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ABSTRACT KEYWORDS
Assistance dogs for people with Posttraumatic Stress Disorder (PTSD) sup- Assistance dog; PTSD;
port their handlers by performing tasks that are supposed to mitigate the  quality of life; saliva; cortisol
effects of their mental disability. This study examined the Quality of Life

(Qol) of PTSD-assistance dogs’ handlers in Austria and Germany using a

qualitative online questionnaire based on the Capability Approach. To

correspondingly explore whether the involved assistance dogs experience

distress triggered by their daily schedules, we measured their salivary

cortisol values. These were compared to the cortisol levels of companion

dogs without special tasks, as well as diabetic-signal dogs that have a

similar workload. Our results showed that people suffering from PTSD-

symptoms can improve their QoL with the aid of their assistance dog.

However, being accompanied by an assistance dog creates new social

barriers. Surprisingly, we found significantly lower salivary cortisol levels in

PTSD-assistance dogs compared to the control groups. We conclude that a

positive relationship between PTSD-assistance dogs and their handlers can

reduce stress on both sides, and that training well tuned to the require-

ments of an assistance dog can prevent stress in their daily lives.

Introduction

Nowadays, as people are affected by the COVID-19 pandemic but also by war, forced migration and
other crises, dealing with trauma and related PTSD seems to be particularly important. The reality of
directly affected people’s lives, and also of those around them, can be forever altered by such drastic
traumatizing events. PTSD is an anxiety disorder that can appear after exposure to these life-
threatening events or traumas. The complex chronic stress phenomenon is linked to symptoms of
intrusive thoughts, avoidance or numbing of emotions, dissociation (Glenk & Kothgassner, 2017),
reexperiencing traumatic events including flashbacks or nightmares, and hyperarousal, which can be
manifested through difficulty sleeping and concentrating (Institute of Medicine of the National
Academies, 2006). PTSD-assistance dogs are trained to reduce the impact of specific symptoms for
people living with this condition and might help to improve their overall QoL. In the current study,
we refer to QoL as not only the beings and doings of an individual and their opportunities to realize
them but also the personal perception of their position in life in relation to goals, expectations,
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standards and concerns. This includes the individual’s own psychological health, comfort and
participation in life events (Jenkinson, 2023; Robeyns & Fibieger Byskov, 2021; World Health
Organization, 2012). Beings and doings are defined as people’s genuine opportunities, for example,
to move around freely or have supportive social relationships (Robeyns & Fibieger Byskov, 2021).
Examples of the assistance dogs’ tasks are to give PTSD-patients a sense of safety, help to improve
interpersonal connections, encourage engagement in the community, and regain areas of functioning
that may have been diminished by the individual’s trauma (Assistance Dogs Australia, 2022).

Little is known about the level of impact which PTSD-assistance dogs actually have on the QoL of their
handlers, except in the area of American war veterans. One preliminary study has shown lower overall
PTSD-symptoms of veterans with assistance dogs compared to those without (O’Haire & Rodriguez, 2018).
Moreover, research on the welfare of the PTSD-assistance dogs themselves is severely lacking. Although
measurements of dogs’ salivary cortisol levels have been carried out in previous studies with search and
rescue dogs as well as companion and shelter dogs (Cobb, Iskandarani, Chinchilli, & Dreschel, 2016;
Wojtas, Karpinski, & Czyzowski, 2020), such studies have so far not been conducted on PTSD-assistance
dogs. However, a study conducted with dogs in Animal Assisted Therapy (AAT) and Animal Assisted
Activities (AAA) showed significantly higher salivary cortisol levels on therapy days than on control days
(Haubenhofer & Kirchengast, 2007). In contrast, a comparison of salivary cortisol levels of diabetic-signal
dogs, therapy dogs and companion dogs showed no significant differences (Bruckner, 2019).

Based on the findings of the mentioned study which showed that PTSD-assistance dogs have a
positive impact on the QoL of war veterans, we hypothesized that PTSD-assistance dogs would also
affect PTSD-sufferers’ condition in a positive way. Therefore, the first aim of this study was to
examine how assistance dogs affect the lives of PTSD-patients. To do so, we assessed the QoL of the
participants by developing a qualitative online questionnaire based on Martha Nussbaum’s central
human capabilities (Nussbaum, 2006; Nussbaum, Sen, & World Institute for Development
Economics Research (Eds.), 1993) and quantitative standardized instruments, i.e., objective, non-
disease-specific questionnaires, calculating patients’ health state (Devlin & Brooks, 2017).

The second aim of the study was to understand whether PTSD-assistance dogs face more stressful
situations during their daily work compared to control groups consisting of companion dogs and
diabetic-signal dogs. This research is relevant for the improvement and maintenance of assistance dogs’
welfare, since distress can impair psychological, physiological, immunological, and behavioral func-
tions (Glenk & Kothgassner, 2017). Previous studies have shown varying results regarding the stress
levels of assistance and therapy dogs. Higher cortisol levels have been found in dogs during their work
in Animal Assisted Interventions (AAI). We, therefore, hypothesized that the salivary cortisol levels of
PTSD-assistance dogs are higher than those of companion dogs without special tasks, due to working
stress, like being permanently alert and coping with patients’ flashbacks. To measure this, we asked the
human participants to collect saliva samples of their assistance dogs, so we could measure cortisol
values as biomarkers of chronic stress. Finally, we compared these data with those sampled earlier from
dogs of two control groups, companion dogs without special tasks and diabetic-signal dogs.

