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Abstract

Background: Automatically activated cognitive motivational processes such as the tendency to attend to or approach
smoking-related stimuli (ie, attentional and approach bias) have been related to smoking behaviors. Therefore, these cognitive
biases are thought to play a role in maintaining smoking behaviors. Cognitive biases can be modified with cognitive bias
modification (CBM), which holds promise as an easy-access and low-cost online intervention. However, little is known about
the effectiveness of online interventions combining two varieties of CBM. Targeting multiple cognitive biases may improve
treatment outcomes because these biases have been shown to be relatively independent.

Objective: This study aimed to test the individual and combined effects of two web-based CBM varieties—attentional bias
modification (AtBM) and approach bias modification (ApBM)—in a double-blind randomized controlled trial (RCT) with a 2
(AtBM: active versus sham) x 2 (ApBM: active versus sham) factorial design.

Methods: A total of 504 adult smokers seeking online help to quit smoking were randomly assigned to 1 of 4 experimental
conditions to receive 11 fully automated CBM training sessions. To increase participants’ intrinsic motivation to change their
smoking behaviors, al participantsfirst received brief, automated, tailored feedback. The primary outcome was point prevalence
abstinence during the study period. Secondary outcomes included daily cigarette use and attentional and approach bias. All
outcomes were repeatedly self-assessed online from baseline to the 3-month follow-up. For the examination of training effects
on outcome changes, an intention-to-treat analysis with a multilevel modeling (MLM) approach was adopted.

Results: Only 10.7% (54/504) of the participants completed all 11 training sessions, and 8.3% (42/504) of the participants
reached the 3-month follow-up assessment. MLM showed that over time, neither AtBM or ApBM nor a combination of both
differed from their respective sham training in point preval ence abstinence rates (P=.17, P=.56, and P=.14, respectively), and in
changesin daily cigarette use (P=.26, P=.08, and P=.13, respectively), attentional bias (P=.07, P=.81, and P=.15, respectively),
and approach bias (P=.57, P=.22, and P=.40, respectively), while daily cigarette use decreased over time across conditions for
all participants (P<.001).

Conclusions: This RCT provides no support for the effectiveness of combining AtBM and ApBM in a self-help web-based
smoking cessation intervention. However, this study had a very high dropout rate and a very low frequency of training usage,
indicating an overall low acceptability of the intervention, which precludes any definite conclusion on its efficacy. We discuss
how this study can inform future designs and settings of online CBM interventions.
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Introduction

Background

Smoking isone of themajor risk factorsfor preventable diseases
and premature deaths [1]. Although most smokers are aware of
the health risks of smoking and desire to quit, almost 80% of
those who attempt to quit relapse within 3 months [2]. An
important factor in addictive behaviors concerns automatically
activated cognitive motivational processes, which are difficult
to inhibit via reflective processes aimed at long-term health
outcomes [3-5]. As aresult, addictive behaviors might interact
with substance-related cue-driven reactions, such as relatively
automatic cognitive biases.

Smokers have been found to selectively pay more attention to
smoking-related cues in the environment (ie, smoking-related
attentional bias) and to impulsively reach out to these
smoking-related cues (ie, smoking-related approach bias[6-9]).
These biases have been related to the urge to smoke, the severity
of nicotine dependence, and relapse rates [8-11]. Therefore,
smoking-related cognitive biases are thought to be one of the
mechanisms underlying smoking behaviors, highlighting the
importance of targeting them in smoking cessation interventions.

Varieties of cognitive bias modification (CBM) have been
developed to directly target the cognitive biases [12], such as
attentional bias modification (AtBM, usually delivered with a
modified visual probe task, VPT [13]) and approach bias
modification (ApBM, usudly delivered with a modified
approach-avoidance task, AAT [14]). Inthe addiction field, the
clinical effects of CBM as a behavior change intervention (as
opposed to proof-of-principle studies [15]) were first tested in
the alcohol domain. Several pioneering randomized controlled
trials (RCTs) in clinical samples showed that multiple sessions
of AtBM [16] or ApBM [17,18] were more effective than the
respective sham training in reducing the targeted a cohol -rel ated
cognitive bias and relapse rates, when provided as an add-on to
the regular cognitive behavioral therapy (CBT). Furthermore,
ApBM training had effects on the reduced relapse rates that
were mediated by changes in alcohol-related approach bias
[17,19]. Therefore, based on both theory and the available
evidence, CBM has shown the potential to be an effective novel
intervention in the alcohol addiction domain.

A key advantage of CBM interventionsisthat they are delivered
as computerized tasks, which are easily administered online,
featuring CBM as a potentia easy-access and low-cost online
intervention, particularly for the smoker population. Instead of
attending formal smoking cessation programs [20], smokers
often search for online help to quit smoking [21,22]. Therefore,
we designed a web-based CBM intervention specificaly for
smokers seeking help online. In the pioneering studies

https://mental .jmir.org/2020/5/€16342

referenced above, the interventions only targeted 1 cognitive
bias. However, addictive behaviors are characterized by multiple
relatively independent cognitive biases [23]. Thus, combining
multiple CBM varieties that target different cognitive biases
may enhance the treatment outcomes by combining their effects,
aswell asthrough potential synergistic effects. Notethat, at the
timewe set up thisstudy (ie, in 2013), therewas only 1 protocol
study combining different web-based CBM varieties in an
intervention targeting a cohol use disorder [24], and no studies
had yet investigated the effectiveness of acombined web-based
CBM intervention for smokers.

Since 2013, some studies have explored the clinical effects of
CBM asabehavior changeintervention for smoking problems,
although the evidence is still limited (see Muhlig et al [25] for
a narrative review and Boffo et a [26] for a Bayesian
meta-analysis). In total, 3 RCTs delivered CBM in an online
setting and 5 in aclinical or laboratory setting. Regarding the
CBM studiesin online settings, 1 RCT showed that web-based
ApBM aone could produce specific effects on reducing smoking
in adult smokers [27], while 2 other RCTs did not support that
multiple sessions of web-based ApBM alone[28] or web-based
AtBM aone[11] wereeffectivein promoting smoking cessation
in adult smokers, although in the latter study, AtBM positively
affected continued abstinence at the 6-month follow-up in a
subgroup of heavy smokers [11]. Regarding the CBM studies
in clinical or laboratory settings, 1 RCT showed that multiple
sessions of ApBM plus CBT led to larger reductions in daily
cigarette consumption in inpatient psychiatric smokers than
sham training [29], while 4 other RCTSs reported that multiple
sessions of ApBM plus CBT [30,31], AtBM aone[32], or plus
nicotine patches and behavioral support [33] did not result in
better smoking treatment outcomes than sham training in
smokers who intended to quit. In sum, evidence for the
effectiveness of AtBM and ApBM in the smoking addiction
domain is mixed. Therefore, more research is needed to
investigate whether AtBM together with ApBM can benefit
smoking cessation interventions.

Study Design, Objectives, and Hypotheses

This study aimed at investigating the individual and combined
effects of 2 varieties of web-based CBM, AtBM and ApBM, in
adult smokers who were seeking online help for quitting
smoking. A double-blind RCT was conducted with a 2 x 2
factorial design, in which participants received 11 fully
automated sessions of either an active or asham version of both
types of CBM training, resulting in 4 experimental conditions
(active-AtBM + active-ApBM; active-AtBM + sham-ApBM;
sham-AtBM + active-ApBM; sham-AtBM + sham-ApBM;
Figure 1). To increase participants’ intrinsic motivation to
change their smoking behaviors before the CBM training, all
participants first received brief, automated, tailored feedback,
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irrespective of their CBM condition. The primary outcome was
point prevalence abstinence (PPA), while the secondary outcome
included changes in daily cigarette use (DCU). Progressive
changesin attentional bias and approach biaswere also included
as secondary cognitive outcomes to verify that the CBM
trainings actually changed the targeted cognitive process. All
outcomeswere repeatedly assessed from baseline to the 3-month
follow-up. We hypothesized that, compared with its respective
sham training, each type of active CBM training would (1) be
more effective in fostering PPA and in decreasing DCU and (2)
lead to larger decreasesin the specific cognitive biasit targeted.
Given that AtBM and ApBM may tap into a separate process
[23], we aso hypothesized that (3) the condition with double
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active CBM trainings would be the most effective in changing
smoking-related outcomes.

Since craving, depression severity, and motivation to quit
smoking have been found to be related to cognitive biases or
smoking behaviors [34-36], these variables were also included
in this study as additional secondary outcomes. Furthermore,
we explored whether participants were aware of which version
of each CBM training they received (ie, the active or the sham
version) and whether this moderated training effects. The
methods and results for the additional secondary outcomes and
the exploratory moderation analyses are reported in Multimedia
Appendices 1 and 2.

Figure 1. Consolidated Standards of Reporting Trials flow diagram. The number of participants reported here is based on timeline follow back data
for our primary outcome. A similar dropout pattern is observed for all other outcomes. AtBM: attentional bias modification; ApBM: approach bias
modification; Interim assessment: brief assessment before each training session; FU1, FU2, FU3: follow-up assessment at 1, 2, and 3 months; ITT:

intention-to-treat; IP: internet protocol.
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Methods

Participants and Procedure

Participant Enrollment

Adult smokers were recruited across the Netherlands through
our lab website (Addiction Development and Psychopathol ogy
Lab of the University of Amsterdam, ADAPT [37]), press
releases (eg, TV interviews, newspapers, and scientific books
[38]), and word-of -mouth communication. The ADAPT website
is open-access and provides a series of cognitive training
targeting a variety of addiction and affective-related problems
such as smoking, alcohol, gambling, anxiety, and depression.
We started to recruit participants from June 2013. Since this
was the first study to test the effectiveness of 2 combined
web-based CBM trainings as a behavior change intervention
for smoking cessation, no effective knowledge (eg, CBM
training effect sizes and dropout rates) was available for us to
calculate the sample size at the time we set up the study.
Therefore, our aim was to recruit as many participants as
possiblewith the minimum of at least 75 participants per training
condition. We stopped the recruitment in December 2018.

Interested participants were directed to the study website [39].
The website explained the scientific rationale of CBM training,
training to overcome mental habits and automatic responses to
smoking, and explained that the current intervention program
combined 2 typesof CBM freely availablefor peoplewho would
like to quit smoking. As the study concerned a self-help
intervention open to everybody, there were no specificinclusion
criteria, except for being aged 18 years and older and able to
understand Dutch (theintervention was only provided in Dutch).

Upon registration, participants created their own user account
by providing their username, password, and email address, were
screened regarding their age, and were then randomized (see
the Randomization and Blinding section). Participants were
notified of their eligibility viaemail. Eligible participants who
clicked on their emailed link were returned to the study website
wherethey submitted aconsent form. Through the consent form,
participants were fully informed about the whole study
procedure, that the effectiveness of the 2 CBM trainings was
being tested (compared with 2 training typeswhere no or smaller
effects were expected, ie, sham training), and that they had a
25% chance to be assigned to the condition with 2 sham
trainings. Afterward, participants completed the baseline
assessment, at the beginning of which they received brief,
automated, tailored feedback.

Since the enrollment occurred online, additional actions were
taken to check multipleidentities. Participantswho used similar
usernames, email addresses, and internet protocol addresses
were excluded in the data analysis stage (n=8). In addition,
participants who self-reported that they aready quit smoking
before the training were also excluded in the dataanalysis stage
(n=25; Figure 1).

