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II. Introduction: Equine-assisted services (EAS) are used for civilian1 and military 2-6 trauma survivors. 

 

However, the field is in the early stages of scientific development and rigorous research is lacking.7 

Further, the neurophysiological mechanisms underlying EAS benefits are unknown. 8 An understanding 

of neural adaptations responsible for positive outcomes will allow for further development of optimal 

treatment methodologies. Thus, studies are needed to disambiguate mechanisms of action. This 

innovative pilot study will move the field forward by enhancing our ability to measure neurophysiological 

mechanisms of action. In this study, functional near-infrared spectroscopy (fNIRS) will be used to 

evaluate changes in brain activation. Heart rate variability (HRV) and psychological data will be 

collected, and analyses will explore associations between psychological and physiological results. This 

study will lay the groundwork for future rigorous studies aimed at disambiguating neurophysiological 

changes associated with EAS participation. Specifically, this pilot project will determine: 1) whether 

fNIRS methodology can be used to explore neural responses to EAS participation and 2) if so, will fNIRS 

results correlate with HRV and psychological instrument outcomes, thus demonstrating utility as a tool to 

assess neural mechanisms underlying the benefits of EAS. 

a. Background: PTSD rates approach 30%9, 10 among Veterans and currently treatments have high non- 

response and attrition rates 11-13, 14, 15 Military sexual trauma (MST) may impact up to 15% of female 

veterans16 and conventional interventions may not address complex effects of MST. 17 Thus, there is a 

need to develop interventions for trauma survivors that may enhance treatment engagement and 

outcomes.18, 19
 

While focusing on Veterans, this project will evaluate methodologies that can be used to explore 

neurophysiological mechanisms of action across the field of EAS by concentrating on four commonly 

used EAS activities:1) equine grooming 2) equine leading 3) group processing and 4) meditation. The 

research intervention for this study is modeled after Whispers with Horses (WwH), which is an EAS 

intervention with preliminary evidence of effectiveness, 20 and includes the four commonly used EAS 

activities. WwH integrates mindfulness and self-compassion training in the context of a horse-human 

relationship for Veterans with PTSD. WwH is based upon evidence that mindfulness 21 and self- 
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compassion22 are beneficial for recovery from trauma as well as preliminary work of one of the 

investigators.7, 20, 23-25
 

To conduct a preliminary assessment of the fNIRS methodology it is necessary to evaluate 

whether changes in brain activation are correlated with either physiological measures (HRV) and/or 

psychological outcomes. This investigation will focus on four psychological outcomes associated with 

EAS: 1) increased positive affect; 20, 23, 24 2) decreased negative affect; 20, 23, 24 3) decreased anxiety;23,26 and 

4) increased psychological flexibility (PF). 20, 24, 25 PF facilitates pursuing goals despite feeling distress,27
 

is closely related to mindfulness, and 28, 29 evidence6, 30-33 suggests that enhanced PF is a mechanism of 

action for EAS associated with reduction of depression,34 and anxiety,1, 35 as well as enhanced quality of 

life2, 36-40 and interpersonal interactions.39 Thus, we hypothesize enhanced PF underlies benefits of EAS 

and that changes in PF will correlate with changes in affect, anxiety, brain activation,41, 42 and HRV.43
 

b. Physiological measures: fNIRS neuroimaging will quantify the levels of brain activation in the 

prefrontal and motor cortices throughout the intervention. fNIRS methodology is ideal for EAS outcome 

studies because it is not impacted by movements and can be used in real-world EAS environments as 

demonstrated by several studies.44-46 We are aware of only one neuroimaging study47 of EAS outcomes. 

That investigation of Veterans with PTSD demonstrated that symptom reduction was correlated with 

changes in functional connectivity as demonstrated by functional magnetic resonance imaging (fMRI). 

fNIRS is comparable to fMRI in terms of demonstrating brain activation but is much more suited to EAS 

research given the portability and the ability to capture participants in motion. 

