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Objective: Stress and its sequelae are very common in adults with autism spectrum disorder (ASD) without an
intellectual disability (ID). Animal-assisted therapy (AAT) has shown physiological stress-reductive effects in
children with ASD. The aim of the current study was to examine the acute psychophysiological response to an
AAT session, and to examine the longer-term stress-physiological effects of the intervention, up until 10 weeks
post-treatment, in comparison to waiting-list controls.
Method: A randomized controlled trial with pre-intervention (T0), post-intervention (T1: 10 weeks) and followup (T2: 20 weeks) measurements of neuroendocrine and cardiovascular measures, was conducted in 53 adults
with ASD (N = 27 in intervention arm; N = 26 in control arm). Within the intervention group, stressphysiological data were collected during the 5th therapy session (acute effects). Data were analyzed with
mixed models for outcome measures cortisol, alpha-amylase, heart rate variability and sympathetic activity.
Results: The AAT interventional session was significantly associated with reduced cortisol levels (β = − 0.41, p =
.010), while parasympathetic and sympathetic cardiovascular activity remained unaltered. No significant
changes were found for stress-physiological measures at post-treatment time points.
Conclusions: Acute stress reduction, reflected in significant reduction in cortisol levels, was found during an AAT
session in adults with ASD, without ID. More research is needed to explore to what extent the specific factors of
AAT have contributed to the decrease in cortisol and whether stress reduction is possible for the longer-term.

1. Introduction
High levels of perceived stress and stress-related problems are very
common in adults with autism spectrum disorders (ASD) without an
intellectual disability (ID) [17]. These high levels of stress are associated
with poor life outcomes in ASD, such as depression, anxiety and cardiac
diseases [7]. Difficulties in initiating and maintaining social relation
ships and difficulties in cognitive switching, both core deficits in ASD
[2], jeopardize adequate coping with stress [6,17,59]. Adults with ASD,
who experience prolonged stress exposure, are at increased risk of
chronic exhaustion, loss of skills and reduced tolerance for stimuli,
which is called an ‘autistic burn-out’ [41].

Receiving adequate social support is associated with improved
mental health in adults with ASD [6,59]. However, bullying and social
exclusion are widely experienced by individuals with ASD, resulting in
poor social support networks [45]. Due to these negative social experi
ences in the past, people with ASD (especially the higher functioning
people, without ID), often try to hide or compensate one’s disabilities to
increase social acceptation, behavior called social camouflaging
[19,29]. The downside of social camouflaging is that it is a major source
of stress. Recently, research on social camouflage showed strong asso
ciations with depression, and even suicide [8]. It has been reported as
one of the main factors causing a burn-out in ASD, worsening of daily life
functioning, such as loss of ability to talk, and poor executive
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functioning [41]. The high prevalence of stress and limited resources to
reduce stress in adults with ASD without ID, puts them at risk for poor
life outcomes [6,17]. Interventions targeting stress in adults with ASD,
without ID thus are highly needed.
Only a limited number of studies in extant literature report on in
terventions that reduce stress in adults with ASD without ID, and studies
using stress as outcome measure are lacking [46]. In our previous
publication, an RCT on the effectiveness of Animal Assisted Therapy
(AAT) in a sample of adults with ASD without ID, we showed signifi
cantly lower subjective stress levels after AAT as compared to waiting
list controls [56]. To date, the effects of AAT on physiological stress in
adults with ASD are unknown. However, in children with ASD, lower
cortisol awakening responses (CAR) were observed during the stay of a
specially trained and selected service dog in their home [52]. Further
more, in children with ASD who participated in therapy sessions
incorporating goal-directed activities with horses, significant reductions
in salivary cortisol were found [49].
Given the positive effects of AAT on acute stress reduction in children
with ASD, and the lack of research on physiological stress reactivity in
adults with ASD without ID, we aimed to explore whether physiological
indicators of stress in this latter population change across an AAT session
period (1 h), and hypothesized that the AAT session would be associated
with a reduction in stress parameters.
Since this is the first study exploring associations between AAT and
physiological stress in the adults with ASD without ID, we included a
broad range of parameters, reflecting activation of the major physio
logical stress response systems. We included measures of the
Hypothalamic-Pituitary-Adrenal axis (HPA axis) (cortisol), and the
neural and neuro-endocrine branches of the sympathetic nervous system
(alpha-amylase, systolic time intervals (i.e., PEP, LVET)), as well as the
parasympathetic nervous system (HRV).
To examine whether possible intervention effects remained after the
therapy, we performed a randomized controlled trial (RCT) in which
physiological effects of AAT were tested as secondary outcomes in by
comparing post-intervention (after 10 sessions) and follow-up effects
(20-week follow-up period) to pre-intervention (T0). We hypothesized
that participants in the AAT condition, compared to waiting list controls,
would have reduced cortisol levels at post-treatment and that this would
return to pre-intervention levels when therapy was not provided
anymore [52]. Based on studies on mindfulness, we expected the sym
pathetic measures to follow a similar, but smaller-sized course, while
parasympathetic activity is expected to show small-sized increases (i.e.,
somewhat more variability) at post-treatment, with a similar return to
pre-treatment at follow-up [38,58].

