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1. INTRODUCTION

The Evaluation of HRV Biofeedback as a Resilience-Building Intervention in the Reserve Component
(BART) study tested heart-rate variability biofeedback-assisted resilience training (HRV-BART) versus
relaxation-breathing training to see whether resilience (i.e., the ability to bounce back from adversity) and
posttraumatic growth (PTG) could be increased. The study included both non-patients and participants who
met screening criteria for posttraumatic stress disorder (PTSD) to evaluate HRV biofeedback as a treatment
supplement and potential resilience-building intervention. The specific aims of this study were to (1) develop
a mobile app for use with the BART protocol; (2) examine the relationship between baseline HRV and
resilience, mental health, substance use, stress, and physical health measures; (3) examine the degree to
which military personnel with mental health symptoms have lower HRVs and resilience measures at baseline
and change over time; and (4) examine how having other mental health issues may affect the impact of HRV-
BART on resilience, coping, and PTG scale scores. The study team recruited 402 reserve component service
members (RCSMs), veterans, and fire and police first responders from North Carolina. Participants were
randomized to receive a 1- to 1.5-hour group introductory training in either HRV-BART or relaxation
breathing alone and were assessed on baseline HRV and via mental and physical health questionnaires.
Participants were provided with a phone app and Polar heart monitor strap for weekly practice and
assessments and follow-ups at 3, 6, 9, and 12 months. Changes in HRV, PTG, and resilience over time were
examined to determine the optimal length for each training. To date, we have received all Institutional
Review Board (IRB) approvals, conducted a pilot test determining optimal data collection devices, developed
the software and other programming needed for the study, developed all recruitment materials, recruited and
tracked 402 participants, conducted data preparation and analysis, and prepared several peer-reviewed papers
and presentations. This study provided the first data on the association between HRV and PTG and the ability
to increase resilience and PTG scores through training. This study will help design and deliver programs to
improve mental and physical well-being of RCSMs and first responders and, ultimately, military medical
readiness.

2. KEYWORDS: Provide a brief list of keywords (limit to 20 words).

Biofeedback, HRV, heart rate variability, posttraumatic stress disorder, PTG, resilience, stress, BART,
relaxation breathing, reserve component, National Guard, first responders

3. ACCOMPLISHMENTS

The PI is reminded that the recipient organization is required to obtain prior written approval from the awarding
agency Grants Officer whenever there are significant changes in the project or its direction.



What were the major goals of the project?

Aims and Tasks | Timeline

Specific Aim 1: Develop and pilot test the Personal Health Informatics Toolkit (PHIT) platform for use with the Biofeedback-
Assisted Resilience Training (BART) protocol.

Major Task 1: Develop and Pilot Test the Physiological Data Collection

Platform Start End* % Complete
Subtask 1: Prepare human studies protocol documents for pilot test and
submit to local Institutional Review Boards (IRBs) and Department of 8/1/2016 4/1/2017 100%
Defense (DoD) Human Research Protection Office (HRPO) for approval
Subtask 2: Develop data collection (DC) platform 8/1/2016 4/1/2017 100%
Subtask 3: Recruit community participants for pilot 8/1/2016 1/31/2017 100%
Subtask 4: Collect and analyze pilot test data 1/31/2016 2/31/2017 100%
Subtask 5: Modify platform as needed 2/31/2016 3/15/2017 100%
Subtask 6: Prepare pilot test report 3/15/2016 4/1/2017 100%
Milestone #1: Completed pilot test report 4/15/2017 100%
Milestone #2: Fully tested physiological data collection platform 4/15/2017 100%
Major Task 2: Prepare for Main Study DC 9/1/2016 12/8/2018 100%
Subtask 1: Prepare human studies protocol documents for main study and o
submit to IRBs and DoD HRPO for approval 12/1/2016 5/1/2017 100%
Milestone #3: All IRB and HRPO approvals received 5/1/2017 100%
Subtask 2: Develop and verify main study DC instruments 12/1/2016 5/1/2017 100%
\?vljegt;fle( 3: Develop and test DC software (PHIT adaptation) and study 8/1/2016 4/1/2017 100%*
Milestone #4: Finalized DC platforms 6/30/2017 100%*
Subtask 4: Train data collectors for onsite DC 8/1/2017 10/1/2017 100%
Subtask 5: Secure final approval/schedules for DC sites 8/1/2016 10/1/2017 100%*
Subtask 6: Create study information documents and send to providers 9/1/2016 10/1/2017 100%
Subtask 7: Train personnel and supervise phone calls to providers 6/1/2017 12/1/2017 100%
Subtask 8: Recruit and randomize military participants 6/7/2017 12/1/2017 100%*
Milestone #5: All data collection instruments/software ready for DC 10/1/2017 100%*
Milestone #6: Sample size requirement met** 12/31/2017 100%*

Specific Aim 2: Examine the relationship between baseline HRV and resilience, mental health, substance use, stress and
physical health measures.

Major Task 3: Collect, Analyze, and Disseminate Baseline Data 6/1/2017 9/30/2018 100%*

Subtask 1: Conduct HRV-BART or Paced Breathing training and collect

. 6/1/2017 12/1/2017 100%*
baseline data
Subtask 2: Baseline dataset cleaning, analysis, and reporting 12/1/2017 9/30/2018 100%*
eh{lrltlii?;one #7: Baseline technical report and 1 peer-reviewed journal 9/30/2018 100%*
Major Task 4. Follow-up Data Collection (weekly and 3, 6, 9 and 12 mos.) 6/7/2017 9/13/2019 100%
Subtask 1: Clean and prepare datasets for analysis 10/1/2018 5/31/2019 100%
Milestone #8: Cleaned and edited dataset 5/31/2019 100%
Subtask 2: Conduct analyses and prepare manuscripts/briefings 6/1/2019 10/31/2019 100%
Milestone #9: Analyses and manuscripts/ briefings for 10/31/2019 100%

publication/presentation complete

*Completion status indicates additional data collection time requested on add on (mod dated 22 Aug 2018).



What was accomplished under these goals?

SPECIFIC AIM 1: DEVELOP AND PILOT TEST THE PERSONAL HEALTH INFORMATICS
TOOLKIT (PHIT) PLATFORM FOR USE WITH THE BIOFEEDBACK-ASSISTED RESILIENCE
TRAINING (BART) PROTOCOL.

Major Task 1: Develop and Pilot Test the Physiological Data Collection Platform

Subtask 1: Prepare human studies protocol documents for pilot test and submit to local Institutional Review
Boards (IRBs) and Department of Defense (DoD) Human Research Protection Office (HRPO) for approval.

In consultation with HRPO, the University of North Carolina at Chapel Hill (UNC) and RTI IRB offices, all
IRB reviews were merged under a single protocol and reviewed locally at UNC (“Evaluation of HRV
Biofeedback as a Resilience Building Intervention,” IRB# 16-2312). On 4 October 2016, RTI and UNC issued a
jointly signed IRB Authorization Memo from UNC’s IRB office stating that UNC would be the primary IRB
reviewer, and therefore, RTI would defer to the UNC IRB.

The pilot study protocol was reviewed by UNC’s Biomedical IRB and determined to present no more than
minimal risk, making it eligible for expedited review. Pilot study IRB approval was received from UNC’s IRB
on 27 October 2016 and from HRPO on 30 November 2016. Minor revisions requiring IRB review were
subsequently approved on 3 January 2017 for recruitment of students from the UNC Psychology Participant
Pool, and again on 27 March 2017 for minor protocol and supporting document modifications.

Subtask 2: Develop data collection (DC) platform

Polar H7, Wahoo TICKR, and 4iiii Viiiiva heart rate monitors were purchased for development, testing, and
compatibility with the PHIT application data collection platform. An engineering evaluation of the three sensors
was completed in March 2017. The Polar H7 heart monitor outperformed the Wahoo and Viiiiva in reliability
and durability in both the engineering evaluation and pilot study.

A systematic flaw in all tested heart rate monitors was identified; measurements were consistently off by 2.4%.
The RR-interval (i.e., the timing between successive heart beats) was not being reported in milliseconds
(1/1000) from these devices. Rather, it was being reported with a resolution of 1/1,024 seconds. We were
therefore able to simply adjust the heart rate calculations to resolve the apparent 2.4% error and update our
mobile app software accordingly.

Subtask 3: Recruit community participants for pilot
Seventeen UNC psychology department students were recruited for the pilot test.
Subtask 4: Collect and analyze pilot test data

Pilot study data collection was conducted from February through March 2017. Detailed results from the pilot
test are available in the Pilot Study Technical Report submitted on 21 April 2017.

Subtask 5: Modify platform as needed

RTI developers, in collaboration with UNC, met regularly via phone and in person regarding improvements to
the data collection application.

Subtask 6: Prepare pilot test report

The Pilot Test Technical Report was submitted on 21 April 2017.



Milestone #1: Completed pilot test report
The Pilot Test Technical Report was submitted on 21 April 2017.
Milestone #2: Fully tested physiological data collection platform

The tested physiological data collection platform was completed by the beginning of June. Additional
modifications and testing may be required if users report issues with the software.

Major Task 2: Prepare for Main Study DC

Subtask 1: Prepare human studies protocol documents for main study and submit to IRBs and DoD HRPO for
approval

The main study protocol was an amended version of the pilot study protocol. Revisions to the incentive
structure included an additional incentive for participants opting in to self-report sleep and alcohol use data
weekly, with feedback provided to the subject within their app to document progress. Additionally, incentives
for referring doctors were changed from a per-subject basis due to potential conflict of interest for the clinicians.
Clinicians will be incentivized if they agree to make written materials available to their clients.

Request for IRB renewal was submitted on 10 October 2017 and approved on 26 October 2017 (expiration 25
October 2018).

IRB amendments/modifications were required for the following:

e Broadening of inclusion criteria to include veterans

e Addition of a Spectra 12-02 Parker Laboratories 360 Electrode Gel tube in the participant’s recruitment
package for new participants to improve heart rate monitor connectivity

e Change in principal investigator from Greg Lewis, PhD to Maria Davila, PhD

e Request to allow Greg Lewis, PhD, to remain on the study team as co-investigator at the University of
Indiana via a reliance agreement between the UNC IRB and the Ul IRB

e Approval for the privacy policy required by Google Play Store

e Approval to conduct phone follow-up with participants

Request to email participating first responders who had not been asked about veteran status in the baseline

survey

Request to develop and administer a supplementary survey to these first responders to obtain veteran status

Extension of data collection period, reduce the length of study and compensation for new participants

Surveys Month 3 and Month 6 modifications

BART poster, contact card, briefing script, training script, and consent form modifications

Milestone #3: All IRB and HRPO approvals received

The main study protocol and supporting documentation IRB approval was received from UNC on 23 March
2017 and from HRPO on 27 April 2017. Both institutions indicated the study posed no more than minimal risk.

IRB modification/amendment approval dates during Year 2 are listed below:

15 December 2017
21 January 2018
13 March 2018

18 July 2018

30 October 2018

It was consistently determined that the study posed no more than minimal risk.
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Subtask 2: Develop and verify main study DC instruments

Key data collection personnel completed HRV biofeedback training to ensure they were versed in the most
recent HRV analysis information. CITI certifications have been updated as necessary and were tracked.

The consent form and study questionnaires (Days 1, 2, 3 and 3-, 6-, 9-, and 12-month follow-ups) were
developed and finalized in Year 1. Modification to surveys (1, 2, 3, and 3-6-9-12 months) and the consent form
were required due to the addition of first responders and veterans to the study population. Study questionnaires
were subsequently uploaded into the BART application.

Additionally, a supplemental survey (based on the 12-month questionnaire) was developed to capture veteran
status for first responders as this variable was not captured in the initial survey for first responders. This
supplemental survey was only administered at the 6-month time point to a small subset of the participants who
fall into this category.

Subtask 3: Develop and test DC software (PHIT adaptation) and study website

The fully functional study website (https://bart.rti.org/) was developed and tested in consultation with the
project leads. The website included both a public and private interface.

All major components of the data collection application were adapted from the PHIT application. Several
example screens from the BART study app are shown below. The first screen (Training), shows the pre-training
setup wherein the user connects his or her heart monitor and verifies that the incoming data appear to be free of
noise or artifact. The second screen (Rest) illustrates the 3-minute baseline resting phase where pleasing images
are displayed while the user sits at rest. A similar screen is displayed after the Brain Game as a Recovery phase.
The third screen (Brain Game) illustrates the Eriksen-Flanker cognitive task, a mental stressor to challenge the
user’s resilience. The last screen (Training) shows the BART of paced breathing (inspiration/expiration triangle)
with HRV biofeedback. HRV biofeedback is provided as two modalities: a 10-minute trend chart and a more
dynamic meter chart. Both indicate the user’s relative and changing state of psychological stress (red
background) and calm (green background) during BART paced breathing.

Training Brain Game Training

First, let's make sure that your heart monitor is Rest for three minutes. View these scenes or
working properly. ciose your eyes. At the end of the three minutes
a bell will sound.

Look at your senscr output. If it does not resemble the
good example below, tap Repair Sensor. Otherwise,
Continue.

Correct

LEFT RIGHT

Repalr Sensor Continue Sensor problem - Exit

Sensor data being recelved

If your HR. senser is not working properly. then exit, fix
the sensor. and iry again later,

BAD SENSOR CONNECTION GOOD SENSCR [ONNEC{IN

Intensive testing was conducted to ensure the technology performed as expected at the first data collection on
10 June 2017 in Marietta, GA. Due to issues found in a third-party software purchased for Android devices,
only participants using Apple devices with i0S 10 or higher were eligible to participate. In addition to solving

8
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the Android issue, additional development included fixing errors found during testing and applying user
experience enhancements to the application. The Apple-compatible version of the application was uploaded to
the Apple App Store and is available for download.

The Polar H7 heart rate monitor was discontinued; the manufacturer began offering the H10. Rather than
implement another round of testing on the new H10 model, a concerted effort was put forth to procure enough
remaining Polar H7s to complete the study.

The BART mobile application was available for free download to study participants via the Apple App Store
and the Google Play Store. Trouble shooting was ongoing for both the Apple and Android platforms as issues
were identified and resolved, and user experience enhancements were applied. Several app revisions were made
to keep participants incentivized to stay in the study.

An incentive payment algorithm was developed to track incentive payments and to manually distribute
payments in the event a participant did not receive the incentive due (e.g., if training or survey criteria were
incomplete or activity was conducted out of order).

Data specifications were created and modified to streamline data download from the app to appropriate analysis
formats.

Milestone #4: Finalized DC platforms
Completed as proposed.
Subtask 4: Train data collectors for onsite DC

All data collectors were trained during full-day onsite training and rehearsals to accommodate opportunities at
various locations throughout North Carolina, Georgia, and Virginia. Dr. Strange rejoined the team 1 month later
and participated in the final data collection training which incorporated shorter data collection version options
in the protocols that were developed.

Subtask 5: Secure final approval/schedules for DC sites

Data collection conducted with the Marine Corps Reserve at the Naval Operations and Support Center (NOSC)
in Atlanta, GA, on 7 October 2017.

Data collection was conducted on 10 June 2017 at the NOSC in Atlanta, GA. Due to competing events and low
enrollment, a subsequent data collection was scheduled at the same location on 14/15 October 2017.

Data collection was scheduled at the North Carolina Air National Guard in Charlotte, NC, on 9 September
2017,

Data collection was scheduled at RTI International for local, eligible participants who have inquired
individually on 26 August 2017.

Navy Reserve at Wilmington expressed interest in participating, and we continued to follow additional specific
channels needed to secure necessary approvals and access.

Recruitment efforts continued with the Air Force, Marine Corps, Army, and Naval Reserve. Army Reservists
were encouraged via formal directive to participate in the study in North Carolina, Georgia, and Virginia.

Subtask 6: Create study information documents and send to providers



Provider recruitment was originally to be managed by Citizen Soldier Support Program however, CSSP
informed RTI that they were discontinuing work on the project during Year 1. RTI managed provider
recruitment from that point on.

A letter was e-mailed and sent via postal service to providers in three target locations: Fort Bragg, Charlotte,
and Jacksonville, NC. Follow-up phone calls were made, and information cards were sent to those who agreed
to provide the information to their clients.

The following study materials, tools, and informational documents were developed:
- BART study logo(s)

- recruitment brochures, contact cards, posters, and letters

- email (bartstudy@rti.org)

- recruitment phone number (866-214-2038)

- study introduction video to be shown at the beginning of data collection

In response to installation POC’s review of recruitment materials, the brochure and contact cards were revised
to be branch specific.

Subtask 7: Train call center personnel and supervise phone calls to providers

Team members rather than call-center personnel were trained to conduct follow-up calls to interested providers.
We developed a script to guide phone follow-ups and procedures to send incentives to providers who consent to
make study literature available to clients.

Subtask 8: Recruit and randomize military and first responder participants

Recruitment activities included phone, email, and in-person discussions with military, mental health care
providers, veteran organizations, and first responders (police departments, fire departments, and EMS/EMT).
Specific examples of recruitment efforts include but were not limited to:

e Drs. Hourani and Strange conducted an in-person study briefing to the USARC Surgeon, COL Mary Reed,
and the USARC Deputy Chief of Staff for Operations, Mr. William Hamilton. As a result, approval was
granted to access USARC subordinate commands in North Carolina, Virginia, and Georgia. We identified
POCs for several North Carolina USAR units and scheduled recruitment visits to those units.

e Efforts to access Navy Reservists in North Carolina required our team to seek approval from the U.S. Navy
Bureau of Medicine and Surgery (BUMED). This request process began in early November 2017. While we
had the approval of the Director of the Navy Human Research Protection Program Specialty Leader for
Research Psychology, the BUMED legal staff failed to provide approval after months of our effort to
ascertain status.

e Because of Virginia’s relative proximity to the majority of our team in North Carolina, in late January we
began seeking approval to recruit participants from the Virginia Air National Guard and the Virginia Army
National Guard. The initial responses from these organizations were positive; however, Virginia Army
National Guard ultimately denied the request.

¢ Recruitment efforts were made with mental health providers in the Ft. Bragg, Charlotte, and Jacksonville,
NC, areas. Providers were asked to share or make study materials available to eligible clients.
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Dr. Hourani was contacted by the Vermont Employee Assistance Program (VT EAP) which expressed interest
in a possible BART train the trainers’ program for their first responders. Because the RTI did not have the IRB
authority or a train-the-trainer protocol, project staff trained the VT EAP mental health providers in paced
breathing only under separate funding.

Facebook and radio advertising were implemented as relatively inexpensive options to improve visibility and
awareness in the target communities. The radio advertisements were run in the Wilmington and Fayetteville,
NC, areas during the last two weeks of December 2017, and then subsequently modified to include veterans and
run once more only in Fayetteville, NC. A Facebook advertisement was also run during the month of December
and was run again for inclusion of veterans. Unfortunately, the providers, radio advertisements, and Facebook
advertisements yielded little gain.

Milestone #5: All data collection instruments/software ready for DC

All questionnaires and software were developed and approved by the UNC IRB and HRPO. Both the Android
and Apple (iOS) versions of the software app were uploaded to the Google Play Store and Apple App Stores for
access by study participants. Updates were uploaded as necessary.

Milestone #6: Sample size requirement met

Due to interference between heart rate monitor and app technologies, only small groups or individuals rather
than the originally planned larger groups were able to train simultaneously. As a result, data collection was
slower than anticipated and an add-on was requested to extend data collection through September 2018.

Specific Aim 2: Examine the relationship between baseline HRV and resilience, mental health, substance
use, stress and physical health measures.

Major Task 3: Collect, Analyze, and Disseminate Baseline Data
Subtask 1: Conduct HRV-BART or Paced Breathing training and collect baseline data

Field data collection began in August 2017 and enrollment ended on 31 October 2018. The data collection
teams varied in number (2-8 staff) depending on the anticipated number of possible participants at a given
location. See below for specific data collection sites, number of participants recruited per site, and the
cumulative recruitment numbers by date.

Originally, participants were given a window of time to fill out specific surveys; however, this restriction was
revised, and participants were given the option to fill out surveys indefinitely in an effort to collect as much data
as possible.

Participants who had not uploaded data in the last 90 days were contacted by email to encourage participation
and provide support if necessary. Those who did not respond to email were also contacted by phone.
(Participants are not classified as a “drop out” until they have been inactive in the study for a full year.)

