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Simple Summary: A growing number of people are supported by specialized service dogs. These
dogs are highly trained to improve human welfare, yet not much is known about their own welfare.
One of the ways in which welfare can be measured is through the expression of stress via the hormone
cortisol. In this study, we investigated the level of cortisol in saliva, a measure for physiological stress,
in 19 service dogs. We measured cortisol in the dogs’ saliva 15 min after arrival at a training ground,
before partaking in a training session for service dogs, after participation in the training session, and
after a 45-min free play period. We found no elevated levels of cortisol after the training session.
Instead, we found that cortisol had lowered when compared to before the training. Additionally,
we found that cortisol was highest 15 min after arriving at the training round and after 45 min of
free play. This led to the conclusion that dogs in our study did not seem to have a stress response in
response to participation in the training.

Abstract: Only a few studies have investigated the welfare of animals participating in animal-assisted
interventions (AAIs). Most of these studies focus on dogs in therapeutic settings. There are, however,
also dogs—service dogs—that are employed to continuously support a single human. Because the
welfare of these service dogs is important for the sustainability of their role, the aim of this study
was to investigate their stress response to service dog training sessions. To do this, we took repeated
salivary cortisol samples from dogs who participated in a training session (n = 19). Samples were
taken just after arrival at the training ground, before training, after training, and after a period of
free play. Our results showed that mean cortisol levels in all samples were relatively low (between
1.55 ± 1.10 and 2.73 ± 1.47 nmol/L) compared to similar studies. Analysis further showed that
samples taken before and after participation in the training’s session did not differ from one another.
Mean cortisol levels in both situations were additionally lower than those upon arrival at the training
site and after a period of free play. This led to the conclusion that the dogs in our study did not seem
to experience training as stressful.

Keywords: AAI; PTSD; service dogs; welfare

1. Introduction

The relationship between humans and dogs knows a long history. Dogs have assisted
humans in a growing array of tasks. These tasks include tracking specific scents [1,2],
guarding objects, people, or locations [3], cattle herding, pulling carts, scrap cleaning
(and through this, pest and disease control), providing companionship, and providing
warmth [4]. As of the 20th century, there has additionally been a growing interest in the
development and deployment of specialized dogs to improve individual human health.
Perhaps the best known of these dogs is the guide dog for humans with a visual disability.
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Other examples include dogs for those with a hearing impairment [5], dogs that detect low
blood sugar [6], dogs that detect symptoms of epileptic seizure [7], dogs that assist with a
physical disability [8], dogs that assist with autism spectrum disorder (ASD) [9,10], and
dogs that assist those with a post-traumatic stress disorder (PTSD) [11,12].

Dogs intentionally deployed for the welfare of humans are collectively known as
either service dogs or assistance dogs (region-dependent). Their deployment is further
considered a form of animal-assisted intervention (AAI), which entails that an animal is
used in a (therapeutic) intervention for the improvement of human welfare and/or health.
Since the goal of AAI is aiding humans, studies on the topic have mainly focused on
the effects that the animals have on the humans they are aiding. Only a few studies and
publications have discussed the effect of AAI on animal welfare [13–16] and even fewer
have studied animal welfare in AAI via experimental design.

Most studies that have focused on animal welfare in AAI concentrated on the de-
ployment of dogs in therapeutic settings. They did so primarily through a combination of
behavioral assessment through structured observation and the analysis of cortisol samples.
The use of heart rate and body temperature is, however, also seen [14,16–22]. Although
it is disputed whether there is a relation between behavioral observations and cortisol
measurements in dogs [23–27], both measures have individually been found to be indica-
tive of animal welfare status. Behavioral observation, for example, has been established
as a tool to assess arousal or stress in dogs [28,29]. Dogs that are subjected to stressors
such as social or spatial restriction are known to perform specific behaviors more often
than relaxed dogs. Examples of such behaviors include yawning without other signs of
drowsiness, paw lifting, body shaking without a waterlogged fur, and walking around
erratically [30,31]. The performance of these behaviors has further been linked to a state
of either conflict, confusion, or fear in dogs [32], which can, in turn, be used to determine
if an individual dog is either physically or mentally able to cope with the situation it is
currently in.

Changes in the concentration of the steroid hormone cortisol have additionally been
associated with physiological signs of stress in dogs and other mammals [28,33–35], though
it deserves mention that heightened cortisol is also a possible sign of positive arousal.
Although cortisol can be found in various bodily fluids [36–38], one of the less invasive,
yet accurate, ways in which to detect it is through a salivary swab [39,40]. Because of this
reduced invasiveness, salivary cortisol has become a widely used method to determine
both acute [23] and chronic stress [24,30] in dogs. It has additionally given insight into
dogs’ recovery process from acute stressors, as demonstrated by Beerda et al. in their study
from 1998 [23]. In their study, they found that salivary cortisol in dogs showed a 13- to
20-nmol/L elevation compared to the basal level (mean 6 nmol/L) after the dogs had been
exposed to an acute stressor (opening umbrella, sudden shock). The time it took for this
peak to appear was between 0 and 30 min following the stressor, which is in line with the
time it takes salivary cortisol to reflect plasma cortisol [41].

