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I. Hypotheses and Specific Aims:   

Autism spectrum disorder (ASD) is prevalent (1 in 59)1 and has high healthcare utilization costs.2 A majority of youth 
with ASD have co-occurring psychiatric disorders3,4, including higher than typical rates of depression, anxiety, and related 
aberrant behaviors (e.g., irritability, hyperactivity). Mental health treatment for this population is challenging due to their 
social, communication, and emotion regulation impairments that can collectively and detrimentally affect daily social 
functioning5 and caregiver quality of life.6-8 Mounting evidence suggests that emotion regulation deficits underlie aberrant 
behaviors in ASD9, and that human-animal interactions can induce regulated/calm physiological states in humans,10 
including those with ASD.11 This is perhaps one reason why an estimated 70% of families of youth with ASD seek 
alternative treatments, such as Therapeutic Horseback Riding (THR).12 Our previous randomized controlled trial (RCT) 
established the efficacy of a 10-week THR group with ASD youth with aberrant behaviors.13 Specifically, the THR group 
had medium effect size reductions in irritability and hyperactivity and significant improvements in social communication, 
social cognition, and word fluency compared to a no-horse barn activity (BA) control group.13 Significant outcomes 
emerged by week five of the THR invention.13 The BA control showed some significant within-group improvements, but no 
conclusions could be drawn due to the lack of a no-intervention (wait list) control. Exploratory analyses showed stronger 
positive outcomes in the subgroup of THR participants with co-occurring psychiatric disorders and initial outcome gains 
were maintained at six-month follow-up with a subset of THR participants.14 Although promising, the physiological 
mechanisms relating to these outcomes remain unknown. It is also uncertain how long benefits persist compared to a no-
intervention control, and whether ASD youth with co-occurring psychiatric disorders would respond similarly. The goal of 
this project is to assess physiological mechanisms underlying THR’s significant positive effects on ASD youth, 
particularly those with co-occurring psychiatric disorders, and evaluate durability, dose, and sub-population 
effects of the intervention. Our long-range goal is to empirically establish THR as an ecologically valid, transdiagnostic 
intervention for youth with a variety of mental health issues, facilitating acquisition and maintenance of critical life skills 
that enhance quality of life (QOL) for individuals and their caregivers. 

The objective of this proposed RCT is to identify physiological mediators of our well-tested13,15 10-week manualized16 
THR intervention compared to a similarly structured BA control group in up to 250 youth ages 6-16 yrs. with ASD and co-
occurring psychiatric disorders recruited from the community, outpatient clinics, and a psychiatric hospital setting. An 
additional 20 ASD youth with co-occurring psychiatric disorders will be recruited for the exploratory aim’s waitlist control 
and Hybrid intervention groups. 
Specific Aim 1: Examine physiological mediators in a THR intervention group compared to a BA control on 
multivariate outcomes by measuring individual physiological response profiles and analyzing them for predictive validity 
and mediating effects on primary (irritability, hyperactivity), secondary (social communication, social cognition, and word 
fluency) and expanded outcomes (emotional dysregulation, caregiver QOL, and crisis mental health care usage). 
Hypothesis 1a (H1a). THR group will have significantly greater improvement in outcomes collected at baseline compared 
to post-intervention. H1b: Post-intervention (week 10) afternoon salivary cortisol levels will be significantly reduced 
(indicating less stress) in the THR group compared to baseline/week one levels. H1c. THR group will have a decrease in 
heart rate and electrodermal activity and an increase in heart rate variability, both indicating a calm state, from baseline to 
post- intervention. H1d. Physiological measures collected at intervention midpoint  and post-intervention ) will be 
correlated with and largely explain/mediate the effects of THR on post-intervention  outcomes. 
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Specific Aim 2: Evaluate the durability of Aim 1 outcomes in the THR group compared to the BA group control 
six-months post intervention period. H2. THR group will maintain significantly greater outcome gains six-months after the 
intervention compared to the BA control.  
Specific Aim 3: Explore dose and sub-population effects of THR and BA interventions by comparing effect size 
differences in THR and BA groups to a (1) 10-week wait-list control group (n = 20); (2) Hybrid intervention group 
(n = 20) (five weeks BA followed by five weeks THR); and (3) most severely impaired subsample (n = 20) of the 
THR study population randomized following psychiatric hospitalization. H3a. The BA group will show significantly 
greater improvements on Aim 1 outcomes compared to those randomized to the waitlist control group. H3b. The Hybrid 
group will show a similar response pattern as the THR group. 
Specific Aim 4: Explore anecdotal observations of the study intervention personnel (i.e. instructors and 
volunteers) by providing study intervention personnel with a written survey of questions to gather information 
about their study observations and experiences. H4. The written reflections of study personnel about their interaction 
with the study population will provide anecdotal support for the study findings. 

Our preliminary data demonstrate that physiological data collection is feasible with ASD youth engaged in THR at 
the proposed PATH international 17premiere accredited riding centers: (1) northern Colorado where access to psychiatric 
care is limited and (2) Portland, ME near a specialized ASD psychiatric hospital program. We also partially replicated our 
previous results, demonstrating cortisol is a viable target mediator of THR effects on aberrant behaviors in ASD youth.18 
Our team has collaborated across the two study sites for over five years and has the necessary clinical and technical 
experience to conduct this next phase of THR research. 
 
Background and Significance: 

 
ASD population with co-occurring psychiatric disorders 
  

Population overview: Autism Spectrum Disorder (ASD) is a critical public health concern due to increasingly high 
prevalence rates (1 in 59)1, high healthcare utilization costs2, and the fact that two-thirds of this population have co-
occurring psychiatric disorders.4 Compared to the general population, individuals with ASD are at significantly higher-risk 
for a range of co-occurring psychiatric symptoms and disorders, particularly anxiety, ADHD and mood disorders.3,4,19,20 21-

23 Moreover, this population frequently engages in aberrant behaviors (e.g., irritability, hyperactivity, self-injury, 
aggression, etc.) that require intensive interventions.20,24,25 that present a major source of caregiver stress and 
burden7,8,26, amplify social and communication deficits, intensify restricted, repetitive and stereotyped behaviors27, and 
complicate the ability to engage safely in community settings. Aberrant behaviors require high levels of intensive 
interventions (e.g., special school placements, psychopharmacology, in-home therapies, and psychiatric hospitalization), 
often beyond what providers in community settings can manage.20,24,25  Despite the high prevalence of psychiatric 
disorders and related aberrant behaviors in ASD, interventions, including human-animal interventions (HAI), targeting this 
psychiatric subpopulation have been understudied.28  

Youth with ASD and psychiatric diagnoses seek treatment in psychiatric hospital settings at much higher rates than 
non-ASD youth.29 Examining an ASD psychiatric cohort (n = 350) from our multi-site study (Autism Inpatient Collection; 
AIC) of youth (ages 4-20 yrs.) admitted to six specialized psychiatric inpatient units revealed they had dangerously high 
levels of irritability behaviors (e.g., physical aggression, severe tantrums, heightened reactivity, self-injury) at admission.30 
Such irritability levels measured by the Aberrant Behavior Checklist-Community (ABC-C)31 Irritability score (mean = 
29.7)30 were much higher than the typical clinical threshold of ABC-C irritability levels (i.e.,  >14-16) in ASD 
psychopharmacology clinical trials.32,33 Additionally, youth with ASD often have difficulty self-reporting internal experiences 
associated with emotions and distress.34 As psychiatric service demand for this subpopulation of youth with ASD 
increases, more healthcare dollars are spent.35 It is thus imperative to evaluate safe and effective treatments that target 
underlying mechanisms leading to clinically meaningful and long-term change in this population. 
 

Emotion dysregulation and physiological response patterns in ASD: Emotion regulation is the process of 
organizing emotional responses via autonomic, cognitive, and behavioral modification to address environmental 
demands.36 Mounting evidence suggests that emotion dysregulation (ED) contributes to a variety of psychiatric 
disorders,37 has a multitude of negative downstream effects38,39, and is a common problem in ASD9. Manifestations of ED 
in youth with ASD include irritability, hyperactivity, tantrums, aggression, elopement, property destruction, and self-
injury.9,24 ED is also thought to contribute to co-occurring psychiatric disorders (e.g., anxiety and depression) in the ASD 
population by prolonging and heightening distress levels.37,44   

Measuring physiological responses (e.g., cardiovascular, electrodermal, cortisol) during states of heightened or 
experimentally manipulated emotion is a common research strategy in psychophysiology,40 and growing evidence 
suggests that ED in ASD may be related to altered physiological arousal responses. For instance, individuals with ASD 
consistently show elevated norepinephrine levels41-46, atypical cardiovascular baselines 63,67 and reactivity,47 a lack of 
task-to-task variability,48 increased behavioral/physiological hypersensitivity,49,50 atypical responses to induced stressors51-
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55, and larger baseline pupil dilation.56; all congruent with ED. Furthermore, reviews of cortisol in the ASD population 
report higher reactivity to daily stressors compared to TD children,57,58 sluggish response patterns to stressors,59 and 
altered responses in those with ASD who endorse having high levels of irritability.60 Taken together. while significant 
heterogeneity exists in autonomic and hormonal responsivity, it is clear that physiological dysregulation can occur in 
ASD61 and that physiological response patterns may underlie and be influenced by aberrant behaviors.  
 

ASD Interventions: Treatment of individuals with ASD and co-occurring psychiatric disorders often requires 
psychopharmacologic and psychotherapeutic interventions to address the aberrant behaviors. Psychopharmacologic 
medications are frequently used to treat a variety of symptoms in this population.62 Risperidone and Aripiprazole are the 
two antipsychotic medications that have empirically-supported evidence63 and are approved by the U.S. Food and Drug 
Administration for significantly reducing symptoms of irritability in the ASD youth population, although drawbacks include 
medication side-effects. It has been proposed that THR might be a safe adjunctive intervention to facilitate lowering 
medication dosages in this population.64 In our prior RCT of THR in youth with ASD13 we observed reduced ABC-C 
Irritability scores approximating 50% of the difference in efficacy between low and high dosages of Risperidone.65  
Cognitive-behavior therapy (CBT) and behavioral interventions are also often employed to target aberrant behaviors in the 
ASD population. There is growing evidence that CBT can reduce anxiety symptoms in higher functioning ASD youth who 
have language abilities and higher intelligence levels (IQ>70).28,66 An off-shoot of CBT, mindfulness training (e.g., 
meditation and breathing techniques), has some preliminary beneficial evidence in higher functioning youth with ASD with 
increasing patient-reported QOL and decreasing repetitive thoughts.67 However, there is limited evidence for the 
application of CBT to target externalizing symptoms of irritability/aggression in ASD youth, particularly in those more 
severely affected. Behavioral interventions, including Applied Behavior Analysis (ABA), have a large body of empirically-
supported evidence for addressing a broad-range of adaptive skill deficits and aberrant behaviors in youth with ASD, 
including those with intellectual disabilities (ID).68,69 A review of 101 studies of specific forms of behavioral interventions 
targeting externalizing behavior problems (e.g., aggression, self-injury, property destruction) revealed that a majority of 
study participants were treated in hospital or residential settings due to their severe symptom presentation and treatments 
resulted in a more than 80% reduction of problem behaviors compared to baseline.24 However, drawbacks of these 
behavioral interventions are that they tend to require access to highly specialized clinician expertise, substantial time and 
intensity to see improvements that are not consistently attained or maintained,28 and involve strategies difficult to 
implement in community settings.24 Moreover, despite evidence for CBT and other behavioral interventions for ASD youth, 
most studies have not evaluated long-term effects. The extant body of ASD intervention research discussed by Lerner et 
al., has “…barely begun to explore the common unique processes by which these interventions ‘work’, the conditions 
under which they ‘work best’ and for whom which type of treatment might be optimal”.70 The significance of the current 
proposal includes our aims to assess the putative causal mechanisms, durability and dose of THR for the majority 
psychiatric subpopulation within ASD, for whom our preliminary evidence indicates may be best responders. Our proposal 
has the potential to provide evidence for THR as an important adjunct to “mainstream” ASD interventions, targeting a 
wider functioning range of this population. 
 
