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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

Assisted Resilience Training (BART) protocol.

Specific Aim 1: Develop and pilot test the Personal Health Informatics Toolkit (PHIT) platform for use with the Biofeedback-

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 4/12017 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%

T s oot e i sy | 131016 | snon7 | oo
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%
svlégtsi( 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%*
Eg:;ﬁ;l; aa Eonduct HRV-BART or Paced Breathing training and collect 6/1/2017 12/1/2017 100%*
Subtask 2: Baseline dataset cleaning, analysis, and reporting 12/1/2017 9/30/2018 100%*

2/%220116 #7: Baseline technical report and I 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%
e 2 s ol s o

*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

¢ 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 UI 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. close your eyes. At the end of the three minutes
a bell will sound.

AN

3 Time &0

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

[ Time 300

Correct m

Sensor data being received

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

BAD SENSOR CONNECTION GOOD SENSOR CONI

LEFT RIGHT

Repair Sensor Continue Sensor problem - Exit

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 iOS 10 or higher were eligible to participate. In addition to solving


https://bart.rti.org/

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
POC:s 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.

e 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, Goldsboro, 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/€12590/ 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.physbeh.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.
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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.

RTT 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 M, Kizakevich P, 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.

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 i0OS and Android platforms
o 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

PI

1728

Directed and reviewed all study activities on the RTI site.

Dr. Maria Davila
PI
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 10OS 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 PI 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?

RTI International was a collaborative partner. Dr. Hourani, Dr. Morgan, Dr. Lane, Kizakevich, Eckhoff, ,
Ramirez, Morgan, , Weimer, and Lewis.

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 MHEEAITH AND UHEAITH Kizakevich et al

Cinginal 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:; Maria I Davila®, PhD:; Laurel L
Howani®, PhD; Rebecca Watkins®, BS; Belinds Weimer', MA; Tracy Wills®, MS; Jessica K Morgan®, PhD; Tim
Morgan®’, BA; Sreelatha Meleth’, PhD; Amanda Lewis’; Michelle C Krzyzanowskis®, PhD; Derek Famirez’, MS;
Matthew Boyee®, BS; Stephen D Litavecz’, MBA; Manan E Lane®, PhD; Lawra B Strange’, PhD, BN

'Bininformatice Program, Research Computing Division, BTI International, Research Triangle Park, NC, United States

BT Intemariemal, Besearch Trianzle Park, MG, United Staces

*Hlinsay Inseirate, Indiana Unniversity, Bloomingson, IV, United States

“Deparment of Psychiatry, University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

*Consultant, Hilton Head, SC, United States

Corresponding Anthor:

Paul M Eizakevich, M5, PE
Bioinformatice Program

Fesearch Computing Division

ETI Internationsl

3040 Cornwallis Foad

Fesearch Triangls Park, WC, 27700
United States

Phone: 1 019 541 64638

Email- kiziorti org

Abstract

Backgronnd: Psychological resilience is crtical to minimize the health effects of Tanmatic events. Traoma may indoce a
chromic state of hyperarousal, resulting in problems such as anxiety, insomniz, of postTaumatc siwess disorder. Mind-body
practices, such as relaxadon breathing and mindfulnsss meditation, help to reduce aronszal and may reduce the likelibood of snch
psychological distress. To better understand resilience-building practices, we are conducting the Biofeedback-Assisted Fesilience
Training (BART) study to svaluate whether the practice of slow, paced breathing with or without heart rate varability biofeadback
can be effectively leamed via a smanphone app to enhance psycholegical resilience.

Objective: Our objective was to conduct a limited, inferim review of user interactions and study data on use of the BART
resilience training app and demeonstrate analyses of real-time sensor-smeaming data.

Alethods: We developed the BART app fo provide paced breasthing recilience fraining, with or withouwt heart rats variability
biofeedback, via a self-managed &week protocol. The app receives sireaming data from 8 Bluetooth-lnked heart rate sensor and
displays heart rate variability biofeedback to indicate movement between calmer and stressfinl states. To evaluate the app, 3
population of military personnel veterans, and civilian first responders used the app for § weeks of resilience raining. We analyzed
app usage and heart rate variability measures during rest, cognitive siress, and paced breathing. Cumently released for the BART
research stady, the BART app is being used to collect self-reported survey and heart rate sensor data for comparatire evalustion
of paced breathing relaxation waining with and without heart rate variabilicy biofeedback.

Eesult:: To date, we have analyzad the results of 328 participants who began using the BART app for § weeks of smess relaxation
training via 3 self-managed profocol. Of these, 207 (63.1%) followed the app-divectsd procedures and completed the traming
regimen Jur review of adherence to protocol and app-calculated heart rate variability measares mdicated that the BART app
acquired high-guality data for evaluating salf-manzged stress relavation Taining programs.

Conclusions: The BART app acquired high-quality data for smdying changes in psychophysiological stress according o
mind-ody actvity states, including conditdons of rest, cognitive sress, and slow, paced breathing.
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resilience, psychological; heart rate vanability; Personal Health Informatics and Intervention Toolkit; PHIT; respiratory siomas
arrhythmia; soess, psychological; relaxation therapy: biofeedback, psychology; well-being

Introduction

Background

Pryrhological resilience—the ability to recover from a traumanc
experience snd refumm to mental well-being—is crtcsl o
minimize health effects, such as anxiefy, substance abnze, sleap
problems, or postraumatc siress disorder (PTSDN [1-4].
Exposure to Tauma may leave the antonomic system in & chromic
state of hyperarousal [7]). Heart rate vanability (HEV), 3 measare
of beat-to-beat cardiac imterval wariaton, reflects wvagal
parasympathetic tome and changes in autonomic stams [3].
Smdies have found an association between PTSD and reduced
HEV thought to be related to sustained hyperarousal and snxiety
[2-14]. Comversely, higher HEV indicates greater flaxibiliny
and abidity to regulate emotional responses, linking simess
response 1o both snhanced mental health and resilienca.

Reduction of arousal during or shortly afier manma exposure
may preveni or reduce the likelibood of psychelogical disiress,
including PTED symptoms [15-17). Mindfulness meditation
and relaxation fraimng have been associated with a reducion
in bhyperaromsal [17], may increase HEW [18,19], and hold
promise for PTSD treatment [18,20]. HEWV biofeedback,
providing real-time HEV monitoring during relaxation raining,
haz een zhown to improve depressiom, anxiety, FTSD), and
siress symptoms [21]. When practiced consistendy, HEW
biofeedback can also increase HEV and may help 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 HEV rebound afier a siresszor task.
To support the study, we developed the BABRT mobile app,
enabling participants to practce relaxation raining owtside of
a formal fraining ewvironment. This paper describes the BART
resilience Taiming app, demonsirates HEW biofeedback. presents
processes that may have wider applicability for mobile health
research, and reporms the interim results of app nsags.

Methods

Study Population
The BAPRT smdy is bemng conducted in 3 mixed population of
military personnel, wveterans, and civilian first responders at
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mmliple sites acress muliiple states in the United States. We
recruited participants from a coovenience sample of Mavy,
Marine Corps, and Army Feserve units and Matonal Guard
armories from Worth Carelina, 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 homs, and complete
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 o
allowing them to keep their smdy-related heart rate (HE)
moniter chest swap.

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

Study and App Design

Study Protocol

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

The study begins with a setup day (day 0) on which individuwals
provide thelr consent to participate, install the app on their
smariphone, complete baseline 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 wearnng
the Polar HE. sensor, linking the sensor to the BART app, and
acquiring good-guality HE. measurements. After this imitial
sefup and instrection, paricipants 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 domaton
Tims Flesiliencs traming Flesilienrs traming with cognifive sress Agzessment Incemtive (U5 §)
Day 0 Al Practice once Baseline part 1 15
Ciarys -3 NA NA Biazelins par 1 3
Diarys -3 WA WA Biaszeline part 3 5
Weeks 1-§ Practce twiceweek Practce onceweek Weskly survey 10iweek
Momnths 3, 6, and & Practice twicawesk Praciice once/quanier Cuarterhy survey Xquarier
Mlomeh 12 Praciice twice Practice once Fimal sumvey X
“Mot applicabls.

BART app desizn was governed by the sudy protocol and
schedule of parficipant activities (Table 1), the prescnbed
resilience fraining and siressor regimens, the mechanizms for
helping participants to complete the smdy activites, and
incentives to encourage adberence. A suite of self-report
messuras (eg, anxiefy, posiranmatc smess, sleep gquality,
resilience) are taken at baseline with a subset taken gquarterly
and at 12 months. Scheduling of activities is provided via the
app, along with ncentives to support adherence over the initial
dweeks and throughont the 12 moaths. Owing to the geographic
distribution of stedy recruiment sites, pardcipants enter the
smdy incremenially, thereby allowing a small smdy team to
recTuit, take consent, and provide imitial training at varnous
locations over an extendsd period. Consequenily, each
participant’s protocel schadule is based on their personal stdy

entry date.

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

mindfnlness-based swess reduction soongly mflnsnced our
design of the BART app [18.25,24]). Each of these smdies
imvolved siress relaxation Taiming, a cogmifive stressor, and
HEV assessments. We reviewed our lessons learned from these
smdiss to refine processss and incorporTate new sensors and
mobile technology in the BART app. Smariphons-deliverad
health and HEV biofeedback analysss of the pror Personal
Health Imfervenfion Toolkit for Dwmty mesearch app [27]
constimied the foundation for app development.

We implemsntad the BART app wsing 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 acquiring dats,
including  self-report instuments, ecological momentary
assessment diares, cognifive tests, and games-like actvities. For
sensor data collection, PHIT supports intrinsic (eg, global
positioning system, moton) and Bluetooth 4.0 data sireams {eg,
HE monitors). All data are tagged with study protocol,
participant, date and time stamps, and other contextual
information, then encrypied and stored locally in the app space.

A wirteal advisor provides a logic layer where analysis and
planning tzke place. An activity manager schedules salf-report
and sensor data collection, intervention and training, alers,
incentive feedback, and behavior change according to the study
protocaol.

PHIT modules are implemented using XML and employ
PHIT5cmipt to construct program logic and activate special app
functions, such as coellecting sensor data or scheduling
notifications. Apps unsing the PHIT framework mn locally
withowut the need for an sctive intemet connection. PHIT is based
oo Apache Flex (Apache Software Foundation) and ATR. (Adobs
Systems) technologies, which are both open source and widaly
used for mobile zame development. A reguirement for the
BAFRT smdy was that participants would use their own
smariphones or tablets, necessitating app compatbility with
both Android and 105 devices as providad by Adobe ATE.

All acquired and demved data are stored oo the device in an
encrypted S0Lite (53QLite Consortium) database and
pericdically npleaded by the participant to a secure central data
server To eliminate financial borden, neither continwous infemet
access nor nse of the participant™s cellalar data plan is required.
Pather, data are uploaded whenever Wi-Fi internet access is
available, and at the parficipani’s direction and comveniesnce,
gither wia Wi-Fi or the participant’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, sand data upleads. The activitias
menn (Figure 1 and Figure 2a) is npdated daily by a schedule
manager according to protocol specifications and personal
progress, nsing labeling and icon refersnces as defined by
PHITScript programming. Each day, actwvifies are listed or
removed, and a local notification is posted to the participant as
a reminder to complete their activities. The menn may also be
updated by changing the icon to note an incomplete actviny,
removing & completed activity from the memi, or tagging a
listed sctivity with key nser informagon—ifor example, advising
on the mumber of resilience rainings reamaining (o meet incentive
payment requirements for the current study 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 }. Biofeedback-Assisted Resilisnce Trainmz (BART) app boms
(2} Actvities memr, (b,c) sample survey gquestions.
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STesEn 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-bry-beat heart intervals, also called interbeart intervals, are
acquited confinwonsly during esch maming session from a
Bluetooth Low Ensrgy (Bluetooth Special Interest Group) HE
monitor. The raw interbeat intervals are streamed in real dme
to an HEV amalysis module and stored i the app databass to
allow for subseguent ofline quality review and analysis.

Three vamants of HEWV measures are determined using the
Porges-Bohrer HEW analysizs methodology [31,32]: respiratory
sinus arhythmiz (B5A), low-frequency HEW, and wideband
HEW. BS54 reflects parasympathetic vagal activity for expectad
spontaneous breathing rates, whereas low-freguency HEW is
thought to reflect sympathefic activity, as well as other
cardigvascular regulatory systems. The widsband meszsure
ensures that very low breathing rates during paced breathing
exercizes are properly measured Multimedia Appendix 1
provides HEW data processing details.

Resilience Irmning

We asked parficipants to practice resilience raining 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 randomly allocated after consent to receive
1 of 4 resilience Taining regimens: paced breathing at 5 or 4§
breaths per minute, with or without HEV biofeedback . Before
maining, the partcipant is asked to be in a guist place and pat
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 fraining or take measures, such as adjosting or
maistening the chest strap sensor, @ improve data qualiny.
Besilisnce maining begins with a 3-minute resing segment o
relax the parficipant and establish baseline HEV measares.
During this time, the pamicipanis 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 each minmate armves to help reduce anxiety owing o
waiing for the resting sagment to finish

For partcipanis receiving resilience fraiming withour
biafeedback, an animated hall is displayed as rising and falling
upon a triangular graphic for paced breathing resilience maining
(Figure 3c top). Pamicipants inhale as the ball rses and exhals
while the ball falls, with ball movement set at 5 or 6 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 rising and falling pitch is played in synchromy
with the nising and falling ball to allow for paced breathing with
eyes closed.

