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Introduction: Emotional health is important dimension of care for patients living with pediatric onset multiple sclerosis (POMS), but few options are available for stress and anxiety reduction. The high burden of interventions requiring regular in person and onsite visits for treatment are less feasible. Attention bias modification training (ABMT) is effective for anxiety reduction in adult and adolescent populations. We tested the feasibility and preliminary efficacy of ABMT delivered through a mobile gamified version as a digital emotional health tool for patients with POMS.

Methods: Participants with POMS were consecutively recruited from the NYU Langone Pediatric MS Care Center and enrolled to complete a 1-month intervention with use of the Personal Zen ABMT app on their mobile personal device. Feasibility was evaluated by use of the 1-month intervention and efficacy was measured by changes in depression, anxiety, and affect.

Results: A total n = 35 patients with POMS were enrolled in the study (Mage = 17.7, SD = 2.2 years, range 14–23). Feasibility criteria were met with 74% completing the full intervention time, and 100% of the sample completing at least 50% of targeted intervention use. Initial efficacy was found for a reduction in negative affect from baseline to intervention end [M = 22.88, SD = 9.95 vs. M = 19.56, SD = 7.37; t(33) = 2.47, p = 0.019]. Anxiety also significantly decreased from pre to post-intervention in adults [M = 11.82, SD = 9.90 vs. M = 7.29, SD = 7.17; t(16) = 3.88, p = 0.001] and youth [M = 51.14, SD = 19.66 vs. M = 40.86, SD = 27.48; t(13) = 3.17, p = 0.007].

Conclusion: Mobile ABMT with the Personal Zen app is a feasible and accessible digital emotional health tool for patients with POMS and may have broader application for managing distress across chronic neurological conditions.
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INTRODUCTION

For those living with chronic neurological conditions such as multiple sclerosis (MS), psychological distress marked by anxiety and/or depression are frequent concerns across the lifespan (1, 2). Multiple sclerosis is a chronic and progressive demyelinating disorder of the central nervous system. Its earlier stages are typically defined by exacerbations of acute neuroinflammation and neurological deficit, followed by relative recovery (3). Multiple sclerosis is a lifelong disorder and without cure, but can be managed with disease modifying therapies (DMTs) and symptomatic treatments.

In MS, anxiety disorders are highly prevalent, affecting 29% of individuals during their lifetime and resulting in reduced occupational functioning and other societal costs (2, 4). While onset can occur throughout the lifespan, pediatric onset (<18 years of age) is considered a rare disorder of childhood, representing approximately 5% of all MS cases (5). Pediatric onset multiple sclerosis (POMS) shares many features with adult onset, but differs with increased frequency in exacerbations and also more robust recovery (6). The risk for psychological distress is especially pronounced for these younger MS patients diagnosed with the lifelong neurological condition, and in combination with the general higher rates of anxiety in the adolescents and young adult population in general (7).

Anxiety and associated stress-related problems are a particularly important target of intervention for patients with POMS (8, 9), with more than one-third reporting significant psychological concerns (8, 9). The adjustment to diagnosis and the experience of illness is particularly significant with childhood onset (7). Psychological distress can be more pronounced when MS results in functional declines, and particularly with cognitive involvement (9–11). However, even when neurologically intact, patients with POMS can be associated with increased problems with the psychological aspects of the disease and its resulting impact on academic and social functioning (8, 9). In addition, these younger patients share the broader psychological vulnerability associated with the current focus on social media and the often inflammatory web-based content, often inaccurately reflecting life with MS (12, 13).

Unfortunately, there is a major unmet need for access to mental health services in general (14, 15), including for the many patients living with neurological or medical conditions, Specifically for younger patients with neurological conditions who have ongoing, yet subclinical threshold symptoms do not have many options for management of emotional health (16). Due to the low prevalence of disease, many patients with POMS receive care at tertiary care centers geographically distant from their home. This distance restricts access to onsite therapies due to logistical barriers with transportation are further complicated by the necessity of parents' presence for onsite interventions. Both the need for management options and the barriers to onsite treatment access were further highlighted for patients with POMS in the context of the COVID-19 pandemic (17). A digital health-based solution for emotional health can overcome these challenges.

Digital therapeutics represent a rapidly emerging option for intervention, offering mobile access to treatment. Digital health interventions can include many advantages for reaching many more patients in need, providing more timely intervention, and also to deliver intervention in the amount and frequency often needed for optimal benefit (18). A particularly promising, focused intervention strategy targets anxiety-related attention bias (AB), a cognitive mechanism in anxiety that AB refers to selective and exaggerated attention toward threatening information and stimuli, and has been shown to play a significant role in the etiology and maintenance of anxious pathology in children, adolescents, and adults (19–25).

Strong evidence base has driven significant enthusiasm for the development of interventions that directly target the reduction of AB (26–29). One established intervention is attention bias modification training (ABMT). ABMT is brief, cost-effective, safe, and well-tolerated. Therefore, it may represent an optimal anxiety- and stress-reduction intervention for youth experiencing chronic illness, for whom intensive treatments may be too time-consuming and for whom medication-based approaches carry significant risk. ABMT is a computerized intervention designed to reduce AB among participants evidencing symptoms across the broad spectrum of anxiety and stress-related disorders by repeatedly directing attention away from threat-relevant cues using modified dot probe and visual search paradigms (20, 26, 30–33).