Training Procedure

After the baseline assessment, participants were invited to
complete 11 CBM training sessions and assessments at
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midtraining, posttraining, and follow-upsat 1, 2, and 3 months,
respectively. The midtraining assessment took place between
training sessions 5 and 6; and the posttraining assessment took
place between sessions 10 and 11. The 11th training session
was amask session to minimize self-presentation biases during
the posttraining assessment. All training sessions were
web-based, and all assessment sessions were self-assessed via
web-based questionnaires and computerized tasks. Each training
or assessment session automatically opened 24 hours after the
previous session was completed and stayed open for 30 days.
When each session opened, an automated notification was sent
to the participants. If participants did not complete the on,
they received an automated reminder email after 3 days, 7 days,
11 days, and 3 weeks until the session closed (including the
baseline session). They were not allowed to skip sessions, were
excluded from the study if they missed any of the sessions, and
were advised to completethe 11 training sessionswithin 4 weeks
(eg, 3 sessions per week). Participants were allowed to train on
a daily basis and could arrange their own training schedule.
They could contact the responsible researcher (the second
author) by email in case they had questions or technical
problems.

Debriefing and Compensation

After completing the 3-month follow-up assessment, participants
were debriefed about their condition allocation viaemail. They
were not compensated for participation. However, all
participants had the opportunity to receive 11 booster training
sessionsif they completed the whole study procedure, consisting
of the same 11 training sessions of double active CBM training
without practice and mini-assessment blocks (seethe Cognitive
Bias Modification section).

Randomization and Blinding

The study was as adouble-blind trial. Upon creation of a study
account, participants were automatically randomized to 1 of the
4 training conditions by a computer randomization algorithm.
The randomization was stratified by gender witha1:1:1:1 ratio;
therefore, participants were randomly assigned to one of the
conditions to which the fewest participants of their gender had
been allocated so far. Since the randomization was fully
automated and conducted by a computer algorithm, allocation
concealment was ensured. In addition, the automated study
procedure ensured that participantswere blinded to thetraining
condition they were assigned to. The second author could access
the database during the data collection to monitor the data
collection process and was responsible to reply to participants
in casethey had questions or technical problems. Thefirst author
could access the database after data collection completion to
download and analyze the data. No authors provided any
treatment to the participants nor assessed any of the outcomes
during the trial.

The study was approved by the Ethics Committee of Psychology
a the University of Amsterdam (reference number:
2013-DP-3047) and registered in the Netherlands Trial Register
(NTRA4678).
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Intervention

Cognitive Bias Modification

In total, there were 11 CBM training sessions. Each training
session consisted of 2 tasks used to both assess and retrain the
cognitive biases, and each training session lasted about 20 to
25 min. Task settings of the assessment and thetraining version
were the same, except for an additional built-in stimulus
response contingency recasting the assessment task into training
(seebelow). The order of task presentati on was counterbal anced
between participants and fixed within participants across all
sessions. Task parameters (eg, stimulus onset, response time
window, intertrial interval, etc) for both tasks were designed as
in previous studies[24,40]. Two kinds of stimuli were used for
both tasks: smoking-related (eg, somebody smoking or a
package of cigarettes) and visually matched neutral pictures
(eg, somebody holding pencils or a box of pencils, see
Multimedia Appendix 3 for task stimuli).

Attentional Bias Assessment

To assess attentional bias (AtB), we used an online version of
the VPT [13,24,40]. In each trial, participants had to respond
to a probe (a small arrow pointing upward or downward)
presented at the location of one of 2 simuli (ie, a
smoking-related and a neutral picture) displayed next to each
other on the computer screen. In half of the trials, the probe
appeared immediately after the 2 pictures disappeared (after
format), measuring the early detection of smoking-related
pictures (attention engagement). In the other half, the probe
appeared on top of one of the 2 pictures, which stayed on screen
(top format), measuring the rel ative difficulty to disengage from
smoking-related pictures (attention disengagement) [40].
Participants were required to respond to the direction of the
probe asfast as possible by pressing the corresponding keys on
the keyboard (U and N). The probe direction was set randomly
upward or downward with the restriction that up and down
appeared equaly often. To assess AtB, the probe followed
smoking-related pictures (smoking trials) and neutral pictures
(nonsmoking trials) equally often. It is assumed that
discrimination of the probe direction will be quicker when
probes appear in thelocusthat participants are aready attending
to, that is, in the case of smokers, on the smoking-related stimuli.
The VPT included a practice block with 8 trials and an
assessment block with 320 trials.

Attentional Bias Modification

Toretrain AtB, we used amodified version of the VPT [24,40].
Participantsin the active training condition weretrained to shift
their attention from smoking-related picturesto neutral pictures
by exposing them only to nonsmoking trials (ie, the probe only
followed the neutral pictures), whereas participantsin the sham
training condition were presented with 50% of smoking trials
and 50% of nonsmoking trials(ie, continued assessment). Each
AtBM session started with a practice block (8 trials) and a
mini-assessment block (128 trials), after which, participants
received the active or sham version of the AtBM (192 trials).

Approach Bias Assessment

To assess approach bias (ApB), we used an online version of
the AAT [14,24,40]. In each trial, asmoking-related or aneutral
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picturerotated 3° to theright (right-format) or left (left-format)
was presented in the middle of the computer screen. Participants
wererequired to respond (pull or push away) to theformat rather
than the content of the picture as fast as possible by pressing
the corresponding keys on the keyboard (U and N). The pull
and push responses were accompanied by a zooming feature:
pulled pictures enlarged in size and pushed pictures shrunk,
generating the sense of approach and avoidance, respectively.
The contingency between the picture format and the response
(ie, rotation direction and pull or push response) was
counterbalanced across participants. To assess ApB,
smoking-related and neutral pictures were pushed and pulled
equally often. It is assumed that (faster) approach rather than
avoid responses would be triggered by appetitive or affective
stimuli, that is, in the case of smokers, by the smoking-related
stimuli. The AAT included a practice block with 12 trials and
an assessment block with 160 trials.

Approach Bias Modification

Toretrain ApB, we used amodified version of the AAT [24,40].
Participantsin the active training condition were trained to avoid
smoking-related pictures by exposing them only to
smoking/push and neutral/pull trials, whereas participants in
the sham training condition were presented with 50% pull and
50% push trials for both smoking-related and neutral pictures
(ie, continues assessment). Each ApBM session started with a
practice block (12 trials) and amini-assessment block (64 trials),
after which, participants received the active or sham version of
the ApBM (192 trials).

Automated Tailored Feedback

All participants received brief automated tailored feedback at
the beginning of the baseline assessment. This session provided
feedback based on participants current smoking behaviors,
attitudes toward smoking, perceived importance, confidence,
motivation to quit, and goals and plans to change smoking
behaviors [41,42]. The tailored feedback consisted of (1)
summarizing the information participants provided, (2)
comparing their smoking behaviors and attitudes toward
smoking with current smokers and ex-smokers, (3) challenging
and modifying their positive attitudes toward smoking by
providing health risk information, and (4) providing tips and
support for their further changing progress.

Assessment M easures
Outcomes

Primary Outcome

The primary outcome PPA was determined by using thetimeline
follow-back method (TLFB [43]) and was assessed at 6 main
assessment time points (eg, baseline, midtraining, posttraining,
and follow-upsat 1, 2, and 3 months) and 11 interim assessment
time points (eg, abrief assessment before each training session).
When TLFB was administrated at baseline and the follow-up
assessments, participants reported the number of cigarettesthey
smoked per day in the past 7 days. When TLFB was
administrated at midtraining, posttraining, and before each
training session, participants reported the number of cigarettes
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they smoked per day sincethelast training or assessment on
for amaximum of 7 days.

PPA was defined as not smoking at all over the period of
reported days at each assessment time point and was coded as
1 (quit: the sum score of DCU=0) or O (not quit: the sum score
of DCU >0). Note that the primary outcome preregistered was
7-day PPA at thefollow-up assessments. That is, in the original
plan, we focused on the medium-term training effects on the
smoking status. However, because of the huge dropout rates
(Figure 1), we decided to include all available data at all
assessments. As aresult, in the current report, we focused on
the changes in the PPA over time.

Secondary Behavioral Outcome

The secondary behavioral outcome DCU was also derived from
the TLFB data. DCU was calculated at each assessment time
point by summing the number of cigarettes reported each day
divided by the number of reported days. Theinternal consistency
(Cronbach a) for the TLFB at baseline was .98.

Secondary Cognitive Outcomes

Secondary cognitive outcomesincluded AtB and ApB assessed
with the online version of the VPT and AAT, respectively,
described above (see the Cognitive Bias M odification section).
Both biases were assessed at 4 main assessment time points (eg,
baseline, midtraining, posttraining, and 3-month follow-up) and
11 interim assessment time points (eg, amini-assessment block
in each training session). By doing this, progressive changesin
the cognitive biases over the study could be detected.

An AtB scorefor smoking was computed for both after and top
trial formats by subtracting the median responsetimein smoking
trialsfrom that in nonsmoking trials. A positive score reflected
an attentional bias toward smoking-related pictures, whereas a
negative score reflected an attentional bias away from the
smoking-related pictures and toward the neutral pictures.

An ApB score for each stimulus category was computed by
subtracting the median response time in pull trials from that in
push trials. A smoking-specific ApB score was defined as the
difference between ApB scores for smoking-related pictures
and neutral pictures. A positive score reflected an action
tendency toward smoking-related pictures, whereas a negative
score reflected an avoidance tendency for smoking-related
pictures.

Bootstrapped split-half reliability estimates [44] for both VPT
and AAT at baseline were obtained by using the splithalf
package in R (version 0.3.1 [45]), which performed 5000
random splits. The reliability of VPT wasr=0.25, 95% CI 0.19
to 0.31 (Spearman-Brown corrected r4,=0.40, 95% CI 0.32 to
0.48), and the reliability of AAT wasr=0.02, 95% Cl -0.10 to
0.13 (Spearman-Brown corrected ry=0.03, 95% Cl -0.18 to
0.23).

Other Measures

Baseline M easures

At baseline, demographics and smoking history information
was collected, including age, gender, highest education level,
marital status, household income/month, DCU in generdl,
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duration in terms of years of smoking, and previous quit
attempts. Nicotine dependence was assessed with the Modified
Fagerstrom Tolerance Questionnaire (MFTQ [46]). Theinternal
consistency (Cronbach a) for the mFTQ was .71 in this study.
Motivation to changing smoking behaviors was assessed with
the Readiness to Change Questionnaire (RCQ [47,48]). The
internal consistency (Cronbach o) for the RCQ was .64 in this
study.

Training Evaluation and Reasonsto L eavetheIntervention

The training evaluation questions (TEQs) were administrated
at the posttraining assessment, where participants evaluated
both the CBM training as a whole and the AtBM and ApBM
training. In addition, participants also indicated if they were
aware of the training condition they were assigned to. For
participants dropping out of the study before completing the
posttraining assessment, TEQs could be triggered by the
participants themselves when requiring to stop the study, by
clicking on a web link included in the reminder emails they
received. In this case, participants provided reasonsfor leaving
the intervention, in addition to the training evaluation and their
awareness of the training condition they were assigned to.

Data Analysis

Task Data Preparation

Preparation of both VPT and AAT data can be found in
Multimedia Appendix 4. For the VPT, there was no indication
of adifferencein AtB scores between after and top trialsin the
whole sample (see Multimedia Appendix 4 for details). Thus,
we combined the 2 AtB scores (ie, engagement and
disengagement AtB) into asingle AtB index.

Preliminary Analyses

To check for baseline differences and differences in training
compliance and retention across the 4 conditions, and to check
for any differences in training evaluation between training
dropouts and training compl eters, chi-square tests and one-way
analysis of variance (ANOVA) were conducted. To verify if
participants showed smoking-related AtB and ApB at baseline,
one-sample t tests were conducted. To determine if AtB and
ApB were correlated with smoking-related variables at baseline,
zero-order Pearson correlations were computed.

Hypotheses Testing

To test the training effects, a multilevel modeling (MLM)
approach was adopted, which allows for an intention-to-treat
(ITT) anaysis including all available data and takes the
clustering of data by participants into account [49]. In our
analyses, all models incorporated a random intercept for
participants, used the maximum likelihood estimator, and were
conducted in R with thelme4 (version 1.1.17 [50]) and Imer Test
packages (version 3.0.1 [51]). An aphaof .05 (two-sided) was
applied to all hypotheses testing.

