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Randomized Trial Examines Effects of Equine Facilitated
Learning on Adolescents' Basal Cortisol Levels
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Although equine facilitated programs have gained in popularity over the last decade, virtually
nothing is known about the causal effects of equine facilitated interventions on human
development and well-being. Researchers conducted a randomized trial to determine the effects of
an 11-week equine facilitated learning program on the activity of the Hypothalamic Pituitary
Adrenal (HPA) axis of fifth through eighth graders through salivary cortisol levels. Children (N =
131) referred by school counselors and recruited from the community were randomly assigned to
either an experimental (N = 53) or waitlisted condition (N = 60). Six samples of salivary cortisol
were collected in participants’ own home over two consecutive days at pretest, and another set of
six samples were collected at posttest in both groups of children. Children in the experimental
group who participated in a series of once-weekly, 90-minute sessions of equine facilitated
activities had lower afternoon cortisol levels (F(1, 112) = 8.56, p = .017; d = .48) and lower total
cortisol concentration per waking hour (F(1, 112) = 11.12 , p = .017, d = .46) at posttest, compared
to waitlisted children. Multivariate regression analyses showed that program effects were
independent from baseline levels of child cortisol, child gender, age, and referral status.
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Introduction
Since the practice of incorporating HumanAnimal Interaction (HAI) into therapeutic and
educational settings has grown in popularity
(Nimer & Lundahl, 2007), there has been a call
to conduct evidence-based research on its effects
on child physical and mental health, well-being,
and development (Esposito, McCune, Griffin, &
Maholmes, 2011). Along with a call for clinical
trials and examination of treatment effects in
various populations, the importance of
examining biobehavioral and physiological
responses to HAI were emphasized (Esposito et
al., 2011). Incorporating these themes, the
present study reports on a randomized trial on
the effects of an 11-week, equine facilitated
learning (EFL) 1 program on activity of the
Hypothalamic Pituitary Adrenal (HPA) axis of
adolescents, measured through salivary cortisol.
In particular, we focus on examining the effects
of EFL on adolescents’ basal cortisol levels,
which in healthy adolescents are typically
highest in the morning soon after waking, drop
rapidly in the first few hours after waking, and
then continue to drop more slowly, reaching a
low point around midnight (Klimes-Dougan et
al., 2001). The main goal was to examine
whether engagement in an 11-week EFL
program strengthens adaptive patterns of cortisol
production of adolescents, with the goal of
preventing development of physical and mental
health problems associated with deviations in
basal cortisol patterns, such as higher cortisol
levels in the afternoon and a higher
concentration of cortisol levels per waking hour
(Ruttle et al., 2010; Zeiders, Doane, & Adam,
2011). This investigation thus responds to a
recent call in the developmental literature to
design and evaluate preventive interventions
1
EFL combines mounted and unmounted, experiential
learning, interaction with horses, ponies, miniature horses,
donkeys, and mules, and counseling-based processing skills
to increase adolescents’ awareness and control of their
emotions, cognitions, behaviors, and physiological arousal.
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aimed at modifying basal activity of the HPAaxis (Cicchetti & Gunnar, 2008) and builds on
the notion proposed in a recent HAI review that
dampening of physiological stress parameters
may represent a core mechanism in explaining
positive effects of HAI (Beetz, Uvnäs-Moberg,
Julius, & Kotrschal, 2012).
Rationale for Strengthening Basal Cortisol
Patterns in Adolescents
Strengthening adolescents’ basal cortisol
levels - optimizing the development of adaptive
daily patterns of production of cortisol - through
participation in EFL was the main goal of this
study for several reasons. First, the transition to
adolescence is thought to represent a
developmental period during which the brain
might be especially sensitive to exposure to
elevated levels of basal cortisol. Based on the
observed links between the emergence of
psychopathology and periods of heightened
stress - and elevations in cortisol – heightened
HPA activity is hypothesized to play a role in
the development of stress-related disorders in
adolescence (Lupien, McEwen, Gunnar, &
