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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. 
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What were the major goals of the project? 

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

Aims and Tasks  Timeline 
Specific Aim 1: Develop and pilot test the Personal Health Informatics Toolkit (PHIT) platform for use with the Biofeedback-
Assisted Resilience Training (BART) protocol. 
Major Task 1: Develop and Pilot Test the Physiological Data Collection 
Platform Start End* 

 
% Complete 

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

8/1/2016 4/1/2017 100% 

Subtask 2: Develop data collection (DC) platform 8/1/2016 4/1/2017 100% 
Subtask 3: Recruit community participants for pilot  8/1/2016 1/31/2017 100% 
Subtask 4: Collect and analyze pilot test data 1/31/2016 2/31/2017 100% 
Subtask 5: Modify platform as needed 2/31/2016 3/15/2017 100% 
Subtask 6: Prepare pilot test report  3/15/2016 4/1/2017 100% 

Milestone #1: Completed pilot test report   4/15/2017 100% 
Milestone #2: Fully tested physiological data collection platform   4/15/2017 100% 

Major Task 2: Prepare for Main Study DC 9/1/2016 12/8/2018 100% 
Subtask 1: Prepare human studies protocol documents for main study and 
submit to IRBs and DoD HRPO for approval 12/1/2016 5/1/2017 100% 

Milestone #3: All IRB and HRPO approvals received  5/1/2017 100% 
Subtask 2: Develop and verify main study DC instruments  12/1/2016 5/1/2017 100% 
Subtask 3: Develop and test DC software (PHIT adaptation) and study 
website 8/1/2016 4/1/2017 100%* 

Milestone #4: Finalized DC platforms  6/30/2017 100%* 
Subtask 4: Train data collectors for onsite DC 8/1/2017 10/1/2017 100% 
Subtask 5: Secure final approval/schedules for DC sites 8/1/2016 10/1/2017 100%* 
Subtask 6: Create study information documents and send to providers 9/1/2016 10/1/2017 100% 
Subtask 7: Train personnel and supervise phone calls to providers 6/1/2017 12/1/2017 100% 
Subtask 8: Recruit and randomize military participants  6/7/2017 12/1/2017 100%* 

Milestone #5: All data collection instruments/software ready for DC  10/1/2017 100%* 
Milestone #6: Sample size requirement met**  12/31/2017 100%* 

Specific Aim 2: Examine the relationship between baseline HRV and resilience, mental health, substance use, stress and 
physical health measures.  
Major Task 3: Collect, Analyze, and Disseminate Baseline Data 6/1/2017 9/30/2018 100%* 

Subtask 1: Conduct HRV-BART or Paced Breathing training and collect 
baseline data 6/1/2017 12/1/2017 100%* 

Subtask 2: Baseline dataset cleaning, analysis, and reporting 12/1/2017 9/30/2018 100%* 
Milestone #7: Baseline technical report and 1 peer-reviewed journal 
article   9/30/2018 100%* 

Major Task 4. Follow-up Data Collection (weekly and 3, 6, 9 and 12 mos.) 6/7/2017 9/13/2019 100% 
Subtask 1: Clean and prepare datasets for analysis 10/1/2018 5/31/2019 100% 

Milestone #8: Cleaned and edited dataset  5/31/2019 100% 
Subtask 2: Conduct analyses and prepare manuscripts/briefings 6/1/2019 10/31/2019 100% 

Milestone #9: Analyses and manuscripts/ briefings for 
publication/presentation complete  10/31/2019 100% 
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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. 
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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: 
• Broadening of inclusion criteria to include veterans 
• 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 
• 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 
• Approval for the privacy policy required by Google Play Store 
• 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. 

 

 

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

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

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

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

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

Milestone #4: Finalized DC platforms 

Completed as proposed. 

Subtask 4: Train data collectors for onsite DC 

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

Subtask 5: Secure final approval/schedules for DC sites 

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

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

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

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

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

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

Subtask 6: Create study information documents and send to providers 
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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: 

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

• 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.  

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

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

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

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

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

Milestone #6: Sample size requirement met 

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

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

Major Task 3:  Collect, Analyze, and Disseminate Baseline Data 

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

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

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

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

Date of 
enrollment Location 

# of 
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 
enrollment Location 

# of 
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 
enrollment Location 

# of 
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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• 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 

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

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

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

• Longitudinal time series were created for baseline, weekly, and quarterly data. 

Subtask 2:  Conduct analyses and prepare manuscripts/briefings 

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

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

• 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. 

• Began drafting manuscripts 2 and 3. 

• We completed the analyses for the baseline manuscript.  

• The HRV data was age adjusted using linear regression. The correlations between survey variables and 
HRV 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 
HRV 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? 

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

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

 

What was the impact on society beyond science and technology? 