For this study, we selected the first mobile version of ABMT to be developed as a digital health intervention. This mobile version is a downloadable iOS Application called “Personal Zen” and has been modified with the aim of increasing accessibility of the program and in an effort to make the task more enjoyable and engaging than the traditional lab-based protocols. This gamified version offers a more accessible and engaging experience than the traditional protocols. Provided as a mobile application or “app,” it takes the core components of the gold-standard ABMT protocol (the dot probe task) and puts them in the context of an appealing exercise, incorporating video game-like features such as animated characters and sound effects (34). Like traditional ABMT, attention is still systematically redirected away from threat-relevant stimuli (angry faces). Four randomized clinical trials of the app document that between a single session and 4 weeks of use effectively reduces biobehavioral and cognitive indices of anxiety and stress, as well as AB measured via the dot probe (34–36). These data demonstrate that the app is an effective delivery system for ABMT.

The emergent need for digital emotional health tools for patients with POMS was heightened in the context of the COVID-19 pandemic, where both overall emotional distresses significantly increased while access to onsite care was restricted. Here, during the course of the pandemic, we evaluated the feasibility and preliminary efficacy of ABMT using Personal Zen in a sample of patients with POMS.



MATERIALS AND METHODS


Participants

Participants ages 12–24 years with a confirmed diagnosis of POMS, as defined by the 2013 International Pediatric Multiple Sclerosis Study Group (IPMSSG) criteria (37) and the 2010 McDonald criteria (3), were recruited for this study to test the feasibility of use of the Personal Zen app. Participants were not specifically recruited on the basis of emotional health status, and told that the purpose of the study was to evaluate a mobile (phone) application aimed at reducing anxiety and stress among younger patients with MS. Participants were consecutively recruited during routine outpatient or telemedicine visits at the pediatric MS center through the NYU Langone MS Comprehensive Care Center in New York, NY between June 2020 and February 2021. Potential participants were identified by the treating neurologist (Dr. Krupp) and screened for eligibility (Table 1) onsite, or via a telemedicine visit by a trained member of the study team at the conclusion of their clinic visit. This study was approved by the institutional review board of NYU Langone Health.


Table 1. Inclusion and exclusion criteria.
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Participants received payment for each study milestone completed (baseline/weekly evaluations/end of study) for up to $72.00 total for participation across the study.



Study Overview

Once enrolled, participants completed baseline measures and were instructed on access of the Personal Zen application on their personal device. They then completed a 1-month period of directed daily use, with weekly remote assessments. At intervention end, baseline outcome measures were repeated.



Measures
 
Baseline Demographic and Clinical Features

Baseline demographic and MS disease measures were recorded (Table 2) and the clinical rating of neurologic disability, the Expanded Disability Status Scale or EDSS (39), was administered by the treating neurologist. We also included a screening measure of MS-related cognitive functioning administered clinically, the Symbol Digit Modalities Test or SDMT (40).


Table 2. Demographic and clinical features (N = 35).
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Feasibility and Evaluation of Intervention

Feasibility was defined as at least 50% of sample completing at least 50% of targeted use of the intervention across the 1-month study period.

At the end of the study, participants also completed a rating of their experience with the intervention. The Debriefing Questionnaire was created for this study and included five open-ended questions addressing the user's experience with the Personal Zen application.



Baseline Attention Bias
 
The Dot Probe

The dot probe task (19, 24) was administered at baseline of the study to measure AB. Due to a change in the method of study administration from in-person to remote due to COVID-19-related restrictions in the recruitment year 2020, out of 35 participants, 15 completed in-person dot probe task (42.9%), and 20 completed online dot probe task (57.1%).

Both versions of the dot probe task followed parameters of the Tel-Aviv University/National Institute of Mental Health protocol. Stimuli for the dot probe task are pictures of 20 different individuals (10 males, 10 females) from the NimStim stimulus set (41) with one female taken from the Matsumoto and Ekman (42) set. For in-person participants, stimuli were programmed and presented using E-Prime version 2.0 (43). For remotely enrolled participants, the same task was presented via an online platform.

During each trial, two facial stimuli were presented, either angry-neutral face pairs or neutral–neutral face pairs of the same actor. The facial stimuli were presented above and below a fixation cross, with 14 mm between them. The task consisted of 120 trials [80 threat (angry faces) and neutral facial stimuli (TN) and 40 non-threat both neutral facial stimuli (NN)]. Each trial comprised of; (a) 500 ms fixation, (b) 500 ms face-pair cue, which then disappears, (c) probe in the former location of one of the facial stimuli until a response is made via the left or right arrow key to indicate the direction in which the arrow is pointing, and (d) 500 ms inter-trial interval. Participants were asked to respond as quickly and as accurately as possible whether the arrow was pointing to the left or the right. For the task, probes were equally likely to appear on the top or bottom, in the location of the angry or neutral face cues and pointing to the left or the right.



Quantifying Attention Bias

Attention bias was measured via the dot probe task. Dot probe trials with incorrect responses were excluded from further processing and analyses. Responses for each individual were removed if they were faster than −3 SD and slower than +3 SD from the individual's mean to normalize the distribution, and is a standard practice in reaction time based data. In addition, all participants had an accuracy rate of 85% or above. First, a threat bias score was computed to quantify overall attention capture by threat, as the average RTs for neutral probes in TN trials minus RTs for angry probes in TN trials. In addition, a vigilance score (automatic, bottom-up attention) was calculated, as the average RTs for neutral probes in the NN trials minus the average RTs for threat probes in TN trials. Lastly, to quantify the more effortful top-down inhibition of attention, a difficulty disengaging score was computed as the average RTs for neutral probes in TN trial minus RTs for neutral probes in the NN trials.