Heim, 2009). Second, given research showing
that increased HPA activity occurs as a result of
puberty-associated neurobiological changes in
systems underlying stress and emotional
functioning (Stroud et al., 2009), the onset of
puberty in and of itself may be a transition point
that represents a period of increased risks in
adolescence. This may be problematic given that
this developmental period is already associated
with psychosocial factors of vulnerability. Third,
researchers have posited that lowered HPA
activity (especially later in the day) in a
relatively lower-risk, normally functioning
sample of early adolescents may be considered
more adaptive and thus, constitute a protective
influence against the development of
later psychopathology (Lupien, et al.,
2009). Although associations between lower
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concentrations of cortisol levels and lower
afternoon levels of cortisol and behavior and
psychopathology are complex, evidence
suggests that weaker diurnal patterns of cortisol
are associated with various adjustment
problems. For example, Tyrka et al. (2010)
found that higher afternoon cortisol levels were
linked to internalizing problems in a sample of
8-11-year-old boys. Furthermore, in a two-year
follow-up, Tyrka et al. (2012) found that
afternoon cortisol levels assessed at baseline
were significant positive predictors of child
depressive symptoms two years later. In
addition, associations have also been found for
average daily levels. Researchers (Scerbo &
Kolko, 1994) found that elevated average child
cortisol levels were positively related to child
internalizing behavior, which has also been
shown to relate to exclusion by peers at school
(Peters, Riksen-Walraven, Cillessen, & de
Weerth, 2011). In a sample of 9-14-year-olds,
greater increases in average daily levels of
cortisol measured across the span of a year
predicted higher general and social anxiety in
girls six months later at post-test (Schiefelbein &
Susman, 2006). In sum, preventing or alleviating
deviations from typical circadian patterns (e.g.,
high instead of low cortisol levels in the
afternoon or evening, constant high or low levels
of cortisol throughout the day) may have
positive implications for various indices of
adolescent physical and mental health.
Rationale for Reducing Basal Cortisol Levels
Through Human Equine Interaction
Participation in an 11-week EFL program
may strengthen adaptive patterns of adolescents’
basal cortisol for several reasons. First, EFL
incorporates several approaches (e.g., humananimal interaction; cognitive-behaviorally-based
stress management; and physiological relaxation
techniques) are thought to lower basal cortisol
activity in adults. Although based on
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correlational designs, studies show promising
within-person changes of cortisol levels in
response to interactions with animals (Barker,
Knisely, McCain, & Best, 2005; Barker et al.,
2010; Odendaal & Meinjes, 2003), relaxation
training (Pawlow & Jones, 2005), cognitivebehavioral stress management (Cruess, Antoni,
Kumar, & Schneiderman, 2000; Gaab et al.,
2003), yoga (Curtis, Osadchuk, & Katz, 2011),
reiki and imagery (Bowden, Goddard, &
Gruzelier, 2010), transcendental meditation
(Kamei et al., 2000), and massage (Field et al.,
2004).
Second, although not specifically
examined in the context of human-equine
interaction, a recent review on the
psychophysiological implications of humananimal interaction suggests that human-animal
interaction,
and
possibly
human-equine
interaction, may modulate physiological stress
parameters through their connection with the
oxytocin system (Beetz et al., 2012). For
example, several investigators (Odenaal, 2000;
Odendaal & Meintjes, 2003; Handlin et al.,
2011) have noted significant increases in
oxytocin levels in human plasma levels after as
little as three minutes of physically interacting
(e.g., stroking) with a dog, with effects
depending on the relationship quality between
the human-dog pair. Similarly, physical
interactions that ‘tap into’ caregiving and
grooming behaviors have also been associated
with increases in oxytocin in human to human
contact (Carter, 2003; White-Traut, Schwertz,
McFarlin, & Kogan, 2009). This is relevant, as
the EFL program under study explicitly engages
participants in physical interactions with the
horse (i.e., grooming, stroking, petting,
touching) for the purpose of down-regulating
their physiological arousal. For example, in
addition to the regular ten-minute grooming
activity children engaged in during each session,
children were at times instructed to use their
hands to stroke (e.g., massage) the horse slowly
and rhythmically for ten minutes, while

