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שינויי אורך של החלמה מפוסט טראומה: אינטגרציה של סמנים פיזיולוגיים והתנהגותיים לחיזוי חזרה למחלה לאחר פסיכותרפיה קצרה
[bookmark: _1634ojw3opr3]Abstract
Post-traumatic stress disorder (PTSD) significantly impacts individuals, with many patients relapsing within one year post-treatment despite effective short-term psychotherapies. This longitudinal study aims to explore physiological, behavioral, and sociodemographic predictors of PTSD relapse following brief psychotherapy, intending to enhance relapse prevention strategies.
Background: PTSD is a debilitating disorder affecting global populations, with existing treatments providing short-term but not sustained relief. High relapse rates post-therapy highlight the necessity for predictive tools that facilitate early identification of relapse risks.
Objective: This research aims to develop a predictive model utilizing physiological and behavioral data collected via wearable technology to anticipate and improve intervention strategies for PTSD relapse.
Methods: The study will engage 200 PTSD patients undergoing brief psychotherapy, monitored for physiological responses (heart rate, skin conductance, oxygen saturation, sleep patterns) and daily behaviors through wearable devices. Data will also include sociodemographic variables to evaluate their impact on treatment outcomes.
Data Analysis: Using multivariate regression and machine learning, we will analyze the relationship between physiological and behavioral markers and PTSD relapse, aiming to create a comprehensive predictive model.
Significance: Identifying predictors of PTSD relapse will refine treatment approaches, allowing for personalized therapy plans and enhancing long-term recovery rates.
Innovation: Our approach leverages real-time data collection through wearable technology, providing continuous insights into patient status, a novel application in PTSD treatment research.
Impact: The study is expected to develop a validated predictive tool for PTSD relapse, significantly altering clinical approaches to PTSD management by enabling proactive interventions.
Collaborations: This project involves collaboration with Ben-Gurion Psychology clinic, BGU Psychological Services, and the Soroka University Medical Center PTSD clinic, enriching the research through shared resources and expertise.
Conclusion: By integrating continuous physiological and behavioral data, this study promises to advance PTSD treatment protocols and contribute to improved patient outcomes in mental health care, potentially influencing future clinical practices and health policy.
[bookmark: _7ewk9cqyn2j4]

[bookmark: _7hbr30uvkx33]A. Scientific background:
Post-Traumatic Stress Disorder (PTSD) is a debilitating mental health condition that affects approximately 3%-6% of adults worldwide [1–5]. It develops in response to exposure to traumatic events and is characterized by intrusive memories, avoidance behaviors, negative alterations in cognition and mood, and heightened arousal and reactivity [6]. 
The recommended first-line intervention for PTSD is trauma-focused psychotherapy [7]. Recently, massed therapy has been introduced, which condenses these treatments into a one- to two-week intensive period, providing a compact version of the traditional therapy [7–14]. These interventions have shown promising results, with remission rates ranging from 30% to 50% across various studies [15]. However, treatment outcomes remain suboptimal for a significant portion of patients.  Moreover, we still lack the ability to predict who will relapse. 
Of particular concern is the high rate of relapse among individuals who initially respond to PTSD treatment. Studies indicate that approximately 30-40% of patients who achieve remission experience a recurrence of symptoms within the first year post-treatment [16,17]. Over longer periods, relapse rates can climb to 50% or higher [18]. Despite the significant impact of relapse on patient outcomes and quality of life, there is a notable gap in the literature regarding relapse prevention and early detection of symptom recurrence in PTSD [19–21]. Current research has primarily focused on acute treatment efficacy, with limited attention given to maintaining treatment gains and identifying early warning signs of relapse. 
Moreover, existing studies on PTSD relapse have largely relied on self-report measures and clinical interviews, which may be subject to recall bias and limited in their ability to capture real-time symptom fluctuations [22,23]. There is a pressing need for more objective and continuous measures of patient status, particularly those that incorporate physiological data and observational information.
Our study aims to address this critical gap by exploring potential markers of PTSD relapse using a combination of physiological monitoring, clinical interviews, and self-report questionnaires. By collecting and analyzing these data, we hope to identify early indicators of symptom recurrence, which will enable us to use relapse prevention strategies to tackle this issue of PTSD treatment. This approach has the potential to revolutionize PTSD management by enabling timely interventions and personalized care, ultimately improving long-term outcomes for individuals living with this challenging condition. 