Beerda et al. [23] additionally found that peak values of salivary cortisol had dropped
by half in most dogs 30 min post-stressor and returned to baseline levels after 45–60 min
post-stressor. These findings indicate that the observed dogs had a capacity to recover
from their encountered stressor and return to baseline values if given time to do so. This
capacity to recover from stressors is particularly important for dogs in AAI as they are
exposed to potential stressors on a regular basis [13]. Dogs that are used for AAI are,
therefore, often pre-selected for their capacity to recover from stressors via a series of
temperament tests and behavioral observations. They are additionally specifically trained
from a young age to familiarize them with the work they will perform in later life. In theory,
therefore, only animals that are both mentally and physically capable of assistance work are
employed. To test if this assumption is true, studies such as those by Glenk et al. [14,18] and
Clark et al. [16] have evaluated the effect of assistance work on dog welfare in AAI. This
was mostly done during therapeutic sessions in which dogs performed assistance work for
several individuals one, two, or three times a week. In their studies, Glenk et al. [14,18]
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and Clark et al. [16] reported no indications of (severe) stress in the dogs after they had
assisted in a therapy session, which can be interpreted as meaning that selected and trained
dogs are capable of coping with the stressors of assistance work. That is not to say that this
conclusion holds true for all dogs in AAI though, as settings and workloads tend to differ
between subtypes of AAI. There are, for example, also dogs who assist a single human
24/7 as opposed to several humans during a therapeutic session two to three times a week.
This subtype is often referred to as a service dog and has a more unpredictable and more
frequent workload than the dogs observed in earlier studies. These dogs too, however,
are pre-selected and trained for their work, which should mean they are mentally and
physically capable of the work they are asked to perform in a similar manner as dogs used
during therapy sessions.

To test if service dogs are capable of handling the tasks they are asked to do during
their working life, we wanted to know if they showed physiological signs of stress during
their work. Because a service dog’s work is highly variable, however, we instead chose
to evaluate dogs during a standardized situation which is similar for each dog. As such,
we questioned whether service dogs show physiological signs of stress during a training
session for active service dogs (as indicated by heightened salivary cortisol), and if so,
whether they can recover from this stress within a time span of 45–60 min. If the dogs do
not show a salivary increase after training, it can be argued that they did not experience the
training as stressful. If they do show elevation after training yet show a return to baseline
values after a recovery period, it can be argued that the dogs are capable of coping with the
stressors they experienced during training. Both answers could help to evaluate whether
service dogs are properly prepared for the work that is asked from them through their
selection and training, or if these procedures need to be re-evaluated for future generations
of service dogs.

2. Materials and Methods
2.1. Subjects

For this study, 19 service dogs were observed. All dogs were trained and licensed
service dogs of the Dutch service dog provider “Stichting Hulphond Nederland” and
deployed to assist a single military veteran or (ex-)first aid responder with post-traumatic
stress disorder (PTSD) (referred to as handler). They had additionally been living with their
assigned handler full-time for at least a year and were used to working with them in daily
tasks. Among the dogs, 16 were purebred Labrador Retrievers, one a Standard Poodle,
one an Airedale Terrier, and one a mix between a Malinois and Labrador Retriever. The
male/female ratio was 17/2 (all spayed/neutered), while the age of all dogs was between
two and eight years (average 3.9 ± 0.7), as these are the regular working years of a service
dog (between training and retirement). To participate in this study, all dogs finally needed
to be in good clinical health (as judged by a veterinarian) and were obliged to have had
regular (at least four times a year) behavioral monitoring by an animal trainer from the
service dog provider during the past year.

2.2. Experimental Design

Measurements for this study were taken during one of two collective training days at
a service dog training facility of “Stichting Hulphond Nederland”. These training days
were part of the service dogs’ ongoing training and primarily serve to help to reinforce
trained behaviors on a periodical basis after they have been matched with a handler. They
additionally serve as an opportunity to assess the development of the relationship between
the dog and the handler. Due to the varying ages of the dogs participating in this study,
some dogs were familiar with this form of training while others were not.

Although PTSD service dogs usually work in their own home environment, a collective
training session was chosen as a measurement moment to standardize conditions between
dogs. During training, dogs had to perform a novel navigation task (such as following a
specific path between obstacles). They could only complete this task by communicating



Animals 2021, 11, 650 4 of 9

with their handler since the dogs did not know the desired route between or around
presented obstacles. With this method, the training simulated elements of the service dogs’
work in a controlled environment, namely helping their handler navigate a distracting and
often unfamiliar environment while maintaining focus on the handler.

