missing value analysis 

indicated that data were consistent with a missing completely at random (MCAR) pattern (2 = 36.08, 

p = .33) and therefore, a single imputation approach using the expectation maximisation algorithm 
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was used which is considered robust when data is MCAR (Enders, 2010; Schafer & Graham, 2002). 

Analyses were conducted on the imputed and non-imputed datasets and comparisons yielded no 

significant differences in the interpretation of the results (i.e., magnitude, directions, statistical 

significance of effects were consistent). As such, all analyses reported are conducted using the 

imputed dataset to maximise the sample size available for analysis.  

GNG Training Performance 

Task adherence and accuracy were high, indicating that participants in both conditions were 

engaged by the training and performed well (see Table 2). As per Lawrence et al. (2015), repeated 

measures ANOVA were used to examine training performance and learning of stimulus specific Go or 

No-Go associations for participants in the intervention condition over time (see Supplementary Table 

2). Results indicated that participants showed learning of stimulus specific No-Go associations, 

demonstrated by significantly greater accuracy to the 100% No-Go stimuli (i.e., smoking-related 

images) compared to the 50% No-Go stimuli (i.e., clothes). However, reaction time did not 

significantly differ for 100% Go stimuli (i.e., relaxing images) compared with 50% Go stimuli (i.e., 

neutral images such as clothes). 

[Insert Table 2] 

Primary Hypothesis: Percent Days Abstinent 

Table 3 shows the percent days abstinent for participants in both conditions. Few participants 

reported 100 percent days abstinence at T3 (intervention = 6%; control = 2%), or T4 (intervention = 

7%; control = 2%). The Mann-Whitney U test indicated that the mean rank for percent days abstinent 

in the intervention condition did not significantly differ from the control condition at T2 (U = 

1611.00, z = 1.86, p = .06, r = .18, BF10 = 1.3), T3 (U = 1573.50, z = 1.40, p = .16, r = .14, BF10 = 

.59) and T4 (U = 1583.00, z = 1.45, p = .14, r = .14, BF10 = .66). 

[Insert Table 3] 
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Primary Hypothesis: Cigarette Reduction 

A mixed-design ANOVA revealed that the hypothesised time x condition interaction was not 

significant (F(3, 103) = .33, p = .80, ηp
2 = .01, BF10 = 0.04) and there was no main effect of condition 

(F(3, 105) = .82, p = .37, ηp
2 = .01, BF10 = 0.31). However, there was a significant main effect of time 

(F(3, 103) = 52.66, p < .01, ηp
2 = .61, BF10 > 99), indicating that for both conditions, cigarette 

consumption significantly decreased from baseline to T2 (t(106) = 12.50, p < .01, d = .83, BF10 > 99, 

mean difference = 5.43, 95% CI [4.57 – 6.30]), baseline to T3 (t(106) = 9.64, p < .01, d = .72, BF10 > 

99, mean difference = 5.55, 95% CI [4.41 – 6.70]) and baseline to T4 (t(106) = 7.64, p < .01, d = .62, 

BF10 > 99, mean difference = 5.04, 95% CI [3.63 – 6.18]). Cigarette consumption did not significantly 

differ between conditions at T2, T3 or T4 (p > .05, BF10 < .33) and the magnitude of group differences 

in cigarette consumption are displayed in Figure 2. 

 [Insert Figure 2] 

Secondary Hypotheses: Moderation of Condition by Impulsivity 

Separate moderated regression analyses indicated that the relationship between condition and 

cigarette consumption measured at T2, T3 and T4 was not significantly moderated by SSRT, 

attentional impulsivity, motor impulsivity and non-planning impulsivity (see Table 4).  

 [Insert Table 4] 

Exploratory Analyses: Moderation of Condition by Dose, Gender and Age 

Separate moderated regression analyses indicated that the relationship between condition and 

cigarette consumption measured at T2, T3 and T4 was not significantly moderated by training dose or 

gender (see Supplementary Table 3). However, the magnitude of the difference between the two tasks 

in daily cigarette consumption at T2, T3 and T4 was significantly moderated by age, suggesting that 

smoking-specific ICT may be effective at reducing daily cigarette consumption for younger 

participants only (see Supplementary Table 4). Yet, it should be noted that these results (T2: p = .024, 
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T3: p = .018, T4: p = .008) were no longer statistically significant after adjustment for multiple 

comparisons using the Bonferroni method (9 comparisons,  = .006). 