Premise for the proposed project  
 

HAI Research with ASD: The HAI field has focused thus far on measuring the efficacy of these interventions, with 
limited focus on providing evidence to explain the historical theory that animals elicit beneficial arousal responses in 
humans. A 2017 systematic review of 28 studies suggests that HAI can collectively improve sociability, communication, 
positive emotions, and reduced arousal levels in youth with ASD.71 That same review highlights that HAI research with 
equines was one of the most common methods employed, wherein dosing of HAI was typically 8-12 weeks.71 A 
systematic mapping review of studies involving equine-assisted activities and therapies (EAAT) with the ASD population 
revealed a wide variety of intervention methods and treatment targets. 72 They range from equine assisted activities (EAA) 
(e.g., psychoeducational horseback riding, therapeutic riding) involving riding instructors, coaches or trainers) to equine-
assisted therapies (EATs) (e.g., hippotherapy, simulated developmental horse-riding) involving therapists (e.g., 
occupational or physical therapists) and therapeutic riding instructors.72 Outcome improvement areas reported by EAA 
studies included social interactions, communication, sensory processing, movement control, ASD symptom severity, and 
QOL, whereas EAT studies reported outcome improvements in motor control and adaptive living skills.72 While there is 
limited research and conflicting results regarding the long-term effects of EAATs,73 our six-month pilot follow-up of THR 
provides the first known prospective study to demonstrate maintenance of initial outcome gains compared to a control.74 A 
number of systematic reviews have highlighted multiple concerns about the lack of methodological rigor in EAAT and HAI 
research in general, which limits the ability to demonstrate its efficacy, and very few have attempted to investigate 
biological mechanisms that may explain reported effects.71,72,73,75,76 

Some studies have assessed physiological response patterns (e.g., cortisol, cardiovascular, electrodermal) in 
individuals engaged in HAI and concluded that HAI may produce both a calming or regulated 10 as well as an alert and 
motivated state of arousal. 77 Specifically, Beetz et al., (2012)10 summarized results from six HAI studies showing a 
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decrease in salivary cortisol levels in response to interactions with dogs. One of these studies examined the effect of 
service dogs on 42 youth with ASD and findings included statistically diminished cortisol awakening response (CAR) 
levels (i.e., 30 minutes after waking) when service dogs were introduced.78 A few studies have examined changes in 
cortisol levels in response to equine interventions. For instance, an RCT with TD youth, participating in an 11-week 
equine-facilitated learning program, found lower basal salivary cortisol levels compared to controls.79 A study of 
hippotherapy (n=8, male, ASD) resulted in significant salivary cortisol reductions after versus before riding.80 Several HAI 
studies with adult and child populations have observed lowered blood pressure, heart rate (HR), and skin temperature 
along with increased heart rate variability (HRV) in response to both familiar (pets) and unfamiliar animals, suggesting 
stress response reduction.10 Conversely, a study of 36 youth engaged in a reading activity found increased arousal levels 
(higher mean HR and area under the curve salivary cortisol values) when a dog was present versus absent.77 It is 
important to note that these physiological measurements are taken either before/after HAI intervention or during low 
activity (i.e., interacting with a service dog). However, during THR, a physical activity requiring higher than baseline 
autonomic output81, we would expect a transient increase in arousal due to the aerobic demand, and subsequent arousal 
reduction during both pre- and post-riding baseline over time. This is the pattern commonly seen in exercise 
interventions,82,83 including those used for stress reduction.84 In summary, HAI appears to have to a direct effect on 
physiology and can be successfully measured in humans, including youth with ASD. However, the physiological 
mechanisms associated with HAI outcome gains is in its infancy. Further rigorous examination is required to advance our 
understanding of individual differences in physiological responses to HAI, including the degree to which short (i.e. within 
session) versus longer-term (e.g., across session) benefits are observed in ASD youth.18  
 

Physiological arousal mechanisms underlying THR for ASD youth with co-occurring psychiatric disorders.  
Based on extant literature and our previous THR research with the ASD population, our guiding theoretical framework is 
that THR promotes positive behavioral and emotional health outcomes mediated in part by inducing more regulated 
physiological arousal states over time. This framework is consistent with positive training effects observed in physical 
activity interventions; the concept of mindfulness85, and the curvilinear relationship between physiological arousal and 
performance demonstrated by the Yerkes-Dodson Curve.86 Thus, we hypothesize that our manualized THR approach 
regulates/conditions physiological arousal levels, and is at least partially responsible for our previous observations of THR 
outcomes.13 In an effort to directly test this hypothesis, we aim to gather several physiological indices including 
cardiovascular, electrodermal, and salivary cortisol levels, while controlling for commonly cited social motivation 
mechanisms of change in general psychosocial research (i.e., therapeutic relationship, group membership, social 
knowledge) through use of an RCT design.70 (See Fig. 5 in Analysis section for the model to be tested).  

In summary, there has been a call to examine mechanisms to test the long-standing theory that interacting with 
animals can improve mental health wellness in humans.87 Studying mechanisms of change must include a theoretical 
plausible and testable explanation.88 There are a variety of empirically validated ASD-intervention models, yet there has 
been limited focus on designing ASD intervention trials to address mechanisms of change 89 to help explain how ASD 
interventions work to achieve positive treatment response.90 These are particularly critical variables to research for the 
majority of the ASD population with co-occurring psychiatric disorders, given their related aberrant and challenging 
behaviors, high-need for intensive intervention services and variable outcomes.89,91 Improved understanding on how to 
tailor treatments to those who may respond best to specific interventions can lead to cost-effective and efficacious 
intervention implementation.70,92 Previous research, combined with our preliminary data, suggest there is high potential 
value in targeting THR for the psychiatric ASD population and that physiological activity is a putative mechanism of 
therapeutic gains that warrants further study.  
 

Our project design is an innovative approach that will provide ground-breaking advancements in the HAI 
field (specifically THR). Our approach innovates by: conducting a large RCT targeting a majority subset of the ASD 
population, who have indications of being potentially stronger THR responders99; using an intervention manual for both 
experimental and control conditions and measuring their fidelity to ensure implementation uniformity, specifically 
accounting for effects of the horse while controlling for social attention throughout the study; including a method to 
understand the six-month maintenance of THR outcomes vs. a control; and implementing the study in two community-
based rural settings to expand the ecological validity of our manual-based THR intervention.16  
 

We are grounding our mediation analysis in the framework of a model to be tested using a RCT. 
Methodologically, including multiple physiological measures will allow us to decrease the biasing effects of measurement 
error58 and more systematically assess whether positive THR outcomes are partially accounted for by physiological 
response profiles over time in youth with ASD and co-occurring psychiatric diagnoses.  
 

Our measurement approach is technically innovative. Our proposal seeks to employ objective measures of 
participants’ experiences by using unobtrusive state-of-the art, ambulatory physiological measures during an HAI activity 
to capture the potentially complex profile of mediating factors that may explain previous outcomes. Our methodology 
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takes advantage of technological advances in wearable physiological biosensors that overcome the inherent difficulty 
obtaining reliable self-reports on emotional and physiological states in individuals with ASD, a portion of whom are either 
minimally-verbal or have alexithymia.103-105  
. 
 
 
Preliminary Studies/Progress Report:   
 

Preliminary data overview: Frequently, the HAI field is criticized for using inconsistent research methods, as this 
limits the field’s ability to establish empirical support. Our THR intervention program of research is methodologically 
consistent and follows guidelines for research to validate ASD interventions that include: (1) refining intervention methods 
and conducting initial efficacy studies; (2) developing intervention and comparison control manuals and evaluating 
intervention outcomes at different sites; (3) conducting RCTs and evaluating mediator and moderator variables; and (4) 
assessing community providers’ intervention implementation fidelity.97 Our HAI research began with an initial pilot 
study15 to evaluate the efficacy of our 10-week THR intervention with ASD youth (n = 41) ages 6-16 yrs. That pilot 
provided preliminary evidence for our THR intervention enabling significant improvements in aberrant behaviors 
(irritability, lethargy, stereotypic behaviors, and hyperactivity) in the THR group compared to a waitlist control.15 Our 
follow-up THR studies include a RCT evaluation of our refined THR manual approach16 compared to a no-horse BA 
control with youth diagnosed with ASD, demonstration of our THR and BA implementation fidelity at two different riding 
centers,18 a pilot analysis of the six-month maintenance of THR outcomes gains,74 and two pilot studies demonstrating the 
feasibility of collecting the physiological measures to be utilized in the current proposal. RCT of THR.13 Our large (N = 
127) RCT established the efficacy of a 10-week, one-hour THR group for youth (ages 6-16 yrs; IQ > 40) with ASD and 
high ABC-C98 baseline mean irritability scores (THR mean = 16.0; control mean = 16.1).13 Compared to a similarly 
structured BA control group, the THR group had significant improvements in behaviors, social skills, and word 
fluency.13(See Table 1 for specific areas of improvement and effect sizes; ES). The groups did not differ significantly on 
any demographic variables (e.g., IQ, gender, community psychiatric diagnoses, use of psychotropic medications). 
Caregiver-reported psychiatric disorders for this sample were mood, anxiety, and ADHD, and these psychiatric disorders 
were present in 48% of participants in both THR and BA groups. Significant between-group reductions in irritability and 
hyperactivity levels (compared to baseline) emerged as early as the fifth week of the THR invention (See Fig. 1).13  

Results suggest that week five of the intervention may be an optimal 
time to evaluate mediator variables (e.g., physiological) that may 
influence outcomes and that five weeks of THR may be an optimal 
dose to effect positive changes. 
               Exploratory analyses of the RCT data13 showed stronger 
positive outcomes in the subgroup of THR participants with co-
occurring psychiatric disorders compared to those without (See Table 
1). Conclusions: Results support targeting the psychiatric 
subpopulation who arguably stand to benefit the most from THR and 
have a higher likelihood of showing significant THR effects, a 

prerequisite for mediation analysis. The Interquartile range of the ABC-C irritability score for this subgroup was 8 (25th 

percentile), which will be used as the minimum inclusion criteria for this study. This inclusion cut-off is much lower than 
that of medication trials (e.g., 18),33 which allows our study to target a wider range of mild to severe symptom 
presentations. 

