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upon mutual understanding, empathy and trust between the 
therapist and patient that forms the foundation for therapeu-
tic progress (Jackob and Hueß 2016; Rogers 1957). This 
foundation allows for the expression of thoughts and feel-
ings and creates a safe space for patients to explore their 
vulnerability, which is an essential prerequisite for success-
ful therapy. Furthermore, TA provides the basis from which 
therapists and patients can work together toward therapeutic 
goals. Considerable empirical evidence documents the posi-
tive impact of TA on treatment outcomes by contributing to 
more effective and lasting therapeutic results (Baier et al. 
2020; Henley and Miller 2010; Huggett et al. 2022; Keller et 
al. 2010; Krupnick et al. 2006; Zilcha-Mano 2017).

Introduction

Therapeutic alliance as the basis for healing 
experiences

At the heart of effective therapeutic interventions lies the 
therapeutic alliance (TA) – the nuanced connection built 
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Abstract
In any therapeutic setting, the outcome depends in part on the therapeutic alliance, characterized by mutual understand-
ing, empathy and trust among the participants. This also manifests through physiological synchronization (PS) processes 
involving breathing, heart and brain. This study examined the dynamics of heart rate variability (HRV) synchronization 
patterns during horse-assisted therapy. We explored the correlations between the therapist’s horse preference, levels of 
early life adversity (ELA), and PS relationships within and across dyads of participants, therapists, and therapy horses. 
Our sample of 42 female participants engaged in standardized horse-assisted therapy sessions facilitated by three riding 
therapists and four therapy horses. PS was operationalized through cross-wavelet power analyses across the different 
dyads. The results showed, that stronger HRV synchronization between the therapist and horse was associated with stron-
ger HRV synchronization between the horse and participant, as well as stronger HRV synchronization between the thera-
pist and participant. We found a correlation between ELA and HRV synchronization between participants and therapists, 
with individuals experiencing higher levels of ELA showing lower synchronization. However, this effect of ELA was not 
observed for HRV synchronization between participants and horses. Furthermore, we found a negative correlation between 
the riding therapist’s preference for a particular therapy horse and the HRV synchronization between the therapist and that 
horse. These findings contribute to a better understanding of the correlational dynamics in horse-human interactions and 
may have potential implications for optimizing therapeutic interventions in clinical settings.
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Therapeutic alliance between humans and horses

While TA has traditionally been described in human-to-
human connections within therapeutic settings, the extension 
of the concept to horse-assisted therapy (HAT) introduces 
a unique dynamic that shifts the focus on the connection 
between human and horse, while the therapist remains in the 
background. In contrast to verbal articulation of thoughts 
and feelings, communication with horses relies primar-
ily on non-verbal cues and creates a unique and deep con-
nection between patient and horse that goes beyond words 
(Bivens et al. 2007; Scopa et al. 2019). In human-horse TA, 
participants enter a space where silent understanding and 
subtle gestures become the primary means of communica-
tion, creating an environment rich in unspoken dialog and 
mutual understanding (Smith et al. 2016; Wilson et al. 2017; 
Hameury and Rossetti 2022). As horses are non-judgmen-
tal by nature, they promote acceptance by being free from 
criticism and acting as a mirror by providing immediate and 
honest feedback (Gomolla 2020; Jones 2020).

Components of therapeutic alliance

Koole and Tschacher (2016) introduced a comprehensive 
model of TA known as the In-Sync model, which empha-
sizes the role of interpersonal synchrony in fostering a 
strong therapeutic bond. In their model, they highlight sev-
eral key components that contribute to the effectiveness 
of the TA across different levels of interaction dynamics: 
At level 1, the model underscores perceptual-motor pro-
cesses that can be observed through phenomena such as 
movement synchrony and inter-brain coupling occurring 
on a phasic timescale. At level 2, the alliance manifests 
as a product of the interplay between the therapist’s and 
patient’s cognitive appraisals, beliefs and interpretations 
through complex cognition processes on a tonic times-
cale. Emotion regulation on level 3 is observable by both 
implicit and explicit emotion regulation processes over a 
chronic timescale.

Building upon their research, we propose that move-
ment synchrony and inter-brain coupling represent distinct 
yet interconnected facets of the same underlying processes, 
operating at different hierarchical levels (Shamay-Tsoory 
et al. 2019). Physiological synchronization (PS), character-
ized by the harmonious alignment of processes of the auto-
nomic nervous system (ANS) (Palumbo et al. 2017), can be 
assumed to happen in between movement synchrony and 
inter-brain coupling and represents another important pillar 
of synchronization. Thus, PS can be regarded as the link 
between neural dynamics and observable behavior within 
the therapeutic dyad, which is detectable by measuring syn-
chronization of heart rate variability between the interaction 

partners (Beffara et al. 2016; Matusik et al. 2023; Tschacher 
and Meier 2020).

Heart rate variability as a measure of the 
adaptability of the autonomic nervous system

Heart rate variability (HRV) is a measure quantifying the 
temporal variation between successive heartbeats and 
reflects the adaptability of the ANS in response to diverse 
physiological and environmental influences (Thayer and 
Lane 2000, 2009; Task Force of the European Society of 
Cardiology and the North American Society of Pacing and 
Electrophysiology 1996). Higher HRV is generally associ-
ated with increased adaptability and resilience of the ANS 
and therefore allows for assessments of general health and 
chronic stress levels in both humans and horses (Kemp and 
Quintana 2013; Kuwahara et al. 1996; Michels et al. 2013; 
Moon et al. 2013; Thayer et al. 2010).

The dynamics of cardiac activity include high- and low-
frequency fluctuations, often referred to as high and low-
frequency HRV (HF-HRV, LF-HRV). These variations 
are closely linked to the influence of the parasympathetic 
nervous system (PNS) and the sympathetic nervous sys-
tem (SNS). The vagus nerve, a key component of the PNS 
originating in the brain stem, rapidly regulates the body’s 
organs, including the heart, through the release of acetyl-
choline. Therefore, high-frequency changes, characterized 
by oscillations of 0.15 Hz or less, are primarily associated 
with parasympathetic activity (Task Force of the European 
Society of Cardiology and the North American Society 
of Pacing and Electrophysiology 1996). In contrast, SNS 
innervation occurs more slowly through epinephrine and 
norepinephrine. Therefore, low-frequency changes with 
oscillations above 0.15 Hz are not exclusively indicative 
of sympathetic influence, as LF-HRV reflects a combina-
tion of both sympathetic and parasympathetic influences. 
At rest, LF-HRV is highly correlated with HF-HRV, sug-
gesting significant parasympathetic involvement (Gold-
stein et al. 2011; Billman 2013). The measurement of both 
HF and LF variability can be achieved through various 
methods, with one common approach being the decom-
position of the heart rate signal into different frequency 
bands, enabling the quantification of high- and low-fre-
quency changes.

Heart rate variability synchronization as a measure 
for the collective autonomic nervous system

When we refer to HRV synchronization, we define it as the 
coordinated interaction of heart rate patterns between indi-
viduals, implying a significant degree of physiological align-
ment or connection (Palumbo et al. 2017). When individuals 
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experience synchronized HRV during interactions with oth-
ers, it indicates a harmonious and correlated response of 
their ANS (Sharika et al. 2024). This phenomenon can serve 
as a dependent variable in empirical studies, allowing the 
investigation of shared physiological states and the effects 
of interpersonal dynamics in connection with overall well-
being (Palumbo et al. 2017). Essentially, HRV synchroni-
zation provides insight into how individuals’ physiological 
responses are aligned during shared experiences or thera-
peutic interactions, expanding our understanding beyond 
the study of individual HRV (Timmons et al. 2015; Plonka 
et al. 2024).

Current research on heart rate variability synchronization

HRV synchronization has gained considerable attention 
in various fields, as it holds potential implications for 
understanding the complex dynamics of social interac-
tions, stress resilience and overall well-being (daSilva 
and Wood 2024). Research in this area has traditionally 
focused on heart rate synchrony in familial relationships, 
such as between mothers and children or within couples 
(Feldman et al. 2011). HRV synchronization tends to man-
ifest during physical touch, with additional factors such as 
gender dynamics and avoidance behaviors influencing the 
complex interplay of physiological states during social 
interactions (Chatel-Goldman et al. 2014). Other studies 
have investigated HRV synchronization in the context of 
choir singing and found increased synchronization during 
singing compared to resting periods (Müller et al. 2011; 
Ruiz-Blais et al. 2020).

HRV synchronization in horse-assisted therapy

Physiological synchronization processes extend not only 
to human interactions during psychotherapy (Scheidt et al. 
2021; Ramseyer and Tschacher 2011; Tschacher and Meier 
2020), but also to human-animal interactions, and therefore 
HRV synchronization may play a potential role within the 
therapeutic triad of therapy horse, riding therapist and par-
ticipant during HAT. Previous research has demonstrated 
the positive effects of HAT on cardiac autonomic func-
tion (Baldwin et al. 2018; Ecker and Lykins 2019; García-
Gómez et al. 2020; Gehrke et al. 2018; Park et al. 2021), 
but there is still little understanding of the nuanced inter-
play between ANS responses of humans and horses during 
therapeutic sessions. Understanding these interactions may 
provide insights into the mechanisms underlying emotional 
regulation (Lin et al. 2024), social bonding and therapeutic 
efficacy in HAT – providing evidence-based strategies to 
improve both client outcomes and animal welfare (Porges 
2007; Fine 2010).

The role of early life adversity

While PS in HAT is essential for understanding in-the-
moment alignment, it is equally important to take into 
account how a person’s developmental history influences 
the overall tendency to synchronize. Early life experiences, 
particularly those involving adversity and trauma can dis-
rupt physiological regulation and social engagement sys-
tems, thereby affecting both the capacity for and quality of 
interpersonal synchrony (Feldman 2007; Sigrist et al. 2021; 
Tell et al. 2018; Jankovic et al. 2021). Individuals who have 
experienced early life adversity (ELA), such as childhood 
abuse, neglect or family dysfunction, may face profound 
challenges in building trusting relationships and engaging 
in therapeutic processes. These adverse experiences can 
shape individuals’ attachment styles, affect regulation and 
interpersonal behaviors, and impact their ability to form and 
maintain meaningful connections with therapists (Jankovic 
et al. 2021; Meyer et al. 2016; Petrova et al. 2021; Sigrist et 
al. 2021; Tell et al. 2018).

From infancy, PS between caregivers and infants plays a 
crucial role in regulating the infant’s emotional and physi-
ological states. Early interactions help infants develop 
essential skills for affect regulation, secure attachment and 
stress system development (Feldman et al. 2007). When 
these synchronizing processes are disrupted by ELA, such 
as through caregiver unavailability, neglect or abuse, infants 
may struggle to develop effective self-regulation skills and 
secure attachments (Shonkoff et al. 2012). Over time, this 
can result in a dysregulated stress response system and 
altered HRV patterns, which can manifest in different ways 
depending on the individual’s adaptive strategies. While 
some individuals with ELA exhibit reduced HRV reflecting 
impaired autonomic flexibility and heightened stress reac-
tivity, others may present with elevated HRV, particularly in 
dissociative states, which can serve as a maladaptive coping 
mechanism to disengage from overwhelming stress (Sigrist 
et al. 2021). These divergent autonomic patterns highlight 
the complexity of physiological responses to ELA and sug-
gest that dysregulated HRV does not always indicate a uni-
form stress-related impairment but may also reflect a state of 
autonomic disconnection. Difficulties in social interactions 
and therapeutic relationships are common consequences of 
these autonomic adaptations, as low HRV is associated with 
emotional rigidity and poor stress recovery, while paradoxi-
cally high HRV in dissociative states may reflect emotional 
detachment rather than true physiological flexibility (McE-
wen and Gianaros 2011; Sigrist et al. 2021; Thayer and Lane 
2000, 2009). This dysregulation suggests that ELA can serve 
as a moderating factor in how effectively TA and PS occurs 
within the therapeutic dyad. While the In-Sync Model 
(Koole and Tschacher 2016) explains how synchronization 
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interactions between the therapy horse and riding therapist 
create a more comfortable and safer atmosphere for the par-
ticipant, potentially enhancing the physiological alignment.

Based on prior research showing that heart rates syn-
chronize more strongly during interactions with familiar 
individuals (Chatel-Goldman et al. 2014; Feldman et al. 
2011; Naber et al. 2019), we hypothesized that HRV syn-
chronization between the riding therapist and therapy horse 
might be strongest when the therapist is working with her 
favorite horse. This hypothesis aimed to explore whether a 
subjective sense of connectedness, potentially fostered by 
familiarity, could enhance physiological synchrony within 
human-horse interactions.

We further wanted to explore whether past experiences 
such as ELA can significantly influence an individual’s 
ability to form connections and synchronize with others 
within a therapeutic setting. Therefore, we postulated that 
participants with high ELA levels show significantly lower 
HRV synchronization within the therapeutic triad compared 
to participants with less or non-ELA. In conclusion, our 
research into HRV synchronization within the therapeutic 
triad is not just an academic pursuit, but a crucial step in 
exploring the potential of HAT and hopefully finding ways 
to improve therapeutic efficacy and create meaningful con-
nections between humans and animals.