We used a piecewise step-function growth curve model [52] to
track outcome changes over time. For PPA, the training effects
were evaluated over 3 time phases: first half intervention phase
(TP1: from baseline to midtraining assessment), second half
intervention phase (TP2: from interim assessment 6 to
posttraining assessment), and follow-up phase (TP3: from
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interim assessment 11 to the 3-month follow-up). Although all
participants were coded as 0 (not quit) for PPA at baseline,
modeling the growth curve starting at baseline is necessary for
ITT analyses. Therefore, baseline was included into TP1. For
DCU, AtB, and ApB, the training effects were evaluated over
4time phases: baseline (TP1), first half intervention phase (TP2:
from interim assessment 1 to midtraining assessment), and,
similar to PPA, second intervention phase (TP3) and follow-up
phase (TP4).

To test the training effects on PPA, a multilevel logistic
regression analysiswas conducted, whereasfor DCU, AtB, and
ApB, a series of multilevel linear regression analyses was
conducted. Predictors included time phase, AtBM (active vs
sham), ApBM (active vs sham), and their interactions. Our
hypotheses testing focused on the two-way interaction effects
of time phase x AtBM and time phase x ApBM, and the
three-way interaction effects of time phase x AtBM x ApBM.

Results

Preliminary Analyses

Sample Description

The Consolidated Standards of Reporting Trials flow diagram
is reported in Figure 1. The final sample comprised 504 adult
smokers who were seeking online help for quitting smoking.
Overdll, the final sample had a mean age of 45.10 (SD 13.36)
years. Of these, 66.9% (337/504) werefemale, 74.8% (377/504)
were highly educated (bachelor's degree or above), 72.8%
(367/504) wereunmarried, and 42.5% (214/504) had amonthly
household income above the national modal income of about
€3000 (US $3329). On average, participants had smoked for
27.55 (SD 13.60) years, used to smoke 17.01 cigarettes per day
(SD 8.83), had amedium level of nicotine dependence (IMFTQ:
mean 3.21, SD 1.62, range 0-6). In addition, on average,
participants had made 5.70 previous quit attempts (SD 5.22)
and were highly motivated to quit before training (RCQ: mean
12.10, SD 5.41, range —24 to 24).

Baseline characteristics of the final sample per condition can
be found in Table 1. Overadl, participants baseline
characteristicsdid not differ among the training conditions, with
the exception of gender (Table 1). Adding gender asacovariate
to the models did not affect the relative model fit or the
significance of any relevant parameters.

Adherence and Retention

On average, participants completed 2.75 (SD 3.45) out of the
11 training sessions, which did not differ between conditions
(F3500=0.11; P=.95). Of the final sample, 67.1% (338/504)

completed at least one training session, 21.4% (108/504)
completed at least five training sessions, and 10.7% (54/504)
completed al 11 training sessions, al of which did not differ
between conditions (x%=2.5, P=.48; x%=0.9, P=.83;x%=1.5,
P=.68). On average, the training interval was 5.57 (SD 4.64)
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days, which did not differ between conditions (F;33,=1.32;
P=.27).

Regarding the evaluation of retention, 2 measures were
considered (Figure 1). First, only 61.8% (529/856) of thedligible
participants completed the baseline assessment, which did not
differ between conditions (x23=7.4; P=.06). Second, for the final
sample, only 18.3% (92/504), 9.9% (50/504), and 8.3% (42/504)
of the participants compl eted the primary outcome measure (ie,
TLFB) at midtraining, posttraining, and follow-ups, respectively.
All retention rates did not differ between conditions (x%=1.1,

P=.77; x%=3.2, P=.37; x%=2.4, P=.49).

Training Evaluation and Quitting the Intervention

Intotal, 19.6% (99/504) of the final sample provided thetraining
evaluation. This subsample was older (F; 50,=15.67; P<.001)
and smoked for more years (F; 50,=13.97; P<.001) than the
participants who did not provide the training evaluation (age:
mean 49.80, SD 11.76 years vs mean 43.95, SD 13.49 years,
duration of years of smoking: mean 32.07, SD 12.54 vs mean
26.44, SD 13.64). Since there were no differences in TEQ
responses between training versionsfor both AtBM and ApBM
(results are reported in Multimedia Appendix 5), the overall
responses to TEQs are summarized in Table 2. Among the 99
TEQ respondents, 49 quit the project during the training (ie,
training dropouts) and 50 completed all 11 training sessions (ie,
training completers). That is, 10.9% (49/450) of the training
dropouts and 93% (50/54) of the training completers of this
study evaluated the training. The TEQ responses for training
dropouts and training completers are al so separately summarized
in Table 2. Compared with training compl eters, training dropouts
were more negative on all the eval uation questions, thought the
instructions of both training paradigms were less clear, and
perceived both training interventions aslessfun to do. Moreove,
the 49 training dropouts also directly reported the reasons for
their dropout. The top 4 reasons were as follows: 39% (19/49)
of dropouts indicated that they were not satisfied with the
training, 33% (16/49) of dropouts indicated that the training
was too time consuming and they did not have time to do the
training any more, 12% (6/49) of dropouts indicated that the
training was boring, and 8% (4/49) of dropouts indicated that
they thought they were in the sham training condition, which
decreased their motivation to continue.

Hypotheses Testing

The summary statistics of al outcomes by condition, time phase,
and assessment time points are reported in Table 3. None of the
outcome measures differed significantly across conditions at
baseline (DCU: F3500=0.79, P=.50; AtB: F345,=0.33, P=.81,
ApB: F3490=1.26, P=.29). The results of the MLM analysesto
test the training effects (omnibus effects) on all outcomes are
reported in Table 4. Thefull MLM modelsfor all outcomescan
be found in Multimedia Appendix 6.
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Table 1. Baseline characteristics of the fina sample per condition.

Characteristics ActiveAtBM2+ ActiveAtBM +  Sham-AtBM +  Sham-AtBM + 5 ue (df;,df,)C or P value
activeApBM b sh:m—A pBM aciveApBM shim-A pBM chi-sauare val ue (df)d
- (n=132) (n=137) (n=130) S
(n=105)
Age (years) 1.76 (3,500)° 15
Mean (SD) 44.98 (13.34) 46.86(12.39)  45.38(14.13)  43.10 (13.37)
Gender, n (%) 7.9(3) 048
Male 30 (28.6) 34(25.8) 54 (39.4) 49 (37.7)
Female 75 (71.4) 98 (74.2) 83 (60.6) 81(62.3)
Highest education, n (%) 57 (3)d A3
>Bachelor'sdegree 76 (72.4) 91 (68.9) 111 (81.0) 99 (76.2)
<Bachelor'sdegree 29 (27.6) 41 (31.1) 26 (19.0) 31(23.9)
Marital status, n (%) 3.0(3) 40
Married 23(21.9) 41 (31.1) 40 (29.2) 33(25.4)
Other 82 (78.1) 91 (68.9) 97 (70.8) 97 (74.6)
Household income/month (€), n (%) 0.8 (3)d .86
>3000 46 (43.8) 58 (43.9) 59 (43.1) 51(39.2)
<3000 59 (56.2) 74 (56.1) 78 (56.9) 79 (60.8)

Daily cigarette usein general

Mean (SD) 16.15 (9.84) 1832(895)  1723(808)  1612(853)  177(3500) 15

Duration of smoking (years)

Mean (SD) 27.54 (13.16) 20.83(1277)  27.40(14.31)  2538(1381) 136 (3500)° 07
mFTQ®(0to 6)
Mean (SD) 2.89 (1.73) 3.44 (1.53) 3.18 (1.58) 3.25(1.63) 2.30 (3,500)° .08

Previous quit attempts
Mean (SD) 5.82 (5.35) 5.54 (5.29) 5.89 (5.07) 5.55 (5.24) 0.16 (3'500)c .93

RCQ' (-24to 24)
Mean (SD) 12.62 (5.85) 1185(519)  1180(522)  1226(550) (059 (3500)° 62

8AtBM: attentional bias modification.

oA pBM: approach bias modification.

®One-way analyses of variance were conducted to test the baseline differences on continuous variables across the 4 conditions.
dChi-square tests were conducted to test the baseline differences on categorical variables across the 4 conditions.

®mFTQ: Modified Fagerstrém Tolerance Questionnaire.

fRCQ: Readiness to Change Questionnaire.
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Table 2. Summary of training evaluation responses.

Training evaluation questions TEQ?respondents ~ Trainingdropouts  Training completers £ ygue (dfy,df,)® or chi- P value

(n=99) (n=49) (n=50) square value (df)°

Training evaluation for cBMY asawhole

1. What do you think of the quality 47 (47.5) 15 (30.6) 32 (64.0) 11.1 (1)° .001
of this CBM training?, n (%)

2. How satisfied are you overall with 47 (47.5) 16 (32.7) 31(62.0) 8.6 (1)° .003
this CBM traini ng’?f , N (%)

3.1 think the CBM training helped ~ 3.43 (1.99) 2.73(1.63) 4.12 (2.08) 13.60 (1’97)b <.001
me with my problems?, mean (SD)

4. Would you recommend thisCBM 48 (48.5) 16 (32.7) 32 (64.0) 9.7 (1)° .002

training to others’.’", n (%)
5. Will you use the CBM trainingin 65 (65.7) 23 (46.9) 42 (84.0) 15.1 (1)° <.001
the further?", n (%)

Training evaluation for AtBM'
1. Thegoad of the AtBM trainingwas 4.98 (1.84) 4.69 (2.06) 5.26 (1.56) 237 (1’97)13 A3
clear before | started it¥, mean (SD)

2. Theinstructions on what | should  6.05 (1.55) 5.73(1.80) 6.36 (1.21) 413 (1,97)° .045
do during the AtBM training was

clear9, mean (SD)

3. The AtBM trainingwasdifficultto  3.25 (1.83) 353 (1.89) 2.98(1.74) 227 (L97)° 14
do?, mean (SD)

4. The AtBM trainingwasfuntodo?, 329 (1.93) 2.61(1.74) 3.96 (1.88) 13.65 (1,97)° <.001
mean (SD)

Training evaluation for ApBMj

1. Thegoal of the ApBM trainingwas 5.11 (1.88) 4.80 (2.04) 5.42 (1.67) 278 (1797)b .10
clear before | started it¥, mean (SD)
2. Theinstructions on what | should  5.98 (1.48) 5.65 (1.79) 6.30 (1.02) 4.94 (1,97)° .03

do during the ApBM training was
clear9, mean (SD)

3. The ApBM training was difficult  2.89 (1.80) 318 (1.89) 2.60(1.73) 2,66 (L97)° 11
to do9, mean (SD)

4. The ApBM trainingwasfuntodod, 3-81(2.07) 3.02 (1.96) 4.58 (1.89) 16.26 (1,97)° <.001
mean (SD)

3TEQ: training evaluation question.
bOne~waty analyses of variance were conducted to test the differences in modal responses of the training evaluation between training dropouts and
training completers.

CChi-square tests were conducted to test the differencesin average responses of the training eval uation between training dropouts and training completers.
dcBM: cognitive bias modification.

Poor, fair, good, excellent; percentage of “good” and “excellent” responses.

fVery dissatisfied, fairly dissatisfied, fairly satisfied, very satisfied; percentage of “fairly satisfied” and “very satisfied” responses.

9Parti cipants indi cated the extent to which they agreed with this statement on a scale from 1 (completely disagree) to 7 (completely agree).

hNo, definitely not; No, | do not think so; Yes, | think so; Yes, definitely; percentage of “Yes, | think so” and “Yes, definitely” responses.

'AtBM: attentional bias modification.

jApBM: approach bias modification.
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Table 3. Summary statistics on outcomes by condition, time phase, and assessment time points.