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

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

Changes in approach and reasons for change 

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

 

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

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

 

Changes that had a significant impact on expenditures 

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

 

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

Nothing to report 

 

Significant changes in use or care of human subjects 

Nothing to report 

 

Significant changes in use or care of vertebrate animals. 

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

Nothing to report 

 
6. PRODUCTS 

Publications, conference papers, and presentations 

Journal publications. 

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

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

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

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

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

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

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

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

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

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

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

 

Website(s) or other Internet site(s) 

Study website: https://bart.rti.org  

 

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

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

 

Inventions, patent applications, and/or licenses 

Nothing to report 

 

Other Products 

• Study recruitment/announcement video 

• 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: Laurel Hourani, PhD, MPH 
Project Role: PI 
Hours: 1728 
Contribution to Project: Directed and reviewed all study activities on the RTI site. 

 
Name: Dr. Maria Davila 
Project Role: PI 
Hours: 2320 
Contribution to Project: Directed and reviewed all study activities on the UNC site. 
 
Name: Randy Eckhoff 
Project Role: Software Developer 
Hours: 539 
Contribution to Project: Led software development for mobile iOS app and the bart.rti.org 

website. 
 
Name: Paul Kizakevich 
Project Role: Biomedical Engineer 
Hours: 547 
Contribution to Project: 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. 

 
Name: Amanda Lewis 
Project Role: Project Manager 
Hours: 520 
Contribution to Project: Managed weekly meetings; staffing changes; assisted with phone 

follow-ups; planned staff training days 
 
Name: Sreelatha Meleth 
Project Role: Lead statistician 
Nearest person month worked: 739 
Contribution to Project: Developed analysis plan, analyzed dropout rate, assisted with training 
 
Name: Jessica Morgan 
Project Role: Co-Investigator 
Hours: 695 
Contribution to Project: Assisted with data collection and analysis 
 
Name: Timothy Morgan 
Project Role: Co-Investigator 
Hours: 759 
Contribution to Project: Responsible for recruitment and logistics 
 
Name: Derek Ramirez 
Project Role: Analyst 
Hours: 601 
Contribution to Project: 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? 

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

 
 
8. SPECIAL REPORTING REQUIREMENTS 

COLLABORATIVE AWARDS: See report submitted to https://ers.amedd.army.mil for each unique award. 
 
QUAD CHARTS: See Quad Chart (available on https://www.usamraa.army.mil) in Appendix C. 
 
9. APPENDICES 

 
Appendix A. Selected Publications 
 
Appendix B. Selected Abstracts/Poster presentations 
 
Appendix C. Final Quad Chart

https://ers.amedd.army.mil/
https://www.usamraa.army.mil/
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Appendix A. Publications 
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Use Of Mobile Technology Paired With Heart Rate Monitor to Remotely Quantify Behavioral Health 
Markers Among Military Reservists And First Responders. 

Maria I. Davila, PhD1, Paul N. Kizakevich, MS2, Randy Eckhoff, BS2, Jessica Morgan, PhD2, Sreelatha Meleth, PhD2, Derek Ramirez, 
MA2, Tim Morgan, MA2, COL Laura B. Strange, COL, AN, USA, (Ret.)4, Becky Lane, PhD2, Belinda Weimer, MA2, Amanda 
Lewis2, Gregory F. Lewis, PhD3, Laurel I. Hourani, PhD2 

1 University of North Carolina at Chapel Hill, 388 Med School, Chapel Hill, NC 27599  
2 RTI International, 3040 Cornwallis Drive, Research Triangle Park, NC 27719 
3 Kinsey Institute, Indiana University, Morrison Hall, Bloomington, IN 47405 
4 Consultant, Hilton Head, SC 29915 

 
Keywords: Heart rate variability, Mental health, Resilience, Stress, Military 
Presentations: Presented as a poster at the 2019 Military Health System Research Symposium, Kissimmee, FL; MHSRS-19-02036.  
Funding Sources: This study was supported by the Office of the Assistant Secretary of Defense for Health Affairs, through the Peer 
Reviewed Medical Research Program under Award No. W81XWH-16-1-0347 and W81XWH-16-1-0346.  
Disclaimers: Opinions, interpretations, conclusions and recommendations are those of the author and are not necessarily endorsed by 
the Department of Defense. 
Acknowledgements: None. 
 