Methods

The data collection relevant for this stud took place in the 
summer months (April-September) of 2019, 2020, and 
2021, with face masks worn by both experimenters and par-
ticipants during data collection in the summer of 2021 in 
adherence to COVID-19 guidelines. This study was prereg-
istered at OSF-Repository (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​6​0​​5​/​O​​S​F​.​I​
O​/​M​7​X​9​4).

Therapy horses

Four experienced therapy horses were involved, each with 
expertise in therapeutic work and different internal and 
external attributes, including variations in size, breed, and 
age. The team of horses consisted of an 8-year-old Conne-
mara (Forest) and a 13-year-old Fjord gelding (Karlson), 
an 18-year-old Fjord (Jill) and a 19-year-old Criollo mare 
(Bonita). To ensure consistency across therapy sessions, 
the therapy horses were randomly assigned to participants 
and therapists. This approach was designed to control for 
potential biases related to therapist preference. In typical 
HAT settings, therapy horses are usually chosen based on 
the specific needs and therapy goals of the patient, as well 
as the suitability and temperament of the horse. However, 

fosters the therapeutic bond, ELA helps to explain why cer-
tain individuals may experiences impairments in achieving 
this synchrony. Therefore, understanding the impact of ELA 
on TA is essential for the development of interventions to 
meet the specific needs of affected individuals.

Unlike human interactions, where ELA can hinder trust 
and relationship building, we propose that TA with horses 
offers a safe space in which affected individuals can form 
deep and meaningful connections without the fear of judg-
ment or rejection. Horses, being highly attuned to physiolog-
ical signals provide immediate feedback, a nonjudgmental 
presence and opportunities for co-regulation (Gehrke et al. 
2011). Through HAT, individuals with ELA can experience 
the benefits of co-regulation and attachment repair, which 
may later generalize to human relationships, including ther-
apeutic settings.

Research gap

The need for research within the therapeutic triad of HAT 
stems from its increasing popularity as an adjunct to con-
ventional psychotherapy in the treatment of various psychi-
atric disorders and mental health issues (Beetz et al. 2012; 
Kendall et al. 2015; Nurenberg et al. 2015; Trotter et al. 
2008). In contrast to conventional therapy settings, HAT uti-
lizes the inherent social nature of horses and their ability to 
build deep relationships with humans (Anderson & Meintz 
2016; Nurenberg et al. 2015). The therapy horse becomes 
an active participant, contributing to the therapeutic process 
through its non-judgmental presence, responsiveness and 
unique communicative skills (Carlsson et al. 2014; Gomolla 
2020). Despite the growing evidence of its effectiveness 
(Borgi et al. 2016; Earles et al. 2015; Johnson et al. 2018; 
Palomar-Ciria and Bello 2023; Staudt and Cherry 2017; 
Ward et al. 2013), there is currently a lack of comprehen-
sive understanding of the underlying mechanisms due to 
methodological shortcomings. Therefore, this study aims to 
fill this gap by investigating HRV synchronization dynamics 
within the therapeutic triad.

Our hypotheses

Grounded in the fundamental understanding that the dynam-
ics between the therapy horse and riding therapist are central 
to shaping the overall therapeutic environment, we intended 
to find out how these dyads influence other physiological 
interactions within the therapeutic triad. Specifically, we 
hypothesized that stronger HRV synchronization between 
riding therapist and therapy horse will significantly increase 
HRV synchronization in the other dyads of the triad (e.g., 
between participant and horse and between participant and 
therapist). This is based on the assumption that harmonious 

1 3

1294

https://doi.org/10.17605/OSF.IO/M7X94
https://doi.org/10.17605/OSF.IO/M7X94


The relationship of early life adversity and physiological synchrony within the therapeutic triad in…

consistency in verbal and nonverbal interaction with par-
ticipants. While their primary role was to facilitate equine 
interactions rather than provide direct psychological inter-
vention, their level of engagement varied depending on par-
ticipant needs.

Questionnaires

Prior to the actual HAT sessions, participants completed an 
online screening questionnaire about age, weight, gender, 
and mental and physical health. ELA was assessed using 
the Childhood Trauma Questionnaire – CTQ (Wingenfeld et 
al. 2010), a widely accepted instrument for assessing vari-
ous forms of childhood maltreatment. This questionnaire 
includes 28 items in the five subscales Emotional, Physi-
cal and Sexual Abuse as well as Emotional and Physical 
Neglect.

Before the actual HAT segments, participants provided 
informed consent and completed additional questionnaires, 
including a 0–10 visual analog scale (VAS) assessing acute 
stress levels. Chronic stress levels were evaluated in the 
patient group during the second session using the Perceived 
Stress Scale – PSS (Cohen et al. 1994). This widely used 
measure captures the extent to which situations in life were 
perceived as stressful over the past month. The participants 
in the patient group further completed the Shutdown Dis-
sociation Scale – Shut-D questionnaire (Schalinski et al. 
2015) during the third session. Additionally, in both the first 
and final sessions, participants in the patient group rated 
their symptoms, perceived stress severity and the impact on 
personal and professional lives using a VAS of 0–10. After 
each HAT session, participants in both groups provided 
detailed feedback on their overall experiences and interac-
tion quality.

Design

Participants who passed the online screening and met the 
inclusion criteria were invited to the data collection sessions 
at the test site, a rural farm at the outskirts of a village near 
Singen, Germany. These appointments took place either at 
8:45 a.m. or 10:30 a.m. and lasted 60 minutes. The partici-
pants in the control group took part in one standardized HAT 
session, while the patient group took part in four sessions. 
In the beginning, the participants were informed about the 
aims of the study and possible risks. After giving consent, 
they put on the Polar chest belt with sensor (Polar 2022). 
The riding therapist then started the recording of the heart 
rates using a paired iPhone or iPad. Next, participants com-
pleted questionnaires for about ten minutes. This was fol-
lowed by the five distinct parts of patient – horse interaction, 
namely contact, grooming, riding, lying on the horse, and 

in this study, random assignment was employed to maintain 
uniformity and avoid any influence of personal preferences 
on the HAT setting.

Materials

During the HAT session, we used specialized equipment to 
ensure the safety and comfort of both the participants and the 
horses. This included a therapy halter, a lead rope, a therapy 
pad, and a belt with two handholds. The participants were 
also provided with brushes and helmets. The heart rates of 
participant, riding therapist and therapy horse were recorded 
using Polar chest belts with sensors (Polar 2022) connected 
to iPhones and iPads. The HRV Logger App (Altini 2013) 
was used on all three devices for data collection.

Sample

Participants were recruited through flyers and posters in 
psychiatric institutions and practices around Constance. 
Eligible participants were physically healthy women aged 
between 18 and 45, who were non-smokers or consumed 
fewer than five cigarettes per day. Individuals with a history 
of illicit drug use, substance dependence or active alcohol 
abuse were excluded from the study. Participants taking 
psychiatric medications were not automatically excluded, 
but their medication status was recorded. They were also 
required to weigh less than 80 kg, in accordance with horse 
welfare guidelines to ensure the well-being of the therapy 
horse during sessions. They received 15€ as compensation 
per session. The sample comprised 56 healthy women in the 
control group and 36 women undergoing psychotherapeutic 
treatment in the patient group with various diagnoses such 
as depression, post-traumatic stress disorder, anxiety disor-
der, social phobia, psychosis, and adjustment disorder. The 
age of the participants included in the statistical analysis 
ranged from 19 to 45 years (M = 28.90, SD = 7.24).

Therapists

The study involved three riding therapists, all female, 
whose age varied across the three years of data collection. 
Riding Therapist 1 (RT1) conducted data collection in 2019 
and 2020 and was 26 years old in 2019. RT2 conducted data 
collection in 2020 and 2021 and was 21 years old in 2020. 
RT3 conducted data collection exclusively in 2021 and was 
22 years old at that time. All therapists were licensed rid-
ing therapists (Institut für pferdegestützte Therapie, IPTh, 
Konstanz, Germany) with at least one year of experience in 
HAT. To ensure consistency across sessions, they adhered to 
a standardized therapeutic approach, minimizing therapist-
related variability in HRV synchronization by maintaining 
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data segments shorter than two consecutive seconds were 
interpolated by using the values immediately preceding 
and following the gaps. Longer segments were interpo-
lated using longer pre- and post-sections of real data as 
best estimate. Despite using a recording device specifically 
designed for horses (‘Polar Equine heat rate riding belt’), 
the heart rate recordings from horses were more error 
prone than those of the humans, perhaps because of inter-
ference with the therapy pad, the thick skin of the horses, 
or frequent shifting of the belt, such that our standard pre-
processing scripts for artifact detection and removal could 
not be used routinely in the equine data sets. Consequently, 
we applied specific artifact recognition and interpolation 
analyses on multiple horse data sets to effectively elimi-
nate occurring artifacts. For this purpose, we visually 
inspected all individual RR data points of the horses and 
applied a semi-manual algorithm to remove artifacts for 
individual sections and finally interpolated missing values 
using our standard scripts. Following these corrections, 
all artifact-free datasets underwent our standard process-
ing pipeline including R packages RHRV (Rodrígues-
Liñares et al. 2011), parsedate (Csardi and Torvalds 2019), 
haven (Wickham and Miller 2020), foreign (R Core Team 
2020a), WaveletComp (Roesch and Schmidbauer 2018), 
dplyr (Wickham et al. 2022) and lubridate (Grolemund 
and Wickham 2011) for calculating and extracting HRV 
parameters of relevant data sections.

Cross-wavelet power analyses

The assessment of HRV synchronization involves analyz-
ing the temporal coherence of cardiac oscillations between 
two interacting systems. While numerous methods exist for 
this purpose (Denk et al. 2024), we applied cross-wavelet 
power analyses, a statistical technique used in signal pro-
cessing and time-frequency analysis to assess the coherence 
or synchronization between two signals over time (Grinsted 
et al. 2004; Maraun and Kurths 2004). Cross-wavelet power 
analysis assesses the power of synchronization of two time 
series over time and across frequency bands (Torrence and 
Compo 1998). This method allows to identify regions over 
time and across frequency bands where the oscillations of 
two signals are synchronized and is therefore particularly 

farewell. The first, a five-minute contact session with the 
horse, included the participants interacting with and strok-
ing the horse. The riding therapist then instructed the partic-
ipants in grooming the horse for five minutes. Afterwards, 
the riding session followed, where the horse was fitted with 
a therapy pad and a riding belt and taken to the riding arena 
for a fifteen-minute riding session, which included two short 
trotting sequences. After riding, the horse was brought to 
a halt in the middle of the riding arena and the participant 
was instructed to lie on the horse’s back in a prone position 
for five minutes. The horse was then returned to the therapy 
box and the participant was allowed to say goodbye to the 
horse before taking part in a ten-minute questionnaire ses-
sion. In the end, the HRV chest belt was removed and the 
participants received €15 as compensation. An overview 
of the procedure is shown in Fig. 1. The measurement of 
heart rate was similar for participants, riding therapists, and 
therapy horses.

Data analysis

Data cleaning

Due to erroneous data collection, we obtained a consider-
able amount of incomplete heart rate recordings for thera-
pists. Therefore, only 42 participant-horse-therapist triads 
could be included in the subsequent statistical analysis, con-
sisting of 9 participants in the control group and 33 in the 
patient group. This significant amount of missing data of 
therapists can be explained by the initial focus of recordings 
from participants and therapy horses, resulting in frequently 
incomplete riding therapist data.

Data processing

Raw RR-interval data were processed using the statistics 
program R (R Core Team 2020), employing lab-internal 
R-scripts, which were partially adapted to suit the specific 
structure of our data. Initial preprocessing included iden-
tifying and correcting double entries, outliers and missing 
data points. Outliers were defined based on RR-interval 
inspection and applying a threshold ranging from 20 to 
50%, ensuring realistic physiological boundaries. Missing 

Fig. 1  Timeline of data collection in minutes Note. The timeline presented illustrates the sequence and duration of activities involved in the data 
collection process, specifically in minutes
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further nested within participants or riding therapists. We 
then employed multi-level models with repeated measure-
ments (RM-MLM). All statistical analyses were carried 
out using R, along with the packages nlme (R Core Team 
2020b) and lme4 (Bates et al. 2015, 2022).

We chose maximum likelihood estimation due to its 
robustness and unbiased estimates in large samples. For 
inferential statistical testing, various RM-MLMs were estab-
lished and compared. The analyses began with a null model 
(Model 0) that lacked adjustments for predictor variables. 
Subsequent models were introduced sequentially, incorpo-
rating random intercepts, random slopes and the predictor 
variables fitting the study design (Session, Minute, Interval, 
Frequency, and their interactions). For further information 
on RM-MLM, please refer to Bryk and Raudenbush (1992), 
Hox et al. (2017) and Snijders and Bosker (2012).

As HRV is known to be influenced by multiple physiologi-
cal and psychological factors (Sammito et al. 2024; Kemp et 
al. 2010), we systematically included age, body mass index 
(BMI), medication usage, experiences with horses and mental 
health group membership (whether participants belonged to the 
control or patient group) as covariates in initial models. These 
variables were tested for their impact on model fit to ensure that 
the observed effects were not biased by individual differences 
while minimizing potential confounding variability.

In addition, we calculated mean baseline HRV for both 
participants and riding therapists using the Root Mean 
Square of Successive Differences (RMSSD) over the four-
minute segment and included these as covariates in the 
respective models. Baseline HRV was retained if it signifi-
cantly improved model fit.