Self-Reported Affect, Anxiety, and Depression Symptoms

Participants completed questionnaires at pre-intervention baseline, weekly during the 1-month intervention (week 2), and again at the end of study (post-intervention). Only pre- and post-intervention data are reported below. Questionnaires were completed with REDCap or MyCap.


Positive and Negative Affect

All participants completed the Positive and Negative Affect Schedule [PANAS; (44)], a self-report questionnaire consisting of two 10-item scales, one assessing positive affect (e.g., Interested, Excited, Strong) and one assessing negative affect (e.g., Distressed, Upset, Guilty). Each item is rated on a 5-point scale with 1 indicating “not at all” to 5 indicating “very much.” The PANAS shows high internal consistency and reliability.



Anxiety and Depressive Symptoms

The following questionnaires were administered to participants younger than 18 years of age:

Child Depression Inventory 2 (CDI 2) (45) is a self-report 28-item measure designed to assess the severity of depressive symptoms in children and adolescents over the previous 2-week period. Questions are rated on a 0–2 scale, and the total scores of 0–14 is considered minimal symptoms, 15–19 is mild, 20–24 is moderate, and 25–56 is severe depressive symptoms. The CDI 2 has high internal consistency and reliability.

Multidimensional Anxiety Scale for Children Second Edition Parent Version (MASC 2-P) (46) is a 50-item measure of anxiety symptoms in children and adolescents rated on a scale of 0–3, completed by parents. In addition to a total score, subscales include separation anxiety, generalized anxiety, social anxiety, and physical arousal. The MASC 2-P has high internal consistency and reliability. Higher scores indicate more severe and/or greater number of symptoms, with total scores higher than 65 classified as clinically significant impairment.

Participants older than 18 years of age completed the following questionnaires:

Beck Depression Inventory (BDI-II) (47) is a self-report 21-item questionnaire designed to assess depressive symptoms over the previous 2-week period. Questions are rated on a 0–3 scale, with scores ranging from 0 to 63. The total scores of 0–13 is considered minimal symptoms, 14–19 is mild, 20–28 is moderate, and 29–63 is severe depressive symptoms. The BDI has high internal consistency and reliability.

Beck Anxiety Inventory (BAI) (48) is a self-report 21-item questionnaire designed to assess symptoms of anxiety over the past month including cognitive, behavioral, and physiological arousal. Questions are rated on a 4-point scale from 0 indicating “not at all” to 3 indicating “severely” (e.g., “unsteady,” “nervous”). The total scores of 0–7 is considered minimal symptoms, 8–15 is mild, 16–25 is moderate, and 26–63 is severe anxiety symptoms. The questionnaire has a clinical score cut-off of 16 and above. The BAI has high internal consistency and reliability.




Intervention-Mobile, Gamified Attention Bias Modification Training

All participants received the active version of the mobile app training based on a modified the dot probe task (i.e., ABMT), commercially available under the name Personal Zen. At the baseline visit, participants were instructed to download the iOS Personal Zen application on their personal device. Participants used their mobile device (e.g., iPhone) to practice the app to ensure understanding under the guidance of the experimenter [see (36)].

The following instructions were provided to each participant: “In this attention training app, two animated faces will appear on the screen. Shortly after, they will burrow into a hole. One of them will cause a path to rustle behind it. With your finger, trace the path of the rustling grass, beginning from the burrow. Trace the grass as smoothly, quickly, and accurately as possible. At no point should you feel rushed, you should be comfortable.”

Participants completed one practice round, and the experimenter stayed in the room during the practice round to answer any questions about the app. Two animated faces (sprites), one showing an angry expression and one showing a neutral/mildly pleasant expression, appeared simultaneously on the screen for 500 ms on every trial. Following the presentation, both sprites simultaneously “burrowed” into the field [see (36) for images of the app, (35)]. Next, a path of flowers and leaves appeared in the location of the neutral face for every trial. The path remained until participants responded by tracing it starting from the point at which the sprite burrowed into the field.

Participants were instructed to play the mobile app for a minimum of four times per week, 10–15 min a session, for 4 weeks (minimum of 16 sessions). Each session consisted of approximately 40–45 app rounds (varied based on user speed) with 12 trials per round. Number of training trials were consistent with previously documented effective “dosages” of the app (34–36).

Participants were asked to keep track of which days they used the App on the Personal Zen Log via REDCap or MyCap (Mobile REDCap Application). This application did not collect PHI and was free to use for participants.





RESULTS

A total of n = 35 participants were enrolled, with demographic and clinical features show in Table 2.


Feasibility and Acceptability of Intervention

Of the n = 35 participants, all (100%) met feasibility criteria of intervention use of 50% of targeted amount (at least eight times over study). Further, n = 26/35 (74%) completed the fully targeted use (at least four times per week over 4 weeks).

During the debriefing interview at the end of the 4-week intervention period, 67% of participants reported gaining benefit from using Personal Zen. Many users provided positive comments, including:

“…using the app did calm me down while I was stressed or overwhelmed. It gave me an opportunity to wind down”

“I thought the app provided a peaceful distraction, at least temporarily, from what I was dealing with at any particular time.”

“I looked forward to using it whenever my day was particularly stressful.”

“Overall, I thought it was useful in moderately reducing my stress and I will continue using it after the study ends.”