THR six-month outcomes pilot.14 Our six-month follow-up study of a subset of participants from the RCT13 (THR 
n = 36; BA control n = 28) revealed that the THR group maintained their reductions in irritability behavior (effect 
size=0.32), but not in hyperactivity compared to the BA control. (See Fig. 2).  We only examined the THR group for other 
outcome measures, which indicated sustained significant improvements in social communication and word fluency. 
Conclusions: The small sample size and the fact that we did not assess efficacy of THR compared to the BA control 

group on all outcome measures employed in the RCT13 limits the validity of 
these pilot study results and warrants a more thorough evaluation of whether 
the effects of THR can be maintained for at least six-months after the 
intervention compared to a control. For the current proposal, we anticipate 
lower attrition than the 20% rate in this pilot for the following reasons: (1) 
outcome evaluations will occur in closer proximity to participants’ residences; 
(2) increased monetary incentives will be provided for the 6-month follow-up; 
and (3) the BA control group will receive one free riding lesson after their 10-
week BA intervention. 
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THR replication trial and salivary cortisol sampling.99 This pilot aimed to replicate our RCT13 at a novel riding 
center (i.e., Hearts & Horses, one of the centers proposed in this project) and evaluate THR effects on salivary cortisol 
levels in 16 youth with ASD (ages 6-16 yrs). Of note, 94% of this sample had community-based psychiatric diagnoses and 
a mean baseline ABC-C98 irritability score of 17. Participants were randomized to either a THR group (n = 8) or BA control 
group (n = 8) stratified by NVIQ (<85 or >85). Salivary cortisol samples were collected weekly at a consistent afternoon 
time immediately before and 20 minutes after intervention conditions. Intent-to-treat analysis (n = 16) revealed results 
similar to our RCT.13 Compared to the control, THR participants had large Cohen’s d improvements in hyperactivity (ES 
=1.49), social awareness (ES=1.54), irritability (ES=1.08) and social communication (ES=1.17) behaviors. There were no 
significant improvements in number of words or new words spoken during the standard language sample and no 
significant THR intervention effects on cortisol. Conclusions: Although the small sample size may have contributed to the 
lack of cortisol results, this study demonstrates our ability to collect successfully salivary cortisol with this population within 
the riding center environment. This is the first known study to report partial replication of results from a previous RCT of 
THR. This study of ASD youth with psychiatric disorders also reinforces the hypothesis that this subpopulation may 
benefit more from THR, making it more likely to detect mediator effects in this subpopulation.    

Ambulatory cardiovascular response patterns to a canine-assisted activity in psychiatrically-hospitalized 
and diagnosed ASD youth. This pilot study investigated participants (ages 6-18yrs) with a mean ABC-C irritability score 
of 26.5 (SD=8.3), measuring their peripheral physiological responses via the wrist-worn E4 device 100 to a 10-minute 
canine and handler treatment condition (DOG) compared to a 10-minute novel toy and handler control condition (TOY)101. 
In both conditions, HR slowed overall (η²=0.237; DOG, d=0.37, p=0.046; TOY, d=0.64, p=0.002) and HRV increased 
overall (η²=0.465, DOG, d=0.38, p=0.08; TOY, d=0.64, p=0.003), consistent with increased cardiac parasympathetic 
modulation (i.e., reduced stress response). However, no interaction was observed (p=0.23, p=0.75) with improvements 
equivalent in both conditions. While n=41 participants returned data, repeated measures ANOVA requires four individual 
values per person, reducing the sample to n=15 observations overall (paired comparisons n=23 and n=25). Conclusion: 
This pilot demonstrates the feasibility of collecting biosensor data in a similar sample to the proposed study, and the ability 
to observe reactivity in animal and non-animal conditions. This pilot highlights need for more robust methods of gathering 
peripheral physiological data and increasing sample size to achieve appropriate power to account for potential data loss, 
both of which are accounted for in the current proposal.  

Feasibility pilot of ambulatory cardiovascular and electrodermal activity monitoring in ASD youth during 
THR. We assessed the feasibility of ambulatory peripheral physiological data collection in ASD youth while engaged in 
THR lessons over five contiguous weeks at the two centers (Colorado & Maine) proposed in this project. Eight ASD youth 
(6-13 yrs.; mean age = 9.1 yrs; mean ABC-C irritability score=15.8 (SD=11.10); 75% with co-occurring psychiatric 

diagnosis, including 38% with multiple) wore the Empatica E4 with two electrodes 
attached to the underside of the wrist of their non-dominant hand to record 
electrodermal activity (EDA) and the Faros eMotion 180 with three electrodes 
attached to the thorax in standard configuration to record HR and HRV. Fig. 3 shows 
the ensemble average of all participants for time domain HRV (RMSSD) pre-
baseline, the riding section, and post-baseline. As expected, the riding section 
demonstrably reduces HRV. As individual differences in eccrine sweat gland density 
prevent ensemble averaging of EDA (means ranged from 0.5uS to 30uS); a single 
participant (Maine, Green, 1) over the entire period of collection is shown in Fig. 
4. Baseline sections (red) show noticeably less EDA variability than riding (blue); fast 
riding (green) shows immediate transient increases. Moreover, across all 
cardiovascular and electrodermal activity data collection sessions, only 15% were 
lost due to equipment issues, non-cooperativeness, or environmental noise related 
to equine movement. Conclusions: ASD youth with psychiatric diagnoses tolerate 
wearing ambulatory peripheral physiological devices, they do not interfere with THR, 
they produce quality signals sufficient for analysis, and indicate sensitivity to non-
riding and riding conditions. Based on these pilot results, we estimate that future 
data retention will be approximately 85%, consistent with pediatric studies in the 
typically developing population.102 
 
 

 
Research Methods 
 
 Study Measures. The following descriptions are for those measures to be used for screening, demographics, 
mediators, or outcomes that have not been previously described (i.e., ADOS, Leiter, SCQ) by this research team.13,15  See 

  

Fig. 4 

Fig. 3 

Fig. 4 
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Appendix for table of study measures informants, and collection timelines along with E-4 and Faros 180 
equipment application procedures. 

Child and Caregiver Information Form (CCIF)113 is a caregiver-completed form that provides relevant study 
demographics, including participants’ current medical and psychosocial treatment information. The CCIF has been 
modified to include information for calculating socioeconomic status (SES).114  

Child & Adolescent Symptom Inventory 5 (CASI-5)107 is caregiver-report measure used to screen for psychiatric 
symptoms in children and adolescents ages 5 to 18 y/o. The CASI-5 assesses for symptoms of a variety of disorders 
found in the DSM-5.27 CASI-5 subscale scores show a high degree of predictive and concurrent validity115,116 and are 
demonstrated to have internal construct validity when evaluating psychiatric concerns in youth with ASD who range in 
verbal ability.117,118 The CASI-5 yields Symptom Count score (number of clinically concerning symptoms) and a 
Symptom Criterion score (number of symptoms needed for a specific DSM-V27 diagnosis). Participants’ Symptom 
Count score must be greater than or equal to the Symptom Criterion score to meet the Screening Cutoff score for 
a particular DSM-527 diagnosis. The following symptom subscales will be used for this study: Attention Deficit 
Hyperactivity Disorder (inattentive, hyperactive-impulsive, & combined types), anxiety disorders (generalized 
anxiety, social anxiety, separation anxiety obsessive-compulsive, and related disorders, including trauma and 
stressor related conditions), and mood disorders (major depressive episode, dysthymia, manic episode, 
disruptive mood dysregulation).  

 Salivary Cortisol: Cortisol can be measured accurately in a minimally invasive manner via saliva, and the 
hypothalamic Pituitary Adrenal (HPA) axis is fast acting in response to environmental conditions. Typically, HPA activity 
shows a distinct non-linear circadian rhythm. In TD individuals, cortisol levels increase before awakening, show a rapid 
rise from awakening to +30-45 min, and a daily fall, with levels lowest during the normal sleep cycle before repeating.119 
Circadian cortisol rhythms in children with ASD are not always consistent with matched TD controls, instead displaying 
lower AM and higher PM levels.120 However, preliminary evidence suggests that afternoon salivary cortisol levels in ASD 
youth are less irregular, indicating that afternoon sampling may be a more reliable measure of stress for this population.121 
Each participant will donate approximately 0.5-1 mL of saliva at the riding center immediately before and 20 minutes after 
each THR or BA group session weeks 1-10. Salivary cortisol collections will only be analyzed for weeks 1, week 5 or the 
adjacent week if participant misses session 5, and week 10.  Collection methods will be the same as previously reported 
in our replication pilot.￼ In brief, THR and BA interventions will occur in the afternoons (between 1:00-5:00 PM) to avoid 
the sharp rise and fall in cortisol levels in the AM associated with diurnal patterns of HPA axis activity. Only saliva samples 
taken at weeks 1, 5, and 10 of the intervention will be assayed for cortisol. Saliva samples will be collected using 
absorbent swabs designed for use with youth (Salivabio, LLC, Carlsbad, CA). They will be temporarily stored frozen at the 
riding centers, then transported to the respective hospital research site for storage in a freezer until shipped to Salimetrics 
for analysis. Caregivers will receive the following instructions prior to collection days: (1) Participants should avoid eating 
a substantial meal (other than a snack) and drinking liquids other than water within 30 minutes prior to collection time and 
(2) cannot brush their teeth for at least 45 minutes prior to collection time. Participants who do eat within the hour before 
collection will be asked to drink water and then wait 10 minutes before collections.111 

Electrodermal Activity (EDA): The Shimmer3 EDA has been successfully used in studies worldwide involving 
youth with ASD similar to our target population, and is the frontline instrument used in the lab of our physiology expert co-
investigators. Continuous peripheral physiological arousal will be assessed in all participants using Shimmer3 EDA 
monitor (also known as skin conductance or galvanic skin response). This is a well-established index of sympathetic 
nervous system arousal.40 The Shimmer3 EDA weighs 28 grams (dimensions 3 x1 ½ x ½ inches), is made of durable 
plastic materials that make it water resistant and shock proof, and is regulatory compliant. The Shimmer3 EDA monitor 
records EDA from the ventral area of the wrist using alternating current imperceptibly applied to the skin through two 
hypoallergenic, durable, and replaceable Ag electrodes. As dry non-adhesive electrodes tend to move on the skin surface 
during physical activity and destroy signal quality, disposable adhesive electrodes with an appropriate salinity (e.g., 0.5%; 
EL507) will be used, as biopotential electrodes with higher salinity overestimate tonic skin conductance. EDA sampling 
frequency in the Shimmer3 is 4 Hz with a 0.01– 100uS range. Peripheral skin temperature is recorded by the Shimmer3 
EDA monitor at 4 Hz in the -40 to 115-Celsius range using optical infrared thermopile. Finally, the Shimmer3 EDA records 
motion-based activity up to ±8g at 32 Hz using 3-axis accelerometry. EDA recordings from the central wrist are well 
correlated (r =.574) with traditional laboratory-based measurements from the fingers.122 Although the Shimmer3 EDA 
assessments will be taken weekly during the 10-week intervention, these assessment data points will only be analyzed for 
weeks 1, week 5 or the adjacent week if participant misses session 5, and week 10.  