For participants receiving 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 every 2
seconds against a color-coded background to show movement
between calm (zresn) and stessfinl (red) psychophysiological
siates, reflecting higher and lower parasympathsfic activation
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Fignre 3. (a) Besilience maining begins with verification of heart rate (HE) data quality to ensare high-quality heart mite varability (HEW) biofeedack.
it} Cmce the HR is checked, participamts sit at rest for a 3-mimgte baseline peried. () Then participants recemve paced breathing via an andiovizaal
graphic animation (top), whils the HE. signal, HENV trend, and instamfaneous HEW meter are displayed io real time: (bottom).
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Om study days 0 and 1, and after § weeks of waining, participants
complete an enhanced training regimen called the Training
iame. The Training Game builds oo the basic resilience waming
exercise by incorporating the Enksen flanker task [33], a
game-like cogmifive stress  exercize desigomed to elicit
psychophysiological stress. The Eriksen flanker task heightens
peychological siress by reguirimg  affenton, providing
amticipation, and imposing conflict in highsr brain function. As
before, HEV iz measured throughout the Training Game. tharsby
allowing for objective assessment of resilience before and afier
& weeks of training.

The Training (rame begins with a 3-minate rest, followed by
instmactions on performing the Enksen fanker task (Figure 4a).
When ready, the participant begins the Eriksen flanker task,
which presents 2 series of stimmlus scresns comprising a fisld

of arrows pointing to the left or right, with a central ammow that
may be congment of incongment m direction with the 4
bounding arrows on either side (Figure 4b). The 4 bounding
armows are randomly rendered as pomting left or ght, resulting
in 4 available stimumlns combinations. At 3 random interval
ranging fom 1 to 3 seconds, 1 of the 4 combinations of the
canfral and flanking armmows is selected at random and presanted
for 400 milliseconds. Pardcipanis have 2.7 saconds to respond
by tapping the left or right button to mdicate the direction of
the ceniral arrow. The Erksen flanker task continues presenting
stimmli for 4 minutes, then the BART app advances to a
3-mnimmie poststress recovery phase of siting atrest (Figure 4c).
After recovery, resilience framing is provided as previeusly
described with paced breathing at 5 or 6 breaths per minuse,
with or without HEW bicfeedback.
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Fignre 4. The cogmnitive Traning (rame siressor exercise is precedad by (a) an mstmaction soeen, followed oy (0) 4 ommees of Enksen flanker stipmiti

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

Adberence to siudy interventions and dam collection is a
common challenge in any research siady, and especially when
participants are asked to essentdally perform the study oo their
own, albeit with app support. To support the frequency of
resilience training (3 fime per week), weekly assessments, and
the yearlong period of follow-up assessments, the BART smdy
design imcorporated an incremental imcentves approach to
enCourage participants to do scheduled activites 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 imcentfive gualification and auwtomated disoibotion of
incentive awards (Figare 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 PHITScnpt 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 is stored to the local
app database, and the in-app incentives table is updated to
inform the nser that an incentve has been earnad and is pending
award When smdy data are mansfemed to the secure ceniral
data server, the inceative fulfillment request is moted for
processing. Each night a procedure scans all partcipants for
pending fulfillment requests, identifies mnpaid incentives, amails
a gift card code in the appropriate amount o pardcipants, and
tags the incentive payment as flfilled

To further supporn the incenfive process, MONItOT paymlents,
and validate the accuracy of the incentive management process,
a report of incentives eamed and paid is produoced weekly so
that study staff may check each participant’s incentive record.
This report not only aids in confirming payments, bt also helps
to resolve any problems that may have been expenenced by
participsnts and supports monitoring adbhersnce across all
participants.
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Fignre 5. Incentve managsment data flow and processss conducted within the Biofeedback-Azsisted Fesilience Trining (BART) app (l=ft) md in
the saoure backend data server (Tighf) for monitaring and rewarding participant adherence
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Privacy and Secusity

Ensuring privacy and security of dats and on-device analysis
results is an absolote necessity for ethical reasoms, o meet
human smdies requirements, and to suppoernt data gquality o the
conduct of self-managed mobile research protocols. Partcipants
are provided a randomized participant identification (TD), which
nniguely links all acquoired data to that individual withont amy
perzonslly identifiable information. They also enter a
self~defined secret 4-dizit personal identification mumnber (FIN)
to prevent access by other individuals. When in use, the app
screen deactvates after 8 et period (eg, 2 mimates) of no
inferaction and current data and acovity is hidden. The 4-digit
FINMN must then be entered to unlock the screen and zllow the
participant to continue.

Implemeanting a smady using an app installed on the pardcipanis”
devices reguires app installation from a public spp store. Since
amyone might dewnload and inseall the app, and possibly uplead
false dama, we addressed thiz guality and security msk by
including an app lockont requiring an unleck password After
participants consent to take part in the smdy, the unlock is
revealed, the app installed, and the password entered to activate.
This prevents exfraneous persons Som entering and cormuping
the study.

All dats are stored locally on the device in an encrypted S0 Lite
databasze within the BART app, thereby perminting use withownt
requirng 3 condmions infernet connection. Drata are stored nsing
g 128-bit Advanced Encryption Standard algorithm with no
personal identifying information Data are penodically uploadad
to a ceniral secure dam server whenever Wi-Fi infernet access
is 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 pressnt
examples of the HEWV measures during resilience maining, we
conducted a limited, intsrim review of user inferactions and
sudy dam. Conseguently, data presented here do nmot address
the study hypotheses on the effectivensss of various framing
mades on building resilience. Analysis of maining effectivensss
on resilience and other ontcome messurements will be addressad
separaiely afer completion of data collection.

persons viz user ID and password

We based dara regarding app usage oo pamicipant rostenng
records and eammed incentives repomed For each smudy activiny
{Tahble 1), we mallied a completed measure—ihat is, the number
of participants who completed the actvity and eammed the
comesponding imcentive. Since each participant has 3 unique
smdy calendar based on individual staming date, the sctviry
schedule differs across participants. We therefore tallied the
mumber of participants who were scheduled to perform each
activity adjusted according to their individwal st date (Tanging
from June 2017 to September 2018) unnl thiz amalysis on
Oictober 1, 2018 Finally, we determined the ratio of completad
to scheduled acdvities as a3 compliance measure for each
requited smdy activity. We calculated these amalyses using
Excel 2019 (Microsoft Corporation).

We reviewed the psychophysiclogical smess response dunng
the cognitive smess and biofeedback franing nsing the wideband
biofeedback HEV measure across all sagments (Test, smassor,
recovery, and maining ). Ohur analysis was resiricied to data taken
durninz the first week of participation, before substaniive
resilience praciice would yield any mraining effect.
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We compuied descriptive siatistics for the subpopulagon
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 zsquenfizl aininz segments. We conducted statstical
analyses nsing IBM 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 resilience 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 6). At firse,
compliance with the raining regimen was excellent, with over
G0 zessions 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 comgpliance was
diminizhed far below 3 trainings per week However, a small
mnmber of parficipants confinued resilience Taining for at least
six maonths 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
guarterly 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). Althongh parficipants were azked to
commplete surveys 1 to 3 immediztely afer installing the app,
many were short on time and indicated that they wounld do them
latar that day. Howevear, 11.0% (36/328) did not even complete
the initial sorvey. Each week and quarter, 25 each data collection
survey was scheduled, pamicipants were reminded to completa
the pending survey and receive their ncentive via a smariphone
notification. A total of 1760 mcentives were eammed and
automatcally awarded fom Jume 2017 thronzh 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 pumber of resilience Taining sessions acess partdpaents by soady day.

s

i)

500

400

30

00

Training Sessions

100

Study Week

Figure 7. Compliance with scheduled sty activities (listed in Table 1).

plil1]
1]
B
70
(eli]
50
30
30
20
b [1]

Activity Compliance (%)

30

0
S T T T TR b iy o ] ]
- N A - O N O o
Y oy T Y
R O

&

o



IMIR MHEATTH AND UHEATLTH

Heart Rate Variability

We inchoded a subset of the datsset comprising 49 men and
women, aged 20 to §0 years (mean 367, 5E 10.6), o the HEW
review. Of the 49 participants o the sabset, 23 [(47%) weare
famale and 26 (53%) were male. We excluded HEV values that
wars gut of the expacted rangs (HEN <30 or HEV =10 as outliers,
as such data are likely duoe to imterbeat interval amfacts. We
inclnded multiple HEV measures per individoal segment
ranging from 305 to 613 measures.

We present zrouped results for HEW, using the wideband
biofeedback HEV measure, for each segment of the cognitive

Kizakevich et al

Training Game sressor exercize (Figure 8). As expected, HEW
decreased from meam 7.37 (3E 1.77; =305 measures) at rest
to mean §.92 (5E 141; p=315 measures) during the siressor
phase, reflectimg a reduction in parasympathefic acOvatiom
during the Erksen flanker stressor task (P 001). Later during
the pastsiress recovery segment, the HEV rebounded to mean
7148 (5E 142; p=373 measurss), approaching the presmess
baseline (P=02). During maining, HEV increased wery
significanmtly 0 mean 8205 (5E 139 p=6l3 measures),
reflecting swong parasympathetic acovation with slow paced
breathing (P2 001).

Figure 8. Heart rate variability (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 [3%] have emerged over the last decade, both for
zeneral use and as adjuncts to specific disease inteTventions
[38,40]. Most merely provide narranive Taining support and
practice reminders, with litle evidence of efficacy [34].
Furthemmore, most app implementations do not  have
concomitant self-report or physiological data gatherng as is
neceszary for evaluating efficacy. As the BART app is built on
the PHIT mobils health research pladform [28], we are able to
acquire research data throughout the §-week maining regimen.,
tag data according o waining segmments (i, rest, stress, paced
breathing), and acquire physiological HEW measursments {0
support hypothesis tesfing in our primary BART evaluation
stndy. We expect, therefors, that wsing our salf-deliverad digital
health methodology will improve the understanding of the
efficacy and unlity of mobile, self-directed mind-body
inferveniions.

of HEW by the BART app. The HEN resulis during the Traming
(rame exercize for the rest, cogmitive swessor, recovery, and
traiming segments (Figurs 8) are consistent with previous resalts
found in gur predeployment stress inoolation smdies [25,26],
where we observed a significant decreacze in HEV (RS A) duning
cognifive stress and 3 significant increase during relaxstion
breathing. A similar reducton in HEL with cognitive stress has
been reported by other nvestizators during mental anthmetic
[41] and random number generation [42] tasks. By assessing
the vagal-medisted B5A throughont each resilience maiming
eplsode. we can readily observe changes in arousal due o
different psychophysical states (eg, rest, stress). Therefore, any
potentzl improvement in base aronsal or resilience to (cognitive)
siress after the § weeks of resilience training should be readily
demonsirated.

A limitation in this smdy is the use of cognitive siress as a
surrogate for combat and operational stressors in this military
population. Fisk of death, exposure o combat or casualies,
disconnection fom loved ones, and working in extreme amd
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unusnzl soviromments are examples of aumsa that oor smdy
population might experience. Such siressors cannot be readily
mimicked nor should they, as previonsly exposed participants
could experience negative reactions o simulzted exposures.
Usze of a comrolled cognitive exercise provides an alternative,
safe, and common confext to assess siress Ieactivity for
evaluation of relaxation Taining.

Alonz with the stated benefits, the BART smdy has vieldsd a
variety of lessons for such self-directed app-based research.
Using personal mobils apps not ooty to collect information, at
aleo o mamage protocol-based task scheduling, reminder
notifications, and infervenfion acdvities, makes the smdy
essenfially self~admimistered by each pamicipant. Unforesesn
events, such as parmicipant smartphone replacement. forgemng
4-digit security PIMNs, and assorted HE monitor failares,
necessitated the implemsntation of technical support resources.
We did this via website, telephone, and email interactions, with
issue and resolution Tacking using Jira Sofraare v7.11.2
(Atlaszian). Mamienance of persomal mterest, uwsability of
sensors and devices, adberence to procedurss, and timely
technical support are critical in retaining pardcipaton for the
smudy duradon.

The namre of our smdy population (primarily milifary resemve
units) imposed 3 requiTement te recmiit parficipanis, then
immediztely install the BART app and provide inital oaining
in a group seming, offen with more than 20 individuals present.
Thesa large gromps compromized ouwr process to establish
Bluetooth links berween individual participant’'s HE. monitor
and sariphone in 3 muoltiparticipant environment. We addressad
this by hawving participsmis configure their app In small
subegroups, which essed the installafion and semp process
considarably.

Furthemmore, while the selected HE. monitors work gquite well
with exercize, obtaining & zood HE. signal was often difficalt
while the pamicipant is siting at rest (ie, not sweating). Mulaple
zdjustments of the sensor smap and repeated confisuraton
attempts were ofien required, and we suppose that continned
problems of this sort likely coniributed to participant dropout.
Advances in wearable HE. sensor techoology, such as upper
arm photoplethy:mography, may make thern easier to use and
more reliable under resting conditons than & device designad
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 expenienced
with the HE. sensar.