Once the best-fitted model was identified, the influence 
of proposed factors such as Favorite Therapy Horse, HF-
HRV Synchronization between Therapy Horse and Riding 
Therapist as well as CTQ subscales was evaluated by adding 
these as independent variables and comparing the respective 
models. Analyses of variance (ANOVAs) were conducted 
with a predetermined alpha level of 5% to determine which 
model better fitted the data.

While ELA was analyzed continuously via CTQ sub-
scales in all statistical models, we additionally grouped total 
scores into categories for illustrative purposes (e.g. in Figs. 
4 and 5). These groupings were not used for hypothesis 
testing and were applied for visualization only; they do not 
reflect standardized clinical thresholds but were based on 
approximate score ranges informed by the distribution of 
the sample.

Assumption checks

We performed a series of diagnostic test to evaluate the 
underlying assumptions of the statistical analyses. These 

useful for studying complex systems where multiple inter-
acting factors influence physiological outcomes.

In the specific context of HRV synchronization, cross-
wavelet power analysis offers significant methodological 
advantages, allowing us to identify specific frequency bands 
where heart rate patterns of interaction partners align most 
closely over time. Notwithstanding Heisenberg’s uncer-
tainty principle, which emphasizes the inherent trade-off 
between temporal and frequency resolution in this type of 
analysis (Heisenberg 1927), this method can enhance our 
understanding of physiological synchronization with more 
fine-grained temporal and frequency resolution (Denk et al. 
2024).

Therapeutic settings pose a challenge to any form of stan-
dardized analyses, since timing and length of the individual 
therapy segments in practice inevitably vary, resulting in 
fluctuations across sessions over several minutes. This 
complicates the analysis process, as heart rate data must be 
divided into equally sized intervals across all dyads in the 
groups, which only then can be submitted for further analy-
ses. As a result, and to ensure compatibility across sessions 
and dyads, we selected four consecutive one-minute inter-
vals during the segment lying (L) throughout the sessions 
for all observations, given its strong association with para-
sympathetic dominance and stable physiological conditions.

Following data processing, initial wavelet analyses were 
conducted using the RHRV package (Rodrígues-Liñares 
et al. 2011) for data interpolation, frequency analysis and 
power band calculations. Subsequently, cross-wavelet 
power analyses were performed using the WaveletComp 
package (Roesch and Schmidbauer 2018), allowing precise 
specification of analysis parameters regarding time and fre-
quency resolution.

To leverage the high-resolution capability of cross-
wavelet power analyses, HRV was categorized into four 
frequency bands: upper high frequency (UHF), lower high 
frequency (LHF), upper low frequency (ULF) and lower 
low frequency (LLF). Given the expected parasympathetic 
synchronization during the “lying” therapy segment, our 
analyses specifically concentrated on the high-frequency 
bands (UHF & LHF), typically referred to as ‘HF’ in stan-
dard HRV analyses based on Fast-Fourier transform. Finally, 
we z-transformed the cross-wavelet power data to normal-
ize the distribution, allowing for more accurate comparisons 
and statistical analysis across sessions and dyads.

Statistical analysis

We employed a strictly hierarchical structure of cross-
wavelet power data with 10-second intervals nested within 
minutes, minutes nested within therapy segments, therapy 
segments nested within HAT sessions, and HAT sessions 
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Fourier transform, except that we here benefit from higher 
temporal and frequency resolution (see Methods). Readers 
who would like an introduction to CWP analysis and its 
applications are recommended to consult Grindsted et al. 
(2004), Torrence and Compo (1998) and Paluš (2014).

To illustrate how we measured PS, Fig.  2 shows a 
cross-wavelet power plot of HRV synchronization patterns 
between a therapy horse and a participant during the “lying” 
segment of an initial HAT session. This plot captures both 
the timing and frequency of HRV synchrony over a four-
minute period. The x-axis represents time in seconds, while 
the y-axis indicates the wavelet period (in seconds), which 
is inversely related to frequency (e.g. periods < 6.67 cor-
respond to HF-HRV, typically associated with parasym-
pathetic activity). Color intensity reflects synchronization 
strength with warmer colors (e.g. red, orange) denoting 
higher cross-wavelet power, i.e. stronger HRV alignment 
within the dyad. White contour lines highlight statisti-
cally significant regions of HRV synchrony (p <.05), and 
the arrows indicate the phase relationship between signals: 
Rightward arrows denote in-phase synchrony, leftward 

assessments included examining the normality of residu-
als using QQ plots, evaluating the independence of residu-
als through scatterplots, and assessing homoscedasticity 
via residual plots (Fox 2008). Furthermore, potential out-
liers were examined, and the absence of multicollinearity 
was confirmed by studying correlations between predictors 
(Neter et al. 1989). These checks ensure the robustness and 
validity of the analyses. Given the robustness of ANOVAs 
and RM-MLMs to deviations from normality, exceptions 
where a strict adherence to normal distribution assumptions 
was not met were still considered in the statistical analysis 
(Blanca Mena et al. 2017; Quené and Van den Bergh 2004; 
Schmider et al. 2010).

Results

Our analyses focused on the extracted cross-wavelet power 
(CWP) values across the frequency bands from the cross-
wavelet power plots. This approach is comparable to tra-
ditional high and low frequency band analysis using Fast 

Fig. 2  Cross-wavelet power analysis of HRV synchronization: therapy 
horse and participant during a four-minute segment in an initial HAT 
session Note. The figure displays a cross-wavelet power analysis of 
HRV synchronization between the therapy horse and the participant 
during a four-minute segment in an initial HAT session. The color 
scale represents the effect size, with warmer colors (red and orange) 
indicating higher synchronization levels and cooler colors (blue and 

green) indicating lower synchronization levels. The arrows represent 
the phase relationship between the HRV signals of the horse and the 
participant, with the direction of the arrows showing the phase angle. 
The x-axis represents the time in seconds, while the y-axis represents 
the period in seconds (the duration of each cycle in the HRV signals, 
which is inversely related to frequency by the relationship Period = 1/
Frequency)

 

1 3

1298



The relationship of early life adversity and physiological synchrony within the therapeutic triad in…

Correlation of horse-therapist HF-HRV 
synchronization and therapist-participant HF-HRV 
synchronization

Adding the predictor variable HF-HRV Synchronization 
between Therapy Horse and Riding Therapist to the ref-
erence model, which contained random intercepts, ran-
dom slopes, covariates (Age and Baseline HRV of riding 
therapists), design variables (Minute, Interval, Frequency 
and the interactions), significantly contributed to model fit 
improvement, χ2 = 757.87, p <.01. This association appears 
to be positive, with an estimate of 0.36 (CI: 0.33 to 0.38, 
p <.01). The final model predicting HF-HRV synchroniza-
tion between the riding therapist and participant showed a 
marginal R2 of 0.32 and a conditional R2 of 0.39, indicating 
that 32% of the variance was explained by fixed effects and 
39% by the full model including random effects. Table  2 
provides model parameters and related statistical measures 
of the best-fit model predicting HF-HRV synchronization 
between riding therapist and participant. Further statistics 
on the model comparisons and parameters are available in 
Table S2 in the supplementary section.

Riding therapists and their favorite therapy horse

The reference model predicting HF-HRV synchronization 
between the therapy horse and riding therapist, including 
random intercepts, random slopes, the covariate Baseline 
HRV of riding therapist, design variables (Minute, Inter-
val, Frequency and the interaction Minute x Interval) and 
the predictor variable Therapy Horse, was improved by the 
addition of the predictor variable Favorite Therapy Horse, 
χ2 = 4.28, p <.05. The preference for a specific therapy horse 
showed a negative influence on HF-HRV synchronization 
between therapy horse and riding therapist, with an estimate 
of -0.07 (CI: -0.11 - -0.00, p <.01). The model predicting 
HF-HRV synchronization between therapy horse and riding 
therapist explained a modest proportion of variance with a 
marginal R2 of 0.23 and a conditional R2 of 0.25, suggesting 
that 23% of the variance was explained by fixed effects and 
25% by the full model including random effects. Table  3 
contains model parameters and related statistical measures 
of the best-fit model predicting HF-HRV synchronization 
between therapy horse and riding therapist. As shown in 
Fig.  3, HF-HRV synchronization patterns varied substan-
tially across dyads and riding therapists (RT1 - RT3) did 
not consistently show higher physiological synchronization 
with their preferred horses (TH1 – TH4). Full model param-
eters are reported in Table  3, with supplementary model 
comparisons available in Table S3.

arrows indicate anti-phase synchrony, while the deviation 
from the horizontal line reveals which time series leads or 
follows, providing insights into leader-follower dynamics 
(see Roesch and Schmidbauer 2018).

In this example, significant HRV synchronization is seen 
especially within periods between 4 and 16, indicating coor-
dinated activity across both HF-HRV and LF-HRV bands, 
but most notably in the HF range. This suggests that dur-
ing this calm phase of the session, both therapy horse and 
participant were engaged in a shared, relaxed physiological 
state – likely driven by PNS activity and attunement (e.g. 
vagal coordination). Synchrony in the LF range may reflect 
broader autonomic co-regulation involving both sympa-
thetic and parasympathetic branches.

Based on the hierarchical structure of our data, we used 
multi-level models with repeated measurements and iden-
tified which model structure fitted the data best. Models 
incorporated random intercepts, random slopes and predic-
tor variables such as Session, Minute, Interval (10 s), Fre-
quency and their interactions. The influence of proposed 
factors like Favorite Therapy Horse, HF-HRV Synchroniza-
tion between Therapy Horse and Riding Therapist and ELA 
(measured with CTQ subscales) was then evaluated by add-
ing them as predictor variables and comparing the respec-
tive model fits through ANOVAS, with a predetermined 
alpha level of 5%.

Correlation of horse-therapist HF-HRV 
synchronization and horse-participant HF-HRV 
synchronization

The reference model predicting HF-HRV synchronization 
between therapy horse and participant, which included ran-
dom intercepts, random slopes, covariates (BMI, Baseline 
HRV and Mental Health of participant) and design variables 
(Minute, Interval, Frequency and the interactions), demon-
strated a significant enhancement in model fit upon adding 
the predictor variable HF-HRV Synchronization between 
Therapy Horse and Riding Therapist, χ2 = 1770.83, p <.01. 
This impact indicates a positive association, with an esti-
mated value of 0.54 (CI: 0.52–0.57, p <.01). The final model 
predicting horse-participant HF-HRV synchronization dem-
onstrated a marginal R2 of 0.38 and a conditional R2 of 0.52, 
indicating that the fixed effects explained 38% of the vari-
ance, while the full model, including the random effects, 
accounted for 52%. Table 1 contains model parameters and 
related statistical measures of the best-fit model predicting 
HF-HRV synchronization between therapy horse and partici-
pant. Further statistics on the model comparisons and param-
eters are available in Table S1 in the supplementary section.
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and the interactions Minute x Session, Minute x Interval 
and Interval x Session), and the predictor variable HF-
HRV synchronization between Therapy Horse and Riding 
Therapist (M1). The inclusion of some of the CTQ predic-
tor variables to the reference model predicting HF-HRV 
synchronization between therapy horse and participant 
did yield a discernible improvement in respective model 
fits. For example, CTQ Totalscore (χ2 = 4.50, p <.05), 
Emotional Abuse (χ2 = 4.99, p <.05), Emotional Neglect 
(χ2 = 4.98, p <.05) and Physical Neglect (χ2 = 3.88, p <.05) 
showed statistically significant improvements. However, 
Physical Abuse (χ2 = 1.22, p =.27) and Sexual Abuse 

Correlation of early life adversity and horse-
participant HF-HRV synchronization

We assessed ELA with the Childhood Trauma Question-
naire (CTQ – Wingenfeld 2010) and added the subscales 
(CTQ Totalscore, Emotional Abuse, Emotional Neglect, 
Physical Abuse, Physical Neglect and Sexual Abuse) as 
predictor variables in the respective reference models to 
explore their influence on HF-HRV synchronization. The 
models incorporated random intercepts, random slopes, 
covariates (BMI, Baseline HRV and mental health of par-
ticipant), design variables (Minute, Interval, Frequency 

Table 1  Model parameters and goodness of fit for best-fit model predicting HF-HRV synchronization between therapy horse and participant
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Correlation of early life adversity on therapist-
participant HF-HRV synchronization

However, ELA showed a negative correlation with the HF-
HRV synchronization between riding therapist and partici-
pant. The inclusion of the CTQ predictor variables (CTQ 
Totalscore, Emotional Abuse, Emotional Neglect, Physical 
Abuse and Sexual Abuse) to the reference model predict-
ing HF-HRV synchronization between riding therapist and 
participant (M2) resulted in a noticeable improvement in 
model fit. The reference model included random intercepts, 
random slopes, covariates (age and Baseline HRV of rid-
ing therapist), design variables (Minute, Frequency and the 

(χ2 = 0.47, p =.49) did not lead to significant improve-
ments. All the CTQ predictor variables that were included 
in the respective models showed statistical significance, 
with estimates ranging from 0.00 to 0.02, indicating a 
slightly positive effect on the dependent variable. Fig-
ure  4 illustrates the mean cross-wavelet power between 
therapy horse and participant across 10-second intervals, 
categorized by CTQ total scores, providing a visual repre-
sentation of the potential relationship between childhood 
trauma severity and HF-HRV synchronization during 
therapy sessions. Further statistics on the model com-
parisons and parameters are available in Table S4 in the 
supplementary section.

