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Introduction

Improved effectiveness and treatment adherence is needed in smoking cessation (SC) therapies. Another important challenge is to disrupt maladaptive drug-related memories. To achieve these goals, we developed a novel treatment strategy on the basis of motion-assisted memory desensitization and reprocessing (3MDR).





Methods

In this study, the added effect of a distractor task following memory recall during a newly designed 3-day SC version of 3MDR (3MDR-SC) protocol on reducing smoking cue–elicited craving was investigated in abstinent chronic smokers. Chronic smokers were randomly allocated to an active 3MDR-SC group (receiving 3MDR-SC with a working memory distractor task) (n = 42) or a control 3MDR-SC group (receiving 3MDR-SC with a non-distracting task) (n = 39). Smoking cue–induced craving and physiological measures were assessed at baseline (T0) and 1 day after the intervention (T4), and smoking behavior was measured at T0 and 2-week (FU1) and 3-month (FU2) follow-up.





Results

Significant decreases in cue-induced craving from T0 to T4 and daily cigarette use from T0 to FU1 and FU2 were observed but not differ between the two experimental groups. Cue-induced changes in heart-rate variability and skin conductance, which did not differ from T0 to T4, and relapse at FU2 were also not different between groups. Dropout rate during intervention was 2.5%.





Conclusions

The 3-day 3MDR-SC intervention resulted in a reduction in cue-induced craving and smoking behavior and showed very good treatment adherence. There was no added effect of the distractor task on 3MDR-SC efficacy. Further studies, including a treatment as usual control, are needed to confirm 3MDR-SC as an effective SC therapy.
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Introduction

As smoking-related annual deaths amount to 8 million worldwide (1), smoking is the largest preventable health risk and the leading cause of premature deaths (2). The risk of relapse of 92% for nicotine without cessation support 3 months after a quit attempt (3) is higher than for other addictive substances (4). Currently, the most effective smoking cessation (SC) therapy is a combination of behavioral and pharmacological therapy (5), resulting in long-term abstinence rates of 15% (6) and high dropout rates of up to 77% (7). The large time investment of behavioral therapies and adverse side effects of SC medication (8) might all contribute to these high attrition rates. Thus, improved effectiveness and treatment adherence is needed in SC therapies.

An important challenge in addiction treatment is to disrupt maladaptive drug-related memories (9) that, once activated by environmental cues, elicit drug craving and promote drug use (9, 10). Repeated exposure of drug cues as in cue-exposure therapy (CET) is a way to extinguish drug-related memories (11). However, the high context specificity of the therapy (12) limits the clinical effects of CET in addiction, including tobacco use disorder (13). Adding virtual reality in CET (VR-CET) for SC further improves ecological validity by exposing smokers to a fuller range of cigarette-related environmental stimuli as compared to more traditional CET methods (14) and has shown promising clinical results on craving and smoking behavior (15, 16). Unfortunately, high dropout rates (22%) following 8-week VR-CET were observed, probably due to strong intervention-induced craving and withdrawal symptoms (16). Shorter SC interventions with a faster reduction in craving in abstinent smokers might, therefore, result in better attrition rates.

To blunt drug-related memories, a more promising approach focuses on disruption of memory reconsolidation (9, 50). When tasks that tax working memory, such as performing eye movements, are performed during reconsolidation of retrieved emotional memories, reduced vividness of these memories is experienced (17). Eye movement desensitization and reprocessing (EMDR) is based on this principle and is an effective treatment for post-traumatic stress disorder (PTSD; 17). Elevation of working memory load after retrieval of smoking memories was found to reduce cigarette craving in abstinent smokers (18, 19). However, whether EMDR might be an effective treatment for tobacco addiction remains unclear. Furthermore, EMDR protocols, so far, used conditioned stimuli to recall addiction memories, whereas both human and rodent studies showed stronger desensitization when addiction memories were also retrieved by the unconditioned stimulus, i.e., the drug itself (20).

Motion-assisted memory desensitization and reprocessing (3MDR) is a novel treatment that combines EMDR, VR-CET, and movement (21) to increase treatment efficacy (22). During 3MDR, patients walk through a virtual environment toward personalized stimuli to retrieve emotional memories, followed by a working memory distractor task to reduce the emotionality of these memories (21). A reduction in clinical symptoms was observed after 3MDR in patients with PTSD (23), which was highest for 3MDR than other VR-CET combined interventions (24). Furthermore, a reduction in PTSD symptoms after 3MDR was only observed when memory recall was followed by a distractor task (an eye movement task) as compared to that by no distractor task (25). To date, the effectiveness of 3MDR and added effect of a distractor task has not yet been investigated in the treatment of tobacco use disorder.

The aim of the current experimental lab study was to develop and test a SC version of a 3MDR protocol (3MDR-SC). An active control group was used as comparison. This group did not receive a working memory distractor task following the recall of smoking memories. In short, abstinent chronic smokers were randomly allocated to a group receiving 3MDR-SC using a working memory distractor task following memory recall (active 3MDR-SC group) or a group receiving 3MDR-SC using a non-distracting task (control 3MDR-SC group). In this protocol, not only conditioned but also unconditioned nicotine stimuli (two puffs of a cigarette) were used to reactivate addiction memories. It was hypothesized that, in the distractor group as compared to that in the non-distractor 3MDR-SC group, there would be a greater decline in cue-induced craving (primary outcome) and physiological measures including heart-rate variability (HRV) and skin conductance (secondary outcome) from baseline to the end of the 3MDR-SC intervention and greater decline in smoking behavior (secondary outcomes) from baseline to 2-week and 3-month follow-up (nicotine use severity and daily cigarette use) and at follow-up (relapse).





