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Humans have long realized that dogs can be helpful, in a number of ways, to achieving

important goals. This is evident from our earliest interactions involving the shared goal

of avoiding predators and acquiring food, to our more recent inclusion of dogs in a

variety of contexts including therapeutic and educational settings. This paper utilizes

a longstanding theoretical framework- the biopsychosocial model- to contextualize the

existing research on a broad spectrum of settings and populations in which dogs

have been included as an adjunct or complementary therapy to improve some aspect

of human health and well-being. A wide variety of evidence is considered within key

topical areas including cognition, learning disorders, neurotypical and neurodiverse

populations, mental and physical health, and disabilities. A dynamic version of the

biopsychosocial model is used to organize and discuss the findings, to consider how

possible mechanisms of action may impact overall human health and well-being, and to

frame and guide future research questions and investigations.
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INTRODUCTION – A HISTORICAL PERSPECTIVE ON
DOG-HUMAN RELATIONSHIPS

The modern relationship between humans and dogs is undoubtedly unique. With a shared
evolutionary history spanning tens of thousands of years (1), dogs have filled a unique niche in
our lives as man’s best friend. Through the processes of domestication and natural selection, dogs
have become adept at socializing with humans. For example, research suggests dogs are sensitive to
our emotional states (2) as well as our social gestures (3), and they also can communicate with us
using complex cues such as gaze alternation (4). In addition, dogs can form complex attachment
relationships with humans that mirror that of infant-caregiver relationships (5).

In today’s society, dog companionship is widely prevalent worldwide. In the United States, 63
million households have a pet dog, a majority of which consider their dog a member of their
family (6). In addition to living in our homes, dogs have also become increasingly widespread
in applications to assist individuals with disabilities as assistance dogs. During and following
World War I, formal training of dogs as assistance animals began particularly for individuals
with visual impairments in Germany and the United States (7). Following World War II, formal
training for other roles, such as mobility and hearing assistance, started to increase in prevalence.
Over the decades, the roles of assistance dogs have expanded to assist numerous disabilities and
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conditions including medical conditions such as epilepsy and
diabetes and mental health disorders such as posttraumatic
stress disorder (PTSD). At the same time, society has also seen
increasing applications of dogs incorporated into working roles
including detection, hunting, herding, and protection (8, 9).

In addition to these working roles, dogs have also been
instrumental in supporting humans in other therapeutic ways.
In the early 1960s, animal-assisted interventions (AAI) began
to evolve with the pioneering work of Boris Levinson,
Elizabeth O’Leary Corson, and Samuel Corson. Levinson, a child
psychologist practicing since the 1950s, noticed a child who was
nonverbal and withdrawn during therapy began interacting with
his dog, Jingles, in an unplanned interaction. This experience
caused Levinson to begin his pioneering work in creating the
foundations for AAI as an adjunct to treatment (10). In the
1970s, Samuel Corson and Elizabeth O’Leary Corson were
some of the first researchers to empirically study canine-assisted
interventions. Like Levinson, they inadvertently discovered that
some of their patients with psychiatric disorders were interested
in the dogs and that their patients with psychiatric disorders
communicated more easily with each other and the staff when
in the company of the dogs (11, 12). Over the following decades,
therapy dogs have been increasingly found to provide support for
individuals with diverse needs in a wide array of settings (13).

THEORETICAL FRAMEWORK FOR DOG
INTERACTION BENEFITS

For over 40 years, the biopsychosocial model (14) has been widely
used to conceptualize how biological, psychological, and social
influences combine to determine human health and well-being.
Biological influences refer to physiological changes such as blood
pressure, cortisol, and heart rate, among others; psychological
influences include personality, mood, and emotions, among
others; and social influences refer to cultural, socio-economic,
social relationships with others, family dynamics, and related
matters. Figure 1 presents a graphical illustration of the
relationship among these three influences in determining overall
health and well-being. Although the model has dominated
research and theory in health psychology for decades, more
recently, it was re-envisioned as a more dynamic system (15)
that construes human health as the result of the reciprocal
influences of biological, psychological and social factors that
unfold over personal and historical time. For example, if a
person breaks his/her arm, there will be a biological impact
in that immune and muscle systems respond and compensate.
Social, or interpersonal, changes may occur when support or
assistance is offered by others. Psychological changes will occur
as a result of adjusting to and coping with the injury. Thus, the
injury represents a dynamic influence initiated at one point in
time and extending forward in time with diminishing impact as
healing occurs.