condition, as this would not provide a reliable comparison.
To explore the effect of AAT on the RCT’s secondary psychophysio
logical outcome measures, physiological data were collected at three
measurement occasions: pre-intervention (T0), post-intervention (T1,
10 weeks after T0), and follow-up (T2, 20 weeks after T0) in both
intervention and waiting list control groups.
Because of ethical considerations of a RCT with a waiting list control
condition, we offered all participants in the waiting list control condi
tion AAT after T2. The medical ethics committee CMO region ArnhemNijmegen, the Netherlands approved the study (NL-number:
NL48974.091.14). The study is registered in the Dutch Trial Registry
(number: NTR5938).
2.2. Participants
Participants were recruited in seven pre-planned batches from the
mental health care organization GGZ Oost Brabant, the Netherlands and
the Dutch organization for Autism (Nederlandse Vereniging voor Autisme
(NVA)). For recruitment, we employed information flyers in the waiting
room and verbal information from therapists. When prospective par
ticipants were interested in the study, they were screened for eligibility
by the primary researcher (C.W.) using a standardized intake form. The
screening comprised a review of inclusion and exclusion criteria, and the
use of specific current medication (i.e. psychotropic, and beta-blocker
use).
Participants were included when 1) they had a diagnosis ASD
received from a registered psychologist or psychiatrist, evaluated by the
Autistic Disorder Interview-Revised [32], a semi-structured interview to
assess the DSM-5 criteria [2], combined with clinical observations, 2)
were between 18 and 60 years of age, 3) without intellectual disability, i.
e. had IQ scores >80 which was (previously) established by a diagnostic
researcher with the Wechsler Adult Intelligence Scale III or IV [53,54],
and 4) were suffering from stress, reflected in scores of >19 on the
Perceived Stress Scale (PSS, [10,11]) and/or scores of >132 on the
Symptom Checklist-90-Revised (SCL-90-R, [4]). Because the main goal
of the AAT was the reduction of stress and stress-related outcomes, only
participants who had scores considered as high on these outcomes were
included. The PSS is a self-report assessment instrument for perceived
stress and has a good internal consistency and an adequate convergent
validity [11]. The self-report SCL-90-R measures psychological and
physical symptoms, such as depression, anxiety, agoraphobia and
sleeping problems. The questionnaire has an excellent reliability and
construct validity [4]. Norms and cut-off scores for the PSS and SCL-90-R
were derived from respectively the global population [11] and Dutch
population [4].
Participants were excluded when they 1) were at risk for psychosis or
suicide as indicated by the treating psychologist or psychiatrist, 2) were
currently institutionalized into a 24-h service home, 3) reported they
had a severe allergy to dogs, fear of dogs, or aversion to dogs, 4) used
corticosteroids, or 5) were participating in a treatment other than AAT
during the study. If prospective participants chose to participate in the
study, but were receiving treatment other than AAT during the screening
procedure, they were asked to consult their therapist. When participa
tion was considered as safe by the therapist, participants paused their
current treatment during the study period. They were extensively
informed that they could withdraw from participation at any time
without giving a reason and restart their treatment.

2. Methods
2.1. Design
This study had a single-blind randomized controlled trial (RCT)
design and was conducted between January 2015 and July 2017. The
RCT had two conditions: 1) the intervention condition and 2) a waiting
list control condition. Participants were, blindly for the principle
researcher, randomized into one of the conditions after the preintervention assessment. The current study was conducted as a sec
ondary analysis of the RCT which aimed to examine self-reported effects
of AAT [55].
To explore acute effects, data were collected during the fifth therapy
session only in participants that were randomized into the intervention
condition. Data regarding cortisol and alpha-amylase were collected
before the start (t0, 0 min) and at the end (t60, 60 min) of the therapy
session. Cardiac autonomic control measures were recorded during the
session (60 min). Since participants in the AAT condition received an
active form of therapy, including movement, increased vigilance and
physiological arousal was expected [9,33]. For this reason, no mea
surements were conducted in week 5 in the waiting list control

2.2.1. Sample size
Since this is the first study exploring the effects of AAT in the adult
ASD population, the study had an exploratory character. We aimed to
include 25 to 30 participants per condition, since this was regarded
sufficient to find moderate effects in previous exploratory research
[16,26]. From the 68 eligible participants, eight were excluded because
they did not meet the inclusion criteria, and seven declined to partici
pate (Fig. 1). In total, 53 participants participated (N = 27 in AAT
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Fig. 1. Flowchart design study.