During the collective training, four saliva samples were collected from each dog
(n = 19). This was done by placing a SalivaBio children swab (Salimetrics, 5001.06 and
5001.05) [42,43] in saliva pooling areas (mouth corners or under the tongue) in the mouth of
the dog. In this manner, the swabs could passively absorb saliva for 60 s, while the dog was
gently held around the muzzle. To prevent contamination of the samples, the dogs were
not given any treats for at least 10 min prior to sampling. After sampling, the dogs were
given a treat, however, to reward good behavior. The complete process of sampling was
less than four minutes [40] for each sample so as to prevent the procedure from influencing
the sample.

Out of the four samples, the first sample was collected 15 min after dogs had arrived
at the training ground (T + 15). This was done to measure anticipation stress in the dogs
caused by the arrival at the training ground. The dogs were then given 30 min to adapt to
their new environment before the second sample was collected at the start of the training
exercise (T + 45). During this 30-min gap, the dogs were either interacting with other
dogs, walking with their handler, or resting while their handler received instructions for
the training.

The third sample was taken, again, 30 min after the dogs had finished their training
exercise (T + 75). They were subsequently given 45 min of free time after training, at the
end of which the fourth sample was collected (T + 120) (see, also, Figure 1). During these
45 min, dogs were free to either play with other dogs present, play with their handlers, go
for a walk with their handlers, or rest.
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Figure 1. An overview of the different sample moments of this study relative to the arrival of the dogs at the training ground.

All samples were subsequently stored at −20 ◦C until saliva extraction. Extraction
was performed by spinning the samples at 3000 rpm for 5 min. This resulted in a clear
supernatant of low viscosity. A visual inspection was additionally performed at this stage
for any signs of contamination (discoloration). No samples were rejected because of this.
Cortisol concentrations were finally measured using a commercially available chemilumi-
nescence immunoassay with high sensitivity (IBL International, Hamburg, Germany). The
average intra-assay coefficient was 4%.

2.3. Statistical Analysis

Statistical analysis of salivary cortisol levels between all four samples taken during
the collective training day was performed in R via Skillings–Mack test for non-parametric
paired data with missing data points. Additional analysis of all possible sample pairs
was performed via Wilcoxon signed rank test for paired non-parametric data. A Holm–
Bonferroni correction was additionally performed on these tests to correct for multiple
testing. Mauchly’s and Levene’s tests were finally performed to test for sphericity and
equal variance of the dataset, respectively.
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2.4. Ethical Statement

Ethical advice regarding this study was sought with the university’s resident animal
experiment advisory board. Because no invasive measurements were taken, however, the
full protocol of this study did not require judgement by the ethical committee.

3. Results
3.1. Missing Values

Out of the samples collected during the collective training days, the volume of re-
trieved saliva was sufficient for analysis in 67% of samples. Out of the total 19 dogs,
nine had four sufficient samples, six dogs had three sufficient samples, two dogs had two
sufficient samples, one dog had one sufficient sample, and one dog had zero sufficient
samples. These missing values bring the total amount of successful samples at each time
point to n = 13 at T + 15, n = 16 at T + 45, n = 16 at T + 75, and n = 14 at T + 120.

3.2. Cortisol Levels

The average salivary cortisol level of the dogs at the start of the collective training
day (T + 15; n = 13) was 2.73 nmol/L (±1.47). At the start of training (T + 45, n = 16), this
level was 2.28 nmol/L (±1.51). It was 1.65 nmol/mL (±0.64) at the end of training (T + 75,
n = 16), and finally, 2.33 nmol/L (±0.83, n = 14) 45 min after the training session had ended
(T + 120; Figure 2).
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Figure 2. The various mean levels of salivary cortisol (±SD) at the four different sample points for the collective training
session (n = 13 at T + 15, n = 16 at T + 45, n = 16 at T + 75, and n = 14 at T + 120). The training session took place between
T + 45 and T + 75.

3.3. Statistical Analysis

The Skillings–Mack test statistic was 33.05 (p = 0.01, α = 0.05), which indicates that
the four measurement points of this study differed from one another. To identify which
specific data points caused this result, an additional analysis was performed via Wilcoxon
signed rank test between all data points in combination with a Holm–Bonferroni correction.
The Wilcoxon signed rank tests indicated the data points T + 15/T + 75 and T + 75/T + 120
to be significantly different (Figure 3). The Holm–Bonferroni correction, however, did not
yield significant differences between combinations. This combination of results indicates
that T + 15/T + 75 and T + 75/T + 120 might be significantly different, though a Type I
error cannot be excluded. All other data point combinations did not differ significantly
from one another in both tests. Mauchly’s and Levene’s tests were finally performed to test
for sphericity (p = 0.49) and equal variance (p = 0.10) of the dataset, respectively.
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4. Discussion

In this study, we questioned whether service dogs would show physiological signs of
stress during a service dog training session and, if so, whether they recover from this stress
within a time span of 45–60 min. Our results did not show any indication of acute stress
experienced due to participation in the training, as salivary cortisol levels before and after
training did not differ significantly from each other. This is in line with earlier findings
by Glenk et al. [14,18] and Clark et al. [16] in therapy dogs, as they also did not find a
significant effect of assistance work on the level of salivary cortisol in assistance dogs.