Preliminary Efficacy for Distress Reduction

Descriptive statistics for self-report of NA and PA, anxiety symptoms, and depressive symptoms are presented in Table 3. Attention bias measured at baseline yielded three metrics: threat bias (M = −7.70, SD = 28.04), vigilance (M = −7.26, SD = 41.74), and difficulty disengaging (M = −0.44, SD = 31.99).


Table 3. Descriptive statistics for self-report of affect, anxiety, and depression.
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For the measures of anxiety and depressive symptoms, the following percentage of participants fell in a clinical range at baseline: CDI 2: 18/18 participants at or exceeding the mild level of depression scoring above 15 (100%); MASC 2-P: 5/18 participants at or exceeding the score of 65, which is considered to be clinically significant impairment (28%); BDI: 9/17 participants at or exceeding the mild level of depression scoring above 14 (53%); and BAI: 12/17 participants at or exceeding mild level of depression scoring above 8 (71%).

Table 4 presents correlations among all study variables at pre-intervention baseline (NA, anxiety, depression, and AB scores). Overall, NA, anxiety (BAI), and depression (BDI) were significantly positively correlated (rs < 0.58, ps < 0.015).


Table 4. Correlations between the AB scores and symptoms at baseline.
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Participants were instructed to use the mobile app for a minimum of 16 sessions over the course of their study participation. Self-reported use exceeded, on average, the minimum number of requested sessions (M = 17.37, SD = 5.30; Min–Max: 9–33; Mode: 16).



Split-Half Reliability of Attention Bias Scores

Split-half reliability was examined for the dot probe task by creating mean RTs by experimental condition (neutral probes in TN trials, angry probes in TN trials, neutral probes in NN trials) and traditional AB scores (threat bias, vigilance, and disengaging), separately for even and odd trial for the dot probe task at baseline.

Even and odd mean RTs were all significantly positively correlated (rs > 0.92, all ps < 0.0001). In contrast, mean AB scores for even and odd trials did not significantly correlate (all ps > 0.05), consistent with prior literature (49–51).



Main Analyses

To test the hypothesis that NA and symptoms of anxiety and depression will decrease from the pre- to post-intervention, and that PA will increase, we compared pre- and post-intervention assessments of affect (PANAS NA and PA subscales), anxiety (BAI and MASC 2-P), and depression (BDI and CDI 2) using paired samples t-tests.

As predicted, NA decreased from pre-to post-intervention [M = 22.88, SD = 9.95 vs. M = 19.56, SD = 7.37; t(33) = 2.47, p = 0.019]. Also, as predicted, anxiety significantly decreased from pre to post-intervention in adults [M = 11.82, SD = 9.90 vs. M = 7.29, SD = 7.17; t(16) = 3.88, p = 0.001] and youth [M = 51.14, SD = 19.66 vs. M = 40.86, SD = 27.48; t(13) = 3.17, p = 0.007; Figure 1]. No other comparisons reached significance (ps > 0.05).
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FIGURE 1. The pre- to post-intervention for negative affect (top), anxiety for adults (bottom left), and anxiety for youth (bottom right). *p < 0.05, **p < 0.01.


Based on our main findings with NA, we conducted an exploratory analysis to examine if there were any differences between high anxiety (HA) vs. low anxiety (LA) individuals. We used baseline anxiety (i.e., pre-intervention BAI and MASC 2-P) for a median split to identify HA (n = 17) and LA (n = 13) to compare their treatment outcomes for NA. The results showed that the reduction of NA from pre- and post-intervention assessment was evident in the HA group only, [M = 24.65, SD = 7.89 vs. M = 20.88, SD = 6.56; t(16) = 2.33, p = 0.033], but not in the LA group [M = 17.33, SD = 10.71 vs. M = 15.25, SD = 5.55; t(11) = 0.90, p > 0.05].



Exploratory Analyses

We tested the exploratory hypothesis that baseline AB scores (threat bias, vigilance, and difficulty disengaging, and RTs) would predict changes in NA and anxiety pre- to post-intervention. To do so, we conducted correlations between AB scores and difference scores (baseline minus at the end of treatment) for NA (sample as a whole) and anxiety (separately for teens and adults). Results indicated that vigilance was significantly intercorrelated with threat bias (r = 0.64, p < 0.001) and difficulty disengaging (r = −0.74, p < 0.001). However, AB scores were not significantly correlated with change in NA or anxiety measures (rs ranging from −0.034 to −0.33, all ps > 0.05). Correlations between RTs and NA and anxiety scores also did not reach significance (rs ranging from 0.07 to 0.12, all ps > 0.05).




DISCUSSION

Patients with POMS face not only distress related to ongoing disease activity and treatment, but the emotional adjustment to a diagnosis of a chronic and progressive disorder without cure. In addition to the risk for anxiety associated with adolescence and young adulthood in general, these patients are particularly vulnerable to increased emotional distress and resulting impact on their functioning and quality of life.