EQUINE FACILITATED LEARNING REDUCES CORTISOL

mindfully engaging in relaxation behaviors.
These behaviors included breathing slowly and
rhythmically to match their breathing to the
breathing of the horse, refraining from any
verbal communication with others, and being
mindful about the experience of touching the
horse and feeling its warmth. Since increases in
oxytocin are associated with decreases in
cortisol levels in humans and non-human
animals (Legros, Chiodera, & Geenen, 1988;
Petersson, Lundeberg, & Uvnäs-Moberg, 1999;
Neumann et al., 2000), engagement in this type
of EFL activity - and the hypothesized increases
in oxytocin - may thus lead to suppressed HPA
activity as evidenced by reduced cortisol levels.
Last, given that cortisol levels are
extremely sensitive to social stressors and
supports, (Gunnar & Donzella, 2002),
participation in EFL may effectively lower basal
cortisol production through adaptations in
participants’ stress-relevant cognitive appraisals.
Specifically, basal HPA activity is dependent not
only on the nature and frequency of daily
stressors encountered, but also on appraisal
processes (Herman & Cullinan, 1997). These
include both the individual's interpretation of
stressors, as well as the assessment of the
availability – and adequacy – of coping
resources. One key component of EFL that may
alter participants’ stress-relevant cognitive
appraisals is that participants are provided with
countless opportunities to experience positive
human-equine interactions in a supportive, nonjudgmental environment. Combined with
observed improvements in social competence
(Pendry & Roeter, 2013), the development of a
trust-based relationship with the horse,
individual counselors, and other participants,
EFL may thus effectively increase participants’
performance accomplishment and perception of
social support, which is likely to affect how
stressors are perceived and, physiologically,
responded to.
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Research Questions and Hypothesis
Given that correlational studies have
demonstrated promising alterations towards
more adaptive basal cortisol patterns in adults
(e.g., lower average cortisol, lower afternoon
and evening levels), along with findings
suggesting that HAI may increase oxytocin
(associated with suppressing HPA activity), and
improve stress-relevant cognitive appraisals, the
following hypotheses guided our analyses. The
first hypothesis predicted that children randomly
assigned to participate in an 11-week equine
facilitated learning program would on average
have lower levels of average daily cortisol levels
at post-test, compared to children assigned to a
waitlisted condition. The second hypothesis
predicted that children randomly assigned to
participate in an 11-week equine facilitated
learning program would have on average lower
levels of afternoon and bedtime cortisol levels at
post-test, compared to children assigned to a
waitlisted condition.
Method
The Program
The equine facilitated learning program,
PATH to Success, was conducted at a Premier
Accredited Center of PATH, Int’l at a university
setting. The stated goal of the program is to
enhance child social competence and reduce
stress through an 11-week session of onceweekly, 90-minute lessons of individual, team,
and group-focused equine facilitated activities.
Activities were based on principles of equitation
science and natural horsemanship (McGreevy &
McLean, 2010) featuring a combination of
mounted and un-mounted activities and humanequine interactions, including observation of
equine behavior, engagement in equine
management
(e.g.,
grooming),
in-hand
horsemanship, some riding, and personal and
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group reflection. The program was implemented
by a team of certified instructors, professional
counseling
psychologists,
graduate-level
counseling students, and undergraduate students
in child development, education, and animal
science. Children in the experimental group
were assigned to the same facilitation team for
the entire 11-week session that included one
equine, two child participants, an equine
specialist, and a facilitator. Each day, a total of
eight child participants - divided across four
equine teams headed by four experienced
facilitators - participated. The program was
conducted four times a week, serving 32
children each week per 11-week session. The
weekly lessons were conducted on weekday
afternoons and included transportation of
participants from school to the program site and
back immediately following their regular school
day. Children who were waitlisted participated
after children in the experimental group
completed the program. A description of weekly
program objectives and a selection of sample
activities are described in Table 1.