Materials and methods

The present study was approved by the medical ethics committee of the Vrije Universiteit Medisch Centrum and pre-registered in the Dutch Trial Register (https://clinicaltrialregister.nl/en/trial/27225). Written informed consent was provided by all participants before study participation in accordance with the Declaration of Helsinki. Participants received a monetary reward for each attended study session.




Participants

Chronic smokers (minimum of 10 cigarettes per day for a minimum of 10 years, and age between 25 and 55) were recruited via social media and local advertisements in the Amsterdam area, The Netherlands. Exclusion criteria were a 1) neurological disorder, 2) lifetime diagnosis of or treatment for psychosis or mania, 3) other psychiatric diagnosis or treatment in the past year, 4) current use of psychotropic drugs, 5) current substance dependence other than nicotine, indicated by an Alcohol Use Disorders Identification Test (AUDIT; 26) and Drug Use Disorders Identification Test (27) scores of higher than 12, 6) mobile impairment, and 7) inability to understand study procedures.





General study procedures

Individuals interested in study participation received an online screening form, assessing the inclusion and exclusion criteria.

The study consisted of five consecutive measurements (see Supplementary Figure S1 for an overview of study procedures), including a baseline measurements (T0); a 3-day 3MDR-SC intervention T1, T2, and T3; and post-intervention measurements (T4). Participants were asked to stop consuming cigarettes or other nicotine-containing substances 48 h before the start of T0 and to remain abstinent throughout all five sessions.

Smoking abstinence was monitored at the start of T0–T4 by measuring exhaled carbon monoxide levels with calibrated Smokerlyzer (Micro+) breath tests, and non-abstinent (>10 ppm) participants were excluded from further study participation. Participants were randomly allocated to the distractor or non-distractor 3MDR-SC intervention group with sex as a stratification factor. Participants were blinded to the assigned condition. Follow-up assessments were done via online questionnaires 2 weeks (FU1) and 3 months (FU2) after T4.





Cue-exposure task

The computer-assisted cue-exposure task was performed by the participants at T0 and T4. The task started and ended with the presentation of the 10 items from the brief Questionnaire on Smoking Urges (QSU-brief) to measure the state-dependent urge to smoke, distinguishing between reward- and relief-related craving (28). In between, participants were exposed to visual smoking cues (videos and pictures) and handling of smoking paraphernalia. A detailed description of the cue-exposure task can be found in the Supplementary Methods and Supplementary Table S1.





HRV and skin conductance measurements

Physiological parameters, HRV (29, 30) and skin conductance (31, 32), were measured continuously throughout the cue-exposure task and 3MDR-SC treatment with the Vrije Universiteit Ambulatory Monitoring System (VU-AMS; 33). Details of the HRV and conductance measurements and processing steps are described in the Supplementary Material.





Personalized picture craving ratings

At T0 and T4, cigarette craving in response to 10 self-chosen personal pictures strongly associated with their smoking behavior was assessed using a 10-point Likert scale. The six pictures showing the highest craving ratings at T0 were selected for the 3MDR-SC treatment, with two pictures per treatment.





Questionnaires

After T0, several online questionnaires were sent to the participants to assess baseline characteristics. The Fagerström Test for Nicotine Dependence (FTND) was used to assess nicotine dependence severity over the last year (34), and the Timeline Follow-Back method (TLFB) for nicotine was used to calculate mean daily cigarette use as measured by self-reported smoked cigarettes in the last 14 days (minus the two required abstinence days at T0) (35).

At FU1 and FU2, participants received a link to online questionnaires to measure nicotine dependence severity with the FTND and daily cigarette use and relapse using the TLFB over the last 14 days.

Other questionnaires filled out by the participants are described in the Supplementary Material.





3MDR-SC treatment

Participants underwent a 3-day 3MDR-SC treatment at T1, T2, and T3. The 3MDR-SC system setup by Motekforce Link included a treadmill, projection screens, safety equipment, and D-Flow software (Figure 1). 3MDR-SC treatment involved recall of smoking-related memories by smoking and smoking cues (two cigarette puffs and two self-chosen pictures), which were then followed by a working memory distractor task (active 3MDR-SC) or non-distractor task (control 3MDR-SC). Current cigarette craving was assessed on a scale from 1 to 10 when in motion at baseline, during memory recall before and after the (non-)distractor task. For a more detailed description, see Supplementary Material.




Figure 1 | 3MDR-SC system setup. Shown are the projection screens (1), projectors (2), safety line (3) for safety harness (4), treadmill (5), safety handrails (6), emergency stop button (7), computer with D-Flow 3MDR software (8), and fume hood (9).







Statistical analysis

A detailed description of all statistical analyses performed is provided in the Supplementary Material.





Main and secondary outcome analyses

Repeated-measures analyses of variance (rmANOVAs) were performed to investigate whether changes in cue-induced craving (difference QSU-brief sum score following cue exposure) over sessions (T0 and T4) and nicotine use severity and daily cigarette use (mean TLFB-nicotine amount) over time (T0, FU1, and FU2) were moderated by treatment group (active and control 3MDR-SC). A linear mixed model with random intercept was performed to test whether changes in HRV [root mean square of successive differences (RMSSD)] and skin conductance [mean skin conductance level (SCL)] during the nicotine cue-exposure task blocks (relax, video, picture, and handling) over sessions (T0 and T4) were moderated by treatment group. Group differences in relapse at FU2 (not-even-a-puff criterion assessed with TLFB-nicotine) were assessed with chi-square tests. Participants lost to follow-up were considered as being relapsed, and relapse over the last 7 (36) and 14 days was tested.