EAS participation is thought to reduce stress and improve well-being. 26, 48 The stress response is 

regulated by the hypothalamus-pituitary adrenal axis and the autonomic nervous system (ANS), made up 

of both the sympathetic and parasympathetic nervous system. HRV is a key marker for the ANS49 

sympathetic stress response. HRV allows researchers to understand how the body responds to stress 50 

and has been used in studies of PTSD.51 This study will use Polar systems equipment, which have been 

found to be an acceptable to collect HRV data.52, 53
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b. Specific objectives: The overarching aim of this innovative study is to conduct preliminary work 

necessary to prepare for future rigorous studies. Specifically, this project will evaluate fNIRS 

methodologies that can be used to explore neurophysiological mechanisms of action across the field of 

EAS. Further, this study will help move the EAS research field forward by supporting a new 

collaboration of investigators from Baylor University and the Salt Lake City VA/University of Utah. 

Primary objective 1: Determine if fNIRS can be utilized to elucidate changes in human brain activation, 

connectivity and/or neuroplasticity associated with EAS participation. 

Hypothesis and significance (1): fNIRS can be used to evaluate cortical activation and functional 
 

connectivity that occurs in association with EAS interventions using a targeted hemodynamic assessments 

approach with high temporal and spatial resolution.54, 55 If so, this portable and movement-compatible 

methodology will be a powerful tool that can be used across the field of EAS in rigorous studies to 

disambiguate neurophysiological mechanisms of action associated with EAS. 

Primary objective 2: Evaluate whether the changes in human brain activation demonstrated by fNIRS 

are associated with changes in HRV, anxiety, affect, and psychological flexibility. 

Hypothesis and significance (2): Brain activation demonstrated with fNIRS methodology will correlate 
 

with changes in HRV, anxiety, affect and psychological flexibility. Thus, fNIRS methodology will not 

only demonstrate neural changes associated with EAS but will also allow future investigations in larger 

studies to parse the cortical, autonomic and psychological mechanisms underlying the benefits of EAS. 

Secondary objective 1: Assess whether psychological flexibility increases pre- to post-session and if so 

whether this change predicts improvements in HRV, anxiety and affect. 

Hypothesis and significance (3): Enhancement of PF is an underlying mechanism of action of some EAS 
 

interventions. Enhanced PF will be associated with positive changes in HRV, improved affect and 

decreased anxiety. If so, future more rigorous studies can explore what therapeutic components 

contribute to improved PF to facilitate the development of more effective interventions. 
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III Materials and Methods: 

 

a. Experimental Design: 

 

Location: Recruitment, enrollment, and collection of Health Electronic Record (HER) data will occur at 
 

the VA Salt Lake City Health Care System (VASLCHCS). The intervention and collection of data will 

occur at a Salt Lake City, Utah equine facility. Data analyses and writeup will occur at the VASLCHCS 

and Baylor University located in Waco, Texas. 

Sample size: Fifteen subjects will provide acceptable results. Twenty subjects will be enrolled to allow 
 

for attrition. An a priori power analysis from the fNIRS neuroimaging techniques indicated an n = 14 is 

required to reach a power of 0.80 based on the fNIRS amplitude of the deoxygenated hemoglobin changes 

during cognitive motor skills in a healthy, male population (effect size: 0.76, alpha: 0.05, correlation 

among measures of 0.50).56, 57
 

Subjects:  Male subjects will be studied in this pilot study to eliminate any gender-related confounding 
 

factors.58-60 Inclusion criteria:  Male, enrolled for services at VASLCHCS, diagnosis of PTSD, and age 
 

range of 21 – 55. Exclusion criteria: Diagnosis of cognitive impairment or psychotic spectrum illness or 
 

active substance use disorder. Use of beta-blockers or other heart rate limiting medications. Any traumatic 

brain injury within the past 6 months. 

Intervention: The research intervention will consist of four activities common across EAS programs. 
 

These are: A) equine grooming; B) equine leading; C) meditation; and D) processing/discussion. 