Among the various treatment modalities for PTSD, one of the most established and extensively researched approaches is exposure therapy. This behavioral intervention includes two main elements, rooted in the psychological theory of learning; imaginal exposure, in which the patient revives the event in his imagination, and in-vivo (live) exposure, in which the patient faces a real-time situation that causes distress [9,24]. While these were introduced in prolonged exposure therapy, many such trauma-focused psychotherapies are using those elements [25].
Exposure therapy, a cornerstone of PTSD treatment, involves the reactivation of traumatic memories to render them labile and susceptible to modification [26–28].  Using this technique, patient reconsolidate their memory into a less aversive state, during the course of the treatment. This process includes both reconsolidation of the memory in a new form and habituation to the emotions that arise during this memory reactivation procedure. This therapeutic approach relies on the reprocessing of old memories before they are reconsolidated into a more adaptive state. Sleep plays a critical role in memory consolidation and reconsolidation, both for general memories [29] and traumatic ones specifically [30,31]. Consequently, disturbances in sleep—particularly in rapid eye movement (REM) sleep—may disrupt these processes and influence PTSD treatment outcomes and relapse rates. Evidence suggests a bidirectional relationship between sleep disturbances and PTSD symptoms [32], highlighting the need for further exploration of this interaction. We hypothesize that better sleep quality, particularly greater REM sleep duration and efficiency, will be associated with improved treatment outcomes and lower relapse rates in individuals undergoing exposure therapy. Conversely, poor sleep quality will predict higher relapse rates, emphasizing the importance of sleep as a modifiable factor in enhancing PTSD treatment efficacy.
In addition to psychotherapeutic methods like exposure therapy, lifestyle factors such as physical activity have also been recognized for their potential role in mental health maintenance. Physical activity has been widely recognized for its mental health benefits, including the alleviation of symptoms associated with depression and anxiety disorders. For individuals recovering from PTSD, daily activity levels may play a role in the long-term maintenance of treatment gains. This study seeks to assess the correlation between levels of daily physical activity and the probability of PTSD relapse, proposing that higher levels of activity could be associated with reduced relapse rates [33–36].
A critical aspect of exposure therapy is the level of arousal induced during the sessions, which includes physiological responses such as heart rate and skin conductance. A full reactivation of the memory includes noticeable physiological arousal, which will indicate the transition of the memory from a constant to a labile state [25,28]. This study aims to investigate whether higher levels of physiological arousal during both imaginal and in vivo exposure are predictive of better therapeutic outcomes, i.e., lower symptoms, and lower relapse rates.
Addressing the broader context, the sociodemographic and regional factors influencing PTSD recovery also deserve attention. The role of sociodemographic factors such as age, gender, socioeconomic status, and social support is critical in the context of PTSD recovery. Extensive reports have established a 1:2 ratio between men and women in PTSD, with a recent study showing a lifetime prevalence of 10%-12% in women and 5%-6% in men [37].  Some studies have reported a higher prevalence of PTSD among younger individuals (ages 20–65) compared to older adults (65+) [38].  Social support, in particular, has been identified as a protective factor against various mental health disorders and may be crucial in the context of PTSD treatment and relapse [39]. 
The urgency of addressing PTSD in certain regions, such as southern Israel, has grown significantly in recent years. Recent years have highlighted the urgent need for enhanced PTSD care in southern Israel, a need that has become particularly acute since October 7th, 2023. Recent statistics indicate that around 30% of the population in this region is suffering from PTSD [40,41]. This project will collaborate with the Ben-Gurion University community clinic, BGU Psychological Services, and the Soroka University Medical Center PTSD clinic. These partnerships will facilitate the collection, treatment, and follow-up of patients, as detailed in the attached letter of collaboration. This initiative aims to improve outcomes and provide comprehensive care for PTSD sufferers in southern Israel.
[bookmark: _5jiyycx4276n]B. Research Objectives
The primary objective of our proposed study is to identify risk and protective factors associated with PTSD relapse, advancing beyond traditional self-report measures to uncover biomarker-based indicators. Specifically, we aim to investigate sleep patterns and physiological activity as early predictors of relapse. To achieve this, our study is structured around four key objectives:
Aim 1: The Impact of Sleep on PTSD Relapse and Treatment Retention
We will use wearable devices to evaluate sleep patterns and their effects on relapse and the retention of treatment gains. In contrast, we will look at sleep disturbances as a predictor of relapse. Three main aspects of sleep will be measured: duration, quality (including movements during sleep and the number of awakenings), and the length of REM sleep per night, which is linked to the reconsolidation of memories.