Table 2  Model parameters and goodness of fit for best-fit model predicting HF-HRV synchronization between riding therapist and participant
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therapist and participant across 10-second intervals, catego-
rized by CTQ total scores, providing a visual representation 
of the potential relationship between childhood trauma sever-
ity and HF-HRV synchronization during therapy sessions. 
Further statistics on the model comparisons and parameters 
are available in Table S5 in the supplementary section.

Discussion

This study represents the first in the application of cross-
wavelet power analysis to study physiological synchrony 
between humans and horses during HAT sessions and offers 

interactions Minute x Session, Minute x Interval and Inter-
val x Session), and the predictor variable HF-HRV Synchro-
nization between Therapy Horse and Riding Therapist.

The CTQ subscales CTQ Totalscore (χ2 = 5.69, p <.05), 
Emotional Abuse (χ² = 4.64, p <.01), Emotional Neglect (χ² 
= 6.67, p <.01), Physical Abuse (χ² = 4.72, p <.05) and Sexual 
Abuse (χ² = 5.08, p <.01) significantly improved the model. 
In contrast, the subscales Physical Neglect and Sexual Abuse 
did not contribute significantly to model fit (χ² = 1.29, p =.25, 
χ² = 2.71, p =.1). The estimates for the statistically signifi-
cant CTQ subscales ranged from − 0.00 to -0.03, indicating 
a small negative effect on the dependent variable. Figure 5 
illustrates the mean cross-wavelet power between riding 

Table 3  Model parameters and goodness of fit for best-fit model predicting HF-HRV synchronization between therapy horse and riding therapist
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and random effects were included. In contrast, the model 
predicting therapist-participant synchronization explained 
less variance overall (R2 = 0.32/ 0.39), suggesting that phys-
iological alignment in this dyad may be influenced by addi-
tional individual or interpersonal variables not captured in 
the current model.

These results emphasize the crucial role of the relation-
ship between riding therapist and therapy horse in shap-
ing the overall PS within the HAT sessions. However, it 
is important to note that these results are correlative, and 
no direct causal relationship can be inferred. The quality 
and coherence of the interaction between the riding thera-
pist and the therapy horse could be a key factor influencing 
the overall dynamics of the therapeutic triad. Cultivating 
a strong and coordinated relationship between these key 
players may therefore have far-reaching implications for 
the effectiveness and impact of HAT sessions, but the exact 
causal mechanisms remain to be investigated.

This discovery aligns with the theoretical framework 
of HAT (Gomolla 2020) and incorporates insights from 
Attachment Theory. According to this theory, early interac-
tions with caregivers significantly impact lifelong relation-
ships and health outcomes (Bowlby 1965, 1969, 1971). In 

new insights into the complex dynamics of physiological 
responses of the ANS within the therapeutic triad.

The interaction of HF-HRV synchronization 
processes within the therapeutic triad

This study shows a robust positive correlation: high HR-
HRV synchronization between the riding therapist and the 
therapy horse is significantly associated with high HR-
HRV synchronization between the therapy horse and the 
participant.

Further investigations into the relationship between the 
HR-HRV synchronization between the therapy horse and 
the riding therapist and the subsequent HR-HRV synchroni-
zation with the participant yielded significant results. High 
HR-HRV synchronization is not only positively associated 
with high HR-HRV synchronization between the therapy 
horse and the participant, but also with high HR-HRV syn-
chronization between the riding therapist and the participant.

The model predicting participant-horse synchronization 
demonstrated substantial explanatory power, with a mar-
ginal R2 of 0.38 and a conditional R2 of 0.52, indicating 
that half of the variance was accounted for when both fixed 

Fig. 3  HF-HRV synchronization of therapy horses and riding thera-
pists Note. This figure illustrates HF-HRV synchronization via cross-
wavelet power values between therapy horses (TH1 - TH4) and riding 
therapists (RT1 - RT3). Violin plots show data distribution, with jit-
tered points and black dots indicating mean values. Error bars repre-

sent 95% confidence intervals from bootstrapping. The high density of 
data points can be explained by obtaining one value per every 10 s for 
each session in our analysis. The black boxes mark the favorite therapy 
horse for each riding therapist, highlighting the cross-wavelet power 
value distributions specific to these preferred horses
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others. Therefore, physiological coherence within the thera-
peutic triad should not be understood as a linear cause-effect 
relationship, but as an emergent property of mutual influence 
between all constituent dyads. For example, the degree of 
HF-HRV synchronization between the riding therapist and 
the therapy horse can not only reflect their interaction but also 
influence the subsequent synchronization between the ther-
apy horse and the participant as well as between the riding 
therapist and the participant. Conversely, the HF-HRV syn-
chronization between the riding therapist and the participant 
can also influence the HF-HRV synchronization processes of 
the other two dyads, and so on. This dynamic interaction sug-
gests a network of interconnected physiological responses, 
where changes in one dyad ripple throughout the entire triad. 
Thus, rather than a linear causal relationship, the physiologi-
cal coherence observed within the therapeutic triad is better 
understood as a result of the complex and mutually reinforc-
ing relationships among its constituent parts.

the context of HAT, the therapy horse acts as an important 
bridge for emotional and physiological cues between the rid-
ing therapist and the participant, embodying the principles 
of secure attachment (Bowlby 1969). The horse’s inherent 
sensitivity and responsiveness serve as powerful mediators 
of emotional states (Carlsson et al. 2014) and facilitate the 
transfer of physiological coherence from the therapy horse 
to the riding therapist and, subsequently, to the participant. 
This synchronization transfer is shown to be a critical ele-
ment in creating an environment conducive to therapeutic 
progress, aligning with the broader understanding of secure 
attachment as a foundational element for well-being and 
effective interpersonal dynamics (Bowlby 1969).

Although the horse’s sensitivity may contribute to the pro-
motion of physiological coherence, this coherence reflects 
correlations rather than direct effects. The observed synchro-
nization transmission is part of a complex system of intercon-
nected dyads in which each dyad reciprocally influences the 

Fig. 4  Impact of childhood trauma severity on mean cross-wavelet 
power between therapy horse and participant. Mean cross-wavelet 
power therapy horse and participant across intervals (10 s), stratified 
by Childhood Trauma Questionnaire (CTQ) total scores. Participants 
were grouped based on their CTQ total scores into the following cat-
egories: x ≤ 25 (green), 26 < x ≤ 40 (yellow-green), 41 < x ≤ 55 (yellow), 

56 < x ≤ 70 (orange), 71 < x ≤ 85 (red-orange), and > 85 (red). Each 
point represents the mean value for the group in a given interval, and 
the lines connect the means across intervals. Error bars represent 95% 
confidence intervals calculated using bootstrap resampling. The color 
gradient from green to red visually represents increasing CTQ total 
scores, indicating higher levels of reported childhood trauma
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The therapy session’s specific activities are crucial, such 
as the stationary “lying” segment during which the horse 
and riding therapist remain still for five minutes. The partic-
ipant lies on the horse’s back during this segment, resulting 
in increased physical proximity which intensifies synchro-
nization between the participant and the therapy horse. This 
heightened connection is associated with increased synchro-
nization between the therapy horse and the riding therapist 
and creates a complex interplay of cues, responses, and 
dynamic interactions.

Including horse preferences of the therapist, as indicated 
by the ‘Favorite Therapy Horse’ predictor, significantly 
improved model fit and thus helped explain variance in 
HF-HRV synchronization between therapy horse and riding 
therapist. Surprisingly, results showed a negative correla-
tion between horse preference of the therapist and HF-HRV 
synchronization within this dyad, contradicting the initial 
hypothesis. The preference for a specific therapy horse was 

The therapy horse – riding therapist dyad

Through the incorporation of random intercepts and slopes 
in the model for predicting HF-HRV synchronization 
between therapy horse and riding therapist, we found signif-
icant variations in synchronization within and across dyads. 
These variations can be attributed to individual factors such 
as baseline heart rate, respiratory patterns, and overall car-
diovascular health as well as individual stress levels, anxi-
ety, and overall comfort during sessions.

Despite our efforts to standardize the HAT sessions and 
minimize interference, some environmental factors such 
as ambient noise and unexpected distractions could not be 
fully controlled, even at our rural farm. While this presents 
challenges for scientific rigor, it also enhances the gener-
alizability of our findings, as our study environment more 
closely reflects the realities of everyday HAT setting than a 
controlled laboratory would.

Fig. 5  Impact of childhood trauma severity on mean cross-wavelet 
power between riding therapist and participant Note. Mean cross-
wavelet power therapy horse and participant across intervals (10  s), 
stratified by Childhood Trauma Questionnaire (CTQ) total scores. Par-
ticipants were grouped based on their CTQ total scores into the follow-
ing categories: x ≤ 25 (green), 26 < x ≤ 40 (yellow-green), 41 < x ≤ 55 

(yellow), 56 < x ≤ 70 (orange), 71 < x ≤ 85 (red-orange), and > 85 (red). 
Each point represents the mean value for the group in a given interval, 
and the lines connect the means across intervals. Error bars represent 
95% confidence intervals calculated using bootstrap resampling. The 
color gradient from green to red visually represents increasing CTQ 
total scores, indicating higher levels of reported childhood trauma
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fact that they have a double set of eyes and ears (DaSilva & 
Wood 2024; Gomes & Semin, 2020). Further exploration of 
the mechanisms underlying this negative effect could offer 
valuable insights into the intricate interplay between psy-
chological and physiological factors within HAT. Overall, 
the model predicting therapist-horse HF-HRV synchroniza-
tion explained a smaller proportion of variance (R2 = 0.23/ 
0.25), suggesting that additional contextual, relational, or 
affective variables may play a substantial role in shaping 
this dyadic physiological alignment.

The correlation of early life adversity and HF-HRV 
synchronization

The exploration of the influence of ELA on HF-HRV syn-
chronization patterns showed a notable distinction. We 
observed a significant negative association between ELA 
and HF-HRV synchronization in the participant’s interaction 
with the riding therapist. In contrast, this negative correla-
tion was not observed in the participant’s synchronization 
with the therapy horse. This suggests that individuals with 
pronounced ELA exhibited lower levels of physiological 
synchronization with riding therapists, but this did not affect 
their synchronization with therapy horses during HAT ses-
sions. The diminished capacity for physiological synchroni-
zation in individuals with ELA may stem from challenges 
in forming secure attachments and trust with other humans 
due to inconsistent or unreliable caregivers. Therapy horses, 
being non-human entities, in contrast, might offer interac-
tions perceived as non-judgmental, free from complex social 
dynamics, making them more approachable also for individ-
uals with ELA. The intuitive and sensitive nature of horses 
fosters a sense of safety and comfort, facilitating immedi-
ate physiological connection, even in individuals with pro-
nounced ELA. The human-horse bond adds a nuanced layer, 
with horses mirroring and responding to human emotions 
and physiological states, creating a unique avenue for attun-
ement and connection, less influenced by past traumatic 
experiences. This aligns with the emphasis of Attachment 
Theory on secure bonds fostering emotional well-being and 
resilience (Bowlby 1969). Although the inclusion of ELA 
predictors (e.g. physical abuse) significantly improved the 
model, the explained variance remained almost unchanged 
(R2 = 0.322 with CTQ physical abuse vs. R2 = 0.316 without 
CTQ), suggesting that although ELA contributes to individ-
ual differences in synchronization, its unique explanatory 
power within this model is modest.

To further examine the role of mental health status, we 
included participant group membership (patient vs. control) 
as a predictor in the models. The results showed that par-
ticipants in the patient group exhibited significantly higher 
HF-HRV synchronization with the therapy horse compared 

on average associated with a lower HF-HRV synchroniza-
tion between therapist and horse. This unexpected finding 
challenges the assumed positive influence of horse prefer-
ence on the therapeutic alliance during HAT sessions and 
highlights the complexity of horse-human interactions in 
the therapeutic context.

Although the therapy horses were randomly assigned to 
control for potential biases related to therapist preference, 
this standardization may limit the generalizability of the 
findings to real-world HAT settings. In practice, therapy 
horses are usually selected based on various needs. These 
factors, which influence the dynamics of physiological syn-
chronization in natural therapeutic environments, were not 
considered under the controlled conditions of this study. As 
a result, the results may not fully capture the nuances of 
horse-human interactions that occur in more personalized 
therapeutic environments.

One possible explanation for the unexpected negative 
effect of horse preference on HF-HRV synchronization 
could be related to the dynamics within the therapeutic 
relationship. It is conceivable that therapists with a strong 
preference for a particular horse may consciously or uncon-
sciously bring certain expectations or biases into the inter-
action, potentially altering their behavior or communication 
style during sessions. Similarly, the horse itself may pick up 
on these subtle cues and respond in ways that unintention-
ally disrupt synchronization with the therapist. Given that 
horses are highly sensitive to human emotions, they may 
detect tension, discomfort, or incongruence in the interac-
tion, which could affect their level of engagement or recep-
tiveness during therapy.