Procedures
The study was approved by Washington
State’s University Committee on Research
Involving Human Subjects. Equine welfare of
horses in the program was carefully monitored
under the university’s Institutional Animal Care
and Use Committee (IACUC) regulations and
campus veterinarian. Program participants were
recruited through referral by school counselors
and distribution of flyers and advertisements
throughout schools and the community. Children
referred by school counselors were those
receiving counseling services for academic
and/or behavioral adjustment issues or those
whose parents had consulted with counseling
staff about concerns over their child’s exposure
to school and/or home-based stress. Criteria for
participation were 1) parents and children were
proficient English speakers, 2) the child did not
have physical or mental disabilities, and 3)
children attended the fifth through eighth grade.
Parents provided information about the
adolescent’s use of steroid-based medication,

Table 1
Outline of Lesson Objectives by Week
Week

Lesson Objective

Sample Activity

1

Basic safety: Meet horses and staff

Observing horse behavior and herd dynamics

2

Respect: Self, others and horses

Moving horses using 4 phases of direct or indirect
pressure

3

Communication: Verbal and non-verbal

Leading horses, interpreting horse body language

4

Leadership: Assertive and aggressive cues

Driving activity using body language and phases

5

Trust: Coping with perceptions of stress

Riding and leading

6

Boundaries

Driving activity using indirect pressure

7

Overcoming challenges and building confidence

Desensitizing horses

8

Enhancing self-regulation and relaxation

Horse massage, riding

9

Prepare for parents/visitors day

Incorporating horsemanship skills for team
challenge

10

Parents/visitors day

Participants ‘teach’ parents horsemanship skills

11

Program wrap up

Obstacle course, riding and reflection
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health and behavior, and child’s exposure to
school and/or family based stress. Although this
did not occur, children could have been
excluded from participation if a history of
animal abuse or suicidal behavior had been
reported. Parents and children were instructed
and consented/assented by the PI, and received
materials and demonstrations on in-home
salivary sampling procedures. Parents completed
a standardized measure of child social
competence (see measures) for which they were
paid five dollars. Given that a limited number of
program and study slots were available, children
who were referred by school counselors, those
with greater exposure to current or recent school
or home-based stressors, and those with lower
social competence were given priority during
study selection - but not randomization procedures.
Sample Recruitment, Screening, and Assignment
Program staff recruited a total of 131
interested children and their families from ten
different schools in a rural university town in the
Pacific Northwest area of the United States, of
which 113 were selected (N boys = 41; N girls =
72; N referred = 16; M age = 11.35 yrs; M social
competence = 42.99) for study participation. Using a
randomization schedule, study participants were
randomly assigned to an experimental group (N
= 53) or waitlisted control condition to start
program participation 16 weeks later (N = 60).
Participants were predominantly White (81.6%),
and of non-Latino or Hispanic ethnicity (88.8%),
with the remaining children reporting across
racial categories that included more than one
race (8%), Asian (3.2%), American Indian or
Alaska Native (1.6%), or unknown race (5.6%).
There were no significant differences between
participants’ age (p = .60), gender (p = .77),
referral status (p = .18), grade level (p = .75), or
pre-test levels of social competence (p =.31) by
experimental condition. Sample enrollment,
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selection, randomization, follow up, and
analyses counts are described in a flow diagram
(Figure 1, page 86). Of participants originally
assigned, 84% completed data collection at posttest (N boys = 36; N girls = 58; N referred = 13; M age
= 11.34 yrs). There were no significant group
differences by age (p = .96), referral status (p =
.91), grade level (p = .90), baseline social
competence (p = .93), gender (p = .25), or
amount of previous experience working with
horses (p = .94) between participants who
completed the study and those lost to attrition.
Measures
Child social competence
Parents completed the Devereux Student
Strength Assessment (DESSA; LeBuffe,
Shapiro, & Naglieri, 2009) which contains 72items asking respondents to indicate how often
various child behaviors occurred over the past
four weeks based on a 5-point Likert scale
ranging from 0 (never) to 4 (very frequently).
The DESSA composite score (α1 = .98) was
derived from 8 subscales including Optimistic
Thinking (α = .87), Self-Management (α = .86),
Goal-Directed Behavior (α = .89), SelfAwareness (α = .82), Social-Awareness (α =
.81), Personal Responsibility (α = .87), Decision
Making (α = .91), and Relationship Skills (α =
.93). Based on comparisons of mean levels of
pre-test social competence in our sample to
mean levels obtained in a ‘normal’ (M = 48.20;
SD = 10.01) and ‘emotionally disturbed’ (M =
37.10; SD = 7.90) population sample (LeBuffe
et al., 2009), it appears that the goal of recruiting
children with relatively lower levels of social
competence was met.
Salivary Cortisol Sampling
In-home cortisol sampling at pre-test was
done by all participants over two consecutive
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Figure 1
Flow Diagram describing sample enrollment, selection, randomization, follow up and analyses.
Assessed for eligibility (N = 131)
Excluded (N = 18)
• Did not meet selection criteria (N=15)
• Active withdrawal (N = 3)
Randomized (N = 113)