condition, N = 26 in control condition) and provided their verbal and
written informed consent.
While 27 participants were included in the intervention condition
initially, two participants were deemed outliers and their data were
excluded from analyses, due to 1) pregnancy [9,47] and 2) multiple
personal problems and a stressful life event not related to the study.
Therefore, data of N = 25 participants were analyzed. In addition, due to
device failure during the ECG/ICG measurement, one participant had
missing data for all cardiac variables.
Regarding longer-term effects of AAT, N = 51 participants were
included in analyses (N = 25 AAT condition, N = 26 control condition).
One participant in the control condition dropped out after preintervention measures due to physical illness and the need for inten
sive revalidation treatment (T0 data were included in analyses).
Furthermore, due to device failure of HRV measures, six data points in
five participants were missing. These participants were all included in
the analyses.

2.3. Outcome variables
The two key components of the human stress system are the
Hypothalamic-Pituitary-Adrenal axis (HPA axis) and the autonomic
nervous system, which consists of a parasympathetic and sympathetic
branch. The outcome measures were chosen carefully to represent these
key components of the stress system, as cortisol reflects HPA axis ac
tivity, alpha-amylase reflects activity of the neuroendocrine branch of
the sympathetic nervous system, while systolic time intervals (PreEjection Period (PEP), Left Ventricular Ejection Time (LVET)) reflect the
neural sympathetic branch affecting cardiac activation. In addition, root
mean square of successive differences (RMSSD) reflects influences of the
parasympathetic nervous system.
2.3.1. Stress hormones
2.3.1.1. Cortisol. Is a hormone released by the HPA axis in response to
perceived stress. In addition, cortisol knows a diurnal curve, with an
increase in response to awakening, and reducing values during the day
38
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until the nadir is reached just after midnight. An in-house competitive
radio-immunoassay employing polyclonal anti-cortisol antibodies
(K7348) and [1,2-3H(N)]-Hydrocortisone (PerkinElmer NET396250UC)
was used as a tracer for cortisol. The lower limit of detection was 1.0
nmol/l and inter-assay variation was <7% at 3.3–30 nmol/l (n = 80).
Intra-assay variation was <4% (n = 10). Cortisol is expressed in nmol/l.

participants, guided by a certified health care professional. A trained
dog was present throughout. Information on the selection and training
of the therapy dogs and guidelines regarding their welfare is described
elsewhere [57]. Our AAT program incorporated 13 trained therapy
dogs, aged between 2 and 10 years old, who were selected by experi
enced dog trainers from the Dutch service dog foundation (Stichting
Hulphond Nederland). The dogs had the following breeds: Labrador,
Labrador crossbreed, Poodle, Golden retriever, Golden retriever cross
breed and German wirehaired pointer. To protect well-being of the dogs,
strict guidelines were followed, such as working a maximum of two
hours per day (non-consecutive) with a maximum of two days per week
depending on the breed, age, and fitness of the dog. The program was
executed by 3 healthcare professionals with a college or university de
gree in mental health care and with a minimum of five years working
experience with adults with ASD, without ID. Since the therapist also
fulfilled the role as animal handler, they were also certified in dog
behavior.
A semi-structured therapy protocol was used during the study to
limit inter-therapist differences [55]. It has been hypothesized that
touching the animal reduces stress [40] and expression of non-verbal
communication (body posture, gestures) improves social communica
tion [25]. Therefore, the therapy protocol contained several exercises
aiming to reduce stress and improve social communication. The thera
pist provided exercises to the participant. The participant was chal
lenged to execute the exercises together with the therapy dog. For
example, the participant was asked to have the dog respond to several
commands, such as letting the dog sit of giving a paw. These commands
could be given verbally, but the participants were also challenged to
perform this exercise without spoken language. Other examples of ex
ercises are, letting the dog retrieve materials, providing tempting ma
terial to the dog and trying to prevent the dog giving into the temptation,
or guiding the dog without a leash through a parkours with obstacles.
Again, participants were challenged to execute those exercises first with
spoken language, but in a second round they were challenged to perform
the same exercises without spoken language, to improve their nonverbal communication. The final 10 to 15 min of each session, partici
pants were given time to physically interact with the therapy dog in the
form of petting or grooming the dog. Participants were encouraged to
focus their attention and communication towards the dog, and were
sitting down during this period. When possible, the therapist withdrew
in order to optimize contact between the participant and the dog.
However, when the participant needed encouragement to remain
focused on the dog, the therapist helped facilitating this interaction.
More detailed information on the therapy protocol and program fidelity
is provided elsewhere [55,57].