Heart Rate (HR) and Heart Rate Variability (HRV): The Shimmer3 cardiac (ECG) monitor has also been 
successfully used in studies involving youth with ASD similar to our target population, and is the frontline instrument used 
in the lab of our physiology expert co-investigators to measure participants’ HR and HRV. The Shimmer3 ECG monitor 
weighs 28 grams (dimensions 3 x1 ½ x ½ inches). This cardiovascular monitor was specifically developed to record 
electrocardiographic signals while participants are active or in motion. The form factor is compact (about 2” by 1”), 
lightweight (13g), and designed to wear continuously and unobtrusively. It samples ECG and HRV up to 2,048 Hz, which 
is sufficient for research.125 It has a built-in accelerometer for quantifying periods of physical activity, necessary to identify 
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signal artifacts in post-processing. Although the Shimmer3 ECG assessments will be taken weekly during the 10-week 
intervention, these assessment data points will only be analyzed for weeks 1, week 5 or the adjacent week if participant 
misses session 5, and week 10.  

Physiological Data Interval Recording Log: During weeks 1-10 of the THR and BA interventions, study personnel 
will record the start and end times using a stopwatch synchronized to system clocks in the Shimmer3 EDA and ECG 
monitors  for each of the following activity periods: 3 to 5-minute baseline (art table activity); 45-minute THR (mounted) or 
BA lesson; 15-minute THR (grooming) or BA (scrapbook) closure activity; 20-minutes post (art table activity). These 
records will enable precise segmentation of cardiovascular and electrodermal activity data, enabling cross-condition 
analyses within-session and across-session change over time. 
 Physiological Sample Collection Log: During weeks 1-10 of the THR and BA interventions, caregivers will 
complete a log to report information that may affect physiological measurements, including participant’s sleep the night 
prior to the lesson,41,42 particular stressors that occurred that day, and medications or physical health status changes.  

Aberrant Behavior Checklist-Community (ABC-C)98, a 58-item behavior symptom checklist commonly used as a 
primary outcome measure in intervention studies with the ASD population, 98 is described previously.13,15 The  ABC-C will 
be completed weekly during the 10-week intervention by a designated consistent caregiver for each participant. The 
ABC-C Irritability scale will be used as a study screener (see inclusion criteria and screening methods sections.  

Social Responsiveness Scale™, Second Edition (SRS™-2)126 is a 65-item caregiver-report measure that 
evaluates social impairments in ASD. The SRS™-2 generates five treatment subscales (social awareness, social 
cognition, social communication, social motivation, autistic mannerisms), also described previously. 13,15 
Systematic Analysis of Language Transcripts (SALT)127 provides standardized guidelines to elicit, transcribe, and analyze 
language samples from individuals, including those with ASD. The SALT also provides language analysis programs to 
compute a vocabulary diversity quotient from transcripts entered into the database. A five-minute expressive language 
sample will be elicited by each participant and recorded by the project’s Speech Therapist, blind to participants’ 
randomized group assignment, also described previously. 13,15  The speech therapists from Colorado and Maine sites will 
follow a standard administration protocol of prompts to obtain the 5-minute speech sample from participants at the pre-
and post-intervention and 6-month time periods.  The Colorado and Maine site speech therapists will develop 
administration and scoring reliability on the SALT127 by the Colorado SALT trainer speech therapist reviewing a 
videotaped administration of the Maine site speech therapists SALT administration and then giving them feedback. The 
Maine and Colorado site speech therapists will also achieve an (at least) 80% scoring reliability on three consecutive 
SALT127 transcriptions assessments.  

Emotion Dysregulation Inventory (EDI)128,129 The EDI was developed to assess ER impairment in ASD following 
guidelines from the NIH Patient-Reported Outcomes Measurement Information Systems (PROMIS) initiative, and its final 
items were based on factor analyses and item response theory (IRT) analyses using data from 1,755 youth with ASD. The 
EDI is a 30-item caregiver-report form that includes a 24-item Reactivity item bank, which captures intense, rapidly 
escalating, sustained, and poorly regulated negative emotional reactions, and a six-item Dysphoria scale characterized by 
minimal positive affect and motivation, and the presence of nervousness and sadness. Both the Dysphoria Scale and a 
seven-item Reactivity Short Form have IRT-based theta scores, which have a mean of 0 and SD of 1, and provide 
superior discriminative ability to raw scores.130 Validity evidence includes expected group differences (higher scores in an 
ASD psychiatric inpatient versus community sample), correlations with measures of related constructs, and demonstration 
of test-retest stability.  

World Health Organization’s Quality of Life Instrument (WHOQOL-BREF)95 is a widely used measure of patients’ 
and caregivers’ QOL. It has cross-cultural validity and strong psychometric properties (good discriminant, content, and 
test-retest validity). It is a 26-item measure that assesses the impact of the child on the caregiver’s QOL in four domains 
(physical, psychological, social, and environmental). Test-retest reliability is good for the four domains (Cronbach alpha 
0.66-0.84).95 This tool was validated in parents of children with ASD and shows promise as being sensitive to unique 
challenges faced by parents of children with ASD.94  

Crisis Mental Health Care Usage Survey is a list of questions developed by the Autism Developmental Disabilities 
Research Collaborative (ADDIRC) pertaining to the participant’s need for crisis care services within 2 ½  months before 
starting the study, at the end of the10-week study intervention period, and 6 months after the study intervention period. 
Survey questions include psychiatric hospitalization (inpatient or partial), in-home crisis evaluation/management by police, 
behavior specialist or social services, or mental health related emergency room visits.  

Fidelity Rating Tool 16 was developed for, used, and discussed in our prior THR studies.13,15  It will be used to rate 
20% of each 10-week intervention session (THR, BA and Hybrid). The THR & BA control group Fidelity Coordinators will 
rate video-recorded THR and BA sessions and achieve inner-rater reliability of at least 80% after observing two THR and 
two BA group lessons. 

Intervention Team Reflection Survey is a set of four questions developed to capture anecdotal observations about 
the study participants from the intervention team personnel. The survey includes location of the team member, role within 
the study, and sessions team personnel participated in. The survey questions cover their overall experience, inspirational 
moments, observed changes in participants, and suggestions for improvements in future research. 
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Description of Population to be Enrolled:   

 
Population Description: We will recruit up to 250 youth (ages 6-16 yrs) with a documented diagnosis of ASD and a co-
occurring psychiatric disorder. Note: participants must be age 6-16 years to complete the 10-week intervention and all 
post intervention assessments, but may turn 17 years of age by the 6-month follow-up assessment. Participants must 
meet the following: 
  
Inclusion criteria: (1) Aberrant Behavior Checklist-Community (ABC-C) 31,98 Irritability subscale  score ≥8; (2) Leiter-III106 
Nonverbal IQ standard score  ≥ 40; (3), meeting the Symptom Criterion score (minimum number of symptoms necessary 
for a DSM-V27 mood, anxiety, or ADHD diagnosis) on the Child & Adolescent Symptom Inventory 5 (CASI-5);107 and (4) a 
confirmed diagnosis of ASD by meeting clinical cut-offs on the Social Communication Questionnaire (SCQ)108 (≥ 11)109 
and Autism Diagnostic Observation Schedule-2 (ADOS-2).110 Only one child with ASD per family will be included in the 
study to maintain independent observation of participants. Participants will also require a consistent caregiver (i.e., parent 
or legal guardian) to complete study outcome measures. We will not exclude participants taking medications, as this is a 
common occurrence for the target population. However, information regarding medications, dosages, and any changes 
during the study will be collected from caregivers. Medications or substances  that could affect cardiovascular or 
electrodermal activity (e.g., amphetamines, anxiolytics, anticholinergics, beta blockers) or cortisol levels.111 (i.e., smoking 
or regularly use oral, inhaled, or topical steroids), will be flagged and participant’s physiological data collected may be 
excluded or controlled for in the analyses.  
Exclusion criteria: Potential participants will be excluded for any of the following reasons: (1) medical or behavioral 
issues (e.g., animal abuse or phobia to horses) that prevent participation; (2) being a ward of the state; (3) is judged 
during the riding center screening to have significant riding experience, as the THR manualized curriculum16 is designed 
for beginner riders;  (4) exceeding weight limits determined by the individual riding center sites’ (Colorado and Maine) 
safety policies (5) vision, hearing, or physical impairments that would prevent participants from being able to be accurately 
evaluated (e.g. needing to see materials, see others, respond to questions) by study diagnostic measures or (6) unable to 
engage safely and independently with horses and others at the riding center. Of note, participants will not be allowed to 
begin baseline assessments until at least six months have passed from the time they last engaged in mounted EAAT, 
given pilot evidence for the six-month maintenance of THR effects. 112  
 
Study Design and Research Methods   
(See Appendix for Calendar of Events/Timetable Document) 

 
Setting: To address Aims 1 and 2, all THR and BA control interventions and physiological data collection will take place 
at two Premiere accredited PATH17 international therapeutic riding centers: (1) Colorado: Hearts and Horses in Loveland 
and (2) Maine: Riding to the Top Therapeutic Riding Center in Windham. Note: study consent/assent and initial screening 
visits will occur at the following sites: Children’s Hospital Colorado main campus and satellite clinic site locations, 
Colorado State University, and Maine Behavioral Healthcare/Center for Autism and Developmental Disorders clinic 
(CADD). The Colorado site is a large facility that has previously participated in our replication pilot18 and is located in a 
rural area that draws referrals from northern Colorado and southern Wyoming where intervention resources are limited for 
youth with ASD who require extensive services to address psychiatric issues and related aberrant behaviors. The 
Colorado site will also recruit participants for the waitlist/hybrid groups to address exploratory Aim 3a & 3b. The Maine site 
is located in close proximity to a large inpatient and outpatient psychiatric treatment center for youth with ASD in Portland 
(Maine Behavioral Healthcare/Spring Harbor Hospital). Therefore, the Maine site will also recruit ASD youth  
psychiatrically hospitalized at Spring Harbor Hospital to address exploratory Aim 3c. Please note Maine site is closed as 
of December 31, 2023.  
 