Allocated to Experimental Condition (N=53)
• Received allocated intervention (N = 51)
• Did not receive intervention (N = 2)
 Active withdrawal upon assignment

Allocated to Control Condition (N= 60)
• Received allocated intervention (N=57)
• Did not receive intervention (N= 3)
 Active withdrawal upon assignment

Lost to follow up (N = 7)
• Moved away from area (N= 2)
• Allergy issues (N= 1)
• Family medical emergency (N=1)
• Schedule conflict with other activities (N=2)
• Had previous horse experience, found program too
“basic” (N = 1*)
• Failed to complete posttest assignment (N=1)

Lost to follow-up (N=6)
• Failed to complete posttest assignment (N=6)

Analyzed
• Included based on original data (N = 44)
• Included based on pooled data in intent-to- treat
analyses (N = 53)

Analyzed
• Included based on original data (N = 51)
• Included based on pooled data in intent-to-treat
analyses (N = 60)

Treatment following posttest (N=49)
*Participant withdrew after 4 weeks of participation but completed post-test assessments.

days after participant consent/assent and
selection, but before random assignment was
communicated to participant, and before the start
of the program. The in-home sampling paradigm
conducted at pre-test was repeated at post-test
i.e., after completion of the treatment period,
twelve weeks later. During each sampling
period, participants collected six salivary
cortisol samples by spitting through a straw into
a sterile 1.8 ml cryovial, three times a day, on
each of two consecutive weekdays at prescribed
events (immediately upon waking, immediately
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before bedtime) and at prescribed times (4:00
pm). Participants’ recorded sampling time, use
of steroid-based medication, timing of
food/beverage intake, sleep and wake-times, as
well as sampling confounds (e.g., sickness).
Substantial efforts were made to impress upon
participants the importance of compliance with
the timing of sampling and reporting of
sampling times. Payment of 5 dollars for each
set of six samples was offered to each child upon
completion at pre-test and again post-test.
Compliance was high as 98% of children
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standard deviations above and below the mean.
Six cortisol values across two consecutive days
were used to calculate each child’s average daily
cortisol level (AUC) using the polygon method,
at pre-test and post-test. The polygon AUC is a
valuable measure, especially in establishing a
link between cortisol levels and psychological
functioning (Stewart & Seeman, 2000). Next,
based on averaging day one and day two cortisol
values for each time of day (e.g., morning,
afternoon, bedtime), we calculated an average
cortisol value for each parameter (e.g., morning,
afternoon, bedtime). A natural logarithmic
transformation for each cortisol parameter at
each time point was used to reduce positive
skewness of the data. Descriptives on cortisol
levels for each two-day period and their
associations for each time period are presented
in Table 2.

sampled provided all six samples as requested.
Participants brought samples to the program site
at the beginning and end of the program. Upon
collection, samples were transferred by cooler to
our laboratory-based freezer for storage at –20
degrees Celsius. Samples were analyzed by a
laboratory specializing in the assaying of saliva
by enzyme immunoassay. The test used for these
assays had a range of sensitivity from .007 to 1.8
μg/dl, and average intra- and inter-assay
coefficients of variation less than 3% and 7%
respectively.
Data Reduction of Cortisol Values
Cortisol parameters (area under the curve
(AUC), morning, afternoon, bedtime) for each
child were calculated at pre-test and six at posttest. To limit the influence of extreme cortisol
values, values were first winzorised to 3

Table 2
Descriptives by Day and Correlations Between Days of Original Untransformed Child Cortisol Data
Day 1
M (SD)

Day 2
M (SD)