Material and methods
Subjects

In the first part of our study, people with PTSD (N=24) who currently have an assistance dog
participated in an online questionnaire to assess their QoL. For the measurement of cortisol levels, saliva
samples were collected from the participants’ PTSD-assistance dogs (N =9), who were certified accord-
ing to § 39a of the federal disability act and registered by the Testing and Coordination Centre for
Assistance Dogs, Therapy Companion Dogs and Animal Welfare Qualified Dog Trainers at the Messerli
Research Institute, University of Veterinary Medicine Vienna. The sample consisted of nine neutered
dogs (Labrador Retrievers, mixed breeds, Australian Shepherd and Cavalier King Charles Spaniel) — 5
males and 4 females (age mean 4.1 years).
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Data of companion dogs (N =8, 1 male and 7 females, age mean 4.4 years) and certified diabetic-
signal dogs (N=9, 5 males and 4 females, 3.5 years) were used from a previous study (Bruckner,
2019) for comparison. The control groups’ characteristics were similar to our sample of PTSD-
assistance dogs, as they were neutered, retriever-like dogs of both sexes (see Table 1). We chose
diabetic-signal dogs as an assistance dog control group since they have a similar workload to our
sample. Both assistance dog groups must be ready for action in case of PTSD symptoms (flashbacks,
seizures, etc.) or hyper-/hypoglycemia.

Measurements

Data concerning the QoL of people with PTSD in relation to their assistance dogs was gathered via a
qualitative approach, since qualitative data can provide a more detailed understanding of a problem
by including personal experiences of the focal groups’ everyday life (Tedeschi & Jenkins, 2019). In
contrast, a quantitative approach was used for the comparison of cortisol levels of the three groups of
dogs. Both approaches offer different perspectives but provide a more complete understanding of the
research subject when combined (Creswell, 2017).

QoL measure

We assessed QoL using a qualitative online questionnaire (https://www.soscisurvey.de/). The ques-
tionnaire had open questions to give participants the opportunity to describe their individual points of

Table 1. Group membership, sex, age and breed of the subjects.

Group membership Sex Age Breed
PTSD-assistance dog M 2 Labrador Retriever
PTSD-assistance dog M 1 Labrador Retriever
PTSD-assistance dog M 2 Mixed breed
PTSD-assistance dog F 3 Cavalier King Charles Spaniel
PTSD-assistance dog F 4 Australian Shepherd
PTSD-assistance dog F 7 Labrador Retriever
PTSD-assistance dog F NA Labrador Retriever
PTSD-assistance dog M NA Labrador Retriever
PTSD-assistance dog M 10 Mixed Breed
Diabetic-signal dog M 4 Labrador Retriever
Diabetic-signal dog M 5 Retriever mix
Diabetic-signal dog M 3 Labrador Retriever
Diabetic-signal dog F 3 Labrador Retriever
Diabetic-signal dog M 3 Retriever
Diabetic-signal dog M 3 Labrador Retriever
Diabetic-signal dog F 3 Labrador Retriever
Diabetic-signal dog F 3 Labrador Retriever
Diabetic-signal dog F 5 Labrador Retriever
Companion dog F 5 Golden Retriever
Companion dog F 3 Labrador Retriever mix
Companion dog F 3 Golden Retriever
Companion dog F 7 Golden Retriever
Companion dog F 6 Mixed breed
Companion dog F 5 Labrador Retriever mix
Companion dog M 3 Golden Retriever
Companion dog F 3 Labrador Retriever
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view and personal experiences (see supplementary material S1). Participants were also asked to select
all statements about life with an assistance dog which were applicable to them in a presented table.

In her Capability Approach, Nussbaum (2006) proposed 10 capabilities as central requirements for
a life with dignity, which can be further adapted and specified by any given society. We used five
capabilities (life; bodily integrity; senses, imagination and thought; emotions; affiliation) as the basis of
the questionnaire, since those are affected by the changes of functioning through PTSD. Further, we
used standardized instruments to assess health-related QoL, namely EQ-5D-5L (Devlin & Brooks,
2017; EuroQol Research Foundation, 2021) and WHOQOL-BREF (World Health Organization, 2012).

Participants received an invitation link to the online questionnaire and completed it in their home
environment to make them feel comfortable and avoid any stress or flashbacks. Participants were
also offered the possibility to pause the process of filling in their answers and come back to it at
another time whenever they needed a break.

We then conducted a Qualitative Content Analysis, a standard evaluation method of qualitative,
empirical research (Mayring, 2015). It is particularly useful to systematically describe the meaning of
rich data requiring interpretation (Schreier, 2012) and to focus on the subjects and their individual
experiences. For the coding process, we used the software MAXQDA (https://www.maxqda.com/de/).

Salivary cortisol measure

Ten PTSD-assistance dog handlers of the sample who participated in the questionnaire volunteered
to take saliva samples of their dogs with a cotton roller (Cortisol-Salivette®, SARSTEDT AG & Co,
Germany) in the same way as in several studies before (Bruckner, 2019; Glenk et al., 2013, 2014;
Haubenhofer, Mostl, & Kirchengast, 2005; Kobelt, Hemsworth, Barnett, & Butler, 2003). Saliva
sampling was executed by the study participants in their home environment to avoid external
stresses for the dog, such as from being handled by an unfamiliar person in an unknown environ-
ment (Cobb, Iskandarani, Chinchilli, & Dreschel, 2016; Jones et al., 2014). The handlers were asked
to take these samples three times a day (morning — noon - evening) on seven consecutive days. The
time of sampling varied to some extent due to their different daily routines.

Analyses of the samples for cortisol content were performed at the Institute of Biochemistry of the
University of Veterinary Medicine Vienna by using a highly sensitive cortisol enzyme immunoassay
(EIA) (Palme & Mostl, 1997), which has been previously used in dogs’ stress assessments (Bruckner,
2019; Glenk et al., 2014; Haubenhofer, Mostl, & Kirchengast, 2005).