2.3.1.2. Alpha-amylase. In recent years, has emerged as a valid and
reliable marker of sympathetic nervous system activity in stress research
[1]. Alpha-amylase is defined in U/l and was determined with a
Beckman-Coulter AU5811 chemistry analyzer (Beckman-Coulter Inc.,
Brea, CA). Samples were diluted 1000× with 0.2% BSA in 0.01 M
phosphate buffer pH 7.0. Inter-assay variation was 2,2% at 210.000 U/l
(n = 39).
Cortisol and alpha-amylase are both positively related to perceived
stress [44,51]. Saliva sampling is evaluated as reliable, valid, noninvasive and not stressful [23]. Both samples were collected with the
Sarstedt Salivette (article number 51.1534.500).
2.3.2. Cardiac autonomic control
The Vrije Universiteit Ambulatory Monitoring System (VU-AMS 4.6)
was used to record a continuous electrocardiogram (ECG) and imped
ance cardiogram (ICG) [14], using a 7-electrode configuration and
liquid gel electrodes (Kendall, Medcat, the Netherlands). The event
button on the device was used to indicate start and end times of the
resting period at T0, T1 and T2 (each 30 min duration) and start and end
times of the therapeutic session (1 h), during which cardiac autonomic
control was assessed. During the resting period measurements, partici
pants remained seated. Data were exported to the VU-DAMS software
(version 3.2), which automatically detected all markers in the ECG. All
R-peak markers were visually checked, and adjusted when necessary.
The signal was visually checked for artifacts (e.g. premature atrial or
ventricular contractions), which were removed prior to scoring.
2.3.2.1. Heart rate variability. In total, three variables were extracted
for analyses, in part based on recommendations of the Task Force of The
European Society of Cardiology and the North American Society of
Pacing and Electrophysiology [50]. From the corrected ECG signal,
period averages were calculated for heart period (IBI), which combines
cardiac sympathetic and parasympathetic influences. In addition, the
standard deviation of all N–N intervals (SDNN) and the root mean
square of successive differences (RMSSD) were calculated as time
domain measures of heart rate variability, and reflect parasympathetic
cardiac tone, an important measure to assess effects of stress reduction.
2.3.2.2. Sympathetic activity. From the ICG signal, systolic time in
tervals (Pre-Ejection Period (PEP) and Left Ventricular Ejection Time
(LVET)) were derived. PEP is a noninvasive index of cardiac sympathetic
drive and is defined as the time interval in milliseconds between the
onset of ventricular depolarization (Q-wave onset in the ECG) to the
opening of the aortic valves (B-point in the ICG). LVET is defined as the
time interval in milliseconds between the opening of the aortic valves
(B-point in the ICG) and closing of the aortic valves (X-point in the ICG).
Systolic time intervals were manually scored from ensemble averages of
the ICG of each protocol period using the VU-AMS interactive scoring
software. Scoring procedures for impedance cardiography have been
published previously [27,28]. PEP and LVET are strongly (inversely)
associated with cardiac sympathetic activity and are recommended to
observe sympathetic changes in a non-invasive way [35].

2.5. Procedure
Assessments were executed at the mental health care center GGZ
Oost Brabant. Due to cortisol and alpha amylase’s circadian rhythm
[37,51], we standardized the time of day of the assessments, with as
sessments taken between 1 and 4 PM. We adhered to a strictly stan
dardized data sampling protocol. Participants were asked not to eat,
drink, or exercise an hour before the assessments.
To examine changes between pre-, post- and follow-up assessments,
salivary cortisol and alpha-amylase samples and data on cardiac auto
nomic activation were collected during T0, T1, and T2 for both the
intervention and waiting-list control condition. Participants were
scheduled for three appointments (T0, T1 and T2). At each appointment,
they were asked to wait in the waiting room of the mental health care
center for 15 min to acclimatize from their travel. At their pre-scheduled
time, the principal researcher or a research assistant invited the
participant to the assessment room and connected the participant to the
VU-AMS device. When the device was connected and a trial recording
was considered adequate, the participant was asked to sit down in a
chair and the first saliva sample (t0) was collected. Participants received

2.4. AAT program
AAT is a goal-directed intervention, in which an animal is present.
AAT has the main aim to improve well-being in humans [20]. In our
AAT, ten weekly 1-h one-on-one sessions were offered to the
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a small plastic tube that contained a cotton role. Participants were asked
to put the cotton role in their mouth without touching it with their hands
and then gently move the cotton role in their mouth for two minutes
until it was at least moderately saturated. Time was monitored and
documented by the principal researcher, or research assistant. After two
minutes, participants were asked to put the cotton role back into the
tube without touching the role with their hands. The plastic tube was
handed over to the principal researcher or research assistant and was
immediately stored in a cool box for a maximum of four hours. The
Salivettes were labeled with a code for blind analysis by the laboratory
analyst. Participants were then asked to read magazines in silence for 30
min. After 30 min, a second saliva sample was collected using the same
procedure as the first sampling and the recording of the VU-AMS was
ended. Saliva samples were stored at − 20 ◦ C and brought to the labo
ratory of the Wilhelmina University Children Hospital of Utrecht, the
Netherlands, where they are stored for a maximum of 90 days at − 80 ◦ C
and analyzed by a laboratory analyst.
To explore the effects on physiological stress during an AAT session,
data were collected for all participants in the intervention condition
during the fifth session. At the beginning (t0 min) and at the end of the
session (t60 min) saliva was collected following the same procedure as
during the other assessment occasions. Participants were asked to sit
down during the two-minute collection of their saliva. ECG and ICG
were recorded continuously during this hour using the VU-AMS device.
We chose to assess the biological markers during the fifth session,
because by then, participants were expected to have accustomed to the
therapy setting, resulting in less confounding factors, such as stress
caused by a new situation, person, setting, or environment [49]. To
control for circadian rhythms, therapy sessions were only scheduled in
the afternoon between 1 and 4 PM.