Outcomes, time phase, and assess- A ctive AtBM® + active-  Active-AtBM + sham- Sham-AtBM + active-  Sham-AtBM + sham-
ment time points ApBMb ApBM ApBM ApBM
PPAC, ny/ny (%)¢
Basdline 0/105 (0) 0/132 (0) 0/137 (0) 0/130 (0)
IAS] 11/79 (14) 16/111 (14.4) 5/110 (4.5) 8/94 (9)
A2 7/51 (14) 9/70 (13) 5/75 (7) 11/61 (18)
IA3 7/34 (21) 6/39 (15) 6/54 (11) 9/49 (18)
A4 5/28 (18) 6/33 (18) 7/43 (16) 5/34 (15)
IA5 8/23 (35) 4/27 (15) 8/33 (24) 3/26 (12)
Midf 7/21 (33) 2/24 (8) 6/27 (22) 3/20 (15)
P19 45/341 (13.2) 43/436 (9.9) 37/479 (7.7) 39/414 (9.4)
A6 8/19 (42) 4/21 (19) 5/24 (21) 2/20 (10)
IA7 7117 (41) 2/19 (11) 4/20 (20) 3/19 (16)
IA8 6/17 (35) 3/17 (18) 2/19 (11) 3/19 (16)
IA9 5/15 (33) 2/14 (14) 3/15 (20) 3/17 (18)
IA10 5/14 (36) 2/13 (15) 3/12 (25) 2/15 (13)
Post” 5/14 (36) 2/11 (18) 3/10 (30) 4/15 (27)
P2 36/96 (38) 15/95 (16) 20/100 (20.0) 17/105 (16.2)
IA11 5/13 (38) 2/11 (18) 3/10 (30) 4/15 (27)
FU1 5/13 (39) 3/11 (27) 3/10 (30) 114 (7)
FUK 3/12 (25) 311 (27) 3/9 (33) 1/13 (8)
Fu3 4/12 (33) 2/9(22) 3/9(33) 2/12 (17)
Tp3™ 17/50 (34) 10/42 (24) 12/38 (32) 8/54 (15)
DCU", mean (SD)°
TP1 (baseline) 15.25 (9.70) 16.71 (9.97) 15.43 (8.48) 15.20 (8.44)
1AL 11.23 (8.60) 12.96 (10.58) 12.89 (8.22) 13.48 (8.98)
A2 11.07 (9.11) 13.07 (10.12) 12.48 (8.63) 10.97 (9.76)
IA3 10.41 (9.99) 13.30 (10.48) 11.96 (9.23) 9.74 (8.46)
A4 10.06 (10.71) 13.15 (11.09) 11.39 (9.93) 11.36 (8.93)
IA5 9.26 (9.54) 14.15 (11.30) 11.58 (10.73) 9.24 (8.28)
Mid 7.77 (10.25) 15.14 (9.94) 12,52 (10.94) 11.55 (11.36)
P2 10.44 (9.38) 13.33 (10.47) 12.31 (9.13) 1152 (9.23)
A6 6.79 (9.27) 14.71 (10.37) 13.15 (11.74) 10.33 (9.68)
IA7 7.84 (10.36) 15.13 (9.60) 13.70 (11.72) 10.62 (9.94)
IA8 8.49 (10.37) 15.15 (10.74) 13.15 (12.25) 10.19 (10.22)
IA9 8.56 (10.21) 15.24 (11.53) 12.10 (11.63) 8.68 (7.59)
IA10 10.16 (10.65) 14.53 (10.03) 11.48 (10.75) 7.14 (6.99)
Post 8.67 (10.45) 14.63 (10.79) 9.22 (8.93) 7.48 (7.72)
TP3 8.32(9.97) 14.92 (10.19) 12,51 (11.25) 9.22 (8.81)
IA11 10.56 (12.26) 14.07 (10.98) 9.15 (8.10) 7.00 (7.25)
FU1 11.70 (16.09) 15.77 (14.69) 7.99 (8.53) 6.55 (6.19)
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Outcomes, time phase, and assess- A ctive AtBM® + active-  Active-AtBM + sham- Sham-AtBM + active-  Sham-AtBM + sham-
ment time points ApBMb ApBM ApBM ApBM
FU2 12.21 (14.00) 13.42 (14.98) 8.27 (9.78) 8.23 (6.20)
FU3 12.29 (13.19) 15.68 (18.99) 8.83(9.05) 8.70 (7.23)
TP4P 11.67 (13.55) 14.69 (14.43) 8.56 (8.50) 7.56 (6.60)
AtBY, mean (SD)°
TP1 (baseline) 24.15 (30.69) 27.42 (27.65) 24.84 (27.36) 24.56 (29.79)
1AL 23.06 (37.74) 16.36 (36.17) 27.27 (40.80) 23.95 (28.87)
A2 15.32 (42.95) 15.92 (32.99) 18.10 (35.52) 15.85 (31.78)
IA3 15.42 (32.93) 5.62 (46.13) 19.84 (37.84) 21.73 (39.93)
A4 6.89 (33.65) -2.38(32.61) 20.40 (43.01) 23.65 (35.33)
IA5 -0.88(20.32) -1.86 (32.68) 8.92 (53.41) 14.02 (30.31)
Mid 3.40 (33.38) 8.35 (25.93) 3.29 (25.17) 16.45 (18.61)
TP2 14.05 (36.44) 10.00 (36.04) 19.39 (40.38) 20.20 (31.98)
A6 15.21 (29.28) 9.78 (34.79) 12.41 (40.02) 14.28 (24.70)
IA7 11.24 (26.26) 0.92 (28.94) 4.65 (31.91) 16.16 (28.66)
IA8 14.24 (32.64) 5.44 (31.32) 5.64 (34.85) 9.17 (29.67)
A9 4.33(43.25) 4.89 (27.51) 5.50 (31.64) 8.32(30.34)
IA10 4.71(33.25) -2.00 (32.02) -4.42 (42.26) 8.50 (17.07)
Post -4,08 (12.82) -2.46 (28.18) 10.70 (25.76) 2.47 (26.12)
TP3 8.42 (30.96) 3.35(30.33) 6.23 (34.72) 10.23 (26.39)
IA11 1.19 (32.46) -16.59 (23.64) -2.15(25.38) 5.67 (33.41)
FU3 7.36 (14.38) 2.28 (16.09) 4.25 (23.70) 8.96 (17.65)
TP4 4.02 (25.49) -8.10 (22.27) 0.69 (24.14) 7.13(27.12)
ApB', mean (SD)°
TP1 (baseline) -7.84 (65.28) 8.82 (84.61) 4,52 (67.04) 9.70 (77.34)
IA1 4.88 (77.67) -11.23 (114.00) 11.25 (113.95) 4.66 (98.25)
A2 7.10 (76.98) ~7.74 (71.96) -0.17 (78.86) 9.56 (82.04)
IA3 1.15 (73.75) -4.47 (46.16) -1.83(82.75) 12.24 (59.45)
A4 -35.76 (42.72) 12.82 (70.46) 10.87 (75.61) 9.80 (71.82)
IA5 -2.50 (73.86) -13.05(53.32) 0.79 (62.30) ~7.06 (68.51)
Mid 7.85 (47.22) -6.87 (27.64) -10.35 (91.38) 11.30 (48.89)
TP2 -0.50 (71.27) -6.47 (81.99) 3.72(90.65) 7.04 (79.30)
IA6 -12.18 (56.42) 8.10 (54.18) -26.52 (99.34) 4,58 (41.78)
IA7 -10.68 (44.52) 18.58 (47.19) -3.10 (67.67) 3.97 (99.19)
IA8 6.94 (49.90) -2.09 (49.79) 26.66 (82.69) 8.47 (47.50)
A9 -7.70 (78.92) —1.46 (42.34) -5.10 (31.09) -3.12 (62.89)
IA10 -22.75 (38.49) 20.50 (45.27) -21.67 (39.40) -9.87 (53.18)
Post -17.96 (35.54) 26.58 (32.70) -5.60 (36.41) -13.10 (29.10)
TP3 -10.13 (52.45) 10.99 (46.77) -5.42 (71.26) -0.75 (59.90)
IA11 ~14.96 (52.63) 20.36 (51.52) -15.70 (22.51) 34.20 (66.24)
FU3 2.27 (41.97) -4.39 (41.06) 2.06 (54.69) -12.04 (59.54)
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Outcomes, time phase, and assess- A ctive AtBM® + active-  Active-AtBM + sham- Sham-AtBM + active-  Sham-AtBM + sham-
ment time points ApBMb ApBM ApBM ApBM
TP4 —7.06 (47.83) 9.22 (47.61) —7.81(39.78) 13.65 (66.41)

8AtBM: attentional bias modification.

bApBM: approach bias modification.

®PPA: point prevalence abstinence.

dFor PPA at each assessment time point, n1/ny= number of participants coded as 1 (that is, quit) at that assessment time point divided by the total number
of participants who reported their smoking status at that assessment time point; at each time phase, ny/n,= sum of observations coded as 1 (that is, quit)
at that time phase divided by sum of all reported observations at that time phase.

€A interim assessment.

Mid: midtraini ng assessment.

9TP1: time phase 1, first half intervention phase for PPA; baseline for DCU, AtB, and ApB.

PPost: posttraining assessment.

ITP2: time phase 2, second half intervention phase for PPA, first half intervention phase for DCU, AtB, and ApB.

IFUL: follow-up assessment at 1 month.

Kru2: follow-up assessment at 2 months.

IFu3: follow-up assessment at 3 months.

™TP3: time phase 3, follow-up phase for PPA; second half intervention phase for DCU, AtB, and ApB.

"DCU: daily cigarette use.

%For DCU, AtB, and ApB, at each assessment time point, average score at the assessment time point is reported; at each time phase, time average score
at that time phase is reported.

PTP4: time phase 4, follow-up phase for DCU, AtB, and ApB.
9AtB: attentional bias for smoking stimuli.
"ApB: approach bias for smoking stimuli.

Table 4. Results of multilevel modeling analyses.

Omnibus effects PPAR pcub AtBE Ade
Chi-squarevalue (dfy Pvalue  Fvaue(df,df;) Pvaue  Fvaue(dfy,df;) Pvaue  Fvaue(dfi,dfy) Pvalue

TPe 37(2) 15 111.98 <001  17.62(3, <001  034(32049) .80
(3,1835.75) 1930.01)

ABMf 0.0 (1) .90 0.04 (1,620.77) .84 0.31(1,766.99) .58 0.48(1,2049) .49

ApBMY 05 (1) 49 2.64(1,620.77) .11 0.01(1,766.99) .91 443(1,2049) .04

TP x AtBM 36(2) 17 1.34 26 235 07 0.67(32049) .57
(3,1835.75) (3,1930.01)

TP x ApBM 12(2) 56 2.23 .08 0.32 81 147 (32049) .22
(3,1835.75) (3,1930.01)

AtBM x ApBM 0.4 (1) 50 1.82(1,620.77) .18 3.62(1,766.99) .06 0.13(1,2049) .73

TP x AtBM x 40(2) 14 1.86 13 1.78 15 0.99(32049) .40

ApBM (3,1835.75) (3,1930.01)

3PPA: point prevalence abstinence.

bDCU: dai ly cigarette use.

CAtB: attentional bias for smoking stimuli.
dApB: approach bias for smoking stimuli.
€TP: Time phase.

fAtBM: attentional bias modification.
9ApBM: approach bias modification.

time. However, note that descriptively, the double activetraining

Primary Qutcome condition showed the highest PPA rate at each time phase of
With respect to PPA, no significant effects emerged from the  the study (Table 3).

MLM analysis(Table 4), indicating that neither training versions
nor their combination had a significant impact on PPA over
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Secondary Behavioral Outcome

With respect to DCU, the MLM analysis only indicated a
significant main effect of time phase (Table 4). From baseline
to the first half of the intervention, al participants had a
significant reductionin DCU (B=-3.89, 95% CI —4.96 t0 —2.83;
P<.001; d=0.43), regardless of training condition. This effect
persisted to the second half of the intervention (B=-5.46, 95%
Cl -6.91 to -4.00; P<.001; d=0.60) and to the follow-ups
(B=-4.61, 95% CI -6.32 to —2.90; P<.001; d=0.50). Contrary
to our hypotheses, no significant two- or three-way interaction
effects between training version and time phase emerged,
suggesting that neither training versions nor their combination
had a significant impact on DCU over time.