Recruitment: IRB-approved study recruitment materials will be used for participant recruitment in communities (i.e., 
schools, ASD parent-support networks, and service agencies) near each of the two therapeutic riding centers. The Maine 
Site will recruit participants discharged from Maine Health’s Spring Harbor Hospital’s inpatient and partial psychiatric unit.  
At the Colorado site, participants will also be recruited via the COMIRB-approved study flier sent through Children's 
Hospital Colorado MyChart EPIC messaging system. 

 
Pre-screening: Pre-screening will take place via REDCap survey or phone interview. Pre-screen questions are the same 
regardless of modality. Pre-screen questions are specific to study inclusion and exclusion criteria previously described. 
Those meeting initial pre-screening inclusion criteria will be scheduled for an initial screening visit at their respective 
locations (Children’s Hospital Colorado or Spring Harbor Hospital, ME). 
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Re-screening: Participants previously screened, consented and randomized, who have chosen to wait 6 months or 
longer to begin the intervention phase, will be re-screened with the ABC-irritability scale to ensure they still score ≥8 on 
that scale before they begin the intervention. Those not meeting ≥8 on the ABC-C -irritability scale will be excluded from 
the study.  
 
Initial Screening (Visit I): As part of the informed consent/assent process, participants and their caregivers will be 
informed that they will receive modest monetary compensation for the pre-and post- speech therapy visits and for the six-
month follow-up assessment visit (if randomized to the THR or BA group). They will also be informed that they will receive 
free 10-week interventions (THR, BA, or Hybrid). The BA group will receive one free THR lesson following their 
completion of post-intervention assessments. The youth’s tolerance of study equipment (helmet, Shimmer3 EDA and 
ECG monitors with electrodes, and salivary cortisol collection swabs) follow successful procedures used in our pilot 
studies (e.g., social stories, modeling, desensitization). Participants will receive instruction on saliva-stimulating exercises 
using images and simulated chewing, as needed. Caregivers will be asked to complete the psychiatric diagnostic forms. 
Non-verbal IQ and ASD diagnostic screening assessments will be administered to youth to establish eligibility. If the youth 
meets screening criteria, the caregiver identified will be given the demographic forms to complete. The caregiver will be 
asked to identify a designated/consistent caregiver to complete pre-, during, post-and 6-mos assessment forms for 
reporter consistency.  Participants meeting screening criteria will be randomized to study groups according to the 
randomization plan in the following section. Those participants will be given a riding center orientation packet to complete 
and return directly to the riding center prior to being scheduled for their riding center site screening visit (Visit II). 

 
 
Randomization: For the Colorado site, the study statistician will generate random group assignment numbers stratified 
according to Leiter-III106 nonverbal IQ standard score (>85 NVIQ and < 85 NVIQ) to assign treatment (THR) or control 
groups (BA or waitlist/hybrid).After at least 24 participants have completed the waitlist/hybrid arm, this assignment will 
discontinue. Those assigned to the waitlist group will, after completing their 10-week waiting period and post 
assessments, participate in the Hybrid group (5 weeks BA and 5 weeks THR). For the Maine site, the study statistician will 
generate random group assignment numbers as specified above to assign to the treatment (THR) or control group (BA). 
 
Riding center site screening (Visit II): THR and BA participants will complete a 45-minute -individual screening at their 
study site’s riding center with a THR instructor. In the event that a THR or BA participant could not complete this riding 
center for behavioral reasons (e.g., feeling overwhelmed by the novel environment), participants will be allowed no more 
than two attempts for this screening. This will involve interviewing caregivers about participants’ needs and abilities, 
caregivers completing the ABC-C Irritability screener, as well as engaging participants in a review of riding center safety 
rules, and practice with physiological equipment (i.e., putting saliva sampling rod in mouth and wearing the Shimmer3 
EDA and ECG monitors) . For THR participants: Sit at an art table and engage in an art or puzzle activity about horses, 
enter the arena, engage in a 10-minute mounted activity on the horse, and then dismount. For BA participants: Sit at art 
table and engage in an art or puzzle activity about horses. Participants will then be assigned to a THR or BA group 
appropriate to their age and abilities. THR participants will be matched with a horse based on their unique needs 
consistent with standard practices of the THR industry.17 Participants may be excluded from the study at this time due to 
exclusion criteria discussed earlier. The waitlist/Hybrid participants recruited for the Colorado site will follow both a 
combined version of BA and THR screening routine similar to the screening protocol previously described .  
 
 
Time 0 (T0) Baseline intervention assessments (Visit III): Within one month before week 1 of the  intervention phase, 
all participants (THR, BA, Waitlist, Hybrid) will be individually scheduled to complete the SALT127 with the speech therapist 
at their study site (Colorado or Maine). The speech assessment will be audiotaped and transcribed to allow scoring of this 
measure. Video and audio files will be stored on a secure, password protected drive on the Colorado and Maine Health 
sites secure network servers.  On the first day of the 10-week intervention (THR, BA, or Hybrid) or wait period, caregivers 
will complete the ABC-C,98 SRS™-2,126 EDI,128  the WHOQOL-BREF 95 , and  the Crisis Mental Health Care Usage 
Survey 
 
If caregivers decide to postpone their child’s 10-week intervention after they have already completed baseline 
intervention assessments (Visit III) and their child has completed only up to two intervention lessons, caregivers will be 
asked to complete an additional baseline assessment (caregiver forms only).  The initial completed baseline assessments 
will not be used for data analyses. Additionally, when the participant is ready to complete their 10-week intervention, they 
will not attend the one or two lessons they may have previously attended so that they will only complete up to 10 
intervention lessons as part of their participation in the study.    
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Riding center site 10-week intervention (Visits IV-XIII): (See Appendix for an overview of THR and BA 
interventions).  

Participants (THR, BA, Hybrid in Colorado only) will attend intervention sessions at the riding center in their 
recruitment state (Colorado or Maine). THR and BA control group times will be between 1:00-5:00 PM in order to collect 
salivary cortisol when levels typically decline.111 Hybrid group times will also occur within this same afternoon time period 
for consistency, even though salivary cortisol samples will not be collected. Intervention groups (THR, BA, Hybrid) will 
consist of 2-4 participants, be led by a THR instructor, follow a consistent routine, and learn horsemanship skills via 
activities tailored to ASD learning styles outlined in the THR manual.16 Each week of the intervention phase (THR, BA or 
Hybrid), caregivers will complete the ABC-C,98 rating their child’s behaviors over the past week prior to the current lesson. 
THR Intervention: Each participant will have an assigned horse and volunteer(s) (one horse leader and up to two side 
walkers). Similar to the RCT13, every effort will be made to enable each participant to ride a consistent horse throughout 
the study. Barn Activity Intervention: Each participant will have one assigned volunteer and will have no contact with 
horses at the riding center, just view horses at a distance. There will be a life-sized stuffed horse in the BA group for 
hands-on learning related to the weekly topic. 

For THR and BA participants only: To increase compliance with mediator assessments, each week prior to 
starting the groups, participants will follow a consistent routine of wearing both their Shimmer3 EDA and ECG devices. 
The Shimmer EDA device will be worn on the wrist of participant’s non-dominant hand and the Shimmer3 ECG cardiac 
monitor will be adhered to the chest wall area using adhesive electrodes. Participants will sit at a group art table with their 
respective small group (THR or BA) while study personnel will instruct participants to place the 10cm long foam swab rod 
under their tongue for one minute while watching a 1-minute timer. THR participants will then don their riding helmets and 
enter the riding arena and the BA will begin their group activity at the group table. Each week after conclusion of the THR 
and BA interventions, participants will sit with their respective groups (THR or BA) at an art table for 5 minutes followed by 
another saliva sample.  

 
Time 1 (T1) Mediator assessments taken weekly during the 10-week intervention, but will only be analyzed for 
weeks 1, midpoint, and 10. Physiological data (HR, HRV, and EDA) measurements will be taken continuously during the 
entire intervention lessons. Sections of analysis will be segmented from: (a) Three to five-minute seated art activity 
baseline before either intervention; (b) 45-minute THR riding or BA activity; (c) 15-minute THR grooming and tacking or 
BA scrapbook activity; and (d) 5-minutes post intervention that includes a seated art activity. RAs will annotate time and 
relevant activity levels for each period to correspond to device timestamps. Salivary cortisol samples will be taken during 
the five-minute seated baseline before THR or BA intervention and again 5 minutes post intervention. Caregivers will 
complete the Physiological Sample Collection Log each week of the 10-week intervention. 
 
Time 2 (T2) Post- intervention assessments (Visit XIV): On the last day of the 10-week intervention (THR, BA, Hybrid) 
or waitlist period, caregivers will complete the ABC-C,98 SRS™-2,126 EDI,128 , the WHOQOL-BREF 95 , and the Crisis 
Mental Health Care Usage Survey. Within one month of the conclusion of week 10 of the  intervention phase, all 
participants (THR, BA, waitlist, and Hybrid) will be individually scheduled to complete the SALT127 with the same speech 
therapist they saw for the Pre-intervention SALT at the Colorado or Maine hospital site. If there is a speech therapist 
personnel change from a participant’s pre- to post- intervention SALT assessment visit, this change will be noted in the 
REDCap database to control for personal novelty bias in the analysis.  
 
Time 3 (T3) Six-month post-intervention assessment (Visit XV): Only THR and BA participants will be individually 
scheduled to complete SALT127 with the speech therapist at their study site (Colorado or Maine). During this visit, 
caregivers will complete the ABC-C,98 SRS™-2,126 EDI,￼ , the WHOQOL-BREF 95, and the Crisis Mental Health Care 
Usage Survey. If there is a speech therapist personnel change from a participant’s post- to 6-month post- intervention 
SALT assessment visit, this change will be noted in the REDCap database to control for personnel novelty bias in the 
analysis.  
 