Statistical analysis

We tested the effect of dog type (with three levels: PTSD dog, companion dog and signal dog) by
fitting a linear mixed model in R (version 4.1.2, R Core Team, 2021), using the function Imer from
the Ime4 package (version 1.1-27.1, Bates, Michler, Bolker, & Walker, 2015). For the key-fixed
effects of interest, we used dog type and time of day, as well as their interaction. As additional fixed
effects that served as control variables, we included age and sex (levels: female and male). Before
being included in the model, we z-transformed age and time of day to ease model convergence and
achieve easier interpretable model coefficients (Schielzeth, 2010). We inspected the response to see
whether its distribution was roughly symmetric, and since this was not the case, we log-transformed
(base e) cortisol level. We excluded one observation because its cortisol value was much lower than
what is expected to be measured with good confidence (value = 0.08). The way we avoided pseudor-
eplication, checked for the assumptions of normal distribution and homogeneous residuals, and we
assessed model stability is described in the Supplementary Materials (S3).

We then bootstrapped the model estimates (to estimate confidence intervals) using the function
bootMer of the package Ime4. Next, we compared each full model with all terms included, to their
respective null model lacking the key terms of interest but otherwise being identical in the random
effects part, using a likelihood ratio test to avoid “cryptic multiple testing” (Forstmeier & Schielzeth,
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2011). If the full-null model comparison revealed clear effects of the predictors of interest, we tested
the individual fixed effects to achieve informative estimates of the fixed effects terms using the dropl
function in R. We did so by reducing model complexity and dropping non-significant interactions,
from higher order to lower order terms, from the model one at a time and compare the simpler with
the more complex model utilizing likelihood ratio tests.

We compared the estimated marginal means and used Tukey HSD post hoc tests, applied to the
reduced model, to compare cortisol values among dog types. This was done using the emmeans
function from the emmeans package (v.1.6.3, Lenth et al., 2023). Because we expected that state (e.g.,
working stress during an assistance task like calming the handler during a flashback) could also
influence cortisol level, we also tested the effect of state separately from the other predictors using a
similar linear mixed model. Only levels of state with at least 10 observations were included. Again,
we compared estimated marginal means to compare cortisol values among different states.

Ethical note

With regard to the human-related part of this study, the procedures have been discussed and
approved by the ethics committee of the Medical University of Vienna in accordance with GSP
guidelines, EK No. 1942/2021. The procedures of the dog-related testing have been discussed and
approved by the institutional ethics and animal welfare committee in accordance with GSP guide-
lines and national legislation by the Ethics Committee of the University of Veterinary Medicine
Vienna, Austria, ETK-187/12/2021.

Results
QoL measure

The study participants’ answers to the online questionnaire showed, that PTSD-assistance dogs affected
their handlers’ lives by improving their health (e.g., by preventing injuries), giving them stability as well
as responsibility and facilitating social contact. They also enabled a higher degree of mobility and
provided their handlers with a sense of safety. In contrast, PTSD-assistance dog handlers got more
unwanted attention than before they had their dogs and had to face new challenges, like access issues (see
supplementary material S4 for further details).

Salivary cortisol measure

The results of this study showed that the test predictors (dog type) had a clear impact on cortisol
levels (full-null model comparison: X2 = 26.108, df = 5, P < 0.0001). However, we found no significant
interaction between dog type and time of day (interaction effect: x2 =0.29, df = 1, P = 0.866), there-
fore, we removed this interaction from the model.

The reduced model, only including main effects, revealed that cortisol levels differed between dog
types (x2 =24.19, df =2, P < 0.0001). More specifically, PTSD-assistance dogs had significantly lower
cortisol levels compared to the other dog types (Figure la) (PTSD-assistance dogs: X = 0.89, s = 0.42,
signal dogs: X = 3.38, s = 9.35, companion dogs: X = 5.07, s = 14.65). Mean values of salivary cortisol
of the three dog groups reported on a non-logarithmic basis looked as follows: PTSD-assistance
dogs: X = 0,96 ng/ml, diabetic-signal dogs: X = 6,34 ng/ml, companion dogs: X = 10,79 ng/ml.

Time of day (Figure 1b), sex and age had no significant effects. There was also no significant effect
of the PTSD-assistance dogs’ state (stress: Xx=0.90, s=0.46, working stress: X=0.56, s=0.28,
company work: X =0.69, s =0.22, walk: X=0.93, s =0.49) (x2 =4.119, df =4, P=0.39) (Figure 2).
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Figure 1. (a) cortisol levels of dog types.

The box represvents the middle 50% of scores, upper and lower whiskers represent scores outside the middle 50%, circles
represent outliers, and the black line represents the median. b) Saliva cortisol of dog types throughout the day. The dots represent
values of data points, the three data clusters show the three sampling points of the day (morning, midday, evening). Trend lines
indicate the correlational relationship between variables.
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Figure 2. Saliva cortisol of dogs at different states before sampling.
The features of the box plots are the same as in Figure 1a.

Discussion

The findings of our study’s questionnaire provided evidence for the hypothesis that PTSD-patients
experience a change in their everyday lives since they got their assistance dogs. We found that these
dogs increase patient vitality and help them to gain access to higher autonomy in their everyday
lives. Study participants seem to obtain an attachment figure from their dog, which in turn increases
their social ability, improves (psychological) health and is a motivational driving force. However,
aside from the positive impacts PTSD-assistance dogs have on the QoL, (social) challenges may also
emerge from interacting with society and from keeping a dog.

Regarding the assistance dogs themselves, we found a significant difference of salivary cortisol
values in PTSD-assistance dogs compared to companion dogs as well as diabetic-signal dogs.
However, these results deviated from our predictions, with the cortisol levels of PTSD-assistance
dogs being significantly lower than those of the control groups.