Aim 2: Daily Activity Levels as Factors in Relapse and Treatment Retention
We aim to investigate how the amount of daily activity, monitored before, during, and after treatment using a wearable device, influences the likelihood of relapse and the maintenance of treatment benefits. We hypothesize that higher levels of daily activity will serve as a protective factor.
Aim 3: Sociodemographic Influences on Treatment Outcomes and Relapse
This aim focuses on various sociodemographic factors such as education level, age, gender, social support, and personality traits. We will explore how these factors either contribute to or hinder the retention of treatment effects and relapse prevention.
Aim 4: Evaluating the Link Between Physiological Responses and Treatment Outcomes
We will assess the relationship between heightened physiological responses during imaginal exposure therapy and the remission of symptoms at the end of treatment. Participants will wear devices during psychotherapy sessions that monitor heart rate, skin conductance response, and oxygen levels. These physiological indicators during imaginal exposure will be analyzed to determine their correlation with symptom changes after therapy and during follow-up assessments.
Through these aims, our study intends to provide a deeper understanding of the mechanisms underlying PTSD treatment and relapse, potentially leading to more effective intervention strategies.
[bookmark: _nnohhpjq3ogh]C. Expected significance
The following work is expected to have a major impact on PTSD treatment. The ability to detect patients at risk of relapse will revolutionize our work. Following the detection, we will be able to intervene and prevent relapse, hence, promoting better health for more people using less time and resources.
Specifically, we will:
 C.1. Understand the effects of sleep on treatment outcome and retention 
Sleep disturbances are a common issue in PTSD patients [42–44]]. Our study aims to explore the intricate feedback loop between various sleep stages and relapse risk, a subject not thoroughly examined in existing research. By combining self-reported data on insomnia with objective measurements from wearable devices that assess sleep duration and its cycles, we will deepen our understanding of how different sleep stages correlate with the risk of relapse and the long-term success of treatment outcomes. This could significantly enhance the effectiveness of PTSD treatments by providing new insights into the crucial role of sleep in recovery and relapse prevention.
C.2. Understanding how physiological alertness and general movement affect relapse prevention and retention of treatment effects. Understanding the effect of general activity (movement) and levels of physiological alertness during the day (heart rate, O2, etc.) will add an important, missing block of information on the possible physical association of relapse prevention. Unveiling this will promote a better understanding of the full mechanism of change and retention of treatment outcomes in PTSD and a more holistic intervention method. 
C.1. Understanding the point of activation in imaginal exposure and its effect on treatment success and relapse prevention - One of the questions asked in psychotherapy for PTSD is, what works? How much exposure is needed[25]. This study will be able to tackle this question by looking at the level of physiological stimulation (Heart rate and Skin conductance) during imaginal exposure (recalling of the traumatic event) and associate these second-by-second-changes with treatment outcome (end-of-treatment change in PTSD symptoms) as well as retention (avoiding relapse). Such a discovery will enable therapists to focus their unpleasant intervention (imaginal exposure) and use only the necessary amount for better outcomes. 
C.4. Treating and collecting information on patients suffering from PTSD, building a cohort
Most PTSD research tracks individuals (both treated and untreated) for only a few months, though some studies extend slightly longer. Notably, the majority of longer-term studies tracking individuals after exposure to traumatic events do not involve any intervention [18]. In our research, we aim to gather data before, during, and after treatment, with a long-term follow-up period of up to five years. This approach will allow us to establish a cohort of individuals experiencing PTSD who are undergoing clinical interventions and are assessed using a variety of self-report and physiological measures. We believe that this comprehensive data collection will greatly improve our understanding of relapse, the retention of treatment outcomes, and the various risk and protective factors associated with these dynamics.
[bookmark: _vba38wl243ws]D. Detailed Description Of The Proposed Research
[bookmark: _jaidfeqor5th]D.1. Working Hypothesis
Our study aims to address significant gaps in the understanding of PTSD treatment efficacy, relapse, and the predictive role of physiological markers. We have formulated several working hypotheses based on our preliminary literature review and research objectives. Firstly, we hypothesize that participants showing higher physiological arousal during imaginal exposure therapy will experience greater symptom remission at treatment's end and more stable outcomes at follow-up. Secondly, we propose that higher levels of daily activity during and post-treatment serve as protective factors against PTSD relapse and aid in maintaining treatment benefits. 