Date of # of

enrollment | Location participants | Accumulated
06/10/17 | NOSCA, Army Reserve, Atlanta GA 4 4
08/26/17 | Individual training - RTI, Durham NC 2 6
09/09/17 | Air National Guard Base, Charlotte NC 18 24
10/07/17 | NOSCA, Army Reserve, Atlanta GA 22 46
10/15/17 | NOSCA, Army Reserve, Atlanta GA 6 52
11/04/17 | Air National Guard Base, Charlotte NC 8 60
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Date of # of
enrollment | Location participants | Accumulated
11/04/17 | Stanly County Airport, Albemarle NC 10 70
11/09/17 | Holly Springs Police Department, Holly Springs, NC 7 77
11/10/17 | Holly Spring Police Department, Holly Spring NC 3 80
11/16/17 | Holly Springs Police Department, Holly Springs, NC 1 81
11/17/17 | Holly Springs Police Department, Holly Springs, NC 2 83
11/18/17 | Individual training, Durham, NC 2 85
11/27/17 | Morrisville Police Department, Morrisville, NC 6 91
11/30/17 | Morrisville Police Department, Morrisville, NC 6 97
12/11/17 | Morrisville Police Department, Morrisville, NC 4 101
12/14/17 | Cary Police Department, Cary, NC 3 104
01/12/18 | Cary Police Department, Cary, NC 3 107
01/05/18 | Individual training (Reservist/First Responder), Smithfield, NC 1 108
01/12/18 | Individual training (Reservist), Durham, NC 1 109
02/13/18 | Cary Police Department, Cary, NC 3 112
03/12/18 | Individual training (Veteran), Roanoke Rapids, NC 1 113
03/13/18 | Group Training (First Responders), RTI 3 116
03/14/18 | Individual Training (First Responder), Holly Springs, NC 1 117
03/15/18 | Individual Training (First Responder), Raleigh, NC 1 118
03/19/18 | Individual Training (Veterans), RTI 2 120
03/21/18 | Individual Training (First Responder), RTI 1 121
03/22/18 | Individual Training (First Responder), Morrisville, NC 1 122
03/25/18 | Individual Training (Veteran), Atlanta Georgia 1 123
04/02/18 | Group Training (Veterans), Fayetteville, NC 4 127
04/06/18 | Group Training (First Responders), RTI 2 129
04/09/18 | Individual Training (First Responder), RTI 1 130
04/10/18 | Group Training (First Responders), Apex, NC 1 131
04/11/18 | Group Training (First Responders), Apex, NC 6 137
04/13/18 | Group Training (First Responders), Apex, NC 4 141
04/19/18 | Group Training (First Responders), Apex, NC 2 143
04/26/18 | Group Training (Veterans), Fayetteville, NC 2 145
04/27/18 | Group Training (First Responders), Raleigh, NC 3 148
05/05/18 | Army Reserve Unit, Ft. Eustis, VA 11 159
05/10/18 | Individual, Goldshoro, NC 1 160
05/14/18 | Individual Training, Wake Forest, NC 2 162
05/17/18 | Individual Training, RTI 1 163
05/18/18 | Individual Training, RTI 1 164
05/19/18 | Army Reserve Unit, Virginia Beach, VA 29 193
05/20/18 | Army Reserve Unit, Knightdale, NC 36 229
05/22/18 | Individual Training, RTI 1 230
05/31/18 | Individual Training, Beaufort, SC 1 231
06/10/18 | Army Reserve Unit, Charlotte, NC 42 273
06/24/18 | Army Reserve Unit, Alexandria, VA 38 311
06/24/18 | Army Reserve Unit, Richmond, VA 18 329
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Date of # of

enrollment | Location participants | Accumulated
08/22/18 | Individual Training, MHSRS 2018 1 330
09/08/18 | Air National Guard, Charlotte, NC 9 339
09/22/18 | Army Reserve Unit, Ashville, NC 19 358
10/20/18 | Army Reserve Unit, Cary, NC 3 361
10/20/18 | Air National Guard, Charlotte, NC 21 382
10/21/18 | Army Reserve Unit, Cary, NC 20 402

Subtask 2: Baseline dataset cleaning, analysis, and reporting

Set up a monthly routine to download data, check data quality, identify participants who are behind on
submission of data, etc.

Created several custom stored procedures for the BART study MS SQL Server database to allow for
exporting raw Polar monitor inter-beat interval (IBI) data and compute HRV datasets for QA review and
interim statistical analyses.

Created an automatic codebook generator which reads the BART app survey specification files (in XML)
and produces a comma-separated list of all survey variables and their characteristics. This pre-codebook can
then be imported into Excel and additional information added (i.e., alternate variable names, report labels,
range check parameters) for use by the data analysis team and statistical reporting software.

Developed the statistical analysis plan to ensure a systematic approach to data management and analysis.
Performed quality checks on preliminary baseline data; prepared SAS dataset formats and labels;
programmed composite variable algorithms. Prepared preliminary tables for demographic and key outcome
variables. And, developed procedure to analyze and validate HRV data.

Completed preliminary compilation and cleaning of the baseline data. Continued to refine the process and
presentation. This included periodic baseline data cleaning to track participant numbers and initial resilience
relationships to HRV, as well as modeling treatment group differences.

Developed SAS programs to construct scales and measures; conducted preliminary analyses related to heart
rate variability, posttraumatic growth, resilience, and coping styles.

Finished tools/applications to process the raw heart rate data (RR data). Developed application to convert
stress game file and training file into individual Inter Beat Interval (IBI) filesweek, session, task, and
attempt number are noted per participant. Developed application to classify IBI files into Good, Edit, and
Bad, and to edit IBI data classified as such. Developed application to derive HRV parameters and organize
the data into a matrix suitable for statistical analysis. Finished the tool/application to summarize the
processed HRV obtained by the BART app.

Revised apps, data collection materials and questionnaires to accommodate expanded participant samples
and reduced incentive opportunities (due to time constraints).

Conducted preliminary data analyses and prepared poster presentations for Military Health System Research
Symposium 2018 and other technical venues (see Appendix B).

Baseline data was reviewed with additional emphasis placed on HRV trends, particularly respondents in the

upper and lower 10% of the sample. Deviations were categorized and analyzed for significant correlation to
scales and subscales, as defined in the Statistical Analysis Plan (SAP).
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e Draft baseline manuscript finalized for journal submission (see attached).
Major Task 4. Follow-up Data Collection (weekly and 3, 6, 9 and 12 mos.)
Subtask 1: Clean and prepare datasets for analysis

e Performed quality checks on preliminary baseline and follow-up data; prepared SAS dataset formats and
labels; programmed composite variable algorithms.

e Weekly and quarterly survey data was collected, cleaned, and renamed to conform with conventions set in
the baseline dataset.

e Scales and Subscales from the weekly and quarterly data were created, with HRV data being added
accordingly.

e Longitudinal time series were created for baseline, weekly, and quarterly data.
Subtask 2: Conduct analyses and prepare manuscripts/briefings

e Finalized correlations for items related to HRV, with accompanying summaries and descriptions for
publication.

e Added analysis of respondents with positive reactivity, where HRV is higher during the stressor than during
the initial rest phase.

e Models of dropout were estimated for the weekly data to determine if any significant differences between
respondents with and without weekly data in preparation for the second manuscript.

e Began drafting manuscripts 2 and 3.

e We completed the analyses for the baseline manuscript.

e The HRV data was age adjusted using linear regression. The correlations between survey variables and
HRYV data were estimated. General Linear models and Linear Mixed models were used to examine the
predictors of HRV at rest, during a stressor and post stressor and reactivity, recovery and normalization of

HRYV measures. The results were documented accordingly. Tables (attached) and Paper 1 were drafted.

What opportunities for training and professional development has the project provided?

We provided opportunities for two junior staff to help develop and present posters at the American
Psychological Association (APA) and Military Health System Research Symposium (MHSRS) annual
meetings. We also provided opportunities for more junior staff to lead papers and oral presentations at
scientific meetings.

How were the results disseminated to communities of interest?

Results were disseminated via peer reviewed papers, scientific meeting presentations and DoD briefings.
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What do you plan to do during the next reporting period to accomplish the goals?

NA

4. IMPACT

What was the impact on the development of the principal discipline(s) of the project?

The BART study was designed to determine the most effective heart rate variability (HRV) biofeedback-
assisted resilience training (BART) protocol for impact on psychological resilience. We examined underlying
processes and conditions of HRV biofeedback that inform the development of an acceptable, feasible, and
practical evidence-based adjunctive intervention to enhance resilience and support the treatment of PTSD and
other stress-related problems among RCSMs.

What was the impact on other disciplines?

This study contributed to advancing methods (i.e., HRV and apps) used by disciplines including Biological
Psychology and Physiology.

What was the impact on technology transfer?

e We determined that the Polar Strap device for the measurement of HRV was the most efficient and
reliable of the three main devices tested.

e We designed, developed, and tested working software that provides the interface between HRV and
smartphone technology.

What was the impact on society beyond science and technology?

This study provided further evidence that self-reported resilience was associated with HRV biofeedback with
implications for clinical and nonclinical outcomes.
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5. CHANGES/PROBLEMS

The Project Director/Principal Investigator (PD/PI) is reminded that the recipient organization is required to
obtain prior written approval from the awarding agency Grants Officer whenever there are significant changes
in the project or its direction. If not previously reported in writing, provide the following additional information
or state, “Nothing to Report,” if applicable:

Changes in approach and reasons for change

Minor changes were made to streamline data collection time when needed (e.g., allowing participants to
complete the first baseline questionnaire at home rather on site). We broadened our participant base to
include other first responders, such as firemen and policemen, and reduced the potential burden on the
military. Minor questionnaire changes were made to accommodate the addition of these participants. Because
of the add-on start date in August, newly recruited participants (those recruited in September) will be
followed for up to 6 months.

Actual or anticipated problems or delays and actions or plans to resolve them

Thank you for the add-on funds to extend data collection and maximize sample size for analyses.

Changes that had a significant impact on expenditures

Thank you for the additional funds to extend participant recruitment. Increasing recruitment helped increase
sample size to permit more in-depth statistical analyses of the data and allow for stronger conclusions.

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents

Nothing to report

Significant changes in use or care of human subjects

Nothing to report

Significant changes in use or care of vertebrate animals.

Nothing to report
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Significant changes in use of biohazards and/or select agents

Nothing to report

6. PRODUCTS
Publications, conference papers, and presentations

Journal publications.

= Kizakevich PN, Eckhoff RP, Lewis GF, et al. Biofeedback-assisted resilience training for
traumatic and operational stress: preliminary analysis of a self-delivered digital health
methodology. JMIR Mhealth Uhealth 2019;7(9):e12590 URL.:
https://mhealth.jmir.org/2019/9/e12590/ doi: 10.2196/12590

=  Hourani LL, Meleth S, Kizakevich P, et al. Mental health, stress, and resilience correlates of
heart rate variability among military reservists, guardsmen, and first responders. Physiology
and Behavior. 2020;214. https://doi.org/10.1016/j.physbheh.2019.112734

= Hourani L, Morgan JK, Kizakevich PN, et al. Heart rate variability-assisted biofeedback may
improve resilience in military and first responder personnel. Submitted for publication. 2019.

= Davila MI, Kizakevich PN, Eckhoff R, et al. Use of Mobile Technology Paired with Heart
Rate Monitor to Remotely Quantify Behavioral Health Markers Among Military Reservists
and First Responders. Submitted for publication. 2020.

Books or other non-periodical, one-time publications.

Nothing to report

Other publications, conference papers, and presentations.

An abstract entitled “Lessons learned integrating heart rate data collection for the Biofeedback-
Assisted Resilience Training (BART) Study” was accepted for presentation at the 9th International
Conference on Applied Human Factors and Ergonomics (AHFE 2018) in Orlando, FL, in July 2018.
No BART funds required.

An abstract entitled “Mobile Biofeedback Heart Rate Variability to Prevent Mental Health
Conditions: Could It be a Place Based Intervention?” was submitted to the Individual Paper
Presentations program for the Society for Prevention Research 28th Annual Meeting upcoming in
Washington, DC, in May 2020. No BART funds will be required.

Bart HRV and app methodologies and preliminary results were disseminated at APA and MHSRS in
August 2018.

17


https://mhealth.jmir.org/2019/9/e12590/
https://doi.org/10.1016/j.physbeh.2019.112734

An abstract entitled “Mobile technology for improving psychological resilience via heart rate
variability biofeedback’™ was accepted for presentation at the UNC Digital Health Symposium in
Chapel Hill, NC on 23 February 2018.

A focused technology session with examples from BART was presented at the International Field
Directors and Technologies Conference on Integrating Wearable Sensor Technology with Survey
Data Collection, Denver, CO, May 2018. No BART funds required.

Kizakevich P, Eckhoff RP, Furberg RD. Technology workshop: Mobile technologies and wearables.
APA Division 19 Regional Symposium, April 4-5, 2019, Research Triangle Park, NC.

Kizakevich PN, Eckhoff R, Hourani L, et al.. Mobile Technologies for Resilience Training, Mental
Health, and Sensor-Based Research. Medical Technology Enterprise Consortium (MTEC) 4th
Annual Meeting, March 23-24, 2019, Charleston, SC.

RTI and UNC presented findings from the baseline manuscript entitled “Mental health, stress, and
resilience correlates of heart rate variability among military reservists, guardsmen, and first
responders” at the American Psychological Association Division 19 Regional Symposium Series,
April 4-5, 2019 in Research Triangle Park, NC, and submitted the manuscript to Biological
Psychology for review.

The following four posters were presented at the Military Health System Research Symposium 2018
in Kissimmee, FL, on August 2018 (see Appendix B):

1. Hourani L, Morgan J, Davila Hernandez M, et al. Heart rate variability biofeedback as a
resilience-building intervention in the Reserve Component and First Responders.

2. Morgan JK, Hourani LL, Lane EM, et al. The physiology of positive psychology: heart rate
variability, posttraumatic growth, and coping styles in the military.

3. Kizakevich P, Davila M, Eckhoff R, et al. Mobile health technology for biofeedback assisted
resilience training (BART).

4. Davila M, Kizakevich P, Eckhoff R, et al. Building resilience via HRV biofeedback in the reserve
component: evaluation of a mobile technology combined with a portable heart rate monitor.

The following poster was presented at the Military Health System Research Symposium 2019 in
Kissimmee, FL on August 2019 (see Appendix B), the poster was awarded “Honorable Mention” at
the 2019 MHSRS 2019 Poster Awards — Session 1:

1. Davila Ml, Ph.D., Kizakevich PN, M.S., Eckhoff R, B.S., Morgan J, Ph.D., Meleth S, Ph.D.,
Ramirez D, M.A., Morgan T, M.A., Strange LB, COL, A.N., USA, (Ret.), Lane B, Ph.D.,
Weimer B, M.A., Lewis A, Lewis GF, Ph.D., Hourani LI, Ph.D. (2020). Use of Mobile
Technology Paired with Heart Rate Monitor to Remotely Quantify Behavioral Health Markers
Among Military Reservists and First Responders.

Website(s) or other Internet site(s)

Study website: https://bart.rti.org
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Technologies or techniques

e BART Phit 4 Duty app on iOS and Android platforms
« Battery of applications to process the raw IBI data into HRV data

Inventions, patent applications, and/or licenses

Nothing to report

Other Products

e Study recruitment/announcement video

e Recruitment materials and questionnaires
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7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

What individuals have worked on the project more than 160 hours?

Name:

Project Role:

Hours:

Contribution to Project:

Name:
Project Role:
Hours:

Laurel Hourani, PhD, MPH

Pl

1728

Directed and reviewed all study activities on the RTI site.

Dr. Maria Davila
Pl
2320

Contribution to Project: Directed and reviewed all study activities on the UNC site.

Name:

Project Role:

Hours:

Contribution to Project:

Name:

Project Role:

Hours:

Contribution to Project:

Name:

Project Role:

Hours:

Contribution to Project:

Name:
Project Role:

Nearest person month worked:

Contribution to Project:

Name:

Project Role:

Hours:

Contribution to Project:

Name:

Project Role:

Hours:

Contribution to Project:

Name:

Project Role:

Hours:

Contribution to Project:

Randy Eckhoff

Software Developer

539

Led software development for mobile iOS app and the bart.rti.org
website.

Paul Kizakevich

Biomedical Engineer

547

Adapted the PHIT for Duty app as a foundation for implemented the
BART study protocol, including questionnaires, physiological data
analysis, HRV biofeedback, and incentive monitoring.

Amanda Lewis

Project Manager

520

Managed weekly meetings; staffing changes; assisted with phone
follow-ups; planned staff training days

Sreelatha Meleth

Lead statistician

739

Developed analysis plan, analyzed dropout rate, assisted with training

Jessica Morgan

Co-Investigator

695

Assisted with data collection and analysis

Timothy Morgan

Co-Investigator

759

Responsible for recruitment and logistics

Derek Ramirez

Analyst

601

Assisted with data analysis
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Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the last
reporting period?

Dr. Davila assumed P1 responsibilities from Dr. Lewis who transferred to Indiana University. Drs. Strange
and Kizakevich left RTI, and Dr. Meleth was replaced by Dr. Morgan for statistical analyses.

What other organizations were involved as partners?

UNC Chapel Hill (Dr. Davila) was a collaborative partner.

8. SPECIAL REPORTING REQUIREMENTS

COLLABORATIVE AWARDS: See report submitted to https://ers.amedd.army.mil for each unique award.

QUAD CHARTS: See Quad Chart (available on https://www.usamraa.army.mil) in Appendix C.

9. APPENDICES

Appendix A. Selected Publications

Appendix B. Selected Abstracts/Poster presentations

Appendix C. Final Quad Chart
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Appendix A. Publications

MR MHEATTH AND UHEAITH Kizakevich et al

Driginal Paper

Biofeedback-Assisted Resilience Training for Traumatic and
Operational Stress: Preliminary Analysis of a Self-Delivered Digital
Health Methodology

Paul N Kizakevich', MS, PE; Randall P Eckhoff’, BS; Gregory F Lewis’, PhD:; Mara I Davila®, PhD; Laurel L
Howrana®, PhD); Rebecca Watkins®, BS; Belinda Wemer’, MA; Tracy Wills*, MS; Jessica K Morgan®, PhD; Tim
Morgan®, BA; Sreelatha Meleth’, PhD; Amanda Lewis’; Michelle C Erzyzanowski®, PhD; Derek Famirez’, MS;
Matthew Boyee®, BS; Stephen D Litavecz’, MBA; Manan E Lane’, PhD; Lawra B Strange’, PhD, EN

'Bioinformatice Program, Ressarch Computing Division, RTI International, Research Triansle Park, NC, United States

*RTI Intemariomal, Research Triangls Bark, NC, United States

*Hinsey Inseirute, Indiana Unniversity, Bloorington, T, United States

*Department of Psychiatry, University of North Carolina at Chapel Hill, Chapel Fill, NC, United States

*Consultant, Hilton Head, SC, United States

Corresponding Anthor:

Paul M Eizakevich, MS, PE
Bicinformatice Program

Fesearch Computing Division

ETI Internatonzl

3040 Cornwallis Foad

Fecsearch Triangle Park, WC, 27708
United States

Phone: 1 919 541 6638

Email: kiziarti.org

Abstract

Backgromnd: Psychological resilience is crtical to minimize the health effects of Taumatic events. Trauma may induce a
chromic state of hyperarousal, resulting in problems such as anxiety, insomnis, of postmammatc swess disorder. Mind-body
practices, such as relaxaton breathing and mindfulness meditation, help to reduce aronsal and may reduce the likelihood of such
psychological distress, To better undarstand resilience-building practices, we are conducting the Biofeedback-Assisted Fasilience
Training (BAPRT) study to evaluate whether the practice of slow, paced breathing with or without heart rate varability biofesdback
can be effectively leamed via a smanphone app to enbhance psychological resilience.

Objective: Our objective was o conduct a limited, interim review of user interactions and smdy data on use of the BART
resilience training spp and demonstrate analyses of real-ime sensor-sreaming data.

Methods: We developed the BART app to provide paced breathing resilience training, with or without heart rate variability
biofeedback, via 3 self-managed §-wesak protocel. The app receives streaming data from a Blustooth-linked heart rate sensor and
displays heart rate variability biofeedback to indicate movement between calmer and stressfinl states. To evalnate the app, 3
population of military personnel, veterans, and civilian first responders used the app fior § weeks of resilience training. We analyzed
app usage and heart rate variability measares during rest, cogmitive stress, and paced breathing. Cummently released for the BART
research stady, the BART app is being used to collect selfreported survey and bheart rate sensor data for comparative evaluation
of paced breathing relaxation waining with and without heart rate variability biofeedback.

Eesults: To date, we have analyzed the results of 3238 participants who began using the BART app for § weeks of sress relaxation
mraining via 2 self-managed protwocol. Of these, 207 (63.1%) followed the app-directed procedure: and completed the raiming
regimen Our review of adherence to protocol and app-caloulated beart rate vartability measares indicated that the BART app
acquired high-guality data for evaluating self-managed stress relaxation TIining programs.