Post study survey with study intervention staff: The Intervention Team Reflection Survey will be sent to the study 
coordinator at both riding centers (CO and ME) with a request to send out to instructors and volunteers who participated in 
the study. 
Description, Risks and Justification of Procedures and Data Collection Tools: 
 

Informed Consent: If all protocol initial phone-screening criteria are met, the youth and their 
parent/caregiver/guardian will be scheduled for an initial study screening visit at their respective recruitment site at CU 
Anschutz./Children’s Hospital Colorado, CSU,  or Maine Behavioral Healthcare. At that screening visit, the study 
personnel will review consent verbally, highlighting important aspects of the consent with parent/guardian(s); allow time 
for them to read the consent thoroughly; review/explain any aspects of the consent form or study that the parent/guardian 
may have questions about. If the parent/guardian has questions about the study that the study personnel is unable to 
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answer, the study personnel will ask the PI, Dr. Gabriels, or subcontract site PI, Dr. Siegel, at their respective recruitment 
site (CU/CHCO, CSU or ME) to speak with the parent/guardian. It is anticipated that many of the participants recruited for 
this study will have a mental age of less than seven years, and this will be determined by the PI or subcontract PI in 
conjunction with the caregiver. Given the nature of social and communication difficulties specific to ASD (e.g., 
understanding the social nuances of language), just having a chronological age of 7 years does not necessarily mean that 
the child/adolescent will understand the assent. Therefore, the best and most conservative way to ensure that the 
child/adolescent is able to understand the assent is to require that all potential participants over the age of 7 years, who 
would be required to sign the assent, are verbal and have an IQ in the low average range or above (i.e., IQ score > 80). In 
the event that a child/adolescent does have a mental age equal to or above the age of 7 years, then the assent form will 
be explained to the child/adolescent and they will then be asked to sign this form. If the child/adolescent is able to 
understand the assent document and chooses not to provide their assent, the parent or legal representative’s wishes will 
not override those of the child/adolescent, and they will not participate in the study. A copy of the consent form (and 
assent form, if applicable) will be provided to the caregiver. 

 
Postcard Consent: Study intervention personnel will be consented via a postcard consent which explains 

why they are being asked to participate in the Intervention Team Reflection Survey. The consent and the survey 
will be sent to the study site coordinator to distribute to all site personnel involved in the study interventions. On this form, 
intervention personnel are instructed to acknowledge their consent to use their direct quotes anonymously in future study 
publications. Study intervention personnel are instructed to avoid using any personal identifying information on the survey. 
Finally, intervention personnel are instructed to return this form to the study site coordinator who will return to the overall 
study PI, Robin Gabriels PsyD. 

 
 

 Duration of Participation:  
Participants will be asked to participate in this study for up to 11 months, depending on their group randomization. During 
this time and depending on their group randomization status, participants will attend up to 21 study visits described as 
follows: 

• Two initial consent/screen visits (diagnostic and cognitive assessments, intervention riding center site screening)  
• One pre-intervention evaluation at the Colorado or Maine subcontract site (within one month) prior to the 10-
week intervention (THR/BA or Hybrid) or waiting period.  Note, if caregivers decide to postpone their child’s 
10-week intervention after they have already completed baseline intervention assessments (Visit III) and 
their child has completed only up to two intervention lessons, caregivers will be asked to again complete the 
baseline assessment (caregiver forms only). The initial completed baseline assessments will not be used for data 
analyses.  
• Ten intervention visits at the riding center (THR, BA or Hybrid group lessons) 
• One post-intervention evaluation at the Colorado or Maine subcontract site (within one-month post intervention 
for THR, BA, Waitlist and Hybrid group participants). Note: The post-waiting period evaluation of the Waitlist 
group may also serve as the pre-intervention evaluation for their involvement in the Hybrid group unless there is a 
two-month lag period before the start of their Hybrid group. In such case, the Hybrid group will complete an 
additional pre-intervention evaluation within one month of the 10-week Hybrid intervention. 
• One post-intervention evaluation at the Colorado or Maine subcontract site six-months post intervention for THR 
or BA group participants only 

 
 
Recruitment and Retention Plan: 

For this proposed study, we will localize recruitment efforts in communities (e.g., hospital psychiatric treatment centers, 
schools, respite care, local parent autism societies, and mental health care agencies) in the surrounding areas closest to 
the riding centers in northern and southern Maine regions. Please see Facilities and Resources document for a table to 
referral sources in those communities. 
Retention plan for study assessment periods: 
At the Colorado site, we plan to offer an option to participants to conduct the initial screening visit and the initial pre- post- 
and six-month post-evaluation visits at either a Children’s Hospital Colorado site Maine Behavioral Healthcare. At the Maine 
site, the diagnostic/screening visit, pre- post- and six-month post-evaluation visits will generally be conducted at the Center 
for Autism and Developmental Disorders, Westbrook ME. If necessary, to accommodate a family, screening and 
assessment visits may be conducted at the riding center in Windham, Maine. 

• For the current proposal, we anticipate lower attrition than the 20% rate in this pilot for the following reasons:  
o Outcome evaluations will occur in closer proximity to participants’ residence 
o THR, BA (both sites), and Hybrid (CO only) groups will receive FREE  10-week riding and/or barn activity 

group lessons.  
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o The BA control group will receive one free riding lesson after their 10-week intervention period. 
o Increased monetary incentive will be provided for participants in the THR and BA groups for the 6-month 

follow-up. 

Participant Incentive Costs: 
• Baseline and post intervention (THR, BA, or Hybrid) or waiting period speech therapy visit= $20.00 x 2 visits. 
• Maine Site Only: Each intervention day the participant is in attendance to help support gas costs = $10.00 x 10 

visits. We will disperse payments at Week 5 and Week 10 in accordance with the participant’s attendance for 
weeks 1-5 and weeks 6-10 respectively.  

• Colorado site: Monetary support for gas costs to the riding center for intervention weeks 1-10 may be available to 
participants, but eligibility will be determined by study personnel.  

• Six-month follow-up assessments for THR and BA groups only = $30.00 x 1 visit 
• Note: All participants will receive FREE interventions (THR, BA, and Wait-list/Hybrid groups). The BA group will 

receive one FREE riding lesson after they complete their 10-week intervention assessments.  
 
Therapeutic Horseback Riding at both study sites (CO and ME): Participants will be required to have a medical 

clearance form completed and signed by their primary care physician prior to engaging in the THR, BA, or Hybrid activities 
at the riding center. Horseback riding has inherent risks and this study involves weekly horseback riding lessons. Risks from 
horseback riding could include fall, loss of consciousness, bodily injury, dismemberment or death. These risks are mitigated 
by this study's use of a PATH International Premiere Accredited Center. This means that they adhere to national standards 
to ensure safe and effective operations throughout all areas of programming. More information about these center 
accreditation standards can be accessed by visiting the PATH International website at www.pathintl.org. In addition, PATH 
international certified instructors will be conducting the therapy. These instructors have demonstrated PATH competency in 
the areas of equine management, horsemanship, riding instruction, teaching methodology and knowledge of disabilities. 
These instructors also have Cardiopulmonary resuscitation (CPR) and First Aid certifications. (See riding centers’ 
participant rider safety standards and procedures in the Appendix documents.)  
 

Assessments: This study also involves caregivers completing questionnaires and participants being assessed with 
diagnostic and cognitive measures. Any results from these assessments of the child, conducted as part of this study, may 
be uncomfortable for the caregivers to hear; however, these results will be discussed with caregivers in detail, and a 
written report of the cognitive assessment results provided upon request of the caregiver. The study assessments take a 
considerable amount of time; therefore, the NVIQ and ADOS-2 assessments may be divided into sessions on different 
days in order to reduce fatigue and increase compliance. The PI and other study evaluators have extensive experience in 
the administration of assessments with the proposed study population.  
 

Treatment Randomization and Termination: Participants at the Colorado site will be randomly assigned to either 
a THR group, BA control group or waitlist group. Participants at the Maine subcontract site will be randomly assigned to 
either a THR group or BA control group. BA control participants who are not randomized in the THR group may 
experience frustration if they are not able to interact with horses as part of their involvement in the study. However, 
participants in the BA control group will be offered the opportunity to receive a one-hour free horseback riding group 
lesson at their respective sites’ riding center that will occur after they complete 10-week post-intervention SALT  
assessment. Other than the BA activity 1 free THR lesson, BA and THR participants will need to refrain from riding horses 
until their 6-month post-assessment is completed. Participants randomized to the 10-week waitlist (CO site only) will then 
be involved in the Hybrid group that included five weeks of BA followed by five weeks of THR. However, the waitlist 
participants may experience disappointment that they are not immediately able to interact with horses. The THR, BA, and 
Hybrid groups may view the termination of the study period as a loss of treatment benefits. If participants wish to continue 
THR beyond the study period, the therapeutic riding sites (CO or ME) have availability for those who wish to continue 
these interventions on a fee for service basis.  

 
Violation of Privacy and Loss of Confidentiality at both study sites (CO and ME): These are both risks to which 
research participants are exposed. The possibility of these risks increases when protected health information is collected. 
The protected health information that will be collected include: the participant’s name, date of birth, demographic 
information (age and sex), diagnosis, medical history and treatment information, psychological testing results, and survey 
questionnaires regarding the child’s behavior. This information will be available to study staff only for the purposes of data 
analysis and evaluation of this research project. Study staff will have completed certifications (CITI Basic Course and 
HIPAA Research Course) prior to working on this study. All participants’ data will be coded with a number and the key for 
this coding will be kept in a separate file from the data file and will be password protected. Personal identifiable 
information will be removed from data stored electronically and access will be limited to personnel associated with the 
project. Participants’ age will be derived by subtracting their DOB from the date the caregiver completed the assessment 
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tools but will not be included as part of the participant data file. All assessment tools will be de-identified (i.e., participants’ 
names and DOB will be deleted from these forms). Participants’ files will be coded with a number and kept in a locked file 
cabinet. The speech assessment will be audiotaped and transcribed to allow scoring of this measure. Video and audio 
files will be stored on a secure, password protected drive on the Colorado and Maine Health site’s secure network 
servers. 

 
  

Reactions to Environmental Allergens: Some participants may be allergic to pollens, animals or other seasonal 
or environmental factors that are present in the outdoor environment of the riding centers (CO and ME). Caregivers will be 
asked about environmental allergies that the participant may have and what sort of allergic reaction the participant 
typically displays. Caregivers will be encouraged to monitor their child for any signs of allergic reaction and to bring with 
the participant any necessary medications to decrease their allergic reaction, should such develop. Caregivers will be 
encouraged to take their child to be evaluated by their Primary Care Provider, if allergy symptoms persist.  

 
Adequacy of Protection Against Risks: The risks to participants regarding THR are mitigated by this study's use 

of two sites that are PATH Intl.17 Premiere Accredited Centers. Première accreditation status means they follow rigorous 
standards and comply with site visits every five years to assess the sites’ infrastructure as well as ensure safe and effective 
operations for horses and humans throughout all areas of programming. More information about these center accreditation 
standards can be accessed by visiting the PATH Intl. website at www.pathintl.org. The standard procedures used by the 
therapeutic riding centers for this proposal decreases risks to the riders and staff implementing safety policies standard in 
the field and according to PATH Intl. guidelines. Such safety standards include the following: requiring participants wear 
protective gear, monitoring the temperament of the horses, training horses to participate in therapeutic horseback riding 
experience with children who have a variety of disabilities, and instructing participants about safe practices around horses. 
In addition, PATH Intl. certified instructors will be conducting the therapy. These instructors have demonstrated PATH Intl. 
competency in the areas of equine management, horsemanship, riding instruction, teaching methodology and knowledge 
of disabilities. These instructors also have Cardiopulmonary resuscitation (CPR) and First Aid certifications. (See riding 
centers’ participant rider safety standards and procedures information in the Appendix documents.) 