Discussion 

This pre-registered clinical trial was the first to examine the real-world effectiveness of ICT on 

cigarette smoking. It also investigated whether individual differences in impulsivity would moderate 

the effectiveness of ICT. We found no significant differences between the intervention and control 

condition on percent days abstinent or daily cigarette consumption although, there was an overall 

significant decrease in daily cigarette consumption across both conditions. Second, we found no 

significant moderating effects of impulsivity on the relationship between cigarette consumption and 

smoking-specific ICT.  

Across both conditions, the majority of participants reported zero days abstinence, whereas 

only a minority of participants reported complete abstinence and, analyses indicated that there were no 

significant group differences in percent days abstinent at any post-intervention time-points. As such, 

our primary hypothesis that smoking-specific ICT would result in greater percent days abstinent 

compared to the control task was not supported. However, given the well-established difficulties of 

achieving abstinence (Hughes et al., 2008; Piasecki, 2006), for ICT to improve cessation rates it may 

need to be supported by pharmacotherapy to address the cravings and withdrawal symptoms typically 

associated with early nicotine cessation. Indeed, several recent Cochrane reviews have demonstrated 

that combining pharmacological and behavioural interventions increase the likelihood of abstinence 

compared to when each is administered alone (Stead, Koilpillai, & Lancaster, 2015; Stead & 

Lancaster, 2012; Stead & Lancaster, 2015). Nonetheless, as this is the first study to investigate the 

effect of ICT on abstinence, it provides initial evidence that smoking-specific ICT, at least as 

delivered here, may be ineffective as a standalone treatment option to achieve smoking cessation.  

With regards to our primary hypothesis concerning smoking reduction, we found that both 

conditions reported significant reductions in daily cigarette consumption at all post-intervention time 

points; however, there were no significant differences between conditions. This main effect may be 
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attributable to a variety of features common to both tasks including the requirement to make a quit or 

reduction attempt (Balmford, Borland, & Burney, 2010; de Vries, Eggers, & Bolman, 2013), or non-

specific factors, such as the self-monitoring of daily cigarette consumption or having the motivation to 

quit/reduce smoking (Curry, Wagner, & Grothaus, 1990; Mcfall & Hammen, 1971). However, a 

limitation in the design of our study was that we did not include an additional, no-intervention 

(passive) control group. As such, we are unable to determine whether the reductions in cigarette 

consumption are attributable to these aforementioned common features or, whether they relate to 

features inherent in the two GNG tasks. While it is not expected that a non-smoking specific GNG 

task would impact smoking behaviour (e.g., Guerrieri et al., 2012; Lawrence et al., 2015; Oomen et 

al., 2018), additional studies that incorporate passive control groups may assist in disentangling these 

findings. 

Our secondary hypothesis that impulsivity would moderate the relationship between smoking-

specific ICT and daily cigarette consumption was not supported. Given that only one study (Houben, 

2011) has examined the moderating role of inhibitory control on ICT effectiveness, our null findings 

may indicate that the effectiveness of ICT is not influenced by an individual’s level of pre-existing 

capacity for inhibitory control or alternatively, could be attributable to differences in methodology 

between the two studies. For example, Houben (2011) measured unhealthy food consumption 

immediately following ICT, whereas we assessed cigarette consumption over much longer time 

periods (i.e, up to three-months). As such, pre-existing levels of inhibitory control may only have an 

influence on the behavioural outcomes of ICT in the immediate-term, but not in the long-term. 