Conclusions: The BART app acquired high-qualify data for studying changes in psychophysiological stress accerding to
mind-body actvicy states, including condidons of rest, cogmitive stress, and slow, paced breathing,
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Introduction

Background

Poyrhological resilience—the ability to recover from a traumanc
experience snd refurm to mental well-being—is cntcsl o
minimize health effects, such as anxiefy, substance abmze, sleap
problems, or postraumatc ses: disorder (PTEDN [1-4].
Exposure to Tauma may leave the antonomic system in & chromic
state of hyperarousal [7]. Heart rate vanahility (HEV), 3 measuare
of beat-to-beat cardiac imterval wariaton, reflects wagal
parasympathetic tone and change: in autonomic stams [3].
Smdies have found an association between PTSD and reduced
HEW thought to be related to sustained hyperarousal and snxiety
[2-14]. Comversely, higher HEW indicates greater flexibiliny
and abiity to regulate emotional responses, linking simess
response 1o both snhanced mental health and resilienca.

Reduction of arousal during or shortly afier maoma exposure
may prevent or reduce the likelihood of psychological dismess,
inclnding PTSD symptoms [15-17). Mindfulness meditation
and relaxation fraimng have been associzted with a reducion
in bhyperaromsal [17], may increase HEW [18,19], and hold
promise for PTSD treatment [18,20]. HEWV biofeedback,
providing real-time HEW monitoring during relaxation raining,
haz been shown to improve depression, anxiety, FTSD, and
simess sympioms [21]. When practiced consistendy, HEWV
biofeedback can also increase HENV and may belp alleviate
PTSD symptoms [22, 23]; however, others have reported mixad
results [24.25], indicating the need for further research
Objective

The Biofeedback-Assisted Fesilience Training (BART) study
is evaluating whether routine practice of slow, paced breathing
with and withont HEW biofeedback can enhance psychological
resilience by facilitating an HEW rebound afier a siresszor task.
To support the study, we developed the BART mobile app,
enabling participants to practce relaxation Taining cuwtside of
a formal fraining environment. This paper describes the BART
resilience waming app, demonsirates HEV biofeedback. presents
processes that may have wider applicability for mobile health
research, and reporns the interim results of app nsags.

Methods

Study Population
The BART smdy is being conducted in a mixed population of
military personnel, veterans, and civilian first responders at
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mmliple sites acrpss muliple states in the United States. We
recruited partcipants from a coovenience sample of Mavy,
Marine Corps, and Army Feserve units and Matonal Guard
armories from Morth Carolina, Georgia, and Virginia, and fire
and police units in the Faleigh-Durham . Morth Carolins, area
who volunteered to pamicipate for a &0- o 90-minute onsite
Taining session, practice their Taiming ai home, and complets
a suite of survey assessments over the course of 1 year
Eligibility criteria included having a smarfphone and knowing
their password. We offered monetary incentives in addition fo
allowing them to keep their smdy-related heart rate (HE)
moniter chest swap.

This smdy was approved by the University of North Carolina
Insttutionzal Eeview Board under an authonization agreement
with the BTI Infernational Committes for the Protection of
Human Subjects; and the US Ammy Medical Bessarch and
Materiel Commeand, Oifice of Flesearch Protections, Human
Peesearch Protection Office.

Study and App Design

Stdy Protocol

The BAFRT smdy is comparing 4 resilience raining regimeans:
paced breathing at 5 or & breaths per mummte, each with or
without HEV biofeedback. Participants are randomly assigned
to 1 of these 4 regimens and asked to practice paced breathing
atleast 3 times a week for § wesks, and thereafter for 12 months
(Table 1). Pamicipanis use 3 chest-belt HE. sensor to acquire
HEWV measurements, including participants randomly allocatsd
to no HEWV biofeedback . While such partcipants cannot obsansa
changes in HEWV during maining, continwons scquisition of HEW
dazta in the backpround enables postiraining smalyses of
physiclogical responses to cognifive stress and paced breathing
Taining.

The study begins with a setup day (day 0) on which individuweals
provide thelr consent to participate, install the app on their
smariphone, complete baselinge assessments, leamn to nse their
HF. momnitor (Polar HT; Polar Electro, Bethpage, MY, TISA),
and practice 1 resilience training session, which mcludes a
Cognitive stress game. Special consideration s given to weanng
the Polar HE. sensor, linking the sensor to the BART app, and
acquiring good-guality HE. measurements. Afrer this imifial
sefup and insruection, participants execute all activities on their
own for the duragon of the study under the scheduling and
direction of the BART app.
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Table 1. %chedule of parficpant activities across the vearlong stody doration.
Tims Flesiliencs traming Flesilienrs traming with cognifive sTess Agzessment Incemtive (U5 §)
Day 0 Al Practice once Baseline part 1 15
Carys -3 NA N Biaszelins part 1 3
Diarys -3 WA NA Baszelins part 3 5
Weeks 1-§ Practce twiceweek Practce onceweek Weskly survey 10iwesk
Momnths 3, 6, and & Practice twicawesk Praciice once/quanier Caarerly survey Xquanier
Mlomeh 12 Praciice twice Practice once Final sumvey X
“Mot applicabls.

BART app desizn was governed by the sudy protocol and
schedule of parficipant activities (Table 1), the prescrbed
resilience fraining and siressor regimens, the mechanizms for
helping participants to complete the smdy activites, and
iocentives to encourage adbereoce. A suite of self-report
messuras (eg, anxiefy, posiranmatc swmess, sleep gquality,
resilience) are taken at baseline, with a subset taksn guarterly
and at 12 months. Schednling of activities is provided via the
app, along with ncentives to support adherence over the initial
dweeks and throughont the 12 moaths. Chwing to the geosraphic
distribution of stedy recruiment sites, pardcipants enter the
study ncrementally, thereby allowing a small study team to
recTuit, take consent, and provide initizl fraining at varnouns
locations over an extendsd period. Consequenily, each
participant’s profocel schadule is based on their personal study

entry date.

App Development
Ohur previous work in predeployment siress ingculation fraining,
HEV  hiofzedback, and mobile techoologies for

mindfnlness-based swess reduction stoongly mflnsnced our
desizn of the BART app [18,25,24]. Each of these smdies
imolved soess relaxation Taiming, a cogmitive stressor, and
HEV assessments. We reviewed our lessons learned from these
sdies to refine processss and IDCOrpoTate Dew sensors and
mobile technology in the BART app. Smariphons-deliverad
health and HEV biofesdback analyses of the pror Personal
Health Imfervention Toolkit for Dty mesearch app [27]
constimied the foundation for app development.

We implemsntad the BART app uwsing the Persomal Health
Informatics and Intervention Toolkit (PHIT), a development
framework geared to research-oriented mobile apps [28-30].
The PHIT framework eases app development for acquining data,
including  self-report instuments, ecological momentary
assessment diares, cognifive tests, and games-like activities. For
sensol data collection, PHIT supports infminsic (eg, global
positioning system, moton) and Bluetooth 4.0 data sireams {eg,
HE monitors). All data are tagzed with smudy protocol,
participant, date and time stamps, and other cootextual
information, then encrypied and stored locally in the app space.

4 wirteal advisor provides a logic layer where analysis amd
planning tzke place. An activity manager scheduales salf-report
and sensor data collection, intervention and fraining, alers,
incentve feedback, and behavior change according to the smdy
protocal.

PHIT modules are implemented using XML and employ
PHITScmipt to constmact program logic and activate special app
functions, such as coellecting sensor data or scheduling
notifications. Apps using the PHIT framework mn locally
without the need for an sactive internet connection. PHIT is based
oo Apache Flex (Apache Software Foundation) and ATR. (A dobs
Systems) technologies, which are both open source and widsly
used for mobile game development. A reguirement for the
BART smdy was that participants would use their own
smariphones or tablets, necessitating app compatibility with
both Android and 105 devices as provided by Adobe ATR.

Al scquired and derved data are stored oo the device in an
encrypted S0QLite (530QLite Consorduwm) database and
pericdically npleaded by the participant to 3 secure central data
server To eliminate financial borden, neither continwous infemmet
access noTr nse of the participant™s cellalar data plan is required.
Pather, data are uploaded whenever Wi-Fi internet access is
available, and at the participani’s direction and comveniesnce,
gither wia Wi-Fi or the partcipant’s cellnlar data plan.

App Architecture

The BAFT operational schema (Figure 1) centers on a
participant activities menu with various tazsks such asz health
assessments, resilience fraining, snd data upleads. The activitias
menn (Figure 1 and Figure Za) is npdated daily by a schedule
manager according to protocol specifications and personal
progress, nsing labeling and icon references as defined by
PHITScript programming. Each day, activities are listed or
removed, and a local notification is posted to the participant as
a reminder to complete their activites. The meon may alse be
updated by changing the icon to note an incomplete actviny,
removing & completed activity from the mem, or tagging a
lested sctivity with key nser informaton—for example  advising
oo the munber of resilience rainings remaining to meet incentive
pavment requirements for the ourrent snady week_
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Fignre 1. Crerall apchitecore and major components of the Bofeedback-Assizted Fesilience Training (BART) sudy mobils app. BT Blusiodoth;

HEV: heant rate variability.

Daily Schedular

Activity
Seripls

Health
Aaspssments

Sacura
Database

BT Sansor
Manager

T

k J

HRY Analyrer *

Paced Breathing

Primary outcome measures acguired via the app are resilience
(Connor-Diavidson Besilisnce 5cale), coping measures (Bref
Copinz Scale, Perceived Siress Scale, and Postranmeatic Growrt
Inventory), and sleep problems (Sleep Dismarbance Scals).
Secondary outcomes are menial healih {measured by the BFTSD
Checklist, 7-item (Generalized Anxiety Dizorder scale, and
Center for Epidemiologic Sfudies Depression Scale), physical
health (5hort Form Health Survey), and alcohol nse problems
{Alcohol Use Disorders Idenfification Test). Covariates are
combat and deployment, recent tobacco and caffeimated
beverage nse, age, education, use of other relaxation techmigues,
and interest in learning relaxaton skills. These measures, along
with demographic information, were aggregated into & sat of
brief smurvey msmunents o be completed at bazeline (surveys
1-3), weekly, quarterly, and at 12 months_

with HRW
Blofeedback

Health assessments are administered wvia bref zelf-repor
mstmumnents, typically with a single guestion per screen (Figure
b and c). As the nser advances through each assessment, 3
graphic indicafor informs progress toward completion. At
completion of each self-report measure or resilience practice
exerciss, an incenfives manager records the samed mcentive to
the databaze (Figure 1). The user is then advised to upload data
or defar the upload to & more comvenient time. The activides
menn may alse be npdated. For actvites with HE. sensor data
sireams, 3 Blustooth imterface manager links the sensor and
receives beai-by-beat HE. information for HEW analysis. Omnce
imittated, this process executss sutonomously in the back ground
while the partcipant performs resilience raming. The raw HE.
and derived HEV measures are provided for feedback display
and zaved in the app databasze.
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Fignre 1. Biofeedback-Assisted Resilisnce Trainmz (BART) app bome
(a) Actvities memr (b,c) sample survey gquestions.
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STesn ACEviies mem and examplss of health assessment survey questions.
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The BART project employs real-tims HEV analysis to provide
physiological bipfeedback during resilience fraining.
Beat-by-beat heart intervals, also called interbeat intervals, are
acquited confipnonszly duoring each maming session from a
Bluetooth Low Ensrgy (Bluetooth Special Interest Group) HE
moniter. The raw interbeat intervals are streamed in real time
to an HEV amalysiz module and stored i the app database to
allow for subsegquent ofline quality review and analysis.

Three vanants of HEWV measures are determined using the
Porges-Bohrer HEW analysizs methodology [31,32]: respiratory
sinus arrhythmia (B5A), low-frequency HEWV, and wideband
HEV. RS54 reflects parasympathetic vagal activity for expectad
spontaneous breathing rates, whereas low-freguency HEW is
thought to reflect sympathetic activity, as well as other
cardiovascular regnlatory systems. The widsband measure
ensures that very low breathing rates during paced breathing
exercizes are properly measured Multimedia Appendiz 1
provides HEW data processing details.

Resilience Irmning

We asked participants to practice resilience fraining 3 tmes
each week for § weeks, 8 2-siep process comprising a 3-minute
resting segment and a3 S-minute resilience Taining segrment.
Each participant was randomby allocated after consent to recaive
1 of 4 resilience Taining regimens: paced breathing at 5 or 4§
breaths per minute, with or without HEV biofeedback . Before
fraining, the participamt is asked o be in a gquiet place and put
on the Polar H7 HE. monitor When the participant is ready, the

displayed to check sigmal quality (Figure 3a). The participant
reviews the HE trend and decide:s whether to proceed o
resilience maining or take measares, such as adjusting or
moistening the chest sirap sensor, o improve data gualiny.
Besilisnce maining begins with a 3-minute resing segment o
relax the parficipant and establish baseline HEV measares.
During this time, the participants may close their eyes or lightly
forus on & series of peaceful landscapes that fade from one o
another at 30 second intervals (Figure 3b). A namator announces
when sach minute amves to bhelp reduce anxiety owing o
waiing for the resting sagment to finish

For partcipants receiving resilience training without
biafeedback, an animated hall is displayed as rising and falling
upon a triangular graphic for paced breathing resilience maining
(Figure 3c top). Parmicipants inhals az the ball rises and exhale
whils the ball falls, with ball movernent set at 5 or & breaths per
minnte, with an inspiration to expiration ratio of 0.435 and an
end-inspiration and end-expiration pause of 1.5 seconds. An
audilble tone with nsing and falling pitch is played in syonchrooy
with the nising and falling ball to allow for paced breathing with
eves closed.

For participants recelving resilience waining with dlafeedback,
the animated ball and andible tones are rendered in similar
fashion to that without biofeedback. Two modes of graphic
biofeedback are provided: a tending HEV chart and a real-tims
dynamic HEW metsr The chart and meter are updated svery 2
seconds against 3 color-coded background to show movement
between calm (zresn) and stessfinl (red) psychophysiological
siates, reflecting higher and lower parasympathsiic activation
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Fignre 3. (2) Resilience training begins with verification of heart rate (HED) data quality to ensare high-quality heart mie vanability (HEW) biofeedack.
it} Cmce the HR is checked, participants sit at rest for a 3-mimste baselme period. (o) Then participants receive paced breathmg via an audiowizaal
graphic animation (top), while the HF. sienal, HEW trend, and instanfaneous HEW meter are displayed in real time: (boithon).
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Cm stdy days 0 and 1, and after & weeks of Taining, participants
complete an enhanced training regimen called the Training
Game. The Training Game builds on the basic resilience raming
exercize by incorporating the Ernksen flanker task [33], a
game-like cognifive stress exercize desigmed to elicit
psychophysiolegical stmess, The Eriksen flanker task haightans
psychological stress by requirmmg  attention, providing
anficipation, and imposing conflict in higher brain function. As
before, HEW is measured throughout the Training Game, tharsby
allowing fior objective assessment of resilience before and after
4 weeks of waining.

The Training ame begin: with a 3-minofe rest, followad by
instuctions on performing the Enksen flanker task (Figure 4a).
When ready, the participant begins the Erksen flanker task,
which presents a series of stimmlus screens comprising a fisld

of armowrs pointing to the left or right, with a central amow that
may be congment of incongmuent i direction with the 4
bounding arrows on either side (Fignre 4b). The 4 bounding
arrow's are randomly rendered as poimting left or right, resulting
in 4 available stirmlus combinations. At 3 random interval
ranging fom 1 to 3 seconds, 1 of the 4 combinations of the
central and flanking amows is selected at random and pressnted
for 400 milliseconds. Participants have 2.7 saconds to respond
by tapping the lefi or nght button to mndicate the direction of
the central arrow. The Erikssn flanker task continnes presening
simmli for 4 minutes, then the BAPT app advances to a
3-minmmte poststress recovery phase of sitdng atrest (Fizure 4¢).
After recovery, resilience framing is provided as previously
described with paced boeathing af 5 or § breaths per minute,
with ar without HEWV biofeedback.
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Fignre 4. The cognitive Training (rame siressor exercise is precedad by (a) an mstmaction soeen, followed oy (1) 4 ooates of Erksen flanker stiomiti

with user response, and completed with () 3 mimates of postsiress recovery.
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Protocol Adherence and Incentive Management

Adherence to sudy interventons and dam collection is a
common challenge in any research siudy, and especially when
participants are asked to essentially perform the study oo their
own, albeit with app support. To support the frequency of
resilience training (3 time per week), weekly assessments, and
the yearlong period of follow-up assessments, the BART smdy
desizn imcorporated an incremental imcentves approach to
encourage participants to do scheduled activitdes and stay
engaged across the duration. We were concerned, however, that
mannal monitoring of several hondred participants with
timne-shified protocol schedules could be ermor proae and cause
missed payments or awarding uneamed payments. To mitigate
such risk, we implemented incentive management to standardize
both incentive gualification and auwtomated distribution of
incentive awards (Figure 5.

In comcert with the BART protocol (Table 1), incentives are
eamed providing that the participant completes the requisite
activities (Figure 5). Incentive criteria, alomgz with labeling and

monetary values, are coded in PHITScript and checked both
daily and after the participant exits each activity module.
Whenever the participant complsfes the criteria for a specific
incentve, an incentve fulfillment request i= stored to the local
app database, and the in-app incentives table iz updated to
inform the nser that an incentve has been earned and is pending
award When smdy data are mansfemed to the secures central
data server, the inceative fulfillment request is moted for
processing. Each night a procedure scans all pardcipants for
pending fulfillment requests, identifies mmpatd meentives, amails
a gift card code in the appropriate amount o pardcipants, and
tags the incentive payment as fnlfilled

To further supporn the incenfive process, MONITOT paymlents,
and validate the accuracy of the incentive management process,
a report of incentives earmed and paid is prodoced weekly so
that study staff may check each participant’s incentive record.
This report not only aids in confirming payments, but also helps
to resolve amy problems that may bave been expenenced by
participants and supports monitoring adbhersoce across all
participants.
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Fignre 5. Incentve managsment data flow and processss conducted within the Biofeedback-Azsisted Besilience Tmining (BART) app (l=ft) md m
the saoure backend data server (righf) for monitoring and rewardimg participant adherence
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Prvacy and Secusty

Ensuring privacy and security of dats and on-device analysis
results is an absolote necessity for ethical reasoms, o meet
human smdies requiremments, and to suppornt data gquality i the
conduct of self-managed mobile research protocals. Participants
are provided a randomized participant identfication (D), which
nnigquely links all acguired data fo that individual without amy
personally identifiable information. They also enter a
self~defined secret 4-digit personal identfication number (FIN)
to prevent access by other individuals. When in use, the app
screen deacovates affer a zef period (eg. 2 mimates) of no
inferaction, snd current data and actvity is hidden. The 4-digit
PIN must then be entered 1o mnleck the soreen and allow the
participant to continue.

Implementing a smady using an app installed on the pardcipanis’
devices reguires app installation from a public app store. Since
amyone might dewnload and mstall the app, and possibly uplead
false dama, we addressed thiz guality and security risk by
including an app lockont requiring an unleck password Afer
participanis consent to take part in the smady, the unlock is
revesled, the app installed and the password entered to activare.
This prevents exaneous persons Som enfering and cormuping
the study.

All data are stored locally on the device in an encrypted 50 Lite
database within the BART app, thereby permining use withomnt
Tequiring 3 conimions infernet connection. Drata are stored nsing
a 128-bit Advanced Encryption Standard alzerthm with no
personal identifying information Data are penodically uploadad
1o 3 cenmal zacure dam server whenever Wi-Fi internet accass
iz available, thereby reducing use of the pamicipants’ cellular
data plans. Diata are wansferred nsing the secure hitps protocol
and stored in A secure SOL server database which is accessible

only to suthorized
authenticaton.

Data Analysis

To showcase how the BART app is being used and to present
examples of the HEV measures donng resilience raming. we
conducted a limited, interim review of user interactions amd
smdy dam. Conseguently, data presented here do not address
the study hypotheses on the effectveness of various Taining
mades on building resilience. Analysis of maining effactivensss
on resilience and other ontcome messurements will be addressed
separately after completion of dat collecton.

persons viz user ID and password

We based dara regarding app usage on pamicipant rosterning
records and earned incentives reported For each smady activiny
(Tahle 1), we mllied 3 completed measure—ihat is, the number
of participants who completed the actvity and eamed the
corresponding imcentive. Since each parficipant has a unigque
sudy calendar based on imdividual starfing date, the sctivity
schedule differs across participants. We therefore tallied the
mumber of participants who were scheduled to perform each
activity adjusted according fo their individws] start date (Tanging
from June 2017 to September 2018) untl thiz amalysis on
October 1, 2018, Finally, we determined the ratio of completed
to scheduled acdvities as a compliance measure for each
required study activity. We calculated these amalyses using
Excel 2019 (Microsoft Corporation).