 
 
Participant Discontinuation Criteria: Participants who miss more than two out of the 10 THR, BA or Hybrid 

intervention lessons will automatically be dropped from the study. Participants who develop significant allergic reactions to 
conditions at either of the riding centers (CO or ME) will, at the discretion of the caregiver or the riding center staff, be 
dropped from the study. There are no protocol-stopping criteria as there are no a priori hidden risk concerns from which to 
build criteria. The participant discontinuation criteria will adequately protect study participants. 
 

Data and Safety Monitoring Plan: The Principal Investigator (PI) at the Colorado site will monitor data and safety 
and be responsible for promptly reporting any related protocol concerns, including Serious Adverse Events (SAEs) and 
Adverse Events (AEs), to the Research Participant Advocate and to COMIRB.  The Maine site and Maine Health IRB will 
rely on the COMIRB for review, approval, and ongoing regulatory oversight of the study. The PI at the Maine site will monitor 
study conduct at the site, monitor data and safety, and will be responsible for promptly reporting concerns, SAE and AE to 
the Colorado lead PI and to COMIRB as the reviewing IRB of record. The Principal Investigator at the Colorado and Maine 
subcontract site have no conflicts of interest (financial, academic, professional) that might interfere with being responsible 
for data and safety monitoring. The data will be examined in the course of the protocol on at least a monthly basis by the 
Principal Investigator at the Colorado and Maine subcontract site. Access to the database will be restricted to study 
personnel and standard conventions to protect the security of the database will be observed. Additionally, the PI (Colorado 
site) and subcontract PI (ME) will report any SAEs for this study that might include a child falling from the horse or the 
possibility of injury to one of the study personnel during the evaluations or treatments. The Principal Investigator (CO) and 
subcontract PI (ME) will also routinely communicate with the study personnel at their respective sites (Colorado and Maine) 
regarding the occurrence of any SAEs and be responsible for immediately communicating this information to their respective 
IRB Research Subject Advocate.  
 

Study data will be collected and managed using REDCap (Research Electronic Data Capture).131 REDCap is a 
secure web application designed to support data capture for research studies, providing user-friendly web-based case 
report forms, real-time data entry validation (e.g. for data types and range checks), audit trails and a de-identified data 
export mechanism to common statistical packages (SPSS, SAS, Stata, R/S-Plus). The REDCap system was developed 
by a multi-institutional consortium which includes University of Colorado–Denver and was initiated at Vanderbilt 
University. The database is hosted at the University of Colorado–Denver Development and Informatics Service Center 
(DISC), which will be used as a central location for data processing and management. REDCap data collection projects 
rely on a thorough study-specific data dictionary defined in an iterative self-documenting process by all members of the 
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research team with planning assistance from the DISC. This iterative development and testing process results in a well-
planned data collection strategy for individual studies. REDCap also includes a powerful tool for building and managing 
online surveys. The research team can create and design surveys in a web browser and engage potential respondents 
using a variety of notification methods. REDCap is flexible enough to be used for a variety of types of research and 
provides an intuitive user interface for database and survey design and data entry.  
 
The study database for this multisite study will be housed at CU Denver, and access to the study database will be 
monitored and controlled by the study PI at the Colorado site. All study users will be required to complete applicable 
training to gain access and will each have a unique logon and password. The data will be backed up daily. There will be 
an audit trail of users and changes to the data.Maine site’s, physiological data (EDA, HR, HRV) will be stored and 
managed through OpenText, a secure, online, data sharing platform.  
 

 
Data Analysis Plan:   

 
Data Sharing Plan: Study data will be collected and managed using REDCap electronic data capture tools 

hosted at the University of Colorado.131 REDCap (Research Electronic Data Capture) is a secure, web-based application 
designed to support data capture for research studies, providing: (1) an intuitive interface for validated data entry; (2) audit 
trails for tracking data manipulation and export procedures; (3) automated export procedures for seamless data 
downloads to common statistical packages; and (4) procedures for importing data from external sources 

Physiological data (HR, HRV, EDA) will be monitored on an ongoing basis for quality control throughout the study 
by physiological activity assessment experts  , both visually and using automated quality control software.132 Video 
recordings of 20% of each 10-week intervention will be shared with the intervention fidelity coordinators to rate 
intervention fidelity. Colorado’s site physiological and fidelity video data will be shared through the CU One Drive and 
Maine site’s  physiological and fidelity video data will be shared through OpenText. Fidelity videos may also be shared via 
flash drive mailed via  FedEx. 

 
Data auditing and cleaning: HRV: Following the authoritative guidelines given in the Task Force,133 data will be 

band-passed filtered (0.5-45Hz), heartbeats will be detected by automatic multiscale-based peak detection,134 and lost 
data and/or premature atrial/ventricular contractions corrected via cubic spline interpolation. Time-domain indices (HR; 
SD; root-mean square of successive differences, RMSSD) will be calculated per standard methods. Frequency-domain 
indices (LF, low-frequency power; HF, high-frequency power) will be calculated via Lomb-Scargle Periodogram, and 
reported as natural log values. Standard covariates will be applied, and data quality reporting indices will be 
reported.135,136 EDA will be decomposed into tonic and phasic activity using standard methods 40 and de-noised depending 
on the accelerometer data – periods of high physical activity will be removed from the analysis period. The mean, SD, and 
non-specific skin conductance responses (NSSCRs; bursts of activity over 0.2uS) will be extracted per time period. 
NSSCRs will be reported as depolarizations per minute. Signal quality for both physiological records, which is frequently 
problematic during ambulatory recording, will be maintained through the combined use of automated tools for quality 
control,132 visual artifact identification, and redaction.137  
 
During each 10-week  intervention (THR and BA), Dr. Cory Smith’s ’s lab team will meet with study PI, Dr. 
Gabriels and RAs from Colorado and Maine sites to monitor the Shimmer  ECG (HR/HRV) and EDA  data collected 
for quality and for possible equipment failure issues.  Dr. Cory Smith’s lab team in collaboration with Dr. Gabriels 
will then determine which data points collected will be used for analyses, ensuring that each subject has a 
beginning point (Lesson 1 or alternate lesson 2 or 3), midpoint (Lesson 6 or alternate lesson 7), and endpoint = 
(Lesson 10 or alternate lesson 9 or 8). 
 

 
General consideration of statistical analysis: Prior to the start of any formal analyses, data for each variable 

will be examined to identify unusual values that need to be queried, including outliers, patterns of missing values, and 
non-Gaussian distributions (i.e., have significant skewness and kurtosis). Baseline demographic and clinical 
characteristics will be summarized using descriptive statistics and grouped by intervention arms. Between-arm difference 
in demography and baseline variables will be examined using t-test or chi square test respectively for continuous and 
categorical variables. Any imbalance that could potentially be a confounding factor for the outcome will be adjusted for in 
statistical models (see below). The primary efficacy analysis will use the “intent-to-treat (ITT)” principle to test our study 
hypotheses under practical and realistic conditions where not all participants follow or complete the program. All 
randomized participants will be analyzed in the ITT analyses. Linear Mixed Effect Model (LMM) will serve as the primary 
method to handle missing values. Other analyses such as completer analysis and analyses with imputed data will be 
deemed as sensitivity analysis for efficacy examination. However, for mediation analysis, only participants with both the 
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mediator (intervening) variable and outcome variables available will be included to explore mechanism of the intervention 
effect. No interim analysis will be conducted.  In all analyses, a p ≤ 0.05 will be considered significant. SAS and Mplus 
software will be used for these analyses.  

AIM1: Efficacy assessment (for H1a-1c): LMM with unstructured covariance will be used to model baseline and 
end of treatment (EoT or T2) primary and secondary outcome measures as well as expanded outcomes where fixed 
effects include evaluation time (baseline or EoT) and intervention arm indicator (THR/BA), as well as their interaction.  
Estimate of the interaction will be used to quantify efficacy (i.e., 
effect size) and tested for statistical significance. Mediation 
analysis (H1d): Fig. 5 illustrates our mediation model. For 
ease of interpretation, the change from T0 to T2 will serve as 
the outcome and change from T0 to T1 will serve as the 
potential mediator variable. Consistent with the 
recommendations for the analysis of mediation in RCT studies, 
we will use product of coefficients tests for the intervening 
variable effect136 to examine statistical significance 
of mediators on a completer analysis basis. Specific 
procedures include: [Step 1] Conduct a simple regression 
analysis with the intervention predicting the outcome 
(Path c). This will reconfirm the THR efficacy from previous trial 
using the LMM discussed above [Step 2]. Among the outcome 
variables significant on path c, conduct a simple regression 
analysis with intervention predicting the potential mediator to 
test the path a. [Step 3]. Among the significant potential 
mediators in path a, conduct multiple regression analysis with 
the intervention and the mediator predicting outcome. 
Based on the last two models, the Indirect effect (i.e., interventionmediatoroutcome) can be calculated as the product 
of the coefficients of paths a and b and tested using the Bootstrap method. Significance of indirect effect would support 
that the THR effect on the outcome is, to a certain extent, mediated through the mediator variable. We initially will conduct 
this modeling separately by mediator and outcome. We will build a multiple path model among significant mediators found 
from these separate analyses. Because randomization of treatment does not necessarily control for potential confounding 
variables on the mediator effect on the outcome (path b), we will also perform mediation analysis with adjustment for age, 
gender, IQ, and baseline to add robustness to our analyses.  

Finally, see Figs. 6 and 7 for expected results of physiological mediation variables as hypothesized in 
Aim1c: H1c. THR group will have a decrease in heart rate (HR) and electrodermal activity (EDA) and an increase in heart 
rate variability (HRV), both indicating a calm state, from baseline to week 10 of the intervention.”  

 
 
 
 
 
 
 
 
 
 
 
 

AIM 2: LMM model will be used to assess the efficacy of THR on the outcomes found significant from efficacy 
analysis for Aim 1. This LMM model consists of time [baseline, end of intervention (EoT), six-month measures (T3)], and 
intervention arm (THR or BA), as well as their interaction term as fixed effects and an unstructured covariance.  Between-
arm and within-arm multiple comparisons will be conducted should there be significant overall time by treatment 
interaction.  Between-group difference in the change from baseline to T3 will be used to assess the long-term efficacy of 
THR on T3 outcome. The primary analysis will be ITT and no data imputation will be used. However, we will conduct two 
sensitivity analyses to examine robustness of primary analysis results. First, we will use the Markov Chain Monte Carlo 
(MCMC) method to impute any missing values at T2 or T3 and then fit the same LMM model.  Second, the same LMM 
model will be applied to completers only. 