Exploratory analyses

rmANOVAs were performed to investigate whether changes in craving for personalized pictures over sessions (T0 and T4) per picture type (selected and non-selected during treatment) and craving following memory recall over the treatment sessions (T1, T2, and T3) at every treatment phase (at baseline and before and after task for three cues) were moderated by treatment group.






Results

A flowchart of all individuals involved in the study is provided in Supplementary Figure S2. Of all scheduled participants, 84.9% received at least one 3MDR-SC treatment session (and 82.8% all three treatment sessions). Moreover, 6.0% of the enrolled participants dropped out of treatment (2.5% after receiving at least one 3MDR-SC session). Lost–to–follow-up rates (at FU1 and FU2) were 12.0% for enrolled participants (and 8.9% after receiving at least one 3MDR-SC session).




Baseline characteristics

On average, the 81 participants had an age of 41.7, had been using cigarettes for a duration of 26.8 years, and smoked 14.5 cigarettes per day. There were no significant differences for any of the sociodemographic, nicotine-related, clinical, and study-related characteristics at baseline present between the participants in the active 3MDR-SC (n = 42) and control 3MDR-SC (n = 39) groups (see Supplementary Table S2).





Main and secondary outcomes




Cue-induced craving at T0 and T4

Cue exposure resulted in increased craving, as represented by a significant moderate increase in the QSU-brief sum score at T0 after cue exposure (Mdn = 38) as compared to that before (Mdn = 29; Z = −5.506, p < 0.001, r = −0.433). For the total score and the reward- and relief-related factors of the QSU-brief separately, no significant session (T0 and T4) * group (active and control) interaction was present. Independent of treatment group, there was a main effect of session, with a strong significant reduction in cue-induced craving from T0 to T4 for total QSU-brief sum score, medium reduction in reward-related QSU-brief sum score, and large reduction in relief-related QSU-brief sum score. See Figure 2 and Supplementary Table S3 for all statistics.




Figure 2 | The effect of active 3MDR-SC on cue-induced craving and cue-reactivity. Shown is the mean (+ SD) difference in QSU-brief sum score after cue exposure for all items (A) and reward- and relief-related craving items (B) (n = 75) and of the mean (± SD) RMSSD (C) and mean SCL (D) during the blocks relaxation (R), video (V), picture (P), and handling (H) blocks of the nicotine cue-exposure task (n = 81) at session T0 and T4 in the active 3MDR-SC (red) and control 3MDR-SC (blue) groups. * session, main effect of session of p < 0.05. ** session, main effect of session of p < 0.001. ** block, main effect of block of p < 0.001. R, relaxation; V, video; P, picture; H, handling. Of the HRV data, 10.6% of data points were missing (n = 69), and of the skin conductance data, 6.9% of the data points were missing (n = 45).







Physiological measures at T0 and T4

Cue exposure resulted in physiological reactivity, as main effects of task block and pairwise comparisons revealed a large decrease in HRV during cue exposure and large increase in skin conductance during the handling cue-exposure block at T0. However, no significant three- or two-way interaction between session (T0 and T4) * task block (relax, video, picture, and handling) * group (active and control) was found on HRV and skin conductance. There was a small main effect of session on HRV and pairwise comparisons revealed that HRV was higher at T0 than T4, independent of task block and treatment group. Moreover, there was a large main effect of block on HRV and medium effect of block on skin conductance. Again, pairwise comparisons revealed lower HRV during all cue-exposure task blocks (video, picture, and handling) than relaxation and higher conductance during the handling cue-exposure task block than relaxation, independent of session and treatment group. For all statistics, see Figure 2 and Supplementary Table S4.





Smoking behavior

For the FTND sum score and daily cigarette use, a non-significant interaction between time (T0, FU1, and FU2) * group (active and control), but a significant large main effect of time was present (see Figure 3, Supplementary Table S5). Simple contrasts revealed a significant reduction in FTND sum score and daily cigarette use from T0 to FU1 and from T0 to FU2, independent of treatment group. These effects were independent of group. For all statistics, see Figure 3 and Supplementary Table S5.




Figure 3 | The effect of active 3MDR-SC on nicotine dependence severity and daily cigarette use at follow-up. Shown is the mean (± SD) FTND sum score (A) and mean self-reported smoked cigarettes (B) at session T0, FU1, and FU2 in the active 3MDR-SC group (red) and the control 3MDR-SC (blue) group (n = 71). **, main effect of time of p < 0.001.







Relapse

The relapse rate over the last 14 days of 70% (n = 28) in the active group was not significantly different from the relapse rate of 77.8% (n = 28) in the control group (χ21 = 0.591, p = 0.442). No significant group differences in relapse rate over the last 7 days of 67.5% (n = 27) in the active group and 72.2% (n = 26) in the control group were present as well (χ21 = 0.200, p = 0.655).






Exploratory analyses




Craving for personalized pictures

There was a significant interaction on mean craving rating for the smoking-related self-chosen pictures between session (T0 and T4) * picture type (selected and non-selected pictures), but this was not moderated by treatment group. Separate rmANOVAs per picture type showed that significant main effects of session were apparent in both selected and non-selected pictures, whereas separate rmANOVAS per session revealed that significant main effects of picture type were also apparent at both T0 and T4. As both analyses did not explain the interaction effect, this session * picture type interaction was rather interpreted as an absolute steeper decrease of craving from T0 to T4 for selected than non-selected pictures, although, for both picture types, the decrease in craving from T0 to T4 was significant. For all statistics, see Figure 4 and Supplementary Table S6.




