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Simple Summary: We compared cortisol levels in the saliva of guide dogs and dogs that were trained
as such but became companion dogs during a period of social isolation and exposure to a gunshot
sound. The results showed that cortisol levels were higher in guide dogs than in companion dogs
throughout the test. No changes were observed as a consequence of social isolation or exposure
to the gunshot. This suggests that guide dogs maintain higher levels of basal cortisol compared
with companion dogs, which could be associated with cognitive processes derived from working as
guide dogs.

Abstract: Guide dogs work for extended periods and are exposed to multiple environmental stimuli
that could lead to higher stress compared with companion dogs. Cortisol is the main hormone
associated with stress in most mammals. This study included seven guide dogs and seven same-
breed dogs that were trained as guide dogs but became companion dogs to compare their salivary
cortisol levels before, during, and after a period of social isolation and exposure to a 110-decibel
gunshot sound. Each dog was left alone in an empty room for 60 min. After 15 min, the dogs were
exposed to the sound. We collected four saliva samples from each dog. The first one was taken
5 min before starting the social isolation period, and the following ones at 15, 30, and 45 min after the
test started. A two-way ANOVA was used to compare the group effect and the time effect during
isolation and noise exposure. The results showed higher levels of cortisol in the guide dogs compared
with the companion dogs throughout the test. No differences were found in time or in the interaction
between time and group. This suggests that being a guide dog increases levels of basal cortisol when
compared with dogs that live as companion animals and family members.
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1. Introduction

The use of dogs as guides for blind or visually impaired people began in Germany
during World War I, when it is estimated that between 5 and 8% of the soldiers’ injuries
were to the eyes. In 1916, Dr. Gerhard Stalling founded the first guide dog training school
(GDTS) using German Shepherd dogs [1]. Currently, there are many GDTSs around the
world, where mainly Labrador Retriever and Golden Retriever dogs are raised and trained.

A guide dog must be able to carry out various cognitive processes such as maintaining
concentration, paying no attention to distractions, remembering its training, making deci-
sions autonomously, and even ignoring its handler if they put their own life at risk [2,3].
Guide dogs are known to have a strong attachment or social connection to their handlers,
as well as bilateral non-verbal communication [4,5]. This suggests that being a guide dog
is demanding and exhausting and might require maintaining higher blood cortisol levels
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since increases in cortisol are positively associated with improvements in cognitive and
emotional processes [6].

On the other hand, increases in cortisol are associated with the stress response in most
mammals [6-8]. In dogs, cortisol can be measured in blood, saliva, hair, feces, and urine.
While cortisol in hair and feces reflects its levels for several days to months, the evaluation
of blood and saliva reflects acute increases experienced within the last few minutes [9].
In healthy dogs, salivary cortisol levels are the result of the passive diffusion of cortisol
through the acinar cells of the salivary lumen [10,11]. Since the method for saliva collection
is noninvasive, the measurement of salivary cortisol is a practical test in dogs for evaluating
stress [10-12].

Since high cortisol levels are associated with the success of working dogs [13], it seems
important and useful to know the stress levels that guide dogs maintain compared with
dogs that have a similar breed but live as companion animals. Herein, we compared the
salivary cortisol concentrations of active guide dogs with those of dogs that failed to achieve
specialized guide dog training and are currently living as companion animals, which, to
the best of our knowledge, is unknown information and may be useful for selecting guide
dogs in the future.

2. Materials and Methods
2.1. Subjects

We included Labrador Retrievers and Golden Retrievers that were bred and trained at
one GDTS in Mexico City. At three months of age, pups were adopted by foster families and
raised over the next ten months. When dogs returned to the GDTS, they were evaluated to
identify degenerative diseases and behavioral problems. When dogs showed dysplasia,
aggression, fear, and anxiety, they were discarded from the guide dog training program
(GDTP) and adopted by their foster families, becoming companion animals. The dogs
that continued into the program (n = 14) received basic training. During this stage, the
dogs lived at the GDTS facilities in individual kennels 3 m long x 1.6 m wide that had a
covered area and an open area. Dogs were fed specialized Royal Canin® (Gard, France)
dry food twice daily with free access to water. After four months at the GDTP, 7 out of the
14 dogs successfully finished their training and began working as guide dogs, whereas the
remaining dogs (n = 7) were discharged and adopted by their foster families to continue
their lives as companion animals. The characteristics of the dogs included in the study are
presented in Table 1.

Table 1. Name, age, breed, and time living as guide or companion dogs. Years, y; months, m.