QoL measure

The findings regarding the assistance work of interruption and signaling of dissociation by the focal dog
group are in line with previous research on the effects of Human-Animal-Interactions during AAI, for
example, for soldiers with PTSD (e.g., Beetz, Schéfmann, Girgensohn, Braas, & Ernst, 2019). HAI positively
impact physiological parameters (e.g., cortisol levels) during stressful situations and physical contact
between humans and animals is especially effective, since it increases the levels of the attachment hormone
oxytocin, leading to mental and physiological relaxation (Beetz, Schéfmann, Girgensohn, Braas, & Ernst,
2019). The calming effect is even larger between humans and animals with a close relationship (Beetz &
Bales, 2016), which applies to our study’s participants and their dogs. Moreover, focusing on the dog can
have a distracting effect on PTSD-patients, retaining them in the here and now, and helping them to reduce
their traumatic flashbacks and intrusive thoughts (Beetz, Schéfmann, Girgensohn, Braas, & Ernst, 2019).

Additionally, previous studies on veterans with PTSD living with dogs (O’Haire & Rodriguez,
2018; Rodriguez, Bryce, Granger, & O’Haire, 2018; Stern et al., 2013) reported a higher cortisol
awakening response, which could be interpreted as an indicator of better health and well-being. In
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the present study, we also found better overall reported health of the participants related to having
an assistance dog, reinforcing the findings of a higher vitality and QoL. Regarding the health of
PTSD-patients related to their sleeping quality, they reported an improvement since the time they
obtained an assistance dog, while contrary to that, the dog does not aid in sleeping through the
night. The improved sleeping quality contributes to a better overall health of people with PTSD,
since troubled sleep and chronic stress can impair humans’ health, as prolonged high cortisol levels
have been shown to promote diseases to arise (Glenk & Kothgassner, 2017).

Alongside these physical health benefits, we found that people with PTSD leave their home more often
together with their assistance dog, make plans for their future and have an increased vitality. It has been
shown that HAI can also have psychological effects, such as reduction of depression and anxiety. Beyond
that, humans’ intrinsic motivation is activated via the involvement of animals, because due to biophilia
(affinity to animals and nature, Wilson, 1984) people become emotionally involved when engaging in
activities with animals (Wohlfarth, Mutschler, Beetz, & Schleider, 2014; Wohlfarth, Mutschler, Beetz,
Kreuser, & Korsten-Reck, 2013). Furthermore, animals provide social support, which seems to be the
most important variable in trauma recovery and is thought to improve healing processes (Tedeschi &
Jenkins, 2019). According to the social support theory, animals provide direct social support by being a
source of non-judgmental support and unconditional companionship, but also indirect support by facil-
itating human interactions for their owners (Tedeschi & Jenkins, 2019). The participants’ relationship with
their dogs enables trust in people to some degree, leading to an improvement of their social relationships.

Almost all human beings have an inherent need to form and maintain a minimum quantity of
interpersonal relationships, which is called the “need to belong” (Baumeister & Leary, 1995). While
forming an attachment bond produces positive emotion in general, not doing so could lead to
emotional distress (Baumeister & Leary, 1995). It is evident that psychological health problems are
more common among people without social attachments (Baumeister & Leary, 1995). Arguably, it is
helpful for PTSD patients to gain social contacts for their mental health, and subsequently this can
partly improve their QoL. Since an attachment bond - characterized by providing feelings of safety
and security, often in a mutually beneficial way - can also be formed between human and dog
(Tedeschi & Jenkins, 2019), the addition of an assistance dog in patients’ lives can provide them with
this necessary attachment.

An explanation of why it is easier for people with PTSD to get in touch with others when
they have their assistance dog with them could be the sense of safety that the dog reportedly
provides (through their company and assistance with tasks). Again, through the biophilia
effect, a feeling of safety is provided by the presence of a calm and friendly animal leading to
a reduction of psychological and physiological distress (Beetz, Schéfmann, Girgensohn, Braas,
& Ernst, 2019).

Next to the elaborated positive effects of PTSD-assistance dogs on their handlers’ QoL, some
burdens can also arise and must be taken into consideration. One point is the challenge of putting
oneself into unpleasant situations for the purpose of training the dog. Even a puppy’s house training
could challenge a PTSD-patient, if it for instance requires to go outside while it is dark, and their
trauma has been triggered in the darkness before. By getting oneself into challenging situations,
symptoms of reexperiencing the event, might be triggered. The risk of a decreased QoL from putting
oneself in such a situation is a possible trade-off for increasing QoL once tough phases like
puppyhood are concluded, for instance.

One more challenge concerning our target group that was raised within this study was the
access and inclusion issues for both PTSD-assistance dogs and people with mental disabilities.
In theory, a legal framework is provided by the Austrian federal disability act § 39a (2), which
states that assistance dogs should be used for the purpose of expanding the self-determination
and participation of people with disabilities in all areas of life. Therefore, people with
disabilities who are accompanied by their assistance dog need free access to public places,
buildings, and services (Federal Ministry of Labor, Social Affairs and Consumer Protection,
2015).



JOURNAL OF APPLIED ANIMAL WELFARE SCIENCE . 9

Salivary cortisol measure

The results of the second part of our study are contrary to those of Bruckner (2019), and
contrary to a meta-analysis performed by Cobb, Iskandarani, Chinchilli, and Dreschel (2016)
which found no significant effects of dog type (e.g., assistance, companion, therapy, hunting)
on salivary cortisol concentrations. Even though we used the same sampling materials,
schedule and instructions for handlers as Bruckner (2019), the sample analysis was performed
in the same institute using the equivalent EIA to carry out the process of data collection, and
analysis was as similar as possible, this study found PTSD-assistance dogs to have lower, not
higher, levels of salivary cortisol than companion and diabetic-signal dogs. A possible reason
for this contrast of results might be seasonal variation or circadian effect in salivary cortisol
concentrations, as was detected in humans (Persson et al., 2008). In addition, we could not
completely control the participants’ handling of the samples.