Figure 4 | The effect of active 3MDR-SC on craving for smoking-related personalized pictures directly following treatment and on craving following memory recall of smoking-related cues during treatment. Shown is (A) the mean (+ SD) craving rating at session T0 and T4 for the self-chosen pictures that were selected and not-selected during treatment (n = 76) and (B) mean (± SD) craving at session T1, T2, and T3 at baseline (b) after memory recall by cigarette (c) or personal picture (P1,2) and after the (non-)distractor task (T) (n = 76) in the active 3MD group (red) or the control 3MDR-SC group (blue). * session by phase by group, session by treatment phase by group interaction effect of p < 0.05. * session by group, session by group interaction effect of p < 0.05. ** session by picture type, session by picture type interaction effect of p < 0.001. ** session, main effect of session of p < 0.001. ** picture type, main effect of picture type of p < 0.001. B, baseline; C, puffed cigarette; T, (non-)distractor task; P1, first personalized picture; P2, second personalized picture.







Craving during the 3MDR-SC sessions

There was a significant small three-way interaction for craving between session (T1, T2, and T3) * treatment phase (baseline and following memory recall before and after task for three smoking cues) * group. Subsequent analyses were performed to investigate this three-way interaction. Separate rmANOVAs per treatment group, showing significant session * treatment phase interactions for both groups, and separate rmANOVAS per treatment and three sessions, showing significant main effects of session for all sessions per group, did not explain the observed three-way interaction effect. rmANOVAs per treatment phase (baseline and following recall before and after task for three cues), revealed a significant session * group interaction effect for craving only at the third [T(c)] and seventh [T(P2)] treatment phases. Repeated contrasts indicated that craving following memory recall of the cigarette puff cue and second picture cue was lower after the distractor task in the active 3MDR-SC group than after the non-distracting task in the control 3MDR-SC group at T1 and not at T2 and T3. See Figure 4 and Supplementary Table S7 for all statistics.





Other exploratory analyses

The results of all exploratory analyses are described in the Supplementary Results and did not show significant group differences. In short, craving, nicotine withdrawal symptoms, depressive symptoms, and state anxiety decreased significantly over time (from T0 to FU2) for both the active and control 3MDR-SC groups. Exploratory analyses on HRV and SCL during treatment (T1, T2, and T3) revealed that HRV and SCL were significantly lower in the active group compared to those in the control group during treatment, but this effect was only present in the first treatment session (T1).







Discussion

The aim of this study was to evaluate the effect of a novel 3-day 3MDR-SC intervention (with and without working memory distractor) on cue-elicited craving in abstinent smokers. A significant decrease in cue-induced craving from T0 to T4, as well as reduced nicotine dependence severity and daily cigarette use from T0 to FU1 and FU2, was observed in both 3MDR-SC groups, with no differences between the treatment groups. Cue-induced changes in HRV and conductance did not differ from T0 to T4, and relapse rates at FU2 (67.5%–70% in the working memory distractor group and 72.2%–77.8% in the no distractor group) were not different. Craving evoked by the personal smoking-related pictures (selected or not during 3MDR-SC) was strongly reduced from T0 to T4. Lastly, during the 3MDR-SC session, the craving evoked by either the unconditioned stimulus or the personal pictures was reduced by both the distractor and the non-distractor task. At T1, a larger reduction in craving was observed in the distractor group. Exploratory analyses demonstrated that symptoms of anxiety, depression, and withdrawal significantly reduced from T0 to the second follow-up. In conclusion, both the distractor and non-distractor 3MDR-SC intervention effectively reduced cue-induced craving and smoking behavior in heavy smokers.

The observation that the additional working memory distractor task had no added effect is in contrast to what was expected from the EMDR principles of working memory tasks following memory recall (17) and reducing cigarette craving in preclinical work (18, 19). Recently, the importance of working memory taxing distractor tasks for 3MDR efficacy on reducing clinical symptoms of PTSD, specifically traumatic memories, was investigated in a pilot-study by Roy et al. (25). Importantly, no significant differences between 3MDR with and without distractor task were present in that study. A possible explanation is that the task performed in the control group might actually have functioned as a distractor task. That is, walking on the treadmill, the passing virtual environment and the noise of the treadmill while having to focus on a steady point forward could be distracting enough and demand working memory resources (37). Therefore, an additional distractor task might not lead to a higher treatment efficacy. Alternatively, it could be that the effect predominantly relies on CET (extinction) principles of the treatment rather than the EMDR (simultaneous working memory taxing) principles. In particular, during the later treatment sessions, the CET effects might become more pronounced (11) as opposed to immediate EMDR effects on the reduction in craving (19). This is supported by the current finding of a greater craving reduction during 3MDR-SC in the distractor group at the first treatment session. The VR used in the intervention may have promoted the CET effects on cue-induced craving (16), as well as the combination of CET with movement. Indeed, movement was found to increase therapeutic CET effects in PTSD, possibly by facilitating extinction learning (38). Moreover, explicit retrieval of memories before the extinction procedure as in the control 3MDR-SC group to disrupt rather than extinguish pathological memories might also be an important ingredient for effectively blunting these memories (39, 40). This effect seems to be enhanced when addiction memories are recalled by unconditioned stimuli (51) as in our protocol, an uncommon practice in CET and EMDR studies.