There remains a major unmet need for accessible and effective interventions for patients living with neurological conditions and including MS. Reflecting the focus and development of digital technologies to reach those living with MS (52, 53), digital emotional health tools can provide a solution. Here, we found the ABMT app, Personal Zen, to be feasible to reach a sample of patients with POMS with high fidelity to the intervention due to its convenience. In addition, we found a significant benefit of the intervention for reducing negative affect and anxiety symptoms among a sample not specifically recruited due to baseline emotional health status. In addition, the exploratory analysis with high and low baseline anxiety showed that those who exhibited high baseline anxiety gained more benefit with ABMT in reducing negative affect. While this finding is limited due to our small sample size, this could be informative for future studies. Further, while not recruited for this study based on emotional health status, we noted a high rate of depression in our sample and a resulting decrease in depressive symptoms with the intervention. This is consistent with prior studies on ABMT broadly (20, 54), and Personal Zen in particular (34, 36), highlighting the potential cross-diagnostic benefit of ABMT for the use in distress, which can present with increased anxiety or depression, or both (55, 56).

The next step for continued investigation is a controlled trial to study ABMT in this younger population of patients living with MS. It will be important to determine its specific therapeutic role, including whether those with clinical elevations of distress and anxiety can receive particular benefit. Further, it will be important to measure the corresponding changes in disease burden (e.g., symptom experience) and academic and social functioning. Finally, the impact of individual differences in AB prior to training remain unclear (57). Indeed, exploratory analyses from the current study failed to document significant correlations between baseline AB and ABMT effects on mood, although the unreliability of AB metrics and small sample size were limitations to adequately testing this exploratory hypothesis. Future research should examine additional and more reliable measures of AB including eye-tracking metrics, and neural indices of threat processing (35), as well as examine how changes in AB due to intervention lead to reduction on clinical measures such as anxiety and depression. In addition, studies directly comparing Personal Zen to other applications can inform as to whether the benefit is unique to its specific features or more general to ABMT across delivery methods.

Limitations to the study include the open-label design. While participants were recruited to evaluate the intervention for feasibility of use, the clinical benefit may have included placebo response. The small sample size prevented our ability to conduct multivariate analyses examining the role of symptom severity or other individual differences. Further research is needed to test whether the intervention is feasible for older individuals living with MS and generalization to those living with other chronic neurological conditions. However, given the overall rare subpopulation represented in this current study, as well as the overall acceptability and accessibility of the Personal Zen intervention, findings may be directly relevant to current clinical practice.

Psychological distress can adversely affect social-emotional well-being and other key metrics of functioning and perceived health in the context of MS and other chronic neurological conditions. Younger patients with MS may be at both increased risk for distress and face even greater access to interventions. We found that the digital emotional health intervention of mobile and gamified ABMT, delivered by the Personal Zen app, was both feasible for use and resulted in decreased negative affect and depressed mood. These results inform and support going forward with future investigations including randomized and controlled trial designs to of ABMT as digital emotional health intervention in both younger and older patients living with MS and other chronic neurological conditions.



PRODUCT INFORMATION

Personal Zen is a gamified mobile app designed to deliver attention bias modification training (ABMT). Empirical evidence has shown that ABMT, specifically Personal Zen, can reduce anxiety-related attention bias, anxiety, and stress. Personal Zen is a product of Wise Therapeutics, Inc., and is commercially available.



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 human participants were reviewed and approved by NYU Langone IRB. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

LC and TD-T conceived of and designed the study. AG recruited and enrolled participants and collected data for analyses. LK provided neurological evaluation and recruited participants. AG, HC, TD-T, and LC contributed to the analyses and prepared the manuscript. All authors edited, reviewed, and approved of the manuscript for submission.



FUNDING

This research was made possible by the following funding sources granted to TD-T: National Institute of Mental Health (R56MH111700 and RF1MH120846) and the National Center for Advancing Translational Sciences of the National Institutes of Health (TR000457) and to LC and LK: The Lourie Foundation, Inc.



REFERENCES

 1. Charvet L, Cersosimo B, Schwarz C, Belman A, Krupp LB. Behavioral symptoms in pediatric multiple sclerosis: relation to fatigue and cognitive impairment. J Child Neurol. (2016) 31:1062–7. doi: 10.1177/0883073816636227

 2. Wood B, van der Mei IA, Ponsonby AL, Pittas F, Quinn S, Dwyer T, et al. Prevalence and concurrence of anxiety, depression and fatigue over time in multiple sclerosis. Mult Scler. (2013) 19:217–24. doi: 10.1177/1352458512450351

 3. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. (2011) 69:292–302. doi: 10.1002/ana.22366

 4. Kobelt G, Berg J, Atherly D, Hadjimichael O. Costs and quality of life in multiple sclerosis: a cross-sectional study in the United States. Neurology. (2006) 66:1696–702. doi: 10.1212/01.wnl.0000218309.01322.5c

 5. Belman AL, Krupp LB, Olsen CS, Rose JW, Aaen G, Benson L, et al. Characteristics of children and adolescents with multiple sclerosis. Pediatrics. (2016) 138:e20160120. doi: 10.1542/peds.2016-0120

 6. Chitnis T, Aaen G, Belman A, Benson L, Gorman M, Goyal MS, et al. Improved relapse recovery in paediatric compared to adult multiple sclerosis. Brain. (2020) 143:2733–41. doi: 10.1093/brain/awaa199

 7. Krupp LB, Rintell D, Charvet LE, Milazzo M, Wassmer E. Pediatric multiple sclerosis: perspectives from adolescents and their families. Neurology. (2016) 87(9 Suppl 2):S4–7. doi: 10.1212/WNL.0000000000002879

 8. Amato MP, Krupp LB, Charvet LE, Penner I, Till C. Pediatric multiple sclerosis: cognition and mood. Neurology. (2016) 87(9 Suppl 2):S82–7. doi: 10.1212/WNL.0000000000002883