Second, Houben (2011) measured baseline inhibitory control using a general SST, whereas we used a 

smoking-specific SST. While a smoking-specific SST is expected to be a more sensitive measure of 

inhibitory control relevant to smoking (Houben, Nederkoorn, & Jansen, 2014; Nederkoorn, Coelho, 

Guerrieri, Houben, & Jansen, 2012; Svaldi, Naumann, Trentowska, & Schmitz, 2014), it is possible 

that the influence of baseline inhibitory control on outcome is only detected in general SSTs.  
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Similarly, baseline trait impulsivity had no influence on the effectiveness of ICT. However, 

our findings are consistent with another study that purports to address impulse control via mindfulness 

training in those who are substance dependent (Staiger, Dawe, Richardson, Hall, & Kambouropoulos, 

2014). In this study, individuals who reported improvements in mindfulness also reported less drug 

use at follow-up irrespective of their levels of trait impulsivity at baseline. As such, an individual’s 

level of impulsivity may not influence their capacity to improve inhibitory control via ICT or 

alternatively, it is possible that ICT exerts its influence on behaviour via devaluation of the smoking 

stimuli (which will be the focus of an additional paper) rather than changes in impulse control. 

Nonetheless, given that this is the first study to investigate the role of trait impulsivity on ICT 

effectiveness further investigation may be warranted. Finally, although gender and dose did not 

influence the effectiveness of the intervention, there was some weak evidence from the exploratory 

moderator analyses suggesting that smoking-specific ICT may be effective at reducing daily cigarette 

consumption for younger participants only (see Supplementary Results and Discussion). However, we 

recommend caution before drawing any conclusions regarding the importance of age as the effect was 

no longer statistically significant after adjustment for multiple comparisons error using the Bonferroni 

method. 

A number of caveats regarding the methodology are warranted. First, while 12-month 

outcomes are preferable (West et al., 2005), we wanted to firstly establish whether smoking-specific 

ICT had any short-term effects before moving to a costly, long-term trial. Additional research is 

needed to investigate the influence of ICT on smoking beyond three-months post-intervention. 

Second, although self-reports of cigarette consumption are considered reliable, a lack of biochemical 

verification may have limited the accuracy of our data (Gorber, Schofield-Hurwitz, Hardt, Levasseur, 

& Tremblay, 2009; Hatziandreu et al., 1989; Patrick et al., 1994). However, as participants were 

blinded to condition and were also unaware that a control condition existed, any misreporting of data 

would likely be balanced across both conditions. Third, as we did not impose a specific quit date, nor 

require abrupt cessation, there was substantial variability as to when participants reduced or ceased 
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smoking and further research is required to examine the importance of abstinence and reduction goals 

in relation to the effectiveness ICT. Fourth, unlike ICT in Lawrence et al. (2015) where 100% of Go 

images were towards healthy food, there is no obvious ‘healthy’ opposite of smoking and therefore, 

our choice of relaxing stimuli as Go images may not have been effective in training a ‘healthy 

alternative’ to smoking. Furthermore, the training task performance data suggest that smoking-specific 

participants did not learn to ‘Go’ to these relaxing images because they were no faster to respond to 

them compared to the non-predictive filler images. Given this, future research might consider 

increasing the proportion of smoking-related No-Go stimuli in lieu of Go stimuli (Chen, Veling, 

Dijksterhuis, & Holland, 2016; Veling et al., 2014). This is of course an empirical question and 

warrants further investigation. Finally, our control task did not include smoking-related images as we 

wanted to avoid the potential confounds associated with executing responses to smoking images in a 

control condition (see Adams et al. 2017 for a discussion of this issue in relation to food); however, 

our intervention task did include smoking-related images, and this may have increased craving. 

Therefore, in addition to passive control groups, future research may want to also investigate the use 

of a control condition matched for cue-exposure (such as passive viewing of the same images 

presented in the intervention task).  

Future research might also consider allowing participants to select their own smoking-related 

images, as research has found that when stimuli are more impulse evoking, ICT can be more effective 

(Chen et al., 2016; Veling et al., 2011; Veling et al., 2013). Although we conducted a pilot study with 

heavy smokers to ensure that the smoking-related images included in this trial were highly salient and 

elicited cigarette craving (Guo, 2018), it is possible that if smoking stimuli are personalised for each 

participant, ICT may be more effective. Indeed, studies have shown that the more similar the stimuli is 

to the preferred alcoholic beverage the stronger the reactivity and craving to the cue (Staiger & White, 