Additionally, we expect that poor sleep quality, characterized by frequent awakenings and reduced REM sleep, will be associated with higher relapse rates, while a longer duration of REM sleep may correlate with better treatment retention, reflecting its role in traumatic memory reconsolidation. We also predict that sociodemographic variables such as age, gender, education level, social support, and personality traits will significantly influence relapse likelihood and treatment retention, with certain factors providing protection and others increasing risk. 
By integrating self-reported data with physiological and activity data collected through wearable devices, our study aims to develop a comprehensive understanding of the interplay between physiological states, individual behaviors, and PTSD treatment relapse outcomes. These insights are expected to lead to more tailored and effective intervention strategies, enhancing recovery and quality of life for those affected by PTSD, and saving valuable resources. [image: ]
[bookmark: _e4tmgox8ixjn]D.2. Research Design & Methods
Overview
We propose to conduct a longitudinal cohort clinical trial to study adults with PTSD before, during, and following short-term intervention (Figure 1). Initially, participants will be recruited and assessed, followed by a one-week intervention [25,28]. The treatment's effects will be monitored over a four-year period. The recruitment process involves a two-step screening: an initial brief telephone screening and a subsequent comprehensive clinical interview. The clinical interview will utilize various diagnostic tools, including the Clinician-Administered PTSD Scale for DSM-5 (CAPS-5[45]), the Mini International Neuropsychiatric Interview (MINI[46]) for general psychopathology, and the Diagnostic Interview for Personality Disorders (DIPD[47]) for assessing borderline personality disorder, as well as the Montreal Cognitive Assessment (MoCA[48]) to evaluate cognitive impairment. Eligible participants will complete self-report questionnaires to evaluate various aspects of their condition, including PTSD symptoms[49], depression[50,51], sleep disturbances[52], personality traits[53], quality of life[54], and levels of dissociation and social interaction[55,56]. This thorough assessment process ensures comprehensive data collection, which is crucial for analyzing the long-term impacts of this short-term intervention. The added value of this research lies in its integration of long-term physiological data collection alongside self-report and clinical evaluations. We will gather extensive data on heart rate, spatial movement, blood oxygen levels, and sleep quality (including duration, cycles, and timing). This will be done using a Garmin Vivosmart 5 wearable device[57]. The device will be given to the patient one week prior to the treatment and will be held by them for four weeks. This will enable us to collect the data before, during and after treatment. This device was found to have good validity in terms of spatial movement, sleep patterns, heart rate, and levels of oxygen in the blood. The use of this device will also enable us to collect specific heart rates and oxygen levels during the imaginal and in-vivo exposures (an integral part of the short-term intervention). By collecting ecological momentary information[58], we can track minute-by-minute patterns that might otherwise be missed in traditional data collection methods. This approach, combined with a clinical trial and extended follow-up period, will significantly enhance our understanding of recovery patterns and relapse in PTSD patients following exposure-based treatment. 
The proposed behavioral intervention will include (after screening) a long interview, taking the life history of the patient, and explaining the treatment rationale. Then, a week-long (Sunday-Thursday) treatment, which includes 90-120minutes sessions led by a clinician (under the supervision of the PI of this study), in which the patient revives the memory of the traumatic event, using a technique called imaginal exposure [59]. In this technique, the patient sits with the therapist and is instructed to tell the story of the traumatic event in the present tense, first person, and in as many details as possible. This known technique is used in several trauma-focused psychotherapies and was found to be very effective [25]. Following the imaginal exposure, the therapist will work with the patient on reprocessing the emotions and associated memories that arise from the imaginal exposure. Later that day, the patient will conduct an in-vivo exposure, accompanied by a member of the study crew. In vivo exposure includes practicing exposure to situations that the patient usually avoids. This usually includes going to places associated with elevated levels of distress. During the first session, the therapist and the patient build an exposure hierarchy, enabling them to set realistic goals for the in-vivo exposure. Lastly, later that same day, the patient will listen to a recording of the imaginal exposure session. This process (psychotherapy session, in-vivo exposure, listening to audio recording) will repeat itself for five consecutive days (Sun-Thurdsday). While very intense, a previous study has shown that patients adhere to this protocol, mainly since it takes only one week, which enables them to take a break from day-to-day lives and tend to themselves [28]. The following will describe the main research question, the data collection process, and the statistical plan for each aim. 
Aim 1: Daily Activity Levels as Factors in Relapse and Treatment Retention