Cue-induced craving is thought to promote drug use and relapse (9). In line with this, smoking behavior (i.e., nicotine dependence severity and cigarette use) was significantly reduced from T0 to FU1 and FU2 in both 3MDR-SC groups. The 7-day relapse rates at FU2 appear lower than the 92% observed after no care (3) and more comparable to the 65% after a combination of behavioral and pharmacological therapy (41). A direct comparison with a TAU group is necessary in order to determine whether 3MDR-SC has additional value as a SC therapy.

In contrast to previously reported increases in HRV during cue-exposure (30), we demonstrated cue-induced reduction in HRV. Cue-induced HRV elevations are, however, not always detected in smokers (42), correlate inversely with the amount of problematic substance years (30), or depend on substance approach or avoidance strategies (43). Importantly, excessive HRV reactivity observed in substance abuse in response to challenges is rather described as a large HRV reduction instead of an increase (44), as in line with our results.

Generalizability of the 3MDR-SC effects on nicotine craving reduction was suggested by a large reduction in craving for personalized pictures, independent of their selection during 3MDR-SC intervention. Sustained reductions in smoking behavior, craving, withdrawal, and clinical symptoms up to 3-month follow-up as demonstrated by exploratory analyses furthermore suggest that 3MDR-SC effects might be robust against spontaneous recovery over time, although studies with longer follow-up periods are needed to confirm this.

This is the first study investigating a novel 3MDR-SC paradigm, combining EMDR and VR-CET principles, on blunting maladaptive memories in tobacco addiction. The very brief, non-invasive, emotional engaging nature of 3MDR-SC seem to contribute to the low dropout rate of 2.5%, which is impressive considering the treatment adherence problem in addiction therapies. Independent of the used task (distractor or non-distracting), this study has demonstrated that 3MDR-SC is able to show significant reductions in nicotine dependence severity, cigarette use, craving, withdrawal symptoms, depression, and anxiety symptoms up to 3 months in heavily nicotine-dependent, chronic smokers.

This study has several limitations. First, since most people relapse in the initial days following abstinence (45), the required 7-day abstinence could have prevented individuals to participate in the study, as indicated by the low rates of included participants eventually receiving treatment. Earlier research demonstrated that the number of abstinent days in the 7 days following a quit attempt significantly predicts relapse (46). As we required the participants to remain abstinent during the first 5 days of the study, this may have led to a selection bias. However, the low dropout rates of 2.5% in the current study rather advocate for 3MDR-SC treatment–specific effects. Secondly, exhaled CO was used to verify abstinence from cigarettes in our study. This method is not sensitive enough to capture use of electronic nicotine delivery systems and is not applicable to use of tobacco products that are not inhaled (e.g., snus or chewing tobacco). It is possible that some participants were not completely abstinent from nicotine during the intervention. Also, during online follow-up, there was no biological confirmation of self-reported cigarette use. This may have biased our findings. Although self-reported measures such as the time-line follow-back procedure is widely acknowledged as reliable for gathering information about substance use, including cigarette use (47, 49), in our study, no information was gathered on other nicotine containing products. Lastly, although craving for the smoking-related pictures following 3MDR-SC treatment was significantly decreased, craving induced by the pictures was not completely diminished. Thus, no complete desensitization of the personalized pictures was achieved, as recommended by previous EMDR studies (48).

Future studies should incorporate a treatment as usual control group to verify the clinical effects of 3MDR-SC in tobacco use disorder on smoking behavior and relapse. To avoid small attrition rates before treatment due to dealing with withdrawal symptoms, combining 3MDR-SC with nicotine replacement therapy can be considered. Spontaneous recovery can be investigated by using a follow-up period of at least 6 months and can be prevented by repeating treatment sessions after the first week if nicotine craving is still experienced, aiming for full desensitization of addiction memories.

In conclusion, the brief and newly designed 3MDR-SC intervention showed a significant reduction in cue-induced craving and smoking behavior, independent of a distractor task. Further clinical research on 3MDR-SC as SC therapy is warranted.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Medical ethics committee of the Vrije Universiteit Medisch Centrum. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

APK: Formal analysis, Investigation, Visualization, Methodology, Project administration, Writing – original draft, Writing – review & editing. AMK: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. CJ: Formal analysis, Methodology, Writing – original draft, Writing – review & editing. RW: Formal analysis, Methodology, Writing – original draft, Writing – review & editing. HM: Conceptualization, Funding acquisition, Writing – original draft, Writing – review & editing. OH: Conceptualization, Writing – original draft, Writing – review & editing. YW: Conceptualization, Writing – original draft, Writing – review & editing. TD: Conceptualization, Writing – review & editing, Funding acquisition, Supervision.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Dutch Cancer Society (in Dutch: KWF Kankerbestrijding; project number 14189) and EMDR Research Foundation.




Acknowledgments

The authors would like to thank Prof. Dr. Eric Vermetten and Dr. Marieke van Gelderen for their invaluable help in adopting the 3MDR-SC protocol. We also thank Enza Bulterman, Jochem Bukman, Josephine Hekker, Julie Wagenaar, Juliëtte Molenaar, Laura Stomphorst, Lisa Reterink, Razma Paykardjoe, and Willem Buur for their assistance in data collection and/or processing.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1398027/full#supplementary-material




References

1. World Health Organization. WHO reports on the global tobacco epidemic 2021: addressing new and emerging products. Geneva: World Health Organization (2021).