1991). This issue awaits further investigation; however, given the fast pace of technological 

advancements, future ICT studies delivered via mobile devices may enable participants to personalise 

their own Go and No-Go images and enhance the ecological validity of the intervention.  
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To conclude, this study found that smoking-specific ICT did not help smokers achieve 

abstinence or reduce their cigarette consumption over and above the active control task; however, both 

conditions reported significant reductions in daily cigarette consumption which were sustained at 

three-months follow-up. Second, we did not find evidence to suggest that impulsivity moderates the 

effectiveness of ICT. While exploratory moderator analyses provided some weak evidence that 

younger participants may benefit more from smoking-specific ICT, these findings were no longer 

statistically significant after adjusting for multiple comparisons using the Bonferroni method and we 

look to future research to examine the role of age in ICT. As this was the first real-world investigation 

into ICT for smoking, we have provided several suggestions that future research may wish to 

incorporate, and we eagerly await to see if these suggestions augment the effectiveness of ICT for 

smoking cessation and reduction. 
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Figure 1. Recruitment flow diagram showing numbers of participants in each condition at each stage 

of the study. For details of participant screening, see Supplementary Table 1. 
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Figure 2. Daily cigarette consumption for each condition at baseline, post-intervention (T2), one-

month follow-up (T3) and three-months follow-up (T4). Values are means (bars are 95% CIs).  
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Table 1 

Demographic and Questionnaire Variables at Baseline  

 

Control (SD) 

(n = 53) 

Intervention (SD) 

(n = 54) 

Age 46.09 (9.10) 46.20 (9.73) 

Gender (%F) 50.94 55.55 

Tertiary educated (%Y) 62.26 70.37 

Employed (%Y) 79.25 81.48 

Cigarette consumption per day 19.48 (6.74) 18.12 (7.12) 

Age commenced smoking 15.75 (2.43) 16.69 (2.41) 

FTND 5.72 (2.02) 5.41 (1.80) 

DSM-5 Tobacco Use Disorder symptoms 6.57 (1.86) 6.59 (2.11) 

SSRT (ms) 260 (48) 264 (63) 

BIS attention 16.51 (3.01) 15.85 (2.90) 

BIS motor 22.51 (3.72) 22.09 (3.67) 

BIS non-planning 24.40 (4.37) 24.39 (4.70) 

Note. SD = standard deviation; F = female; Y = yes; FTND = Fagerström Test of Nicotine Dependence; DSM-5 = 

Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; SSRT = stop signal reaction time; ms = 

milliseconds; BIS = Barratt Impulsiveness Scale. 

 

Table 2 

Mean Task Adherence and Performance Across the Training Period  

 Control (SD) Intervention (SD) F / p 

ICT sessions completed 10.89 (3.20) 10.50 (2.91) .43 / .51 

Go RT (ms) 516 (66) 547 (91) 4.09 / .05 

Go accuracy (%) .99 (.13) .98 (.24) 2.71 / .10 

No-Go accuracy (%) .97 (.02) .97 (.02) .20 / .66 

Note. SD = standard deviation; ICT = inhibitory control training; ms = milliseconds; RT = reaction time. 

 



INHIBITORY CONTROL TRAINING AND SMOKING 

 

 37 

Table 3 

Number of Participants Reporting Percent Days Abstinent at Post-intervention and One-and-Three-

Months Follow-Up 

  Post-intervention  One-month follow-up  Three-months follow-up  

  Control Intervention  Control Intervention  Control Intervention  

% Days abstinent           

0%  49 43  47 43  47 42  

1-49%  3 10  4 3  3 6  

50-99%  1 1  2 5  2 2  

100%  0 0  0 3  1 4  

Cigarettes per day (SD)   13.75 (7.10) 12.97 (5.95)  13.96 (7.29) 12.53 (8.19)  14.39 (7.60) 13.39 (8.18)  

 

Table 4 

Moderating Effect of Impulsivity on the Relationship between Condition and Cigarette Consumption 

  Post-intervention  One-month follow-up  Three-months follow-up  

  b se 95%CI  b se 95%CI  b se 95%CI  

Condition x SSRT 

(Analysis 1) 

 .01 .02 [-0.03, 0.04]  -.01 .02 [-0.05, 0.03]  -.02 .02 [-0.07, 0.03]  