Abstract 
Introduction: Heart Rate Variability (HRV) is a biological marker that reflects an individual’s physiological 
homeostasis and neural regulation. Psychological resilience is an individual’s ability to recover from an adverse 
event and return to physiological homeostasis and mental well-being, indicated by higher resting HRV.  The 
Biofeedback Assisted Resilience Training (BART) study evaluates a resilience-building intervention, through a 
mobile health application pair to a heart rate monitor (HRM). We validated remotely collected HRV data. 
Materials and Methods: Two hundred fifty participants participated, 56% reservist. BART collects data 
through an application installed on the participant's personal phone/tablet, it tracks self-report demographic and 
psychological measures plus physiological metrics. The app collects raw heart rate (HR), processes HRV and 
displays online results as Biofeedback. HR is further processed offline. Online and offline HRV outcomes are 
compared and contrasted using Bland & Altman (B-A) and scatter plots; repeated measures ANOVA are used 
to compared means across the training session (rest, stress, post, and train).  
Results: B-A plots indicate excellent agreement and minimal bias between online and offline HRV measures; 
95% of the differences lie between the confidence intervals. Scattered plots and Pearson’s correlation are very 
strong; HR .98 p<.01 and for BFHRV .97 p<.01. rANOVA comparing means across the training session show 
small but significant changes (HP p=.04 and 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 

HRV [8]. This ability to recover from an adverse event is fundamental to minimize negative health effects. An 

important aspect of this bouncing back process is the return to a physiologic equilibrium with higher resting 

HRV and quick return to resting heart rate. Self-regulation, typically a subconscious process, can be enhanced 

by practice and conscious intervention through HRV biofeedback-assisted relaxation training. HRV could serve 

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

HRV biofeedback is based on paced breathing at slower than normal rates, under 7 breaths per minute, forcing 

myelinated vagal activity to synchronize with blood pressure rhythms and amplifying oscillations in heart rate 

around the paced frequency [9]. Thus, guided practice can enhance an individual’s ability to magnify HRV [10] 

and visual feedback of HRV magnitude in real-time can facilitate learning the technique and motivate 

practicing. 

The Biofeedback Assisted Resilience Training (BART app) study evaluates a resilience-building intervention, 

through a mobile health app with stress relaxation elements and HRV biofeedback paced breathing that pairs to 

a commercial of the shelf (COST) heart rate monitor (HRM). The BART app is built on the PHIT mobile health 

research platform [11]. 
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The study collects data through a custom designed application (BART app) that is installed on the participant's 

personal phone or tablet. The app gathers self-report behavioral health, physical, and demographic items, 

parallel to physiological measures of heart rate activity (reported by the HRM); data transmitted to the smart 

phone or tablet via Bluetooth is stored and uploaded via Wi-Fi through secure transmission to a secure server. 

Behavioral health items include the following: 1) PROMIS Sleep Disturbance, Perceived Stress Scale, Short 

form Health Survey (SF-12), The Brief Traumatic Brain Injury Screen (BTBIS), Combat Experiences Scale 

from the Deployment Risk and Resilience Inventory, Two-Item Conjoint Screen (TICS) for Alcohol and Other 

Drug Problems.  The Connor-Davidson Resilience Scale (CD-RISC), The Brief COPE Inventory, The 

Posttraumatic Growth Inventory (PTGI).  

The BART app processes online HRV to be presented to the user as biofeedback during the paced breathing 

training. The uploaded heart rate data is processed offline in the laboratory to assure HRV data quality, conduct 

statistical analysis, and further improvement of the online algorithms. 

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

data processed at the laboratory to respond: 

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

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

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

treatment purposes?  

Methods 

Study Population:  

The BART study includes a diverse population of military reservists, national guardsmen, military veterans, and 

first responders from multiple sites across various states in the United States. Participants were recruited from a 

sample of Navy, Marine Corps, and Army Reserve units and National Guard armories from North Carolina, 

Georgia, and Virginia, and fire and police units in the Raleigh-Durham-Chapel Hill, North Carolina, area who 

volunteered to participate for a 60- to 90-minute onsite training session, practice their training at home, and 

complete a suite of survey assessments over the course of 1 year. Recruitment closed in October 2018, for a 
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total of 403 participants enrolled, of which 304 stayed active. When matching psychological and physiological 

data that number was reduced to 250 participants with complete data sets for statistical analyses. Participants 

included 140 Reservists only, 28 Guardsmen only, 46 first responders only, 7 veterans only, 22 both military 

and first responders, and 7 unknowns. Age groups were evenly distributed with approximately 30% between 

ages 20-30, 31-41 and 42+; 60% were men, 64% were college graduates, and 56% were white. The mean body 

fat (BMI) was 30%. Approximately 11% reported high combat exposure, 16% medium combat exposure, and 

73% low or no combat exposure.   

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

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

The study was approved by the University of North Carolina Institutional Review Board (UNC IRB # 16-2312: 

“Evaluation of HRV Biofeedback as a Resilience Building Intervention”) under an authorization agreement 

with the RTI International Committee for the Protection of Human Participants; and the US Army Medical 

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

Study protocol:  

A pilot study was included to select the optimal HRM [12], the POLAR H7 was selected. The study randomly 

evaluates the paced breathing technique under two breathing paces: 5 or 6 breaths per minute, and with or 

without biofeedback during a one-year period. 