We had to exclude one dog due to too low saliva volume.

Apart from reasons that cannot be completely ruled out due to variations in sampling, another
reason for our unexpected results could be that dogs that have a close personal relationship with
their handlers show lower salivary cortisol levels (Gunnar, 1998; Schoberl et al., 2012). The handler
- dog attachment also has a significant effect on dogs’ stress levels (Schoberl et al., 2012). PTSD-
assistance dogs continuously accompany their handlers, provide tactile stimulation and body
contact (Lloyd, Johnston, & Lewis, 2019). Therefore, it is possible that an even closer bond
between PTSD-assistance dog and handler is formed than it is the case for companion dogs,
who usually do not accompany their handlers to the same extent. Additionally, it might be the case
that companion dogs living in a family association form a relationship to one or several family
members but may not have such a strong attachment to a single person. As stated by the
participants of the current study, they see their assistance dogs as social partners, which matches
the findings of Schoberl et al. (2012), for example, who found that the quality and strength of the
bond between human and dog affects dogs’ salivary cortisol levels. Physical contact and touch
increase the levels of the attachment hormone oxytocin (Nagasawa et al., 2015), leading to mental
and physiological relaxation in humans with an even larger effect between humans and dogs with
a close relationship (Beetz & Bales, 2016). The results of this study suggest that this effect may also
be present vice versa, leading to lower cortisol concentrations in PTSD-assistance dogs as a result
of social buffering. Oxytocin is secreted in response to stress, whereby secretion is enhanced by the
presence and physical contact of a social partner, reducing the activity of stress response systems
(Buttner, 2016).

Following up on the results of Bruckner (2019), who found lower cortisol values after dog walks
but no differences between dogs’ stress and working stress, we also included PTSD-assistance dogs’
reported states before sampling. The finding of no significant differences between the states might be
due to low feedback of the handlers regarding different occurrences in the dogs’ daily routines.
However, other studies (Cobb, Iskandarani, Chinchilli, & Dreschel, 2016) did not find any differ-
ences in salivary cortisol levels after physical activity within one hour before sampling.

Further, we did not find a significant effect of time of day on cortisol levels, which is in line with
the findings of Bruckner (2019) and other studies (e.g., Koyama, Omata, & Saito, 2003). Another
factor that was controlled for within this study was age, since some studies (Goy-Thollot, Decosne-
Junot, & Bonnet, 2007; Rothuizen et al., 1993) found an age-related increase in circulating cortisol in
older dogs while others did not (Hennessy, Davis, Williams, Mellott, & Douglas, 1997; Mongillo,
Prana, Gabai, Bertotto, & Marinelli, 2014; Reimers, Lawler, Sutaria, Correa, & Erb, 1990). Therefore,
the effect of age on cortisol remains controversial. In the current study, the sample of PTSD-
assistance dogs consisted of younger individuals on average than that of companion and alert
dogs. However, the results do not show a significance between age and cortisol values. We also
controlled for an effect of sex on salivary cortisol levels. Like in a study of Haubenhofer, Méstl, and
Kirchengast (2005), no significant effect of sex was found.
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Limitations and future research

In the first part of this study, a qualitative approach was used since many relational aspects of HAI
are inherently qualitative and difficult to obtain in quantitative methodologies (Tedeschi & Jenkins,
2019). Further studies would be useful to increase the generalizability of our results, with sampling
being extended to other countries and more study participants.

A clear limitation is that a generalization of our results to other human groups accompanied by
assistance dogs cannot be made. The findings of this study represent the personal experiences and
opinions of PTSD-patients in Austria and Germany. Other disabled people with assistance dogs also
have to deal with obstacles and discrimination in their everyday lives, which sometimes might be
comparable to the findings of this study, but different groups and even individuals might have their
own experiences.

Regarding the measurement of dogs’ stress levels, it is necessary to improve the sampling strategy
for future studies to increase saliva volume, since low volume and empty samples are a major
drawback in our study. The usage of an enriched, instead of a plain, swab (Meunier, Groessl, Reusch,
Boretti, & Sieber-Ruckstuhl, 2021), for example, could be one possibility. In addition, another
strategy to gain more samples to measure cortisol would be to use fecal (Schatz & Palme, 2001) or
hair samples (Bryan, Adams, Invik, Wynne-Edwards, & Smits, 2013; van Houtert, Endenburg,
Vermetten, & Rodenburg, 2022), which should be easier to collect for nonprofessionals. Moreover,
physiological parameters as well as dogs™ behavior could be used to better understand whether dogs
experience distress during or after different states, like working situations or dog walks.

Conclusion

In conclusion, this study has provided evidence for PTSD-assistance dogs improving their handlers’
QoL by performing several assistance tasks and by being their social partner. However, having an
assistance dog by one’s side also brings new challenges in everyday life that need to be considered.
Two major problems are access issues for assistance dogs, and how people should behave when
meeting a working assistance dog. Such issues must be treated in the future with special information
campaigns, like advertisements or posters. Further, our study has provided valuable data for
addressing the welfare of assistance dogs. PTSD-assistance dogs’ salivary cortisol levels are lower
than those of the control groups, which could be explained by the dogs forming a very close
attachment bond with their humans and being a social buffer for them.

Acknowledgments

We thank Remco Folkertsma for his help with the data processing and statistical analysis, Sabine Macho-Maschler,
Rupert Palme, and Astrid Digruber for their support with the sample analysis. Further, we thank Simone Bruckner for
providing the data of the control groups, Sami Demirel for technical support, Louise Mackie for linguistic support, and
Karin Bayer for administrative support. We furthermore want to thank the study participants and their assistance
dogs.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This project was supported by the Austrian Science Fund (FWF) through project W1262-B29 to L.H.