2. European Commission. Tobacco (2020). Available online at: https://health.ec.europa.eu/tobacco/overview_en (Accessed May the 24th, 2023).

3. Elfeddali I, Bolman C, Candel MJJM, Wiers RW, De Vries H. The role of self-efficacy, recovery self-efficacy, and preparatory planning in predicting short-term smoking relapse. Br J Health Psychol. (2012) 17:185–201. doi: 10.1111/j.2044-8287.2011.02032.x

4. Moore RA, Aubin HJ. Do placebo response rates from cessation trials inform on strength of addictions? Int J Environ Res Public Health. (2012) 9:192–211. doi: 10.3390/ijerph9010192

5. Chavannes NH, Meijer E, Wind L, van de Graaf RC, Rietbergen C, Croes EA. Richtlijn behandeling van tabaksverslaving en stoppen met roken ondersteuning (herziening). Nederlands tijdschrift voor geneeskunde. (2017) 161:D1394. https://www.trimbos.nl/aanbod/webwinkel/af1580-richtlijn-behandeling-van-tabaksverslaving-en-stoppen-met-roken-ondersteuning/.

6. Stead LF, Koilpillai P, Fanshawe TR, Lancaster T. Combined pharmacotherapy and behavioural interventions for smoking cessation. Cochrane Database Sys Rev. (2016) 3:CD008286. doi: 10.1002/14651858.CD008286.pub3

7. Belita E, Sidani S. Attrition in smoking cessation intervention studies: A systematic review. Can J Nurs Res = Rev Can Recherche en Sci infirmieres. (2015) 47:21–40. doi: 10.1177/084456211504700402

8. Motooka Y, Matsui T, Slaton RM, Umetsu R, Fukuda A, Naganuma M, et al. Adverse events of smoking cessation treatments (nicotine replacement therapy and non-nicotine prescription medication) and electronic cigarettes in the Food and Drug Administration Adverse Event Reporting System 2004-2016. SAGE Open Med. (2018) 6:2050312118777953. doi: 10.1177/2050312118777953

9. Milton AL, Everitt BJ. The persistence of maladaptive memory: addiction, drug memories and anti-relapse treatments. Neurosci Biobehav Rev. (2012) 36:1119–39. doi: 10.1016/j.neubiorev.2012.01.002

10. Carter BL, Tiffany ST. Meta-analysis of cue-reactivity in addiction research. Addict (Abingdon England). (1999) 94:327–40. doi: 10.1046/j.1360-0443.1999.9433273.x

11. O’Brien CP, Childress AR, McLellan T, Ehrman R. Integrating systemic cue exposure with standard treatment in recovering drug dependent patients. Addictive Behav. (1990) 15:355–65. doi: 10.1016/0306-4603(90)90045-y

12. Bouton ME. Conditioning, remembering, and forgetting. J Exp Psychol: Anim Behav Processes. (1994) 20:219–31. doi: 10.1037/0097-7403.20.3.219

13. Martin T, LaRowe SD, Malcolm R. Progress in cue exposure therapy for the treatment of addictive disorders: A review update. Open Addict J. (2010) 3:92–101. doi: 10.2174/1874941001003010092

14. Paris MM, Carter BL, Traylor AC, Bordnick PS, Day SX, Armsworth MW, et al. Cue reactivity in virtual reality: the role of context. Addictive Behav. (2011) 36:696–9. doi: 10.1016/j.addbeh.2011.01.029

15. Pericot-Valverde I, Secades-Villa R, Gutiérrez-Maldonado J, García-Rodríguez O. Effects of systematic cue exposure through virtual reality on cigarette craving. Nicotine Tobacco Res. (2014) 16:1470–7. doi: 10.1093/ntr/ntu104

16. Malbos E, Borwell B, Einig-Iscain M, Korchia T, Cantalupi R, Boyer L, et al. Virtual reality cue exposure therapy for tobacco relapse prevention: a comparative study with standard intervention. psychol Med. (2022) 53(11):5070–80. doi: 10.1017/S0033291722002070

17. van den Hout MA, Engelhard IM. How does EMDR work? J Exp Psychopathol. (2012) 3:724–38. doi: 10.5127/jep.028212

18. May J, Andrade J, Panabokke N, Kavanagh D. Visuospatial tasks suppress craving for cigarettes. Behav Res Ther. (2010) 48:476e485. doi: 10.1016/j.brat.2010.02.001

19. Markus W, de Weert-van Oene GH, Woud ML, Becker ES, DeJong CAJ. Are addiction-related memories malleable by working memory competition? Transient effects on memory vividness and nicotine craving in a randomized lab experiment. J Behav Ther Exp Psychiatry. (2016) 52:83–91. doi: 10.1016/j.jbtep.2016.03.007

20. Xue YX, Deng JH, Chen YY, Zhang LB, Wu P, Huang GD, et al. Effect of selective inhibition of reactivated nicotine-associated memories with propranolol on nicotine craving. JAMA Psychiatry. (2017) 74:224–32. doi: 10.1001/jamapsychiatry.2016.3907

21. Vermetten E, Meijer L, van der Wurff P, Mert A. The effect of military motion-assisted memory desensitization and reprocessing treatment on the symptoms of combat-related post traumatic stress disorder: first preliminary results. Stud Health Technol Inf. (2013) 191:125–7.