Data collection proceeds in three phases: 1) Baseline on week 1, designed to stablish a baseline and evaluate 

correlates with the behavioral items: Surveys 1- 2- 3 and a training game session (3 minutes of rest, 4 minutes 

of a stress challenge, 3 minutes of post for recovery, and 5 minutes of paced breathing training), designed to 

stablish baseline neurological regulation [12, 13]. At baseline is the only time the participants meet with the 

research team, the following activities are performed on the participant’s time and place. 2) Regular practice on 

weeks 1 to 6 are pace breathing training designed to improve resilience, structured as: 3-min rest and 5-min 

train. Participants are asked to practice at least 3-times per week for the first 6-weeks and completed the 

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

and12.  

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

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

The HRM is worn during study activities. Heart rate data is captured by the HRM and send to the BART app 

via Bluetooth, the app collects raw heart rate in the form of inter-beat intervals (IBI), processes it into HRV and 

displays the results online as Biofeedback. The app allows uploading raw IBI and processed HRV into a secure 

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

Heart Rate Variability: 

HRV is derived from the IBI obtained from the ECG captured by the HRM. IBI is the time expressed in 

milliseconds between heart beats, it is obtained by subtracting the time between consecutive ECG R-peaks. The 

IBI sequence occurs at irregularly spaced intervals (i.e., the timing of each heartbeat) and may contain artifacts 

as a result of movement noise or missed beat detections. An automated process is used to identify those artifacts 

in the IBI sequence for manual editing [1]; editing consist of integer arithmetic (i.e., dividing intervals between 

heart beats when detections of R-wave from the ECG were missed or adding intervals when spuriously invalid 

detections occurred)., this editing process assures the neural information is not affected by artifacts. The Porges- 

Bohrer method is used to extract the HRV components (RSA and LFHRV) [14]. The edited IBI signal is then 

time sampled at 2 Hz to facilitate time-domain processing. The time-based series is detrended using a cubic 

moving polynomial filter (MPF), 21-point for RSA and 51-point for LFHRV [15] that is stepped through the 

data to create a smoothed template and the template is subtracted from the original time-based series to generate 

a detrended residual series; the detrended time series is bandpassed to restrict the variance in the heart period 

pattern associated with spontaneous breathing for RSA: .12-.4 Hz; for LFHRV: .04-.1 Hz. The resulting 

bandpassed time series are divided into 20 second epochs, the natural logarithm of the variance of the 

bandpassed time series epoch is calculated as the measure of the amplitude of RSA and LFHRV respectively 

[16], epochs across events of interest are average to obtain the RSA and LFHRV in that particular event. Proper 

treatment of the beat-to-beat heart rate pattern enables reliable assessment of cardiac vagal tone (i.e., RSA) even 
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under conditions of changing respiratory parameters that confound less robust measures of variance [17]. Heart 

period (HP) is calculated as the average IBI per epoch, the reciprocal is the heart rate (HR) expressed in beat per 

minutes (bpm). 

The BART study analysis four variants of HRV measures: HP, RSA, LFHRV, and a wideband or biofeedback 

HRV (BFHRV) [18]. The wideband measure ensures that very low breathing rates during paced breathing 

exercises are properly measured by applying a wider frequency that encompasses RSA and LFHRV (.04 - .4 

Hz). 

Traditionally, HRV is processed in laboratory, where IBIs are evaluated for artifacts. In this manuscript, we 

evaluate HRV two ways: online and offline. The online algorithm includes an IBI auto-editing feature, based on 

a percentage increase/decrease of the previous IBI [18]. Offline HRV results are more accurate for statistical 

analysis, since they involve visual manual editing. 

Data Analysis:  

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

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

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

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

(B-A) and scatter plots. 

2) Evaluation of offline HP and BFHRV 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 BFHRV bottom). For HR 95 % 

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

confidence intervals, with mean of the differences -.02 ln(ms2) and LOA between -.60 to .57 bpm, N=1547.  

 

 

 

 

 

 

 

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 R2 of .96. Linear regression of BFHRV is in 

convergence (y = 1.04x -.30) displaying a high correlation R2 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.  

 

 

 

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

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

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

to train, according to psychophysiology paradigms.  

 
 
 
 
 
 
 
 
 
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 

BFHRV decrease; which returns to resting levels during post, and substantial BFHRV increase during train. HP 

effect is attenuated as expected. 

Along with the indicated benefits, the BART study has produced a variety of lessons for an app-based research. 