Incorporation and auiomabon of incentive management is a
vital aspect of the BART app. We are using monstary incentves,
an important componsnt of research projects, to support
adhersnce to smdy procedurss and reward participants for
carmrying ont certmin tasks, such as complsting 3 sarvey or
resilience raining. Since participants have individual start dates,
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their individual calendar of study activities will differ across
the smdy popuolaiion, making msmnal menitoring of study
adherence both ime consuming and 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.

Betention of users = a common issue with mobile apps o
general. Bonnie [43] reported that 0% of users stopped using
apps within 30 days and 95% by 90 days afier installaton. In
conirast, 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,
automation of mcentive management was not without issues.
Initially we had a somewhat complex zet of requirements for
participant incentives, inchiding requirmg their resilience
raimings 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 instuctions
vizg the embedded incentive requirements table, sewveral
participants complained that they did oot receive incenmves.
Upon review, we found that they did not folly meet the
requiretnents bat, as they met most, we decided o award the
Incentves amyway. We then relaxzed the reguirements, whila
sill 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 acions and understanding how o
better incentivize study actvities.

Conclusion

Blesulis presented is this paper merely showcase feamres and
capabilities of the BART app, along with preliminary data on
app wuzage and demonsiation of analyses of real-dme
sensor-smeaming data, such as the psychophysiological HEW
Tesponse o cognitve siress and paced breathing raining.

Currently distributed for the BAFT research study, the BART
app is being nsed to collect self-reported survey and HE. sensor
data for comparative evaluation of paced breathing relaxation
training with and without HEV bicfeedback. Cur preliminary
ad hoc analyses indicate that the app acquires high-quality data
for studying changes in psychophysiological siress according
to mind-body activity states, including relaxstion and cognitive
simess conditions. However, no conclaosion of effectivensss, or
noneffactvensss, of the biofeedback-azzisted relaxation raning
mtervention should be drawn from these data.
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ARTICLE INFO ABSTRACT

Keywonds: The use of hean rate variability (FHRV) for monitoring stress has been growing in the behavioral health lisersoure,
Heart rate variability especially in the areas of positraumatic stress disorder, stress reactivity, and resilience. Few studies, however,
Mental healih have included general populations under workplace conditions. This study evaluates whether military snd other
Rl e first responders show lower HRV during siress than al baseline and greater posi stress rebound, controlling for a
m i myriad of potential confounders, A convenience sample of Reserves, National Guand, veteran, fire, and police
Military grow personnel provided HRY and sell-reportied questionnaine responses before, during, and afier a cognitive stiressor
task with a sman phone application. Timing of HRV application; mental and physical health scores; coping and
dictors of trajectories of the HEV response (o stress, Findings from this exploratory study emphasize the strong
link between stress and relaxation breathing in both respiratory sinus archythmia and low frequency hean e
wariability and the need for controlling potential covaristes for understanding the relationship betwesn HEV and
the stress response and providing a basis for hypothesis driven reseanch.
1. Introduction activity (hyperarousal) at rest, thus linking anxiety and HRV [32].

Heart rate variability (HRV; i.e., variation in the time interval be-
tween heartbeats) is a measure of autonomic nervous system activity,
with higher HRV indicating greater cardiac vagal tone, Individuals with
higher resting levels of cardiae vagal tone have greater flexdbility in
responding to acute stressors and can regulate emotional responses
without relying on the sympathetic arousal response mechanisms, HRY
can therefore be used o assess the links between the stress response
state and mental health indices [2], Studies have found a significant
assorciation between FTSD and reduced levels of both high-frequency
HRV (HE-HRV), which is highly correlated with respiratory sinus ar-
rhythmia (RSA), and low-frequency HRY (LE-HRV) [18, 29, 31, 42, 47].
LF-HRY reflects the combined influence of sympathetic and para-
sympathetic processes that regulate cardiac output, but the final
pathway is parasympathetic [39].

Polyvagal theory posits that repeated stressors can lead to down-
regulation of cardiac vagal tone and up-regulation of sympathetic

Hyperarousal and anxiety are thought to underlie the association be-
tween PTSD and reduced levels of HE-HRV and LF-HRV. Trauma can
lead to hyperarousal through the stress response, which can leave the
autonomic system in a chronic state of reduced parasympathetic in-
hibition [32], Other mental health and stress-related variables have also
been associated with HRY. For example, associations have been found
between HRV and depression; anxdety disorders [16, 22, 40]; alcohol
use disorder [38); traumatic brain injury (TBI), [45]; work stress [17,
48]; sleep disorders [50, 56]; pain [45] and both cognitive [49] and
combat performance [14). Supportive of these observations, recent
studies of resilience have shown an association between higher HRY
during resting conditions and higher scores on resilience questionnaires
[43], recovery from acute stressors [54], and less valnerability to FTSD-
and depression-related symptomology [30]. Coping-related variables
and, to a lesser extent, postiraumatic growth measures and social at-
tachment have also been related to HRV [24, 28, 43, 55]. Un-
fortunately, most of these HRY studies have been conducted in clinical
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populations or under laboratory conditions. More research is needed 1o
determine the generalizability of these findings in general populations
under usual life situations. Further, inconsistency in measurements, the
complicated nature of measuring HRV, and a failure to control for po-
tential confounders has hampered definitive conclusions about the role
of HRV in research on mental health and related conditions, particu-
larly regarding its relationship to stress reactivity [35, 36].

The concept of resilience, defined as the ability to rebound or re-
cover following adversity, has been a major focus area for efforts to
improve military well-being, and a growing literature has associated it
with various mental health outcomes in the active duty population
(e.g., [29, 30, 45]). An important aspect of this recovery process is the
retum to a physiologic equilibrium indicated by higher variability in
resting heart rate and a quicker return to resting heart rate following a
stressor. This aspect suggests that increased HRV promotes behavioral
adaption and cognitive flexibility, which could be reflected in less stress
and better mental health, The degree of rebound or normalization of
HRV post stressor exposure may vary with baseline rates of HRV. For
example, those with posttraumatic growth may have high HRV al rest
and a higher HEV post stressor relative to those with a lower HEV at
resl. These differences may be important when using HRV as a
screening tool or as an indicator of behavioral change, although few, if
any, studies have conducted this type of assessment.

Although preliminary data have found that those with PTSD ex-
hibited high autonomic hyperarousal at rest, consistent with some
previous literature [8, 9], Minassian et al,, [30], found an association
among Marines between the ratio of LF-HRV to HF-HRV but no asso-
ciation when measuring HF-HRV or LF-HRV alone. Those researchers
also found small effect sizes measuring lower HF-HRV in Marines taking
psychotropic medications and those with a history of deployment, older
age, nonwhite ancestry, recency of nicotine use, higher BMI, and his-
tory of TBI; there was no association between HRY and depression [29]
or symptom severity [30]. In a pilot study of travma-exposed veterans
of Operations Enduring Freedom and Iragi Freedom, those with com-
hined pain, PTSD, and mild TBI diagnoses showed depressed HRV as
measured by the standard deviation of beat-to-beat intervals (SDNN) of
HRY, but no difference in those with only two of the conditions [45],
suggesting that the relationships depend on specific moderating influ-
ences and conditions.

Given the unique siressors thal the HReserve Component (RC)
(Reserve and National Guard) face relative to active duty personnel
(i.e., locations away from bases, civilian job vs, military job conflicts,
reduced access to health care facilities) and the RC having an observed
higher rate of PTSD symptoms than active duty personnel [25], this
population presenis an opporiunity to evaluate the influence of per-
ceived siress and mental health relationships on HRY, Therefore, the
current study evaluates whether RC personnel and other first re-
sponders with FTSD or other mental and physical health problems show
a lower HRV during stress than during rest and post stress rebound
controlling for possible confounders. We use standardized self-report
measures and a standard smartphone-adapied stressor task with easily
obtainable HRV monitoring equipment (Polar chest monitor) to help
facilitate comparisons with other studies. We assess the associations at
baseline between HRV and PFTSD, depression, anxiety, alcohol misuse,
physical health measures, or stress (where higher HRV indicates lower
arousal) and hypothesized that HRV, both LE-HRYV and RSA, will be
negatively associated with these mental health measures. We also in-
vestigate whether the associations between HRV and mental health
depend on sociodemographic characteristics, combal experiences,
postiraumatic growth, coping strategies, or resilience,

The specific aims of this study were o

1 explore the associations between baseline HRV (e.g., resting state,
reactivity to and recovery from a stressor task) and demographic,
mental health, substance use, stress, physical health, and resilience/
coping measures among those in high stress occupations in a
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workplace environment and
2 identify the risk and protective factors (predictors) of HRV, con-
trolling for potential confounders.

2. Methods
21, Pilor study

A pilot study, consisting of 17 university students awarded with
course credit for their time, was conducted to measure the accuracy and
reliability of beat-to-beat heart rate data through the Biofeedback-
Assisted Resilience Training (BART) mobile platform (see Software
below) from several commercially available heart rate monitors. The
pilot study assessed, through qualitative and quantitative analyses, the
suitability of sclected sensors and systems for collecting HRV data. The
purpose of this initial study was to identify a suitable commercial heart
rate sensor that supports Bluetooth Low Energy technology for ac-
quiring beat-to-beal heart rate (Le., interbeal interval [1BI]) data and 1o
assess the accuracy and reliability of such data acquired via the BART
mobile app during prototypical tasks 1o be used in the main study.
Subjects performed a series of tasks 1o elicit various psychophysiolo-
gical effects on HRV, including baseline resting, cognitive stressor, re-
covery, resonant frequency assessment with HRV biofeedback, and a
final resting period. Results found that two of the selected sensors (the
H7 sensor from Polar USA, and the Viiiiva sensor from 4iiii) were sui-
table for use in the main study, with the H7 having a somewhat higher
reliability in IBI and better Bluetooth connectivity. Additional details
regarding the pilot testing are available in Hourani et al. [20].

22 Main study

221, Subjects

The main study was conducted in a mixed population of military
personnel, veterans, and civilian first responders at multiple sites across
multiple states, Participants were recruited from a convenience sample
of Reserve units and National Guard armories from North Carolina,
Georgia, and Virginia and fire and police uniis in the Raleigh,/Durham,
North Carolina, area who volunteered to participate for a 60- 1o 90-
minule onsite iraining session, practice their training at home, and
complete survey assessmenis over the course of 1 year. Participants
were randomly assigned to receive either the BART training or a re-
laxation paced breathing (PB) training, both designed to promote re-
silience through conirol of heart rate. To ensure randomization, Two
sets of index cards with prepared subject 1D numbers (one set each for
experimental control groups) were alternatively provided to partici-
panis as they registered. Participants were told to keep these 1D num-
bers to log on to their app which directed them to preprogramed ex-
perimental or control trainings. All service members with smartphones
in all Reserve Centers and National Guard armories were eligible to
participate. Participants werne offered $25 at the training session, $10
per week for the first 6 weeks, $20 each for responding at the 3-, 6-, 9-
and 12-month follow-up data collection point and $40 for completing 6
months; for a maximum of $205 per participant. All participanis could
keep their Polar H7 monitor. We report here on the resulis of their
baseline HRY, which included at rest (pre-stressor), during stressor, and
post stressor (recovery) measures collected prior 1o their raining.
Additional methodological details are available in [21]).

222, Measures

2221, Physiological measures. HRV was collected with a Polar HY
monitoring strap. The Polar H7 was the only heart rate monitor (HRM)
at reasonable cost that provided beat-by-beat IBls that could be
wirelessly linked to current cell phones, Data from the sensor were
inspected for artifact by an algorithm (adapted from (4], 1o work in
real-time), then analyzed according to the Porges-Bohrer method 1o
measure LE-HRV and RSA [26, 27], The measures of interest were
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derived from the 1Bls reported by the mobile HEM device as defined
and calculated below:

RSA = Magnitude of variance in the frequency band 0.12-0.40 1z,
RSA, i.e,, heart rate modulated by respiration, when calculated by the
Porges-Bohrer method does not require a source of respiration for va-
lidation [26]. It is an equivalent measure of vagal tone [5] using dif-
ferent mathematical approaches to calculate it, and is statistically more
sensitive to vagal influences than frequency domain methods [26].

LF-HRV = Magnitude of variance in the frequency band
0.06-0.10 Hz. Since the final pathway for LF HRV is through a para-
sympathetic pathway, and because the intervention specifically tar-
geted parasympathetic pathways and mixed the LF and high frequency
(HF) rhythms, we chose to track LF magnitude as a potential outcome
metric for parasympathetic regulation changes rather than the LE/HF
ratio [39],

Each parameter was extracted by the Porges-Bohrer method [34],
which band-limits the IBI time-series, then calculates log-variance
within discreet 30-second windows for robust tracking of the magni-
tude of each physiological component [26]. During training pericds,
respiration was artificially moved to the frequency range of the LE-HRY
rhythm. This combination of parasympathetic components (the LF
rhythm and the distinet vagal mechanism that generates the HF chythm
of RSA) is the physiological manipulation that strengthens para-
sympathetic control by magnifying the LE-HRV oscillation magnitude.