JOURNAL OF APPLIED ANIMAL WELFARE SCIENCE . 1"

References

Assistance Dogs Australia. (2022). Assistance Dogs Australia’s program for people living with PTSD. Assistance Dogs
Australia. Retrieved May 03, 2023, from https://www.assistancedogs.org.au/services/ptsd-service-dog/

Bates, D., Michler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models using Ime4 (arXiv:
1406.5823). arXiv. doi:10.48550/arXiv.1406.5823

Baumeister, R. F., & Leary, M. R. (1995). The need to belong: Desire for interpersonal attachments as a fundamental
human motivation. Psychological Bulletin, 117(3), 497-529. doi:10.1037/0033-2909.117.3.497

Beetz, A., & Bales, K. (2016). Affiliation in human-animal interaction. In The social neuroscience of human-animal
interaction (pp. 107-125). American Psychological Association. doi:10.1037/14856-007

Beetz, A., Schéfmann, I., Girgensohn, R., Braas, R., & Ernst, C. (2019). Positive effects of a short-term dog-assisted
intervention for soldiers with post-traumatic stress disorder—A pilot study. Frontiers in Veterinary Science, 6, 6.
doi:10.3389/fvets.2019.00170

Bruckner. (2019). THESIS “Comparative study of cortisol levels in signal dogs for diabetic people, therapy dogs and
family dogs without special tasks”. Vienna, Austria: University of Veterinary Medicine. Unpublished.

Bryan, H. M., Adams, A. G, Invik, R. M., Wynne-Edwards, K. E., & Smits, J. E. (2013). Hair as a meaningful measure of
baseline cortisol levels over time in dogs. Journal of the American Association for Laboratory Animal Science, 52(2), 189.

Buttner, A. P. (2016). Neurobiological underpinnings of dogs’ human-like social competence: How interactions
between stress response systems and oxytocin mediate dogs’ social skills. Neuroscience & Biobehavioral Reviews,
71, 198-214. doi:10.1016/j.neubiorev.2016.08.029

Cobb, M. L., Iskandarani, K., Chinchilli, V. M., & Dreschel, N. A. (2016). A systematic review and meta-analysis of
salivary cortisol measurement in domestic canines. Domestic Animal Endocrinology, 57, 31-42. doi:10.1016/j.
domaniend.2016.04.003

Creswell. (2017). Designing and conducting mixed methods Research. Thousand Oaks: SAGE Publications Inc.

Devlin, N. J., & Brooks, R. (2017). EQ-5D and the EuroQol group: Past, present and future. Applied Health Economics
and Health Policy, 15(2), 127-137. doi:10.1007/s40258-017-0310-5

EuroQol Research Foundation. (2021). EQ-5D-5L - EQ-5D. Retrieved May 03, 2023, from https://euroqol.org/eq-5d-
instruments/eq-5d-5l-about/

Federal Ministry of Labor, Social Affairs and Consumer Protection. (2015). Richtlinien Assistenzhunde. Retrieved May
03, 2023, from https://www.vetmeduni.ac.at/fileadmin/v/assistenzhunde/Richtlinien_Assistenzhunde.pdf

Forstmeier, W., & Schielzeth, H. (2011). Cryptic multiple hypotheses testing in linear models: Overestimated effect
sizes and the winner’s curse. Behavioral Ecology and Sociobiology, 65(1), 47-55. doi:10.1007/s00265-010-1038-5

Glenk, L. M., & Kothgassner, O. D. (2017). Life out of balance: Stress-related disorders in animals and humans. In E.
Jensen-Jarolim (Ed.), Comparative medicine: Disorders linking humans with their animals (pp. 97-107). Springer
International Publishing.

Glenk, L. M., Kothgassner, O. D., Stetina, B., Palme, R., Kepplinger, B., & Baran, H. (2013). Therapy dogs salivary
cortisol levels vary during animal-assisted interventions. Animal Welfare (South Mimms, England), 22(3), 369-378.
doi:10.7120/09627286.22.3.369

Glenk, L. M., Kothgassner, O. D., Stetina, B. U., Palme, R., Kepplinger, B., & Baran, H. (2014). Salivary cortisol and
behavior in therapy dogs during animal-assisted interventions: A pilot study. Journal of Veterinary Behavior, 9(3),
98-106. doi:10.1016/j.jveb.2014.02.005

Goy-Thollot, 1., Decosne-Junot, C., & Bonnet, J.-M. (2007). Influence of aging on adrenal responsiveness in a
population of eleven healthy beagles. Research in Veterinary Science, 82(2), 195-201. doi:10.1016/j.rvsc.2006.07.010

Gunnar, M. R. (1998). Quality of early care and buffering of neuroendocrine stress reactions: Potential effects on the
developing human brain. Preventive Medicine, 27(2), 208-211. doi:10.1006/pmed.1998.0276

Haubenhofer, D. K., & Kirchengast, S. (2007). “Dog handlers” and dogs’ emotional and cortisol secretion responses
associated with Animal-aassisted therapy sessions. Society & Anmimals, 15(2), 127-150. doi:10.1163/
156853007X187090

Haubenhofer, D., Méstl, E., & Kirchengast, S. (2005). Cortisol concentrations in saliva of humans and their dogs
during intensive training courses in animal- assisted therapy. Wien Tierdrztl Mschr, 92(3), 66-73.

Hennessy, M. B, Davis, H. N., Williams, M. T., Mellott, C., & Douglas, C. W. (1997). Plasma cortisol levels of dogs at a
county Animal shelter. Physiology ¢ Behavior, 62(3), 485-490. doi:10.1016/S0031-9384(97)80328-9

Institute of Medicine of the National Academies, I. of M. of the N. A. (2006). Posttraumatic stress disorder: Diagnosis
and assessment. Washington, D.C.: National Academies Press.