The cortisol levels retrieved during this study (mean cortisol T + 15 = 2.73, T + 45 = 2.28,
T + 75 = 1.65, T + 120 = 2.33 nmol/L) were slightly lower than those found during earlier
studies. A meta-analysis by Cobb et al. [44], for example, found an overall mean basal
salivary cortisol level of 0.45 ug/dL or 12.42 nmol/L between various dog studies. This,
however, included studies with various dog breeds in different situations such as shelter
dogs, companion dogs, guide dogs, and laboratory animals. Because of this diversity in
breeds and settings, the values calculated by Cobb et al. [44] are potentially not repre-
sentative of specific subsets (breeds or disciplines) of dogs. A study by Koyama et al. in
2003 [45] in Beagles, for example, found lower values for 24-h salivary cortisol variability
of dogs. They found resting cortisol to be fluctuating between 2 and 8 nmol/L, with the
interesting remark that no distinct circadian cortisol rhythm seemed to be present in dogs,
as it is in most other mammals. A study by Beerda et al. [23] found results in agreement
with Koyama et al. [45], as they reported basal cortisol levels to be 6 nmol/L in their dogs
(mainly Beagles) in an experimental setting. Because of the above, it could be that the
dogs in this study (mainly Labrador Retrievers) had a natural disposition for low cortisol
due to their genetic background. A study by Batt et al. [46], however, found salivary
cortisol values in guide dogs in training (also mainly Labrador Retrievers) which exceeded
the results found in our study and those by Beerda et al. [23] and Koyama et al. [46]
(2.07–2.17 ug/dL = 57.11–59.87 nmol/L).

Because of the above, it is more likely that the lower cortisol values in this study
were caused by the setting in which it was performed. Within this study, a total of four
measurement points were used surrounding a single intervention (the training session).
Out of these measurement points, those preceding the intervention were higher than the
one following it (significant for T + 15/T + 75). As stated before, this observation is in line
with earlier findings by Glenk et al. [14,18] and Clark et al. [16] in therapy dogs, as they
also did not find an increasing effect of assistance work on the level of salivary cortisol
in assistance dogs after participation in a therapy session. It is, additionally, contrary to
results found by van der Borg et al. [47], who found that salivary cortisol did increase
relative to pre-intervention levels when dogs were exposed to a stressful situation. They
additionally found that cortisol levels lowered again after a 30-min resting period, which
is, in turn, in line with the results of Beerda et al. [23].

Because van der Borg et al. [47] noted a possibility for salivary cortisol to increase in
a setup comparable to our study, it can be assumed that the lowering of cortisol seen in
our study after the start of training is indicative of lowering physiological stress. It can,
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therefore, be argued that the dogs in our study either did not show signs of physiological
stress in response to the training they took part in or that they were able to recover
before their salivary cortisol was re-measured (30-min gap). Given that it takes roughly
45–60 min for salivary cortisol in dogs to fully return back to basal levels after encountering
a stressor [23,29], the former explanation seems more plausible than the latter.

The possibility of lowered physiological stress in dogs after training is, finally, sup-
ported by their salivary cortisol levels shortly after arrival at the training ground and after
45 min of free play. These levels were elevated compared to pre- and post-training levels,
which indicates that the dogs experienced more physiological stress or arousal at these time
points than during training. This, in turn, also suggests against the possibility of long-term
stress-induced Hypothalamic–pituitary–adrenal (HPA) axis downregulation in dogs [48],
since this generally reduces cortisol reactivity. In the case of arrival at the training ground,
the elevation might have been caused because the dogs encountered unfamiliar surround-
ings and conspecifics, which might have acted as a stressor or a stimulator. Meeting other
dogs could have additionally increased activity in the dogs, which, by itself, is known to
increase cortisol levels in animals [49,50]. This last effect would additionally explain the
elevation seen after free play, as the dogs were allowed to play with one another on the
training field. It might further explain the greater variation in salivary cortisol levels seen
at both time points, as not all dogs were equally engaged in play behavior.

All in all, our results, therefore, indicate that the dogs in this study did not experience
the training as physiologically stressful. Out of all the time points, the dogs in our study
showed the lowest cortisol response with the least variation among them right after they
had partaken in training. Combined with the fact that this data point differed significantly
from measurements taken right after arrival at the training ground (when dogs might have
also experienced stressors), we interpret that the dogs in our study did not experience the
training as stressful. As there appeared to be no stress to recover from, it is difficult to draw
additional conclusions about the dogs’ capacity to recover from stressors. Given that the
dogs did show elevated cortisol immediately after arrival at the training ground, however,
which lowered after an acclimatization period (not significant), it could be interpreted that
this capacity is present. A note of caution needs to be added that only from nine dogs
were samples at all time points available, underlining the need to confirm these results in a
larger number of service dogs. We finally conclude that the service dogs in our study did
not appear to experience training as physiologically stressful, but instead seemed to be
able to cope with the work that was required from them.