In addition to three RSA and three LF-HRV measures (baselines
resting, during stressor task, and post stressor task), three difference
measures were calculated. Reactivity was the difference between an
HRV measure at rest and an HRV measure during a stressor, estimated
as HRV stress — HRV rest, Recovery was the difference in HRV mea-
sures  post-stressor  and  during  the stressor,  estimated  as
HRV post — HRV stress, and Normalization was the recovery of HRV at
rest, estimated as HRV Post — HRV rest.

2222 Spessor. The baseline HRV recordings included a cognitive
stressor to cnable measurement of physiological reactivity  and
recovery. An expanded Eriksen-Flanker (E-F) Fish test of executive
function has been found to be a cognitive stressor because it elicits
vagal withdraw, allowing inhibition function gquantification [19]. In
previous work, the present team documented that the E-F lest stressor
ellect was significant [21]. The Flanker Fish task measures both
attention and  inhibitory control, both of which require
parasympathetic inhibition to optimize performance, Performance
measures were recorded o explore potential impacts of improved
autonomic regulation on the task. The stressor task consisted of a
simple reaction time test wherein the subject must press a key on the
keyboard that corresponds to the direction that a central arrow is
pointing. The central the armow is randomly flanked by either congroent
(= = < < <) or incongroent stimuli (= < = < <],

2223, Self-report questionnaire measures. In addition to demographic
and physical variables (age, gender, body mass index (BMI) [height and
weight created measure in of body fat in kilograms as a proxy for
physical fitness] military,Mirst  responder/combat  exposure  status,
caffeine use, tobacco use, psychoactive medication use), primary
independent variables were obtained through questionnaires with
standard scoring on well-known scales. This kitchen sink approach
was intended to identify as many potential covariates as possible using
the same sample and methodology and provide an evidenced-based
guide for future hypothesis-driven studies,

The PROMIS Sleep Disturbance scale is an 8-item scale used 1o as-
sess sleep disturbances and sleep-related impairments. Higher values
reflect more disturbances in sleep. The ULS. population average is 20 for
the scale, with a score of 30 or higher indicating moderate to severe
sleep disturbance.

The Perceived Stress Scale is a 4-item measure used to measure
perceived stress, Each item is scored from 0 to 4 and summed to create a
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scale from 0 to 16. Higher scores correlate 1o more stress [10].

The PTSD Checklist—Civilian Version (PCL-C) assessed PTSD. The
civilian version, rather than the military version, was used 1o caplure
prior military service FTSD symptomatology. PCL-C iz a 17-item PTSD
screening instrument frequently used with military populations and has
demonsirated good reliability. The standard conservative cutofl score of
35 or greater was used to indicate probable PTSD in Department of
Defense screening populations (see hitps://sph.umd. edu/sites/defauli/
files/files,/PTSDChecklistScoring. pdf for more information).

The Center for Epidemiologic Studies Depression (CES-D-10) scale
was used with a cutoff of 10 to measure depressive symptomatology
[371).

The Patient Health Questionnaire was used to assess generalized
anxicty disorder (GAD) symptoms. The 7-item scale was summed to
measure anxiety, with higher scores correlating to higher anxdiety [44).

The Short-Form Health Survey (SF-12) assessed mental and physical
health. This 12-item survey is a shortened version of the 36-item scale
that was designed as a general health utility index. Scale scores from
the survey are adjusted o have a U.5. population average of 50, with a
standard deviation of 10. This scale was reverse coded for higher scores
to reflect worse physical and mental health. This study also used a
single item from the SF-12 to measure pain for participants: “During the
past 4 weeks, how much did pain interfere with your normal work
(including work oulside the home amd housework])?™ The responses
ranged from “Not at All” to “Exiremely.” The two highest categories
were combined for analysis [53).

The Brief Traumatic Brain Injury Screen (BTBIS) assessed potential
TRIs that participants may have experienced in the past [41]. The tool
has three questions about potential injuries. A positive response to any
of the options for the three items may indicate a TBI, the need for a THI
screening, or a mild TBL
Resilience Inventory assessed combat exposure to measure various di-
were calculated from the frequency that each type of event was ex-
perienced during their deployments on a 6-point Likert scale
(1 = "Never" 1o 6 = "Daily or almost daily”). Scale scores between 1 and
10 indicated mild combat exposure, whereas scores higher than 10
indicated high combat exposure. [52].

The Combat Experiences Scale was combined with military status to
create a deployment variable for analysis. The deployment variable was
coded as 0 for participants who were first responders with no military
experience. Participants with military service but no deploymenis were
coded as 1. Participants with military service and low to moderate
combat exposure were coded as 2, and those with high combat exposure
were coded as 3,

The Two-ltem Conjoint Screen for Alcohol and Other Drug Problems
measured substance abuse. A positive response to at least one item
detects a current substance use disorder with a sensitivity of 79.3% and
specificity of 77.9% [6].

The Connor-Davidson Resilience Scale (CD-RISC) is a 25-item scale
that was used to assess hardiness. Each item is rated on a 5-point scale,
with higher scores reflecting more resilience. Subscales measuring
personal competence, accepling change, control, spirituality, and
trusting instinets were also used in analysis [11].

The Brief COPE Invenlory is a 28-item survey used to measure dif-
ferent ways of coping such as venting, denial, humor, and self-blame.
Fourteen coping mechanisms are measured for the analysis, with scores
ranging from 2 to 8, Higher scores reflect greater use of each coping
method [7].

The Posttraumatic Growth Inventory (PTGI) assessed “positive
outcomes reported by persons who have experienced traumatic events,”
The 21-item scale includes factors for new possibilities, relating 1o
others, personal sirength, spiritual change, and appreciation of life
[46]).



LI Haurani, e al.

223, . Software

The BART study was largely executed and administered via a mobile
application (i.e., the BART app) on each participant’s smariphone, The
BART app employs a Bluetooth interface manager to link an HREV sensor
with the app, then receives sireaming IBl daia for assessing para-
sympathetic activation via HRV analysis. Once initiated, the 1Bl stream
executes autonomously in the background while the participant per-
forms study tasks, The IBI stream is buffered to yield a series of short,
overlapping 1Bl epochs, each with a 2-second delay from the start of the
prior epoch. Fach epoch is reviewed using an artifact detector adapted
from the method of Bemnison and colleagues [4] which identifies IBIs
that are 35% longer or shorter than the previous beat, then replaces
these errant beats with an IBI estimate from previous good beats. The
IBl epochs are then processed for HRV determination, according to
Lewis et al. [26). The overlapping IBI epochs produce a continnous real-
time stream of HRV measures at 2-second intervals,

HRV measures were averaged across 1-minute segments throughout
each training episode and saved in the secure database, along with tags
indicating the segment of the training (e.g., resl, stress, recovery,
training), a ime/date stamp, and other information to identify the data.
Raw 1Bl data from the heart rate monitor (HEM) were also saved (o
allow subsequent validation of in-app HRV analysis to our established
offline processing, including a more-comprehensive manual [Bl editing
and validated signal analyses procedures. By employing the Personal
Health Informatics Teolkit (PHIT) for research app development, the
BART app was compatible for use on both Android and i0S smartphone
devices [15],

3. Procedures

After consent and registration, participants were instructed on how
to attach the Polar HRM. Marticipants then installed the BART app on
their smartphone and instructed how to pair the app to the HRMs in
primarily small groups of 24 individuals to reduce signal interference.
They then received training on wsing the app and completed baseline
surveys that were pre-loaded and managed via the PHIT app. HRV data
were collected in controlled environments usually on base or in frst
responder facilities, with the subjects seated and acclimated to the room
before data collection. Sepments of data lor the Rest-Stress-Recovery
paradigm were 3-4-3 min each. These durations, while slightly shorter
than the recommended length in the HRV Task Force recommendations
(https//www.nchi.nlm.nih. gov/pubmed /8737210), are sufficient for a
stable estimation of RSA magnitude using the Porges-Bohrer method
[26].

During training, special consideration was given to wearing the
HRM, linking the sensor to the BART app, checking for quality HR
signals, and remedying poor data quality (e.g., wetting the HRM elec-
trodes, tightening the HRM belt), After this initial instroction, most
participants completed their Day 1 survey via their smartphone, To
process as many participants as possible during the onsite registration
and baseling data collection sessions and o accommodate delays or
difficulties in pairing the app to the HRM, approximately one-third of
the participants completed their survey prior to the HRV collection. In
comparing the HREVS between those who took the survey before the
HRY and those who did not, the latter had a slightly lower RSA, sug-
gesting that they had higher stress or anxiety levels. We therefore in-
cluded that as a control variable in the regressions. Both HRV and
completed questionnaire data were downloaded via the app to secure
laptops at the data collection site and transmitted to secure compuler
SySlems,

3. 1. Analyses
Participants’ HREM data collected remotely were stored on a secure

server, Once a month, the data were processed, cleaned, and organized
for statistical analysis. 1Bl segments from the different baseline tasks
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(rest, stress, and recovery) were visually inspected for anifacts due 1o
movement, participant’s physiology not related to neural regulation, or
device malfunclioning; in most cases, arlifacts were ediled to reflect
HRY; in a few other cases, data were classified as invalid (not good for
statistical analysis). The editing process used the Bernitson [4] algo-
rithm to identify artifacts on the IBl trend, editing consisted of integer
arithmetic (i.e., dividing intervals between hean beats when detections
of R-wave from the HEM are missed, combining intervals when spur-
ious, invalid detections occurred, averaging long-short patterns of 1BI
that arise from local aberrations in the cardiac cycle, or trimming either
end of the recording to remove sections of missing data. HRV values
were examined for skewness and kurtosis and jodged not to reguire
adjustment.

values, and missing data), associations between the HRV variables at
baseline, demographics and scale measures were first assessed using
Pearson's correlation cocfficient for continuous measures or Spearman's
rank correlation coelficient for categorical or binary variables. PTSD,
depression, GAD, TBL and substance abuse were highly correlated with
the mental health summary variable and dropped from further ana-
lyses. Remaining variables that were significantly correlated with the
baseline HRV measures were used as predictors in a generalized linear
model, with the HREV measure as the dependent wariable. The
Benjamini-Hochberg False Discovery Rate (FDR) [3] was used for
multiple comparison correction.

4. Results

From a total of 345 particip with baseline surveys, 269 (78%)
had usable HRY data. After omitting 8 individuals with missing age and
or oui-of-range values, a total of 261 participants were included in these
analyses. Participants included 170 Reserve Component—only members
(142 Reservists, 28 Guardsmen), 48 first responders only, 8 veterans
only, 24 both military and first responders, and 11 unknown affilia-
tions, Age groups were evenly distributed, with approximately 30%
aged 20-30, 30% aged 31-41, and 30% aged 42 or older; 60% were
men, 64% were college graduates, and 56% were white. The mean BMI
was 30kg. Approximately 11% reported high combat exposure, 16%
reported mediuom combat exposure, and 73% reported low or no
combat exposure,

Table 1 displays the summary values for the HRV outcomes esti-
mated at rest, during the stressor task and post-stressor, The mean siress
LFHRV is significantly lower than the rest LFHRV (P=_0002) and

Table 1
Distribution of HRY Ouicomes: Mean, Standard Ervor, 75th (Q3) and 255 (1)
Percentiles, Maximum & Minimuom.

RSA (Lofms”)

HRV Variable  Mean (5E) Q3 - Q1 Maximaim Minimum
Value Vil

Rest 5.0 (0.08) 674 — 470 990 1L.6%

Stress 550 (0.09) 649 — 4.53 1026 1.73

Paosi Sl (D.08) 651 — 458 114 LS

Resclivity - =2l 01l — {055 146 — 204
(Do)

Rty (L (0.03) 039 - (~01B)  1.B4 418

Normalization - .0L11 03 — (—045) 141 -332
(LRI}

LFHEV (Lo(ms")

Resi 569 (D.08) 655 — 504 B (2]

Siress 5.28 (0.07) 6.11 — 4.51 B9T 1.3

Paosi 570 (0.07) 6.45 — 5,00 w90 L.75

Resciivity .41 iy ~ [ ~091) L9 Lhh
(U0S)

Reownry kAL (0.0) OUES ~ [ ~000) T4 1.55

HWormalization  —0.01 055 - (—-0.55 X215 — 262
(0.05)
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approaches bul does not reach significance for the RSA (p=.11). Ty-
pically for individuals in sound physical and mental health, reactivity
(stressor RSA minus rest RSA) is expected Lo be negative because HREV is
expected to drop under stress. As indicated by the 75th percentile va-
Iues (Q3) for reactivity, 25% of the sample had stressor RSA values that
were either equal to or greater than their RSA values at rest. In healthy
individuals, the post-stressor values are expected to be higher than the
stressor RSA values. Again, based on the 25th percentile values (Q1) in
Table 1, 25% of the sample had stressor RSA values that were higher
than post-siressor values (i.e, Recovery; post-sitressor RSA minus
stressor RSA), Normalization (post-stressor RSA minus rest RSA) values
are expected to be close, In this sample, we had 25% with post-stressor
RSA greater than rest REA and 25% of the sample with the rest RSA
greater than the post-stressor RSAL It is not unexpected to have 25% to
33% of the sample show an opposite direction response to stress. This
can be a dissociative response, e.g., either “1 don't care about this task,
I'm just gonna tune out” or “Ugh, I can't take this! Breathe. Breathe.
Breathe™ [23].