Condition x BIS-A 

(Analysis 2) 

 -.39 .27 [-0.92, 0.15]  -.56 .38 [-1.31, 0.20]  -.70 .42 [-1.53, 0.12]  

Condition x BIS-M 

(Analysis 3) 

 -.12 .22 [-0.56, 0.32]  .09 .31 [-0.52, 0.70]  -.26 .34 [-0.93, 0.41]  

Condition x BIS-NP 

(Analysis 4) 

 .03 .18 [-0.33, 0.38]  -.16 .25 [-0.65, 0.34]  -.18 .28 [-0.73, 0.36]  

Note. SSRT = stop signal reaction time; BIS-A = Barratt Impulsiveness Scale – Attentional; BIS-M = Barratt 

Impulsiveness Scale – Motor; BIS-NP = Barratt Impulsiveness Scale – Non-Planning.  
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Supplementary Material 

Supplementary Methods 

Participant screening. We received a total of 994 expressions of interest. Three-hundred and forty-

one individuals were screened for eligibility and 176 individuals were excluded from participating in 

the present study, as they did not meet the eligibility criteria (see Table 1). Recruitment took 

placement between 22nd February and 22nd December 2017 (see Clinical Trials Registry: 

ACTRN12617000252314).   

Table 1 

Number of Ineligible Individuals for Each Inclusion/Exclusion Criterion 

Inclusion/Exclusion Criteria n 

Was not aged between 18-60 years-old 7 

Smoked less than 10 cigarettes per day for the past 12 months 24 

Did not meet criteria for a moderate Tobacco Use Disorder as per the DSM-5 23 

Was not motivated to make a quit attempt in near future 3 

Did not complete at least Year 9 (or equivalent) of schooling 2 

Did not have daily access to a computer and internet 4 

Primarily used electronic cigarettes 6 

Reported a period of abstinence for more than two-weeks over the past three months 16 

Used anti-craving medication 3 

Would not cease NRT during the training phase of the intervention 4 

Self-reported problematic AOD use 38 

Self-reported ABI, or LOC for more than 30 minutes 12 

Self-reported use of psychotropic medications 71 

Notes. n = number of individuals; DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; NRT = 

nicotine replacement therapy; AOD = alcohol and other drug; ABI = acquired brain injury; LOC = loss of consciousness. 

The sum of ineligible individuals per criterion (n = 213) is greater than the total number of ineligible individuals (n = 176) 

as some were excluded based on more than 1 criterion.   

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370204
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Supplementary Results 

Statistical analysis of inhibitory control training performance over time for the smoking-specific 

training condition. Repeated measures ANOVAs were conducted to examine stimulus-specific 

learning effects (100% stimuli vs. 50% stimuli) over time (first vs. fourth training session) as per 

Lawrence et al. (2015; see Table 2). Results indicated that accuracy significantly improved over time 

(F(1, 52) = 17.29, p < .001, ηp
2 = .25) and there was a main effect of stimulus (F(1, 52) = 16.73, p < 

.001, ηp
2 = .24), with greater accuracy towards the 100% No-Go stimuli (i.e., smoking) compared with 

the 50% No-Go stimuli (i.e., neutral). However, there was no stimulus x time interaction (F(1, 52) = 

2.47, p = .12, ηp
2 = .05). For reaction time, analyses indicated that reaction time decreased over time 

(F(1, 52) = 6.43, p = .014, ηp
2 = .11), however; there was no main effect of stimulus (F(1, 52) = 1.04, 

p = .312, ηp
2 = .02)  or time x stimulus interaction (F(1, 52) = 4.00, p = .051, ηp

2 = .07). 

Table 2 

Mean Go Reaction Time and Mean No-Go Accuracy at ICT Session 1 and 4 

 ICT Session 1 (SD) ICT Session 4 (SD) 

Go reaction time ms (N) 599 (109) 552 (142) 

Go reaction time ms (R) 600 (105) 546 (137) 

No-Go Accuracy (N) .95 (.04) .97 (.03) 

No-Go Accuracy (S) .98 (.03) .98 (.03) 

Note. ms = milliseconds; N = neutral stimuli; R = relaxing stimuli; S = smoking stimuli; ICT = inhibitory control training. 