Author Contributions: Conceptualization, E.A.E.v.H., N.E., T.B.R. and E.V.; methodology, E.A.E.v.H.;
formal analysis, E.A.E.v.H.; writing—original draft preparation, E.A.E.v.H.; writing—review and
editing, N.E., T.B.R. and E.V.; supervision, N.E., T.B.R., and E.V.; project administration, E.A.E.v.H.;
funding acquisition, N.E., T.B.R. and E.V. All authors have read and agreed to the published version
of the manuscript.

Funding: This study was funded by the charitable donations of the Karel Doorman Fund, the Utrecht
University Fund, Royal Canin, the Triodos Foundation, the K.F. Hein foundation, and stichting
Vrienden Diergeneeskunde.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
because its protocol did not involve invasive measurements in animals.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors of this study would like to thank every individual and organization
that contributed to its realization. Special thanks go out to Rianna Anwar-Sani and Joris Wijnker for
helping gather research data, and to Stichting Hulphond Nederland for providing contact with the
dogs and handlers who participated in this study.



Animals 2021, 11, 650 8 of 9

Conflicts of Interest: This study was performed at Utrecht University as part of a larger research
project on the influence of PTSD service dogs on veterans with PTSD in the Netherlands. The overall
project is performed with the support of Stichting Hulphond Nederland and the Dutch Ministry of
Defense, with the financial support of the Karel Doorman Fund, the Utrecht University Fund, Royal
Canin, the Triodos Foundation, the K.F. Hein foundation, and stichting Vrienden Diergeneeskunde.
None of these stakeholders were part of the conception of this study. Therefore, the authors report
that there were no conflicting interests involved in the conception of this study, and that they did not
gain any direct commercial, financial, or political benefit from this publication.

References
1. Engeman, R.M.; Vice, D.S.; York, D.; Gruver, K.S. Sustained evaluation of the effectiveness of detector dogs for locating brown

tree snakes in cargo outbound from Guam. Int. Biodeterior. Biodegrad. 2002, 49, 101–106. [CrossRef]
2. Williams, M.; Johnston, J.M. Training and maintaining the performance of dogs (Canis familiaris) on an increasing number of

odor discriminations in a controlled setting. Appl. Anim. Behav. Sci. 2002, 78, 55–65. [CrossRef]
3. Lenselink, J. De berichtenhond in het nederlandse leger: Een bescheiden experiment. Armamentaria 1996, 31, 36–40.
4. Manwell, C.; Baker, C.M. Domestication of the dog: Hunter, food, bed-warmer, or emotional object? Z. Tierz. Züchtungsbiol. 1984,

101, 241–256. [CrossRef]
5. Martellucci, S.; Belvisi, V.; Ralli, M.; Di Stadio, A.; Musacchio, A.; Greco, A.; Gallo, A.; de Vincentiis, M.; Attanasio, G. Assistance

dogs for persons with hearing impairment: A review. Int. Tinnitus J. 2019, 23, 26–30. [CrossRef]
6. Rooney, N.J.; Morant, S.; Guest, C. Investigation into the value of trained glycaemia alert dogs to clients with type I diabetes.

PLoS ONE 2013, 8, e69921. [CrossRef] [PubMed]
7. Wester, V.; de Groot, S.; Kanters, T.; Wagner, L.; Ardesch, J.; Corro Ramos, I.; Enders-Slegers, M.-J.; de Ruiter, M.; le Cessie, S.; Los,

J.; et al. Evaluating the effectiveness and cost-effectiveness of seizure dogs in persons with medically refractory epilepsy in the
netherlands: Study protocol for a stepped wedge randomized controlled trial (EPISODE). Front. Neurol. 2020, 11. [CrossRef]

8. Martin-Lemoyne, V.; Vincent, C.; Boutros, G.E.H.; Routhier, F.; Gagnon, D. Effects of a trained mobility assistance dog on upper
extremity muscular effort during wheelchair propulsion on tiled and carpeted floors in individuals with a spinal cord injury.
Clinical. Biom. 2020, 73, 28–34. [CrossRef] [PubMed]