were built for cortisol, alpha-amylase, Heart period, SDNN, RMSSD, PEP
and LVET, with intervention condition as a fixed effect [yes/no] (further
referred to as model 1). In the next model, model 2, we added the cat
egorical variable for time as fixed effect [time points T1 and T2
compared to T0], and, in model 3, the interaction of time with inter
vention condition was added. We present the estimated effects of the
best-fit model and the significance-values of the interaction term of
model 3 if this was not the best-fit model. Furthermore, as preplanned,
we adjusted the best-fit model for the following covariates age [years],
sex [male/female], having a dog at home at T0 [yes/no], WAIS total IQ,
changes in psychotropic medication during the study [yes/no], and use
of betablockers [yes/no]. Due to high adherence rates (98%), the pre
planned covariate ‘adherence’ was not used in analyses.
Considering the exploratory character of this research regarding
covariates, both the most reduced model and the most complete model
with covariates are presented in the result section. We did not correct for
multiple testing.
3. Results
Pre-intervention characteristics, including physiological variables, of
the study sample are presented in Table 1, stratified by group.
3.1. Acute AAT intervention effects
Results on acute effects during an AAT session are presented in
Table 2. Mixed linear models showed a significant decrease of cortisol at
the end of the therapy session compared to the start of the session (β =
− 0.41, 95% CI -0.72 to − 0.11; p = .010). The increase in alpha-amylase
was considered interesting (statistical trend), though not significant (β
= 0.12, 95% CI -0.02 to 0.26; p = .090). Regarding the ECG and ICG
variables, no significant acute changes in response to the AAT session
results were found.

2.6. Data preparation
Regarding the acute effects of AAT on physiological outcome mea
sures, we selected the first and last 5 min of the recording (when also
saliva was collected). A recording time-window of 5–10 min is sufficient
to examine autonomic activation of the heart. Moreover, SDNN during
such a short time frame can be considered to reflect parasympathetic
activity [50].
To explore longer-term effects of 10 AAT sessions on physiological
outcome measures of stress, we selected the second saliva sample as our
pre-intervention measure. Regarding the cardiac data, the middle 10
min of the 30-min resting period were selected from the T0, T1 and T2
measurements.
We removed 21 datapoints from analyses that fell outside the range
above or below three standard deviations determined at preintervention assessment (T0). Standardized centered scores were
calculated for remaining data with means and standard deviations at T0.
Estimates resulting from the mixed linear models were, therefore,
standardized and may be considered betas (β).

3.2. Longer-term AAT intervention effects
Fig. 2 displays longer-term effects of the intervention per outcome
variable and stratified for condition. Furthermore, beta estimates, 95%
Confidence Intervals (CI) and p-values of the best-fit model, model 1
(checked using Likelihood ratio tests), are presented in Table 3. Esti
mated effects were almost identical in both the unadjusted models and
the models adjusted for potential covariates. For all models, interaction
terms for time points and the intervention condition did not improve the
fit of models, indicating that there were no significant within-person
changes due to the intervention from pre- to post-intervention and
follow-up.
3.3. Covariates
Analysis revealed a sex-related effect for PEP and cortisol (trend), as

2.7. Statistical analysis

Table 1
Pre-intervention characteristics.

SPSS Statistics for Windows, Version 26.0 was used for descriptive
statistics and building mixed models.
2.7.1. Acute AAT effects
Separate mixed linear models were built for repeated measurements
of cortisol, alpha-amylase, Heart period, SDNN, RMSSD, PEP and LVET,
with time as a fixed linear effect [t0, t60]. After exploring the effects for
covariates, no improvements were found in our model (checked using
Likelihood ratio tests), and for this reason, we only presented the most
parsimonious models without covariates.
2.7.2. Longer-term effects of AAT
Separate mixed models that accounted for repeated measurements
40

Variable

AAT Mean (SD)

Control Mean (SD)

Age
IQ
Male
Dogowner
Betablocker

38 (12.49)
103.08 (13.69)
12
9
4

39.96 (10.34)
101.42 (14.17)
17
8
0

Cortisol (nmol/l)
Alpha-amylase (U/l; x 1000)
Heart rate (bpm)
SDNN (msec)
RMSSD (msec)
PEP (msec)
LVET (msec)