Exploratory AIM 3:  To assess whether BA affect outcomes (H3a), we will first analyze the 60 Colorado 
participants randomized with 1:1:1 ratio into waiting list (followed by Hybrid intervention), BA or THR group.  Next, we will 
compare the 20 wait list participants to all participants in the BA and THR groups respectively.  To assess the effect of the 
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hybrid intervention (H3b), data during the hybrid treatment period will be compared to within-person outcome data during 
the wait period. Moreover, we will compare hybrid treatment participants to all BA and THR participants. For both 
hypotheses 3a and b, LMM models similar to the one for Aim 1 efficacy analysis will be used. Again, the between-group 
difference in outcome change between baseline and 10 weeks will be used to assess efficacy and tested for statistical 
significance. The 95% confidence interval for efficacy and corresponding effect size (Cohen’s D) will be reported. Any 
imbalanced confounding variables will be adjusted in the model. To explore whether THR effects are any different 
between participants recently discharged from the psychiatric hospital and those without recent psychiatric hospitalization, 
we will compare THR effects between these two groups of THR/BA participants by introducing three extra terms in the 
model for Aim 1. They include an indicator variable (RecentHosp) for this sub-classification (with or without recent 
hospitalization) and the intervention*RecentHosp and intervention*RecentHosp*time interaction terms. Contrasts will be 
set up to test the effect of interest and 95% CI for this effect assessment will be calculated 

Power analysis: Because significant intervention effect is the prerequisite of mediation analysis, this study is 
powered primarily on analyses of the primary outcome, ABC-C irritability. For the primary efficacy analysis at T2, effect 
sizes were estimated for the primary outcome (ABC-C irritability) based on data from our THR RCT13 among participants 
who had psychiatric diagnosis (N=27 for THR and N=26 for BA, data not published). The irritability score decreased by 
6.9 (1.66 SEM) in the THR group and 2.3 (1.8 SEM) in the BA group, resulting in a Cohen’s d of 0.62 for efficacy. We will 
enroll 142 participants (71 per arm).  To allow for 20% attrition (which is 1% higher than that in our previous trial) at T2, the 
sample size for completer or mediation analysis would be 56 per arm. In this case, we will have 97% power at 5% 
significance to detect significance of THR efficacy for ITT analysis (Aim1) and 90% power for completer analysis. For the 
mediation analysis, our previous data indicate that the standardized coefficient for the total effect (path c) is 0.34. There 
are no previous data available for estimating coefficients for paths a and b. We assume that both coefficients are of 
medium effect size137 and the indirect path will explain half the total effect. That is, a×b=0.17 (e.g., a=0.4, b=0.43). In this 
case, a total sample size of 112 provides 90% power at 5% significance to detect a significant indirect effect. This power 
estimate is based on the Sobel test and was calculated by the R package, power Mediation. Table 2 shows the power for 
analyzing secondary and exploratory outcomes at T2 if the ES is similar to those from data in our previous RCT. (Based 

on 18 THR and 11 BA, participants with concomitant psychiatric diagnosis 
and six-months follow-up ABC-C data from our RCT, the ES for THR effect 
on the six-month irritability score was 0.45 (not published) as compared to 
BA participants. In this case, we will have 81% power for the primary ITT 
analysis (n=81 per arm) to detect the THR effect on ABC-C, but 56% power 
to see statistical significance for completer analysis. This analysis assumes 
that 45 participants per arm will be followed six-months after the 
intervention. Aim 3 is more hypothesis generating and exploratory. 20 extra 
participants will be enrolled in the wait list group who subsequently received 
Hybrid intervention. To minimize the imbalance between groups, we will 
randomize with 1:1:1 ratio the first 60 Colorado participants into 
BA/THR/wait list group. The minimum detectable effect size needs to be 0.9 
(0.74) Cohen’s D to have 80% power if 20 wait list (or Hybrid) participants 

will be compared to 20 (or 56) other participants. 
 
Supplementary analyses: 1.) It is likely that participants will have changed psychoactive medication during the 10- week 
intervention period and this change is not balanced between two study arms.  History of medication change for each 
participant will then be documented and characterized into few categories, as appropriate. This category of medication 
change (to be determined) will be introduced into the statistical models for Aims 1 and 2 to adjust for their potential 
confounding effect for efficacy and mediation analysis. 2.) to examine the effect of intervention sites (Colorado or Maine), 
we will tabulate the effect size of THR effect by site and introduce site and site by intervention terms into the models 
mentioned above for efficacy analysis in order to statistically test the site by intervention interaction effect. 3.) We will 
explore factors that related to the response to THR intervention traditional variable-centered and the state-of-the-art 
person-centered methods. We will classify each THR subject as responder or non-response (with criteria to be 
determined) and use logistic regression to identify baseline demography factors and clinical factors (such as psychological 
diagnosis) that are associated with the response.  Moreover, latent profile analysis will be used to group all the 
participants into few clusters who share similar demography and baseline clinical characteristics. Difference in intervention 
effect will be examined across these clusters to determine who are more responsive to the intervention. In the later 
analysis, the outcome will be change score after intervention, the model will consist of cluster, treatment and their 
interaction. Test of interaction is of primary interest. 4.) In our previous R01 THR study, we observed that the intervention 
(Barn or THR) reached it. 
 
Summarize Knowledge to be Gained:   
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Our proposal aims to moves the HAI field beyond efficacy trials, specifically regarding THR:  
The experiments outlined in this application are designed to move the HAI field forward to provide evidence to 

begin to answer the more nuanced questions of how it works, for whom does it work and for how long, as well as under 
what conditions (dose) does it work. The historical theoretical focus on HAI leading to arousal regulation/conditioning is 
an ideal target for mediation analyses via physiological measurement.  The knowledge to be gained from this proposal will 
provide evidence for physiological response patterns as a causal pathway to THR outcomes and has the potential to 
guide future researchers who wish to explore mechanisms by which HAI demonstrates benefits beyond THR and to other 
populations.  
 

Aim 1 addresses the call to identify “causal relationships” and evaluate the “community-level and social 
benefits” of HAI, as identified by the PAR 18-213 HAI funding announcement. The proposed ASD study population 
tends to have atypical arousal response profiles, particularly youth with ASD and psychiatric diagnoses, making them 
more likely to benefit from an intervention such as THR whose outcomes may be mediated by physiological arousal 
regulation benefits. In line with the NIH RDoC framework,93 elucidating physiological pathways influenced by THR in ASD 
may also suggest how THR could be useful for other psychiatric populations where similar psychophysiological pathways 
are known to be impaired. We also propose to expand our outcome measures to include evaluation of wider ranging 
benefits of THR, as children with ASD are at high-risk for behavioral disturbances that can impair their QOL as well as 
their caregivers. National surveys and studies indicate higher rates of caregiver stress and frustration related to the care 
and management of behaviors of children with ASD compared to other special needs populations,7,8 suggesting this is a 
critical outcome to measure multidimensionality, including caregivers’ physical, mental, and social well-being.94 We 
propose to use the World Health Organization’s Quality of Life Instrument (WHOQOL-BREF) 95, which is used for a variety 
of populations, including ASD, to provide an index to measure caregivers’ adjustment.94 Our inclusion of this standardized 
QOL measure will allow us to broaden the understanding of HAI efficacy to other research disciplines as well as 
understand the impact of THR on caregivers QOL. Problems with emotional dysregulation are present in other psychiatric 
populations (e.g., anxiety and mood disorders) and not specific to the ASD population.37 Our inclusion of a distinct 
outcome measure of ER that is sensitive to change, quantifies variability in emotion dysregulation, has been validated for 
use with an ASD population with a variety of ability levels, and has the potential to generate information needed for follow-
up studies broadens examination of THR as a potentially effective transdiagnostic intervention. 
 

Aim 2 determines if THR outcomes are maintained over time. We propose to address the paucity of HAI 
research examining long-term maintenance of effects. In addition to our six-month follow-up report18 in a subset of 
participants in our THR RCT13, to our knowledge, only one other study to date has attempted to prospectively examine 
residual effects of THR in children with ASD, but it had several methodological limitations including teacher-report 
measures, lack of a control condition, and an unplanned six-week break during the initial treatment phase.96 Information 
on longer term THR effects has important clinical practice implications, including the possibility that THR could be an 
adjunctive intervention to the current practice of using psychotropic medications to reduce symptoms of aberrant 
behaviors in ASD youth.74 
 

Aim 3 explores dose and sub-population effects of THR and Barn Activity (BA) interventions. This aim 
addresses important next steps to advance the HAI field of research. A recent systematic review of HAI research with the 
ASD population discussed the field’s tendency to employ diverse research methods that lack replication and use of non-
homogenous ASD samples, which limits the ability to determine who might benefit the most from HAI and under which 
conditions.71 Exploratory analyses of our RCT13 sample showed stronger positive outcomes in the subgroup of THR 
participants with co-occurring psychiatric disorders, which provides support to focus on this group who stands to benefit 
the most from THR. Additionally, the BA no-horse control group in our RCT13 showed significant within-group 
improvements in irritability and hyperactivity behaviors at the conclusion of the intervention, but we were unable to draw 
conclusions about the effects of that BA group due to the absence of a nonintervention control. Thus, we aim to both 
explore the effects of BA compared to a waitlist control and explore the dosing effects of a Hybrid group (i.e., 5 weeks BA 
followed by 5 weeks THR). 
 

Our project design is an innovative approach that will provide ground-breaking advancements in the HAI 
field (specifically THR). Our approach innovates by: conducting a large RCT targeting a majority subset of the ASD 
population, who have indications of being potentially stronger THR responders99; using an intervention manual for both 
experimental and control conditions and measuring their fidelity to ensure implementation uniformity, specifically 
accounting for effects of the horse while controlling for social attention throughout the study; including a method to 
understand the six-month maintenance of THR outcomes vs. a control; and implementing the study in two community-
based rural settings to expand the ecological validity of our manual-based THR intervention.16  
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We are grounding our mediation analysis in the framework of a model to be tested using a RCT. 
Methodologically, including multiple physiological measures will allow us to decrease the biasing effects of measurement 
error58 and more systematically assess whether positive THR outcomes are partially accounted for by physiological 
response profiles over time in youth with ASD and co-occurring psychiatric diagnoses.  
 

Our measurement approach is technically innovative. Our proposal seeks to employ objective measures of 
participants’ experiences by using unobtrusive state-of-the art, ambulatory physiological measures during an HAI activity 
to capture the potentially complex profile of mediating factors that may explain previous outcomes. Our methodology 
takes advantage of technological advances in wearable physiological biosensors that overcome the inherent difficulty 
obtaining reliable self-reports on emotional and physiological states in individuals with ASD, a portion of whom are either 
minimally-verbal or have alexithymia.103-105  
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