9. Smyth, C.; Slevin, E. Experiences of family life with an autism assistance dog. Learn. Disabil. Pract. 2010, 13, 12–17. [CrossRef]
10. Burgoyne, L.; Dowling, L.; Fitzgerald, A.; Connolly, M.; Browne, J.P.; Perry, I.J. Parents’ perspectives on the value of assistance

dogs for children with autism spectrum disorder: A cross-sectional study. BMJ Open. 2014, 4, e004786. [CrossRef]
11. Krause-Parello, C.A.; Sarni, S.; Padden, E. Military veterans and canine assistance for post-traumatic stress disorder: A narrative

review of the literature. Nurse Educ. Today 2016, 47, 43–50. [CrossRef] [PubMed]
12. Van Houtert, E.A.; Endenburg, N.; Wijnker, J.J.; Rodenburg, B.; Vermetten, E. The study of service dogs for veterans with

post-traumatic stress disorder: A scoping literature review. Eur. J. Psychotr. 2018, 9 (Suppl. 3), 1503523.
13. Serpell, J.A.; Coppinger, R.; Fine, A.H. Welfare Considerations in Therapy and Assistance Animals, Handbook on Animal Assisted

Therapy: Theoretical Foundations and Guidelines for Practice, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 2006; pp. 21–38.
14. Glenk, L.M.; Kothgassner, O.D.; Stetina, B.U.; Palme, R.; Kepplinger, B.; Baran, H. Salivary cortisol and behavior in therapy dogs

during animal-assisted interventions: A pilot study. J. Vet. Behav. 2014, 9, 98–106. [CrossRef]
15. Glenk, L.M. Current perspectives on therapy dog welfare in animal-assisted interventions. Animals 2017, 7, 7. [CrossRef]
16. Clark, S.D.; Martin, F.; McGowan, R.T.; Smidt, J.M.; Anderson, R.; Wang, L.; Turpin, T.; Langenfeld-McCoy, N.; Baure, B.A.;

Mohabbat, A.B. Physiological State of therapy dogs during animal-assisted activities in an outpatient setting. Animals 2020, 10,
819. [CrossRef] [PubMed]

17. King, C.; Watters, J.; Mungre, S. Effect of a time-out session with working animal-assisted therapy dogs. J. Vet. Behav. 2011, 6,
232–238. [CrossRef]

18. Glenk, L.M.; Kothgassner, O.D.; Stetina, B.U.; Palme, R.; Kepplinger, B.; Baran, H. Therapy dogs’ salivary cortisol levels vary
during animal-assisted interventions. Anim. Welf. 2013, 22, 369–378. [CrossRef]

19. Palestrini, C.; Calcaterra, V.; Cannas, S.; Talamonti, Z.; Papotti, F.; Buttram, D.; Pelizzo, G. Stress level evaluation in a dog during
animal-assisted therapy in pediatric surgery. J. Vet. Behav. 2017, 17, 44–49. [CrossRef]

20. Riemer, S.; Assis, L.; Pike, T.W.; Mills, D.S. Dynamic changes in ear temperature in relation to separation distress in dogs. Phys.
Behav. 2016, 167, 86–91. [CrossRef]

21. Melco, A.L.; Goldman, L.; Fine, A.H.; Peralta, J.M. Investigation of physiological and behavioral responses in dogs participating
in animal-assisted therapy with children diagnosed with attention-deficit hyperactivity disorder. J. Appl. Anim. Welf. Sci. 2020, 23,
10–28. [CrossRef] [PubMed]

22. Clark, S.D.; Smidt, J.M.; Bauer, B.A. Welfare considerations: Salivary cortisol concentrations on frequency of therapy dog visits in
an outpatient hospital setting: A pilot study. J. Vet. Behav. 2019, 30, 88–91. [CrossRef]

23. Beerda, B.; Schilder, M.B.; van Hooff, J.A.; de Vries, H.W.; Mol, J.A. Behavioural, saliva cortisol and heart rate responses to
different types of stimuli in dogs. Appl. Anim. Behav. Sci. 1998, 58, 365–381. [CrossRef]

24. Beerda, B.; Schilder, M.B.; Van Hooff, J.A.; De Vries, H.W.; Mol, J.A. Chronic stress in dogs subjected to social and spatial
restriction. I. Behavioral responses. Physiol. Behav. 1999, 66, 233–242. [CrossRef]

http://doi.org/10.1016/S0964-8305(01)00109-3
http://doi.org/10.1016/S0168-1591(02)00081-3
http://doi.org/10.1111/j.1439-0388.1984.tb00043.x
http://doi.org/10.5935/0946-5448.20190005
http://doi.org/10.1371/journal.pone.0069921
http://www.ncbi.nlm.nih.gov/pubmed/23950905
http://doi.org/10.3389/fneur.2020.00003
http://doi.org/10.1016/j.clinbiomech.2019.12.022
http://www.ncbi.nlm.nih.gov/pubmed/31923779
http://doi.org/10.7748/ldp2010.05.13.4.12.c7758
http://doi.org/10.1136/bmjopen-2014-004786
http://doi.org/10.1016/j.nedt.2016.04.020
http://www.ncbi.nlm.nih.gov/pubmed/27179660
http://doi.org/10.1016/j.jveb.2014.02.005
http://doi.org/10.3390/ani7020007
http://doi.org/10.3390/ani10050819
http://www.ncbi.nlm.nih.gov/pubmed/32397366
http://doi.org/10.1016/j.jveb.2011.01.007
http://doi.org/10.7120/09627286.22.3.369
http://doi.org/10.1016/j.jveb.2016.09.003
http://doi.org/10.1016/j.physbeh.2016.09.002
http://doi.org/10.1080/10888705.2018.1536979
http://www.ncbi.nlm.nih.gov/pubmed/30376724
http://doi.org/10.1016/j.jveb.2018.12.002
http://doi.org/10.1016/S0168-1591(97)00145-7
http://doi.org/10.1016/S0031-9384(98)00289-3