10.80 (3.82)
222.21 (114.99)
78.01 (12.02)
45.23 (16.81)
30.19 (17.80)
86.93 (11.88)
271.80 (30.66)

10.38 (3.81)
238.92 (142.39)
74.92 (10.63)
49.41 (19.53)
29.32 (18.37)
84.49 (9.22)
287.20 (23.99)
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within this study population. In neurotypical individuals, acute cortisol
reductions were found during physical interaction with a dog [39,40].
During this physical interaction, besides the reduction of cortisol,
oxytocin, a hormone associated with attachment and bonding (released
after a gentle, pleasant touch or grooming [3,13]) increased. In our
study, participants ended the AAT session with 10–15 min of petting and
grooming the dog. This physical interaction, might have increased levels
of oxytocin and therefore, contributed to the reduction of cortisol.
Although more research is needed to examine the relation between
physical interaction and stress-reduction, it could be one of the expla
nations for the reduction in cortisol found after the AAT session.
Furthermore, previous analyses revealed that AAT participants rated
the intervention as joyful [57]. In line with this, adherence rates were
very high (98%), which seems to indicate that participants were very
motivated to receive the intervention. Another potential explanation for
the AAT induced cortisol reduction may lie in the non-judgmental
perception of the dogs (Kruger & Serpell., 2010), reducing the need to
employ camouflaging strategies [29]. Since camouflaging is associated
with poor life outcomes, reducing camouflaging strategies is strongly
recommended [41]. It would be interesting for future research to
explore the relation between AAT and the employment of camouflaging
strategies.
An important limitation to these AAT session-related findings is that
no control group was included. The interpretation of the reduction in
cortisol should, therefore, be done with caution. While the cortisol
reduction might be due to increased oxytocin, induced by the petting
and grooming of the dog at the end of the AAT therapy session [40], or a
reduction of the perceived stress, the cortisol’s circadian rhythm should
be considered [23,37]. At the start of the AAT session, the observed
cortisol levels were high, suggesting the presence of stress, either acute
or chronic (around 10 nmol/L on average, while typical resting cortisol
levels lie around 1 nmol/L during the afternoon, where they remain
(around 1 nmol/L, 50th percentile; [36]) during the entire afternoon.
Therefore, the moderate decrease we found in cortisol might be attrib
uted to the effects of the intervention, rather than to circadian in
fluences. However, due to the lack of a control group and the high
cortisol levels at the start of the AAT session (which might have
increased likelihood of finding a decrease of acute stress over time), a
suggestion of causality on the acute stress reduction and AAT should be
made with caution. Future research could compare intervention condi
tions with and without a dog (treatment as usual; i.e. CBT or mindful
ness), as this might provide more specific information on the presence of
a dog on stress reduction.
Besides cortisol, counter to our expectations, an increasing trend was
found for alpha-amylase and there were no significant effects on cardiac
autonomic control. HRV is inversely related to vigilance and arousal
[9,33]. Increased alpha-amylase is often associated with higher arousal
which might imply high stress levels, yet, can also be caused by
increased activity and vigilance. Speculating on the reason for the
observed increase in alpha-amylase, and considering the discrepancy
between decreased cortisol on one hand, indicating reduced stress, and
increased alpha-amylase on the other hand, suggesting increased sym
pathetic activation, this effect might be the result of increased vigilance
and general arousal during the active exercises in AAT. In future AAT
research, using physiological measures as outcomes, it would be rec
ommended to control for level of activity.
Regarding longer-term effects, the aim of the current RCT was to
reduce stress, and reduce the resting physiological (unchallenged) preintervention level. No significant effects were found on all outcome
variables. Comparing our study findings to literature describing other
stress-reducing interventions, such as mindfulness, it seems to prove
quite difficult to reduce the resting baseline, as pre- and postintervention effects were mostly absent for measures of autonomic
arousal [38,42,58]. In general, establishing longer-term changes in
physiological stress systems seems challenging [31]. Though it has been
argued that the resting physiological baseline is to a large extent

Table 2
Intervention effects (short-term).
Variable

Start session

End session

Estimated effect
(95% CI)

p value

Mean (SD)

Mean (SD)

(Z-score)

Cortisol

10.04 (3.14)

8.74 (3.14)

0,010*

Alphaamylase
Heart rate
SDNN
RMSSD
PEP
LVET

337.60
(238.38)
82.20 (15.21)
58.37 (26.57)
28.19 (19.09)
87.06 (12.56)
273.57
(34.72)

364.80
(261.64)
81.05 (15.34)
55.80 (29.26)
28.25 (17.65)
88.38 (15.14)
276.73
(35.64)