Use of a personal mobile app to collect information, to manage protocol-based task scheduling, reminder 

notifications, and intervention activities, makes the study essentially self-administered by each participant. On 
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the other hand, maintenance of personal interest, usability of sensors and devices, adherence to procedures, and 

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

What excites us the most about the BART study is the opportunity to remotely collect and analyze physiological 

data from approximately 300 participants that could be in any place around the US or the world, we have 

collected more than 600 hours of heart rate data. We are moving the laboratory to the participants’ environment. 

Considering that HRV parameters has been developed and tested in laboratory settings, the BART study is the 

first on its kind evaluating and relating HRV with self-report psychological metrics. This opens up opportunities 

to expand research and new methods to provide interventions. 

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

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

Conclusions 

The BART software platform paired with the HRM functions to support remote behavioral and physiological 

data collection, intervention delivery, and online feedback. The tool acquires useful data for studying changes in 

psychological stress according to mind/body activity states, and should be useful to correlate behavioral items 

and compare alternative psychological resilience training paradigms, such as the use of online HRV 

biofeedback.  

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

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

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

Going forward we ambition to apply our findings to field and training operations in both military and first 

responder populations.  
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Abstract 

Introduction: Heart Rate Variability (HRV) is a biological marker that reflects an individual’s physiological 
homeostasis and neural regulation. Psychological resilience is an individual’s ability to recover from an adverse 
event and return to physiological homeostasis and mental well-being, indicated by higher resting HRV.  The 
Biofeedback Assisted Resilience Training (BART) study evaluates a resilience-building intervention, through a 
mobile health application pair to a heart rate monitor (HRM). We validated remotely collected HRV data. 
Materials and Methods: Two hundred fifty participants participated, 56% reservist. BART collects data 
through an application installed on the participant's personal phone/tablet, it tracks self-report demographic and 
psychological measures plus physiological metrics. The app collects raw heart rate (HR), processes HRV and 
displays online results as Biofeedback. HR is further processed offline. Online and offline HRV outcomes are 
compared and contrasted using Bland & Altman (B-A) and scatter plots; repeated measures ANOVA are used 
to compared means across the training session (rest, stress, post, and train).  
Results: B-A plots indicate excellent agreement and minimal bias between online and offline HRV measures; 
95% of the differences lie between the confidence intervals. Scattered plots and Pearson’s correlation are very 
strong; HR .98 p<.01 and for BFHRV .97 p<.01. rANOVA comparing means across the training session show 
small but significant changes (HP p=.04 and 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 

HRV [8]. This ability to recover from an adverse event is fundamental to minimize negative health effects. An 

important aspect of this bouncing back process is the return to a physiologic equilibrium with higher resting 

HRV and quick return to resting heart rate. Self-regulation, typically a subconscious process, can be enhanced 

by practice and conscious intervention through HRV biofeedback-assisted relaxation training. HRV could serve 

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

HRV biofeedback is based on paced breathing at slower than normal rates, under 7 breaths per minute, forcing 

myelinated vagal activity to synchronize with blood pressure rhythms and amplifying oscillations in heart rate 

around the paced frequency [9]. Thus, guided practice can enhance an individual’s ability to magnify HRV [10] 

and visual feedback of HRV magnitude in real-time can facilitate learning the technique and motivate 

practicing. 

The Biofeedback Assisted Resilience Training (BART app) study evaluates a resilience-building intervention, 

through a mobile health app with stress relaxation elements and HRV biofeedback paced breathing that pairs to 

a commercial of the shelf (COST) heart rate monitor (HRM). The BART app is built on the PHIT mobile health 

research platform [11]. 
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The study collects data through a custom designed application (BART app) that is installed on the participant's 

personal phone or tablet. The app gathers self-report behavioral health, physical, and demographic items, 

parallel to physiological measures of heart rate activity (reported by the HRM); data transmitted to the smart 

phone or tablet via Bluetooth is stored and uploaded via Wi-Fi through secure transmission to a secure server. 

Behavioral health items include the following: 1) PROMIS Sleep Disturbance, Perceived Stress Scale, Short 

form Health Survey (SF-12), The Brief Traumatic Brain Injury Screen (BTBIS), Combat Experiences Scale 

from the Deployment Risk and Resilience Inventory, Two-Item Conjoint Screen (TICS) for Alcohol and Other 

Drug Problems.  The Connor-Davidson Resilience Scale (CD-RISC), The Brief COPE Inventory, The 

Posttraumatic Growth Inventory (PTGI).  

The BART app processes online HRV to be presented to the user as biofeedback during the paced breathing 

training. The uploaded heart rate data is processed offline in the laboratory to assure HRV data quality, conduct 

statistical analysis, and further improvement of the online algorithms. 

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

data processed at the laboratory to respond: 

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

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

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

treatment purposes?  