Animals 2021, 11, 650 9 of 9

25. Hennessy, M.B.; Voith, V.L.; Mazzei, S.J.; Buttram, J.; Miller, D.D.; Linden, F. Behavior and cortisol levels of dogs in a public
animal shelter, and an exploration of the ability of these measures to predict problem behavior after adoption. Appl. Anim. Behav.
Sci. 2001, 73, 217–233. [CrossRef]

26. King, T.; Hemsworth, P.H.; Coleman, G.J. Fear of novel and startling stimuli in domestic dogs. Appl. Anim. Behav. Sci. 2003, 82,
45–64. [CrossRef]

27. Hekman, J.P.; Karas, A.Z.; Dreschel, N.A. Salivary cortisol concentrations and behavior in a population of healthy dogs
hospitalized for elective procedures. Appl. Anim. Behav. Sci. 2012, 141, 149–157. [CrossRef] [PubMed]

28. Hydbring-Sandberg, E.; von Walter, L.W.; Hoglund, K.; Svartberg, K.; Swenson, L.; Forkman, B. Physiological reactions to fear
provocation in dogs. J. Endocrinol. 2004, 180, 439–448. [CrossRef] [PubMed]

29. Dreschel, N.A.; Granger, D.A. Physiological and behavioral reactivity to stress in thunderstorm-phobic dogs and their caregivers.
Appl. Anim. Behav. Sci. 2005, 95, 153–168. [CrossRef]

30. Beerda, B.; Schilder, M.B.; Van Hooff, J.A.; De Vries, H.W.; Mol, J.A. Behavioural and hormonal indicators of enduring environ-
mental stress in dogs. Anim. Welf. Potters Bar. 2000, 9, 49–62.

31. Bellaio, E.; Normando, S.; Bono, G. Stress assessment in rescue dogs during routine training sessions. J. Vet. Behav. Clin. Appli.
Res. 2009, 2, 83. [CrossRef]

32. Schilder, M.B.; van der Borg, J.A. Training dogs with help of the shock collar: Short and long term behavioural effects. Appl. Anim.
Behav. Sci. 2004, 85, 319–334. [CrossRef]

33. Kirschbaum, C.; Hellhammer, D.H. Salivary cortisol in psychobiological research: An overview. Neuropsychobiology 1989, 22,
150–169. [CrossRef]

34. Dreschel, N.A.; Granger, D.A. Methods of collection for salivary cortisol measurement in dogs. Horm. Behav. 2009, 55, 163–168.
[CrossRef]

35. Bennett, A.; Hayssen, V. Measuring cortisol in hair and saliva from dogs: Coat color and pigment differences. Domest. Anim.
Endocrinol. 2010, 39, 171–180. [CrossRef] [PubMed]

36. Aardal, E.; Holm, A.-C. Cortisol in saliva-reference ranges and relation to cortisol in serum. Clin. Chem. Lab. Med. 1995, 33,
927–932. [CrossRef] [PubMed]

37. Coppola, C.L.; Grandin, T.; Enns, R.M. Human interaction and cortisol: Can human contact reduce stress for shelter dogs? Physiol.
Behav. 2006, 87, 537–541. [CrossRef]

38. Jones, A.C.; Josephs, R.A. Interspecies hormonal interactions between man and the domestic dog (Canis familiaris). Horm. Behav.
2006, 50, 393–400. [CrossRef]

39. Beerda, B.; Schilder, M.B.; Janssen, N.S.; Mol, J.A. The use of saliva cortisol, urinary cortisol, and catecholamine measurements for
a noninvasive assessment of stress responses in dogs. Horm. Behav. 1996, 30, 272–279. [CrossRef] [PubMed]

40. Kobelt, A.J.; Hemsworth, P.H.; Barnett, J.L.; Butler, K.L. Sources of sampling variation in saliva cortisol in dogs. Res. Vet. Sci. 2003,
75, 157–161. [CrossRef]

41. Vincent, I.; Michell, A. Comparison of cortisol concentrations in saliva and plasma of dogs. Res. Vet. Sci. 1992, 53, 342–345.
[CrossRef]