 9. Weisbrot D, Charvet L, Serafin D, Milazzo M, Preston T, Cleary R, et al. Psychiatric diagnoses and cognitive impairment in pediatric multiple sclerosis. Mult Scler. (2014) 20:588–93. doi: 10.1177/1352458513504249

 10. Carotenuto A, Moccia M, Costabile T, Signoriello E, Paolicelli D, Simone M, et al. Associations between cognitive impairment at onset and disability accrual in young people with multiple sclerosis. Sci Rep. (2019) 9:18074. doi: 10.1038/s41598-019-54153-7

 11. Yeh EA, Chitnis T, Krupp L, Ness J, Chabas D, Kuntz N, et al. Pediatric multiple sclerosis. Nat Rev Neurol. (2009) 5:621–31. doi: 10.1038/nrneurol.2009.158

 12. Lavorgna L, De Stefano M, Sparaco M, Moccia M, Abbadessa G, Montella P, et al. Fake news, influencers and health-related professional participation on the Web: a pilot study on a social-network of people with Multiple Sclerosis. Mult Scler Relat Disord. (2018) 25:175–8. doi: 10.1016/j.msard.2018.07.046

 13. Keles B, McCrae N, Grealish A. A systematic review: the influence of social media on depression, anxiety and psychological distress in adolescents. Int J Adolesc Youth. (2020) 25:79–93. doi: 10.1080/02673843.2019.1590851

 14. Bucci S, Schwannauer M, Berry N. The digital revolution and its impact on mental health care. Psychol Psychother. (2019) 92:277–97. doi: 10.1111/papt.12222

 15. Wainberg ML, Scorza P, Shultz JM, Helpman L, Mootz JJ, Johnson KA, et al. Challenges and opportunities in global mental health: a research-to-practice perspective. Curr Psychiatry Rep. (2017) 19:28. doi: 10.1007/s11920-017-0780-z

 16. Canavera K, Allen J, Johnson LM. The need for improved access to mental health services for youth with medically unexplained symptoms. Am J Bioeth. (2018) 18:29–31. doi: 10.1080/15265161.2018.1445316

 17. Singh S, Roy D, Sinha K, Parveen S, Sharma G, Joshi G. Impact of COVID-19 and lockdown on mental health of children and adolescents: a narrative review with recommendations. Psychiatry Res. (2020) 293:113429. doi: 10.1016/j.psychres.2020.113429

 18. Abbadessa G, Brigo F, Clerico M, De Mercanti S, Trojsi F, Tedeschi G, et al. Digital therapeutics in neurology. J Neurol. (2021) 1–16. doi: 10.1007/s00415-021-10608-4

 19. Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ. van IMH. Threat-related attentional bias in anxious and nonanxious individuals: a meta-analytic study. Psychol Bull. (2007) 133:1–24. doi: 10.1037/0033-2909.133.1.1

 20. Hakamata Y, Lissek S, Bar-Haim Y, Britton JC, Fox NA, Leibenluft E, et al. Attention bias modification treatment: a meta-analysis toward the establishment of novel treatment for anxiety. Biol Psychiatry. (2010) 68:982–90. doi: 10.1016/j.biopsych.2010.07.021

 21. Brotman MA, Rich BA, Schmajuk M, Reising M, Monk CS, Dickstein DP, et al. Attention bias to threat faces in children with bipolar disorder and comorbid lifetime anxiety disorders. Biol Psychiatry. (2007) 61:819–21. doi: 10.1016/j.biopsych.2006.08.021

 22. Fox E, Russo R, Dutton K. Attentional bias for threat: evidence for delayed disengagement from emotional faces. Cogn Emot. (2002) 16:355–79. doi: 10.1080/02699930143000527

 23. Fox E, Russo R, Bowles R, Dutton K. Do threatening stimuli draw or hold visual attention in subclinical anxiety? J Exp Psychol Gen. (2001) 130:681–700. doi: 10.1037/0096-3445.130.4.681

 24. Mathews A, Mackintosh B. A cognitive model of selective processing in anxiety. Cognit Ther Res. (1998) 22:539–60. doi: 10.1023/A:1018738019346

 25. Mathews A, MacLeod C. Selective processing of threat cues in anxiety states. Behav Res Ther. (1985) 23:563–9. doi: 10.1016/0005-7967(85)90104-4

 26. Heeren A, Mogoase C, Philippot P, McNally RJ. Attention bias modification for social anxiety: a systematic review and meta-analysis. Clin Psychol Rev. (2015) 40:76–90. doi: 10.1016/j.cpr.2015.06.001

 27. Kwong JC, Schwartz KL, Campitelli MA, Chung H, Crowcroft NS, Karnauchow T, et al. Acute myocardial infarction after laboratory-confirmed influenza infection. N Engl J Med. (2018) 378:345–53. doi: 10.1056/NEJMoa1702090

 28. MacLeod C, Grafton B. Anxiety-linked attentional bias and its modification: illustrating the importance of distinguishing processes and procedures in experimental psychopathology research. Behav Res Ther. (2016) 86:68–86. doi: 10.1016/j.brat.2016.07.005

 29. Van Bockstaele B, Verschuere B, Tibboel H, De Houwer J, Crombez G, Koster EH, et al. review of current evidence for the causal impact of attentional bias on fear and anxiety. Psychol Bull. (2014) 140:682–721. doi: 10.1037/a0034834

 30. Beard C, Sawyer AT, Hofmann SG. Efficacy of attention bias modification using threat and appetitive stimuli: a meta-analytic review. Behav Ther. (2012) 43:724–40. doi: 10.1016/j.beth.2012.01.002