4.1. RSA correlations

As shown in Table 2a, age and BMI were negatively correlated with
RSA at rest, during stress, and post-stressor, such that those who were
younger and those with less body mass had higher HEVs. Women had
higher rest RSA values than men did. Increasing pain was negatively
correlated with rest BSA, stressor RSA, and post-siressor BSA and po-
sitively associated with RSA recovery. The timing of HRV was nega-
tively correlated with rest RSA, showing that those taking the survey
before having their HRV assessed had higher RSAs. Participanis with
deployment and more combat exposure had lower RSAs at rest, during
stress, and post-stressor than those with no deployment or less combat
exposure did, Worse mental and physical health was associated with
lower stress RSA. The TBI screen was negatively associated with rest
and stressor RSA indicating that those requiring further TEI examina-
tion had lower RSAs. Two resilience subscales were associated with
RSA: trust instincts and personal competence were related 1o higher
stressor and rest RSAs than those with lower scores on these resilience
scales. Several coping subscales were associated with RSA normal-
ization, showing that those with active coping, instrumental, and
emotional support and planning had higher normalization RSAs than
those with these lower coping mechanism scale scores,

Table Za
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4.1.1. LF-HRY correlations

As with RSA, LF-HRV was negatively correlated with age, BMI,
timing of HRV, and deployment/combat exposure (Table 2b). Unlike
with RSA, women had lower LF-HRV valoes than men, and participants
using current psychoactive medications had lower LF-HRV at rest,
during stress, and post stressor. Sleep problems, pain, worse physical
health, and substance abuse were all significantly correlated with re-
covery LF-HRV indicting that these conditions may be interfering with
the response to the stressor task. Unlike with RSA, protective measures
were cormelated with reactivity and recovery rather than normalization.
For example, the total resilience score and subscales of trust instincts,
personal competence, and control were associated with recovery, and
the PTGI total, new possibilities and personal strength scales were as-
sociated with reactivity and recovery.

4.1.2 Regression results

As shown in Table 3, when all significant correlates were entered
into regressions, rest RSA decreased with age, reducing by 0.07 units for
each year of increase in age; it is lower in men, those who had combat
cxposure, and those who had their HRVs measured before they did the
surveys. Rest RSA also decreased with worsening mental health, as
measured by the mental health score on SF-12. Stressor RSA was lower
with increasing age and decreased with worsening mental health. It was
lower in men, those who are on psychoactive medications, and those
who had the HEVs measured before the surveys. BSA post stressor was
lower in older participants and decreased with worsening mental
health.

Slope = Rate of Change in HRV variable for unil change in Predicior
controlling for all other variables in the model.

Variables in Regression Model were selected based on significant
correlations with any of the HRV measures, These were: age, gender,
psychoactive medications, timing of HRY, deployment & combat ex-
posure, BMI, score on sleep scale, pain (measured as the score on sf8 in
the SF-36), physical health summary score (higher score = worse
physical health), mental health summary score (high score = worse
mental health); score on the CESD-10; total score on CD-RISC resilience
scale; score on trust instinets sub-scale of the CD-RISC Scale; total score
on the Post Traumatic Growth Scale; score on the personal-strength
subscale of the PTGI scale; score on the new-possibilities subscale of the
PTG scale; score on the appreciation-of-life subscale of the PTG scale;
score on the PTG] subscale; score on the emotional-support subscale of

Significant Correlations Between Independent Variables and RSA (Lo(ms2)) Oulcomes®,

Tt Ruress Pt Resoiviny (Stress-  Rooovery (Posi Maowrmalication (Post
Rest) Saress) Rest)
Bstimate  Estimare  Emimate  Estimane Estimate Estima
Agpe LR ri 4q= 046 008 o o1
BMI —0.24** —023** -2 02 o3 005
Gender (0 < M, 1 = F) 15" ol 0.1l —0.07 ooz — 007
Timing of HRV (0 = Survey before HEV, 1 = HEV before Survey) nFes 01 0l ol 000 o
Military or First Responder Deployment (0= Mon military, 1 =Military, no~ —0L19%  —018% 016 005 .06 AR
deploymeont, 2= Low 1o Moderats Combat Exposuns, 3= High Comban
Exposure )
Fain (How much did pain interfere with noomal work in the past month. —017** —-020* -014* 008 s .08
1 = Mot at all, 4 = Quite a bi/Exiremely)
Mental Summary Seabe (0 = Best Health, 100 < Worst Healih) — .09 013" -0 A 1] LAk L)
Physical Summary Scabe (0 = Best Health, 100 = Waorst Healih) 016" LN L8 o.01 oz oz
Depression Scale (1 = CESD score of 10 or higher) — 0.0 — (L0 — oS ool o ol
THI Positive Soreen (1 = Positive for TBI Seroon and roquines fanber UAE L oz i LT 003 0.k
examination)
Resilience: Trus! Instineis 11 i3 ol 007 —0.10 — 004
Resilbence: Personal Compitence 0.12* [i N3 o1l L] —0.07 — 007
Coping: Active Coping 0.07 005 0.00 — 008 -0.13 B A
Coping: Instrumental Supporn 017 Qs 010 0.7 009 016
Coping: Emutional Support 013 .08 o.M -012 — .08 — DI
Caping: Planning XL ooy .04 —0.09 =1 —0ge
“Povalues = 0,05,
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Significant Correlations Between Independent Variables and LFHRY (Lo{ms2)) Outcomes*,

Hes Sress Post Resctivity (Stress-  Recowvery (Posi-  Normalizatkon (Post-
Best) Stres=x) Rest)
Estimaie  Estimawe  Emimate  Estimaie Estimare Estimate

Age DR LUES 41 11 015" 003
BATT —013* —019*  —013* -0 011 0.m
Gender (00 = M, 1 = F) —15* -3 —0lEt 0ol — 4 —03
Psychoactive Medicine (1 =Corrently taking medication) 15 LLN oF 0.0l 0. Ll ]
Timing of HEY (0 = Sarvey before HEV, 1 =HREV before Survey) -1 -1l —04 LTI o ooz
Military or First Responder Deployment (0= Non-military, 1 = Milivary, ne o1z 011 013 004 003 006

deployment, 2=Low 1o Moderate Combat Exposure, 5= High Combat

Exposure)
Sheep Diisturbames: —0.09 —0.14* — o —0.08 n.og* 0m
Fain (How much did pain inerfere with normal work in the past month. -1 — 17 — (L0 —@11 0ag 0.0

1 = Mot an all, 4 = Quite & biv/Exremely)
Physical Summary Scabe (D = Perfect Health, 1060 = Worst Health) -1 —015* —uol —0.03 023 LR E
Two-lem Conjoing Seroen for Alcohol and Drags (0 = Mo cwrment. problem nor 013 g o.ng o1z o

abeohol or drsg use, 2 = Very lkely problem aleobol or drsg ase)
Resilience: Trust Instincis 1l 015 1.0 007 =17 — L0
Resilbemoe: Personal Competenoe 0.0 ol 0.03 007 —0.14* —005
Resilience: Comtbrol 003 L0 —ui2 004 —14* — L0
Resilbenon Toial Soore LR ol 0.0 LILL 16" LR
PTG: New Possibilities — .09 ool — (08 015 —15* ooz
FTG: Personal Strengih -1l — (2 -1z 15 —iL16* .00
PTG Towal -1z — 003 —0.1l 0.14* —012 ooz
Coping: Instrumental Support LT 1c] L — 005 4 —fL14* —Los
Coping: Venting 005 T T T T % [ .08 — 009

*Povalues = 0L05,

the Coping Inventory; score on the instrumental-support subscale of the
Coping Inventory; score on the planning subscale of the Coping
Inventory; score on the venting subscale of the Coping Inventory. After
a preliminary run, variables that had a p-value = 0.2 were retained in
the model to obtain the final models. If the overall F statistic was non-
significant then none of the variables in the model were considered
predictors

There were no statistically significant predictors of RSA reactivity.
RSA recovery was positive for all participants who were exposed to
combatl and negative for those who were nol. A negative value for re-
covery implies that the stressor RSA was higher than post-stressor RSA
(i.e., that those who had experienced combat may be slower 1o recover
alter a stressor).

In the linear model for RSA normalization, the only significant
predictor was the Emotional Support subscale of the Coping Inventory.
Coping had a negative slope, suggesting that the score on coping using
emotional support decreased as the difference between post-siressor
RSA and rest RSA increased.

Rest LF-HRV decreased as age increased and was lower in those who
were on psychoactive medications, Stressor LF-HRV decreased with
increasing age and higher scores on the emotional-support subscale,
Stressor LF-HRV was also lower in those on psychoactive medications
and those who had their HRVsS measured before the survey, Post-
stressor LF-HRV was lower in those who took psychoactive medications
and those whose HRV was measured before they did the survey. Post-
stressor LF-HRV also decreased with increasing age, with increasing
scores on the mental health summary scale (worse mental healith), and
with less emotional suppont for coping. Participants with poor sleep had
decreased LF-HRY reactivity. The linear model with LE-HRY recovery
as the outcome had positive slopes for age and physical health and a
negative slope for the new-possibilities subscale of PTG indicating that
older age and poorer physical health predict lower RSA recovery and
being open to new possibilities increases post-stressor LE-HRY relative
to stressor LE-HRY.,

5. Discussion

This study examined the relationship between HRV and both mental
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health and protective indicators among military and first responder
samples. It confirmed and expanded several previously identified cor-
relates of HRV and found several heretofore unidentified possible
mental health and resilience-related correlates of HRV that may be
considered when using HRV for assessing cardiac vagal tone and the
ability of the autonomic system to return to homeostasis post stressor
CXPOSUTNE,

Unlike studies that have found significant bivariate associations of
PTSD and HRY or have controlled for one or two additional variables
(e.g., [12, 29, 30]), this exploratory study examined myriad potential
covariates that when included in multivariate regressions, failed 1o
confirm a predictive relationship when other mental health and beha-
vioral variables were controlled. Specifically, although GAD, PTSD, and
perceived stress were not correlated with either RSA or LE-HRV, sub-
stance abuse, depression, and TBI did show correlations, becoming
nonsignificant when other variables were accounted for. This finding
may help explain some of the variability in results across studies of
PTSD and HRV.

On the other hand, overall mental health retained its significance in
RSA outcomes when controlling for other variables and may account for
the non-significance of the other mental health variables. Similarly,
although pain became nonsignificant when other variables were ac-
counted for, overall physical health, use of psychoactive medications,
and sleep disturbance were significant predictors of LF-HRV only,
suggesting that these relationships may be driven more by the sympa-
thetic branch of the nervous system rather than by the more para-
sympathetic-driven RSA.

Although several protective variables were also newly identified as
correlates of HRV, only two—emotional support (coping subscale) and
being open to new possibilities (PTG] subscale)—were significant pre-
dictors afler other variables were controlled. The findings that the PTGL
New Possibilities scale—predicted response to the stressor task is con-
sistent with the suggestion that PTG increases cortical activation
(higher vagal function) to allow persons to more efficiently process
emotional stimuli [55]. This study also extends the finding that coping-
related variables predict high-frequency HRV [24] by including addi-
tional coping variables such as venting and perhaps instrumental sup-
port. As suggested by Liddell & Courtney [28], coping behaviors may
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protect against the metabolic costs associated with strong reactions to
stress. The difference between the correlations between coping and RSA
normalization and the correlations between resilience and PTG and LF-
HRV reactivity and recovery are of interest and point to potential dif-
ferences in how protective measures infloence the parasympathetic and
sympathetic systems’ rebound from stressors. That is, resilience and
postiraumatic growth (PTG) appear to facilitate the post-stress HRY
response, while coping facilitates the return to normal HRV response,
These correlations were influenced by other variables in regression
muodels, showing the complexity of these relationships and the need for
further hypotheses-driven research,

Age, gender, and BMI were all confirmed correlates of RSA and LF-
HRV. Age and gender findings are consistent with Antelmi et al. [1],
who found that LF-HRV measures were higher in men, and with
Umetani et al. [51], who found that HRV declines with aging and is
influenced by gender. The current study found, however, that gender
was no longer a significant predictor of LF-HRV when age was ac-
counted for, bul both ape and gender were predictors of RSA. Similar (o
Antelmi et al."s [1] findings, BMI was not a significant predicior of RSA
or LF-HRV when age and gender were accounted for. Consistent with
Minassian et al. [29], deployment/combal exposure was an important
predictor of RSA, indicating that those with higher levels of deployment
and combat exposure have lower RSA at rest and during stress and have
less recovery post stress.