Methods 

Study Population:  

The BART study includes a diverse population of military reservists, national guardsmen, military veterans, and 

first responders from multiple sites across various states in the United States. Participants were recruited from a 

sample of Navy, Marine Corps, and Army Reserve units and National Guard armories from North Carolina, 

Georgia, and Virginia, and fire and police units in the Raleigh-Durham-Chapel Hill, North Carolina, area who 
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volunteered to participate for a 60- to 90-minute onsite training session, practice their training at home, and 

complete a suite of survey assessments over the course of 1 year. Recruitment closed in October 2018, for a 

total of 403 participants enrolled, of which 304 stayed active. When matching psychological and physiological 

data that number was reduced to 250 participants with complete data sets for statistical analyses. Participants 

included 140 Reservists only, 28 Guardsmen only, 46 first responders only, 7 veterans only, 22 both military 

and first responders, and 7 unknowns. Age groups were evenly distributed with approximately 30% between 

ages 20-30, 31-41 and 42+; 60% were men, 64% were college graduates, and 56% were white. The mean body 

fat (BMI) was 30%. Approximately 11% reported high combat exposure, 16% medium combat exposure, and 

73% low or no combat exposure.   

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

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

The study was approved by the University of North Carolina Institutional Review Board (UNC IRB # 16-2312: 

“Evaluation of HRV Biofeedback as a Resilience Building Intervention”) under an authorization agreement 

with the RTI International Committee for the Protection of Human Participants; and the US Army Medical 

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

Study protocol:  

A pilot study was included to select the optimal HRM [12], the POLAR H7 was selected. The study randomly 

evaluates the paced breathing technique under two breathing paces: 5 or 6 breaths per minute, and with or 

without biofeedback during a one-year period. 

Data collection proceeds in three phases: 1) Baseline on week 1, designed to stablish a baseline and evaluate 

correlates with the behavioral items: Surveys 1- 2- 3 and a training game session (3 minutes of rest, 4 minutes 

of a stress challenge, 3 minutes of post for recovery, and 5 minutes of paced breathing training), designed to 

stablish baseline neurological regulation [12, 13]. At baseline is the only time the participants meet with the 

research team, the following activities are performed on the participant’s time and place. 2) Regular practice on 
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weeks 1 to 6 are pace breathing training designed to improve resilience, structured as: 3-min rest and 5-min 

train. Participants are asked to practice at least 3-times per week for the first 6-weeks and completed the 

behavioral questioners when prompted. Week 6 includes a training game session, results from week 6 serve to 

evaluate the intervention by comparing it against the baseline results. 3) Follow-up surveys on months 3, 6, 9, 

and12.  

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

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

The HRM is worn during study activities. Heart rate data is captured by the HRM and send to the BART app 

via Bluetooth, the app collects raw heart rate in the form of inter-beat intervals (IBI), processes it into HRV and 

displays the results online as Biofeedback. The app allows uploading raw IBI and processed HRV into a secure 

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

Heart Rate Variability: 

HRV is derived from the IBI obtained from the ECG captured by the HRM. IBI is the time expressed in 

milliseconds between heart beats, it is obtained by subtracting the time between consecutive ECG R-peaks. The 

IBI sequence occurs at irregularly spaced intervals (i.e., the timing of each heartbeat) and may contain artifacts 

as a result of movement noise or missed beat detections. An automated process is used to identify those artifacts 

in the IBI sequence for manual editing [1]; editing consist of integer arithmetic (i.e., dividing intervals between 

heart beats when detections of R-wave from the ECG were missed or adding intervals when spuriously invalid 

detections occurred)., this editing process assures the neural information is not affected by artifacts. The Porges- 

Bohrer method is used to extract the HRV components (RSA and LFHRV) [14]. The edited IBI signal is then 

time sampled at 2 Hz to facilitate time-domain processing. The time-based series is detrended using a cubic 

moving polynomial filter (MPF), 21-point for RSA and 51-point for LFHRV [15] that is stepped through the 

data to create a smoothed template and the template is subtracted from the original time-based series to generate 

a detrended residual series; the detrended time series is bandpassed to restrict the variance in the heart period 

pattern associated with spontaneous breathing for RSA: .12-.4 Hz; for LFHRV: .04-.1 Hz. The resulting 
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bandpassed time series are divided into 20 second epochs, the natural logarithm of the variance of the 

bandpassed time series epoch is calculated as the measure of the amplitude of RSA and LFHRV respectively 

[16], epochs across events of interest are average to obtain the RSA and LFHRV in that particular event. Proper 

treatment of the beat-to-beat heart rate pattern enables reliable assessment of cardiac vagal tone (i.e., RSA) even 

under conditions of changing respiratory parameters that confound less robust measures of variance [17]. Heart 

period (HP) is calculated as the average IBI per epoch, the reciprocal is the heart rate (HR) expressed in beat per 

minutes (bpm). 