Jenkinson, J. C. (2023). quality of life. Encyclopedia Britannica. Retrieved May 03, 2023, from https://www.britannica.
com/topic/quality-of-life

Jones, S., Dowling-Guyer, S., Patronek, G. J., Marder, A. R., Segurson D’Arpino, S., & McCobb, E. (2014). Use of
accelerometers to measure stress levels in shelter dogs. Journal of Applied Animal Welfare Science, 17(1), 18-28.
doi:10.1080/10888705.2014.856241

Kobelt, A. J., Hemsworth, P. H., Barnett, J. L., & Butler, K. L. (2003). Sources of sampling variation in saliva cortisol in
dogs. Research in Veterinary Science, 75(2), 157-161. doi:10.1016/S0034-5288(03)00080-8


https://www.assistancedogs.org.au/services/ptsd-service-dog/
https://doi.org/10.48550/arXiv.1406.5823
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1037/14856-007
https://doi.org/10.3389/fvets.2019.00170
https://doi.org/10.1016/j.neubiorev.2016.08.029
https://doi.org/10.1016/j.domaniend.2016.04.003
https://doi.org/10.1016/j.domaniend.2016.04.003
https://doi.org/10.1007/s40258-017-0310-5
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://www.vetmeduni.ac.at/fileadmin/v/assistenzhunde/Richtlinien_Assistenzhunde.pdf
https://doi.org/10.1007/s00265-010-1038-5
https://doi.org/10.7120/09627286.22.3.369
https://doi.org/10.1016/j.jveb.2014.02.005
https://doi.org/10.1016/j.rvsc.2006.07.010
https://doi.org/10.1006/pmed.1998.0276
https://doi.org/10.1163/156853007X187090
https://doi.org/10.1163/156853007X187090
https://doi.org/10.1016/S0031-9384(97)80328-9
https://www.britannica.com/topic/quality-of-life
https://www.britannica.com/topic/quality-of-life
https://doi.org/10.1080/10888705.2014.856241
https://doi.org/10.1016/S0034-5288(03)00080-8

12 (&) K GERWISCH ET AL.

Koyama, T., Omata, Y., & Saito, A. (2003). Changes in salivary cortisol concentrations during a 24-hour period in
dogs. Hormone and Metabolic Research, 35(6), 355-357.

Lenth, R. V., Buerkner, P., Giné-Vdzquez, I, Herve, M., Jung, M., & Singmann, H. (2023). Emmeans: Estimated
Marginal Means, Aka Least-Squares Means (1.8.4-1). Retrieved May 03, 2023, from https://CRAN.R-project.org/
package=emmeans

Lloyd, J., Johnston, L., & Lewis, J. (2019). Psychiatric assistance dog use for people living with mental health disorders.
Frontiers in Veterinary Science, 6, 6. doi:10.3389/fvets.2019.00166

Mayring, P. (2015). Qualitative Inhaltsanalyse: Grundlagen und Techniken. 12 Auflage.

Meunier, S., Groessl, M., Reusch, C., Boretti, F., & Sieber-Ruckstuhl, N. (2021). Salivary cortisol in healthy dogs: A
randomized cross-over study to evaluate different saliva stimulation methods and their effects on saliva volume and
cortisol concentration. BMC Veterinary Research, 17(1), 194. doi:10.1186/s12917-021-02890-1

Mongillo, P., Prana, E., Gabai, G., Bertotto, D., & Marinelli, L. (2014). Effect of age and sex on plasma cortisol and
dehydroepiandrosterone concentrations in the dog (Canis familiaris). Research in Veterinary Science, 96(1), 33-38.
d0i:10.1016/j.rvsc.2013.10.010

Nagasawa, Nagasawa, M., Mitsui, S., En, S., Ohtani, N. ... Mogi, K. (2015). Oxytocin-gaze positive loop and the
coevolution of human-dog bonds | Science. Science, 348(6232), 333-336. doi:10.1126/science.1261022

Nussbaum, M. C. (2006). Frontiers of justice: Disability, nationality, species membership (pp. xiii, 487). Belknap Press of
Harvard University Press. doi:10.2307/j.ctvlc7zftw

Nussbaum, M. C,, Sen, A., & World Institute for Development Economics Research (Eds.). (1993). The quality of life.
Oxford: Clarendon Press; Oxford University Press.

O’Haire, M. E., & Rodriguez, K. E. (2018). Preliminary efficacy of service dogs as a complementary treatment for
posttraumatic stress disorder in military members and veterans. Journal of Consulting & Clinical Psychology, 86(2),
179-188. d0i:10.1037/ccp0000267

Palme, R., & Mostl. (1997). Faecal metabolites of infused 14C-Progesterone in Domestic livestock. Reproduction in
Domestic Animals, 32(4), 199-206. doi:10.1111/j.1439-0531.1997.tb01282.x

Persson, R., Garde, A. H., Hansen, A. M., C")sterberg, K., Larsson, B., Orbak, P., & Karlson, B. (2008). Seasonal
variation in human salivary cortisol concentration. Chronobiology International, 25(6), 923-937. doi:10.1080/
07420520802553648

R Core Team. (2021). R: The R Project for Statistical Computing Retrieved May 03, 2023, from https://www.r-project.org/

Reimers, T. J., Lawler, D. F., Sutaria, P. M., Correa, M. T., & Erb, H. N. (1990). Effects of age, sex, and body size on
serum concentrations of thyroid and adrenocortical hormones in dogs. American Journal of Veterinary Research, 51
(3), 454-457.