-0,41 (− 0,72 to
− 0,11)
0,12 (− 0,02 to 0,26)
-0,08 (− 0,27 to 0,12)
-0,10 (− 0,36 to 0,17)
0,09 (− 0,10 to 0,28)
0,11 (− 0,08 to 0,29)
0,09 (− 0,07 to 0,26)

0,424
0,463
0,385
0,247
0,267

0,090

Notes: Mean raw scores (sd) per variable at the beginning (t0 minutes) and end
(t60 minutes) of session 5 are presented. Cortisol (nmol/l), Alpha-amylase (U/l;
x 1000), Heart rate (bpm), SDNN (msec), RMSSD (msec), PEP (msec), and (LVET
(msec). Furthermore, the estimated effects with 95% confidence intervals are
presented in Z-scores with p-values of the basic model without covariates.
*
p-values <.05 were considered as significant.

both outcomes were higher in males compared to females (PEP: β =
0.73, 95% CI 0.23 to 1.24; p = .005; cortisol, β = 0.53, 95% CI − 0.02 to
1.07; p = .056). Participants who did not use betablockers had a shorter
PEP, i.e. increased sympathetic cardiac drive, compared to participants
using beta-blockers (β = − 1.43, 95% CI -2.34 to − 0.53; p = .003) and
older age was associated with lower heart rate variability (SDNN: β =
− 0.03, 95% CI -0.06 to − 0.01; p = .018; RMSSD: β = − 0.03, 95% CI
-0.06 to 0.00; p = .075). Ten percent of the participants changed their
psychotropic medication during the study. Yet, the number of partici
pants who used betablockers, and the dose of their medication,
remained unchanged during the study. Analysis revealed no significant
associations for change in psychotropic medication, having a dog at
home at T0 and total IQ with the outcome variables.
4. Discussion
The current study explored the acute psychophysiological response
to a single AAT session in adults with ASD without ID. In addition, the
longer-term psychophysiological effects of the intervention were tested
using a randomized controlled trial design with a waiting-list control
group and three time points (pre-treatment, post-treatment and 10-week
follow-up).
In line with our expectations, we found that the AAT session signif
icantly reduced the level of cortisol with a standardized estimated effect
that was considered of medium size (Cohen., 1988). Counter to our
expectations, alpha-amylase showed a trending increase. The measures
of cardiac autonomic control remained unaltered, suggested no para
sympathetic and sympathetic cardiac changes associated with AAT.
Regarding the longer-term effect of AAT, the analyses did not reveal
significant effects of the intervention condition compared to the control
condition, and did not reveal significant differences between the postintervention and the 20-week follow-up when compared to the preintervention.
Our study results are consistent with studies in children with ASD, in
which acute cortisol reductions were found in response to the AAT
intervention [49,52]. In the study of Tabares [49] no longer-term effects
were assessed. Similar to our results, Viau and coworkers also reported
the absence of longer-term intervention effects. During the AAT inter
vention a trained service dog was placed into the homes of children with
ASD. Cortisol awakening response (CAR) decreased during the inter
vention period. However, when the dog was removed from their homes,
the CAR of the children jumped back to pre-intervention levels soon
[52].
Due to the high perceived stress in adults with ASD, without ID, the
acute reduction of cortisol during the AAT session is a promising finding
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Fig. 2. Levels of physiological stress measures for control and intervention group.
Note: Graphs in this figure show the means (SEM) of alpha amylase, cortisol, heart rate variability (SDNN, RMSSD), heart rate, and systolic time intervals (PEP, LVET)
across the follow-up period (T0 - pre-intervention, T1 after intervention (=+10 weeks), and 10 weeks thereafter. Controls = open marker, intervention =
solid marker.

determined by genetic components [43], chronic stress tends to increase
resting state arousal levels which is a characteristic of allostatic load
[34]. Interventions such as mindfulness or AAT may not be robust
enough to accomplish changes in chronic stress if practicing is dis
continued. Above reasoning might explain why only acute, and no
longer-term effects were found. Furthermore, as the stress physiological
system in the context of chronic stress is quite complex, it is up for
discussion whether measures of physiological stress are valid outcome
measure to evaluate effectiveness of interventions that aim to restore
rest and relaxation.