As previously described. Following the signing of informed consent forms, participants in the study will be asked to wear a wearable device (Garmin Vivosmart 5) a week prior to the beginning of the short-term intervention, during the intervention, and at a two-week follow-up. The data will be collected using dedicated software (Fitrockr/Labfront), which will enable us to securely collect all the tracking information, including sleep, spatial movement, heart rate, BBI, and O2. This aim focuses on the activity of the participant. We will divide our analysis on this aim into four different questions: (1) Can the activity level before treatment define the probability of success after treatment? (2) Is the change in activity before treatment compared to during treatment can signal treatment success? (3) Is the level of activity following treatment can promote better relapse prevention? (4) Can we detect a specific pattern of activation that is more associated with better outcomes and lower relapse rates?
To address Aim 1.1, we will analyze daily spatial activity (movement per day) and construct a Bayesian multivariate regression model [28,60,61]. This model will use the change in PCL-5 scores (indicative of overall PTSD symptoms) as the dependent variable, with baseline symptom scores, age, and gender as covariates, and the mean steps per day as the independent variable. We will develop three separate models to evaluate the impact of pre-treatment activity levels (recorded over a week) on changes in symptoms immediately post-treatment and at 30-day and 90-day follow-ups. This approach aims to provide a nuanced understanding of how pre-treatment physical activity influences short- and medium-term treatment efficacy.
To address Aim 1.2, we will analyze physiological data collected over the first two weeks, which includes the week prior to treatment and the week during treatment. We will examine the change in daily step counts by first calculating the difference in average steps between the two weeks and then constructing a linear model to determine the trend in activity, with the number of steps as the dependent variable and days as the independent variable. Additionally, we will employ Bayesian change point detection [62]to pinpoint any significant shifts in activity patterns during this period. This method estimates the probabilities of a change in the step count distribution at each point in the time series, allowing for the detection of shifts in activity levels. Following this, we will utilize a regression model similar to that used in Aim 2.1 to assess how these identified changes in activity impact treatment success, providing a comprehensive understanding of the relationship between physical activity dynamics and treatment outcomes.
For Aim 1.3, the analysis will focus on the activity levels during the two weeks following the treatment and extend this analysis to compare with long-term follow-ups at one, two, three, and four years. This will involve using regression models similar to those employed previously, which will now incorporate examining changes in daily step counts from baseline through to the various follow-up stages. This longitudinal approach allows for assessing sustained changes in physical activity over time, potentially linking these changes to long-term treatment outcomes and relapse rates. This method provides a comprehensive view of how initial treatment impacts can extend into more prolonged behavioral changes. 
Aim 1.4, being exploratory in nature, will initially focus on daily step counts, aggregating these into a four-week time series to analyze patterns of physical activity. This step will involve identifying specific patterns of activation and examining their correlation with changes in PTSD symptoms across the treatment period. Subsequently, the analysis will expand to include additional metrics of physical activity, such as total distance covered and the duration of active periods each day. This broader approach will allow for a more comprehensive understanding of how various elements of physical activity correlate with psychological outcomes, providing insights that could inform more targeted interventions in the future.
Aim 2: The Impact of Sleep on PTSD Relapse and Treatment Retention 
Given the significant role of sleep in learning and memory [29,63], and considering our treatment protocol's emphasis on reactivating and reprocessing memories before they are reconsolidated, we hypothesize that sleep will play a crucial role in the success and retention of treatment outcomes. To explore this, we will investigate three specific questions: (1) Does the quality of sleep before treatment influence treatment outcomes and retention? (2) What impact does sleep quality during treatment have on treatment outcomes and retention? (3) Is good sleep quality after treatment indicative of better treatment retention?
Our analysis will consider various sleep metrics such as total sleep time per night, the frequency of undisturbed nights, and sleep cycles, including REM, light, and deep sleep stages.
For Aim 2.1, we will evaluate the average total sleep time per night during the week before treatment as a predictor of treatment outcome, which will be measured by the change in PTSD symptoms as assessed by the PCL-5. A Bayesian multivariate regression model will be employed, incorporating initial severity of symptoms, age, gender, and total sleep time as variables. Additionally, we will consider medication use affecting sleep quality as a confounding factor if more than 10% of the sample is affected. Treatment outcomes will be quantified by changes in PCL-5 scores immediately post-treatment, and at 30 and 90 days follow-ups. Another model will be used to explore the impact on retention, analyzing symptom changes during longer-term follow-ups from one to four years.