Secondary Cognitive Outcomes

At baseline, overall, participants demonstrated an AtB toward
smoking-related stimuli (mean 25.30, SD 28.73; t493=19.57;
P<.001), but demonstrated neither an approach nor an avoidance
bias (mean 4.43, SD 74.43; t,4,=1.32; P=.18). Baseline AtB
was positively correlated with the duration of years of smoking
(r=0.21, P<.001), while baseline ApB was positively correlated
to nicotine dependence (r=0.11, P=.01) and DCU in genera
(r=0.12, P=.01). The two biases were not correlated with each
other at baseline (r=0.06, P=.20).

The MLM analysis only indicated a main effect of time phase
on AtB (Table4). All participants showed asignificant reduction
in AtB from baseline to the second half of the intervention
(B=-10.28, 95% CI -18.98 to —1.58; P=.02; d=0.36), but this
reduction did not maintain up to the 3-month follow-up
(B=-11.03, 95% Cl -24.05 to 1.99; P=.10, d=0.38). Although
there was aso a main effect of ApBM on ApB (Table 4),
follow-up analyses showed that none of the regression
coefficients involving ApBM was significant (Multimedia
Appendix 6). Contrary to our hypotheses, there were no
significant interaction effects between training version and time
phase on both AtB and ApB. This suggeststhat both the AtBM
and ApBM did not affect the respective cognitive biasit targeted
over time.

Summary of Additional Analyses

The methods and results for testing training effects on the
additional secondary outcomes (ie, craving, depression severity,
and motivation to quit smoking) and for the exploratory
moderation analysis on participants awareness of CBM
condition are reported in Multimedia Appendices 1 and 2. The
main findings were (1) all participants showed a significant
reduction in craving over time, and no training effects on
depression severity and motivation to quit smoking were
observed; (2) 19.6% (99/504) of the final sample (ie, TEQ
respondents) indicated their awareness of training condition,
the majority of whom thought they completed the sham training,
while they actually completed the active one, for both training
types, and (3) participants awareness of CBM condition
moderated training effects in DCU: participants who correctly
thought that they werein the active training condition (for either
training type) showed larger decreases in DCU over time
compared with those who thought they werein the sham training
condition but actually completed the active training.
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Discussion

Principal Findings

This double-blind RCT tested the individual and combined
effects of web-based AtBM and ApBM in adult smokers seeking
online help for quitting smoking. Against our expectations, we
did not find evidence for the effectiveness of neither CBM
trainings nor their combination, compared with their respective
sham version, in improving any of the smoking-related
outcomes. In addition, neither did any of the CBM training
conditions change the targeted cognitive biases. Complianceto
the intervention was very low as only 10.7% (54/504) of
participants completed all training sessions, and 8.3% (42/504)
of the participants completed the follow-up assessments,
suggesting that the web-based intervention was not well
accepted.

Theresultsindicated ageneral improvement in smoking-related
behaviors irrespective of condition. That is, participantsin all
conditions may have tried to quit smoking and reduced their
DCU over time. The enrollment in theinterventionisasign for
motivation to change, which may suggest that the training did
not have an effect larger than the mere motivation for
participants to do something about their behavior and enroll in
asalf-help web-based program. Thisgeneral improvement might
also be attributable to features of the intervention that were
common to all participants, including exposure to automated
tailored feedback and self-monitoring of smoking behaviors.
In addition, the general improvement isalso likely to be driven
by the high dropout rates. That is, those who stayed in the
intervention longer may have produced a floor effect because
of a greater self-confidence and motivation to change their
smoking behaviors or a better ability to master their smoking
behaviors.

The null findings on the smoking-related outcomes are
consistent with recent studies examining web-based CBM in
smokers[11,28] and in problem drinkers[15,53,54], except for
one study using awaitlist (passive control) instead of the sham
training (active control) as a comparator condition [27].
However, our findings are at odds with the studies examining
CBM effects in the clinical setting with inpatient psychiatric
smokers [29] and a cohol-dependent inpatients [17,18,55,56],
except for 2 studies with a much smaller sasmple size [31,32].
Therefore, differences between the 2 types of studies, online
and in the clinic, may explain the inconsistent findings [15].

A major difference isthat CBM is normally administrated as
an add-on intervention to the standard treatment in the clinical
setting (eg, CBT [17,18,28,29]), whereas as a stand-alone or
primary intervention in the online setting (as in this study).
Although automated tailored feedback was included as a
cointervention in thisstudy, it wasminimal and its effectiveness
might have been threatened by its static feature. It is possible
that CBM interventions only produce effectswhen blended with
other standard treatments targeting more controlled cognitive
processes aimed at long-term health outcomes. A related
differenceisthat, inaclinical setting, CBM isadministrated in
a guided environment (ie, with the support of the therapists),
while an unguided environment online fully relies on
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participants’ autonomy, self-reliance, and self-discipline [57].
The lack of personal contact or therapist-client interaction in
an online setting may increase the feelings of lack of support.
Indeed, effects of web-based interventions can be enhanced
when brief face-to-face communication with therapists [58] or
various forms of remote support from therapists (eg, emails or
telephone calls[59]) areincluded. However, accessing in-person
standard treatment and support from therapists in a blended
format would cost time and money, thereby limiting the
feasibility of the widespread implementation and
cost-effectiveness of online CBM. Thus, future online CBM
studies may benefit by incorporating online CBM training with
online standard treatment and additional remote support from
therapists as atreatment package. This new design, building on
the previous studiesin aclinical context may also increase the
credibility of online CBM training (a topic further discussed
below).

In addition, compared with clinical settings, participants
recruited online are more heterogeneousin terms of severity of
symptoms. In this study, the CBM training program was open
to any adult smoker seeking online help to quit smoking. Asa
result, our sample was very diverse in terms of severity of
tobacco dependence resulting in mild smoking problems on
average. Considering that CBM overall has shown small effects
as an adjunct intervention in clinical settings with severely
addicted patients [15,26], to find asimilar effect sizein such a
heterogeneous population of interest, the sample size would
need to be much larger [60], especialy to aso account for the
higher number of dropouts typical of unguided online
interventions.

Aside from a nonspecific improvement in smoking-related
outcomes, none of the targeted cognitive biaseswere influenced
by the 2 variants of CBM. This is in line with few previous
studies evaluating CBM as a smoking behavior change
intervention, which hardly found any evidence of specific
reductions in the targeted cognitive bias online [11,28] and in
clinical or laboratory settings [29-32]. There is one exception
[33], athough its interpretation is complicated by a very
different experimental design (3 sessions of active AtBM
training compared with 1 session of sham training). Presumably,
CBM interventionswoul d show substantial effects on behaviors
once the targeted mechanism of change (changing the targeted
bias) is successfully engaged, which so far has not been the
case. Furthermore, at baseline, we only found a moderate AtB
toward smoking-related stimuli, and no ApB, suggesting little
room for CBM training effects.

Recently, there has been a debate about the optimal comparison
conditionin CBM studies[61,62]. In the standard sham training
condition (as in this study), participants learn to shift attention
away or avoid smoking stimuli in half of the trials, which is
very similar to the active training condition and may leave no
room for the active training to produce specific effects. A recent
Bayesian meta-analysis of clinical CBM studies in addiction
found larger training effects in the control condition involving
mostly sham training, relative to the active training condition,
with an increased dosage of training [26]. This might point to
a slower learning mechanism (perhaps exposure) in addition to
aquicker and short-lasting changein biasin the active condition.
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Therefore, we may need to make larger differences between the
active and sham versions of the training to detect specific effects
of CBM. To specifically evaluate clinical effects of CBM, one
solution could beto carefully choose amore appropriate control
condition, and another solution could beto make activetraining
more meaningful to participants, for example, by training
participantsto approach (personalized) meaningful stimuli rather
than neutral stimuli in addition to training them to avoid
smoking stimuli [63] or by providing positive or relevant
rewardsto reinforce newly learned behaviors (eg, avoid smoking
stimuli) during training [64].

Limitations and Future Research

The most notable limitation of this study is the low training
adherence and the high dropout rates. Although high dropout
rates are similar to the few published web-based CBM studies
[54,65] and are very common in onlineinterventions[60,66,67],
thisissue may have limited the validity of the results and caused
power issuesin this study.

A second important limitation that may have affected the low
degree of engagement and adherence with the intention concerns
the top-down approach we used to design thisintervention. We
developed this intervention by using a theory and
evidence-based approach; therefore, we moved the typical CBM
trainings delivered in the clinical setting to the online setting,
by considering the online environment as a mere delivery box
toalarger public and not asanew component of theintervention
likely affecting its reception. Furthermore, since we did not
incorporate any potential users’ perspective or feedback into
the intervention design, the intervention may not have met the
users needs and preferences (ie, the program was not
user-friendly and engaging enough [57,68]). These hypotheses
were supported by thetraining evaluation provided by aminority
of participants (ie, the TEQ respondents. 19.6% (99/504) of the
final sample). It should be noted that the TEQ respondentswere
older and smoked for more yearsthan those who did not provide
the training evaluation; therefore, they are not representative of
the whole sample. For this reason, these findings should be
interpreted with some caution. In addition, to obtain a more
representative sample, especially those who left theintervention
without providing an evaluation of the intervention should be
approached. Future research could adopt the strategy of
monetary incentives to increase these response rates [69] or
make more effort to interview the dropouts to understand their
needs and thoughts to improve the intervention.

Although the TEQ respondents in this study are not
representatives of the whole sample, their feedback can bevery
vauablein pinpointing factors contributing to the lack of success
of the study. For example, as areason to leave the intervention,
some training dropouts reported that the training was too time
consuming. Indeed, this study included a lot of assessments
before and during the intervention, which may have increased
the burden on the participants. Although repeatedly measuring
the cognitive biases during the training allows to study
progressive changes, this setting may have taxed participants
motivation to train and may also haveinterfered with thetraining
effects[17,18]. Therefore, arecommendation for future research
isto keep the amount of measurementsto a sufficient minimum.
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In addition, compared with training completers, training
dropouts indicated the training was less fun to do, and some of
them explicitly reported that it was boring. Indeed, the CBM
tasks had an intrinsic repetitive nature. To improve the
motivation to train and compliance, future research is
recommended to make the CBM task more interesting and
engaging by, for example, gamifying it [24,70]. Besides the
dullness of the CBM tasks, the intervention website had a very
simple layout and only provided text-based information to the
participants. Participants were required to read and process
much information to understand the study and its procedure,
without an alternative source of information, such as video or
graphics. Theamount and length of the text may have challenged
participants literacy level and attention span and led participants
to become overwhelmed or bored (compare Atkinson et al [71]).

Moreover, compared with training completers, training dropouts
indicated that the training instructions were less clear, and some
of them aso explicitly reported that they perceived that they
received the sham training and were therefore likely demotivated
to continue. In this study, we used an indirect version of CBM
training, where participants are required to respond to an
irrelevant feature of the stimuli (eg, orientation of the probein
AtBM and tilted format of the stimuli in ApBM) rather than the
content of the stimuli (ie, smoking-related or neutral stimuli).
Asaresult, we have replicated the results of previous research
that a majority of the participants in both training conditions
believed that they werein the sham training condition[72]. This
is positive from a blinding to conditions perspective, but
suboptimal from amotivational clinical perspective. Ingeneral,
with indirect instructions, participants often have difficulties
understanding how the training is relevant to their problem,
which may threaten the credibility of the training [72] and may
have led them to feel disappointed when perceiving that they
were assigned to a sham treatment [73]. In addition, our
exploratory moderation analyses of awareness of training version
(Multimedia A ppendix 2) showed that participantswho correctly
thought that they werein the active training condition for either
training type, showed a larger decrease in DCU over time
compared with those who thought they werein the sham training
condition but they actually completed the active training. It
should be noted that these results need to be interpreted with
caution given that the exploratory moderation analyses were
conducted on aminority of participants and the mechanism of
the moderation effectswas unclear, since participants were only
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asked about what training version they perceived they received
rather than the exact contingencies between stimuli and their
responses. Yet, thisinformation may also point to theimportance
of providing explicit and clear task instructions to improve the
intervention credibility (see also Van Dessdl et al [74,75]).
Furthermore, the credibility of the online CBM training may
also have been threatened since participants were informed that
they had a 25% chance to be assigned to a condition combining
two sham trainings (where smaller or no effects were expected),
likely affecting their compliance to and acceptance of the
intervention. Thislimitation isinevitable since thisinformation
should be provided to meet ethical standards[76].