Activities A and B will include the horse, an equine specialist (ES) and participant, while activities C and 

D will include the horse, participant, ES, and a mental health professional. For activities C and D, the 

equine will be in the area close to the participant but will not be directly involved in the activity. Equine 

grooming will consist of instruction by the ES on how to properly groom a horse and subsequent practice. 

The leading activity will include instruction on how to lead a horse safely through an obstacle course. The 

meditation will be a guided mindfulness medication led by the mental health professional. It will focus on 

awareness of breath, body and sounds and keeping attention in the present moment without judgement. 

The processing/discussion activity will be led by the mental health professional and include discussion of 
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previous or planned interactions with the equines. Each intervention session will last 40 minutes with 

subjects participating in each of the four activities for ten minutes. Each activity will be conducted in a 

standardized manner and the order of activities will be randomized. Each subject will complete the 

intervention twice on two separate days. Fidelity of the protocol will be monitored by the PI using a 

protocol fidelity tool. 

Data collection: The following data will be collected: 1) Subject demographic and diagnostic 
 

information; 2) data from self-report psychological measures, pre- and post- each intervention session. 3) 

HRV data will be collected throughout each session. 4) fNIRS data will be collected throughout each 

session. 

Outcome measures: (See Appendix 2 for more details). 
 

Functional near infrared spectroscopy (fNIRS): The fNIRS apparatus will be placed on the head of each 
 

participant at the beginning of each session. Continuous wavelet fNIRS will be used to quantify 

components of brain activity during the four sessions. All fNIRS measurements will be performed using 

an OctaMon+ (Artinis Medical Systems, Lieden, Netherlands). 

Heart rate variability: Heart rate variability will be measured throughout each session using a Polar heart 
 

rate chest strap system. 

 

Psychological measures: 
 

1) The Acceptance and Action Questionnaire II (AAQ-II) 61 will be used to measure psychological 

flexibility. 

2) The State-Trait Anxiety Inventory (STAI: Y – 6 item) 62 will be used to measures\ state anxiety. 

 

3) The Positive and Negative Affect Scale (PANAS) will be used to measure both positive and negative 

affect. 

Data analyses: 
 

Primary Objective 1: Determine the mean fNIRSamp and fNIRSfc changes over time for each activity type 
 

by examining results for the appropriate 10 minute epoch lengths. 
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Primary Objective 2: Two generalized linear mixed effects regression models will be utilized with fixed 
 

effects for time, psychological, HRV (RMSSD, pNN50, and TINN), and baseline fNIRSamp, fNIRSfc (pre- 

intervention for day one) factors and random effects intercepts for participants to examine fNIRSamp, 

fNIRSfc factors. 

Secondary Objective 1: The analysis is similar to that in primary objective 1. However, we will have three 
 

generalized mixed effects model for HRV, anxiety and affect based on psychological flexibility and time 

predictors. 

Study team: 
 

1. Dr. Beth Lanning, Principal Investigator. See Cover Page for details. 

 

2. Dr. Cory Smith is an applied physiologist specializing in aerospace and environmental physiology, 

physiological-based multimodal sensor data fusion, and neurophysiological research. Dr. Smith has 

experience in emergency medicine, neurophysiological clinical assessment techniques, myoelectric 

prosthetic algorithms, warfighter performance monitoring, and extreme environmental physiology. 

3. William (Bill) Marchand, MD is a Clinical Professor of Psychiatry at the University of Utah and 

Director of Research and Equine-Assisted Services for the Whole Health Service at the VHASKCHCS. 

He is certified by Eagala to provide psychotherapy incorporating horses and by PATH, Intl. as an 

ESMHL. He is an experienced horseman, mindfulness teacher, and senior VA investigator with nearly 70 

peer-reviewed publications, four book chapters and two books.  His research experience is primarily in 

the areas of human functional neuroimaging, mindfulness, Veteran mental health, and equine-assisted 

services. He will contribute to all aspects of the project and lead the data collection portions of the study 

in Salt Lake City, UT. 