Guide Dogs Companion Dogs

Age Time as Age Time as

Name (Years) Breed Guide Dog Name (Years) Breed Companion Dog
Nusa 2 Golden retriever ly Jock 4 Labrador retriever 2y4m
Meli 5 Labrador retriever 3y2m Camila 6 Labrador retriever 4y3m
Ninfa 2 Golden retriever ly Gupy 7 Labrador retriever 4y9m
Einy 7 Labrador retriever 6y2m Heidi 7 Labrador retriever 4y7m
Ita 6 Labrador retriever 4y6m Elmo 7 Labrador retriever 5y7m
Joe 4 Labrador retriever ly7m Hunter 7 Labrador retriever 5y10m
Fiona 7 Labrador retriever 5y8m Lancelot 7 Labrador retriever 3y2m

Prior to the start of the study, approval from the Bioethics and Animal Welfare Com-
mission of the Facultad de Medicina Veterinaria y Zootecnia, Universidad Veracruzana,
was obtained (No.008/22). Before the start of the study, all authors completed an education
program on the care and use of animals.
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2.2. Experimental Procedure

We obtained and compared 4 saliva samples from all 14 dogs before, during, and
after a period of social isolation and exposure to a 110-decibel sound capable of producing
surprise and fear in animals [13]. On different days, the dogs, accompanied by their tutors
(blind handlers or family members), were received at the GDTS between 9 and 12 h. Thirty
minutes after arriving at the GDTS, the dog and its tutor entered a 3 m x 4 m room. Five
minutes later, the first saliva sample was taken; then, the tutor was asked to leave the room,
and the dog stayed, alone. Fifteen minutes later, a second saliva sample was taken, and
immediately after that, a blank gun was fired to produce a 110-decibel sound. Fifteen and
thirty minutes after the gun was fired, the third and fourth saliva samples were collected,
respectively. Disposable cotton cords 10 cm long x 4 mm wide were used to obtain the
saliva samples. The cord was inserted into the dog’s mouth while the handler held onto the
other end. The animal was allowed to chew it for 60 s until moistened. The cord was cut into
3 cm pieces and inserted into a sterile 5 mL syringe, the plunger was pushed to extract the
saliva, and it was collected in a 1.5 mL microtube. The samples were refrigerated (4 °C) for
two hours and then frozen at —20 °C until processing [6]. To produce a 110-decibel sound,
a Mendoza PK-62 sports gun was used. Salivary cortisol concentrations were assessed
using a solid-phase immunoenzyme assay (ELISA) using the commercial kit Cortisol ELISA
EIA-1887 (DRG® International, Inc., Springfield, NJ, USA). The sensitivity of the assay
was 2.5 ng/mL. The range of the curve was 2.5-200 ng/mL. The intra- and inter-assay
coefficients of variation were 5.6% and 6.9%, respectively. Concentrations are expressed
as ng/mL.

2.3. Statistical Analysis

A two-way ANOVA was used to identify significant differences between groups and
between the number of saliva samples (1 to 4), as well as the interactions among them. The
Fisher post hoc test was used to evaluate mean differences. The significance value for all
comparisons was p < 0.05.

3. Results

There were significant differences between the guide dog and the companion dog
groups: F (1, 3) = 16.31 and p < 0.001; the post hoc test showed that the guide dogs had
higher levels of salivary cortisol than dogs living as companion animals (Figure 1). On the
other hand, no differences were found between the sample times concerning the gunshot
noise, F (1, 3) = 0.170 and p = 0. 916, or in the interaction between the group and saliva
sample number, F (1, 3) = 0.97 and p = 0.979 (Figure 2).

Salivary cortisol levels in dogs
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Figure 1. Guide dogs had higher salivary cortisol levels than companion dogs. * Indicates p < 0.05.
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Figure 2. No differences were found between the sample times concerning the gunshot noise or in
the interaction between the group and sample number. The first saliva sample was taken fifteen
minutes before the gunshot (time 0). The second sample was collected 10 s after the gunshot, while
the 3rd and 4th saliva samples were collected 15 and 30 min after the gun was fired.