22. Jones C, Smith-MacDonald L, Van Veelen N, VanderLaan A, Kaneva Z, Dunleavy RS, et al. Therapist and operator experiences utilizing multi-modal motion-assisted Memory Desensitization and Reconsolidation (3MDR) for treatment of combat related posttraumatic stress disorder amongst military and veteran populations. Eur J Psychotraumatol. (2022) 13:2062996. doi: 10.1080/20008198.2022.2062996

23. van Gelderen MJ, Nijdam MJ, Haagen JFG, Vermetten E. Interactive motion-assisted exposure therapy for veterans with treatment-resistant posttraumatic stress disorder: A randomized controlled trial. Psychother Psychosomatics. (2020) 89:215–27. doi: 10.1159/000505977

24. Jonathan NT, Bachri MR, Wijaya E, Ramdhan D, Chowanda A. The efficacy of virtual reality exposure therapy (VRET) with extra intervention for treating PTSD symptoms. Proc Comput Sci. (2023) 216:252–9. doi: 10.1016/j.procs.2022.12.134

25. Roy MJ, Bellini P, Kruger SE, Dunbar K, Atallah H, Haight T, et al. Randomized controlled trial of motion-assisted exposure therapy for posttraumatic stress disorder after mild traumatic brain injury, with and without an eye movement task. Front Virtual Reality. (2022) 3:1005774. doi: 10.3389/frvir.2022.1005774

26. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the alcohol use disorders identification test (AUDIT): WHO collaborative project on early detection of persons with harmful alcohol consumption–II. Addict (Abingdon England). (1993) 88:791–804. doi: 10.1111/j.1360-0443.1993.tb02093.x

27. Berman AH, Bergman H, Palmstierna T, Schlyter F. DUDIT. The Drugs Use Disorders Identification Test. Manual. Stockholm: Karolinska Institute (2003).

28. Cox LS, Tiffany ST, Christen AG. Evaluation of the brief questionnaire of smoking urges (QSU-brief) in laboratory and clinical settings. Nicotine Tobacco Res. (2001) 3:7–16. doi: 10.1080/14622200020032051

29. Garland EL, Franken IHA, Howard MO. Cue-elicited heart rate variability and attentional bias predict alcohol relapse following treatment. Psychopharmacology. (2012) 222:17–26. doi: 10.1007/s00213-011-2618-4

30. Witteman J, Post H, Tarvainen M, de Bruijn A, Perna E, de S, et al. Cue reactivity and its relation to craving and relapse in alcohol dependence: a combined laboratory and field study. Psychopharmacology. (2015) 232:3685–96. doi: 10.1007/s00213-015-4027-6

31. Tolliver BK, McRae-Clark AL, Saladin M, Price KL, Simpson AN, DeSantis SM, et al. Determinants of cue-elicited craving and physiologic reactivity in methamphetamine-dependent subjects in the laboratory. Am J Drug Alcohol Abuse. (2010) 36:106–13. doi: 10.3109/00952991003686402

32. Tan H, Chen T, Du J, Li R, Jiang H, Deng CL, et al. Drug-related virtual reality cue reactivity is associated with gamma activity in reward and executive control circuit in methamphetamine use disorders. Arch Med Res. (2019) 50:509–17. doi: 10.1016/j.arcmed.2019.09.003

33. de Geus EJ, Willemsen GH, Klaver CH, van Doornen LJ. Ambulatory measurement of respiratory sinus arrhythmia and respiration rate. Biol Psychol. (1995) 41:205–27. doi: 10.1016/0301-0511(95)05137-6

34. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The Fagerström test for nicotine dependence: a revision of the Fagerström tolerance questionnaire. Br J Addict. (1991) 86:1119–27. doi: 10.1111/j.1360-0443.1991.tb01879.x

35. Sobell LC, Sobell MB. Timeline follow-back. In:  Litten  RZ, Allen  JP, editors. Measuring Alcohol Consumption. Humana Press, Totowa, NJ (1992). doi: 10.1007/978-1-4612-0357-5_3

36. Piper ME, Bullen C, Krishnan-Sarin S, Rigotti NA, Steinberg ML, Streck JM, et al. Defining and measuring abstinence in clinical trials of smoking cessation interventions: an updated review. Nicotine Tobacco Res. (2020) 22:1098–106. doi: 10.1093/ntr/ntz110

37. Clapp WC, Rubens MT, Gazzaley A. Mechanisms of working memory disruption by external interference. Cereb Cortex (New York N.Y.: 1991). (2010) 20:859–72. doi: 10.1093/cercor/bhp150

38. Bryant RA, Dawson KS, Azevedo S, Yadav S, Cahill C, Kenny L, et al. Augmenting trauma-focused psychotherapy for post-traumatic stress disorder with brief aerobic exercise in Australia: a randomised clinical trial. Lancet Psychiatry. (2023) 10:21–9. doi: 10.1016/S2215-0366(22)00368-6

39. Xue YX, Luo YX, Wu P, Shi HS, Xue LF, Chen C, et al. A memory retrieval-extinction procedure to prevent drug craving and relapse. Sci (New York N.Y.). (2012) 336:241–5. doi: 10.1126/science.1215070

40. Germeroth LJ, Carpenter MJ, Baker NL, Froeliger B, LaRowe SD, Saladin ME. Effect of a brief memory updating intervention on smoking behavior: A randomized clinical trial. JAMA Psychiatry. (2017) 74:214–23. doi: 10.1001/jamapsychiatry.2016.3148

41. Kolar SK, Webb Hooper M. Self-reported time-to-relapse following smoking cessation: Comparison by operationalization of initial abstinence classification. Addict Res Theory. (2016) 24:25–31. doi: 10.3109/16066359.2015.1049537