 31. Cristea IA, Kok RN, Cuijpers P. Efficacy of cognitive bias modification interventions in anxiety and depression: meta-analysis. Br J Psychiatry. (2015) 206:7–16. doi: 10.1192/bjp.bp.114.146761

 32. Cristea IA, Mogoase C, David D, Cuijpers P. Practitioner review: cognitive bias modification for mental health problems in children and adolescents: a meta-analysis. J Child Psychol Psychiatry. (2015) 56:723–34. doi: 10.1111/jcpp.12383

 33. Hallion LS, Ruscio AM. A meta-analysis of the effect of cognitive bias modification on anxiety and depression. Psychol Bull. (2011) 137:940–58. doi: 10.1037/a0024355

 34. Dennis TA, O'Toole L. Mental health on the go: effects of a gamified attention bias modification mobile application in trait anxious adults. Clin Psychol Sci. (2014) 2:576–90. doi: 10.1177/2167702614522228

 35. Dennis-Tiwary TA, Egan LJ, Babkirk S, Denefrio S. For whom the bell tolls: neurocognitive individual differences in the acute stress-reduction effects of an attention bias modification game for anxiety. Behav Res Ther. (2016) 77:105–17. doi: 10.1016/j.brat.2015.12.008

 36. Dennis-Tiwary TA, Denefrio S, Gelber S. Salutary effects of an attention bias modification mobile application on biobehavioral measures of stress and anxiety during pregnancy. Biol Psychol. (2017) 127:148–56. doi: 10.1016/j.biopsycho.2017.05.003

 37. Krupp LB, Tardieu M, Amato MP, Banwell B, Chitnis T, Dale RC, et al. International Pediatric Multiple Sclerosis Study Group criteria for pediatric multiple sclerosis and immune-mediated central nervous system demyelinating disorders: revisions to the 2007 definitions. Mult Scler. (2013) 19:1261–7. doi: 10.1177/1352458513484547

 38. Wilkinson GS, Robertson GJ. Wide Range Achievement Test (WRAT4). Lutz, FL: Psychological Assessment Resources (2006).

 39. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale (EDSS). Neurology. (1983) 33:1444–52. doi: 10.1212/WNL.33.11.1444

 40. Charvet LE, Beekman R, Amadiume N, Belman AL, Krupp LB. The Symbol Digit Modalities Test is an effective cognitive screen in pediatric onset multiple sclerosis (MS). J Neurol Sci. (2014) 341:79–84. doi: 10.1016/j.jns.2014.04.006

 41. Tottenham N, Tanaka JW, Leon AC, McCarry T, Nurse M, Hare TA, et al. The NimStim set of facial expressions: judgments from untrained research participants. Psychiatry Res. (2009) 168:242–9. doi: 10.1016/j.psychres.2008.05.006

 42. Matsumoto D, Ekman P. American-Japanese cultural differences in intensity ratings of facial expressions of emotion. Motiv Emot. (1989) 13:143–57. doi: 10.1007/BF00992959

 43. Schneider W, Eschman A, Zuccolotto A. E-Prime: User's guide. Pittsburgh, PA: Psychology Software Incorporated (2002).

 44. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS scales. J Pers Soc Psychol. (1988) 54:1063–70. doi: 10.1037/0022-3514.54.6.1063

 45. Kovacs M. The Children's Depression, Inventory (CDI). Psychopharmacol Bull. (1985) 21:995–8.

 46. March JS, Parker JD, Sullivan K, Stallings P, Conners CK. The Multidimensional Anxiety Scale for Children (MASC): factor structure, reliability, and validity. J Am Acad Child Adolesc Psychiatry. (1997) 36:554–65. doi: 10.1097/00004583-199704000-00019

 47. Beck AT, Steer RA, Ball R, Ranieri W. Comparison of beck depression inventories-IA and -II in psychiatric outpatients. J Pers Assess. (1996) 67:588–97. doi: 10.1207/s15327752jpa6703_13

 48. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric properties. J Consult Clin Psychol. (1988) 56:893–7. doi: 10.1037/0022-006X.56.6.893

 49. Kappenman ES, Farrens JL, Luck SJ, Proudfit GH. Behavioral and ERP measures of attentional bias to threat in the dot-probe task: poor reliability and lack of correlation with anxiety. Front Psychol. (2014) 5:1368. doi: 10.3389/fpsyg.2014.01368

 50. Rodebaugh TL, Scullin RB, Langer JK, Dixon DJ, Huppert JD, Bernstein A, et al. Unreliability as a threat to understanding psychopathology: the cautionary tale of attentional bias. J Abnorm Psychol. (2016) 125:840. doi: 10.1037/abn0000184

 51. Schmukle SC. Unreliability of the dot probe task. Eur J Person. (2005) 19:595–605. doi: 10.1002/per.554

 52. Moccia M, Brigo F, Tedeschi G, Bonavita S, Lavorgna L. Neurology and the internet: a review. Neurol Sci. (2018) 39:981–7. doi: 10.1007/s10072-018-3339-9

 53. Moccia M, Lanzillo R, Brescia Morra V, Bonavita S, Tedeschi G, Leocani L, et al. Assessing disability and relapses in multiple sclerosis on tele-neurology. Neurological Sciences. (2020) 41:1369–71. doi: 10.1007/s10072-020-04470-x