A last notable limitation refersto the unsatisfactory reliabilities
for both the VPT and AAT in this study, consistently with most
implicit tasks[77]. Asaresult, it still remains unsolved whether
the CBM intervention did not change the cognitive biases or
whether we were merely not able to assess any changes in the
biases reliably. Therefore, it is necessary to develop more
reliable experimental tasks for measuring cognitive biases in
further research.

Conclusions

Thiswasthefirst study to evaluate whether combining 2 CBM
paradigms was effective as a self-help web-based intervention
for smoking cessation. Contrary to our hypotheses, the results
only revealed a general reduction in DCU across time in all
conditions, suggesting no beneficial effectsthat can be directly
attributed to any of the web-based CBM training or their
combination. The study had very high dropout rates and avery
low frequency of training usage, indicating an overall low
acceptability of the intervention, which precludes any definite
conclusion onits effectiveness. Before drawing firm conclusions
regarding the effectiveness of online CBM training in smokers,
afully powered study with amore engaging version of smoking
CBM in alarge sampleis needed. Therefore, further studieson
online CBM should improve the intervention compliance and
prevent dropouts as a first step, whereas the overall design of
the next online CBM intervention would benefit greatly from
being not only theory and evidence-based but &l so user-centered
to ensure engagement and retainment by its users. In addition,
to trandate findings on CBM in clinical settings into a viable
and effective behavior change intervention in the real world,
substantial modification of the training procedure and core
design is needed.

Acknowledgments

The authors would like to thank Bruno Boutin for his contributions to the technical setup and maintenance of the website of this
study. The authors would also like to thank the respondents for their participation in this study. SW was supported by China
Scholarship Council (CSC). HL was supported by Research Priority Area Yield, University of Amsterdam. RW was supported
by aVICI grant (453-08-001) from the Dutch National Science Foundation, NWO.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Additional secondary outcomes.
[DOC File, 127 KB-Multimedia Appendix 1]

https://mental .jmir.org/2020/5/€16342

JMIR Ment Health 2020 | vol. 7 |iss. 5 | e16342 | p. 15
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mental_v7i5e16342_app1.doc&filename=e0e425edc9d11c7aeea6c7fa82044f88.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app1.doc&filename=e0e425edc9d11c7aeea6c7fa82044f88.doc
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Wen et &

Multimedia Appendix 2

Exploratory moderation analysis.
[DOC File, 77 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Task stimuli.
[DOC File , 32 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Task data preparation.
[DOC File, 34 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Summary of training evaluation responses in the training condition of attentional bias modification and approach bias modification,
respectively.

[DOC File, 85 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Full multilevel models for primary and secondary outcomes.
[DOC File, 88 KB-Multimedia Appendix 6]

Multimedia Appendix 7

CONSORT EHEALTH checklist (V1.6.1).
[PDE File (Adobe PDF File), 2574 KB-Multimedia Appendix 7]

References

1.  Bauer UE, Briss PA, Goodman RA, Bowman BA. Prevention of chronic disease in the 21st century: elimination of the
leading preventable causes of premature death and disability in the USA. Lancet 2014 Jul 5;384(9937):45-52. [doi:
10.1016/S0140-6736(14)60648-6] [Medline: 24996589]

2. Zhou X, Nonnemaker J, Sherrill B, Gilsenan AW, Coste F, West R. Attemptsto quit smoking and relapse: factors associated
with success or failure from the ATTEMPT cohort study. Addict Behav 2009 Apr;34(4):365-373. [doi:
10.1016/j.addbeh.2008.11.013] [Medline: 19097706]

3. Gladwin TE, Figner B, Crone EA, Wiers RW. Addiction, adolescence, and the integration of control and motivation. Dev
Cogn Neurosci 2011 Oct;1(4):364-376 [FREE Full text] [doi: 10.1016/j.dcn.2011.06.008] [Medline: 22436562]

4.  Wiers RW, Gladwin TE. Reflective and impulsive processes in addiction and the role of motivation. In: Deutsch R,
Gawronski B, Hofmann W, editors. Reflective And Impulsive Determinants Of Human Behavior. New York: Routledge;
2016:185-200.

5. Stacy AW, Wiers RW. Implicit cognition and addiction: atool for explaining paradoxical behavior. Annu Rev Clin Psychol
2010;6:551-575 [FREE Full text] [doi: 10.1146/annurev.clinpsy.121208.131444] [Medline: 20192786]

6. Kang OS, Chang DS, Jahng GH, Kim SY, Kim H, Kim JW, et a. Individual differencesin smoking-related cue reactivity
in smokers: an eye-tracking and fMRI study. Prog Neuropsychopharmacol Biol Psychiatry 2012 Aug 7;38(2):285-293.
[doi: 10.1016/j.pnpbp.2012.04.013] [Medline: 22542509]

7.  Lochbuehler K, Voogd H, Scholte RH, Engels RC. Attentional bias in smokers: exposure to dynamic smoking cuesin
contemporary movies. JPsychopharmacol 2011 Apr;25(4):514-519. [doi: 10.1177/0269881110388325] [Medline: 21098549]

8. MoggK, Bradley BR, Field M, de Houwer J. Eye movements to smoking-related picturesin smokers: relationship between
attentional biases and implicit and explicit measures of stimulus valence. Addiction 2003 Jun;98(6):825-836. [doi:
10.1046/j.1360-0443.2003.00392.x] [Medline: 12780371]

9. MoggK, Field M, Bradley BP. Attentional and approach biasesfor smoking cuesin smokers: an investigation of competing
theoretical views of addiction. Psychopharmacology (Berl) 2005 Jul;180(2):333-341. [doi: 10.1007/s00213-005-2158-x]
[Medline: 15696322]

10. Baird SO, Rinck M, Rosenfield D, Davis ML, Fisher JR, Becker ES, et al. Reducing approach bias to achieve smoking
cessation: apilot randomized placebo-controlled trial. Cogn Ther Res 2017;41(4):662-670. [doi: 10.1007/s10608-017-9835-7]

11. Elfeddali I, de VriesH, Bolman C, Pronk T, Wiers RW. A randomized controlled trial of web-based Attentional Bias
Modification to hel p smokers quit. Health Psychol 2016 Aug;35(8):870-880. [doi: 10.1037/hea0000346] [Medline: 27505210]

https://mental.jmir.org/2020/5/€16342 JMIR Ment Health 2020 | vol. 7 | iss. 5 | €16342 | p. 16
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=mental_v7i5e16342_app2.doc&filename=10d6b419af76a787eec5c3ba6d25eecd.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app2.doc&filename=10d6b419af76a787eec5c3ba6d25eecd.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app3.doc&filename=159f816a6350b126f3653e69513a55ca.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app3.doc&filename=159f816a6350b126f3653e69513a55ca.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app4.doc&filename=145421f59cd1908cca1a50eb902e7c0d.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app4.doc&filename=145421f59cd1908cca1a50eb902e7c0d.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app5.doc&filename=759e81dc0107c54bc5036c1fb2fbf2d7.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app5.doc&filename=759e81dc0107c54bc5036c1fb2fbf2d7.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app6.doc&filename=052fe8d2c40714151606e14fbd30f83f.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app6.doc&filename=052fe8d2c40714151606e14fbd30f83f.doc
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app7.pdf&filename=05ec1e4da43079671cce7a09d32af928.pdf
https://jmir.org/api/download?alt_name=mental_v7i5e16342_app7.pdf&filename=05ec1e4da43079671cce7a09d32af928.pdf
http://dx.doi.org/10.1016/S0140-6736(14)60648-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24996589&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2008.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19097706&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1878-9293(11)00065-X
http://dx.doi.org/10.1016/j.dcn.2011.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22436562&dopt=Abstract
http://europepmc.org/abstract/MED/20192786
http://dx.doi.org/10.1146/annurev.clinpsy.121208.131444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20192786&dopt=Abstract
http://dx.doi.org/10.1016/j.pnpbp.2012.04.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22542509&dopt=Abstract
http://dx.doi.org/10.1177/0269881110388325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21098549&dopt=Abstract
http://dx.doi.org/10.1046/j.1360-0443.2003.00392.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12780371&dopt=Abstract
http://dx.doi.org/10.1007/s00213-005-2158-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15696322&dopt=Abstract
http://dx.doi.org/10.1007/s10608-017-9835-z
http://dx.doi.org/10.1037/hea0000346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27505210&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Wen et &

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Wiers RW, Gladwin TE, Hofmann W, Salemink E, Ridderinkhof KR. Cognitive bias modification and cognitive control
training in addiction and related psychopathology: mechanisms, clinical perspectives, and ways forward. Clin Psychol Sci
2013;1(2):192-212. [doi: 10.1177/2167702612466547]

MacLeod C, Mathews A, Tata P. Attentional biasin emotional disorders. J Abnorm Psychol 1986 Feb;95(1):15-20. [doi:
10.1037//0021-843x.95.1.15] [Medline: 3700842]

Rinck M, Becker ES. Approach and avoidance in fear of spiders. JBehav Ther Exp Psychiatry 2007 Jun;38(2):105-120.
[doi: 10.1016/j.jbtep.2006.10.001] [Medline: 17126289]

Wiers RW, Boffo M, Field M. What'sin atrial? On the importance of distinguishing between experimental lab studies and
randomized controlled trials: the case of cognitive bias modification and a cohol use disorders. J Stud Alcohol Drugs 2018
May;79(3):333-343. [Medline: 29885138]

Schoenmakers TM, de Bruin M, Lux IF, Goertz AG, van Kerkhof DH, Wiers RW. Clinical effectiveness of attentiona bias
modification training in abstinent alcoholic patients. Drug Alcohol Depend 2010 Jun 1;109(1-3):30-36. [doi:
10.1016/j.drugal cdep.2009.11.022] [Medline: 20064698]

Eberl C, WiersRW, Pawelczack S, Rinck M, Becker ES, Lindenmeyer J. Approach bias modification in alcohol dependence:
do clinical effectsreplicate and for whom does it work best? Dev Cogn Neurosci 2013 Apr;4:38-51 [FREE Full text] [doi:
10.1016/j.dcn.2012.11.002] [Medline: 23218805]

WiersRW, Eberl C, Rinck M, Becker ES, Lindenmeyer J. Retraining automatic action tendencies changes alcoholic patients
approach bias for alcohol and improves treatment outcome. Psychol Sci 2011 Apr;22(4):490-497. [doi:
10.1177/0956797611400615] [Medline: 21389338]

Gladwin TE, Rinck M, Eberl C, Becker ES, Lindenmeyer J, Wiers RW. Mediation of cognitive bias modification for alcohol
addiction via stimulus-specific alcohol avoidance association. Alcohol Clin Exp Res 2015 Jan;39(1):101-107. [doi:
10.1111/acer.12602] [Medline: 25623410]

Hughes JR. Motivating and helping smokers to stop smoking. J Gen Intern Med 2003 Dec;18(12):1053-1057 [FREE Full
text] [doi: 10.1111/].1525-1497.2003.20640.x] [Medline: 14687265]