Correlation

Pre-test
Morning Cortisol

.290 (.18)

.322 (.29)

.273**

Afternoon Cortisol

.085 (.12)

.116 (.23)

.149*

Bedtime Cortisol

.065 (.16)

.049 (.12)

.540**

Morning Time

7.32 (1.00)

7.41 (1.17)

.434**

Afternoon Time

16.40 (.88)

16.31 (.94)

.247*

Bedtime Time

21.12 (.90)

21.17 (.92)

.592**

Post-test
Morning Cortisol

.289 (.16)

.301 (.16)

.255**

Afternoon Cortisol

.078 (.06)

.085 (.08)

.376**

Bedtime Cortisol

.057 (.09)

.050 (.08)

.500**

Morning Time

7.61 (1.11)

7.48 (1.10)

.565**

Afternoon Time

16.07 (1.25)

16.04 (1.13)

.591**

Variable

Bedtime Time

21.33 (1.11)
.473**
21.41 (1.02)
** Correlation is significant at the .01 level. * Correlation is significant at the .05 level.
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Results
To determine whether participation in the
program significantly strengthened child basal
cortisol levels we conducted a series of intent-totreat analyses (Fisher et al., 1990), which
prevents overestimation of treatment effects by
comparing participants in the groups to which
they were originally randomly assigned,
regardless of whether they subsequently
withdrew or deviated from the protocol. Missing
data on post-test assessments were imputed
using five imputations according to multiple
imputation procedures (Rubin, 1996). The posttest results thus reflect pooled estimates across
five imputed datasets that were generated.
A series of one-way ANOVAs revealed no
statistically significant differences in pre-test
levels of child cortisol levels by experimental
condition for any of the cortisol parameters. To
test the first hypothesis - participation in the
program would reduce average daily (AUC)
levels of cortisol - researchers conducted a oneway ANOVA comparing average daily cortisol

levels measured at post-test by experimental
condition. Results support the first hypothesis
indicating that children who participated in the
intervention had significantly lower levels of
cortisol per waking hour at post-test (F (1, 112)
= 11.12, p = .017), compared to children who
were waitlisted (see Figure 2). Based on
calculations using pooled variances, the effect
size of program participation on average daily
cortisol level was .46, a moderate effect (Cohen,
1988).
Using a lagged regression approach,
researchers next predicted adolescents’ basal
cortisol levels at post-test (Time -2), while
including a pre-test (Time -1) covariate in the
model. The aim of this approach was to examine
program effects while considering omitted
(unmeasured) time-invariant differences in
children that may have been present at the
beginning of the program. Important factors
potentially related to adolescent basal cortisol
levels at both time points (e.g., gender, age,
referral status) were also included in the model
as covariates. Results (Table 3, model 1)

Table 3
Lagged Dependent Variable Models Predicting Posttest Basal Cortisol levels by Experimental Condition
Variable
Average Daily (AUC) Cortisol
Constant
Experimental Condition
Pre-test AUC Cortisol
Child Gender
Child Age
Whether Referred
Afternoon Cortisol
Constant
Experimental Condition
Pre-test Afternoon Cortisol
Child Gender
Child Age
Whether Referred
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Unstandardized B

SE

Beta

p-value

-.639
-.209
.219
-.143
-.007
-.054

.540
.087
.078
.095
.004
.132

-.223
.263
-.145
-.159
-.039

.242
.019
.006
.137
.103
.684

-1.586
.314
.156
-.158
-.004
-.065

.784
.119
.086
1.33
.006
.176

-.278
.195
-.131
-.075
-.040

.046
.010
.074
.237
.486
.710
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afternoon cortisol levels measured at post-test by
experimental condition. Results support the
second hypothesis (Figure 2) by demonstrating a
treatment effect of program participation as
illustrated by significant group differences in
afternoon cortisol levels, (F(1, 112) = 8.56, p =
.017) by experimental condition. Based on
calculations using pooled variances, program
participation resulted in an effect size of d = .48,
a moderate effect. Using a longitudinal lagged
regression approach, researchers next predicted
adolescents’ afternoon basal cortisol levels at
post-test (Time-2), while including a pre-test
(Time-1) covariate in the model, as well as

revealed a significant treatment effect on
adolescents’ average daily (AUC) cortisol levels
(β = -.223; p = .019), which was independent of
contributions of children’s pre-test levels of
average daily cortisol, which were positive and
significant (β = .263; p < .006). There were no
significant main effects of children’s referral
status, age, or gender, nor did we observe that
treatment effects were moderated by these child
characteristics.
Testing
the
second
hypothesis
participation in the program would reduce
afternoon levels of cortisol - researchers
conducted a one-way ANOVA comparing