Another potential explanation is that familiarity may 
reduce the need for active synchronization. When a therapist 
and horse have developed a strong bond over time, the need 
for conscious, moment-to-moment physiological alignment 
may decrease. In this sense, HRV synchronization could be 
seen as an adaptive process - one that facilitates alignment 
and attunement in newer or less familiar relationships but 
becomes less essential as the relationship matures and oper-
ates on a more implicit, automatic level. Here, lower HF-
HRV synchronization may not indicate a weaker therapeutic 
alliance but rather an efficient interaction, where active syn-
chronization is less critical to maintain attunement. This 
perspective suggests that HF-HRV synchronization plays a 
more critical role when there is a need to establish rapport, 
but as the relationship stabilizes, the reliance on this form 
of physiological alignment may diminish. As the therapy 
horse and the riding therapist are less physiologically syn-
chronized to each other, they can respond better to the envi-
ronment and therefore to the therapeutic setting. As a secure 
basis within the triad, they can perceive stimuli in the thera-
peutic triad independently of each other and benefit from the 

1 3

1306



The relationship of early life adversity and physiological synchrony within the therapeutic triad in…

also impact their physiological responsiveness and thus 
potentially confound results.

To overcome these limitations and improve precision, 
future research should systematically account for menstrual 
phase and recruit a more diverse sample that includes male 
participants, children and individuals over the age of 45. 
Additionally, future studies should systematically record 
and statistically control for potential confounding variables 
related to the therapy horses, such as individual differences 
in horse temperament, past training experiences and rela-
tionships with therapists, to further refine our understanding 
of HRV synchronization dynamics in HAT settings. Con-
ducting longitudinal studies to investigate HRV synchroni-
zation patterns over extended periods of time would provide 
deeper insights into the stability and evolution of PS within 
HAT sessions, thereby significantly improving the general-
izability and robustness of findings in this area of research.

HF-HRV synchronization is a complex, multifaceted 
phenomenon, and while this study focuses on HRV, other 
physiological and emotional variables that contribute to 
synchronization were not fully explored. Augmenting the 
analysis of HF-HRV synchronization with additional physi-
ological measures could offer a more comprehensive view 
of emotional and physiological responses during HAT ses-
sions. Additionally, investigating how individual participant 
characteristics, such as age, gender, and specific clinical 
conditions, correlate with HF-HRV synchronization could 
further enhance our understanding. As HF-HRV synchroni-
zation likely emerges from the interplay of multiple physi-
ological, psychological, and contextual variables, future 
studies should aim to isolate these contributions through 
more mechanistic or experimentally controlled designs.

While this study provides valuable insights into the 
dynamics of HF-HRV synchronization within the thera-
peutic triad of HAT sessions, certain theoretical frame-
works referenced in the discussion - such as attachment 
theory and therapist expectations - should be understood as 
guiding hypotheses rather than conclusive findings. These 
frameworks were not directly tested within the scope of this 
research but offer valuable perspectives that could inform 
future investigations. By framing these mechanisms as 
hypotheses, we encourage further research to explore their 
role in influencing physiological synchronization within 
HAT sessions.

While attachment theory provides a useful framework for 
interpreting our findings, alternative psychological mecha-
nisms could also contribute to the observed PS patterns. 
For instance, mechanisms such as emotional contagion, 
empathic resonance, or attentional attunement could simi-
larly explain heightened synchronization between therapy 
participants, horses and therapists. Emotional contagion – 
the autonomic imitation and synchronization of emotional 

to participants in the control group with an estimate of 0.26 
(CI: 0.06–0.48, p <.05, as shown in Table 1). However, this 
group difference was not found for HF-HRV synchroniza-
tion between the riding therapist and the participant. These 
findings indicate that participants with mental health chal-
lenges may exhibit increased physiological alignment spe-
cifically with therapy horses, compared to healthy controls. 
One possible explanation is that individuals undergoing psy-
chotherapeutic treatment might engage differently with the 
therapy horse, potentially due to altered relational expecta-
tions or greater sensitivity to nonverbal, emotionally safe 
interactions. Given that a large proportion of participants 
in the patient group also reported elevated ELA, another 
possible interpretation is that prior relational trauma may 
contribute to this increased alignment with nonjudgmental, 
emotionally safe partners like therapy horses.

These observations raise an important hypothesis for 
future research: that PS may be moderated by ELA, either 
directly or indirectly via current mental health status. Future 
studies should explore whether higher ELA scores predict 
stronger participant-horse synchronization across both 
clinical and non-clinical samples, and whether this reflects 
a compensatory mechanism or a unique pathway of attach-
ment and regulation in human-animal therapeutic contexts.

In summary, this research provides comprehensive 
insights into HF-HRV synchronization dynamics within the 
therapeutic triad of HAT sessions, emphasizing the signifi-
cance of PS processes within and across dyads, along with 
potential associations with early life experiences.

However, the results of our study should be interpreted 
with several limitations in mind. First, with only four therapy 
horses, three riding therapists and only female participants 
aged between 18 and 45 years, our sample was relatively 
small and limited in its diversity. This limitation occurred 
primarily due to the difficulty in recruiting male participants 
who met the predetermined aged and weight criteria and 
were interested in HAT. In addition, we did not consider 
the phase of menstrual cycle, although there is evidence of 
significant hormonal influences on autonomic regulation 
and HRV fluctuations during the menstrual cycle (Brar et 
al. 2015; McKinley et al. 2009; Yildirir et al. 2002). This 
uncontrolled factor probably led to additional variability 
in our HRV measurements. Although therapy horses were 
randomly assigned to participants and therapists to control 
for selection bias, other potential confounding factors, such 
as individual differences in horse temperament, past train-
ing experiences, or prior relationships between horses and 
therapists, were not explicitly assessed or controlled in this 
study. Differences in horse temperament and previous expe-
riences may influence the degree of PS (e.g. HRV patterns) 
during therapeutic interactions. Additionally, established 
bonds or familiarity between horses and therapists could 

1 3

1307



S. Wienhold et al.

Author contributions  S.W.: Contributed to data collection, conduct-
ed data analysis and interpretation, and wrote the manuscript. L.B.: 
Conceived the study, designed the experiments, and contributed to 
data collection. Z.R.: Contributed to data collection, data preprocess-
ing, and manuscript preparation. V.Z.: Contributed to data collection, 
data preprocessing, and manuscript preparation. B.F.D.: Contributed 
to data preprocessing and manuscript preparation. A.G., N.V., R.J.G. 
and E.S.C.K.: Contributed to manuscript preparation. J.C.P.: Contrib-
uted to data preprocessing, analysis and interpretation, and manuscript 
preparation.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.
This research was supported by the Deutsche Forschungsgemeinschaft 
(DFG, Germand Research Foundation) under Germany’s Excellence 
Strategy - EXC 2117–422037984 and by Ann Kern-Godal’s Memorial 
Fund for Horse-Assisted Therapy, managed by UNIFOR (Manage-
ment foundation for funds and endowments).

Data availability  The datasets generated and analyzed during the cur-
rent study are accessible in the OSF-Repository (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​
6​0​​5​/​O​​S​F​.​I​O​/​K​N​G​B​S). Additionally, the code utilized for the analysis 
is also available in the OSF-Repository (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​6​0​​5​/​O​​S​F​
.​I​O​/​2​W​6​E​Y).

Declarations

Ethics approval and consent to participate  All procedures performed 
in our study followed regulations set forth by the Declaration of Hel-
sinki and were approved by the institutional review board of the Uni-
versity of Konstanz (IRB statement 12/2017). Our research did not 
result in stigmatization, incrimination, discrimination or personal risk 
to participants.

Conflict of interest  The authors declare no conflict of interest.
All contributors of this study who have fulfilled the criteria for au-
thorship required by springer nature journals have been included as 
authors.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

Altini M (2013) Heart rate variability logger – app details. HRV4Train-
ing. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​h​​r​v​4​​t​r​a​i​​n​i​n​​g​.​c​​o​m​/​​b​l​o​​g​2​/​h​​e​a​​r​t​-​​r​a​t​e​​-​v​a​​r​i​a​​b​i​l​​i​t​y​​-​h​
r​v​​-​l​​o​g​g​e​r​-​f​o​r​-​a​n​d​r​o​i​d. Accessed 20 Nov 2024.

Anderson S, Meints K (2016) Brief report: the effects of equine-assisted 
activities on social functioning in children and adolescents with 
autism spectrum disorder. J Autism Dev Disord 46:3344–3352. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​8​0​3​-​0​1​6​-​2​8​6​9​-​3

states – could facilitate physiological alignment indepen-
dently of bonding processes (Hatfield et al. 1994; Prochaz-
kova and Kret 2017). Furthermore, empathic resonance 
(Decety and Jackson 2004; Singer and Lamm 2009) and 
attentional attunement (Gallese 2009) could enable thera-
pists and horses to finely tune into the emotional states of 
participants and thereby influence PS.

However, these mechanisms alone cannot fully explain 
the lower synchronization observed in participants with 
ELA. While emotional contagion, empathic resonance, and 
attentional attunement could certainly contribute to PS, they 
do not adequately explain the impaired synchronization in 
individuals with ELA. ELA is often associated with dis-
ruptions in attachment and emotional regulation that may 
impair with the typical processes of emotional contagion 
and resonance, leading to reduced physiological alignment 
(Sigrist et al. 2021; Tell et al. 2018). The inability to effec-
tively attune to the emotional states of others, a common 
consequence of ELA (Petrova et al. 2021), could therefore 
explain the lower synchronization observed in these indi-
viduals, again suggesting that attachment-related factors 
may be a crucial mechanism in this context.

The findings of this study offer valuable implications for 
clinical practice within HAT. The observed patterns of HF-
HRV synchronization highlight the importance of promot-
ing PS not only between participant and therapy horse but 
particularly within the dyad of riding therapist and horse. 
Given the association between therapist-horse PS and sub-
sequent PS processes, therapists may consider proactively 
building general rapport and consistent interaction routines 
with their therapy horses prior to therapeutic sessions. Tar-
geted trainings focused on improving the therapist’s aware-
ness of physiological states and emotional regulation could 
further optimize these PS dynamics and potentially improve 
therapeutic outcomes. Furthermore, given the unique ben-
efits for individuals with ELA, therapists can strategically 
use HAT as an intervention without the relational barriers 
that often occur in traditional therapeutic settings. Thus, 
integrating insights from PS into therapist training, horse 
selection, and session design could substantially enhance 
the effectiveness of HAT interventions.

In conclusion, this study not only advances the under-
standing of the physiological dynamics in HAT sessions but 
also opens avenues for refining therapeutic interventions by 
considering the nuanced influence of early life experiences 
on physiological synchronization, emphasizing the pivotal 
roles of the riding therapist, therapy horse, and their inter-
play in fostering positive therapeutic outcomes.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​7​0​2​-​0​
2​5​-​0​2​9​4​7​-​7.

1 3

1308

https://doi.org/10.17605/OSF.IO/KNGBS
https://doi.org/10.17605/OSF.IO/KNGBS
https://doi.org/10.17605/OSF.IO/2W6EY
https://doi.org/10.17605/OSF.IO/2W6EY
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.hrv4training.com/blog2/heart-rate-variability-hrv-logger-for-android
https://www.hrv4training.com/blog2/heart-rate-variability-hrv-logger-for-android
https://doi.org/10.1007/s10803-016-2869-3
https://doi.org/10.1007/s10803-016-2869-3
https://doi.org/10.1007/s00702-025-02947-7
https://doi.org/10.1007/s00702-025-02947-7


The relationship of early life adversity and physiological synchrony within the therapeutic triad in…

Decety J, Jackson PL (2004) The functional architecture of human 
empathy. Behav Cogn Neurosci Rev 3:71–100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​1​7​7​​/​1​5​​3​4​5​8​2​3​0​4​2​6​7​1​8​7

Denk B et al (2024) Physiological synchrony of the autonomic nervous 
system: an analysis and comparison of different methods. Pre-
print. PsyArXiv. https://osf.io/dws8c. Accessed Nov 2024

Earles JL, Vernon LL, Yetz JP (2015) Equine-assisted therapy for 
anxiety and posttraumatic stress symptoms. J Trauma Stress 
28(2):149–152. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​t​​s​.​2​1​9​9​0

Ecker S, Lykins A (2019) Effects of short-term human-horse inter-
actions on human heart rate variability: a multiple single- case 
study. People Anim Int J Res Pract 2(1):2

Feldman R (2007) Parent-infant synchrony and the construction of 
shared timing: physiological precursors, developmental out-
comes, and risk conditions. J Child Psychol Psychiatry 48(3–
4):329–354. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​4​6​​9​-​7​​6​1​0​.​​2​0​​0​6​.​0​1​7​0​1​.​x

Feldman R, Magori-Cohen R, Galili G, Singer M, Louzoun Y (2011) 
Mother and infant coordinate heart rhythms through episodes of 
interaction synchrony. Infant Behav Dev 34(4):569–577. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​n​f​b​e​h​.​2​0​1​1​.​0​6​.​0​0​8

Fine AH (2010) Handbook on animal-assisted therapy: theoretical 
foundations and guidelines for practice, 3rd edn. Academic

Fox J (2008) Applied regression analysis and generalized linear mod-
els. Sage, Thousand Oaks