4. Discussion

Basal cortisol levels are influenced by internal and external factors in an organism,
such as age and sex and temperature and time of day, respectively [6,7]. However, stress,
understood as a biological response of the organism caused by threats to its homeostasis, is
the main cause of increased cortisol concentrations [6-8]. The hypothalamus-hypophysis—
adrenal (HHA) axis is responsible for the release of cortisol as a consequence of stress [14,15].
In our study, guide dogs exhibited higher levels of cortisol (almost double) than dogs that
live as companion animals. Research has shown that early training increases cortisol levels
in dogs [16]. Furthermore, it has been observed that working dogs, such as those used in
the military, increase cortisol levels when subjected to physical and sensory challenges [17].
While a companion dog lives without schedules, obligations, or social limits and with
low demand for physical and mental activity, a guide dog is exposed daily to multiple
and changing environmental stimuli and variable periods of activity and rest, requiring
great concentration; sometimes, playing behavior is inhibited, and sometimes, it has to
explore new territories, among other activities [1,4]. This suggests that guide dogs may
have increased HHA axis activity as both a cause and a consequence of their daily activity.
However, our results must be taken with caution since they represent only a small sample
of animals and could be affected by factors such as genetics and environmental conditions
in Mexico City, which is extremely noisy and crowded, and thus, they may not represent
the reality for most guide dogs around the world.

Increases in cortisol levels are not necessarily bad but rather are necessary to better
perform cognitive and emotional tasks such as those faced by a guide dog daily [18].
Studies have shown that individuals with hypoadrenocorticism, which produces low
cortisol levels, show poor cognitive performance, poor sleep quality, low motivation, and
mental fatigue [19]. On a typical day, a guide dog must maintain mental concentration for
hours, ignore distractions, and make decisions, suggesting a high demand on its cognitive
functions [3]. Based on this, we believe that the increase in cortisol in guide dogs compared
with companion dogs is due to the high emotional and cognitive demands of adequately
performing their work. Cortisol levels increase significantly in stressful periods compared
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with relaxation periods [20]. Social isolation is an important inducer of activity in the HHA
axis and can increase cortisol release in animals, including humans [21,22]. In the dog,
social isolation and separation from affection figures can lead to significant behavioral
and physiological changes [23]. It is known that guide dogs form strong bonds with their
handlers [24]; the guide dogs in our study had been interacting with their handlers for
at least 1 year and did not separate from them at any time. Based on this assumption, it
might be thought that greater levels of cortisol in guide dogs compared with companion
dogs may be due to the separation period that the dogs had from their handlers during the
test; however, the cortisol levels in both the guide and companion dogs were maintained
throughout the test without increasing with the time the users were separated. Thus, we
believe that social isolation and separation from their handlers had little to no effect on their
cortisol levels. We must emphasize that, in our study, companion dogs do not represent
the typical companion animal because, just like guide dogs, they belong to an elite group
of dogs with suitable characteristics for work that received early stimulation from their
very first days of life. Thus, we believe that a lack of cortisol increment in both groups of
dogs, as a consequence of isolation or the gunshot, could be due to a remarkable resilience
developed during their time at the GDTP.

Finally, neither the gunshot nor the isolation caused an observable effect on the cortisol
levels of the dogs of either group. Given that all the dogs lived in Mexico City, where
there is high noise pollution [25], we believe that the animals included in this study may
be accustomed to noises of the same intensity as the gunshot and, therefore, showed no
changes. Additionally, it is likely that the lack of response to noise in the dogs from both
groups is because they received an auditory stimulation protocol when they were puppies
when they belonged to the GDTP. We believe that increasing our understanding of guide
dogs and working dogs may inspire further research into how the mind of this animal
works and how we can improve selective breeding and training methods for the benefit of
both dogs and humans.

5. Conclusions

In conclusion, the findings of this study suggest that the task of guiding individuals
through various and unpredictable environments places significant demands on dogs. The
results clearly demonstrate that guide dogs exhibited higher levels of cortisol compared
with companion dogs. These results indicate that guide dogs consistently maintain ele-
vated cortisol levels as a necessity or consequence of their working activity with blind
individuals. The demanding nature of their role likely contributes to the heightened stress
levels observed in these dogs. These findings emphasize the importance of recognizing
and addressing the unique stressors faced by guide dogs to ensure their overall well-being
and quality of life. Further research and investigation into effective stress management
strategies for guide dogs are warranted to mitigate the potential negative impact of pro-
longed elevated cortisol levels. Ultimately, providing appropriate support and care for
these remarkable animals is crucial to ensure their health, happiness, and ability to fulfill
their important role as guides for the visually impaired.