The BART study analysis four variants of HRV measures: HP, RSA, LFHRV, and a wideband or biofeedback 

HRV (BFHRV) [18]. The wideband measure ensures that very low breathing rates during paced breathing 

exercises are properly measured by applying a wider frequency that encompasses RSA and LFHRV (.04 - .4 

Hz). 

Traditionally, HRV is processed in laboratory, where IBIs are evaluated for artifacts. In this manuscript, we 

evaluate HRV two ways: online and offline. The online algorithm includes an IBI auto-editing feature, based on 

a percentage increase/decrease of the previous IBI [18]. Offline HRV results are more accurate for statistical 

analysis, since they involve visual manual editing. 

Data Analysis:  

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

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

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

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

(B-A) and scatter plots. 

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

train) on week 1 using repeated measures ANOVA. 
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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 BFHRV bottom). For HR 95 % 

of the differences are between the confidence intervals, with mean of the differences -.64 bpm and limits of 

agreement (LOA) between -4.83 to 3.55 bpm, N=1547. For BFHRV 95 % of the differences are between the 

confidence intervals, with mean of the differences -.02 ln(ms2) and LOA between -.60 to .57 bpm, N=1547.  

 

 

 

 

 

 

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 R2 of .96. Linear regression of BFHRV is in 

convergence (y = 1.04x -.30) displaying a high correlation R2 of .95.  

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

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

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

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

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

to train, according to psychophysiology paradigms.  

 
 
 

 

 

 

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

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

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

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

methodology by offering an easy to use tool.  

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

arousal would not be possible without online monitoring of HRV by the BART app. HRV changes during the 
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training game exercise (rest → stress → post → train), as shown in Figure 4, are consistent with previous 

results found in predeployment stress inoculation studies [19], where a significant decrease in HRV was 

observed during cognitive stress and a significant increase during relaxation breathing. Online and offline 

methods captured the different HRV changes, reduced parasympathetic activation during stress, indicated by 

BFHRV decrease; which returns to resting levels during post, and substantial BFHRV increase during train. HP 

effect is attenuated as expected. 

Along with the indicated benefits, the BART study has produced a variety of lessons for an app-based research. 

Use of a personal mobile app to collect information, to manage protocol-based task scheduling, reminder 

notifications, and intervention activities, makes the study essentially self-administered by each participant. On 

the other hand, maintenance of personal interest, usability of sensors and devices, adherence to procedures, and 

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

What excites us the most about the BART study is the opportunity to remotely collect and analyze physiological 

data from approximately 300 participants that could be in any place around the US or the world, we have 

collected more than 600 hours of heart rate data. We are moving the laboratory to the participants’ environment. 

Considering that HRV parameters has been developed and tested in laboratory settings, the BART study is the 

first on its kind evaluating and relating HRV with self-report psychological metrics. This opens up opportunities 

to expand research and new methods to provide interventions. 

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

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

Conclusions 

The BART software platform paired with the HRM functions to support remote behavioral and physiological 

data collection, intervention delivery, and online feedback. The tool acquires useful data for studying changes in 

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

biofeedback.  

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

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

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

Going forward we ambition to apply our findings to field and training operations in both military and first 

responder populations.  

References 

[1] Davila MI, Lewis GF and Porges SW: The Physiocam: a novel non-contact sensor to Measure heart rate 

Variability in clinical and Field applications. Frontiers in public health 2017, 5, 300. 

[2] Porges SW: The polyvagal theory: new insights into adaptive reactions of the autonomic nervous system. 

Cleveland Clinic journal of medicine 2009; 76(Suppl 2), S86. 

[3] Tan G, Fink B, Dao TK et al.: Associations among pain, PTSD, mTBI, and heart rate variability in veterans 

of Operation Enduring and Iraqi Freedom: a pilot study. Pain Medicine 2009; 10(7),1237-1245. 

 [4] Patriquin MA, Scarpa A, Friedman BH and Porges SW: Respiratory sinus arrhythmia: A marker for 

positive social functioning and receptive language skills in children with autism spectrum disorders. 

Developmental psychobiology 2013; 55(2), 01-112. 

[5] Stein PK and Pu Y: Heart rate variability, sleep and sleep disorders. Sleep medicine reviews 2012; 16(1), 

47-66. 

[6] Garland EL, Franken IH and Howard MO: Cue-elicited heart rate variability and attentional bias predict 

alcohol relapse following treatment. Psychopharmacology 2012; 222(1),17-26. 