We reviewed the psychophysiclogical siress response during
the cognitve swess and biofeedback maming nsing the wideband
biofeedback HEV measure across all :egments (Test, soessor,
recovery, and maining]). Our analysis was restricted o dats taken
durninz the frst week of participaton, before substamiive
resilience practice would yield any maining effect.
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We compuied descriptive siatistics for the subpopulaton
extracted for the HEV measurement examplas, with categorical
varizbles reported by frequencies and mimeric variables by
mean (SE). We analyzed srouped HEV data nsing a univariste
zeneral linear model and present the data graphically as mean
(2 5E). We used unpaired r tests to evaluate changss in HEW
for zequenfizl aininz zegments. We conducted statstical
analyses nsing IBA 5P55 Statistics 25 (IBM Corporation).

Results

Resilience Training and Protocol Compliance

Of the 328 enrolled participanis to date, 207 (63.1%) adbered
to the smdy Taining regimen of 3 resilisnce Taining sessions
per week for af least six weeks In total, 3136 raining episodes
had een performed in this subset actoss the first 180 days of
each parficipant’s imvolvement {smudyDay; Figure &), At firse,
compliance with the raining regimsen was excellent, with over
G0 sessions conducted during the first week by the 207
participants who completed the &-wesk Taming regimen.
However, over the next several weaks traming compliance fell
by almost one-third, and later 1o about one-half after a month.

Eizakevich et al

Following the &-week iraining pernoed compliance was
diminizhed far below 3 frainings per week However, a small
mumber of participants confinued resilience maining for at least
six months with several continuing for nearly a year (oot shown
on the plot in Figare ).

We also examined adherence to completing self-report health
and wellness surveys at baselme, weekly for & weeks, and
guartarly for up to 12 months according to the smdy profocol
{Table 1}). Among the 328 enrolled participants, compliance
with completing scheduled surveys decreased across the smudy
duration (Figure 7). Although parficipants were asked to
complete surveys 1 to 3 immediztely afer installing the app,
many were short on time and indicated that they wounld do them
latar that day. Howevar, 11.0% (36/328) did not even completa
the initial sorvey. Each week and quarter, 25 each data collection
survey was scheduled, participants were reminded to complete
the pending survey and receive their mcentive via a smariphons
notification. A total of 1760 mcentives were earmed and
automancally awarded fom June 2017 thronzgh Seprember 2018,
Diaspite this support by the BART app. completion rates fell o
50.0% (164/328) by week 2, then to 22.8% (75/328) at 3 months
and 10.1% ({33/328) at § months.

Fignre 6. Toml number of rezilience Taining se:sions arress partopants by soady day.
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Heart Rate Variability

We inchoded a subset of the datsset comprising 49 men and
women aged 30 to §0 years (mean 367, 5E 10.6), in the HEW
review. Of the 49 participants in the subset, 23 (47%) weare
famale and 26 (53%) were male. We excluded HEW values that
ware gut of the expacted ranga (HEN <10 or HEV =10 as outliers,
as such data are likely duoe to interbeat interval ammfacts. We
included multiple HEV measures per individoal segment,
ranging from 305 to 513 measures.

We present zrouped results for HEV, using the wideband
hiofeedback HEV measure, for each segment of the cognitve

Kizakevich et al

Training Game sressor exercize (Figure 8). As expected, HEW
decreased from mean 7.37 (3E 1.77; =305 meacures) at rest
to mean §.92 (5E 141; p=315 measures) during the siressor
phase, reflecting a reduction in parasympathefic acovation
during the Erksen flanker stmessor task (P<_001). Later duning
the postsiress recovery segment, the HEV rebounded to mean
7148 (5E 142; n=373 measurss), approaching the presmass
baseline (P=02). During maining, HEV increased very
significantly 0 mean 8205 (3E 1.39; p=613 measures),
reflecting swong parasympathetic acovation with slow paced
breathing (P2 001).

Figure 8. Heart rate vaniability (HFN) at rest and during cognitive smess, recovery, and paced breathing. Error bars represent =1 5E.
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A large vanety of mobile apps for stress reduction [27.34,35],
mindfulness iraining [36,37], biofeedback [38], and HEW
measurement [39] have emerged over the last decade, both for
general use and as adjuncts to specific disease inteTventions
[38,40]. Most merely provide narrative Taining support and
practice reminders, with liftle evidence of efficacy [34].
Furthermore, most app implementations do not have
concomitant self-report or physiological data gatherng as is
necessary for evaluating efficacy. As the BART app is built on
the PFHIT mobile health research pladform [28], we are able fo
aoguire research data throughout the S-week training regimen,
tag data according to waining segments (e, rest, siress, paced
breathing), and acquire physiological HEW measursments fo
support hypothesis testing in our primary BART evaluaton
smdy. W expect, therafore, that wsing our self-deliverad digital
health methodology will improve the understanding of the
efficacy and ufility of mobile, self-directed mind-body
Inferveniions.

of HEW by the BART app. The HEV results during the Training
ame exercize for the rest, cognitive stressor, recovery, smd
traiming segments (Figurs 8) are consistant with previous results
found in our predeployment stress inocnlation stodies [2526],
where we observed a significant decrease in HEN (F5A) during
cognifive stress and a3 significant increase during relaxation
breathing. 4 similar reducion in HEV with cognitive stress has
been reported by other westizgators during mental anthmetic
[41] and random number generation [42] tasks. By assessing
the vagal-medisted B5A thronghont each resilience maining
eplsode. we can readily observe changes in arousal due mw
different psychophysical states (eg, rest, siress). Therefore, any
potentzl improvement in base aronsal or resilisnce to (cognitive)
sress after the § weeks of resilience maining should be readily
demonsirated.

A limitation in this smdy is the use of cognitive stess as a
surrogate for combat and operational stressors in this militany
population. Fisk of death exposure to combat or casmalies,
disconpection fom loved ones, and working in extreme and
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unusuzl eovirpnments are examples of rammsa that oor swdy
population might experience. Such siressors cannoet be readily
mimicked, nor should they, as previously exposed paricipants
conld experience negative reactions to simulatsd exposures.
Uze of a conmelled cognitive exsrcise provides an alternative,
safe, and common coobext to assess siress Teactviy for
evalnation of relaxation raining.

Alongz with the stated benefits, the BART smdy has yvieldsd a
varety of lessons for such sslf-directed app-based research.
Using personal mobile apps not only to collect information, bat
aglso to msnage protocol-based task scheduling, reminder
notifications, and inferventon achavities, makes the smdy
escenfially self-admimistered by each parmticipant. Unforesean
events, such as pamicipant smartphone replacement, forgemng
4-digit secunity PIMNs, and assorted HE monitor failures,
necessitated the implemesntaton of technical suppor: resources.
We did this via website, telephone, and email interactions, with
issme and resolurion macking uwsing Jira Sofraare w7.11.2
(Atlassian). Mamienance of personal mferest, uwsability of
sensors and devices, adherence to procedures, and fimsly
technical support are critical in refaiming pardcipation for the
smudy duration.

The namre of our smdy populadon (primarily military resarve
units) mmposed 3 requirement to recrait paricipants, then
immediztely install the BART app and provide inital oaining
in a group seming, offen with more than 20 individoals present.
Thess large zromps compromized our procsss fo establish
Bluetooth links berween individual participant’s HE. monitor
and smariphone in 3 muoltiparticipant enviromment. We addrezzad
this by having participanis configure their app in small
subgroups, which sased the installation and sefup process
considerably.

Furthermore, while the selected HE. monitors work guite well
with exercize, obtaining a good HE signal was often difficalt
whils the parmicipant is sifing ai rest (Ie, not sweating). Mulaple
adustments of the sensor strap snd repeated configuration
aftempts were often required, and we supposs that continned
problems of this sort likely conmibuted to participant dropout.
Advances in wearable HE sensor technology, such as upper
arm photoplethysmography, may make them easier to use and
more reliable under resting conditions than a device desigmed
for exercise. As such devices emerge with enough accuracy for
HEV measurement, we expect to improve protocol adherence
and reduce parficipant dropout due to problems expenenced
with the HE. sensor

Incorporation and auiomation of incenfive management is a
vital aspect of the BART app. Wea are using monstary incentves,
an important component of research projects, to support
adherence to smdy procedurss and reward participanis for
camrying ont cermin tasks, such as completing a survey or
resilience raining. Since participants have individnal start dates,
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their imdividual calendar of study activities will differ across
the smdy popuolaiion, making mamnal monitoring of study
adherence both ime consuming snd ermor prone. By embedding
adherence management, we can check profocol activibes
frequently, then reward participams immedistely using
auiomatic, incremenial incentive payments. Weekly repors o
smdy staf on incentive pavments yielded useful feedback on
protocol adherence and the potentfial for intervention by study
siaff to help keep mdividaal pardcipants on track.

Eetenfion of users = a common issue with mobile apps n
generzl. Bonnie [43] reported that 0% of users stopped using
apps within 30 days and 95% by 90 days afier installaton. In
comirast, the BART app methodology of supporting pardcipants
with incentives and usage feedback allowed the stwdy to retain
over 2{"%a of enrclled participants afier 60 days and roushly
10%% at 90 days.

While a key componsnt of ensuring opiimal study participation,
aufomation of Incentive management was not without issues.
Initially we had a somewhat complex zet of requirements for
participant incentives, inchiding reguirmg their resilience
trainings phis completion of the weekly survey in each of the
first 4 weeks to receive the incenfive payment. Furthermore,
participants were given 4 days to compete the survey, and then
it was removed Tom the activiies menn. Despite instictions
vig the esmbedded incentive requirsments tmble, sewveral
participants complained that they did oot receive incenmves.
Upon review, we found that they did not folly meet the
requirernents bat, as they met most, we decided o award the
Incentves amyway. We then relaxzed the reguirements, whila
il asking that these tasks be complsted (or at least mitated),
o that such persons would not drop out of the smdy
Monetheless, having the automated mcentive checking amd
databaze recording was helpful to review these cases and fo
consider the participant’s acdons and understanding how o
hetter incentivize study activities.

Conclusion

Eesults presentad is this paper merely showcase feamares and
capabilities of the BART app, along with preliminary dam on
app mnsage and demonsioation of analyses of real-dme
sensor-sireaming data, such as the psychophysiological HEV
Tesponse o Cogmitve sess and paced breathing raining.

Currently distributed for the BAFRT research study, the BART
app is being nzad to collect self-reported survey and HE. sensor
data for comparative evaluation of paced breathing relaxation
training with and without HEW biofeedback. Cur preliminary
ad hoc analyses indicate that the app acguires high-guality data
for studying changes in psychophysiological siress according
to mind-body activity states, including relaxstion and cognitive
siress conditions. However, no conchosion of effectivensss, or
noneffactvensss, of the biofeedback-zzzisted relaxation raning
intervention should be drawn fom these data.

Acknowledgments

We thank the Wavy, Marne Corps, and Army Bleserves, and the Morth Carelina Air Mational Guard for their pamicipation in the

BART Study.

32



IR MHEATTH AND UHEAITH Eirskeyich at al

Thiz research was supporied by the US Armmy Medical Fesearch and Materiel Command (WEIXWH-16-1-03446,
WEIXWH-16-1-0347, WEIXWH-11-2-0129). The conchisions do not necessarily reflect the position or policy of the 175
Government, and no endorsement shonld be mferred.

Conflicts of Interest
Mone declared.

Multimedia Appendix 1
Heart rate variability methodology and validation

[PDE Eile (Adobe PDF Filel, 200K 5 Multimedia 2 fix 1]
Eeferences

1. Musulle 54, Eysar-Moon A, Douglas SE, Hargraves B, Wadsworth 5M, Fraine M, et al. Overview of depression,
post-iranmatic siress disorder, and alcohoel misuse among active dufy service members remrning from Itag and Afghanistan,
self-report and diagnosis. Mil Med 2015 Apr; 1804419427, [dod: 10. 7205 WIT MED-D-14-040335] [Medline: 2582634 7]

2 Capaldi VE, Guemmero ML, Eillzore WD5. Sleep disuptions among returning combat veterans from Irag and Afghanistan.
Ml Med 2011 Aug;176{8):879-888. [Medline: 21E82777)

3. MeLay BN, Elam WP, Volkert SL. Insommnia is the most commenly reported sympiom and predicts other symptoms of
post-ranmatic stress disorder in U5, sarvice members retaiming from military deployments. 34l Med 2010
Oct; 175(10):750-762. [Medline: 209682466]

4.  FRamchand B, Miles J, Schell T, Taycox L, Marshall G, Tanielian T. Prevalence and comrelates of drinking behaviors of
previously deployed military personnel and matched civilisn population. il Psychol 2011 Jam 01;23(1):46-21 [EEEE Full
text] [doi: 101080/ 08025605 2011.534407] [Medline: 25324504

5. Clinton-5herrod AWM, Barmck K, Gibbs DA Soldier characteristics, alcohol abuose risk, and mental health rizk as freatment
predictors. Wil Psychol 2011 Jan 13;23(1):22-35 [FREE Full text] [doi: 10.1080/08905805.201 1.554408]

4. Browmn I&, Williams I, Bray BEM, Hourani L. Postdeployment alcohol nse, aggression, and post-iraumatic smess disonder.
A1 Med 2012 Oct177(109:1184-1190. [Medline: 23113445]

7.  Porges 3W. The Polyvagal Theory. Nenrophysiological Foundations of Emotdons, Atachment, Commumication, and
Self-repulaton (Morton Series on Interpersonal Mearobiolegy). Mew Yook, WY WW Norton & Compamy; 2011.

8.  Porge: 3W. The polyvagzal perspecidve. Biol Psychol 2007 Feb;74(2):114-143 [EEEE Full texi] [doi:

10,1016/ biopsycho 2006 06.000] [Medline: 1704041 8]

o, Zucker TL, Samuelson KW, Muench F, Greenberg MA | Gevinz BIN. The effects of respiratory sinus amhythmia biofeedback
on heart rate variability and postranmatic siess disorder symptoms: a pilot smdy. Appl Psychophysiol Biofeadback 2009
Tun:34(Z):135-143. [doi: 10.1007/510484-009-2085-1] [Medline: 13306540]

10,  Hauschildt M, Peters MTV, Monitz 5, Jelinek I.. Haart rate vaniability in response to affective scenes in postiTanmatic soTess
dizorder. Biol Psychol 2011 Dec;88(2-3):215-222. [ded: 10,1018 hiopsyche 201108 .004] MMedline: 21856373]

11. Thayer JF, Ahs F, Fredrikzon M, Sollers JT, Wager TD. A meta-analysiz of heart rate variability and peuroimazing smdies:
implications for heart rate vartability as 3 marker of sivesz and health. Mearosci Biobehav Bev 2012 Feb;36(2):747-T54.
[dod: 10.1016'). nenbiorev-2011.11.009] [MMedline: 221 TE0S4]

12, Magpal ML, Gleichauf K, Ginsberg T Meta-analysis of heart rate varabilicy as a psychophysiological indicator of
postiraumatic sivess disorder. T Trawma Treat 2013;3(182). [ded: 10.41722167-1222 1060018231

13, Minassian A Geyer MA. Baker DNz, Mievergelt CM, 0" Connor DT, Fisbrough VB. Heart rate vanability characteristics
in a large group of active-duty marines and relationship to postrsumsatic stess. Poychosom Med 2014;76(4):202-301. [deoi:
101097 jpey 0000000000005 6]

14, 5hah A Vaccaring V. Heart rate variability in the prediction of risk for postizanmatic siress disorder JAMA Poychiatry
2015 Oc;72(100:064-965 [EREE Full text] [dod: 10 1001 famapeychiatry 2015 1304] [Medline: 26353 544]

15. Cohen H, Benjamin J, Geva AB, Matar MA, Kaplan £, Eotler M. Antonomic dysregulation in panic diserder and in
post-iranmatic sivess disorder: application of power specimum analysis of heart rate variability at rest and in response 1o
recallection of ranma or panic attacks. Psychiamy Fes 2000 Sep 25;96(1):1-13. [Medline: 10880322

16. 5chelling &, Briegel T, BEoozendaal B, Stoll C, Bothenhinzler HB, Eapfhammer HE The effect of stress doses of
hydrocorisone duning septic shock on postraumatc stress disorder in survivors, Biol Peychiamy 2000 Drec 15;50{12):978-985.
[Medline: 117508541

17. Creswell JD, Pacilio LE, Lindsay EE. Brown EW. Brief mindfolness meditation training alters psychological amd
nenroendocring responses to social evaleative siress. Psychonsurcendocrinology 2014 Jun;44:1-12. [doi:

33



IMIR MHEATTH AND TUHEATITH EKirakevich et al

18.

1o

20

21

28,

20

30.

3.

36

38

30

Howrani L, Tueller 5, Fizakevich P, Lewis &, Smange L, Weimer B, et al. Toward preventing posi-raumaic siress disorder:
development and testing of a pilot predeployment siress inocnlation maining program . bil Med 2016 Dec; 18120 1151-1160.
[doi: 10.7205 MO MED-D-15-00192] [Medline: 2T612367]

Erygier JB, Heathers JAT, Shahrestani 5, Abbott M, Gross T, Eemp AH. Mindfulness meditation, weall-being, and heart
rate vartability: a preliminary mvestigation ntoe the impact of ntensive Vipassans meditation. Int T Psychophysiol 2013
Sep;EN3):305-313. [dod: 10.10167 fipsvcho. 2013.06.017] [Medline: 237971 50]

Watson Ciz, Tuonila TR, Vickers 5, Gearhart LE, Mendez CW. The efficacies of three relaxafion regimens in the meatmeant
of PTSD in Vietnam War veterans. J Clin Psychol 1997 Dec:53(8):217-923. [Medline: 2403385]

Geviriz B The promise of heart rate vanability biofeedback: evidenca-based applications. Biofeedback 2013
Sep;41{3):110-120 [EEEE Full texf] [doi: 10 5298/1081-5837-41.53.01]

Feyes FI. Implementing heart rate vaniability biofeedback groups for Veterans with postmaumatic sitess disordar. Biofeedback
2014 Dec;42(4):137-142 [EEEE Full fext] [dod: 10,5308 1081 -5837-43 4.023]

Tan &, Wang P, Ginsberg J. Heart rate variability and postirsumatic simess disorder (PT5D). Biofeedback 2013
Sep;41{3):131-135 [EREE Full texs] [doi: 10 52981 08]-5937-41.3 (5]

Schoenberg PLA, David AS. Biofeedback for psychiammic disorders: a systematic review. Appl Psychophysiol Biofeedback
2014 Jun;39(2):108-135. [doi: 10.1007/510484-0]4-0246-0] [Medline: 24806535]

Wahbeh H, Oken BS. Peak high-frequency HEV and peak slpha frequency higher in FTS0D. Appl Peychophysiol Biofeedback
2013 Mar;38(1):57-69 [EEEE Full text] [doi: 10.1007/:10484-012-2303-7] [AMMedline: 231 TE0Q]]

Hourani L, Kizakevich PN, Hubal B. Predeployment stress inocnlation raining for primary prevention of combat-related
stress disorders. J Cyberther Fehabil 20011;4{1):101-117 [FEEE Full text]

Lewis GF, Hourani I, Tueller 5, Kizakevich P, Bryant 5, Weimer B, et al. Felaxation training assisted by heart rate
variability biofeedback: implicagon for a military predeployment siress inpculation protocol. Psychophysiology 2015
Sep;32(0:11467-1174. [doi: 101111 /pey. 13455] [Medline: 26025854]

Kizakevich PN, Eckhedf B, Brown J, Toeller 57, Weimer B, Bell 5, et al. PHIT for Dury™, a maobile application for swess
reduction, sleep improvement, and alcohol moderation. B4il Mad 2018 Mar 01;183(suppl_1):353-363. [doi:

10,1003 milmedpsx] 57] [Medline: 206355646]

Eckhoff BP, Kizakevich PN, Bakalow V, Zhang Y, Bryant SP, Hobbs MA_ A platform to build mobile health apps: the
Personal Health Intervention Toolkit (PHIT). JWIF Mhbealth Uhealth 2005 Tun 01:3(2):e48 [EEEE Full text] [doi:
10.2106/mhealth 4202] [Medline: 26033047]

Kizakevich PN, Eckhof B, Weger 5, Weeks A, Brown I, Bryant 5, et al. A personal health information toolkit for health
intervention research. Stmd Health Technol Inform 2014;199:35-39. Medline: 248756845]

Porges 5W, Bohrer BE. Analyses of periodic processes in psycho-physiological ressarch In: Cacioppo T, Tassinary L,
editors. Principles of Psychophysiology: Physical, Social, and Inferential Elements. New York, WY: Cambndze University
Press; 1990:708-753.