Exploratory Analyses 

Table 3 

Moderating effect of Dose and Gender on the Relationship between Condition and Cigarette 

Consumption 

  Post-intervention  One-month follow-up  Three-months follow-up  

  b se 95%CI  b se 95%CI  b se 95%CI  

Condition x Dose   .29 .27 [-0.24, 0.81]  .50 .37 [-0.23, 1.24]  .35 .41 [-0.46, 1.16]  
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Condition x Gender   .15 1.69 [-3.19, 3.49]  3.40 2.32 [-1.21, 8.00]  3.13 2.55 [-1.93, 8.19]  

Table 4  

Moderating Effect of Age on the Relationship between Condition and Cigarette Consumption 

  Post-intervention  One-month follow-up  Three-months follow-up  

  b se 95%CI  b se 95%CI  b se 95%CI  

Constant   -.39 1.13 [-2.64, 1.86]  -.84 1.53 [-3.87, 2.19]  1.09 1.69 [-2.27, 4.44]  

Condition  .21 .78 [-1.34, 1.76]  -.44 1.05 [-2.53, 1.65]  -.09 1.17 [-2.40, 2.23]  

Age  .06 .04 [-0.02, 0.14]  .17** .06 [0.02, 0.14]  .15* .06 [0.03, 0.27]  

Condition x Age  .19*+ .08 [0.03, 0.36]  .27*+  .11 [0.05, 0.49]  .33**+ .12 [0.09, 0.58]  

Baseline Smoking  .73*** .06 [0.62, 0.84]  .75*** .08 [0.60, 0.90]  .68*** .08 [0.51, 0.85]  

Note. Condition x Age interaction at post-intervention (Fchange = 5.23, p = .024, R² change = .02), one-month follow-up (Fchange 

= 5.77, p = .018, R² change = .03) and three-months follow-up (Fchange = 7.21, p = .008, R²change = .04).  

+After adjusting for multiple comparisons using the Bonferroni method the Condition x Age interaction is no longer 

statistically significant (9 comparisons,  = .006).  

* p < .05 

** p < .01 

*** p < .001.  

Figure 3 presents the moderation effects using the JN technique. After adjusting for cigarette 

smoking at baseline, participants in the intervention condition were found to have significantly lower 

cigarette consumption when compared to the control condition at T2, T3 and T4 but only for 

participants aged below 24.83 years (T2), 36.88 years (T3) and 36.44 years (T4). Notably, at T2 and 

T4, participants in the intervention condition were found to have higher cigarette consumption when 

compared to the control condition, but only for participants aged above 58.37 years (T2) and 56.95 

years (T4). 
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Figure 1. Johnson-Neyman figures representing the age x condition moderation effects for post-

intervention (top), one-month follow-up (middle), and three-months follow-up (bottom). Horizontal 

lines represent the expected difference in cigarette smoking (and associated 95% CI) between 

conditions at each time point, after adjusting for baseline cigarette smoking. The green regions 

represent the ages at which the magnitude of the difference in daily cigarette smoking between 

conditions was different from zero (i.e., 95% CI does not pass zero; specific ages are presented in each 

figure). A value below y = 0 indicates greater reduction in the cue-specific condition (relative to the 

control condition) at the timepoint. Grey shaded area represent the ages at which there was no 

difference between the two conditions in reported cigarette consumption at the specific timepoint. 
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Given the apparent negative consequences of the intervention on cigarette consumption for 

individuals older than 58 years (T2) and 56 years (T4), we conducted follow-up examinations of 

participants over 56-years. Notably, given our sample recruited participants between 18 and 60-years, 

our sample comprised of only 20 participants over this age (~18%). On examination, one participant 

in the control condition reported a major decrease in cigarette consumption across all three time-

points, which we believe was driving the result towards more improvement in the control condition. 