Shahab L, Brown J, Gardner B, Smith SG. Seeking health information and support online: does it differ as a function of
engagement in risky health behaviors? Evidence from the health information national trends survey. JMed Internet Res
2014 Nov 6;16(11):€253 [FREE Full text] [doi: 10.2196/jmir.3368] [Medline: 25380308]

Graham AL, Amato MS. Twelve million smokers look online for smoking cessation help annually: Health information
national trends survey data, 2005-2017. Nicotine Tob Res 2019 Jan 4;21(2):249-252 [FREE Full text] [doi:
10.1093/ntr/nty043] [Medline: 29660037]

Sharbanee JM, Stritzke WG, Wiers RW, MacLeod C. Alcohol-related biases in selective attention and action tendency
make distinct contributions to dysregulated drinking behaviour. Addiction 2013 Oct;108(10):1758-1766. [doi:
10.1111/add.12256] [Medline: 23692442]

van Deursen DS, Salemink E, Smit F, Kramer J, Wiers RW. Web-based cognitive bias modification for problem drinkers:
protocol of arandomised controlled trial with a2x2x2 factorial design. BMC Public Health 2013 Jul 20;13:674 [FREE Full
text] [doi: 10.1186/1471-2458-13-674] [Medline: 23870532]

Mihlig S, Paulick J, Lindenmeyer J, Rinck M, Cina R, Wiers RW. Applying the * Cognitive Bias Modification’ concept to
smoking cessation — a Systematic Review. Sucht 2016;62(6):333-354. [doi: 10.1024/0939-5911/a000454]

Boffo M, Zerhouni O, Gronau QF, van Beek RJ, Nikolaou K, Marsman M, et a. Cognitive bias modification for behavior
change in alcohol and smoking addiction: Bayesian meta-analysis of individual participant data. Neuropsychol Rev 2019
Mar;29(1):52-78 [FREE Full text] [doi: 10.1007/s11065-018-9386-4] [Medline: 30644025]

Wittekind CE, Feist A, Schneider BC, Moritz S, Fritzsche A. The approach-avoidance task as an online intervention in
cigarette smoking: a pilot study. J Behav Ther Exp Psychiatry 2015 Mar;46:115-120. [doi: 10.1016/j.jbtep.2014.08.006]
[Medline: 25306247]

Wittekind CE, Liidecke D, Cludius B. Web-based Approach Bias Maodification in smokers: arandomized-controlled study.
Behav Res Ther 2019 May;116:52-60. [doi: 10.1016/j.brat.2018.12.003] [Medline: 30782522]

Machulska A, Zlomuzica A, Rinck M, Assion H, Margraf J. Approach bias modification in inpatient psychiatric smokers.
JPsychiatr Res 2016 May;76:44-51. [doi: 10.1016/].jpsychires.2015.11.015] [Medline: 26874269]

Kong G, Larsen H, Cavallo DA, Becker D, Cousijn J, Salemink E, et al. Re-training automatic action tendenciesto approach
cigarettes among adolescent smokers: a pilot study. Am JDrug Alcohol Abuse 2015;41(5):425-432 [FREE Full text] [doi:
10.3109/00952990.2015.1049492] [Medline: 26186485]

Wittekind CE, Reibert E, Takano K, Ehring T, Pogarell O, Riither T. Approach-avoidance modification as an add-onin
smoking cessation: arandomized-controlled study. Behav Res Ther 2019 Mar;114:35-43. [doi: 10.1016/j.brat.2018.12.004]
[Medline: 30716613]

Begh R, Munafo MR, Shiffman S, Ferguson SG, Nichols L, Mohammed MA, et a. Lack of attentional retraining effects
in cigarette smokers attempting cessation: aproof of concept double-blind randomised controlled trial. Drug Alcohol Depend
2015 Apr 1;149:158-165 [FREE Full text] [doi: 10.1016/j.drugal cdep.2015.01.041] [Medline: 25697911]

https://mental.jmir.org/2020/5/€16342 JMIR Ment Health 2020 | vol. 7 | iss. 5 | €16342 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.1177/2167702612466547
http://dx.doi.org/10.1037//0021-843x.95.1.15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3700842&dopt=Abstract
http://dx.doi.org/10.1016/j.jbtep.2006.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17126289&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29885138&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2009.11.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20064698&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1878-9293(12)00085-0
http://dx.doi.org/10.1016/j.dcn.2012.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23218805&dopt=Abstract
http://dx.doi.org/10.1177/0956797611400615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21389338&dopt=Abstract
http://dx.doi.org/10.1111/acer.12602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25623410&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2003&volume=18&issue=12&spage=1053
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2003&volume=18&issue=12&spage=1053
http://dx.doi.org/10.1111/j.1525-1497.2003.20640.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14687265&dopt=Abstract
https://www.jmir.org/2014/11/e253/
http://dx.doi.org/10.2196/jmir.3368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25380308&dopt=Abstract
http://europepmc.org/abstract/MED/29660037
http://dx.doi.org/10.1093/ntr/nty043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29660037&dopt=Abstract
http://dx.doi.org/10.1111/add.12256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23692442&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-674
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-674
http://dx.doi.org/10.1186/1471-2458-13-674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23870532&dopt=Abstract
http://dx.doi.org/10.1024/0939-5911/a000454
http://europepmc.org/abstract/MED/30644025
http://dx.doi.org/10.1007/s11065-018-9386-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30644025&dopt=Abstract
http://dx.doi.org/10.1016/j.jbtep.2014.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25306247&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2018.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30782522&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2015.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26874269&dopt=Abstract
http://europepmc.org/abstract/MED/26186485
http://dx.doi.org/10.3109/00952990.2015.1049492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26186485&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2018.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30716613&dopt=Abstract
http://europepmc.org/abstract/MED/25697911
http://dx.doi.org/10.1016/j.drugalcdep.2015.01.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25697911&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Wen et &

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

Lopes FM, Pires AV, Bizarro L. Attentional bias modification in smokers trying to quit: alongitudinal study about the
effects of number of sessions. J Subst Abuse Treat 2014 Jul;47(1):50-57. [doi: 10.1016/].jsat.2014.03.002] [Medline:
24666812

Kushnir V, Menon M, Balducci XL, Selby P, Busto U, Zawertailo L. Enhanced smoking cue salience associated with
depression severity in nicotine-dependent individuals: a preliminary fMRI study. Int J Neuropsychopharmacol 2013
Jun;16(5):997-1008 [FREE Full text] [doi: 10.1017/S1461145710000696] [Medline: 20604987]

Vangeli E, Stapleton J, Smit ES, Borland R, West R. Predictors of attempts to stop smoking and their success in adult
general population samples: a systematic review. Addiction 2011 Dec;106(12):2110-2121. [doi:
10.1111/j.1360-0443.2011.03565.x] [Medline: 21752135]

Field M, Munafd MR, Franken IH. A meta-analytic investigation of the relationship between attentional bias and subjective
craving in substance abuse. Psychol Bull 2009 Jul;135(4):589-607 [EREE Full text] [doi: 10.1037/a0015843] [Medline:
19586163]

Addiction Development and Psychopathology Lab (ADAPT). URL: http://www.impliciet.eu/ [accessed 2019-04-11]
[WebCite Cache ID 77YbQbruP]

Wiers RW. Grip op je problemen: cognitieve training bij verslaving en angst [Grip on Your Problems: Cognitive Training
for Addiction and Anxiety]. Amsterdam: Bert Bakker; 2013.

Adapt Lab. Smoking: Train your unconscious response to smoking URL : http://www.impliciet.ew/trainings/'roken/ [accessed
2019-04-11] [WebCite Cache ID 77Y byMQgz]

Boffo M, Pronk T, Wiers RW, Mannarini S. Combining cognitive bias modification training with motivational support in
alcohol dependent outpatients: study protocol for arandomised controlled trial. Trials 2015 Feb 26;16:63 [FREE Full text]
[doi: 10.1186/s13063-015-0576-6] [Medline: 25888158]

Cavalo DA, Cooney JL, Duhig AM, Smith AE, Liss TB, McFetridge AK, et al. Combining cognitive behavioral therapy
with contingency management for smoking cessation in adolescent smokers: a preliminary comparison of two different
CBT formats. Am JAddict 2007;16(6):468-474 [ FREE Full text] [doi: 10.1080/10550490701641173] [Medline: 18058412]
Musiat P, Hoffmann L, Schmidt U. Personalised computerised feedback in E-menta health. JMent Health 2012
Aug;21(4):346-354. [doi: 10.3109/09638237.2011.648347] [Medline: 22315961]

HarrisKJ, Golbeck AL, Cronk NJ, Catley D, Conway K, Williams KB. Timeline follow-back versus global self-reports of
tobacco smoking: acomparison of findings with nondaily smokers. Psychol Addict Behav 2009 Jun;23(2):368-372 [FREE
Full text] [doi: 10.1037/a0015270] [Medline: 19586155]

Parsons S, Kruijt AW, Fox E. Psychological Science needs a standard practice of reporting the reliability of cognitive
behavioural measurements. Adv Methods Pract Psychol Sci 2019 Preprint(forthcoming). [doi: 10.31234/0sf.io/6kadz]
Parsons S. figshare. 2018. Splithalf: Robust Estimates of Split Half Reliability (Version 3) URL: https:/figshare.com/
articles/splithalf/5559175/3 [accessed 2020-03-03]

Prokhorov AV, de Moor C, Pallonen UE, Hudmon KS, Koehly L, Hu S. Validation of the modified Fagerstrom tolerance
guestionnaire with salivary cotinine among adol escents. Addict Behav 2000;25(3):429-433. [doi:
10.1016/s0306-4603(98)00132-4] [Medline: 10890296]

Defuentes-Merillas L, Dejong CA, Schippers GM. Reliability and validity of the Dutch version of the Readinessto Change
Questionnaire. Alcohol Alcohol 2002;37(1):93-99. [doi: 10.1093/alcalc/37.1.93] [Medline: 11825864]

Rollnick S, Heather N, Gold R, Hall W. Development of a short ‘readiness to change' questionnaire for use in brief,
opportunistic interventions among excessive drinkers. Br J Addict 1992 May;87(5):743-754. [doi:
10.1111/j.1360-0443.1992.tb02720.x] [Medline: 1591525]

Hall SM, Delucchi KL, Velicer WF, Kahler CW, Ranger-Moore J, Hedeker D, et a. Statistical analysis of randomized
trials in tobacco treatment: longitudinal designs with dichotomous outcome. Nicotine Tob Res 2001 Aug;3(3):193-202.
[doi: 10.1080/14622200110050411] [Medline: 11506764]

Bates D, Méchler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Soft 2015;67(1). [doi:
10.18637/jss.v067.i01]

Kuznetsova A, Brockhoff PB, Christensen RH. ImerTest package: testsin linear mixed effectsmodels. J Stat Soft 2017;82(13).
[doi: 10.18637/jss.v082.i13]

James G, Witten D, Hastie T, Tibshirani R. An Introduction To Statistical Learning: With Applications In R. New York:
Springer; 2013.