Dienvar TW, Beed 5F, Porges 5W. Methodological issues in the gquanafication of respiratory sioms arhythmia. Biol Psychol
2007 Feb;74(2):286-204 [FEEE Full tex] [doi: 10.1016/] biopsycho 2005 09 005] [Medline: 17067734]

Ernksen BA Enkzen CW. Effects of noise letiers upon the identification of a target letter in 8 nonsearch task Percepion
Psychophys 1974 Jan:16(1):143-149_ [dod: 10 3758 A3 203 26T

Coulom 5M, Monroe CA West D5, A systematic, mult-domain review of mobile smarnpbone apps for evidence-bazad
sivess management. Am T Prev Med 2016 Jul;31(1):95-105. [dod: 10 1016 smepra 2016.0] 026] [Medline: 2608353 4]
Erbes CE. Stinson B, Eubn E, Polusoy M, Urban J, Hoffnan J, et al_ Access, ntilization, and interest in mHealth applicatons
among velsrans receiving outpatient care for PFTSD. Bl Med 2004 Mow; 179113:1218-1222_ [dod:

10, 720581 MED-D-14-0001 ]] [."-'[Elﬂ]]'I:IE: 1537304 ]]

Plaza I Demarzo MMP, Herrers-Marcadal P, Garcia-Campavo J. Mindfulness-based mobile applications: literature review
and analysis of current featres. TMIE. Mhezlth Thealth 20013;1(2):e24 [FEEE Full text] [deod: 10 2196 nhaalth 2733]
[Bledime: 250083 14]

Mani M Easvanagh DT, Hides L, Stovanov SE. Beview and evaluadon of mindfolness-based iPhone apps. TMIF. MMhealth
Uhealth 201 5:3(3):e82 [EREE Full text] [doi: 102196 mhealth 43 28] [Medline: 262003 27]

Mumster-Sagev M, Foerst O, Eaplan 54 Cabn A Incorporaton of a siress reducing mobile app in the care of patisnts with
type I diabetss: a prospective study. TMIE. Mhealth Uhealth 2017 May 29:5(5):e75 [EREE Full fexi] [doi:

10,2108/ mhealth 7408] [Medline: 28554881]

Li EHC White FA Tipoe T, Lin T, Wong MC, Jesuthasan A et al. The corrent siate of mobile phone apps for monitoring
heart rate, heart rate vanability, and atrial fbrillation: narmative review. JWIE Mhealth Thealth 2019 Feb 15;7(2):e1 146046
[FBEEE Full text] [doi: 10.2196'11506] [Medline: 30767904]

Orarens OL, Beer TM, Feyes LL Gallerani Dvs, Myhren-Bennen AR, McDonnell EE Mindfulness-based sympiom and
siress management apps for adults with chronic long disease: systematc search in app stores. TMIE Mhealth TThealth 2018

May 15:6(5):e124 [FREE Full text] [dod: 10,2196/ mbealth 0831] [Medline: 28764804

34



IR MHEATTH AND UHEATTH Eizakevich et al

41. Bemardi L, Wdowczyk-5zulc T, Valenti C, Castoldi 5, Passine C, Spadacini &, et al. Effects of controlled breathing, mental
activity and mental stress with or without verbalization on heart rate varisbility. T Am Coll Cardiol 2000 MMay35(6):1462-1469
[EEEE Full texi] [Medline: 10807448]

42, 5Shinba T, Eariya B, Matsm Y, Ozawara W, Matsoda Y, Yamamoto E. Decreass in heart rate variability response to tazk is
related to anxiety and depressivensss in normal sabjects. Poychizimy Chin Menrosci 2008 Oct62(5):603-509 [FEEE Full
texi] [doi: 10,1100/ 1440-1819 2008.01855 x] [Medline: 18850382]

43. Boannis E. The mokbile markster's guide to mastering nser retention. Mountzin View, CA: CleverTap; 2017 Oct 17, UBL:hitps./
‘clevertap com'blog muide-to-user-refeation

Abbreviations

BAERT: Biofeedback-Assisted Pesilience Training

HE: heartrate

HEN: heart rate variabilicy

ID: identification

PHIT: Personal Health Informatics and Intervention Toolkit
PIN: personal identification nomber

FT5D: postraumstc siress disorder

B5A: respitatory sious arthythmia

Edned by G Eysenbach; submirted 23, 10.15; peer-reviewed by O Chang, O Sepnawshy, F Lopes Seen; commernts to author 210318
rovised version recened 300519, accepied 1 7.06.18; published 02.09.19

P N
Erakevich PN, Eckhglif BF, Lewz GF, Davila MI, Howrani LI, Watking K Weimer B, Wiils I, Morgan JE Morgan I Meieth 5,
Lowis A, Ermyzawowski MC, Ramires I Boyee M, Litavecz 50, Lane ME, Srange LE

Bigteadback-Assizted Resilience Tramime for Trawmatc and Operatonal Stress; Preiminary Analsi of @ SejfDwinered Digionl

Heaith Methadology
JUIR Mbeaith Unealth 2009 79l 2500
LRI fizros ith iy pre Q0] 19
doi: 10219612598

P

EPaul I Kizakevich, Fandall P Eckhoff, Gregory F Lewis, bara I Davila, Lanrel L Hourani, Febecca Watkins, Belinds Weimer,
Tracy Wills, Jessica K Morgan, Tim Morgan, Sreelatha Melsth Amanda Lewis, Michelle © Erzyzanowski Dersk Famirez
Matthew Boyce, Stephen I Litavecz, Marian E Lane, Lauwra B Sirange. Origimally published in JMIE AWfhealth and Uhealth
(hitp:mhealth jmirorg), 02092019 This is an open-access article distributed under the terms of the Creative Commons A tribution
License (hitps:/creatirecommons.orglicenses/by/4.00), which permits unrestricted use, disribution, and reproduction in aoy
medinm, provided the original work, first published in JMIE. mbealth and uhealth, is properly cited. The complete bibliographic
information, a link to the orizinal publicaton on hitp:/mhealth jmirorg, as well as this copyright and license information must
be included.

35



Use Of Mobile Technology Paired With Heart Rate Monitor to Remotely Quantify Behavioral Health

Markers Among Military Reservists And First Responders.
Maria I. Davila, PhD?, Paul N. Kizakevich, MS?, Randy Eckhoff, BS?, Jessica Morgan, PhD?, Sreelatha Meleth, PhD?, Derek Ramirez,
MA?Z, Tim Morgan, MA?, COL Laura B. Strange, COL, AN, USA, (Ret.)*, Becky Lane, PhD?, Belinda Weimer, MA2, Amanda
Lewis?, Gregory F. Lewis, PhD?, Laurel 1. Hourani, PhD?

1 University of North Carolina at Chapel Hill, 388 Med School, Chapel Hill, NC 27599
2 RTI International, 3040 Cornwallis Drive, Research Triangle Park, NC 27719

3 Kinsey Institute, Indiana University, Morrison Hall, Bloomington, IN 47405

4 Consultant, Hilton Head, SC 29915

Keywords: Heart rate variability, Mental health, Resilience, Stress, Military

Presentations: Presented as a poster at the 2019 Military Health System Research Symposium, Kissimmee, FL; MHSRS-19-02036.
Funding Sources: This study was supported by the Office of the Assistant Secretary of Defense for Health Affairs, through the Peer
Reviewed Medical Research Program under Award No. W81 XWH-16-1-0347 and W81 XWH-16-1-0346.

Disclaimers: Opinions, interpretations, conclusions and recommendations are those of the author and are not necessarily endorsed by
the Department of Defense.

Acknowledgements: None.

Abstract

Introduction: Heart Rate Variability (HRV) is a biological marker that reflects an individual’s physiological
homeostasis and neural regulation. Psychological resilience is an individual’s ability to recover from an adverse
event and return to physiological homeostasis and mental well-being, indicated by higher resting HRV. The
Biofeedback Assisted Resilience Training (BART) study evaluates a resilience-building intervention, through a
mobile health application pair to a heart rate monitor (HRM). We validated remotely collected HRV data.
Materials and Methods: Two hundred fifty participants participated, 56% reservist. BART collects data
through an application installed on the participant's personal phone/tablet, it tracks self-report demographic and
psychological measures plus physiological metrics. The app collects raw heart rate (HR), processes HRV and
displays online results as Biofeedback. HR is further processed offline. Online and offline HRV outcomes are
compared and contrasted using Bland & Altman (B-A) and scatter plots; repeated measures ANOVA are used
to compared means across the training session (rest, stress, post, and train).

Results: B-A plots indicate excellent agreement and minimal bias between online and offline HRV measures;
95% of the differences lie between the confidence intervals. Scattered plots and Pearson’s correlation are very
strong; HR .98 p<.01 and for BFHRV .97 p<.01. rANOVA comparing means across the training session show
small but significant changes (HP p=.04 and BFHRYV p<.001).

Conclusions: The BART platform supports remote behavioral and physiological data collection, intervention
delivery, and online biofeedback. The tool acquires meaningful physiological data to study changes in
psychological stress according to mind/body activity states.

Online and offline methods captured the different HRV changes. Study results will guide improvement of
online algorithms.
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Introduction
Heart Rate Variability (HRV) is a biological marker that reflects an individual’s physiological homeostasis and
neural regulation. HRV is the underlining pattern of heart rate oscillations; reflects the brain’s autonomic
regulation of the body and its responses to the surroundings and situations. HRV can be deconstructed on its
rhythmic components from specific pathways; respiratory sinus arrhythmia (RSA) assumed to reflect cardiac
vagal tone via myelinated pathways; low frequency HRV (LFHRYV) assumed to be related to blood pressure
regulation via the baroreceptors and peripheral vasomotor activity; and heart period (HP) considered to be the
sum of neural, neurochemical, and intrinsic influences on the heart [1].
According to the Polyvagal Theory [2], the HRV components dynamics can be described according to Figure 1.
The mammalian autonomic nervous system (ANS) evolved three distinct regulatory circuits that respond based
on their neuroregulation state and the stimuli. The newer myelinated parasympathetic system inhibits the older
ones; promoting grow, restauration, and social engagement. All three are actives, but the relative amount of
control varies with cardiac output shifts. Under increase demands, e.g. stress ..., older systems are recruited.
Initially the sympathetic branch eliciting the fight or flight response; if required the older unmyelinated
parasympathetic is engaged triggering the freeze response. Reestablishment of safety should permit a return to
dominance of the modern newer, mammalian vagal system. Repeated injury (physical or mental) and chronic
stress shifts resting ANS balance to sympathetic systems.
In psychophysiological research HRV is used to evaluate and learn about mental health conditions, such as:
pain, posttraumatic stress disorder (PTSD), traumatic brain injury (TBI) [3], autism spectrum disorder (ASD)
[4], sleep disorders [5], substance abuse [6], etc. Furthermore, HRV is a valuable metric to evaluate novel and

traditional intervention approaches.
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Figure 1. Autonomic nervous system (ANS) from the Polyvagal Theory Perspective. ANS evolved distinct regulatory circuits, the newer
system inhibits the older ones. When faced with stress older systems are recruited, after the stress is not present anymore the newer
system reengages to promote growth and restoration.

Psychological resilience is an individual’s ability to cope with stress [7], it has been linked with higher resting
HRYV [8]. This ability to recover from an adverse event is fundamental to minimize negative health effects. An
important aspect of this bouncing back process is the return to a physiologic equilibrium with higher resting
HRYV and quick return to resting heart rate. Self-regulation, typically a subconscious process, can be enhanced
by practice and conscious intervention through HRV biofeedback-assisted relaxation training. HRV could serve
as both a measure of autonomic regulation and a target for interventions to improve resilience.

HRV biofeedback is based on paced breathing at slower than normal rates, under 7 breaths per minute, forcing
myelinated vagal activity to synchronize with blood pressure rhythms and amplifying oscillations in heart rate
around the paced frequency [9]. Thus, guided practice can enhance an individual’s ability to magnify HRV [10]
and visual feedback of HRV magnitude in real-time can facilitate learning the technique and motivate
practicing.

The Biofeedback Assisted Resilience Training (BART app) study evaluates a resilience-building intervention,
through a mobile health app with stress relaxation elements and HRV biofeedback paced breathing that pairs to
a commercial of the shelf (COST) heart rate monitor (HRM). The BART app is built on the PHIT mobile health

research platform [11].
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The study collects data through a custom designed application (BART app) that is installed on the participant's
personal phone or tablet. The app gathers self-report behavioral health, physical, and demographic items,
parallel to physiological measures of heart rate activity (reported by the HRM); data transmitted to the smart
phone or tablet via Bluetooth is stored and uploaded via Wi-Fi through secure transmission to a secure server.
Behavioral health items include the following: 1) PROMIS Sleep Disturbance, Perceived Stress Scale, Short
form Health Survey (SF-12), The Brief Traumatic Brain Injury Screen (BTBIS), Combat Experiences Scale
from the Deployment Risk and Resilience Inventory, Two-Item Conjoint Screen (TICS) for Alcohol and Other
Drug Problems. The Connor-Davidson Resilience Scale (CD-RISC), The Brief COPE Inventory, The
Posttraumatic Growth Inventory (PTGI).

The BART app processes online HRV to be presented to the user as biofeedback during the paced breathing
training. The uploaded heart rate data is processed offline in the laboratory to assure HRV data quality, conduct
statistical analysis, and further improvement of the online algorithms.

This manuscript validates the online processed HRV data by comparing and contrasting it to the offline HRV
data processed at the laboratory to respond:

1) Is the online HRV accurate enough to be correlated with the behavioral items?

2) Can the HRV be used to follow-up behavioral changes within a session?

3) Would the BART app be a suitable online option to manage indicators of neural regulation for research and
treatment purposes?

Methods

Study Population:

The BART study includes a diverse population of military reservists, national guardsmen, military veterans, and
first responders from multiple sites across various states in the United States. Participants were recruited from a
sample of Navy, Marine Corps, and Army Reserve units and National Guard armories from North Carolina,
Georgia, and Virginia, and fire and police units in the Raleigh-Durham-Chapel Hill, North Carolina, area who
volunteered to participate for a 60- to 90-minute onsite training session, practice their training at home, and

complete a suite of survey assessments over the course of 1 year. Recruitment closed in October 2018, for a
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total of 403 participants enrolled, of which 304 stayed active. When matching psychological and physiological
data that number was reduced to 250 participants with complete data sets for statistical analyses. Participants
included 140 Reservists only, 28 Guardsmen only, 46 first responders only, 7 veterans only, 22 both military
and first responders, and 7 unknowns. Age groups were evenly distributed with approximately 30% between
ages 20-30, 31-41 and 42+; 60% were men, 64% were college graduates, and 56% were white. The mean body
fat (BMI) was 30%. Approximately 11% reported high combat exposure, 16% medium combat exposure, and
73% low or no combat exposure.

Eligibility criteria included having a smart phone or tablet. Incentives consisted of monetary compensation in
the form of electronic gift cards, in addition to allowing them to keep the provided HRM.

The study was approved by the University of North Carolina Institutional Review Board (UNC IRB # 16-2312:
“Evaluation of HRV Biofeedback as a Resilience Building Intervention™) under an authorization agreement
with the RTI International Committee for the Protection of Human Participants; and the US Army Medical
Research and Materiel Command, Office of Research Protections, Human Research Protection Office.

Study protocol:

A pilot study was included to select the optimal HRM [12], the POLAR H7 was selected. The study randomly
evaluates the paced breathing technique under two breathing paces: 5 or 6 breaths per minute, and with or
without biofeedback during a one-year period.

Data collection proceeds in three phases: 1) Baseline on week 1, designed to stablish a baseline and evaluate
correlates with the behavioral items: Surveys 1- 2- 3 and a training game session (3 minutes of rest, 4 minutes
of a stress challenge, 3 minutes of post for recovery, and 5 minutes of paced breathing training), designed to
stablish baseline neurological regulation [12, 13]. At baseline is the only time the participants meet with the
research team, the following activities are performed on the participant’s time and place. 2) Regular practice on
weeks 1 to 6 are pace breathing training designed to improve resilience, structured as: 3-min rest and 5-min
train. Participants are asked to practice at least 3-times per week for the first 6-weeks and completed the

behavioral questioners when prompted. Week 6 includes a training game session, results from week 6 serve to
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evaluate the intervention by comparing it against the baseline results. 3) Follow-up surveys on months 3, 6, 9,
and12.

During week 1, the recruitment protocol proceeds as follow: 1) Consent, 2) Registration, 3) BART app
installation, 4) Setup HRM, 5) Training game, and 5) Survey 1.

The HRM is worn during study activities. Heart rate data is captured by the HRM and send to the BART app
via Bluetooth, the app collects raw heart rate in the form of inter-beat intervals (IBI), processes it into HRV and
displays the results online as Biofeedback. The app allows uploading raw IBI and processed HRV into a secure
server. Raw IBI data is processed offline at the laboratory to produce the statistical analyses.

Heart Rate Variability:

HRV is derived from the IBI obtained from the ECG captured by the HRM. IBI is the time expressed in
milliseconds between heart beats, it is obtained by subtracting the time between consecutive ECG R-peaks. The
IBI sequence occurs at irregularly spaced intervals (i.e., the timing of each heartbeat) and may contain artifacts
as a result of movement noise or missed beat detections. An automated process is used to identify those artifacts
in the IBI sequence for manual editing [1]; editing consist of integer arithmetic (i.e., dividing intervals between
heart beats when detections of R-wave from the ECG were missed or adding intervals when spuriously invalid
detections occurred)., this editing process assures the neural information is not affected by artifacts. The Porges-
Bohrer method is used to extract the HRV components (RSA and LFHRV) [14]. The edited IBI signal is then
time sampled at 2 Hz to facilitate time-domain processing. The time-based series is detrended using a cubic
moving polynomial filter (MPF), 21-point for RSA and 51-point for LFHRV [15] that is stepped through the
data to create a smoothed template and the template is subtracted from the original time-based series to generate
a detrended residual series; the detrended time series is bandpassed to restrict the variance in the heart period
pattern associated with spontaneous breathing for RSA: .12-.4 Hz; for LFHRV: .04-.1 Hz. The resulting
bandpassed time series are divided into 20 second epochs, the natural logarithm of the variance of the
bandpassed time series epoch is calculated as the measure of the amplitude of RSA and LFHRYV respectively
[16], epochs across events of interest are average to obtain the RSA and LFHRV in that particular event. Proper

treatment of the beat-to-beat heart rate pattern enables reliable assessment of cardiac vagal tone (i.e., RSA) even
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under conditions of changing respiratory parameters that confound less robust measures of variance [17]. Heart
period (HP) is calculated as the average IBI per epoch, the reciprocal is the heart rate (HR) expressed in beat per
minutes (bpm).

The BART study analysis four variants of HRV measures: HP, RSA, LFHRV, and a wideband or biofeedback
HRV (BFHRV) [18]. The wideband measure ensures that very low breathing rates during paced breathing
exercises are properly measured by applying a wider frequency that encompasses RSA and LFHRV (.04 - .4
Hz).

Traditionally, HRV is processed in laboratory, where IBIs are evaluated for artifacts. In this manuscript, we
evaluate HRV two ways: online and offline. The online algorithm includes an IBI auto-editing feature, based on
a percentage increase/decrease of the previous IBI [18]. Offline HRV results are more accurate for statistical
analysis, since they involve visual manual editing.

Data Analysis:

For practical purposes and because the selected two metrics can answer the manuscript objectives, we only
include analysis of HR (reciprocal of IBI) and BFHRV.

The following statistical analyses are performed to evaluate validity of the online data.:

1) Comparison and contrast of the online and offline methods for HR and BFHRYV parameters: Bland & Altman
(B-A) and scatter plots.

2) Evaluation of offline HP and BFHRYV parameters changes during the training session (rest, stress, post, and
train) on week 1 using repeated measures ANOVA.

Since 44% of the 1BI data needed offline manual editing and the online editing algorithm needs improvements
to fully reflect physiological changes, we only use the 56% of the data that did not need edits.

Results

B-A plots of unedited IBI for the different HRV parameters (HR and BFHRYV) indicate excellent agreement and
minimal bias between the different measures, as shown in Figure 2 (HR top and BFHRV bottom). For HR 95 %

of the differences are between the confidence intervals, with mean of the differences -.64 bpm and limits of
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agreement (LOA) between -4.83 to 3.55 bpm, N=1547. For BFHRV 95 % of the differences are between the

confidence intervals, with mean of the differences -.02 In(ms?) and LOA between -.60 to .57 bpm, N=1547.
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Figure 2. Bland-Altman plots of Heart Rate in beats per minute (HR) (left) and Biofeedback Heart Rate Variability (BFHRV) (right)
between online and offline analysis. For all sessions, HR and BFHRV metric show agreement and little bias, 95% are within the

confident intervals.