Gallese V (2009) Mirror neurons, embodied simulation, and the neural 
basis of social identification. Psychoanal Dialogues 19:519–536. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​0​​4​8​1​8​8​0​9​0​3​2​3​1​9​1​0

García-Gómez A, Guerrero-Barona E, García-Peña I, Rodríguez-
Jiménez M, Moreno-Manso JM (2020) Equine-assisted therapeu-
tic activities and their influence on the heart rate variability: a 
systematic review. Complement Ther Clin Pract 39:101167. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​t​c​p​.​2​0​2​0​.​1​0​1​1​6​7

Gehrke EK, Baldwin A, Schiltz P (2011) Heart rate variability in 
horses engaged in equine-assisted activities. J Equine Vet Sci 
31(2):78–84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​v​s​.​2​0​1​0​.​1​2​.​0​0​2

Gehrke EK, Noquez AE, Ranke PL, Myers MP (2018) Measuring the 
Psychophysiological changes in combat veterans participating in 
an equine therapy program. J Mil Veteran Fam Health 4(1):60–69. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​3​8​​/​j​m​​v​f​h​.​2​0​1​7​-​0​0​1​5

Goldstein DS, Bentho O, Park MY, Sharabi Y (2011) Low-frequency 
power of heart rate variability is not a measure of cardiac sympa-
thetic tone but May be a measure of modulation of cardiac auto-
nomic outflows by baroreflexes. Exp Physiol 96(12):1255–1261. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​3​​/​e​x​​p​p​h​​y​s​i​​o​l​.​2​​0​1​​0​.​0​5​6​2​5​9

Gomes N, Semin GR (2020) Mapping human vigilance: The influence 
of conspecifics. Evol Hum Behav 41(1):69–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​6​​/​j​.​​e​v​o​​l​h​u​​m​b​e​h​​a​v​​.​2​0​1​9​.​1​0​.​0​0​2

Gomolla A (2020) Pferdegestützte Therapie und Förderung. Vol 1
Grinsted A, Moore JC, Jevrejeva S (2004) Application of the cross 

wavelet transform and wavelet coherence to geophysical time 
series. Nonlinear Process Geophys 11(5/6):561–566. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​5​​1​9​4​​/​n​p​​g​-​1​1​-​5​6​1​-​2​0​0​4

Grolemund G, Wickham H (2011) Dates and times made easy with 
lubridate. J Stat Softw 40(3):1–25. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​j​​s​t​a​​t​s​o​f​​t​.​o​​r​g​/​​v​4​0​
/​i​0​3​/

Hameury L, Rossetti L (2022) Equine-assisted therapy as a comple-
mentary approach for adolescents with posttraumatic stress disor-
der: a preliminary study after a terrorist attack. Am J Psychiatry 
Neurosci 10(1):13–19. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​4​​8​/​j​​.​a​j​p​n​.​2​0​2​2​1​0​0​1​.​
1​3

Hatfield E, Cacioppo JT, Rapson RL (1993) Emotional contagion. Curr 
Dir Psychol Sci 2:96–100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​1​4​​6​7​-​8​7​2​1​.​e​p​
1​0​7​7​0​9​5​3

Heisenberg W (1927) Über Den anschaulichen Inhalt der quantentheo-
retischen kinematik und Mechanik. Z Phys 43(3–4):172–198. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​1​3​9​7​2​8​0

Baier AL, Kline AC, Feeny NC (2020) Therapeutic alliance as a medi-
ator of change: a systematic review and evaluation of research. 
Clin Psychol Rev 82:101921. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​p​r​.​2​0​2​0​
.​1​0​1​9​2​1

Baldwin AL, Rector BK, Alden AC (2018) Effects of a form of equine-
facilitated learning on heart rate variability, immune function, and 
self-esteem in older adults. People Anim Int J Res Pract 1(1):5

Bates D, Maechler M, Bolker B, Walker S (2015) Fitting linear mixed-
effects models using lme4. J Stat Softw 67(1):1–48. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​8​6​3​​7​/​j​​s​s​.​v​0​6​7​.​i​0​1

Bates D, Maechler M, Bolker B, Walker S, Christensen RHB (2022) 
lme4: linear mixed-effects models using ‘eigen’ and S4. R pack-
age version 1.1–30. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​e​​c​t​.​​o​r​g​​/​p​a​c​k​a​g​e​=​l​m​e​4

Beetz A, Uvnäs-Moberg K, Julius H, Kotrschal K (2012) Psychosocial 
and Psychophysiological effects of human-animal interactions: 
the possible role of Oxytocin. Front Psychol 3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​3​​3​8​9​​/​f​p​​s​y​g​​.​2​0​​1​2​.​0​​0​2​​3​4.:Article 234

Beffara B, Bret AG, Vermeulen N, Mermillod M (2016) Resting high 
frequency heart rate variability selectively predicts cooperative 
behavior. Physiol Behav 164(Pt A):417–428. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​p​h​y​​s​b​e​​h​.​2​0​​1​6​​.​0​6​.​0​1​1

Billman GE (2013) The LF/HF ratio does not accurately measure car-
diac sympatho-vagal balance. Front Physiol 4:26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​3​​3​8​9​​/​f​p​​h​y​s​.​2​0​1​3​.​0​0​0​2​6

Bivens A, Leinart D, Klontz B, Klontz T (2007) The effectiveness of 
equine-assisted experiential therapy: results of an open clinical 
trial. Soc Anim 15(3):257–267. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​3​​/​1​5​​6​8​5​3​0​
0​7​X​2​1​7​1​9​5

Blanca Mena MJ, Alarcón Postigo R, Arnau Gras J, Bono Cabré R, 
Bendayan R (2017) Non-normal data: is ANOVA still a valid 
option? Psicothema 29(4):552–557. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​7​​3​3​4​​/​p​s​​i​c​
o​t​h​e​m​a​2​0​1​6​.​3​8​3

Borgi M, Loliva D, Cerino S, Chiarotti F, Venerosi A, Bramini M, Non-
nis E, Marcelli M, Vinti C, De Santis C et al (2016) Effectiveness 
of a standardized equine-assisted therapy program for children 
with autism spectrum disorder. J Autism Dev Disord 46(1):1–9. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​8​0​3​-​0​1​5​-​2​5​3​0​-​6

Bowlby J (1965) Child care and the growth of love. Penguin, London
Bowlby J (1969) Attachment. Penguin, London
Bowlby J (1971) Attachment and loss. Vol 1: attachment. Penguin, 

London
Brar TK, Singh KD, Kumar A (2015) Effect of different phases of 

menstrual cycle on heart rate variability (HRV). J Clin Diagn Res 
9(10):CC01–CC04. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​7​​8​6​0​​/​J​C​​D​R​/​2​0​1​5​/​1​3​7​9​5​.​6​
5​9​2

Bryk AS, Raudenbush SW (1992) Hierarchical linear models: applica-
tions and data analysis methods. Sage, Thousand Oaks

Carlsson C, Nilsson Ranta D, Traeen B (2014) Equine-assisted social 
work as a means for authentic relations between clients and staff. 
Hum Anim Interact Bull 2(1):3–10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​9​​/​h​a​​i​.​
2​0​1​4​.​0​0​0​4

Chatel-Goldman J, Congedo M, Jutten C, Schwartz JL (2014) Touch 
increases autonomic coupling between romantic partners. Front 
Behav Neurosci 8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​n​​b​e​h​​.​2​0​​1​4​.​0​​0​0​​9​
5.:Article 95

Cohen S, Kamarck T, Mermelstein R (1994) Perceived stress scale. In: 
Cohen S, Kessler RC, Gordon LU (eds) Measuring stress: a guide 
for health and social scientists. Oxford University Press, Oxford, 
pp 235–283

Csardi G, Torvalds L (2019) Parsedate: recognize and parse dates in 
various formats, including all ISO 8601 formats. R Package ver-
sion 1.2.0. [​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​e​​c​t​.​​o​r​g​​/​p​a​c​k​a​g​e​=​p​a​r​s​e​d​a​t​e

daSilva EB, Wood A (2024) How and why people synchronize: an 
integrated perspective. Pers Soc Psychol Rev 0(0):In press. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​0​​8​8​8​6​8​3​2​4​1​2​5​2​0​3​6

1 3

1309

https://doi.org/10.1177/1534582304267187
https://doi.org/10.1177/1534582304267187
https://osf.io/dws8c
https://doi.org/10.1002/jts.21990
https://doi.org/10.1111/j.1469-7610.2006.01701.x
https://doi.org/10.1016/j.infbeh.2011.06.008
https://doi.org/10.1016/j.infbeh.2011.06.008
https://doi.org/10.1080/10481880903231910
https://doi.org/10.1080/10481880903231910
https://doi.org/10.1016/j.ctcp.2020.101167
https://doi.org/10.1016/j.ctcp.2020.101167
https://doi.org/10.1016/j.jevs.2010.12.002
https://doi.org/10.3138/jmvfh.2017-0015
https://doi.org/10.3138/jmvfh.2017-0015
https://doi.org/10.1113/expphysiol.2010.056259
https://doi.org/10.1113/expphysiol.2010.056259
https://doi.org/10.1016/j.evolhumbehav.2019.10.002
https://doi.org/10.1016/j.evolhumbehav.2019.10.002
https://doi.org/10.5194/npg-11-561-2004
https://doi.org/10.5194/npg-11-561-2004
https://www.jstatsoft.org/v40/i03/
https://www.jstatsoft.org/v40/i03/
https://doi.org/10.11648/j.ajpn.20221001.13
https://doi.org/10.11648/j.ajpn.20221001.13
https://doi.org/10.1111/1467-8721.ep10770953
https://doi.org/10.1111/1467-8721.ep10770953
https://doi.org/10.1007/BF01397280
https://doi.org/10.1007/BF01397280
https://doi.org/10.1016/j.cpr.2020.101921
https://doi.org/10.1016/j.cpr.2020.101921
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://CRAN.R-project.org/package=lme4
https://doi.org/10.3389/fpsyg.2012.00234
https://doi.org/10.3389/fpsyg.2012.00234
https://doi.org/10.1016/j.physbeh.2016.06.011
https://doi.org/10.1016/j.physbeh.2016.06.011
https://doi.org/10.3389/fphys.2013.00026
https://doi.org/10.3389/fphys.2013.00026
https://doi.org/10.1163/156853007X217195
https://doi.org/10.1163/156853007X217195
https://doi.org/10.7334/psicothema2016.383
https://doi.org/10.7334/psicothema2016.383
https://doi.org/10.1007/s10803-015-2530-6
https://doi.org/10.1007/s10803-015-2530-6
https://doi.org/10.7860/JCDR/2015/13795.6592
https://doi.org/10.7860/JCDR/2015/13795.6592
https://doi.org/10.1079/hai.2014.0004
https://doi.org/10.1079/hai.2014.0004
https://doi.org/10.3389/fnbeh.2014.00095
https://doi.org/10.3389/fnbeh.2014.00095
https://CRAN.R-project.org/package=parsedate
https://doi.org/10.1177/10888683241252036
https://doi.org/10.1177/10888683241252036


S. Wienhold et al.

Matusik PS, Zhong C, Matusik PT, Alomar O, Stein PK (2023) Neu-
roimaging studies of the neural correlates of heart rate variability: 
a systematic review. J Clin Med 12(3):1016. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​
3​9​0​​/​j​c​​m​1​2​0​3​1​0​1​6

McEwen BS, Gianaros PJ (2011) Stress- and allostasis-induced brain 
plasticity. Annu Rev Med 62:431–445. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​4​6​​/​a​n​​
n​u​r​​e​v​-​​m​e​d​-​​0​5​​2​2​0​9​-​1​0​0​4​3​0

McKinley PS, King AR, Shapiro PA et al (2009) The impact of men-
strual cycle phase on cardiac autonomic regulation. Psychophysi-
ology 46(4):904–911. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​4​6​​9​-​8​​9​8​6​.​​2​0​​0​9​.​0​
0​8​1​1​.​x

Meyer PW, Müller LE, Zastrow A, et al. (2016) Heart rate variability 
in patients with posttraumatic stress disorder or borderline per-
sonality disorder: relationship to early life maltreatment. J Neural 
Transm 123(9):1107–1118. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​7​0​2​-​0​1​6​-​1​
5​8​4​-​8

Michels N, Sioen I, Clays E, De Buyzere M, Ahrens W, Huybrechts I, 
Vanaelst B, De Henauw S (2013) Children’s heart rate variability 
as stress indicator: association with reported stress and cortisol. 
Biol Psychol 94(2):433–440. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​i​o​​p​s​y​​c​h​o​
.​​2​0​​1​3​.​0​8​.​0​0​5

Moon E, Lee S-H, Kim D-H, Hwang B (2013) Comparative study of 
heart rate variability in patients with schizophrenia, bipolar disor-
der, post-traumatic stress disorder, or major depressive disorder. 
Clin Psychopharmacol Neurosci 11(3):137–143. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​9​​7​5​8​​/​c​p​​n​.​2​0​1​3​.​1​1​.​3​.​1​3​7

Müller V, Lindenberger U, Rodrigues PF, Lindenberger U (2011) Car-
diac and respiratory patterns synchronize between persons during 
choir singing. PLoS ONE 6(9):e24893. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​
o​​u​r​n​a​l​.​p​o​n​e​.​0​0​2​4​8​9​3