 

59 

[7] Connor KM and Davidson JR: Development of a new resilience scale: The Connor‐Davidson resilience 

scale (CD‐RISC). Depression and anxiety 2003; 18(2), 76-82. 

[8] McCraty R and Atkinson M: Resilience training program reduces physiological and psychological stress in 

police officers. Global advances in health and medicine 2012; 1(5), 44-66. 

[9] Lehrer PM and Gevirtz R: Heart rate variability biofeedback: how and why does it work?. Frontiers in 

psychology 2014, 5, 756. 

[10] Tan G, Dao TK, Farmer L, Sutherland RJ, Gevirtz R: Heart rate variability (HRV) and posttraumatic stress 

disorder (PTSD): a pilot study. Applied psychophysiology and biofeedback 2011; 36(1), 27-35. 

[11] Kizakevich PN, Eckhoff R, Brown J et al. PHIT for Duty™, a mobile application for stress reduction, sleep 

improvement, and alcohol moderation. Mil Med 2018;183(suppl_1):353-363.  

[12] Hourani LL, Davila MI, Morgan J et al.: Mental health, stress, and resilience correlates of heart rate 

variability among military reservists, guardsmen, and first responders. Physiology & behavior 2020; 214, 

112734. 

[13] Hoffmann A, Ulrich E., Reyes del Paso GA, Duschek S: Executive function and cardiac autonomic 

regulation in depressive disorders. Brain and cognition 2017; 118, 108-117. 

[14] Porges SW and Bohrer RE: Analyses of periodic processes in psychophysiological research.  In J.T. 

Cacioppo and L.G. Tassinary (eds.), Principles of Psychophysiology:  Physical, Social, and Inferential Elements 

1990.  New York:  Cambridge University Press, 708-753. 

[15] Porges SW: Method and Apparatus for Evaluating Rhythmic Oscillations in Aperiodic Physiological 

Response Systems 1985; Patent Number: 4,510,944.  Washington DC: U.S. Patent Office.  

[16] Riniolo T and Porges SW: Inferential and descriptive influences on measures of respiratory sinus 

arrhythmia: sampling rate, R‐wave trigger accuracy, and variance estimates. Psychophysiology 1997; 34(5), 

613-621. 



 

60 

[17] Lewis GF, Furman SA, McCool MF, Porges SW: Statistical strategies to quantify respiratory sinus 

arrhythmia: are commonly used metrics equivalent. Biol Psychol 2012; 89 (2), 349–364. 

[18] 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 and 

uHealth 2019; 7(9), 12590. 

[19] Lewis GF, Hourani LL, Tueller S et al.: Relaxation training assisted by heart rate variability biofeedback: 

implication for a military predeployment stress inoculation protocol. Psychophysiology 2015; 52(9), 1167–

1174. 

 

 

  

 

 

  



 

61 

 
Appendix B. Abstracts/Poster Presentations 

 
 
 



 

62 

 



 

63 

 



 

64 

 



 

65 

 
  



 

66 

 



 

67 
 



 

68 
 



 

69 
 



 

70 
 



 

71 
 



 

72 
 



 

73 
 



 

74 
 



 

75 
 



 

76 
 



 

77 
 



 

78 

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

Lewis GF, Ph.D., Hourani LI, Ph.D.  
 

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

Abstract: Heart Rate Variability (HRV) is a biological marker reflecting individual’s physiological 
homeostasis, neural regulation, and response to the environment and events. HRV is derived from heart rate 
(HR) oscillations, serves to study mental health conditions and evaluate interventions. Psychological 
resilience (stress coping) is fundamental to minimize health risks and is linked to higher HRV. Self-
regulation, usually subconscious, can improve by conscious relaxation intervention. HRV requires high 
quality HR data and offline correction of non-neurological artifacts, hindering readings outside laboratory. 
The study presents a self-administrated resilience intervention, a mobile health app with HRV biofeedback 
pace-breathing (PB), heart rate monitor and self-report mental health items, and assesses its performance 
and viability for health place-based intervention. Study approval UNC-IRB 16-2312. Subjects were 250 
military members and first responders. Age groups evenly distributed 33% 20-30, 31-41 and 42+ and 60% 
men. Data collection protocol: Baseline (Week 1), PB practice (Weeks 1-6), Follow-up (Month 3-6-9-12). 
Subjects and researchers met at baseline, leaving data collection to subject’s unsupervised time and location, 
data was uploaded to a server and processed: online for biofeedback and offline for quality, 56 % of HR 
data required correction. 600 hours of HR data aided developed an online algorithm to correct artifacts. The 
algorithm was validated comparing online and offline methods HRV parameters using Bland & Altman (B-
A) and scatter plots. Analysis of variance captured HRV autonomic changes during Baseline. B-A plots for 
HRV parameters: Heart Period (HP), Low Frequency (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, 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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