Author Contributions: The idea for the study was conceived by P.P.-R. The data collection was
designed by PP.-R., B.H.-C., ED.1.E-M. and A.C.-G. The data were analyzed by P.P.-R., ED.LE-M,,
M.A. and C.E. The article was written by P.P-R. and E.D.LE-M. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was supported by a scholarship, UV-SNI CONAHCYT number 236463 from
PP-R., and PhD CONAHCYT scholarship 565139.

Institutional Review Board Statement: Approval from the Bioethics and Animal Welfare Commis-
sion of the Facultad de Medicina Veterinaria y Zootecnia, Universidad Veracruzana, was obtained
(No.008/22). Before the start of the study, all authors completed an education program on the care
and use of animals.



Animals 2023, 13, 1981 60f7

Informed Consent Statement: Not applicable.
Data Availability Statement: The authors prefer not to make the data available for public.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.  Ostermeier, M. History of Guide Dog Use by Veterans. Mil. Med. 2010, 175, 587-593. [CrossRef]

2. Lloyd, ].K.E Exploring the Match between People and Their Guide Dogs: A Thesis Presented in Fulfilment of the Requirements
for the Degree of Doctor of Philosophy in Veterinary Science at Massey University, Turitea, Aotearoa/New Zealand. Doctoral
Dissertation, Massey University, Massey, New Zealand, 2004.

3.  Bensky, M.K,; Gosling, S.D.; Sinn, D.L. The world from a dog’s point of view: A review and synthesis of dog cognition research.
Adv. Study Behav. 2013, 45, 209-406.

4. Bray, E.E.; Sammel, M.D.; Seyfarth, RM.; Serpell, ].A.; Cheney, D.L. Temperament and problem solving in a population of
adolescent guide dogs. Anim. Cogn. 2017, 20, 923-939. [CrossRef] [PubMed]

5. Gaunet, F. How do guide dogs of blind owners and pet dogs of sighted owners (Canis familiaris) ask their owners for food?
Anim. Cogn. 2008, 11, 475-483. [CrossRef]

6.  Chmelikova, E.; Bolechova, P.; Chaloupkova, H.; Svobodova, I.; Jovi¢i¢, M.; Sedmikovd, M. Salivary cortisol as a marker of acute
stress in dogs: A review. Domest. Anim. Endocrinol. 2020, 72, 106428. [CrossRef] [PubMed]

7. Koyama, T.; Omata, Y.; Saito, A. Changes in Salivary Cortisol Concentrations During a 24-Hour Period in Dogs. Horm. Metab. Res.
2003, 35, 355-357. [CrossRef] [PubMed]

8. Wojtas, J.; Karpiniski, M.; Czyzowski, P. Salivary Cortisol Interactions in Search and Rescue Dogs and Their Handlers. Animals
2020, 10, 595. [CrossRef] [PubMed]

9. Bergamasco, L.; Osella, M.C.; Savarino, P; Larosa, G.; Ozella, L.; Manassero, M.; Badino, P.; Odore, R.; Barbero, R.; Re, G. Heart
rate variability and saliva cortisol assessment in shelter dog: Human—-animal interaction effects. Appl. Anim. Behav. Sci. 2010,
125, 56-68. [CrossRef]

10. Granger, D.A,; Kivlighan, K.T.; Fortunato, C.; Harmon, A.G.; Hibel, L.C.; Schwartz, E.B.; Whembolua, G.L. Integration of
salivary biomarkers into developmental and behaviorally-oriented research: Problems and solutions for collecting specimens.
Physiol. Behav. 2007, 92, 583-590. [CrossRef]

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

12.  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]

13. Foyer, P; Svedberg, A.-M.; Nilsson, E.; Wilsson, E.; Olsen Faresjo, A.; Jensen, P. Behavior and cortisol responses of dogs evaluated
in a standardized temperament test for military working dogs. J. Vet. Behav. 2016, 11, 7-12. [CrossRef]

14. Garcia-Morato Fernandez-Baillo, C. Respuestas Comportamentales y Fisiologicas en Situaciones de Estrés en el Perro y el Gato.
Tesis Doctoral, Universidad Auténoma de Barcelona, Barcelona, Spain, 2019.