Robeyns, I., & Fibieger Byskov, M. F. (May 11, 2021). The capability approach. In E. N. Zalta (Ed.), The Stanford
Encyclopedia of Philosophy (Winter 2021). Metaphysics Research Lab, Stanford University. https://plato.stanford.
edu/archives/win2021/entries/capability-approach/

Rodriguez, K. E., Bryce, C. I, Granger, D. A., & O’Haire, M. E. (2018). The effect of a service dog on salivary cortisol
awakening response in a military population with posttraumatic stress disorder (PTSD). Psychoneuroendocrinology,
98, 202-210. doi:10.1016/j.psyneuen.2018.04.026

Rothuizen, J., Reul, J. M., van Sluijs, F. J., Mol, J. A., Rijnberk, A., & de Kloet, E. R. (1993). Increased neuroendocrine
reactivity and decreased brain mineralocorticoid receptor-binding capacity in aged dogs. Endocrinology, 132(1),
161-168. doi:10.1210/endo.132.1.8380372

Schatz, S., & Palme, R. (2001). Measurement of faecal cortisol metabolites in cats and dogs: A non-invasive method for
evaluating adrenocortical function. Veterinary Research Communications, 25(4), 271-287. doi:10.1023/
A:1010626608498

Schielzeth, H. (2010). Simple means to improve the interpretability of regression coefficients. Methods in Ecology and
Evolution, 1(2), 103-113. doi:10.1111/j.2041-210X.2010.00012.x

Schéberl, 1., Wedl, M., Bauer, B., Day, J., M6stl, E., & Kotrschal, K. (2012). Effects of owner—-dog relationship and
owner personality on cortisol modulation in human-dog Dyads. Anthrozods, 25(2), 199-214. doi:10.2752/
175303712X13316289505422

Schreier, M. (2012). Qualitative Content Analysis in Practice. SAGE Publications Ltd. Retrieved May 03, 2023, from
https://uk.sagepub.com/en-gb/eur/qualitative-content-analysis-in-practice/book234633

Stern, S. L., Donahue, D. A., Allison, S., Hatch, J. P., Lancaster, C. L. ... Peterson, A. L. (2013). Potential benefits of
canine companionship for military veterans with Posttraumatic stress disorder (PTSD). Society & Animals, 21(6),
568-581. doi:10.1163/15685306-12341286

Tedeschi, P., & Jenkins, M. A. (Eds.). (2019). Transforming trauma: Resilience and healing through our connections with
animals. Purdue University Press.

van Houtert, E. A. E., Endenburg, N., Vermetten, E., & Rodenburg, T. B. (2022). Hair cortisol in service dogs for
veterans with post-traumatic stress disorder compared to companion dogs (Canis Familiaris). Journal of Applied
Animal Welfare Science, 0, 1-11.

Wilson, E. O. (1984). Biophilia. Harvard University Press.


https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.3389/fvets.2019.00166
https://doi.org/10.1186/s12917-021-02890-1
https://doi.org/10.1016/j.rvsc.2013.10.010
https://doi.org/10.1126/science.1261022
https://doi.org/10.2307/j.ctv1c7zftw
https://doi.org/10.1037/ccp0000267
https://doi.org/10.1111/j.1439-0531.1997.tb01282.x
https://doi.org/10.1080/07420520802553648
https://doi.org/10.1080/07420520802553648
https://www.r-project.org/
https://plato.stanford.edu/archives/win2021/entries/capability-approach/
https://plato.stanford.edu/archives/win2021/entries/capability-approach/
https://doi.org/10.1016/j.psyneuen.2018.04.026
https://doi.org/10.1210/endo.132.1.8380372
https://doi.org/10.1023/A:1010626608498
https://doi.org/10.1023/A:1010626608498
https://doi.org/10.1111/j.2041-210X.2010.00012.x
https://doi.org/10.2752/175303712X13316289505422
https://doi.org/10.2752/175303712X13316289505422
https://uk.sagepub.com/en-gb/eur/qualitative-content-analysis-in-practice/book234633
https://doi.org/10.1163/15685306-12341286

JOURNAL OF APPLIED ANIMAL WELFARE SCIENCE . 13

Wobhlfarth, R., Mutschler, B., Beetz, A., Kreuser, F., & Korsten-Reck, U. (2013). Dogs motivate obese children for
physical activity: Key elements of a motivational theory of animal-assisted interventions. Frontiers in Psychology, 4.
doi:10.3389/fpsyg.2013.00796

Wohlfarth, R., Mutschler, B., Beetz, A., & Schleider, K. (2014). An investigation into the efficacy of therapy dogs on
reading performance in 6-7 year old children. Human-Animal Interaction Bulletin, 2, 60-73. doi:10.1079/
hai.2014.0013

Wojtas, J., Karpinski, M., & Czyzowski, P. (2020). Salivary cortisol interactions in Search and Rescue dogs and their
handlers. Animals, 10(4), 595. Article 4. doi:10.3390/ani10040595

World Health Organization. (2012). Programme on mental health: WHOQOL user manual (WHO/HIS/HSI Rev.2012.03).
World Health Organization. Retrieved May03, 2023, from https://apps.who.int/iris/handle/10665/77932


https://doi.org/10.3389/fpsyg.2013.00796
https://doi.org/10.1079/hai.2014.0013
https://doi.org/10.1079/hai.2014.0013
https://doi.org/10.3390/ani10040595
https://apps.who.int/iris/handle/10665/77932

	Abstract
	Introduction
	Material and methods
	Subjects
	Measurements
	QoL measure
	Salivary cortisol measure

	Statistical analysis
	Ethical note
	Results
	QoL measure
	Salivary cortisol measure

	Discussion
	QoL measure
	Salivary cortisol measure

	Limitations and future research
	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	References