A consistent and newly identified predictor of both RSA and LF-HRV
was the timing of the baseline assessment of HRV. As shown, the degree
of rebound or normalization of HRV post-stressor exposure varied with
the timing of baseline HRV in that those who did the survey before the
HRV assessment had a smaller difference between rest HRV and post-
stressor HRV. A post-hoc analysis of the HRV outcomes stratified by
timing of the HRV assessment did not result in any significant models,
The most likely explanation is that taking the survey before assessing
HRV allowed participants to relax more than those whose HRV was
assessed directly after consent and registration (despite throwing out
the first 30 5 of recording). This finding emphasizes the strong link
between stress/relaxation and both RSA and LE-HRV and the need for
controlling potential covariates,

This study also established the importance of assessing the trajec-
tory of HRV in response (o a stressor and its predictors, These findings
have shown that using simple pre- and post-stressor correlations Lo
assess the effect of HRV on mental health or resilience indicators belies
the complexity and context of an individual's cardiac vagal expression
and expands the finding of Souza et al. [43], in which higher trait re-
silience and higher resting vagal control using electrocardiogram re-
cordings were associated with more-efficient cardiac recovery after a
social stress task in peacekeepers and a more-adaptive allostatic reac-
tion, The reactivity, recovery, and normalization differences found can
be important when using HRV as a screening tool or as an indicator of
behavioral change, although few, if any, studies have done this type of
assessment previouwsly,

A key aspect of this study was the reported HRV parameters that are
validated to be sensitive and specific to cardiac vagal tone [13, 26, 33].
Multiple methods exist for estimating the magnitude of variability in
the 181 e, Global e sometimes used in other studies in-
clude the standard deviation of the normal intervals (SDNN) and the
root-mean squared sum of sveccessive dilferences (RMSSD) in the IBIS,
SDNN combines all sources of variance in the series, mixing para-
sympathetic mechanism-specific varance with sympathetic sources,
RMSSD similarly combines multiple sources of variance, but it does so
with a nonlinear transformation that is more sensitive 1o higher-fire-
quency variations, Because the pathway responsible for RSA is well
characterized as the myelinated vagal fibers from nucleus ambiguous to
the sinoatrial node [33), and because cardiac output reflects the
summed inpuis of parasympathetic and sympathetic pathways, re-
porting RSA and 1F-HRV offers the chance to infer changes in sympa-
thetic state from changes in heart rate that are not accounted for by
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changes in cardiac vagal tone. As shown in this study, the differences in
prediclors between RSA and LE-HRY vary by stale (rest, stressor, post
stressor) and by trajectory (reactivity, recovery, normalization) and
suggest that the predictors of LFHRV are more likely to have a sym-
pathetic system influence than the RSA predictors do. This is particu-
larly notable regarding the influence of psychoactive medication use.

The limitations of this study include the multiple tests in which the
Benjaminim-Hochberg adjustments were made, a considerable amount
of missing data primarily due to technical issues with the data collec-
tion equipment, and unanticipated technical aspects of collecting HRV
data in conjunction with smartphone applications. In the later case,
pairing the app to the heart rate monitor was difficult in some data
collection venues and situations due to insufficient wireless access,
overlapping HRM participant signals, etc., which may have contributed
to an increase in the participants’ stress associated with HRV data
collection. We were also unable to examine the effect of psychiatric
comorbidities or the potential synergistic effect of PTSD, TBL, and pain,
as oo few participanis reported multiple conditions. Finally, behavioral
data were entirely sell-reported. Although this study sought to include
as many potential covariates as possible, some vadables such as pos-
ture, circadian rhythms, waler consumption, and digestion were not
obtained [35]. Despite these limitations, this is the first study to pair an
app specifically designed for research with HRV and at-home data
collection to permit and promote practical, efficient physiologic data
collection on a highly relevant non-student or clinical population. This
siudy is also the first to include a wide range of potential covariates 1o
assess both RSA and LF-HRV; to include a range of reservists and first
responders with combat exposures; and to include both mental health
and protective indicators, providing the most comprehensive study of
HRV, mental health, stress, and resilience to date. A strong advantage
over other studies is this study's within-subjects design [36). Further,
the current study represents the opportunity to remotely collect and
United States. More than 600 h of heart rate data were collected,
moving the laboratory to the participants’ environment. Considering
that HEV parametlers have been developed and tested in laboratory
seltings, the BART study is the first of its kind to evaluate and relate
HRYV with sell-report psychological states remotely. As a practical ap-
plication, this approach allows opportunities (o expand research and
methods to provide interventions, On the other hand, additional efforts
are needed to fully understand and develop methodologies that lead 1o
more accurate HRV parameters, The complex nature of HEV and its
associations oblige future researchers to confirm these findings in po-
pulation groups with larger sample sizes and longitndinal designs,

In conclusion, this study has explored the associations between
baseline RSA and LF-HRV (e.g., resting state, reactivity to and recovery
from a stressor task) and demographic, mental health, substance use,
stress, physical health, and resilience/coping measures among a con-
venience random sample of those in high stress occupations, ie, re-
serve component personned and first responders, in their workplace
environments, Regression analyses helped identify and confirm myriad
risk and protective factors (predictors) of HRV, controlling for potential
confounders.
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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 BFHRV 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
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.

HRYV 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:

HRYV 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 LFHRYV [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 LFHRYV 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 (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.

Since 44% of the IBI 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 BFHRV) indicate excellent agreement and
minimal bias between the different measures, as shown in Figure 2 (HR top and BFHRYV 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.

HR differences (online - offline) (bpm)
BFHRYV differences (online - offline) (In(ms’))

40 60 80 100 4 6 & 10 12

HR means (online - offline) (bpm) BFHRYV means (online - offline) (In(ms))

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 BFHRYV 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 (hpm)
BFHRYV offline (In(ms2))

40 &0 80 100 2
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 (BFHRYV, 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.

£ P

3

Mean BEHRYV (n(ms )

B0 N Rest Stress Post Training

Task Task

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 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
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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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Objectives = The study has a 1-year longitudinal design (6 weeks of training + quarterly Static risk factors Fully unconditional model (null model)
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stressors " 3 9: = AsBMIincreases, HRV decreases body mass index (y03 = -0.03, t = =2.35, p = 0.019).
© Three training episodes per week for 6 weeks L .
= Examines paced breathing and HRV biofeedback as potential adjunct oW - Dynamic risk factors ® Older people had lower RSA (y04 = -0.06, t = ~9.03, p < 0.001).
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treatment for posttraumatic stress disorder (PTSD}-related symptoms B S Rsh Outcomes = People with higher perceived stress at baseline had lower RSA (y06 = ~0.04, t = ~2.11, p = 0.035)
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5. HRV Analysis and Visual Biofeedback

Continuous, real-time, HRV analysis and display on a user’s smartphone

*Howmuch did ainnterfere with normalwork nthe past month? 1 =not atal, 4 = quiea bi
20 =best, 100=worst

1 = postive fortraumaticbran njury screen

“1=(EDscoreof 10+

= palues < 0.001; "p-values < 0.05

C

RestTime HAY.

N———/

3. Research Hypotheses

1. Ahigher HRV at baseline will be associated with higher levels of resilience,
PTG, and hardiness, and with fewer symptoms of PTSD, depression,
anxiety, substance abuse, physical health, and stress.

2. Relationships among HRV, resilience, and PTG differ by age (with the
younger soldiers showing a stronger relationship), gender (with the
women showing a stronger relationship), and mental health symptoms
(meaning that these mental health symptoms reduce the positive
relationship between HRV and PTG).

3. HRV, PTG, resilience, and hardiness will increase over the course of
training, and PTSD, depression, anxiety, and stress will decrease over the
course of training and follow-up (for a year).

4. Participants who were highest in resilience, hardiness, and PTG will
experience the least amount of change from baseline to follow-up;
participants with the highest depressive, anxiety, and stress symptoms at
baseline will gain the most benefits in HRV from baseline to follow-up.

6. Protocol—Personally Delivered via BART Mobile App

Training
= Participants perform at least three times a week during the first 6 weeks
= Randomized to paced breathing with or without HRV biofeedback

Practice using stressor task
= Participants perform at baseline; 6 weeks; and 3, 6,9, and 12 months
® Stressor: Eriksen flanker reaction time task

= Continuous HRV/RSA data collection across segments

8. Slopes of Mental Health Summary Score and Paii
Regression Models

il

Results for Baseline

Dynamic protective factors

RSA Outcomes
Reactivity ~Recovery

Coping Rest  Stress  Post  StressRest PostStress | Post-Rest
Active Coping 007 005 000 -013 —021%*
Instrumental Support 0.17 0.15* 0.10 -0.09 -0.16*
Emotional Support 013 0.08 0.04 —0.08 =020
Planning 009 007 004 -0.10 —019%*
Resilience: Trust Instincts 0.1 013* on -010 ~004
Resilience: Personal 0.12* 0.12 0.1 -007 -007
Competence

**p-alues < 0.001; * p-values < 0.05
= The negative signs suggest that the higher the coping score, the more the difference
between post-stressor RSA and baseline RSA decreased.

= Positive outcomes show that the higher the resilience score, the higher the RSA
under stress.

= Mental health and pain were related to lower HRV
= Some coping styles were protective
= The BART study identified and confirmed major ccrrelates of RSA
= HRV/RSA correlates and predictors vary with test conditions and change
® Atrest, during mental stress, and post-stress recovery
® Atreactivity, recovery, and normalization
Methodological observations
= Properly designed apps can be used for participant-managed research
= Select consumer-grade devices can provide accurate HRV measures
= Difficulties pairing the heart rate monitor precluded large-group training
= Large recruitment pools are recruited to account for dropout rates
Take home
= Move more of the laboratory to the participant’s environment
© Remotely collected data from 345 participants who could be anywhere in the United States
® Collected more than 600 hours of heart rate data

= Participant-based ged studies open to expand research and new methods
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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
sleap  problems, substance abuse, postrasmabic  stress
desorder alter & raumatc expedence. In A shudy 1o evaluale
resiliznce-enhancing methodalogies, RT| and UNC reseachers
dévelopsd 8 miohile health app with stréss rlaation alements
and heart rata vanability (HRV} biofeadback

The cojeclives were 1o (1) develop an miegiatad moblle aop
with longitudinal healih assessment and Bofeadback Assestad
Regdience Training (BART), and  (2) compane the efficacy of
iofeedhack-enhanced fo simple paced breslhing exercises in
military, veteran, and cvilian firstresponder populaions,

Methods

Personal Hexlth Infenvention Teolkit (PHIT)

Thea BART study app was mmplementad using RT's FHIT loolkit,
a rausable framawork for mogile health eseach. The PHIT
framework  integrales  multimodal data  collection  with  an
elligent vitual adisor (IVA) that enalyzes reak-time data 1o
recommend, taslor, and present domain-speciic achvites basad
e avidance-tased rulas and soripied processas (Exhiit 1)

Exniti L FHIT mekile health framework archiecsurs,

=

Based on the clinical SCAP-notes pensdigm, FHIT-based apps:
* |ntegrabe sell.mporied and physiclogical sensor instruments,
* Analyze data vis § scripied intalligent virlusl advisor
* Tallor evidence-based sell-help acthviiles and Intarventcns
- and i and ir ar time
* Maoniter protocel adherence and automate Incentive payments

* Hide the complexities of moblle softwsm development,
‘anaBling reseanchars 1o MOCuUs an Brudy alms and objsctyves

Diata @ne slored on e device using an encryphed database,
periodicaly ploaded 0 3 sacure serern, and made available for
analyzis via a passward-protectad dashbaard. Deweloping PHIT
apps, instrumenis, VA scripis, and mlervenfion aclivibes is
shraghtiorward yel the XML struclures provide considerable
pawer i customizing comant, logiz, schedulng. and interacthiny.

PHITs crossplatiorm design intepretes a suite of health
assassments with an expert systerm thal recommends, Lailoes,
and [presanls  activiies  and inlerventions, The platiorm's
simplicity suppors development using XML, and s fledblity
allvws apps to collect health data from many difierent sourcas.
Bath f35 and Android varsions are readily produced, with nearby
iderilical wser interfaces and function across operating systems

BART Maobile App

Buill upon the PHIT toolkit, the BART app niegrates subjclive
salf-repori baseline and oulcome measures e, siress,
depression, sleep quality), 8 cognlive stresson and four
allenalive resdience trainng regimens - 5 of § breathaminules
pacad bresthing, wih o without HRY biofeedbeck. Study
participants uge the BART app at least threa times a waak far
resiliance-budding fraining awer a Gosack fraining durabon,

Required wser aclions. kke heslh sssessments, reslience
training, and data upkads, ae managad via a home screan task
menu  (Ewhibit ). Paricipant-reported oulcome measures ane
made wia bref gueslionnaires. As tasks are completed, an
earvad incentve table is updated. The menu is updated daily
atoordng b sudy protocol via the imelligent virtudl advisor.

Exhibut 2. Horme screen menu snd Beaith asdessnbenl exanigibes.

Al the onsel of each ireining exercigs, the HEM is aclivaled and
@ beatby-heat heart rate Is displayed to verdfy signal quaky
(Exhibit ). For biofeedback of psychological arusal, BART
captures beat-lo-beal heart intervals from a Palar HT hean rate
moniter (HREM)P Every o seconds, & physiological signal
processing module is used o fiter and derive, and display the
average heart rata (HR), and thres heart rate variabity (HRV)
measwes across a 20-second spoch. The derwed HR and HRV
measmements are deplayed a5 realdime wavelorms for streas
relaxafion biofeedback. indicaing movemant to a more calm or
moe stressful state (Exhibd 3)

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

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

On sudy deys 0 and 1, and after six weeks of training,
pardicgants akso complate an augmenied iraining regirmen called
1he 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 nprovernent over the six week duration

The Brain Game begns with succinct participant instruclions on
panorming the 1ask. A sarias of slimuIUS screans ar @splayed
with & Beld of arrsws painling 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
bution below the stimulus as soon as possible lo indicate the
dwraction of Ihe central anmow. Aler & four-minule diration, e
BART app acvances to a three-minule resting recovery phase

Exnilie 4, Cognitive "Bram Gasn® o allelt pryehophysilogicnl sinss,

Evalugtion

An companson of the four modes of reslience framning s baing
conducted in @ mixed pepulafion of miitary parsonnel, vetarans,
and civilian firsl responders.  Recruitment and training are
ongoing &t multiple sites across mulliple slates.