Linear regressions between online and offline HRV are shown in Figure 3. For HR the linear regression is in
convergence (y = 1x -.59) displaying a high correlation R? of .96. Linear regression of BFHRV is in
convergence (y = 1.04x -.30) displaying a high correlation R? of .95.

Pearson’s correlation for HR and BFHRV between offline and online methods are very strong; HR .98 p<.01

and for BFHRV .97 p<.01.

HR offline (bpm)
BFHRY offline (In(ms2))

40 60 80 100

HR online (bpm) BFHRY online (In(ms2))

Figure 3. Regression plots of Heart Rate in beats per minute (HR, left) and Biofeedback Heart Rate Variability (BFHRV, right), offline
vs online. For all sessions, scattered plots and Pearson’s correlation for HR and BFHRV between offline and online methods are very
strong; HR .98 p<.01 and for BFHRV .97 p<.01.

The analysis of variance comparing means of the offline unedited HRV parameters (HR and BFHRV) across

the BART training tasks (rest, stress, post, and train) for week 1, show small but very significant changes
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(p<.001), Figure 4. Both methods are able to track the HRV changes from rest to stress back to post and further

to train, according to psychophysiology paradigms.
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Figure 4. Repeated measures ANOVA across the 4 tasks during the training session from offline results. Top: Heart Period (HP),
there is an effect by task: F(3,627) = 2.79 p = 0.04. Bottom: Biofeedback Heart Rate Variability (BFHRV), there is a strong effect
by task: F(3,627) = 308.83 p < 0.01.

Discussion

The BART app is unique in the sense that combines collection and online analysis of psychological and
physiological metrics [18] outside the laboratory boundaries, the self-administrated intervention allows the user
to decide when, where, and whether to participate. Potentially closing the gap on translational digital health
methodology by offering an easy to use tool.

Physiological biofeedback during paced breathing resilience training and objective assessment of psychological
arousal would not be possible without online monitoring of HRV by the BART app. HRV changes during the
training game exercise (rest — stress — post — train), as shown in Figure 4, are consistent with previous
results found in predeployment stress inoculation studies [19], where a significant decrease in HRV was
observed during cognitive stress and a significant increase during relaxation breathing. Online and offline
methods captured the different HRV changes, reduced parasympathetic activation during stress, indicated by
BFHRYV decrease; which returns to resting levels during post, and substantial BFHRV increase during train. HP
effect is attenuated as expected.

Along with the indicated benefits, the BART study has produced a variety of lessons for an app-based research.
Use of a personal mobile app to collect information, to manage protocol-based task scheduling, reminder

notifications, and intervention activities, makes the study essentially self-administered by each participant. On
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the other hand, maintenance of personal interest, usability of sensors and devices, adherence to procedures, and
timely technical support are critical in retaining participation for the study duration.

What excites us the most about the BART study is the opportunity to remotely collect and analyze physiological
data from approximately 300 participants that could be in any place around the US or the world, we have
collected more than 600 hours of heart rate data. We are moving the laboratory to the participants’ environment.
Considering that HRV parameters has been developed and tested in laboratory settings, the BART study is the
first on its kind evaluating and relating HRV with self-report psychological metrics. This opens up opportunities
to expand research and new methods to provide interventions.

The many hours of heart rate data provide a pool of information relevant to improve the online algorithms to
minimize the 44% of the IBI not included in this manuscript and on need of manual editing.

Conclusions

The BART software platform paired with the HRM functions to support remote behavioral and physiological
data collection, intervention delivery, and online feedback. The tool acquires useful data for studying changes in
psychological stress according to mind/body activity states, and should be useful to correlate behavioral items
and compare alternative psychological resilience training paradigms, such as the use of online HRV
biofeedback.

Differences between unedited and edited methods will be used to improve online algorithms, by setting
recursive algorithms that will flag and manage abnormal heartbeats, movement or sensor artifacts.

The BART app is a practical and effective mobile health tool for remote research, diagnosis, and follow-up.
Going forward we ambition to apply our findings to field and training operations in both military and first
responder populations.
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Abstract

Introduction: Heart Rate Variability (HRV) is a biological marker that reflects an individual’s physiological
homeostasis and neural regulation. Psychological resilience is an individual’s ability to recover from an adverse
event and return to physiological homeostasis and mental well-being, indicated by higher resting HRV. The
Biofeedback Assisted Resilience Training (BART) study evaluates a resilience-building intervention, through a
mobile health application pair to a heart rate monitor (HRM). We validated remotely collected HRV data.
Materials and Methods: Two hundred fifty participants participated, 56% reservist. BART collects data
through an application installed on the participant's personal phone/tablet, it tracks self-report demographic and
psychological measures plus physiological metrics. The app collects raw heart rate (HR), processes HRV and
displays online results as Biofeedback. HR is further processed offline. Online and offline HRV outcomes are
compared and contrasted using Bland & Altman (B-A) and scatter plots; repeated measures ANOVA are used
to compared means across the training session (rest, stress, post, and train).

Results: B-A plots indicate excellent agreement and minimal bias between online and offline HRV measures;
95% of the differences lie between the confidence intervals. Scattered plots and Pearson’s correlation are very
strong; HR .98 p<.01 and for BFHRV .97 p<.01. rANOVA comparing means across the training session show
small but significant changes (HP p=.04 and BFHRYV p<.001).

Conclusions: The BART platform supports remote behavioral and physiological data collection, intervention
delivery, and online biofeedback. The tool acquires meaningful physiological data to study changes in
psychological stress according to mind/body activity states.

Online and offline methods captured the different HRV changes. Study results will guide improvement of
online algorithms.
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Introduction

Heart Rate Variability (HRV) is a biological marker that reflects an individual’s physiological homeostasis and
neural regulation. HRV is the underlining pattern of heart rate oscillations; reflects the brain’s autonomic
regulation of the body and its responses to the surroundings and situations. HRV can be deconstructed on its
rhythmic components from specific pathways; respiratory sinus arrhythmia (RSA) assumed to reflect cardiac
vagal tone via myelinated pathways; low frequency HRV (LFHRV) assumed to be related to blood pressure
regulation via the baroreceptors and peripheral vasomotor activity; and heart period (HP) considered to be the
sum of neural, neurochemical, and intrinsic influences on the heart [1].

According to the Polyvagal Theory [2], the HRV components dynamics can be described according to Figure 1.
The mammalian autonomic nervous system (ANS) evolved three distinct regulatory circuits that respond based
on their neuroregulation state and the stimuli. The newer myelinated parasympathetic system inhibits the older
ones; promoting grow, restauration, and social engagement. All three are actives, but the relative amount of
control varies with cardiac output shifts. Under increase demands, e.g. stress ..., older systems are recruited.
Initially the sympathetic branch eliciting the fight or flight response; if required the older unmyelinated
parasympathetic is engaged triggering the freeze response. Reestablishment of safety should permit a return to
dominance of the modern newer, mammalian vagal system. Repeated injury (physical or mental) and chronic
stress shifts resting ANS balance to sympathetic systems.

In psychophysiological research HRV is used to evaluate and learn about mental health conditions, such as:
pain, posttraumatic stress disorder (PTSD), traumatic brain injury (TBI) [3], autism spectrum disorder (ASD)
[4], sleep disorders [5], substance abuse [6], etc. Furthermore, HRV is a valuable metric to evaluate novel and

traditional intervention approaches.
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Figure 1. Autonomic nervous system (ANS) from the Polyvagal Theory Perspective. ANS evolved distinct regulatory circuits, the newer
system inhibits the older ones. When faced with stress older systems are recruited, after the stress is not present anymore the newer
system reengages to promote growth and restoration.

Psychological resilience is an individual’s ability to cope with stress [7], it has been linked with higher resting
HRV [8]. This ability to recover from an adverse event is fundamental to minimize negative health effects. An
important aspect of this bouncing back process is the return to a physiologic equilibrium with higher resting
HRYV and quick return to resting heart rate. Self-regulation, typically a subconscious process, can be enhanced
by practice and conscious intervention through HRV biofeedback-assisted relaxation training. HRV could serve

as both a measure of autonomic regulation and a target for interventions to improve resilience.

HRV biofeedback is based on paced breathing at slower than normal rates, under 7 breaths per minute, forcing
myelinated vagal activity to synchronize with blood pressure rhythms and amplifying oscillations in heart rate
around the paced frequency [9]. Thus, guided practice can enhance an individual’s ability to magnify HRV [10]
and visual feedback of HRV magnitude in real-time can facilitate learning the technique and motivate

practicing.

The Biofeedback Assisted Resilience Training (BART app) study evaluates a resilience-building intervention,
through a mobile health app with stress relaxation elements and HRV biofeedback paced breathing that pairs to
a commercial of the shelf (COST) heart rate monitor (HRM). The BART app is built on the PHIT mobile health

research platform [11].
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The study collects data through a custom designed application (BART app) that is installed on the participant's
personal phone or tablet. The app gathers self-report behavioral health, physical, and demographic items,
parallel to physiological measures of heart rate activity (reported by the HRM); data transmitted to the smart
phone or tablet via Bluetooth is stored and uploaded via Wi-Fi through secure transmission to a secure server.
Behavioral health items include the following: 1) PROMIS Sleep Disturbance, Perceived Stress Scale, Short
form Health Survey (SF-12), The Brief Traumatic Brain Injury Screen (BTBIS), Combat Experiences Scale
from the Deployment Risk and Resilience Inventory, Two-Item Conjoint Screen (TICS) for Alcohol and Other
Drug Problems. The Connor-Davidson Resilience Scale (CD-RISC), The Brief COPE Inventory, The
Posttraumatic Growth Inventory (PTGI).

The BART app processes online HRV to be presented to the user as biofeedback during the paced breathing
training. The uploaded heart rate data is processed offline in the laboratory to assure HRV data quality, conduct
statistical analysis, and further improvement of the online algorithms.

This manuscript validates the online processed HRV data by comparing and contrasting it to the offline HRV

data processed at the laboratory to respond:

1) Is the online HRV accurate enough to be correlated with the behavioral items?

2) Can the HRV be used to follow-up behavioral changes within a session?

3) Would the BART app be a suitable online option to manage indicators of neural regulation for research and

treatment purposes?

Methods

Study Population:

The BART study includes a diverse population of military reservists, national guardsmen, military veterans, and
first responders from multiple sites across various states in the United States. Participants were recruited from a
sample of Navy, Marine Corps, and Army Reserve units and National Guard armories from North Carolina,

Georgia, and Virginia, and fire and police units in the Raleigh-Durham-Chapel Hill, North Carolina, area who
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volunteered to participate for a 60- to 90-minute onsite training session, practice their training at home, and
complete a suite of survey assessments over the course of 1 year. Recruitment closed in October 2018, for a
total of 403 participants enrolled, of which 304 stayed active. When matching psychological and physiological
data that number was reduced to 250 participants with complete data sets for statistical analyses. Participants
included 140 Reservists only, 28 Guardsmen only, 46 first responders only, 7 veterans only, 22 both military
and first responders, and 7 unknowns. Age groups were evenly distributed with approximately 30% between
ages 20-30, 31-41 and 42+; 60% were men, 64% were college graduates, and 56% were white. The mean body
fat (BMI) was 30%. Approximately 11% reported high combat exposure, 16% medium combat exposure, and

73% low or no combat exposure.

Eligibility criteria included having a smart phone or tablet. Incentives consisted of monetary compensation in

the form of electronic gift cards, in addition to allowing them to keep the provided HRM.

The study was approved by the University of North Carolina Institutional Review Board (UNC IRB # 16-2312:
“Evaluation of HRV Biofeedback as a Resilience Building Intervention) under an authorization agreement
with the RTI International Committee for the Protection of Human Participants; and the US Army Medical

Research and Materiel Command, Office of Research Protections, Human Research Protection Office.

Study protocol:

A pilot study was included to select the optimal HRM [12], the POLAR H7 was selected. The study randomly
evaluates the paced breathing technique under two breathing paces: 5 or 6 breaths per minute, and with or

without biofeedback during a one-year period.

Data collection proceeds in three phases: 1) Baseline on week 1, designed to stablish a baseline and evaluate
correlates with the behavioral items: Surveys 1- 2- 3 and a training game session (3 minutes of rest, 4 minutes
of a stress challenge, 3 minutes of post for recovery, and 5 minutes of paced breathing training), designed to
stablish baseline neurological regulation [12, 13]. At baseline is the only time the participants meet with the

research team, the following activities are performed on the participant’s time and place. 2) Regular practice on
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weeks 1 to 6 are pace breathing training designed to improve resilience, structured as: 3-min rest and 5-min
train. Participants are asked to practice at least 3-times per week for the first 6-weeks and completed the
behavioral questioners when prompted. Week 6 includes a training game session, results from week 6 serve to
evaluate the intervention by comparing it against the baseline results. 3) Follow-up surveys on months 3, 6, 9,

and12.

During week 1, the recruitment protocol proceeds as follow: 1) Consent, 2) Registration, 3) BART app

installation, 4) Setup HRM, 5) Training game, and 5) Survey 1.

The HRM is worn during study activities. Heart rate data is captured by the HRM and send to the BART app
via Bluetooth, the app collects raw heart rate in the form of inter-beat intervals (IBI), processes it into HRV and
displays the results online as Biofeedback. The app allows uploading raw IBI and processed HRV into a secure

server. Raw IBI data is processed offline at the laboratory to produce the statistical analyses.

Heart Rate Variability:

HRV is derived from the IBI obtained from the ECG captured by the HRM. IBI is the time expressed in
milliseconds between heart beats, it is obtained by subtracting the time between consecutive ECG R-peaks. The
IBI sequence occurs at irregularly spaced intervals (i.e., the timing of each heartbeat) and may contain artifacts
as a result of movement noise or missed beat detections. An automated process is used to identify those artifacts
in the IBI sequence for manual editing [1]; editing consist of integer arithmetic (i.e., dividing intervals between
heart beats when detections of R-wave from the ECG were missed or adding intervals when spuriously invalid
detections occurred)., this editing process assures the neural information is not affected by artifacts. The Porges-
Bohrer method is used to extract the HRV components (RSA and LFHRV) [14]. The edited IBI signal is then
time sampled at 2 Hz to facilitate time-domain processing. The time-based series is detrended using a cubic
moving polynomial filter (MPF), 21-point for RSA and 51-point for LFHRV [15] that is stepped through the
data to create a smoothed template and the template is subtracted from the original time-based series to generate
a detrended residual series; the detrended time series is bandpassed to restrict the variance in the heart period

pattern associated with spontaneous breathing for RSA: .12-.4 Hz; for LFHRV: .04-.1 Hz. The resulting
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bandpassed time series are divided into 20 second epochs, the natural logarithm of the variance of the
bandpassed time series epoch is calculated as the measure of the amplitude of RSA and LFHRYV respectively
[16], epochs across events of interest are average to obtain the RSA and LFHRV in that particular event. Proper
treatment of the beat-to-beat heart rate pattern enables reliable assessment of cardiac vagal tone (i.e., RSA) even
under conditions of changing respiratory parameters that confound less robust measures of variance [17]. Heart
period (HP) is calculated as the average IBI per epoch, the reciprocal is the heart rate (HR) expressed in beat per

minutes (bpm).

The BART study analysis four variants of HRV measures: HP, RSA, LFHRV, and a wideband or biofeedback
HRV (BFHRYV) [18]. The wideband measure ensures that very low breathing rates during paced breathing
exercises are properly measured by applying a wider frequency that encompasses RSA and LFHRV (.04 - .4

Hz).

Traditionally, HRV is processed in laboratory, where IBIs are evaluated for artifacts. In this manuscript, we
evaluate HRV two ways: online and offline. The online algorithm includes an IBI auto-editing feature, based on
a percentage increase/decrease of the previous IBI [18]. Offline HRV results are more accurate for statistical

analysis, since they involve visual manual editing.

Data Analysis:

For practical purposes and because the selected two metrics can answer the manuscript objectives, we only

include analysis of HR (reciprocal of IBI) and BFHRV.

The following statistical analyses are performed to evaluate validity of the online data.:

1) Comparison and contrast of the online and offline methods for HR and BFHRV parameters: Bland & Altman

(B-A) and scatter plots.

2) Evaluation of offline HP and BFHRYV parameters changes during the training session (rest, stress, post, and

train) on week 1 using repeated measures ANOVA.
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HR diffevences (online - offline) (bpm)

Since 44% of the 1BI data needed offline manual editing and the online editing algorithm needs improvements

to fully reflect physiological changes, we only use the 56% of the data that did not need edits.

Results

B-A plots of unedited IBI for the different HRV parameters (HR and BFHRYV) indicate excellent agreement and
minimal bias between the different measures, as shown in Figure 2 (HR top and BFHRV bottom). For HR 95 %
of the differences are between the confidence intervals, with mean of the differences -.64 bpm and limits of
agreement (LOA) between -4.83 to 3.55 bpm, N=1547. For BFHRYV 95 % of the differences are between the

confidence intervals, with mean of the differences -.02 In(ms?) and LOA between -.60 to .57 bpm, N=1547.
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Figure 2. Bland-Altman plots of Heart Rate in beats per minute (HR) (left) and Biofeedback Heart Rate Variability (BFHRV) (right)
between online and offline analysis. For all sessions, HR and BFHRV metric show agreement and little bias, 95% are within the
confident intervals.

Linear regressions between online and offline HRV are shown in Figure 3. For HR the linear regression is in
convergence (y = 1x -.59) displaying a high correlation R? of .96. Linear regression of BFHRV is in

convergence (y = 1.04x -.30) displaying a high correlation R? of .95.

Pearson’s correlation for HR and BFHRV between offline and online methods are very strong; HR .98 p<.01

and for BFHRV .97 p<.01.
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Figure 3. Regression plots of Heart Rate in beats per minute (HR, left) and Biofeedback Heart Rate Variability (BFHRV, right), offline
vs online. For all sessions, scattered plots and Pearson’s correlation for HR and BFHRV between offline and online methods are very

strong; HR .98 p<.01 and for BFHRV .97 p<.01.

The analysis of variance comparing means of the offline unedited HRV parameters (HR and BFHRV) across

the BART training tasks (rest, stress, post, and train) for week 1, show small but very significant changes

(p<.001), Figure 4. Both methods are able to track the HRV changes from rest to stress back to post and further

to train, according to psychophysiology paradigms.
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Figure 4. Repeated measures ANOVA across the 4 tasks during the training session from offline results. Top: Heart Period (HP),
there is an effect by task: F(3,627) = 2.79 p = 0.04. Bottom: Biofeedback Heart Rate Variability (BFHRV), there is a strong effect

by task: F(3,627) = 308.83 p < 0.01.

Discussion

The BART app is unique in the sense that combines collection and online analysis of psychological and

physiological metrics [18] outside the laboratory boundaries, the self-administrated intervention allows the user

to decide when, where, and whether to participate. Potentially closing the gap on translational digital health

methodology by offering an easy to use tool.

Physiological biofeedback during paced breathing resilience training and objective assessment of psychological

arousal would not be possible without online monitoring of HRV by the BART app. HRV changes during the
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training game exercise (rest — stress — post — train), as shown in Figure 4, are consistent with previous
results found in predeployment stress inoculation studies [19], where a significant decrease in HRV was
observed during cognitive stress and a significant increase during relaxation breathing. Online and offline
methods captured the different HRV changes, reduced parasympathetic activation during stress, indicated by
BFHRYV decrease; which returns to resting levels during post, and substantial BFHRYV increase during train. HP

effect is attenuated as expected.

Along with the indicated benefits, the BART study has produced a variety of lessons for an app-based research.
Use of a personal mobile app to collect information, to manage protocol-based task scheduling, reminder
notifications, and intervention activities, makes the study essentially self-administered by each participant. On
the other hand, maintenance of personal interest, usability of sensors and devices, adherence to procedures, and

timely technical support are critical in retaining participation for the study duration.

What excites us the most about the BART study is the opportunity to remotely collect and analyze physiological
data from approximately 300 participants that could be in any place around the US or the world, we have
collected more than 600 hours of heart rate data. We are moving the laboratory to the participants’ environment.
Considering that HRV parameters has been developed and tested in laboratory settings, the BART study is the
first on its kind evaluating and relating HRV with self-report psychological metrics. This opens up opportunities

to expand research and new methods to provide interventions.

The many hours of heart rate data provide a pool of information relevant to improve the online algorithms to

minimize the 44% of the IBI not included in this manuscript and on need of manual editing.

Conclusions

The BART software platform paired with the HRM functions to support remote behavioral and physiological
data collection, intervention delivery, and online feedback. The tool acquires useful data for studying changes in

psychological stress according to mind/body activity states, and should be useful to correlate behavioral items
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and compare alternative psychological resilience training paradigms, such as the use of online HRV

biofeedback.