Figure 2
Basal pattern of cortisol production demonstrating significant lower afternoon and daily average levels of
cortisol at post-test for children assigned to experimental group.

Post-test Average Cortisol

Pre-test Average Cortisol

0.2

0.16

0.2
0.15

0.15

0.15

0.1

0.1

0.05

0.05

0

0
Control

0.20

0.15

0.15
0.10

0.10

0.10

0.05

0.05

0.00

0.00
Control
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Experimental

Experimental

Post-test Afternoon Cortisol

0.20

0.10

0.12

Control

Experimental

Pre-test Afternoon Cortisol

0.10

0.17

0.06

Control

Experimental
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factors potentially related to adolescent
afternoon cortisol levels at both time points.
Results (Table 3, model 2) revealed a significant
treatment effect on adolescents’ afternoon
cortisol level (β = .278; p = .010), which was
independent of contributions of children’s pretest levels of afternoon cortisol (β = .195; p <
.074). There were no significant main effects of
children’s referral status, age, or gender, nor did
we observe that treatment effects were
moderated by these child characteristics. We
found no evidence suggesting that morning or
bedtime cortisol levels were significantly
affected by program participation.
Discussion
The current study reports on the results of a
randomized trial examining causal effects of
participation in an 11-week equine facilitated
learning program on basal HPA activity of
adolescents assessed through in-home sampling
of salivary cortisol at pre-test (before program
assignment) and post-test (12 weeks later).
Results showed a moderate lowering effect on
average daily cortisol levels (AUC) (d = .48)
and afternoon cortisol levels (d = .48) of
adolescents who participated in an 11-week EFL
program, compared to those who were
waitlisted. Findings also showed that program
effects on afternoon and daily average cortisol
were independent from baseline levels of
cortisol, child gender, age, and referral status.
Although associations between lower average
daily cortisol/afternoon levels of cortisol and
developmental
psychopathology
and/or
adolescent health are by no means clearly
understood, several researchers have suggested
that lower basal cortisol levels in a relatively
normal adolescent sample may constitute a
protective influence against the development of
psychopathology and health problems in certain
populations (Lupien et al., 2009). As such, this
study suggests that EFL may be an effective
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approach to support positive development in
adolescence. To our knowledge, this is the first
randomized, controlled trial to demonstrate
treatment effects of a prevention program on
basal HPA activity in a sample of predominantly
normal sample of adolescents. These results also
represent the first causal evidence demonstrating
significant effects of EFL on basal
neuroendocrine functioning of adolescents. Our
work complements findings based on recent
randomized trials on EFL on social competence
(Hauge et al., 2013; Pendry & Roeter, 2013) and
responds to calls in the growing field of HumanAnimal Interaction (HAI) and Animal Assisted
Intervention (AAI) (Esposito et al., 2010) for
evidence-based approaches examining effects on
child development. This study also contributes
to a relatively new and much needed body of
literature of randomized trials on preventive
interventions with adolescents, which have paid
minimal attention to neurobiological and
physiological systems in their evaluations of
treatment efficacy (Cicchetti & Gunnar, 2008).
Human-Animal Interaction and Cortisol
The observed treatment effects of equine
facilitated learning on young adolescents’
cortisol levels represent a novel finding that
complements a small body of research linking
interaction between humans and dogs to reduced
momentary cortisol activity. For example,
Barker et al. (2010) compared cortisol reactivity
and recovery of therapy dog owners to nontherapy dog owners in the context of a
laboratory-based stress task. In both groups,
cortisol levels dropped below baseline after one
minute of interaction with the therapy dog,
offsetting initial increases in cortisol levels in
response to the stress task. Barker et al. (2005)
also demonstrated that serum and salivary
momentary cortisol levels of healthcare
professionals were significantly lower after
interacting with a therapy dog in a hospital
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setting. Lastly, interaction with a familiar dog in
the home has been found to decrease human
cortisol levels (Odendaal & Meinjes, 2003).
While the use of therapy dogs has been shown to
reduce cortisol levels in adults, interventions
incorporating the use of therapy dogs with
children have been less successful. For example,
Kaminski, Pellino, and Wish (2002) compared
salivary cortisol levels of participants
participating in child-life intervention sessions one group incorporating the use of therapy dogs
and the other without – and found that
reductions in salivary cortisol in either group
were not significant.
Implications for adolescent development
The implications of these results for
adolescent development need to be interpreted
thoughtfully. First, extremely little is known
about the extent to which cortisol activity of
young adolescents - and changes therein - may
precede adaptive changes on the behavioral level
in the long term. As such, it is not clear whether
the observed changes in cortisol levels constitute
an influential protective factor that promotes
future adaptation and resilience (Masten, 2001)
in the context of risk factors. Second, it is
important to consider both the nature of results
(lower AUC and afternoon cortisol), as well as
the population in which they were obtained (i.e.
a relatively normal sample of young adolescents,
rather than a clinical sample of children
characterized by a history of severe
maltreatment, extreme rearing conditions, and/or
existing
developmental
psychopathology).
Specifically, it is important to consider that basal
cortisol levels in our sample at pre-test were
characterized by what are thought of as
relatively normal patterns of cortisol production,
although a wide range of individual differences
in steepness of these patterns were observed.
Effects of lower AUC and afternoon cortisol
levels observed in our study should thus not be
91 | H A I B