Naber A, Kreuzer L, Zink R, Millesi E, Palme R, Hediger K, Glenk 
LM (2019) Heart rate, heart rate variability and salivary cortisol 
as indicators of arousal and synchrony in clients with intellectual 
disability, horses and therapist during equine-assisted interven-
tions. Pet Behav Sci 7:17–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​0​7​​1​/​p​​b​s​.​v​0​i​7​
.​1​1​8​0​1

Neter J, Wasserman W, Kutner MH (1989) Applied linear statistical 
models. Irwin

Nurenberg JR, Schleifer SJ, Shaffer TM, Yellin M, Desai PJ, Amin 
R, Montalvo C (2015) Animal-assisted therapy with chronic psy-
chiatric inpatients: equine-assisted psychotherapy and aggressive 
behavior. Psychiatr Serv 66(1):80–86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​6​​/​a​p​​
p​i​.​p​s​.​2​0​1​3​0​0​5​2​4

Palomar-Ciria N, Bello HJ (2023) Equine-assisted therapy in post-
traumatic-stress disorder: a systematic review and meta-analysis. 
J Equine Vet Sci 128:104871. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​e​v​s​.​2​0​2​
3​.​1​0​4​8​7​1

Palumbo RV, Marraccini ME, Weyandt LL, Wilder-Smith O, McGee 
HA, Liu S, Goodwin MS (2017) Interpersonal autonomic physi-
ology: a systematic review of the literature. Pers Soc Psychol Rev 
21(2):99–141. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​0​​8​8​8​6​8​3​1​6​6​2​8​4​0​5

Paluš M (2014) Cross-wavelet analysis of nonlinear processes. In: 
Marwan N, Riley M, Giuliani A, Webber CL Jr (eds) Transla-
tional recurrences: from mathematical theory to real-world appli-
cations. Springer Proceedings in Mathematics & Statistics, vol 
103. Springer, Cham, pp 231–245

Park I-K, Lee JY, Suk M-H, Yoo S, Seo Y-G, Oh J-K, Kwon J-Y (2021) 
Effect of equine-assisted activities on cardiac autonomic function 
in children with cerebral palsy: a pilot randomized-controlled 
trial. J Altern Complement Med 27(1):96–102. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​8​9​​/​a​c​​m​.​2​0​2​0​.​0​3​4​6

Petrova K, Nevarez MD, Rice J, Waldinger RJ, Preacher KJ, Schulz 
MS (2021) Coherence between feelings and heart rate: links to 
early adversity and responses to stress. Affect Sci 2:1–13

Henley R, Miller S (2010) Possible applications of psychotherapy 
outcome research to traditional Chinese medicine. J Complement 
Integr Med 7(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​2​0​2​​/​1​5​​5​3​-​3​8​4​0​.​1​1​4​6

Hox JJ, Moerbeek M, van de Schoot R (2017) Multilevel analysis: 
techniques and applications, 3rd edn. Routledge, New York​

Huggett C, Gooding P, Haddock G, Quigley J, Pratt D (2022) The rela-
tionship between the therapeutic alliance in psychotherapy and 
suicidal experiences: a systematic review. Clin Psychol Psycho-
ther 29(4):1203–1235. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​c​p​​p​.​2​7​2​6

Jackob N, Hueß C Communication and persuasion: von Carl I. Hov-
land, Irving L. Janis und Harold H., Kelley (2016) (1953). Schlüs-
selwerke der Medienwirkungsforschung 49–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​0​7​​/​9​7​​8​-​3​-​6​5​8​-​0​9​9​2​3​-​7​_​5

Jankovic M, Bogaerts S, Klein Tuente S, Garofalo C, Veling W, van 
Boxtel G (2021) The complex associations between early child-
hood adversity, heart rate variability, cluster B personality dis-
orders, and aggression. Int J Offender Ther Comp Criminol 
65(8):899–915. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​3​​0​6​6​2​4​X​2​0​9​8​6​5​3​7

Johnson RA, Albright DL, Marzolf JR, Bibbo JL, Yaglom HD, 
Crowder SM, Carlisle GK, Willard A, Russell CL, Grindler K, 
Osterlind S, Wassman M, Harms N (2018) Effects of therapeu-
tic horseback riding on post-traumatic stress disorder in military 
veterans. Mil Med Res 5(1):3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​4​​0​7​7​9​-​0​
1​8​-​0​1​4​9​-​6

Jones J (2020) Horse brain, human brain: the neuroscience of horse-
manship. Trafalgar Square Books

Keller SM, Zoellner LA, Feeny NC (2010) Understanding factors 
associated with early therapeutic alliance in PTSD treatment: 
adherence, childhood sexual abuse history, and social support. J 
Consult Clin Psychol 78(6):974–979. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​a​0​​
0​2​0​7​5​8

Kemp AH, Quintana DS (2013) The relationship between mental and 
physical health: insights from the study of heart rate variability. 
Int J Psychophysiol 89(3):288–296. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​p​​s​
y​c​​h​o​.​2​​0​1​​3​.​0​6​.​0​1​8

Kemp AH, Quintana DS, Gray MA, Felmingham KL, Brown K, Gatt 
JM (2010) Impact of depression and antidepressant treatment on 
heart rate variability: a review and meta-analysis. Biol Psychiatry 
67(11):1067–1074. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​i​o​​p​s​y​​c​h​.​2​​0​0​​9​.​1​2​.​0​
1​2

Kendall E, Maujean A, Pepping CA, Downes M, Lakhani A, Byrne 
J, Macfarlane K (2015) A systematic review of the efficacy of 
equine-assisted interventions on psychological outcomes. Eur J 
Psychother Couns 17(1):57–79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​3​​6​4​2​5​3​
7​.​2​0​1​4​.​9​9​6​1​6​9

Koole SL, Tschacher W (2016) Synchrony in psychotherapy: a review 
and an integrative framework for the therapeutic alliance. Front 
Psychol 7:862. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​s​y​g​.​2​0​1​6​.​0​0​8​6​2

Krupnick JL, Sotsky SM, Elkin I, Simmens S, Moyer J, Watkins J, 
Pilkonis PA (2006) The role of the therapeutic alliance in psycho-
therapy and pharmacotherapy outcome: findings in the National 
Institute of mental health treatment of depression collaborative 
research program. Focus 64(2):532–277. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​6​​
/​f​o​​c​.​4​.​2​.​2​6​9

Kuwahara M, Hashimoto S-i, Ishii K, Yagi Y, Hada T, Hiraga A, Kai 
M, Kubo K, Oki H, Tsubone H, Sugano S (1996) Assessment of 
autonomic nervous function by power spectral analysis of heart 
rate variability in the horse. J Auton Nerv Syst 60(1–2):43–48. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​0​1​​6​5​-​1​8​3​8​(​9​6​)​0​0​0​2​8​-​8

Lin D, Zhu T, Wang Y (2024) Emotion contagion and physiological 
synchrony: the more intimate relationships, the more contagion 
of positive emotions. Physiol Behav 275:114434. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​1​6​​/​j​.​​p​h​y​​s​b​e​​h​.​2​0​​2​3​​.​1​1​4​4​3​4

Maraun D, Kurths J (2004) Cross wavelet analysis: significance testing 
and pitfalls. Nonlinear Process Geophys 11(4):505–514. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​5​​1​9​4​​/​n​p​​g​-​1​1​-​5​0​5​-​2​0​0​4

1 3

1310

https://doi.org/10.3390/jcm12031016
https://doi.org/10.3390/jcm12031016
https://doi.org/10.1146/annurev-med-052209-100430
https://doi.org/10.1146/annurev-med-052209-100430
https://doi.org/10.1111/j.1469-8986.2009.00811.x
https://doi.org/10.1111/j.1469-8986.2009.00811.x
https://doi.org/10.1007/s00702-016-1584-8
https://doi.org/10.1007/s00702-016-1584-8
https://doi.org/10.1016/j.biopsycho.2013.08.005
https://doi.org/10.1016/j.biopsycho.2013.08.005
https://doi.org/10.9758/cpn.2013.11.3.137
https://doi.org/10.9758/cpn.2013.11.3.137
https://doi.org/10.1371/journal.pone.0024893
https://doi.org/10.1371/journal.pone.0024893
https://doi.org/10.21071/pbs.v0i7.11801
https://doi.org/10.21071/pbs.v0i7.11801
https://doi.org/10.1176/appi.ps.201300524
https://doi.org/10.1176/appi.ps.201300524
https://doi.org/10.1016/j.jevs.2023.104871
https://doi.org/10.1016/j.jevs.2023.104871
https://doi.org/10.1177/1088868316628405
https://doi.org/10.1089/acm.2020.0346
https://doi.org/10.1089/acm.2020.0346
https://doi.org/10.2202/1553-3840.1146
https://doi.org/10.1002/cpp.2726
https://doi.org/10.1007/978-3-658-09923-7_5
https://doi.org/10.1007/978-3-658-09923-7_5
https://doi.org/10.1177/0306624X20986537
https://doi.org/10.1186/s40779-018-0149-6
https://doi.org/10.1186/s40779-018-0149-6
https://doi.org/10.1037/a0020758
https://doi.org/10.1037/a0020758
https://doi.org/10.1016/j.ijpsycho.2013.06.018
https://doi.org/10.1016/j.ijpsycho.2013.06.018
https://doi.org/10.1016/j.biopsych.2009.12.012
https://doi.org/10.1016/j.biopsych.2009.12.012
https://doi.org/10.1080/13642537.2014.996169
https://doi.org/10.1080/13642537.2014.996169
https://doi.org/10.3389/fpsyg.2016.00862
https://doi.org/10.1176/foc.4.2.269
https://doi.org/10.1176/foc.4.2.269
https://doi.org/10.1016/0165-1838(96)00028-8
https://doi.org/10.1016/0165-1838(96)00028-8
https://doi.org/10.1016/j.physbeh.2023.114434
https://doi.org/10.1016/j.physbeh.2023.114434
https://doi.org/10.5194/npg-11-505-2004
https://doi.org/10.5194/npg-11-505-2004


The relationship of early life adversity and physiological synchrony within the therapeutic triad in…

a naturalistic group decision-making task. BioRxiv. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​1​0​1​​/​2​0​​2​3​.​0​7​.​2​4​.​5​5​0​2​7​7. 2023.07.24.550277

Shonkoff JP, Garner AS; Committee on Psychosocial Aspects of Child 
and Family Health; Committee on Early Childhood, Adoption, 
and Dependent Care; Section on Developmental and Behavioral 
Pediatrics (2012) The lifelong effects of early childhood adversity 
and toxic stress. Pediatrics 129(1):e232–e246. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​5​4​2​​/​p​e​​d​s​.​2​0​1​1​-​2​6​6​3

Sigrist C, Mürner-Lavanchy I, Peschel SK, Schmidt SJ, Kaess M, 
Koenig J (2021) Early life maltreatment and resting- state heart 
rate variability: A systematic review and meta-analysis. Neurosci 
Biobehav Rev 120:307–334. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​b​i​o​​r​e​v​.​​
2​0​​2​0​.​1​0​.​0​2​6

Singer T, Lamm C (2009) The social neuroscience of empathy. Ann 
N Y Acad Sci 1156:81–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​7​4​​9​-​6​​6​3​2​.​​
2​0​​0​9​.​0​4​4​1​8​.​x

Smith AV, Proops L, Grounds K, Wathan J, McComb K (2016) 
Functionally relevant responses to human facial expressions 
of emotion in the domestic horse (Equus caballus). Biol Lett 
12(2):20150907. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​8​​/​r​s​​b​l​.​2​0​1​5​.​0​9​0​7

Snijders TAB, Bosker RJ (2012) Multilevel analysis: an introduction to 
basic and advanced multilevel modeling, 2nd edn. Sage, London​

Staudt M, Cherry D (2017) Equine-facilitated therapy and trauma: cur-
rent knowledge, future needs. Adv Soc Work 18(1):403–414. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​8​0​6​​0​/​2​​1​2​9​2

Task Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology (1996) Heart 
rate variability: standards of measurement, physiological inter-
pretation, and clinical use. Circulation 93(5):1043–1065. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​0​1​​.​C​I​R​.​9​3​.​5​.​1​0​4​3

Tell D, Mathews HL, Burr RL, Witek Janusek L (2018) During stress, 
heart rate variability moderates the impact of childhood adversity 
in women with breast cancer. Stress 21(2):179–187. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​8​0​​/​1​0​​2​5​3​​8​9​0​​.​2​0​1​​8​.​​1​4​2​4​1​3​2

Thayer JF, Lane RD (2000) A model of neurovisceral integration in 
emotion regulation and dysregulation. J Affect Disord 61(3):201–
216. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​6​5​-​0​3​2​7​(​0​0​)​0​0​3​3​8​-​4

Thayer JF, Lane RD (2009) Claude Bernard and the heart–brain con-
nection: further elaboration of a model of neurovisceral integra-
tion. Neurosci Biobehav Rev 33(2):81–88. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​n​e​u​​b​i​o​​r​e​v​.​​2​0​​0​8​.​0​8​.​0​0​4

Thayer JF, Yamamoto SS, Brosschot JF (2010) The relationship of 
autonomic imbalance, heart rate variability, and cardiovascular 
disease risk factors. Int J Cardiol 141(2):122–131. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​c​a​r​d​.​2​0​0​9​.​0​9​.​5​4​3