Differences between unedited and edited methods will be used to improve online algorithms, by setting

recursive algorithms that will flag and manage abnormal heartbeats, movement or sensor artifacts.

The BART app is a practical and effective mobile health tool for remote research, diagnosis, and follow-up.
Going forward we ambition to apply our findings to field and training operations in both military and first

responder populations.
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Moblle health Iechnology fc:-r Blofeedback Assmted Remhence Trammg {(BART)

Al | Heuwrani*

Background

Psychological resilence, an individuals ability b recover from
an adwarsa evenl and relurn o physiolopical homeostasis and
menial walkbaing, is criical o0 mmimize heallh effacts such as
sleep  problems,  substance  abuse, post-raemalic  slress
desorder alter & raumalc expedence. In A shudy 1o evaluale
resiliznce-enhancing methodalogies, RT| and UNC reseachers
dévelopsd &8 miohile health app with stréss ralaation alements
and heart rata vanability (HRV} biofeadback

The cojectives wera to (1) develop an nlegratad mobile app
with [ongitudina| healih assessment and Bofeadback Assestad
Regdience Training (BART), and  (2) compane the efficacy of
iofeedhack-enhanced fo simple paced brealhing exercises in
military, veteran, and cilian firstresponder populaions,

Methods

Personal Hexith Infenvention Teoilkif (PHITY

The BART study app was mmplementad using RT's FHIT loolkit,
a rausable framawork for mogile health eseach. The PHIT
framework  imegrales  mutimodal  data  collection wilth  an
elligent vitual adasor (VA that enalyzes reak-time data 1o
recommend, taslor, and present domain-speciic achvites basad
on avidence-based rules and scripted processes (Exhibit 1)

Exniti L FHIT mekile health framework archiecsurs,

Based on the clinical SCAP-notes pensdigm, PHIT-based apps:
* |nbegraie sell.mporied and physiclogical sensos instruments,
* Analyze data vis @ soripied intalligent virlual advisor
* Tallor evidence-based sall-halp actlviiies snd |nbarventcons
. And T and imler war time
* Monttor protocol adherence and automate Incent jve payments

* Hide the complexities of mobile softwam developmeant,
anabling reseancnars 1o fasul an BTUy Aims and abjsctven

Diata @ne slored on e device using an encryphed database,
periodically sploaded i a8 sacure server, and made available for
analyzic via a passward-protectad dashbaard. Deweloping PHIT
apps, instrumenis, VA scripis, amd mlerenfion aclivites 15
shraightiorward yel the XML struclures provide considerable
pawer 0 customizing contant, logiz, scheduling. and interacthiny.

PHIT's cross-platlonm  design indepretes a suite of health
assessments with an expert systermn thal recommends, Lailoes,
and presanls  acliviies  and interveniions, The platioom's
simplicty suppors development using WL, and s fledbiiby
allows apps to collect health data from many difisrent sourcas.
Baoth W35 and Android warsions are readily produced, with nearty
iderlical wser nterfaces and function across operating systems

BART Maobile App

Bullt upon the PHIT 1oolkit, the BART apg ntegrates subgctive
salf-repori baseline and oulcome measures e, siress,
depression, sleep quality), 8 cognlive stresson, and four
allenalive resdignce trainng regimens - 5 of § breathaminules
pacad bresthing, wih o without HRY biofeedback. Shudy
participants uge the BART app at least threa times a waak far
resilience-buddng fraining awer a Gosack fraining durabon,

Required wser aclions. kke heslh sssessments, reslience
training, and dats upkads, ae managad via a home screan task
ey (Exhibit 2). Paricipant-reported ouicoms measures are
made wia bref guestionnaires. As tasks are completed, an
earvad incentve tabie is updated. The menu is updated daily
atoordng b sudy protocol via the imelligent virtudl advisor.

Exhibit 2. Horme screen menu snd Beaith asdessnbenl e xanigibes.

Al the onset of each ireining exercigs, the HREM (8 aclivaled and
@ beatby-heat heart rate Is displayed to verdfy signal quakty
(Exhibit 3). For biofeedback of psychological arousal, BART
captures beat-lo-beal heart intervals from a Palar HT hean rate
moniter (HREMp Every two seconds, & physiological signal
processing module is used o fiter and derve, and display the
average hearl rale (HR), and threa heart rate variabdity (HRV)
Mmeaswes across a 20-sacond epoch. The deswed HR and HRV
measmements are deplayed a5 realdime wavelorms for streas
redeation biofeedback, indicafing movement to a mane calm or
moe stressful state {Exhibd 3)

Exhibit 3. Home screen mens and health ssssssment oxam ple.

Three limes each week for six weeks, each pariicipant s asked
o complete the BART protoood & shown in Exhibit 3, with a
three miwie resting baseline and a five minuts resiliancs
Taining sedmaM.  Tha four reslienca Haining ragimens ana
randomized via coding embedded inthe Paricipant 1D

On sudy deys 0 and 1, and after six weeks of training,
pardicgants akso complate an augmenied iraining regirmen called
e Traiming Brain Game [Exhibit 4). The Brain Game, a
implementation of the Erlksen Flanker task, is designad to elcit
paychophysiclogical siress under 2 controlled exerose as a way
of evahating resilience mprovernent over the six week duration

The Brain Game begns with succinct participant instruclions on
panmorming the 1ask. A sarias of slimulUS soreans ar @splayed
with & field of arrews poinfing 1o the left or right, inciuding a
cenlral amow that may be congruent of meongruent m direction
with tha bounding ermows. The Participant faps a left or right
butlon below the stimulus s soon as possible (o indicate the
dwraction of Ihe central anmow.  Aller & four-minule diration, e
BART app acvances to a three-minule resting recovery phase

Exnilie 4, Cognitive "Bram Gaso® o alleit pryebopiysl logicnl sinss,

Evalpation

An companson of the four modes of reslience fraining s being
coructed ina mived populafion of miitany persannel. vetarans,
and civilian first responders.  Recruitment and training are
ongaing &t multiple sites across mulliple sletes.

Resulis

A5 this study ks ongoing. the resulls are preliminary es of March
2018 and are presenlad meraly to showeass features and
capabiles of e BART app,  Thes pralimenany subsal of siudy
panicirants had the fallowing demographies:

Qccupation

+ &7 were miRary personnel

« 4 wane civilian firstresponders
Sox

28 were lamale

= B9 were male
Age

« dwere 16:20 ypears of age
3% ware 21-30 years of age
a0 ware 31-41 years of age
28 were 428 years of ape

Supparted in part by e 4.5, Aroy ifesten/ Sesmareh o Waneriel Commard (WEOWH-78-7-0048, WHLXAH-T87-0347, MIM TH"‘-N‘MI
The comeiusioas do sl secessenty mflec e position or paficy of the povers mmeal, and oo eedorsenrens | sfow b
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Descriptive statistics for Heart Rate and e HRW measures,
Respiratory Ginus Arrhythmia (R34} and Low Freguency HRY
(LFHRY) @re shin below (Exhibil 31 for fhase preliminary data.
An analysts of warlance comparing HRY means acress the
BART training segments is prasentsd in Exhibit 6. along with
plots of the HRY means in Exhibit 7. Although changes in fhasa
measures ange quite small, they nonstheless ane very sgnificant
(P=.00}. Reduced parasympathess activation during the Braln
Game stressor lask i= indicated by the decrease in RSA, which
relums to restng levels during ecowery, and  increases
subgtantialy d wing peced breathing fraining.

Exhibit 5. Descriptve statistios according b BART fraining segment.

Cl Waan | Gl Doialion | Mitisies | Wosien |
| Faord Mabe  Marsd TieE | ThdEE LESSAE] Ehl L
Breas T | T LEL -2 LAl it
Rescaveny g | ramy 1z LT L]
Traim G0 | FRE 1L ) 0
Toal ETRES TS L2 .32 o
[ e TaER 553 12553 a2 BS
el 17 sS4 L . BS
Resommny fFt ) S5 L1983 a BS
Triis L e (LT o L2
Tutal s BIWT L 2 Ll
Lrind Pt ™7 AT L3N Bl (1]
Biress TR S LEAE L L]
Ressmvy 0 | aus Lan4 @ e
| s wmy | rae 13T 13 (LT
Taisl Fiks2 ki TATEE ) il
Exnitet 6. Analysis of vanance.
A
Fepawes - iy S 3 B
et O ] 3 THEEEG | 16TR | 0 |
b Demrs IHESFASN | aTed AT
Toksd TR 6 | amesd
nsa Pleies s et 3 diERy | weEs L
i Lisagn ] EFim 1450
Ttk dmmaesn | aTIM
[Ty D ETETT 3 THATE | M £
e ey smmsnes | asew 1510
| Totad EEMTI | FEESY
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Conclusions

Curenily fielded for the BART rasearch study, the BART app is
bing wsed to sollect self-reporied survey and HR $ensor dada
for comparalive evaluation of paced beealhing refasation (raining
| with and without HRV biofesdback. Preiminary sd hoc analyses
indicate that the app acquires quality dala for studying changes
in psychoghysiological slress according 1o mindbady sctivily
states, including relaxation and cognitive siress condfions. No
conclusion of efficacy, or nen-eficacy, of the BART interveniion
ehoul] ba orawn from these data. Onea e Sludy concludas,
we plan on medifying the BART app for persgnal use cutside of
resaarch with diatribution via the Appls and Goople app atores.
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Background

Psychological resilience is an individual’s ability to recover from an
adverse event and return to physiological homeastasis and mental
well-being, An important aspect of this bouncing back process is the
return to a physiologic equilibrium indicated by higher resting heart
rate variability (HRV) and a quicker return to balanced sympathetic
and parasympathetic ‘drive’ following a stressor.

The Biofeedback Assisted Resilience Training (BART) study evaluates a
resilience-building intervention, through a mobile health app with
stress relaxation elements and HRY biofeedback that pairs to a
commercial of the shelf (COST) heart rate monitor {HRM).
Preliminary data analysis includes HRY data validation. We present
the validation off the raw inter-beat interval data (RR) and the online
processed HRY data, to answer:

-

. Is the online HRY data reflecting the RR raw data?

2. Does the RR data reflect autonomic changes under physical and
mental tasks?

w

. Would the BART app be a suitable option to use HRV parameters
as anline indicators of neural regulation for research and
treatment purposes?

Heart Rate Variability (HRV)

oo SR

Sympathetic
activation

Unmyelinated

Myelinated felinale
vagal inhibition

vagal inhibition

Safe

: Life threat
environments

— Fight or flight

Low Frequency

HRV (LF-HRV)

= vasomotor
rhythms

Low Frequency
HRV (LF-HRV)
* baroreceptor
sensitivity

High Frequency
HRY (HF-HRV)
+ spontaneous

kreathing

HRYV Biofeedback

ePaced respiration at slower rates forces myelinated vagal activity to
synchranize with blood pressure rhythms. Amplifies oscillations in
heart rate around the paced frequency

#Practice can enhance an individual’s ability to magnify HRV

eVisual feedback of HRY magnitude in real-time can facilitate
learning the technique and motivate practicing.
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Methods

The BART study collects data through a custom designed application
{BART app} that is installed on the subject's personal phone/tablet.
The study tracks each subject through self-report measures entered
into the app and physiclogical signals [reported by the HRM). Heart
rate data transmitted to the smart phone/tablet is stored and
uploaded through secure transmission. The HRM {POLAR H7 ) is
warn during study activities. Heart rate data is captured by the HRM
and send to the BART app via Bluetooth, the app collects RR data,
process it into HRY and displays it online as Biofeedback.

Recruitment Protocol
. Consent

. Registration

. Install BART app

. Setup HRM

. Training game

. Survey 1

[ R SRTE R SR

Figure 1, POLAR H7, heart monitor
placement

The study evaluates the pace respiration technique under two

breathing paces: 5 or 6 breaths per minute, and with or without

biofeedback.

Data collection proceeds in three phases:

s Baseline (Week 1): Surveys 1- 2- 3 and training game session.
« Training game: rest (3 min), stress (4 min), post {3 min), and

train (5 min).

* Regular practice (Weeks 1-6): weekly surveys and train session.
* Train: rest (3 min) and train (5 min).

* Week 6: training game session.

s Follow-up (Month 3, 6, 9, and12).

Figura 2. BART app windows: A) main, B) rest, C) Eriksen-Flanker
challenge, 0] post, E) train pace breathing with biofeedback, F} train
pacs brsathing without biofeedback.
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Results

The BART app collects raw heart rate data in the form of RR as well as
processed HRY data. The RR data was process offline to derive HRV.
For the analysis the following HRY parameters were used: heart rate
(HR), heart period (HP), and biofeedback heart rate variability
(BFHRV).

To evaluate validity of the data the next statistical analyses were
performed:

1) Comparison of the two methods for HR and BFHRV parameters.

2) Evaluation on HRV parameters changes during the haseline;
autonomic changes between rest, stress, post, and train,

§

il

5

HR differences [online - offline} {ms)

§

HRmeans (anfine - offline) {ms)

Figure 3, Bland-Altman plot of HR betwean anline and offline analysis, For nan-adited AR by
participant for all sessions and tasks

¥

L]

BFHRY differences (online - offling} {inims?)
3
o
o

BFHRY means {online - offline} [In(ms?)

Figure 4. Bland-Altman plot of BFHRY betwsen onlina and offline analysis. By participant for
all sessions and train tasks.

+ Data from 286 subjects (329 recruited), 36% female and 64%
male.

Since the offline precess requires RR visual inspection and manual
editing of artifacts, the HR data was separated in edited and non-
edited to observed the convergence between the two methods.
Edited data was not showing the same heart rate dynamics,
meaning that the corresponding online data was not capturing
accurate beat to beat heart rate. In conseguence, HR data was
analyzed using only non-edited RR.

Repeated Measures ANOVA used the HRV data processed from
offline RR.

Building resilience via HRV biofeedback in the Reserve Component: evaluation of a mobile technology
combined with a portable heart rate monitor.

Results

o

Mean HP {ms)

es s o an

Euai Bars. 95% C1
Figure 5. Kepested measures ANUVA for Heart Period (HP) across the 4 tasks, during the
training session. There is an effect by task: F{3,504} = 2.74 p = 0.04.

Mean BFHRY (In{ms?)
i

&oem

R 2wreas post e
task

Ter Bars: 35% CI
Figure &, Repeated measures ANOVA for BEHRY across the 4 tasks during the training
session. There is a strong effect by task FI2.18,366.24) = 296.14 p < 0.001.

Conclusions

The software platform (BART app} and the HRM support remote data
collection and intervention delivery needs.

The BART app acquires useful data to study changes in psychological
stress according to mind/body activity states, and should be useful to
compare alternative psychological resilience training paradigms.
Results show that the online and offline metheds are measuring the
same HRY parameters for the non-edited raw data, confirming
synchrony while measuring online beat to beat heart rate.

Results from the baseline session show that the offline method
captured the different HRY changes. Reduced parasympathetic
activation during the stress is indicated by decrease in BFHRY, which
returns to resting levels during post. The effect of pace breathing
substantially increase BFHRY during the train task.

Offline edited data will be used to improve the enline editing
algorithm, by evaluating the current auto RR editing tool and setting
recursive algorithms that will flag and manage abnormal heartbeats
or sensor artifacts.

References
[1] Conhor, K, 1A, & Davidson, J. R, (2003), Develepment of o new resilience scale: The ConnorDavidson
il le {C -RISC:), Depr dety, 18(2), /652,

[2] Pargss, 5. W, {2007). The polyvags! perspactive. Biclogical psychalosy, 74{2), 116-143
[3] Lehrer, P. M., & Gevirtz, R [2014). Heart rate variability biofeedback: how and why does it wark?. Frontiers
in psycholopy; 5, 756




IATERRATIONLL

Paul Kizakevich, MS,' Randy Eckhoff,! Derek Ramirez, MA,' Tim Morgan, MA,' Laura Strange PhD, RN, Becky Lane, Ph

Heart Rate Variability Biofeedback as a Resilience-Building
Intervention in the Reserve Component and First Responders

Laure! L. Hourani, PhD, MPH,' Jessica Morgan, PhD,' Maria Davila Hernandez,PhD; Greg Lewis, PhD; Sree Meleth, PhD,'

D, Belinda Weimer, MA,! Amanda Lewis’

Prtirm_sraiic aires s diucler |15 bt negathe sPoets on sendca
rrambannin ki G of Sl v rcreanrg el e can e
353 pronkectiag Factid S it PTED 3 el arthvis riscwiatiod wramal health
Iares. Hegerve Corrponsnl memiers. harea d fizyent sei of s
hey B T Ty v e, ehsidkog bl ancing chlin
VIV WAL TN S0rGOL W e BUCTHE 10 Mt Bl oy
narvices, an d greaier modation fem peen. and mil Eany sippit s e
Comaarivng i cho i B, ppeabed.roecd e 5 B olin g 17l ] Py
bidesdiat b breatheng teshriques el van be leamedins single
ks and practiced i boimes sl B perticn bk valushia i e e
Companent e bers aa vl m it neoponcen.

Thi wmriy | o b bS] am Wil iy B st o) fsa
vare wye ok Brp VHIR) o ooty e o by i) oz B 2w

i oo e s ) PTS T s s MY e, vy 1t e e
BT 1o 1D 215115 01T B O e WL Ty
wariwity, ith Hgher HEV ind kating g reals Redb By ardishliny

i weepulaia mrasaral regicns s PP ssmncisbed with raducsd
breh of bath e pirsiz s s e bthria (RS0 and low—fecpency
A L HRLTT. Hyvss fa o sl avil Aoty e Mhaina B o Uit

His Heduciien ol arer
shontly afr rawng sapes o ey praset or sech e G Saekbomd ol
Prrchaligecl | R e, fred ] ing PTSDSReoms:

Eihmsd hach 3 1ECH s i o 3 s ksl Lo s
ek skt il pldobog el prceanss, and Biobeedback
ring picowsha B opportun by fobosn i mecipulss the s
pocesses through @k awareress, HRY Diofead Back hainiig he
bean thown te mprove dopmnion, sakrty, streay, ard P50
wutcomien. Hurvarac oo Horme rermern ool lecbon infhamcing, HRY
bofiaelea s okectina res 5 2wl thar b o fon b e This
sttty heginetmclase these pam,

Sedt-mgutarion zan be snharesd by practics and cane
RRrTEEN thiTasgh HEV biofoaeeach-2oaktod fol dnation training
IBART]. nthb wwg HATY s rwes o both ameeas ure of asinrome:
regudailon and & promidng target b asy inbanvention 1o impaoes.

e rvs Benew o indrc] wedorer o el o Lsrreic weard. HAV-
BART b the o s oegical et pathvesdy 10 imtiavans: ar b o
phyyoiogcal edience,

Thes cormep of resd oo —dhie gt bip b oebg ol oimschesrs tp—tiss.
recanihy bt 2 rror Tocus in efforms wimpers rliany welHssing,
B prbas R B S50 i) withyRrioy 1 meatn hesihaumes
In thi prpulstion. &n Irnparis it awect of thisprcess b the aium

b s phymialogic equil brvrs | nclcariad] by beg herraiing HIV andla

o ickor e b st g oot rata el lowing o Seaeor S e didies
herve v cated thatan e in BV 00 ked 0 e benes. Soigh
Hris ot Iy 9 . Frdnidirelic ol il riwn [
Thearsbona, tha cbjecreeof this smdy is 1 o eedencoa Eered
ek e s rare-bad ot 1 L raveg 1 ey b i bk o e cabony
sty el kg Dhat i b Rarsed [1adis seabon and
peactioed ax home 153 vahahle el for both Reserve Dormpo nentand
Fiert Baprrdens Hine and polios oficen

1s Esdrdinie i R Foabip B R 0 0 Aalencd. nants|
hesith subemnce use sess sod phyaiod healihrieaswes,

2. Frarsine srchvaius dRETEners 1 TEgns 10 Vo AR tianirg
parsmaten (reathing spacd mmoust of prctice, knawledge
el e wce of ks bk
mathady,

3. Exsrainefie estemi o which pesibenoe ancmaial heaith
SATRADE L rFe i i T R D el i THAT st o 0
changes o time. Bapbase e e tion hetsen comcdtl dides
hal rewy impact the st o HPRART orsmibence, copi g and
prmraaTAE grosth | Plaiso e somes.

w oy cermphovan

Lot bl b it et 10 Bl 1w b of el msiralovy ekes andd
Tray Lo Cy o8 Mt T P o o i B 3 1 5 o i o Pl v Y i
marban g Basponcier, bchucing thoye wh prmes) wossaing ofjeris forF150