For Aim 2.2, we will use a similar analysis method, but it will be based on the week during the treatment. As sleep in PTSD has bidirectional effects [32], with the worsening of symptoms associated with deteriorated sleep quality and vice versa, we hypothesize that effective treatment will show an effect on sleep duration. So, on top of the previously described analysis, we will also perform a time-series analysis looking at the quality of sleep per day and assessing possible changes during the week of treatment. This will be done using the previously described Bayesian change point detection (see Aim 1.2). 
In Aim 2.3, we aim to assess the impact of improved sleep duration and quality in the two weeks following treatment, compared to the week before treatment, on both short-term (30-90 days) and long-term (up to four years) treatment outcomes and the retention of these effects. This exploration will help us understand how enhancements in sleep parameters post-treatment correlate with sustained treatment benefits and symptom management over time.
Aim 3: Evaluating the Link Between Physiological Responses and Treatment Outcomes
Throughout the treatment sessions and in-vivo exposures, we will gather physiological data, including heart rate and oxygen levels at specific times aligned with psychotherapy sessions and in-vivo exposures. Additionally, during these periods, the wearable system will be set to collect detailed beat-to-beat interval (BBI) data, enabling us to calculate heart rate variability (HRV). HRV serves as an indicator of stress levels [64]  and will be used to assess changes during both imaginal and in-vivo exposures, providing insights into the patient's emotional engagement level during these sessions.
Furthermore, we will record the subjective units of discomfort—a self-reported measure indicating the patient's distress level, taken before, during, and after each exposure session. Our hypothesis posits that higher distress levels during imaginal exposure and a significant change in distress from the start to the end of in-vivo exposure correlate with symptom improvement. This hypothesis is based on the reconsolidation theory, which suggests that reactivated memories become unstable and that heightened emotional responses during imaginal exposure enhance the reactivation of traumatic memories [26–28,65,66]. Thus, statistical analysis will include the calculation of the peak-to-through levels of distress during imaginal exposure, as the main independent variable, with peak-to-through levels during in-vivo exposure as the second independent variable. We will use a Bayesian multilevel regression model, with changes in symptoms (before-after treatment) as the dependent variable, and the peak-to-through as independent variables (as well as age and gender as confounding). The analysis of peak-to-trough will have two levels: (1) Average peak-to-through across the week. (2) Time series analysis of peak-to-through per day [which will entail a multilevel, within-subject design analysis]. 
Aim 4: Sociodemographic Influences on Treatment Outcomes and Relapse
In this aim, our focus will be on examining how various sociodemographic and personality factors influence treatment outcomes and relapse prevention in PTSD. We plan to develop a multilevel Bayesian regression model [60,61,67] that captures the dynamic changes in symptom levels at multiple stages: before treatment, immediately after, at 30 days, 90 days, and annually up to four years. In this model, individual participants will serve as a random effect, allowing us to assess individual variations in treatment response. We will incorporate sociodemographic variables such as age, gender, socioeconomic status, and education level, along with personality trait scores, including self-criticism [53], levels of dissociation [56], and quality of interpersonal relationships [55]. Utilizing the multilevel Bayesian approach enables us to analyze data across these different time points comprehensively. This method will help us identify specific factors and their contributions to the variance in symptom changes and effectiveness in preventing relapse.
[bookmark: _crd3qkyv07me]E. Preliminary Results
[bookmark: _am2biosfdttq]E.1. Previous study
This treatment protocol is a variation of a protocol that was experimented with previously [28]. The original experiment included 28 participants, suffering from chronic PTSD in various severity levels and with different index traumas. The previous work was not focused on relapse prevention and assessing EMA using wearables. Figure 2 represents the changes in PCL-5 scores across four time points (before treatment, after treatment, at 30 and 90 days follow-up), describing the distribution of each (to capture both average score and range). These results are based on a study that combined infusion of ketamine/midazolam following by the procedure described above and was published in 2023[28]. [image: ]
[bookmark: _4eytr2byvxji]E.2. Current study[image: ]
[bookmark: _pk7pc0alldo3]As the current study is just beginning the data collection period, we have some preliminary data collected on the pilot experimenter using Labfron. This includes sleep data, movement data, and more. Figure 3 depicts the different sleep stages calculated on a pilot participant and collected using Garming Vivosmart 5 and Labfront[68] 