When this participant was removed, there was no longer a difference between conditions at T2 and T4 

for older participants (see Figure 2). We also repeated these analyses controlling for nicotine 

dependence (FTND). The condition x age interaction was robust to covariate adjustment at T2 (t(101) 

= 2.70, p = .008, 95% CI .06 – 0.40), T3 (t(101) = 3.14, p = .002, 95% CI .13 – 0.57) and T4 (t(101) = 

3.25, p < .001, 95% CI .16 – .65). 
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Figure 2. Johnson-Neyman (JN) figures representing the age x condition moderation effects for post-

intervention (T2; top), one-month follow-up (T3; middle), and three-months follow-up (T4; bottom) 

with one participant removed (N = 106). Horizontal lines represent the expected difference in cigarette 

smoking (and associated 95% CI) between conditions at each follow-up point, after adjusting for 

baseline cigarette smoking. The green regions represent the ages at which the magnitude of the 

difference in daily cigarette smoking between conditions was different from zero (i.e., 95% CI does 

not pass zero; specific ages are presented in each figure). A value below y = 0 indicates greater 

reduction in the smoking-specific condition (relative to the control condition) at the timepoint. Grey 

shaded areas represent the ages at which there was no difference between the two conditions in 

reported cigarette consumption at the specific timepoint. 

Supplementary Discussion 

Exploratory moderator analyses provide some weak evidence suggesting that smoking-specific 

ICT may be effective at reducing daily cigarette consumption for younger participants only; however, 

we recommend caution drawing inferences from this finding as the effect was no longer statistically 

significant after adjustment for multiple comparisons error using the Bonferroni procedure. 

Nonetheless, if future research is able to find evidence that smoking-related ICT is particularly 

effective at helping younger adults reduce cigarette consumption, it may have important clinical 

implications. Specifically, reductions in daily cigarette consumption have been shown to yield 

considerable long-term health benefits (Eliasson, Hjalmarson, Kruse, Landfeldt, & Westin, 2001; 

Gerber, Myers, & Goldbourt, 2012; Lee, 2013; Lotan, Goldbourt, & Gerber, 2017) and importantly, 

can lead to improved cessation outcomes (Asfar, Ebbert, Klesges, & Relyea, 2011; Ebbert, Hughes, & 

West, 2015; Hughes & Carpenter, 2006; Klemperer & Hughes, 2015; Wang et al., 2008). Therefore, 

smoking-related ICT may be a promising approach for this sub-group of the population to reduce 

consumption, which may assist in achieving complete cessation.   

In addition, an exploration into the underlying mechanisms of this age-related finding may be 

warranted. One potential explanation may be that younger adults have increased neuroplasticity, and 
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therefore, show greater benefits from cognitive training compared to older adults (Brehmer, 

Westerberg, & Bäckman, 2012; Calero & Navarro, 2007; Dahlin, Nyberg, Bäckman, & Neely, 2008; 

Verhaeghen, Marcoen, & Goossens, 1993). For instance, a series of reviews indicate that cognitive 

training can lead to greater improvements for younger compared to older adults, and, that younger 

adults are able to maintain the effects of training over time to a greater extent compared to older adults 

(Joness et al., 2006; Lillard & Erisir, 2011; Lustig, Shah, Seidler, & Reuter-Lorenz, 2009; Noack, 

Lövdén, Schmiedek, & Lindenberger, 2009; Park & Bischof, 2013). Similarly, parallel literature 

across executive functions has demonstrated that there are age-related differences in associative 

learning  (Clark, Hazeltine, Freedberg, & Voss, 2018; Kray & Eppinger, 2006) and therefore, younger 

adults may have been able to form cue-inhibition associations more effectively than older adults. 

Finally, it is possible that older smokers, who have smoked for a longer period of time and may have 

more entrenched habits are less sensitive to devaluation of cigarette cues than younger smokers. This 

idea is potentially consistent with prominent theories of addiction such as the habit-formation theory 

(Everitt & Robbins, 2005) that suggest that repeated and long-term use of addictive substances leads 

to a shift in behaviour from being goal-oriented (and sensitive to reinforcer devaluation) to habitual 

(insensitive to reinforcer devaluation). However, our interaction was robust to covariate adjustment of 

nicotine dependence and therefore, further investigation into the underlying mechanisms of ICT may 

shed light on its potential differential effectiveness by age. 

 

 

 

 

 

 

 

 