Timmons AC, Margolin G, Saxbe DE (2015) Physiological linkage 
in couples and its implications for individual and interpersonal 
functioning: A literature review. J Fam Psychol 29(5):720–731. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​f​a​​m​0​0​0​0​1​1​5

Torrence C, Compo GP (1998) A practical guide to wavelet analysis. 
Bull Am Meteorol Soc 79(1):61–78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​5​​/​1​5​​2​
0​-​0​4​7​7​(​1​9​9​8​)​0​7​9​%​3​C​0​0​6​1​:​A​P​G​T​W​A​%​3​E​2​.​0​.​C​O​;​2

Trotter KS, Chandler CK, Goodwin-Bond D, Casey J (2008) A com-
parative study of the efficacy of group equine-assisted counsel-
ing with at-risk children and adolescents. J Creativ Ment Health 
3(3):254–284. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​5​​4​0​1​3​8​0​8​0​2​3​5​6​8​8​0

Tschacher W, Meier D (2020) Physiological synchrony in psychother-
apy sessions. Psychother Res 30(5):558–573. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​8​0​​/​1​0​​5​0​3​​3​0​7​​.​2​0​1​​9​.​​1​6​1​2​1​1​4

Ward SC, Whalon K, Rusnak K, Wendell K, Paschall N (2013) The 
association between therapeutic horseback riding and the social 
communication and sensory reactions of children with autism. J 
Autism Dev Disord 43(9):2190–2198. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​
0​8​0​3​-​0​1​3​-​1​7​7​3​-​3

Plonka N, Atkinson M, McCraty R et al (2024) Global study of long-
term heart rhythm synchronization in groups. Sci Rep 14:28627. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​8​-​0​2​4​-​7​9​2​6​4​-​8

Polar (2022) Polar h7 and h10 heart rate sensor. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​p​​o​l​a​​r​.​c​o​​m​
/​e​​n​/​s​​e​n​s​​o​r​s​​/​h​1​0​​-​h​​e​a​r​t​-​r​a​t​e​-​s​e​n​s​o​r. Accessed 20 Nov 2024

Porges SW (2007) The polyvagal theory: neurophysiological founda-
tions of emotions, attachment, communication, and self-regula-
tion. Norton & Company

Prochazkova E, Kret ME (2017) Connecting Minds and sharing emo-
tions through mimicry: A neurocognitive model of emotional 
contagion. Neurosci Biobehav Rev 80:99–114. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​j​.​​n​e​u​​b​i​o​​r​e​v​.​​2​0​​1​7​.​0​5​.​0​1​3

Quené H, Van den Bergh H (2004) On multi-level modeling of data 
from repeated measures designs: a tutorial. Speech Commun 
43(1–2):103–121. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​p​e​c​o​m​.​2​0​0​4​.​0​2​.​0​0​4

R Core Team (2020) R: a language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.R-project.org/

R Core Team (2020a) Foreign: read data stored by ‘minitab’, ‘s’, ‘sas’, 
‘spss’, ‘stata’, ‘systat’, ‘weka’, ‘dbase’.… R Package Version 
0:8–82. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​r​-​p​​r​o​j​e​​c​t​.​​o​r​g​​/​p​a​c​k​a​g​e​=​f​o​r​e​i​g​n

R Core Team (2020b) nlme: linear and nonlinear mixed effects models. 
R package version 3.1–152. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​e​​c​t​.​​o​r​g​​/​p​a​c​k​a​g​
e​=​n​l​m​e

Ramseyer F, Tschacher W (2011) Nonverbal synchrony in psychother-
apy: coordinated body movement reflects relationship quality and 
outcome. J Consult Clin Psychol 79(3):284–295. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​3​7​​/​a​0​​0​2​3​4​1​9

Rodrígues-Liñares L, Méndez AJ, Lado MJ, Olivieri DN, Vila XA, 
Gómez-Conde I (2011) An open source tool for heart rate vari-
ability spectral analysis. Comput Methods Programs Biomed 
103(1):39–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​m​p​b​.​2​0​1​0​.​0​7​.​0​1​2

Roesch A, Schmidbauer H (2018) Waveletcomp: computational wave-
let analysis. R package version 1.1. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​e​​c​t​.​​o​r​g​​/​
p​a​​c​k​a​​g​e​=​W​​a​v​​e​l​e​t​C​o​m​p

Rogers CR (1957) The necessary and sufficient conditions of therapeu-
tic personality change. J Consult Psychol 21(2):95–103. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​h​0​​0​4​5​3​5​7

Ruiz-Blais S, Orini M, Chew E (2020) Heart rate variability synchro-
nizes when non-experts vocalize together. Front Physiol 11:762. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​h​y​s​.​2​0​2​0​.​0​0​7​6​2

Sammito S, Thielmann B, Böckelmann I (2024) Update: factors influ-
encing heart rate variability—a narrative review. Front Physiol 
15:1430458. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​h​y​s​.​2​0​2​4​.​1​4​3​0​4​5​8

Schalinski I, Schauer M, Elbert T (2015) The shutdown dissociation 
scale (SHUT-D). Eur J Psychotraumatol 6:26292. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​3​​4​0​2​​/​e​j​​p​t​.​v​6​.​2​6​2​9​2

Scheidt CE, Pfänder S, Ballati A, Schmidt S, Lahmann C (2021) 
Language and movement synchronization in dyadic psycho-
therapeutic interaction—a qualitative review and a proposal for 
a classification. Front Psychol 12:696448. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​
9​​/​f​p​​s​y​g​.​2​0​2​1​.​6​9​6​4​4​8

Schmider E, Ziegler M, Danay E, Buehner M (2010) Is it really 
robust? Methodology 6(4):147–151. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​2​7​​/​1​6​​1​
4​-​2​2​4​1​/​a​0​0​0​0​1​6

Scopa C, Contalbrigo L, Greco A, Lanatà A, Scilingo EP, Baragli P 
(2019) Emotional transfer in human–horse interaction: new per-
spectives on equine-assisted interventions. Animals 9(12):1030. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​a​n​​i​9​1​2​1​0​3​0

Shamay-Tsoory SG, Saporta N, Marton-Alper IZ et al (2019) Herd-
ing brains: A core neural mechanism for social alignment. Trends 
Cogn Sci 23(3):174–186. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​i​c​s​.​2​0​1​9​.​0​1​.​0​
0​2

Sharika KM, Thaikkandi S, Nivedita, Platt ML (2024) Interpersonal 
heart rate synchrony predicts effective information processing in 

1 3

1311

https://doi.org/10.1101/2023.07.24.550277
https://doi.org/10.1101/2023.07.24.550277
https://doi.org/10.1542/peds.2011-2663
https://doi.org/10.1542/peds.2011-2663
https://doi.org/10.1016/j.neubiorev.2020.10.026
https://doi.org/10.1016/j.neubiorev.2020.10.026
https://doi.org/10.1111/j.1749-6632.2009.04418.x
https://doi.org/10.1111/j.1749-6632.2009.04418.x
https://doi.org/10.1098/rsbl.2015.0907
https://doi.org/10.18060/21292
https://doi.org/10.18060/21292
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1080/10253890.2018.1424132
https://doi.org/10.1080/10253890.2018.1424132
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1016/j.neubiorev.2008.08.004
https://doi.org/10.1016/j.neubiorev.2008.08.004
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1037/fam0000115
https://doi.org/10.1037/fam0000115
https://doi.org/10.1175/1520-0477(1998)079%3C0061:APGTWA%3E2.0.CO;2
https://doi.org/10.1175/1520-0477(1998)079%3C0061:APGTWA%3E2.0.CO;2
https://doi.org/10.1080/15401380802356880
https://doi.org/10.1080/10503307.2019.1612114
https://doi.org/10.1080/10503307.2019.1612114
https://doi.org/10.1007/s10803-013-1773-3
https://doi.org/10.1007/s10803-013-1773-3
https://doi.org/10.1038/s41598-024-79264-8
https://doi.org/10.1038/s41598-024-79264-8
https://www.polar.com/en/sensors/h10-heart-rate-sensor
https://www.polar.com/en/sensors/h10-heart-rate-sensor
https://doi.org/10.1016/j.neubiorev.2017.05.013
https://doi.org/10.1016/j.neubiorev.2017.05.013
https://doi.org/10.1016/j.specom.2004.02.004
https://www.R-project.org/
https://CRAN.r-project.org/package=foreign
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://doi.org/10.1037/a0023419
https://doi.org/10.1037/a0023419
https://doi.org/10.1016/j.cmpb.2010.07.012
https://CRAN.R-project.org/package=WaveletComp
https://CRAN.R-project.org/package=WaveletComp
https://doi.org/10.1037/h0045357
https://doi.org/10.1037/h0045357
https://doi.org/10.3389/fphys.2020.00762
https://doi.org/10.3389/fphys.2020.00762
https://doi.org/10.3389/fphys.2024.1430458
https://doi.org/10.3402/ejpt.v6.26292
https://doi.org/10.3402/ejpt.v6.26292
https://doi.org/10.3389/fpsyg.2021.696448
https://doi.org/10.3389/fpsyg.2021.696448
https://doi.org/10.1027/1614-2241/a000016
https://doi.org/10.1027/1614-2241/a000016
https://doi.org/10.3390/ani9121030
https://doi.org/10.3390/ani9121030
https://doi.org/10.1016/j.tics.2019.01.002
https://doi.org/10.1016/j.tics.2019.01.002


S. Wienhold et al.

Yildirir A, Kabakci G, Akgul E et al (2002) Effects of menstrual cycle 
on cardiac autonomic innervation as assessed by heart rate vari-
ability. Ann Noninvasive Electrocardiol 7(1):60–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​5​4​​2​-​4​​7​4​x​.​​2​0​​0​1​.​t​b​0​0​1​4​0​.​x

Zilcha-Mano S (2017) Is the alliance really therapeutic? Revisiting 
this question in light of recent methodological advances. Am Psy-
chol 72(4):311–325. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​3​7​/​​a​0​0​4​0​4​3​5

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Wickham H, Miller E (2020) Haven: Import and export ‘spss’, ‘stata’ 
and ‘sas’ files. R package version 2.5.1. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​e​​c​t​
.​​o​r​g​​/​p​a​c​k​a​g​e​=​h​a​v​e​n

Wickham H, François R, Henry L, Müller K (2022) dplyr: A grammar 
of data manipulation. R package version 1.0.10. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​
R​-​p​​r​o​j​e​​c​t​.​​o​r​g​​/​p​a​c​k​a​g​e​=​d​p​l​y​r

Wilson K, Buultjens M, Monfries M, Karimi L (2017) Equine-assisted 
psychotherapy for adolescents experiencing depression and/or 
anxiety: A therapist’s perspective. Clin Child Psychol Psychiatry 
22(1):16–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​3​​5​9​1​0​4​5​1​5​5​7​2​3​7​9

Wingenfeld K, Spitzer C, Mensebach C, Driessen M (2010) The Ger-
man version of the childhood trauma questionnaire (CTQ): pre-
liminary psychometric properties. Psychother Psychosom Med 
Psychol 60:442–450. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​5​​/​s​-​​0​0​3​0​-​1​2​5​3​4​9​0

1 3

1312

https://doi.org/10.1111/j.1542-474x.2001.tb00140.x
https://doi.org/10.1111/j.1542-474x.2001.tb00140.x
https://doi.org/10.1037/a0040435
https://CRAN.R-project.org/package=haven
https://CRAN.R-project.org/package=haven
https://CRAN.R-project.org/package=dplyr
https://CRAN.R-project.org/package=dplyr
https://doi.org/10.1177/1359104515572379
https://doi.org/10.1055/s-0030-1253490

	﻿The relationship of early life adversity and physiological synchrony within the therapeutic triad in horse-assisted therapy
	﻿Abstract
	﻿Introduction
	﻿Therapeutic alliance as the basis for healing experiences
	﻿Therapeutic alliance between humans and horses
	﻿Components of therapeutic alliance
	﻿Heart rate variability as a measure of the adaptability of the autonomic nervous system
	﻿Heart rate variability synchronization as a measure for the collective autonomic nervous system
	﻿Current research on heart rate variability synchronization
	﻿HRV synchronization in horse-assisted therapy


	﻿The role of early life adversity
	﻿Research gap
	﻿Our hypotheses
	﻿Methods
	﻿Therapy horses
	﻿Materials
	﻿Sample
	﻿Therapists
	﻿Questionnaires
	﻿Design
	﻿Data analysis
	﻿Data cleaning
	﻿Data processing


	﻿Cross-wavelet power analyses
	﻿Statistical analysis
	﻿Assumption checks

	﻿Results
	﻿Correlation of horse-therapist HF-HRV synchronization and horse-participant HF-HRV synchronization
	﻿Correlation of horse-therapist HF-HRV synchronization and therapist-participant HF-HRV synchronization
	﻿Riding therapists and their favorite therapy horse
	﻿Correlation of early life adversity and horse-participant HF-HRV synchronization
	﻿Correlation of early life adversity on therapist-participant HF-HRV synchronization

	﻿Discussion
	﻿The interaction of HF-HRV synchronization processes within the therapeutic triad
	﻿The therapy horse – riding therapist dyad
	﻿The correlation of early life adversity and HF-HRV synchronization

	﻿References