[bookmark: _656ob7aqcl36]F. Resources & Expertise Available For The Project
The successful execution of this project relies on the specialized knowledge and extensive experience of Principal Investigator Duek in administering novel treatments and overseeing clinical trials. Throughout his career, PI Duek has played a pivotal role in numerous clinical trials, including those specifically targeting PTSD treatments. Additionally, he took a leading role in a multi-center project evaluating children's post-Traumatic Brain Injury (TBI), which involved coordinating follow-up appointments and overseeing a team of healthcare professionals, including pediatricians, nurses, and psychologists. This combination of clinical expertise and leadership in complex projects is crucial to the proposed study's success. [69].
To secure the necessary infrastructure and expertise for conducting psychotherapy, Principal Investigator Duek has collaborated with the BGU Clinic at the Department of Psychology at the Ben-Gurion University of the Negev, particularly with Prof. Gideon Enholt, the head of research at the BGU clinic. This partnership began with a workshop led by PI Duek and his colleague, Prof. Ilan Harpaz-Rotem, from Yale University School of Medicine. During this session, they trained approximately 16 psychologists in the novel treatment procedures, focusing on the central concepts and methodologies. Following this workshop, Dr. Duek has taken on the role of supervising the ongoing treatments of new participants enrolled in the study, ensuring the application of these new techniques and monitoring their integration into clinical practice. In addition to the expertise of the Principal Investigator and the resources provided by the BGU clinic, this study benefits from a collaboration with Dr. Hadar Shalev, a leading psychiatrist and the head of the Psychiatric Department at Soroka University Medical Center (SUMC), as well as the PTSD Psychiatric unit at SUMC. Dr. Shalev's involvement brings critical psychiatric insight to the clinical process and enhances our ability to troubleshoot any issues that may arise. 
PI Duek has expertise in different statistical methods, including analysis of physiological and clinical data [28,70,71]. PI Duek is also a member of the School of Brain Science and Cognition at BGU, with access to experts in the different fields of physiological assessments. 
To successfully meet the project's objectives, the Principal Investigator (PI) will be supported by a team including two Ph.D. students and two research assistants. The first Ph.D. student, with a background in psychotherapy, will be responsible for conducting initial screenings, assisting therapists during sessions, and analyzing clinical data. The second Ph.D. student will specialize in the analysis of physiological data to understand its impact on relapse prevention. The research assistants will coordinate meetings, support the in-vivo exposure during therapy, and manage follow-up activities with participants. 
Additionally, the PI will compensate the BGU clinic for the therapists' time, acknowledging that the specialized treatment provided is particularly intensive and demands considerable effort from the clinic's psychologists. Therefore, a specific portion of the budget will be allocated for this purpose.
Essential equipment for the study includes wearable devices like the Garmin Vivosmart 5 and computers for data analysis. Two tablets will be needed to facilitate data collection during face-to-face interactions. The project will also incorporate RedCap software, which is HIPAA-compatible and ideal for managing longitudinal study data, ensuring secure and efficient data handling.
This clinical trial required Helsinki approval. This has been submitted (with Dr. Shalev) to the SUMC and is currently being processed. 
[bookmark: _dzawsk8kezz]G. Expected Results And Power Analysis
We anticipate recruiting approximately 40–50 participants diagnosed with PTSD per year, totaling 160–200 participants over the four-year course of this study. Based on adherence rates observed in similar studies, we estimate that at least 80% of participants will complete all stages of the study, providing high-quality data for approximately 130–160 individuals. This robust sample size will enable detailed analyses across all study aims.
Daily Activity Levels and Relapse (Aim 1):
Wearable devices will capture daily activity levels, such as step counts, for all participants before, during, and after the treatment period. Preliminary data suggest that higher activity levels during treatment are associated with reduced relapse risk, while decreased activity before treatment predicts poorer outcomes. With data from approximately 130–160 participants:
· We will assess whether baseline activity levels (pre-treatment) predict treatment success and relapse at 30-day, 90-day, and long-term follow-ups (up to four years).
· Changes in activity levels during treatment will be evaluated to determine their relationship with immediate symptom improvement.