4. Elena Nazarenko, MS. is a Sr. Research Analyst and Study Coordinator for the Whole Health Service 

at the VHASLCHCS. Ms. Nazarenko will work with Drs. Lanning, Marchand and Smith to analyze the 

data collected as well as provide local study coordination and method support in Salt Lake City 

throughout the life of the project. 
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Timeline: 

Notification 

of award 

IRB and 

IACUC 
approvals 

Recruitment 

and 
preparation 

Intervention 

and data 
collection 

Data analyses Write up results for 

publication 

 Months 1 
and 2 

Month 3 Month 4 Month 5 and 6 Month 7 - 9 

 
 

c. Ethical Approvals: IRB approval will be obtained through the University of Utah, which serves as the 

primary IRB for the VASLCHCS. IACUC approval will be obtained by the VASLCHCS Research and 

Development Committee. The University of Utah will serve as the primary IRB for this study. 

IV Impact: This innovative proof-of-concept study will lay the groundwork for future rigorous fNIRS 

studies aimed at disambiguating neurophysiological mechanisms of action across the field of EAS. 

V Literature Cited: See Appendix 1 

 

VI Budget: A budget of $10,000 is requested for the proposed project. 

 

A. Personnel: As per award guidelines, no money will be allocated for personnel. 
 

B. Other Personnel: None. 
 

C. Equipment/Facility: The equine facility fee is $2,000 per week. We plan to collect data over 

one week. 

 
D. Travel: $6,500. The PI (Lanning) and Co-investigator (Smith) and his PhD student will travel to Salt 

Lake City, Utah to collect the data. Travel expenses will include airfare, rental car, hotel, and food. The 

travel expense is necessary to support the unique professional collaboration required to achieve the 

project aims. 

 
E. Participant Support: $1,500. A total of 15 participants will be paid $50/session for 2 sessions, total 

$100 per participant. 
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Appendix 2. Outcome Measures 

 
 

1) Functional near infrared spectroscopy (fNIRS): The fNIRS will be placed on the head of each 
 

participant at the beginning of each intervention session with sensors located over the prefrontal and 

motor cortex of the brain to quantify brain activity. The non-invasive, continuous wavelet fNIRS will be 

used to quantify the amplitude (fNIRSamp) and frequency (fNIRSfc) components of brain activity during 

each of the four sessions: equine grooming, equine leading, meditation, and processing/discussion. All 

fNIRS measurements will be performed using an OctaMon+ (Artinis Medical Systems, Lieden, 

Netherlands). 

 

2) Heart rate variability: Heart rate variability will be measured using a Polar heart rate chest strap 
 

system placed at the 5th intercostal space. Heart rate data will be measured throughout the visits and will 

be analyzed during 5-min periods of non-activity before and after the intervention. The Root mean square 

of successive RR interval differences (RMSSD), Percentage of successive RR intervals that differ by 

more than 50 ms (pNN50), and Baseline width of the RR interval histogram (TINN) will be quantified. 

 

3) The Acceptance and Action Questionnaire II (AAQ-II)61 measures psychological flexibility. This is a 

10 item, 7-point Likert scale and lower scores indicate greater psychological flexibility and range from 10 

to 70. The 3- and 12-month test–retest reliability is .81 and .79, respectively.61
 

 

4) The State-Trait Anxiety Inventory (STAI: Y – 6 item)62 measures state anxiety. The STAI: Y - 6 item is 

a 6-item instrument that measures state anxiety. Respondents answer questions, for example, “I feel 

calm” with options of “not at all,” “somewhat,” “moderately” and “very much.” Some items are reverse 

scored such that higher scores equals higher levels of state anxiety. 

 

5) The Positive and Negative Affect Scale (PANAS) is a 20-item instrument that measures both positive 

and negative affect. Respondents answer the question, “Indicate the extent that you have felt this way” 

for items such as “interested,” and “excited” on five-point scale ranging from “very slightly or not at all” 
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to “extremely.” Ten of the items measure positive and the other ten evaluate negative affect and scoring 

results in both positive and negative affect scores. For positive affect, higher scores equal increased 

positive affect. For negative affect, lower scores indicate decreased negative affect. 