Jones A, McGrath E, Robinson E, Houben K, Nederkoorn C, Field M. A randomized controlled trial of inhibitory control
training for the reduction of alcohol consumption in problem drinkers. J Consult Clin Psychol 2018 Dec;86(12):991-1004
[FREE Full text] [doi: 10.1037/ccp0000312] [Medline: 30507225]

Wiers RW, Houben K, Fadardi JS, van Beek P, RhemtullaM, Cox WM. Alcohol cognitive bias modification training for
problem drinkers over theweb. Addict Behav 2015 Jan;40:21-26. [doi: 10.1016/].addbeh.2014.08.010] [Medline: 25218067]
Manning V, Staiger PK, Hall K, Garfield JB, Flaks G, Leung D, et al. Cognitive bias modification training during inpatient
alcohol detoxification reduces early relapse: arandomized controlled trial. Alcohol Clin Exp Res 2016 Sep;40(9):2011-2019.
[doi: 10.1111/acer.13163] [Medline: 27488392]

https://mental.jmir.org/2020/5/€16342 JMIR Ment Health 2020 | vol. 7 | iss. 5 | €16342 | p. 18

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jsat.2014.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24666812&dopt=Abstract
https://academic.oup.com/ijnp/article-lookup/doi/10.1017/S1461145710000696
http://dx.doi.org/10.1017/S1461145710000696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20604987&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2011.03565.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21752135&dopt=Abstract
http://europepmc.org/abstract/MED/19586163
http://dx.doi.org/10.1037/a0015843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19586163&dopt=Abstract
http://www.impliciet.eu/
http://www.webcitation.org/

                                            77YbQbruP
http://www.impliciet.eu/trainings/roken/
http://www.webcitation.org/

                                            77YbyMQgz
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-015-0576-6
http://dx.doi.org/10.1186/s13063-015-0576-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25888158&dopt=Abstract
http://europepmc.org/abstract/MED/18058412
http://dx.doi.org/10.1080/10550490701641173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18058412&dopt=Abstract
http://dx.doi.org/10.3109/09638237.2011.648347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22315961&dopt=Abstract
http://europepmc.org/abstract/MED/19586155
http://europepmc.org/abstract/MED/19586155
http://dx.doi.org/10.1037/a0015270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19586155&dopt=Abstract
http://dx.doi.org/10.31234/osf.io/6ka9z
https://figshare.com/articles/splithalf/5559175/3
https://figshare.com/articles/splithalf/5559175/3
http://dx.doi.org/10.1016/s0306-4603(98)00132-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10890296&dopt=Abstract
http://dx.doi.org/10.1093/alcalc/37.1.93
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11825864&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.1992.tb02720.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1591525&dopt=Abstract
http://dx.doi.org/10.1080/14622200110050411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11506764&dopt=Abstract
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.18637/jss.v082.i13
http://europepmc.org/abstract/MED/30507225
http://dx.doi.org/10.1037/ccp0000312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30507225&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2014.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25218067&dopt=Abstract
http://dx.doi.org/10.1111/acer.13163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27488392&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Wen et &

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Rinck M, Wiers RW, Becker ES, Lindenmeyer J. Relapse prevention in abstinent al coholics by cognitive bias modification:
clinical effects of combining approach bias modification and attention bias modification. J Consult Clin Psychol 2018
Dec;86(12):1005-1016. [doi: 10.1037/ccp0000321] [Medline: 30507226]

Yardley L, Morrison L, Bradbury K, Muller 1. The person-based approach to intervention development: application to
digital health-related behavior change interventions. JMed Internet Res 2015 Jan 30;17(1):€30 [FREE Full text] [doi:
10.2196/jmir.4055] [Medline: 25639757]

Black N, Mullan B, Sharpe L. Computer-delivered interventions for reducing acohol consumption: meta-analysis and
meta-regression using behaviour change techniques and theory. Health Psychol Rev 2016 Sep;10(3):341-357. [doi:
10.1080/17437199.2016.1168268] [Medline: 26999311]

Chebli JL, Blaszczynski A, Gainsbury SM. Internet-based interventions for addictive behaviours: a systematic review. J
Gambl Stud 2016 Dec;32(4):1279-1304. [doi: 10.1007/s10899-016-9599-5] [Medline: 27002522]

Mufoz RF, Bunge EL, Chen K, Schueller SM, Bravin JI, Shaughnessy EA, et a. Massive open online interventions: A
novel model for delivering behavioral- health services worldwide. Clin Psychol Sci 2016;4(2):194-205. [doi:
10.1177/2167702615583840]

Blackwell SE, Woud ML, MacLeod C. A question of control? Examining the role of control conditionsin experimental
psychopathology using the example of cognitive bias modification research. Span J Psychol 2017 Oct 26;20:E54. [doi:
10.1017/5jp.2017.41] [Medline: 29072159

Kakoschke N, Kemps E, Tiggemann M. What is the appropriate control condition for approach bias modification? A
response to commentary by Becker et a. (2017). Addict Behav 2018 Feb; 77:295-296. [doi: 10.1016/j.addbeh.2017.02.024]
[Medline: 28238576]

Kopetz C, MacPherson L, Mitchell AD, Houston-Ludlam AN, Wiers RW. A novel training approach to activate alternative
behaviorsfor smoking in depressed smokers. Exp Clin Psychopharmacol 2017 Feb;25(1):50-60. [doi: 10.1037/pha0000108]
[Medline: 28150972]

van Dessel P, Hughes S, de Houwer J. Consequence-based approach-avoidance training: a new and improved method for
changing behavior. Psychol Sci 2018 Dec;29(12):1899-1910. [doi: 10.1177/0956797618796478] [Medline: 30312146]
Wittekind CE, Bierbrodt J, Lidecke D, Feist A, Hand |, Moritz S. Cognitive bias modification in problem and pathol ogical
gambling using a web-based approach-avoidance task: A pilot trial. Psychiatry Res 2019 Feb;272:171-181. [doi:
10.1016/j.psychres.2018.12.075] [Medline: 30583260]

Eysenbach G. Thelaw of attrition. J Med Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

Murray E, White IR, Varagunam M, Godfrey C, Khadjesari Z, McCambridge J. Attrition revisited: adherence and retention
in aweb-based alcohol trial. JMed Internet Res 2013 Aug 30;15(8):e162 [FREE Full text] [doi: 10.2196/jmir.2336]
[Medline: 23996958]

Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, CurtisK, et a. Understanding and promoting effective engagement
with digital behavior changeinterventions. Am JPrev Med 2016 Nov;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

Saul JE, Amato MS, Cha S, Graham AL. Engagement and attrition in internet smoking cessation interventions: insights
from a cross-sectional survey of 'one-hit-wonders. Internet Interv 2016 Sep;5:23-29 [FREE Full text] [doi:
10.1016/j.invent.2016.07.001] [Medline: 30135803]

Boendermaker WJ, Boffo M, Wiers RW. Exploring elements of fun to motivate youth to do cognitive bias modification.
Games Health J 2015 Dec;4(6):434-443. [doi: 10.1089/g4h.2015.0053] [Medline: 26421349]

Atkinson NL, Saperstein SL, Desmond SM, Gold RS, Billing AS, Tian J. Rural eHealth nutrition education for limited-income
families: an iterative and user-centered design approach. JMed Internet Res 2009 Jun 22;11(2):€21 [FREE Full text] [doi:
10.2196/jmir.1148] [Medline: 19632974]

Beard C, Weisberg RB, Primack J. Socially anxious primary care patients' attitudes toward cognitive bias modification
(CBM): aqualitative study. Behav Cogn Psychother 2012 Oct;40(5):618-633 [FREE Full text] [doi:
10.1017/S1352465811000671] [Medline: 22127022]

Lindstrom D, Sundberg-Petersson |, Adami J, Tonnesen H. Disappointment and drop-out rate after being allocated to control
group in asmoking cessation trial. Contemp Clin Trials 2010 Jan;31(1):22-26. [doi: 10.1016/j.cct.2009.09.003] [Medline:
19758579]

van Dessel P, de Houwer J, Gast A. Approach-avoidance training effects are moderated by awareness of stimulus-action
contingencies. Pers Soc Psychol Bull 2016 Jan;42(1):81-93. [doi: 10.1177/0146167215615335] [Medline: 26567171]
van Dessel P, de Houwer J, Gast A, Smith CT. Instruction-based approach-avoidance effects: changing stimulus evaluation
viathe mereinstruction to approach or avoid stimuli. Exp Psychol 2015;62(3):161-169. [doi: 10.1027/1618-3169/a000282]
[Medline: 25516008]

Kotsopoulou A, Melis A, Koutsompou V1, Karasarlidou C. E-therapy: the ethics behind the process. Procedia Comput Sci
2015;65:492-499. [doi: 10.1016/j.procs.2015.09.120]

https://mental.jmir.org/2020/5/€16342 JMIR Ment Health 2020 | vol. 7 | iss. 5 | €16342 | p. 19

(page number not for citation purposes)


http://dx.doi.org/10.1037/ccp0000321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30507226&dopt=Abstract
https://www.jmir.org/2015/1/e30/
http://dx.doi.org/10.2196/jmir.4055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25639757&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2016.1168268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26999311&dopt=Abstract
http://dx.doi.org/10.1007/s10899-016-9599-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27002522&dopt=Abstract
http://dx.doi.org/10.1177/2167702615583840
http://dx.doi.org/10.1017/sjp.2017.41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29072159&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2017.02.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28238576&dopt=Abstract
http://dx.doi.org/10.1037/pha0000108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28150972&dopt=Abstract
http://dx.doi.org/10.1177/0956797618796478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30312146&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2018.12.075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30583260&dopt=Abstract
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
https://www.jmir.org/2013/8/e162/
http://dx.doi.org/10.2196/jmir.2336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23996958&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30021-5
http://dx.doi.org/10.1016/j.invent.2016.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135803&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2015.0053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26421349&dopt=Abstract
https://www.jmir.org/2009/2/e21/
http://dx.doi.org/10.2196/jmir.1148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632974&dopt=Abstract
http://europepmc.org/abstract/MED/22127022
http://dx.doi.org/10.1017/S1352465811000671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127022&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2009.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19758579&dopt=Abstract
http://dx.doi.org/10.1177/0146167215615335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26567171&dopt=Abstract
http://dx.doi.org/10.1027/1618-3169/a000282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25516008&dopt=Abstract
http://dx.doi.org/10.1016/j.procs.2015.09.120
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Wen et &

77. AtayaAF, AdamsS, MullingsE, Cooper RM, Attwood AS, Munafd MR. Internal reliability of measures of substance-related
cognitive bias. Drug Alcohol Depend 2012 Feb 1;121(1-2):148-151. [doi: 10.1016/j.drugal cdep.2011.08.023] [Medline:
21955365]

Abbreviations

AAT: approach-avoidance task

ADAPT: Addiction Development and Psychopathology Lab of the University of Amsterdam
ApB: approach bias

ApBM: approach bias modification

AtB: attentional bias

AtBM: attentional bias modification

CBM: cognitive bias modification

CBT: cognitive behavioral therapy

DCU: daily cigarette use

ITT: intention-to-treat

mMFTQ: Modified Fagerstrom Tolerance Questionnaire
MLM: multilevel modeling

PPA: point prevalence abstinence

RCQ: Readinessto Change Questionnaire

RCT: randomized controlled trial

TEQ: training evaluation question

TP: time phase

VPT: visual probe task

Edited by G Eysenbach; submitted 17.10.19; peer-reviewed by | Arpaci, F Lopes, comments to author 12.12.19; revised version
received 25.12.19; accepted 26.01.20; published 08.05.20

Please cite as:

Wen S, Larsen H, Boffo M, Grasman RPPP, Pronk T, van Wjngaarden JBG, Wers RW

Combining Web-Based Attentional Bias Modification and Approach Bias Modification as a Self-Help Smoking Intervention for Adult
Smokers Seeking Online Help: Double-Blind Randomized Controlled Trial

JMIR Ment Health 2020;7(5):€16342

URL: https://mental.jmir.org/2020/5/€16342

doi: 10.2196/16342

PMID: 32383682

©Si Wen, Helle Larsen, Marilisa Boffo, Raoul P P P Grasman, Thomas Pronk, Joeri B G van Wijngaarden, Reinout W Wiers.
Originally published in IMIR Mental Health (http://mental .jmir.org), 08.05.2020. Thisis an open-access article distributed under
theterms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Mental Health, is properly
cited. The complete bibliographic information, alink to theorigina publication on http://mental.jmir.org/, aswell asthis copyright
and license information must be included.

https://mental.jmir.org/2020/5/€16342 JMIR Ment Health 2020 | vol. 7 | iss. 5 | €16342 | p. 20
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/j.drugalcdep.2011.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21955365&dopt=Abstract
https://mental.jmir.org/2020/5/e16342
http://dx.doi.org/10.2196/16342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32383682&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