Pt e v kT (13 Tipata ina
SURKIY B85 SV S 1N DS OF 1§00

Sall-Repory Questionnalre Measures
P e 0 vl D in it I i Rt ot Wil ikt da el Ciannk
Diricisors Kol ke mica Sk DHRTSC) $000es 00 ping ansese res dirial oo ng scabe DO PER.
Pt ket S 1R ol P ol Grmani) | v o (FTICH], 418 o prashdenys
{Staap Disburhance Seabal Secardary cutcoma nd uck menzalheath [FCL S GAD 2,
b Fioe Eicbmsriclbigbe i) el v S s S e Vsl i
Farr ! 2-fem Health Survey [5F-17] THL omd sboofaluse proble s Ao ol Use Disond e Ikl cation Fest [ALTAT]
Covarn i irclade cumbat snd deplommars, mcent o becen 2 rd cofs reied becaings s, age, sducsion, e of othar
il o D) ree] iR Esting rdasal

Procodurs
= Fanbcioanisas wainedin oneof re prom ook
1. HRY hiofmackurk wil hpeced hisalhing

I Troan gy s don andoomplang

oF
4. Paosd trewhing unky

B Fasticiuamispervids weeldy stvnis sk, on hsr ol anes e by il ape

® Dutsar enahorclat seck iy imora b thicuch tha 8wk sl home pracsoe por e, and
b e ] VPinATT Blrwe  d,

=L T § 165 T 00 T caed s are denkabie no e i clearitsand s et
ramiler,

HAY SCURIATE - Bl ind Sy Motk 1 =515
Fus=bos Suisey Mokd= 2 2 45

Banakrem Surwsy Modods 3 = 55

£ Fuwtica athorme (25

Conpapdite Bried Wkl Tl LU S ey

Tkt M, Frslice o] homte (08
o o B Wvaaty P ey Sy
EI0 Piactos Bl home e

Vheok3 Tiarapi et Frie#Wesakly Fadira-La vy WL W il b
(] 10 Prascricd ar Roma fa3)
Coreplene B efieekly Follow U Surey
510 Prectica ot home (2% i
ez ol an 2maded
Woaks Lot B MR Fedira-Li oty <t
§10° Peactice ot homefi
Wk HR sl
Coraplene B etihekly Fodla-Un Surasy Dk e B U ok
S ' "
Manh 3 il “'“":""P"‘I’;.P""
N IRV agmaonent ¥
i Curterty Frlkoerlp Surves e
Al HRY samdnenl
R Sy bollesip Sy
§51 W samaninent
Cuanerly Follosip Suray

Statistical Analyses

T Ewcaemine: T2 POl ERG Sy DTASREN s i MW 0 000 0o v i 5. v 3 DV mTrhe Cor EATOEN 3
baseire tnamessihe avaciyion between ol s isbies of inbe s HAR, PTG, readierce. hand iness PTSIL deprassion
ki i g el L et Bl acychali vl -ty sl g i s el
using simple shypes when s ppraprisie. Analysesof ver 2nce areased o derenmine T oo s asignediod ieve neBART
tuaining parsmatsns b ot diterances sl ot ol Up Latent o cth curse madeitng wilEss uted ta
mienz the traperion e of oach vanabis over time. Vi sapact that the indunion of bivfescback millincieass tha spocd and
FiraR L fiT AT T R e ro e, D ot e b il ot ros s i st

Fiporivesls 1

WIRe Ipparthesized thiak HIRY ] be posithecly azaoctied mith neslience, PTG, Med e CORine, ol 0 pltasicsl hesath and
1R A8 b s st it h TSI, depassain, arvsiety, s dmstrnice ahune, arcl stress

Ridnden

Prrirum ey Lstetdnes GaLars Dt on 200 parkdpan
Cieraedif vy sy 06 o g v RS al e

LFHRY pecovssig paed ST bar sl d PTSEH =04, o= 05 s roldapiassian

Tada 1. Heponsy BETTDATon of La sl g Dooriogra e
wawbabi e by Qo p

1132 PEaral 154 AARTL Takle 1 o |
i Doy PSS, HR 04 T 0T 5006 e Pl Dot et 2Pl vty |
¥

B ART prous, A ainckean o agnfnant piiv
AREAPTED) Cheeck Bl 2t (1, | 72, 0 115] ool 54w

TR ml-lm-\. uu-v"ﬂ
11§71, 1

3. p- 051, [Ralebas 355

Tabale 1. Comslubions betamen RS cfererces. PTS0L cepreaon, anisiy. sxlance shuss and s, Rl ol

L A

o 11085 1 RER_jusl sl oM [T Wie DA Q0A0HLGE) s A
SEETIST CE0TIE 185 A poxt e diff 8173 AT 0,13 {0 1 g2 aazase  niMRed
ety zu,m B
W "] .
11081 & Tabda 5. Coanalitions batwsean PEA dforarces, i B, pinrsaca | bealth, B ardin s, 28 d PTG, Bhoipaal
b ) TR | 17
m il = FiSA i et sk iR LA 203 (a8 a0 010
FiA poai ks diff eIy EAE ST F D e 208 0.27)
ATTRAL =xisen o™
83 {105 100 jRAL 164
K | T & Corhaitions bt L PR OB Cus, PTSCY Bopeisitionn, bty Sulbta i L, aild Sws Al 1p vl
P e i
3 [ = A
17 (8] o
St e LIHRA_ P, e afi A0S 7 L I T
LFHRA) peor s 0,14 00AE: L jiknsl ierE p.5A| b 50T IR 7
|FI|J&‘. 1% 10 e
n
i Talbda 5. Cadvelunions betas L PRV differon ces sod islfence hieaih osdiness anad PTG B -l
"
e L, i
P M |5 o pear_ s ot RL LT E b L0 10
Mg =0 LPHRN, jpour_ v i1 473 Kl A0

Figurs 1| PCL score by B5A

*
srd
Y
‘“\\.
G

L2

£ |
= ne
Author ARlRations Mare Infermatisn
N f A “Prmmmnzng sussor. N rsermmtiznel
- e e T e, Lavwalbluamans 43T, Caronwalls Rusd
This shachywl 2ssess the povential alHY bicfesdback i wemadty o Morth Sl Ohped HIll Durhem, Rl SamsTTa Retcast hTrianghs Pavk, B
ensdeptimel prrameten e an e it e Carcfine et i e i
PPSCHe b s Ton ome: sl paviche The Ira 2 mos il AT iz Haalth
menmunaton o the mesciuion betreser IV rEasw e
ol The 3ty 10 ncrease e Menoe moes, Frelminary’ Ackmawiadgennts o o M G B ma
Eumdine data indicabe biokeadbed. HRY inining may Fnslerd bwe jent o Cefense Congressionaly www. ritlong

hiedg mprores: sy poon of BTS00 s othoe ma
i Y Sl PGS N LN (o A 00 5

o]
T Mok ol et 8 Pronran D TWRF)
Fmlerarres susilskd upon requent

i e, S Y i gt
L e

65




66



TI Lessons Learned Integrating Heart Rate
Data Collection for the Biofeedback-

Assisted Resilience Training (BART) Study

Randall P. Eckhoff

Paul N. Kizakevich

Dr. Laurel Hourani, PhD
Dr. Maria Davila, PhD
Dr. Gregory Lewis, PhD

67




Biofeedback Assisted Resilience Training

 Enhance psychological resilience using paced breathing
with biofeedback
« Heart rate variability biofeedback, cognitive stressor game, survey

data collection
Polar H7 (S

Participant ID - 99999 On the next screen, one of the following images '

¥
o Day 0 Weel 1 Trainings:1 of 3+ will be randomly presented every 1-3 seconds.
Survey - Part 1 > <2<« > p > ~
Complete on Day 1 (§15)

PY Survey - Part 2 >
Complete by Day 3 ($5) > - o« o« o «
Survey - Part 3
> !
® Complete by Day 3 (85) LEFT RIGHT
As each image is presented, observe the middle
@ [raining Game 3 arrow. Tap the LEFT or RIGHT button according
Required for +GAME incentives to the middle arrow. Make your choice as quickly
InCenhyos as possible. The game will take four minutes.
>
® Earned siudy incentives Start Game
Transmit your data 5

Required for incentive paymeant [] Time 300

Sensor data being received

f your HR senser is not working properly, then exit, fix the
sensor, and try again later.
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Requirements

Need a heart rate monitor from which we can measure heart rate
variability (HRV)
Participants bring their own device (iI0S/Android, phone/tablet)
Participant training
« Tell participants about the study
« Consent them, assign participant ids, hand out HR monitor
 Download and set up app
 Perform 1 HRV training exercise
Onsite participant training sessions
« Military Reserves units
 Army & Air Force
« Typically 20-40 participants in each reserve unit
* 1 to 2 hours allocation during unit weekend training
* First responders
* Local police and fire
* Much smaller training size
* 1 to 2 hours after shift ends
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Which heart rate monitor?

R 1098ms R 965ms R
1 . B Jr 5 B 0

P I p T
Q Q Q
s s s

HRV measures the change in time between heart beats (RR interval)

Chest strap Wrist band

« Measures heart rate electrically « Measures blood volume pulse

« Works well moving and at rest « Has issues with wrist movement
 Most send RR data  Most do NOT send RR data
What did we do?

» Participant bring their own heart rate monitor not an option
« Validated 3 different chest strap monitors against ECG
* Provided monitor for each study participant on training day
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Bring your own device

Different Bluetooth chipsets

Android versions T

« AP| 18,19, 20, 21, 22, 25, 24, 25, 26, 21, 28 4
. Manufacturer variations (Samsung, Google, Motorola, LG
« Cell provider variations (Verizon, AT&T, Sprint, T-Mobile, etc)

I0S Versions

« 10560,.61,70 71,80, 81.8283.84,.90 91,92 93 100,
101,902 103 11.9. 11.1. 112 11.3.12

 Manufacturer variations - none

» Cell provider variations - none

What did we do?

« All team members tested, especially those with different phones
 Reached out to employees outside project

« Maintained test matrix
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How do you train large groups?

Bluetooth devices are geared towards
Individuals and private use

Large group setting
« Bad for Bluetooth
* |magine 25 study participants with 25 heart rate monitors

« Gyms- picking up other’s people heart rate data

 From a list of 25 monitors, someone will pick the wrong one

Surroundings
* New construction with state of the art everything
« 12 - 15 different Bluetooth devices when testing

What did we do?

« Staggered training of 3 - 5 participants at a time with more trainers
« Smart scanning- look for a heart rate monitor, not any BT device

* Couldn’t control location and had to lengthen scan for HR monitors
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User Experience

How does user know what HR data looks like?

What did we do?

« During app setup (1) progress bar, (2)
sensor validation, (3) data confirmation

« Before each training, connected to sensor to
get sample data and compare bad vs. good

» |nstructions to “repair” the sensor — moisten
straps and monitor positioning

Scan for your sensor Scan again

I ] Sensor found.
Scanning for sensor

Polar H7 EC99371D

Continue
Stop scan and exit

Individual HR monitor
serial number
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First, let's make sure that your heart
monitor is working properly.

Look at your sensor output. If it does not

resemble the good example below, tap
Repair Sensor. Otherwise, Continue.

BAD SEMSOR CONMECTION  GOOD SENSOR CONNECTION

Repair Senzor Continue

Your heart rate

Save and exit

No data - try later




i0S and Android 0S ﬁ:

Their implementations are different. We wrote a high-level layer
above 10S and Android to simplify our own development.

But...

« |0S allows for levels of asynchronous discovery

« Android, everything is synchronous

« Very frustrating to context switch between the different operating
systems

What did we do?

* Include your software engineers early

« Wrote test software isolating Bluetooth connectivity code
 Regression test as new versions become available
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An explosion of data

Do you save it all as it is reported?
0, 782,894, 822, 901, 854, 811, 792, 849

Just offsets?
0,782,112, -72, 79, -47,-43, -19, 57

« Continuous physiological signals — minute vs. second

e Y X20x3x52 vs. Y X60x20x3x52 = Lots of data!
* Mobile app local storage and upload bandwidth affected

* And don't forget your reporting dashboard and data extracts

What did we do?

« Saved initial value, followed by delta values

« Having all data allowed for backend validation of HRV formula
during QA. Kept during the study “just in case”.

* Wrote specialized HRV data queries
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Security and Privacy

More data to protect

Potential for hacking Bluetooth and NFC

What did we do?

« Stressed doing the training at home where one would naturally find
a quiet place the study required

« Had an application pin so as not to depend on a device pin. IRB
also had input on this to protect participant privacy
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Abstract submitted to the Individual Paper Presentations program for the Society for Prevention Research 28th
Annual Meeting upcoming in Washington, DC, in May 2020. No BART funds will be required.

Mobile Biofeedback Heart Rate Variability to Prevent Mental Health Conditions: Could It be a
Place Based Intervention?

Davila Ml, Ph.D., Kizakevich PN, M.S., Eckhoff R, B.S., Morgan J, Ph.D., Meleth S, Ph.D., Ramirez D,
M.A., Morgan T, M.A,, Strange LB, COL, A.N., USA, (Ret.), Lane B, Ph.D., Weimer B, M.A,, Lewis A,
Lewis GF, Ph.D., Hourani LI, Ph.D.

Mobile Biofeedback Heart Rate Variability to Prevent Mental Health Conditions: Could It be a Place-Based
Intervention?

Abstract: Heart Rate Variability (HRV) is a biological marker reflecting individual’s physiological
homeostasis, neural regulation, and response to the environment and events. HRV is derived from heart rate
(HR) oscillations, serves to study mental health conditions and evaluate interventions. Psychological
resilience (stress coping) is fundamental to minimize health risks and is linked to higher HRV. Self-
regulation, usually subconscious, can improve by conscious relaxation intervention. HRV requires high
quality HR data and offline correction of non-neurological artifacts, hindering readings outside laboratory.
The study presents a self-administrated resilience intervention, a mobile health app with HRV biofeedback
pace-breathing (PB), heart rate monitor and self-report mental health items, and assesses its performance
and viability for health place-based intervention. Study approval UNC-IRB 16-2312. Subjects were 250
military members and first responders. Age groups evenly distributed 33% 20-30, 31-41 and 42+ and 60%
men. Data collection protocol: Baseline (Week 1), PB practice (Weeks 1-6), Follow-up (Month 3-6-9-12).
Subjects and researchers met at baseline, leaving data collection to subject’s unsupervised time and location,
data was uploaded to a server and processed: online for biofeedback and offline for quality, 56 % of HR
data required correction. 600 hours of HR data aided developed an online algorithm to correct artifacts. The
algorithm was validated comparing online and offline methods HRV parameters using Bland & Altman (B-
A) and scatter plots. Analysis of variance captured HRV autonomic changes during Baseline. B-A plots for
HRV parameters: Heart Period (HP), Low Frequency (LFHRYV), and Respiratory Sinus Arrhythmia (RSA),
indicate excellent agreement and minimal bias between the two methods with 95 % of differences between
the confidence intervals. LFHRV and RSA B-A plots suggest that error magnitude is slightly larger for
larger values. HRV linear regressions are in convergence with high correlation; HP: y=.99x+5.01, R2=1,
RSA: y=1.04x-.30, R2=.98; LFHRV: y=1.02x-.08, R2=.98. Analysis of variance comparing means across
Baseline (rest-stress-post-train) show small but very significant changes (p<.001), tracking HRV changes
related to stress. The app paired with the HRM supports remote behavioral and physiological data
collection, intervention delivery and online feedback. It acquires useful data to study changes during
psychological stress, should be useful to correlate behavioral items and compare alternative psychological
resilience training paradigms. The app is a practical and effective tool for remote research, diagnosis, and
follow-up; and allows the design of place-based studies by providing access to reliable psychophysiological
metrics.

Research Focus: Imaging and Bioengineering, Mental Health, Other Health and Quality of Life

Theme: Place-based Prevention
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Mobile Biofeedback Heart Rate Variability to Prevent Mental Health Conditions: Could It be a Place-
Based Intervention?

Abstract:

Heart Rate Variability (HRV) is a biological marker reflecting individual’s physiological homeostasis, neural
regulation, and response to the environment and events. HRV is derived from heart rate (HR) oscillations,
serves to study mental health conditions and evaluate interventions. Psychological resilience (stress coping) is
fundamental to minimize health risks and is linked to higher HRV. Self-regulation, usually subconscious, can
improve by conscious relaxation intervention. HRV requires high quality HR data and offline correction of non-
neurological artifacts, hindering readings outside laboratory. The study presents a self-administrated resilience
intervention, a mobile health app with HRV biofeedback pace-breathing (PB), heart rate monitor and self-report
mental health items, and assesses its performance and viability for health place-based intervention.

Study approval UNC-IRB 16-2312. Subjects were 250 military members and first responders. Age groups evenly
distributed 33% 20-30, 31-41 and 42+ and 60% men. Data collection protocol: Baseline (Week 1), PB practice
(Weeks 1-6), Follow-up (Month 3-6-9-12). Subjects and researchers met at baseline, leaving data collection to
subject’s unsupervised time and location, data was uploaded to a server and processed: online for biofeedback
and offline for quality, 56 % of HR data required correction. 600 hours of HR data aided developed an online
algorithm to correct artifacts. The algorithm was validated comparing online and offline methods HRV
parameters using Bland & Altman (B-A) and scatter plots. Analysis of variance captured HRV autonomic
changes during Baseline.

B-A plots for HRV parameters: Heart Period (HP), Low Frequency (LFHRV), and Respiratory Sinus Arrhythmia
(RSA), indicate excellent agreement and minimal bias between the two methods with 95 % of differences
between the confidence intervals. LFHRV and RSA B-A plots suggest that error magnitude is slightly larger for
larger values. HRV linear regressions are in convergence with high correlation; HP: y=.99x+5.01, R2=1; RSA:
y=1.04x-.30, R2=.98; LFHRV: y=1.02x-.08, R’=.98. Analysis of variance comparing means across Baseline

(rest-stress-post-train) show small but very significant changes (p<.001), tracking HRV changes related to
stress.

The app paired with the HRM supports remote behavioral and physiological data collection, intervention delivery
and online feedback. It acquires useful data to study changes during psychological stress, should be useful to
correlate behavioral items and compare alternative psychological resilience training paradigms. The app is a
practical and effective tool for remote research, diagnosis, and follow-up; and allows the design of place-based
studies by providing access to reliable psychophysiclogical metrics.
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Appendix C. Quad Chart

Evaluation of HRV Biofeedback as Resilience Building Intervention in the Reserve Component

PR151616
Award Number: W81XWH-16-1-0346

Pl: Laurel Hourani, Ph.D., M.P.H.

Study/Product Aim(s)

1. Develop and test the PHIT platform for use with the BART protocol.

2. Examine the relationship between baseline HRV and resilience, mental
health, substance use, stress, and physical health measures.

3. Examine the individual differences in response to various BART
training parameters (Breathing speed, amount of practice, knowledge
of and prior use of biofeedback and/or other complementary methods).

4. Examine the extent to which resilience and mental health symptoms
are linked to HRV at baseline and how that relationship changes over
time. Explore the effects in which comorbidities may impact the effect
of HRV-BART on resilience, coping and PTG scale scores.

Approach
Participants will be trained in one of two protocols: HRV-BART with paced
breathing (BART+ PB or PB alone). They will provide weekly status
updates on their resilience scores by smartphone app. Data will be
analyzed at weekly intervals through the 6 week at-home practice period
and later at 3-, 6-, and 12-month follow-up intervals.

Org: RTI International

Award Amount: $1,856,199*

Parasympathetic System
Dominates while at res

o2

| Baroreflex Feedback |
Blood pressure regulation

Sympathetic System
Dominates during stress

Accomplishments: Baseline manuscript finalized. Follow-up analyses
continuing. Follow-up of participants continuing.

Timeline and Cost

Activities CY| 16 17 18 19

Completed pilotreport
Physio data collection platform |

AllIRB & HRPO approvals received
Finalized data collection platforms |

All data collection material ready
Sample size requirement met

Baseline technical report/paper
Final analyses and manuscript

Estimated Original Budget ($K)

$458,286| $458,286| $458,280 $458,286

Updated: January 2020
*Includes add on funds.
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Goals/Milestones

CY16 Goal — Obtain Pilot IRB approval and begin software
development

CY17 Goal — Determine the utility of HRV as biomarker for
resilience building

CY18 Goal — Determine most efficient HRV biofeedback protocol for
increased resilience and decreased stress-related conditions

CY19 Goal — Determine efficacy of HRV BART over PB only

Comments/Challenges/Issues/Concerns
Slight overrun in cost projections due to analytic and technical
follow-up challenges.

RTI Budget Expenditure through November, 2019
Projected Expenditure to Date: $1,856,199
Actual Expenditure to Date: $1,856,884
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