 54. Linetzky M, Pergamin-Hight L, Pine DS, Bar-Haim Y. Quantitative evaluation of the clinical efficacy of attention bias modification treatment for anxiety disorders. Depress Anxiety. (2015) 32:383–91. doi: 10.1002/da.22344

 55. Drapeau A, Marchand A, Beaulieu-Prévost D. Epidemiology of psychological distress. Ment Illness. (2012) 69:105–34. doi: 10.5772/30872

 56. Arvidsdotter T, Marklund B, Kylén S, Taft C, Ekman I. Understanding persons with psychological distress in primary health care. Scand J Caring Sci. (2016) 30:687–94. doi: 10.1111/scs.12289

 57. Dennis-Tiwary TA, Roy AK, Denefrio S, Myruski S. Heterogeneity of the anxiety-related attention bias: a review and working model for future research. Clin Psychol Sci. (2019) 7:879–99. doi: 10.1177/2167702619838474

Conflict of Interest: TD-T has equity in Wise Therapeutics, Inc., which owns Personal Zen, and is on the advisory board of Lil Space Inc. TD-T is an inventor, with IP under patent review, on a digital therapeutics system and cognitive training method related to Personal Zen.
 
The remaining 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.

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 © 2021 Charvet, George, Cho, Krupp and Dennis-Tiwary. 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.



OPS/images/fneur-12-719090-t004.jpg
1 2 3 4 5 6 7 8
1.NA - 0.64 -0.081 0.68" -0.40 0.30 0.39" -0.25
2.BAI = 074 > -0.057 -0.17 0.12
3.MASC 2-P - 0.40 —0.42 —0.59" 051"
4.80! = 0.081 -0.24 0.34
5.CDI2 - -0.020 -0.16 0.20
6.T8 - 0.64™ 0.038
7VIG - -0.74*
8.0Is -

Each " denotes no correlation due to a lack of overiep in variables. NA, Negative Affect; BAI, Beck's Anxiety Inventory; MASC 2-R, Multidimensional Scale for Chilcren Il Perent Report;
BDI, Beck's Depression Inventory; CDI 2, Children’s Depression Inventory; T8, threat bias; VIG, vigilance; DIS, difficulty disengaging.

*p < 0.05, <0.01.






OPS/images/fneur-12-719090-t002.jpg
Age (M, SD, range)

Gender (%)

Hispanic/Latino (%)
Race (%)

17.69,2.21,14-23
years

80% Female

20% Male

34%

40% Black/African
American

6% Asian

34% White

20% Other

WRAT-4 reading (SS-M, SD)
SDMT (raw score-M, SD)

EDSS (median, range)

MS disease duration (M, SD years)

105.29 (12.81)
59.31(13.26)
0.0(0.0-35)
286(1.91)






OPS/images/fneur-12-719090-t003.jpg
Questionnaire Baseline End of Treatment

M (SD) Min-Max M (SD) Min-Max

AFFECT

PANAS—positive affect 2900 (7.56) 13-44 2850 (8.84) 10-45

PANAS—negative affect 22.88(0.95) 11-48 19.56 (7.37) 10-37
ANXIETY SYMPTOMS

BAI 11.82 (9.90) 1-32 7.29(7.17)0-25

MASC 2-P 51.14 (19.66) 14-103 40.86 (27.48) 4-102
DEPRESSION SYMPTOMS

BDI 15.59 (9.55) 2-33 12.47 (13.02) 0-39

coiz 26.06 (2.72) 22-30 2625 (3.73) 17-32

PANAS, Positive and Negative Affect Schecle; BDI, Beck's Depression Inventory;
CDI 2, Children's Depression Inventory; BAI, Beck's Anxiety Inventory; MASC-2 R
Muttidimensional Scale for Children 29 Edition-Parent.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mobile Attention Bias Modification Training Is a Digital Health Solution for Managing Distress in Multiple Sclerosis: A Pilot Study in Pediatric Onset



		Introduction



		Materials and Methods



		Participants



		Study Overview



		Measures



		Baseline Demographic and Clinical Features



		Feasibility and Evaluation of Intervention



		Baseline Attention Bias



		The Dot Probe



		Quantifying Attention Bias









		Self-Reported Affect, Anxiety, and Depression Symptoms



		Positive and Negative Affect



		Anxiety and Depressive Symptoms









		Intervention-Mobile, Gamified Attention Bias Modification Training













		Results



		Feasibility and Acceptability of Intervention



		Preliminary Efficacy for Distress Reduction



		Split-Half Reliability of Attention Bias Scores



		Main Analyses



		Exploratory Analyses







		Discussion



		Product Information



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Mobile Attention Bias Modification
Training Is a Digital Health Solution
for Managing Distress in Multiple
Sclerosis: A Pilot Study in Pediatric
Onset





OPS/images/fneur-12-719090-g001.gif
i i






OPS/images/fneur-12-719090-t001.jpg
Inclusion criteria

Ages 12-24
Confirmed diagnosis of multiple
sclerosis with onset <17 years and
11 months

Followed at NYU Multile Sclerosis
Comprehensive Care Center

Access to a mobile device with iOS
devices

Exclusion criteria

Provious report of an 1Q < 70
Wide-range achievement test-fourth
edition (38) Reading Subtest standard
score <85

Non-English speaking, leamed
English in the past 3 years, or learned
English after the age of 12 years

Not willing to comply with all study
procedures

Insufficient visual and motor ability to
operate the intervention and
assessments









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