Results

A5 ihis study ks ongoing. the resulls are preliminary as of March
2018 and are prasenled meraly to showeass features and
capabBlies of the BART app, This praliminasy subsed of siudy
panicirants had the fallowing demographies:

Qccupation
+ &7 were mikary personnel
o 4@ ware civilian firstresponders
Sox
28 were famale
= 80 ware mals
Age
4 were 16-20 years of age
3% ware 21-30 years of age
= A0 ware 3141 years of age
28 were 425 years of age

Supparted b part iy e U5, Anoy eoion Sesearsh amat W el Commmed (WELOWH-7 8700088, IWEFLOAT- 1004 T, WE LW T-2-0729),
The comciusioes do ool recessenty mflec e position or poficy of the govers mmeal, and oo eedovsenren @ show bo inferad,
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Descriptive statistics for Heart Rate and e HRW measures,
Respiratory Sinus Arrhythmia (R34} and Low Freguency HRY
(LFHRY) @re shiwn below (Exhibil 31 for ihese 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 changss in fhesa
measures ange quite small, they nonstheless ane very sgnificant
(P00} Reduced parasympathess activation during the Braln
Game stressor fask is indicated by the decrease in RESA, which
relums to restng  evels during ecowery, and  increases
substantialy d wing peced breathing fraining,

Exhibit 5. Descripive statistios according b BART fraining segment

Cl Waan | Gl Doialion | Mistisies | Wosien |
| Faord Mabe  Marsd TieE | TRdEE LESSAE] Eal L
Breas T | T LEL -2 LAl it
Rescaveny 1y | ramy 1z LF L]
Traim 1680 | FaNe 1L "3 RALT
Toval ETRES T8 LT 2.2 T80
[ e TiE8 553 12553 3 (L]
el 17 sS4 L . BS
Resommny 15 S5 L1983 a BS
Trm 16839 ave L o (5
Tutal s BIWT L 2 Ll
Lrind Pt ™7 AT L3N Bl (1]
e TR T LR L L]
Resmeny 0 | sus 1254 ) e
| i e L ] e LITH 12 400
Taisl Fiks2 ki TATEE ) il
Exnitt . Analysis of vanance.
Tan
) - P B L R
Tewt " ] 3 TEEEE | 161N | M0 |
b Doy IFeErAs | aTed AT
Toksl NEREET. 6 | 3Tead
nsa Pleters sy TREERS 3 M1ERr | WREs -
i Lsaugn Ee e ] EFil 1450
Toted daaese | M
[Ty D ECTETT) 3 THATE | M £
e ey smmsmes | asew 1510
| Totad EETI | FEESY

Esthilil 7. Changes |n s ecvording 1o BART abedng segmand

/) \ ‘\/ 3 \/ |

| = Y

Conclusions

Curanily finlded for the BART rasearch study, the BART app s
bing weed o sollecd self-reporied survey and HR sensor dada
o comparalve evaluation of paced bealhing refasation raining
| with and without HRY biofeedback. Preiminary sd hoc analyses
indicate that the app acqguires guality dala for studying changes
in psychoghysiological slress according 1o mindbody  aciivily
states, including relaxation and cognitive siress cond fions. No
conclusion of efficacy, or non-efficacy, of the BART intervantion
ehoul] ba crawn from thise data. Onog e Sludy conclusas,
we plan on medifying the BART app for personal use cutside of
regaarch with diabribution via the Apale 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)

o SR

Sympathetic
activation

Unmyelinated

Myelinated felinale
vagal inhibition

vagal inhibition

Safe

: Life threat
environments

— Fight or flight

Low Frequency

HRV (LF-HRV)

= yasomator
rhythms

Low Frequency
HRV (LF-HRV)
* baroreceptor
sensitivity

High Frequency
HRY (HF-HRV)
+ spontanecus

breathing

HRYV Biofeedback

sPaced 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 T N A

Figure 1, POLAR H7, heart monitor
placement

The study evaluates the pace respiration technique under two

breathing paces: 5 or & 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 minj and train (5 min).

« Week 6: training game session.

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

A Ay o

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

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;
autonamic changes between rest, stress, post, and train,

§

il

5

HR differences [online - offlin} ims)

§

© @ w il

HRmeans (anfine - offline) {ms)

Figure 3. Bland-Altman plot of HR between anline and offiine analysis. For nan-edited RR by
participant for all sessions and tasks,

¥

L]

BFHRV differences (online - offline) {Inims?)
3
©
o

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

Figura &, Bland-Altman plot of BFHRY batwsen 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 consequence, 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

Eutor Bars. 95% 1
Figure 5. Kepested measures ANUVA for Heart Period (HP) across the 4 tasks, during the
training sassion. There is an effact by task: F{3,504) = 2.74 p = 0.04.

Mean BFHRY (In{ms?)
L

&oem

[ e pum awar
cask
Cer Bars: 35% CI
Figure &, Repeated measures ANOVA for BFHRV across the 4 tasks during the training
session. There is a strong effect by task; F(2.18,366.24) = 29614 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/bedy activity states, and should be useful to
compare alternative psychological resilience training paradigms.
Results show that the online and offline methods 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 HRV changes. Reduced parasympathetic
activation during the stress is indicated by decrease in BFHRY, which
returns to resting levels during poest. 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 @ hew resilience scale: The ConnorDavidson
il le {C 0-RISC). Depr dety, 1812), /682

[2] Porges, 5. i {2007). The polyvags] perspective. Biclogical psycholosy, 71{2), 116-113

[3] Lahrer, P. I, & Gevirts, . (2012). Heart rate variability biofeedback: haw and why does it wark?. Frontiers

in psychology, 5, 756,




Heart Rate Variability Biofeedback as a Resilience-Building

Intervention in the Reserve Component and First Responders

Laurel L. Hourani, PhD, MPH,' Jessica Margan, PhD,' Maria Davila Hernandez, PhD/ Greq Lewis, PhD; Sree Meleth, PhD,
Paul Kizakevich, MS,' Randy Eckhoff,’ Derek Ramirez, MA,' Tim Morgan, MA,' Laura Strange PhD, RN,' Becky Lane, PhD,' Belinda Weimer, MA,' Amanda Lewis'

m_

IATERRATIONAL

Protra. et ar divscler | FT547) han negative efects on senvica Thin S<pant longity | sy prriaiis sciapaing mnvd de v ioping s eahanaed HIK Fesuing

rrwm ke i e et e of Bl v D creanrg el i e can e s bl b, Tt vy predoees ] 1o e L B ol peeed miciralony e and B r o "

5.3 prEnectivg Factnd o st PTSD 3 red athias assocksed wamal health Fraaoant 3 el Kyt o' o i 3 e o e o P S T oot f"":":’"-"“‘“*“:"‘* !-"’:’:" ﬁ“"ﬁ”“ﬁ"“ '*""W;:' '-""*“m-:""'l” "'\’r“‘::"’l'-'*'w”:"""m" W_"U'; “I“*‘"’" "-‘F;fnm'“‘c”“"“f"c'“"‘ ol ':“‘]'""

Iimpes fiesmrve Corrgonan] memiey bave s flrent set of stemoes e e First Besponcier, nchiding thine whormes scrsening crierts for TS0 Uf:'wv: i "I"M:'“dp'h:l,l_l I‘.'s"':;:;:"': : :'\""_'?:r'_"mlsl"'su' M.;" LA R L A e e ek T o (o] Al IS e B i

vhe: s T AT rori s, nehiriveg bolaraing il in Panr1 e koo pa i pat ina o i e s then andacaplit s i {r=1d, p (Eh el dzpressian =13, o051, Mabibas

TR TR A ThTARETY $0rvae. i 20T 10 Bodicy and odhes SUTATY B BTSNV S I D04 OF ) Y, .

wavices, and oreater ol ion I peen and mil kany sIpp it b Taiba - Hequncy dienicanion of bazalioo Lo oo Tabde 2. Comelutions betwesn R5A cdifersrres. TS0 cepreaon. anai ety sl sbuss and sires, Bim peeall

Caating i thes- Batad partbka el ks bad king rsdrire] udng Sall-Repors Questionnain Measures wasiables by e

bifesdiachw breathing tes heigues that van b learmedin 2 single Privvuar i i e rasel i 1 iR il ) 51

o e CH I s e v Divichion Rud nece ScakedCD-FES0y s oores, xv'\n-w--ﬁwle'mvsnhlmﬁe FiA_puoil_resl_sil WL L A WG OA  OAHRHEE) Uosa R

Componant memben s wel m frtroponden. P b S, e S, PO ITsaimadin G ot | gt on i (FTVG, 4 e absa protdens. [T st i RITI M 0,15 (o [AEaLded] 3,122 e 0129 B2

This 0y s ki oo 4 e VG DG TR \Slssp Divbuthancs Scalal Sscordary cutcoman Inducds mercalhealih IFCLC CaD?,. B et CpRaad anad T = —

o o P M e ek For o g el anca el Curber Fur Epbarricrlogic 5 ud s Dipmmmsion S cube JEES-D[i. phyaical haallhiShort

wappke men g TSI e mend HIW e, v il el Faiwy | 3-feesm Hebh Su rvey [5F-171 THL omd sboobal use probbema Ao hol Use Disord e Icler il patia n Tes [ALTATY i s, PTG, Rhoral

irladsifl oot fd ptipy S s RLEL YT Covarstm irclads ombat and deploymmant, meant e andcals neted beawgs s, ags, sducstiar, e of cther

ety i Hghes R ngcming sk Redbly and sl TR g il e m Font Amapcchu P - " - A ol et s SR FXET) EXTHEE

e (W b e REA pout ibmm diff Lo o400y o (e

reah o bt reapiratery s arbethraia (1A e b Fecpunney o - PRt " y *

HRW 4L FHRUT HYT e sl e anasietyy s o B Eosuncken e = Faricipanias Dadwaslin ore of wg proto col T 31 p1as) 3

Hhis smocation, Reduction of phydiokogicel sl ding andicr 1. HRY binfnachark withpeced biewlhing - = Tathe & Coimalations bt L FHIRY oMToron Ces, PTSC, o,  Rakaty, S0l e 3 b, and siss, At (5-val

shonthy allr e smpes U ey prasaor rech e U Blibond of o _ ppn "

| chsryass, ined [ i

prrvchibogRcn| e frecd U ing FTSD srpions 3. Pacsd ing nnky ! :iﬁ:f‘:; ﬁ 8

Binfoed Bac ki 5 1ot ke that ol e n indivicual tomeove B Raeticipanivprmids weeklp sinnuspcintes on tsir ol pnos v by mchils ipp Bl - LIy ipoar_ sl oin 004 S5 07 0 o 00T ) T 5

Fredback stwaurt iennal plpdoleon kol pracesses, and Gifeed bk ® Dainsr mnabeedat mockl miors bthesuh the S-wnck k- homa pracioo peri e, and ’Tl‘ LFHRY jvsir_ st 1,14 QW 013 s MK S| R ET ) [

lllr-nulcrdﬂ*:apmmnls l:;\_ﬂ;hm?:lllm Ih:«- Wi et e, v e] T rnonth el b vl FERTFE" i} ERd

pocesses thmugh Rk awannes. ol bk training ;i 5 mn

baan thivn o Improue dopr nien, ses ity streas ard 150 = U"':I::"s"'r’"'w'3""'di"N"’"ucm'a'“u“”"m'\'N"'N"'m 18 Talbda 5. Coamelution s batnssn L EHRW clfferen ces sod imalienoe heakh Randlress and P 1. B il

i Fhsionss: o etk i ey it st [nflav g N y o

» 1 . 1

Shckieeliher KMt £ e Fiki gyt sl bl This i o LPHRA_poar_aia o8 AL1BS RS 14 KL AR 00

sty begins il thees gaps .