· Post-treatment activity levels will be analyzed to identify patterns associated with long-term relapse prevention. Bayesian multilevel regression models will allow us to detect medium effect sizes (f2=0.15f) with >90% power. Additionally, Bayesian change point detection will enable us to identify significant shifts in activity patterns during the intervention, providing further insights into critical periods for relapse risk.
The Impact of Sleep on PTSD Relapse and Treatment Retention (Aim 2):
Wearable devices will also capture sleep metrics, including REM duration, sleep fragmentation, and total sleep time. We anticipate significant correlations (r≥0.3) between improved sleep quality during treatment and reduced relapse rates:
· Better sleep before treatment may predict improved treatment retention.
· Increased REM sleep and fewer disturbances during treatment are expected to correlate with immediate symptom reductions.
· Sustained sleep quality improvements post-treatment will be associated with lower long-term relapse rates. With data from 130–160 participants, we will achieve >95% power to detect these associations using Bayesian multilevel regression models that account for confounders such as medication use and baseline severity.
Physiological Arousal and Treatment Outcomes (Aim 3):
Physiological markers (e.g., heart rate, skin conductance) will be recorded during imaginal and in vivo exposure therapy sessions. Higher arousal levels during these sessions have been linked to better outcomes through improved memory reconsolidation. With data from 130–160 participants:
· We will analyze the relationship between peak physiological responses and immediate symptom improvement.
· Longitudinal data will explore whether specific arousal patterns during therapy sessions predict relapse at follow-up points. Bayesian multilevel models will provide >90% power to detect associations between these physiological markers and treatment outcomes.
Sociodemographic and Personality Factors (Aim 4):
Sociodemographics (e.g., age, gender, social support) and personality traits (e.g., dissociation, interpersonal relationships) will be analyzed to identify predictors of treatment outcomes and relapse. With data from 130–160 participants:
· We will assess subgroup-specific predictors, such as whether younger individuals or those with lower social support have higher relapse rates.
· Multilevel Bayesian regression models will allow us to detect medium effect sizes (f2=0.15) while accounting for individual variability over time.
In summary, the projected recruitment and adherence rates ensure a robust sample size, providing sufficient statistical power to address each aim of the study with precision. This comprehensive dataset will allow us to uncover key predictors of PTSD relapse and retention, advancing our understanding of effective intervention strategies.
[bookmark: _bde3al7kdlws]H. Potential Pitfalls And Alternative Approaches
The major strength of this proposal is its longitudinal design, which will allow us to collect detailed physiological, behavioral, and sociodemographic data on the same participants before, during, and after PTSD treatment. This design provides the optimal framework to address the goals of this study and identify predictive markers of relapse. The innovative approach is complemented by sufficient manpower, advanced wearable technology, and robust sample size, ensuring the project’s success. Having said that, we perceive a few possible challenges. 
Adherence to Wearable Devices: While wearable devices offer precise physiological and behavioral data, participants may fail to wear the devices consistently, leading to incomplete data. To address this, participants will receive detailed instructions, reminders, and technical support, incentives will be provided to encourage adherence, and devices will be periodically checked for proper usage during treatment sessions, missing data will be addressed statistically using advanced imputation techniques, ensuring robust analysis without loss of generalizability.
Attrition in Long-Term Follow-Up: Longitudinal studies are prone to participant dropout, particularly over extended follow-up periods. To minimize this, we will maintain regular contact with participants, offering flexible follow-up methods such as remote assessments. Retention strategies, including personalized communication and modest compensation for participation, will be implemented. 
Bidirectional Nature of Sleep and PTSD Symptoms: Sleep disturbances may both contribute to and result from PTSD symptoms, complicating causal inference. Time-series analyses will explore temporal relationships between sleep metrics and symptom changes across the treatment and follow-up periods. Bayesian change point detection will identify critical shifts in sleep patterns that align with symptom changes, providing insights into causal mechanisms.
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Figure 1: Timeline of the proposed study




image2.png
400

30

o

20

o

10

o

0

Figure 2 W before
‘ after
30Days

[0 90Days

““ Y I||"| ““"\wl......

PCL-5 Total Score

60




image3.png
Figure 3 Sleep Stage Distribution per Night

1.0+ Sleep Stage
awake
B deep
= light
0.8 B rem
unmeasurable

@
>
E
wn
2 0.6
K4
n
s
S
c
2
g 0.4+
a
2
a

0.24

0.0 T T T T T T T T T T

> ° 3 2 » b- o A
= A hd N Y
& Nbca &
v U
o -