42. MacLean, E.L.; Gesquiere, L.R.; Gee, N.; Levy, K.; Martin, W.L.; Carter, C.S. Validation of salivary oxytocin and vasopressin as
biomarkers in domestic dogs. J. Neurosci. Methods 2018, 293, 67–76. [CrossRef]

43. MacLean, E.L.; Gesquiere, L.R.; Gee, N.R.; Levy, K.; Martin, W.L.; Carter, C.S. Effects of affiliative human-animal interaction on
dog salivary and plasma oxytocin and vasopressin. Front. Psychol. 2017, 8, 1606. [CrossRef] [PubMed]

44. Cobb, M.; Iskandarani, K.; Chinchilli, V.; Dreschel, N. A systematic review and meta-analysis of salivary cortisol measurement in
domestic canines. Domest. Anim. Endocrinol. 2016, 57, 31–42. [CrossRef] [PubMed]

45. Koyama, T.; Omata, Y.; Saito, A. Changes in salivary cortisol concentrations during a 24-h period in dogs. Horm. Metab. Res. 2003,
35, 355–357. [PubMed]

46. Batt, L.S.; Batt, M.S.; Baguley, J.A.; McGreevy, P.D. The relationships between motor lateralization, salivary cortisol concentrations
and behavior in dogs. J. Vet. Behav. 2009, 4, 216–222. [CrossRef]

47. van der Borg, J.A.; Beerda, B.; Ooms, M.; de Souza, A.S.; van Hagen, M.; Kemp, B. Evaluation of behaviour testing for human
directed aggression in dogs. Appl. Anim. Behav. Sci. 2010, 128, 78–90. [CrossRef]

48. Denham, H.D.; Bradshaw, J.W.; Rooney, N.J. Repetitive behaviour in kennelled domestic dog: Stereotypical or not? Physiol. Behav.
2014. [CrossRef]

49. de Groot, J.; de Jong, I.C.; Prelle, I.T.; Koolhaas, J.M. Immunity in barren and enriched housed pigs differing in baseline cortisol
concentration. Physiol. Behav. 2000, 71, 217–223. [CrossRef]

50. de Jong, I.C.; Prelle, I.T.; van de Burgwal, J.A.; Lambooij, E.; Korte, S.M.; Blokhuis, H.J.; Koolhaas, J.M. Effects of environmental
enrichment on behavioral responses to novelty, learning, and memory, and the circadian rhythm in cortisol in growing pigs.
Physiol. Behav. 2000, 68, 571–578. [CrossRef]

http://doi.org/10.1016/S0168-1591(01)00139-3
http://doi.org/10.1016/S0168-1591(03)00040-6
http://doi.org/10.1016/j.applanim.2012.08.007
http://www.ncbi.nlm.nih.gov/pubmed/24204086
http://doi.org/10.1677/joe.0.1800439
http://www.ncbi.nlm.nih.gov/pubmed/15012598
http://doi.org/10.1016/j.applanim.2005.04.009
http://doi.org/10.1016/j.jveb.2008.09.053
http://doi.org/10.1016/j.applanim.2003.10.004
http://doi.org/10.1159/000118611
http://doi.org/10.1016/j.yhbeh.2008.09.010
http://doi.org/10.1016/j.domaniend.2010.04.003
http://www.ncbi.nlm.nih.gov/pubmed/20705413
http://doi.org/10.1515/cclm.1995.33.12.927
http://www.ncbi.nlm.nih.gov/pubmed/8845424
http://doi.org/10.1016/j.physbeh.2005.12.001
http://doi.org/10.1016/j.yhbeh.2006.04.007
http://doi.org/10.1006/hbeh.1996.0033
http://www.ncbi.nlm.nih.gov/pubmed/8918684
http://doi.org/10.1016/S0034-5288(03)00080-8
http://doi.org/10.1016/0034-5288(92)90137-Q
http://doi.org/10.1016/j.jneumeth.2017.08.033
http://doi.org/10.3389/fpsyg.2017.01606
http://www.ncbi.nlm.nih.gov/pubmed/28979224
http://doi.org/10.1016/j.domaniend.2016.04.003
http://www.ncbi.nlm.nih.gov/pubmed/27315597
http://www.ncbi.nlm.nih.gov/pubmed/12920657
http://doi.org/10.1016/j.jveb.2009.02.001
http://doi.org/10.1016/j.applanim.2010.09.016
http://doi.org/10.1016/j.physbeh.2014.01.007
http://doi.org/10.1016/S0031-9384(00)00336-X
http://doi.org/10.1016/S0031-9384(99)00212-7

	Introduction 
	Materials and Methods 
	Subjects 
	Experimental Design 
	Statistical Analysis 
	Ethical Statement 

	Results 
	Missing Values 
	Cortisol Levels 
	Statistical Analysis 

	Discussion 
	References