6 LFHRY poar ey R 920 FLacE 4.1 3 KL i 42 1

Self-mgularion can be #nh areesd by practivs end cznacian

RSN thioh HEY Difeeciah-aiikmd ol diaion [raning HAY M WeE AT~ Barsal ind Yorady Mok 1 -315

IBART]. nihb wrg, HAY s rwes o5 both ameessure of astoroms: Fas=hoes uivey Mohas 2 < 45 Figura 3. Reibance scores by BS8,

regrintion and & promidng target o any inet wabne Suresy Modola 3= 55

the e fisdivc —_— s aectica 4t home (x5 L

BARTE the: rrost dogical dvect pathwary 10 ivenvess andlonhance Coraplond BrisdViaakiy Fadlorw-Lip Su ey

phyw ological ped e, T £a11] Pmlr-_.lh:m:’“-

T corcemtof redfienos —dhe sbibiy ko rebouwsd bom s —has e f,.';'.r-:f:,’:';rf"" Felloe R IrRy =

recaihy Esana s Tocusin effonms ol mpers rllitarny wall being, Weokd - _“"m;m”w‘_’m Fadbrvs-La S ey - i e s e W

& v W e wil s (1 e
b b e il bl e s 10 Practioa gt Rorma S i fe SR s
o ¥ 5

o phnialogs equil briurs i nchicriad by higherraating HIV ands o fr:lf::l:':“??:s” el ey

KRR LTy T R O M R0 RN & R 5 o LMK ook E inrap i B st ably FollrLis S meara olan -maded

herve Inclicatied Hhatan mcrmeee in BT i |inked £ e enee. finugh EI0 Fuctions sthomefas Ly

i o i w1 FraisriLraelit e b weliin] il freen o e suml T4

Thea s, T cbjirctiwe ol this shdp Is w0 oo aedenca besed F

prtatse vesd e rae-badkoln o e v 1 e hicfee d back o e sabion, a0 u:iﬁ::::‘:m“’ IRy, Oanaimis! ke uploaso!

sty Doty EHAT i L braba] |1 s kot anh 3 Ceiarty Fol bl p ey mopder b parbiopanis ol

puactiosd o€ bome 153 vabashle ol for both Feverve Comganentand 0 IRV sssccnan 1o ot the —

Firrt Reaporaden Hirs and pol os officen). Manh 6 Cuariert Tl ks lp Survey vl ol e

. W HRY wasanenl T T
i arnerly Follosrlip Sureey L Fent
[ 1T pee——
LLTEE Guuariarty Folkoerd i SUrvey
Toeal s18s
2. Study Aims
Statistical Analyses
1. Esraing 1 slivoradlp Ratesen W on d malien e, mantsl T Ay T PR DTRRCT BRI B MW 0 000 | e D] e 5. i G0y MR 7 AT 3
Aathor AMlRations Mare Infermation
hesdth, subisgance use, siess and phes kol healihreessines, baseline inasmessihe av o betiveen ol waisbies of inbe sest HAW, PTG resdience: howd iness, PTS0. depression A o 1 o Pk - sl ] —

s e e T anwimty, st copng, and nubatases abusa Simpls modewsnrcclst sl berun and tign e b s redsled (| ek on . esesinh Triang Fitsmmsany HMSE Corrnlis Faiad
el ey i) LIS SATEke Shpess e B Upnapriate. Analymesaf v ance areused o deisiTin T Omins 2 ned iodtse ieBART T sty si ] 2siess e pooantial oTHW bicfesdback Wnihvevsity o Morh Carcliea, et HIL Durivam, Korth S1amsTIe Fuscast hTr angde Park, NG
lelhmrludlailhuhlc-aw ¥ ithur csevplaveny tusining paammaten sk aigncart difiersroes inseul st Follo up. Labent g owth cures ma deling v | s ued b el opimel parmtery n2an odk S restment far Cacing oo ok
mathedi, mawens thie et e of sach vaniabie cver time. VB2 sopact that che indudien of belssdback miling mass tha spesd and PTSC boecd g nme and provice e sl empinicyl

g cha v b i i HFY Earrepin. 00 ol Bgsor P b on) o bt fées il e o sl it acoumirmsiior o Ehe mascclatfory bty HI o e e il dicary Hiaalch

3. Erarine i extent o which reslberie snclmental hesith it = aiey Acknewlsdgaents Symeostam, Kssimmes, FL Auguat 323, ;-m
SRS b dae i g e HFTY o DB e v BT ol 1 Hpgotiesk [ athe: iy b0 irecreasz e ence scowes, Preliminary
changes maer thme. Exp ke e ioenac on betisen comor dides - i 2 sl b v b Loyt 2 HENY T Fonghed byn Depermen: of Uefens: Congressionaly wanw.rilorg
that rnyimpsct e abact ofHR-RART crysssiberc, coping, snd ¥z rppDihvesired thiat HRY will be positheely ssantaizd it resdiznce, PTG, hasiness, coping, and psicsl health and hedn Enprree sy e poere of FTS0 and ctha men | DiracTesd MerikcalFersaar o Pragtin [t P it o Bz ot i ot W
proceir i Ot | PTG e see: ikl b et vt asaeinged wit hETSDD, depussaio, aned s, s dninnce ahine, anc viress. (S A SRR e ol el ety

62



UNC

SCHOOL OF MEDICINE

Use Of Mobile Technology Paired With Heart Rate Monitor to Remotely Quantify Behavioral
Health Markers Among Military Reservists And First Responders.

1. Background

Psycheological resilience is an individual's ability to recover from an
adverse event and return to physiclogical homeostasis and mental
well-being. An important aspect of this bouncing back process is
the return to a physiclegic 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 that pairs to a commercial of the shelf {COST) heart
rate monitor (HRM).

Heart Rate Variability (HRV)

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
gutonomic regulation of the body and its responses to the
environment. HRV are from specific pathways: high frequency
frequency HRV {HFHRV) 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 rate (HR) [1).

Unmyelinated Sympathetic
et h
> Fightor
flight
*Low frequency *Low frequency +High frequency
E‘IRV (LFHRV) l"iFW {LH‘!RVJ HRV (HFHRV)
e * sponfaneous
sensitivity rhythms breathing

Figure 1. Autonomic nervaus system from the Polyvagal Theary Peespective.

HRYV Biofeedback

+Paced respiration at slower rates forces myelinated vagal activity
‘1o synchronize with blood pressure rhythms. Amplifies osdllations
in heart rate around the paced frequency

#Practice can enhance an individual's ability to magnify HRV
#Visual feedback of HRV magnitude in real-time can fadilitate
learning the technigue and motivate practicing [3].

HRV data validation by comparing and contrasting the online

processed HRV data and the raw inter-beat interval data (RR):

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

2} Can the HRV be used to follow-up behavicral changes within a
session?

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

The BART study collects data through a custom designed
application {BART app) that is installed on the subject's persenal
phone/tablet. The study tracks each subject through self-report
measures entered into the app and physiclogical inputs (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 worn during study activities. Heart rate
data is captured by the HRM and send to the BART app via
Bluetooth, the app collects RR, process them into HRV and
displays the results online as Biofeedback. The app allows
uploading raw RR and processed HRV into a secure server. Raw RR
data is processed offline to preduce the statistical analyses.

Recruitment Protocol
1. Consent
2. Registration

3. Install BART app
4. Setup HRM

5. Training game
6. Surveyl

d

Figure 2. POLAR H7, heart manitor
placement.

The study evaluates the pace breathing technique under two
breathing paces: S or 6 breaths per minute, and with or without
hiofeedback.

Data collection proceeds in three phases:
* 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 5: training game session.
* Follow-up (Month 3, 6, 9, and12).

Figure 3. BART app windaws: A} main, B} rest, € Eriksen-Flanker test,
D] post, E} train pace breathing with biofeedback, F) train pace
breathing withaut bicfeedback.

Recruited: 403, active: 304, usable HRV data: 250. Subjects included 140 Reservists only, 28 Guardsmen only, 46 first responders only, 7 veterans only, 22
both military and first responders, and 7 unknown. Age groups evenly distributed 30% ages 20-30, 31-41 and 42+ and 60% men. Approximately 11%
reported high combat exposure, 16% medium combat exposure, and 73% low or no combat exposure.

The offline process requires RR visual inspection and manual editing of artifacts, the HRV data was separated in edited and non-edited to evaluate accuracy
of the online data. Edited data was not showing the samea heart rate dynamics, maaning that the corresponding online data was not capturing accurate
beat to beat heart rate. In consequence, HVR data was analyzed using only non-edited RR.

B-A plots {Fig. 4) of non-edited HR and BFHRV indicate excellent agreement and minimal bias between online and offline measures. For BFHRV the B-A plot
suggest that error magnitude is slightly larger for larger values. For HR and BFHRV 95 % of the differences are between the confidence intervals.

Secattered plots {Fig. 5) and Pearson's correlation for HR and BFHRV between offline and online are very strong; HR .98 p<.01 and for EFHRV .97 p<.01.
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Figure 4. Bland-Altman plots of HR (left) and BFHRV (right) between online and offiine analysis. By participant for all sessions.

-ln'u-lv-lh-
Figure 5. Regression plots of HR (top) and
BFHRY {battom), affiine vs online. By
participant for all sessions.

Repeated Measures ANOVA comparing means of the unedited HRV parameters, HP (Figure &) and BFHRV {Figure 7) across the BART stress tasks rest,
stress, post, and train) for the weeks available (1,6,13,29,38, and 52) show small but significant changes (HP p=.04 and BFHRY p<.001). Results show that
remotely collected heart rate tracks HRV changes from rest to stress back to post and further to train.

M HF ms)

Fest Strems Past
Task

Figu 6. Repeated measures ANCVI, for Heart Pesiod (HP) acmoes the & tasks, during the
tralning session. These Is an offoct by task: F{3,627) - 2.79p - 004,

Training

Mean BFHRY (Infms)

Figure

Rest Stress Post.
Task
st ANON, for BFHAY acrmss the 4 tasks
session. There Is 3 strang effect by task: F{3,627) - 30883 p <001

Training

The BART software platform paired with the HRM functions to suppert remote behavioral and
physiclogical data collection, intervention delivery, and online feedback. The tool acguires A
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useful data for studying changes in psychological stress according to mind/body activity states. : Eﬁum 21mmmxmm%:

Onl_lne_and off_llne methn?ds_mptured the different HRV ch:anges, reduced pgmsympathetl_c .M o the LNC C

activation during stress, indicated by BFHRV decrease; which returns to resting levels during ::.‘hms. nmu a'li'"*'-'f?-"MF!'-‘C["'“-"15“3"" MPOLDG

post, and substantial BFHRV increase during train. Offline results will guide improvement of = ﬂnmkmmwkﬂﬁmdhm&nmdm
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online algorithms, by setting recur'snf-e algorithms that will flag and manage abnormal Emimwr Opanions, Barpiul

heartbeats, movement or sensor artifacts. candusions and lu::'!;i::‘l?u’s are those of the suthor and are not

The BART app is a practical and effective tool for remote research, diagnosis, and follow-up. References:

The study captured psychophysiological data from more than 350 subjects around the US, more T‘Aﬁm‘;‘” R e R T T

than 600 hours of heart rate data were collected; moving the laboratory to the subjects’

environment. The BART study is the first on its kind evaluating and relating HRV with self-report
psychological metrics; opening opportunities to expand research and novel interventions.

p]cmuz K. M., & Denidson, J. R. (2003). Development of = new reslience:
=le: The Canner D (CD-RESC)

ansiety, 16(2). 76-82.
e i
and why does it work?. Frontiers in peychology. 5,
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Biofeedback Assisted Resilience Training

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

data collection
Polar H7 (SN

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 y < 49« | 2 2 2 2 = @
Complate on Day 1 ($15)

@ Survey - Part 2 4
Complete by Day 3 (§5) > bl > > « «p A« \
Survey - Part 3 '
> !
. Complete by Dav 3 ($5) LEFT RIGHT
As each image is presented, observe the middle
@ [raining Game 3 arrow. Tap the LEFT or RIGHT button accerding
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 payment [] Time 300

Sensor data being received

f your HR senser is not working properly. then exit, fix the
lsensor, 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 (1I0S/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
7 B B B J°r &8 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 N
s AP| 18,18, 20, 21,22, 25, 24, 25, 26, 27; 28 -
* Manufacturer var|at|ons (Samsung, Google, Motorola, LG “etc.)
» Cell provider variations (Verizon, AT&T, Sprint, T-Mobile, etc.)

I0S Versions

s 0S60 61.707.1.8081.82.83.64.98.91.9293 100,
107, 182 1853 9148119112, 11.8. 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

68



How do you train large groups?

Bluetooth devices are geared towards
Individuals and private use

Large group setting
« Bad for Bluetooth
* |Imagine 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

70

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 SEMNSOR COMNECTION  GOOD SENSOR CONMECTION

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?

* |nclude your software engineers early

« Wrote test software isolating Bluetooth connectivity code
 Regression test as new versions become available

71



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

72



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 M1, 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
HRYV 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 psychophysiological metrics.
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Evaluation of HRV Biofeedback as Resilience Building Intervention
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1. Develop and test the PHIT platform for use with the BART protocol.
2. Examine the relationship between baseline HRV and resilience, mental System

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. H
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Participants will be trained in one of two protocols: HRV-BART with paced Svstem

breathing (PB) or PBPB alone). They will provide weekly status updates on their

resilience scores by smartphone app. Data will be analyzed at weekly intervals
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Blood pressure regulation

Dominates during stress
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fO”OW-Up paper published. Two other papers submitted for publication: resilience training
effects and heart rate data validation.
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Activities CY| 16 17 | 18 | 19 development _ N _ N
| CY17 Goal - Determine the utility of HRV as biomarker for resilience
Completed pilot report building . - .
Physio data collection platform | CY18 Goal — Determine most efficient HRV biofeedback protocol for
T increased resilience and decreased stress-related conditions

All IRB & HRPO approvals received

Finalized data collection platforms !
All data collection material ready
Sample size requirement met

CY19 Goal — Determine efficacy of HRV BART over PB only
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No current concerns.

Baseline technical report/paper
Final analyses and manuscript UNC Budget Expenditure through October 31st, 2020

- Projected Expenditure: $563,865.00
Estimated Budget ($K) $78 $178 | $198 |$110 Actual Expenditure: $541,945.32

Updated: January 15, 2020
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