15.  Shirtcliff, E.A.; Vitacco, M.].; Graf, A.; Gostisha, J.B.A.A.; Merz, L.B.A.J.; Zahn-Waxler, C. Neurobiology of empathy and
callousness: Implications for the development of antisocial behavior. Behav. Sci. Law 2009, 27, 137-171. [CrossRef] [PubMed]

16. Ando, I; Karasawa, K.; Shioya, T.; Matsuda, H.; Tanaka, A. Evaluation of stress status using the stress map for guide dog
candidates in the training stage using variations in the serum cortisol with nerve growth factor and magnesium ions. Vet. Anim.
Sci. 2020, 10, 100129. [CrossRef]

17.  Haverbeke, A.; Diederich, C.; Depiereux, E.; Giffroy, ]. M. Cortisol and behavioral responses of working dogs to environmental
challenges. Physiol. Behav. 2008, 93, 59—67. [CrossRef]

18. Stauble, M.R.; Thompson, L.A.; Morgan, G. Increases in cortisol are positively associated with gains in encoding and maintenance
working memory performance in young men. Stress 2013, 16, 402—-410. [CrossRef]

19. Kalafatakis, K.; Russell, G.M.; Harmer, C.J.; Munafo, M.R.; Marchant, N.; Wilson, A.; Brooks, J.C.; Durant, C.; Thakrar, J.; Murphy,
P; et al. Ultradian rhythmicity of plasma cortisol is necessary for normal emotional and cognitive responses in man. Proc. Natl.
Acad. Sci. USA 2018, 115, E4091-E4100. [CrossRef]

20. Cay, M.; Ucar, C.; Senol, D.; Cevirgen, F.; Ozbag, D.; Altay, Z.; Yildiz, S. Effect of increase in cortisol level due to stress in healthy
young individuals on dynamic and static balance scores. North. Clin. Istanb. 2018, 5, 295.

21. Stafford, M.; Gardner, M.; Kumari, M.; Kuh, D.; Ben-Shlomo, Y. Social isolation and diurnal cortisol patterns in an ageing cohort.
Psychoneuroendocrinology 2013, 38, 2737-2745. [CrossRef]

22.  Cacioppo, ].T.; Cacioppo, S.; Capitanio, J.P.; Cole, S.W. The neuroendocrinology of social isolation. Annu. Rev. Psychol. 2015,
66, 733-767. [CrossRef]

23.  Lensen, R.; Moons, C.; Diederich, C. Physiological stress reactivity and recovery related to behavioral traits in dogs (Canis familiaris).

PLoS ONE 2019, 14, e0222581. [CrossRef] [PubMed]


https://doi.org/10.7205/MILMED-D-10-00082
https://doi.org/10.1007/s10071-017-1112-8
https://www.ncbi.nlm.nih.gov/pubmed/28695349
https://doi.org/10.1007/s10071-008-0138-3
https://doi.org/10.1016/j.domaniend.2019.106428
https://www.ncbi.nlm.nih.gov/pubmed/32213439
https://doi.org/10.1055/s-2003-41356
https://www.ncbi.nlm.nih.gov/pubmed/12920657
https://doi.org/10.3390/ani10040595
https://www.ncbi.nlm.nih.gov/pubmed/32244683
https://doi.org/10.1016/j.applanim.2010.03.002
https://doi.org/10.1016/j.physbeh.2007.05.004
https://doi.org/10.1016/j.yhbeh.2008.09.010
https://doi.org/10.1016/j.domaniend.2010.04.003
https://www.ncbi.nlm.nih.gov/pubmed/20705413
https://doi.org/10.1016/j.jveb.2015.09.006
https://doi.org/10.1002/bsl.862
https://www.ncbi.nlm.nih.gov/pubmed/19319834
https://doi.org/10.1016/j.vas.2020.100129
https://doi.org/10.1016/j.physbeh.2007.07.014
https://doi.org/10.3109/10253890.2013.780236
https://doi.org/10.1073/pnas.1714239115
https://doi.org/10.1016/j.psyneuen.2013.07.002
https://doi.org/10.1146/annurev-psych-010814-015240
https://doi.org/10.1371/journal.pone.0222581
https://www.ncbi.nlm.nih.gov/pubmed/31527914

Animals 2023, 13, 1981 70f7

24. Valsecchi, P; Previde, E.P,; Accorsi, P.A.; Fallani, G. Development of the attachment bond in guide dogs. Appl. Anim. Behav. Sci.
2010, 123, 43-50. [CrossRef]

25. Rodriguez Manzo, FE.; Judrez Gonzalez, L. Exploracion cualitativa sobre el ruido ambiental urbano en la Ciudad de México.
Estud. Demogr. Urbanos 2020, 35, 803-838. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.applanim.2009.12.012
https://doi.org/10.24201/edu.v35i3.1934

	Introduction 
	Materials and Methods 
	Subjects 
	Experimental Procedure 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