42. Kroczek AM, Schröder B, Rosenbaum D, Mühleck A, Diemer J, Mühlberger A, et al. Multimodal assessment of smoking cue reactivity during a smoking cue exposure task. Clin EEG Neurosci. (2022) 55(3):287–95. doi: 10.1177/15500594221138273

43. Garland EL, Franken IH, Sheetz JJ, Howard MO. Alcohol attentional bias is associated with autonomic indices of stress-primed alcohol cue-reactivity in alcohol-dependent patients. Exp Clin Psychopharmacol. (2012) 20:225–35. doi: 10.1037/a0027199

44. Beauchaine TP, Thayer JF. Heart rate variability as a transdiagnostic biomarker of psychopathology. Int J Psychophysiol. (2015) 98:338–50. doi: 10.1016/j.ijpsycho.2015.08.004

45. Hughes JR, Keely J, Naud S. Shape of the relapse curve and long-term abstinence among untreated smokers. Addict (Abingdon England). (2004) 99:29–38. doi: 10.1111/j.1360-0443.2004.00540.x

46. Ashare RL, Wileyto EP, Perkins KA, Schnoll RA. The first 7 days of a quit attempt predicts relapse: validation of a measure for screening medications for nicotine dependence. J Addict Med. (2013) 7:249–54. doi: 10.1097/ADM.0b013e31829363e1

47. Robinson SM, Sobell LC, Sobell MB, Leo GI. Reliability of the Timeline Followback for cocaine, cannabis, and cigarette use. Psychol Addictive Behav. (2014) 28:154–62. doi: 10.1037/a0030992

48. Markus W, Hornsveld HK, Burk WJ, de Weert-van Oene GH, Becker ES, DeJong CAJ. Addiction-focused eye movement desensitization and reprocessing therapy as an adjunct to regular outpatient treatment for alcohol use disorder: results from a randomized clinical trial. Alcoholism Clin Exp Res. (2020) 44:272–83. doi: 10.1111/acer.14249

49. Bernstein SL, Rosner J, Toll B. Concordance between timeline follow-back and single-question assessment of self-reported smoking in a clinical trial. Subst Abuse. (2016) 37:398–401. doi: 10.1080/08897077.2016.1154494

50. Diergaarde L, Schoffelmeer AN, De Vries TJ. Pharmacological manipulation of memory reconsolidation: towards a novel treatment of pathogenic memories. Eur J Pharmacol. (2008) 585:453–7. doi: 10.1016/j.ejphar.2008.03.010

51. Luo YX, Xue YX, Liu JF, Shi HS, Jian M, Han Y, et al.  A novel UCS memory retrieval-extinction procedure to inhibit relapse to drug seeking. Nat Commun. (2015) 6:7675. doi: 10.1038/ncomms8675




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Koomen, Kaag, Jongenelen, Wouters, van Marle, van den Heuvel, van der Werf and De Vries. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-15-1398027-g002.jpg
L1

RMSSD (ms)

N
(=]

.

A QSU-brief sum score

[o2] o0}
(=] o

N
(=)

20

15

Total B)
%% session
1 10

6
4
2
0
TO T4
Session
* session
1
* % block * % block

M r—— | 74—

Block & session

Reward-related

* session
1

Relief-related

%%k session
1

== Active 3SMDR
== Control SMDR

TO T4 TO T4

Session

D) =@= Active SMDR
=@= Control 3SMDR
* % block * % block

25 1 1
—~ 20
(7))
=
a 15
Q
n
c 10
©
[
= 5

0

Block & session





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Craving on the move: targeting smoking memories with a novel 3MDR–smoking cessation protocol

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Participants

          



          		

            General study procedures

          



          		

            Cue-exposure task

          



          		

            HRV and skin conductance measurements

          



          		

            Personalized picture craving ratings

          



          		

            Questionnaires

          



          		

            3MDR-SC treatment

          



          		

            Statistical analysis

          



          		

            Main and secondary outcome analyses

          



          		

            Exploratory analyses

          



        



        



        		

          Results

        

          		

            Baseline characteristics

          



          		

            Main and secondary outcomes

          

            		

              Cue-induced craving at T0 and T4

            



            		

              Physiological measures at T0 and T4

            



            		

              Smoking behavior

            



            		

              Relapse

            



          



          



          		

            Exploratory analyses

          

            		

              Craving for personalized pictures

            



            		

              Craving during the 3MDR-SC sessions

            



            		

              Other exploratory analyses

            



          



          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt.2024.1398027_cover.jpg
& frontiers | Frontiers in Psychiatry

Craving on the move: targeting smoking
memories with a novel 3MDR-smoking
cessation protocol





OEBPS/Images/fpsyt-15-1398027-g001.jpg





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt-15-1398027-g004.jpg
A) Selected Non-selected

* % session by picture type

%% session %% session

1 1
* % picture type

*pk picture type

== Active SMDR
== Control 3SMDR

T0 T4 TO T4
Session

=@= Active SMDR

B) * session by phase by group =®= Control 3MDR

% session by group

%* session by group

Craving (scale 1-10)

BCTP1ITP2T BCTP1ITP2T B CTP1ITP2T
T T2 T3

Treatment phase & session





OEBPS/Images/fpsyt-15-1398027-g003.jpg
FU2

FU1
Time

=@= Active 3MDR
=@= Control SMDR
* %

TO

5050505
N

Am>mu YL 19n0 w:_uoo_: a411)
sa)alehio payows
m papuodal-jjas uea|y

FU1 FU2
Time

k%

TO

o o] © < N o
9109s wins gN14

A)