equated with altering the presence of
maladaptive patterns of HPA activity, such as
hyper or hypocortisolism. In sum, the results of
this study reflect moderate treatment effects of
equine facilitated learning on average daily
(AUC) and afternoon cortisol levels within the
normal range of basal HPA activity.
Limitations and Implications
Future studies examining the effects of
preventive equine facilitated learning programs
on adolescent basal HPA activity will benefit
from addressing the following limitations of this
study. Since the program involved a significant
amount of human interaction, the design of the
study would have benefitted significantly from
an additional control group to compare effects of
equine facilitated activities to the effects of the
intervention components that did not involve
interactions with equines. Also, the use of
additional control groups could have facilitated
an examination of the role of particular types of
equine interactions thought to be central to the
intervention’s success. For example, is it
grooming horses, riding horses, or engaging in
natural horsemanship activities that affect child
HPA activity? What is the role of various other
program features and activities possibly
underlying the treatment effects (e.g. the role of
cognitive behavioral approaches to affect
cognitive appraisals about stress and coping
versus relaxation activities aimed at reducing
physiological arousal)? Second, although
participation in the intervention was offered to
all fifth through eighth grade students in the
geographical area, students and parents had a
choice to enroll their child in the program. As
such, the study cannot address whether this
equine facilitated intervention would be equally
effective for children who may have been less
willing or comfortable to interact with horses.
Our findings have several implications for
practice. First, the experimental nature of these
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findings gives greater credence to the claim of
therapeutic
horsemanship
professionals,
participants, and parents who have reported
significant positive effects of equine facilitated
activities firsthand. Faced with skepticism about
the efficacy of equine facilitated programs by
potential funders and third party payers,
therapeutic professionals and clients can now
point to causal effects on physiological
outcomes associated with current and future
physical and mental health. Second, this study
suggests that equine facilitated learning
programs may serve as viable alternatives to
after school programs focusing on athletic or
academic achievement, providing after school
opportunities to children with different interests
and needs. Third, while this is only the first step
in more fully understanding our ability to alter
HPA activity of adolescents through the use of
preventive interventions, the effect of a
relatively short-term EFL program on diurnal
HPA activity may serve as the impetus to
conduct research on effects of EFL in other
populations, including children with a history of
stress exposure or those with diagnoses of stressrelated adjustment issues, as well as closer
examination of potential mediating variables,
underlying program effects.
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