It is of note that with regard to the longer-term effects of AAT, we did
find subjective reductions in perceived stress in this study sample [56].
It has been recommended in literature to use objective outcomes over
subjective self-reports, due to difficulties in meta-cognitive thinking in
ASD [18,22]. Nevertheless, ASD literature displays more studies in
which an acute physiological stress response remained absent, while
participants were exposed to a task which was perceived as stressful. For
example, children with ASD who were accompanied by a dog reported
less stress during a challenging task compared to the two control con
ditions: parent support or being alone. However, cortisol levels were
42
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we did not collect information on ethnicity. Therefore, conclusions to
wards the global population of adults with ASD, without ID should be
made with caution. Another limitation is that we did not correct for
possible confounding factors on the physiological outcome measures
(especially on the HRV variables), such as body mass index and smoking
[15,48], owing to the small sample size. This might have affected our
results and should be considered as covariates in future research.
To the best of our knowledge, this is the first study, exploring
intervention effects of AAT on physiological arousal and reactivity
outcomes in adults with ASD, without ID. The adherence rates were very
high and only one person dropped-out of the study due to physical
illness, which seems to indicate that participants were very motivated to
receive the AAT. Furthermore, program fidelity of the AAT was previ
ously assessed as very good [57]. Therefore, AAT seems to be a prom
ising intervention for the adult ASD population without ID. Despite the
lack of significant changes on longer term physiological arousal, this
exploratory study revealed acute decreases in cortisol in response to the
AAT session. Considering the commonly experienced chronically high
stress levels in adults with ASD, without ID, this intervention can be
considered as a clinically relevant contribution to existing interventions.
However, future research is highly recommended to explore effects and
working-mechanisms of AAT in the adult ASD population in more detail.

Table 3
Intervention effects (long-term).
Model 1:

Model 2:

Adjusted for
covariates

Non-adjusted
basic model

Interaction

Variable
(Z-score)

Estimated
effect (95% CI)

p
value

Estimated
effect (95% CI)

p
value

p value

Cortisol

− 0.09 (− 0.41
to 0.23)
0.02 (− 0.26 to
0.30)
− 0.10 (− 0.34
to 0.15)
0.22 (− 0.05 to
0.49)
0.01 (− 0.27 to
0.29)
− 0.11 (− 0.34
to 0.12)
0.08 (− 0.14 to
0.29)

0.566

− 0.14 (− 0.45
to 0.17)
0.00 (− 0.27 to
0.27)
− 0.09 (− 0.33
to 0.15)
0.22 (− 0.05 to
0.48)
0.03 (− 0.24 to
0.31)
− 0.11 (− 0.34
to 0.12)
0.08 (− 0.13 to
0.29)

0.372

0.878

0.995

0.789

0.463

0.306

0.111

0.558

0.809

0.605

0.345

0.464

0.460

0.149

Alphaamylase
Heart rate
SDNN
RMSSD
PEP
LVET

0.883
0.435
0.116
0.927
0.326
0.482

Notes: The adjusted model shows the estimates (in Z-scores) for a model cor
rected for gender [male/female], age, WAIS total IQ, having a dog at home at T0
[yes/no], change in medication during the study [yes/no], and use of beta
blockers [yes/no]. The basic model shows the estimates (Z-scores) for a model
without covariates. p-values for both models and for the interaction [time x
intervention] are presented.
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similar for all conditions, reflecting no physiological stress-reducing
effect of the dog. Furthermore, Jansen et al. [21] found no acute
cortisol reactivity in adults with ASD while performing a task which was
perceived as highly stressful. To date, it is unclear how these discrep
ancies can be interpreted, especially considering the wide range of
methodology used in studies measuring cortisol (Taylor & Corbett.,
2014). Therefore, we recommend to combine physiological measure
ments with self-reports to measure effects of AAT interventions.
Furthermore, in line with mindfulness studies, it might be interesting to
include a longer follow-up as it might be possible that ASD participants
need more time to implement learned stress-reducing skills into the
daily life, resulting in delayed effects [12].
Regarding the covariates in this study, in a general population, males
often show higher cortisol responses to psychosocial stress [24,26]. To
date, conclusions on sex-related effects of cortisol in the ASD population
have to be drawn with caution, since most studies were small, and pri
marily consisted of males (Taylor & Corbett., 2014). Since our study was
of a larger sample size and included an almost equal number of male and
females, findings on possible sex-effects are important to mention. A
recent meta-analysis on sex-related cortisol reactivity, described that
although baseline cortisol did not seem to differ between males and
females, cortisol reactivity to psychosocial stress was higher in males
[30]. In our study, males demonstrated higher levels of cortisol
throughout (acute and longer-term). Possible stress induced arousal was
minimized since only data were included in our analyses that were
collected after sitting for 30 min while silently reading low arousal
magazines, alone, in a laboratory setting. To gain more insight into sex
differences in the neuro-endocrine system in people with ASD without
ID, more research is needed. Furthermore, in our study males displayed
longer PEP, lower cardiac sympathetic resting levels, compared to fe
males. Again, more research is needed to explore this more thoroughly.
With regard to the present study, several limitations should be
mentioned. First, we acknowledge the relatively small study sample. As
previously mentioned, it might be challenging to detect reductions in
post-intervention autonomic arousal levels. Therefore, it is important
that future studies include larger sample sizes, which might detect
smaller effect-sizes. A second limitation is that we only included adults
without intellectual disability, aged between 18 and 60, without being
institutionalized or having fear or severe allergy to dogs. Furthermore,
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