This dynamic biopsychosocial approach to understanding
health and well-being is appealing to the field of human-
animal interaction (HAI) because of the dynamic nature of
the relationship between humans and animals. For example, a

person may acquire many dogs over his/her lifetime, perhaps
from childhood to old age, and each of those dogs may
sequentially develop from puppyhood to old age in that time.
Behaviorally, the way the human and the dog interact is likely
to be different across the lifespans of both species. From a
biopsychosocial model perspective, the dynamic nature of the
human-canine relationship may differentially interact with each
of the three influencers (biological, psychological, and social)
of human health and well-being over the trajectories of both
beings. Notably, these influencers are not fixed, but rather have
an interactional effect with each other over time.

While a person’s biological, psychological, and social health
may affect the relationship between that person and dogs with
whom interactions occur, the focus of this manuscript is on
the reverse: how owning or interacting with a dog may impact
each of the psychological, biological, and social influencers of
human health. We will also present relevant research and discuss
potential mechanisms by which dogs may, or may not, contribute
to human health and well-being according to the biopsychosocial
model. Finally, we will emphasize how the biopsychosocial theory
can be easily utilized to provide firmer theoretical foundations for
future HAI research and applications to therapeutic practice and
daily life.

Psychological Influences
Much research has been conducted on the impact of dog
ownership and dog interactions on human psychological health
and functioning. Frequent interactions with a dog, either
through ownership or through long-term interventions, have
been associated with positive psychological outcomes across the
lifespan [for a systematic review of this evidence see (16)].
One psychological aspect of interest to many HAI researchers
is depression, especially among older adults. However, the
relationship of pet dog ownership and depression over the
lifespan continues to have inconsistent and inconclusive
findings (16). Nevertheless, there are examples in the literature
highlighting the beneficial role of dog ownership in reducing
depression. As is frequently the case in HAI, the evidence from
intervention studies is stronger than that of pet ownership studies
(16), with the preponderance of this evidence linking animal-
assisted interventions to a decrease in depression, as measured
by self-report indices. Among the mechanisms for this reduction
in depression are biological and social influences. For example,
one such study found that an attachment relationship with a pet
dog may serve as a coping resource for older women by buffering
the relationship between loneliness (also measured by self-report
indices) and depression, such that the presence of the pet dog
appears to ameliorate the potential for loneliness to exacerbate
depression (17). A causal relationship between dog ownership
and mental health is difficult to determine. Not only may owning
a pet dog increase stress, but those who are already suffering from
loneliness or depression may be more inclined to have a pet dog
than those who do not.

Another psychological outcome related to dog interaction
that receives considerable research attention is anxiety. Studies
have found that short-term, unstructured interactions with a
therapy dog can significantly reduce self-reported anxiety and
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FIGURE 1 | A biopsychosocial perspective of how biological, psychological, and social influences may impact one another (solid lined arrows) and influence human

health and well-being (represented here by the large thick circular shape).

distress levels [e.g., (18)]. For example, children with their pet
dog or a therapy dog present during a stressful task exhibit
lower perceived stress and more positive affect compared to
when alone (19), when a parent was present (20), or when
a stuffed dog was present (21). In addition to psychological
mechanisms, there are social and biological mechanisms at play
as well. In these short-term stressful contexts, a dog may serve as
both a comforting, nonjudgmental presence as well as a positive
tactile and sensory distraction. Dog interaction might also reduce
anxiety and distress by influencing emotion regulation while
coping with a stressor (22). During animal-assisted therapy,
having a dog present during psychotherapy such as cognitive
behavioral therapy can aid in decreasing self-reported anxious
arousal and distress for patients who have experienced trauma,
making the therapeutic treatment process more effective (23).

In addition to the negative aspects of psychological
functioning, HAI research has also aimed to quantify the effects
of dog interaction and ownership on positive psychological
experiences such as happiness and well-being. Some studies
have found that dog ownership is associated with higher life
satisfaction and greater well-being (24), while other studies
show that this is the case only when the dog provided social

support (25) or satisfied the owner’s needs (26). However, other
large-scale surveys have found no significant differences in
self-reported happiness between dog owners, cat owners, and
non-pet owners (27), contributing to mixed findings. Recent
discussions argue that too much focus has been placed on the
relationship between mental health and the simple variable
of dog ownership, when the specific activities that owners
engage in with their dogs (e.g., walking, tactile interaction, and
shared activities,) may be more important in explaining positive
well-being (28). Further, many other factors may be driving these
inconsistent findings in depression, anxiety, and well-being,
including the owner’s personality (24), gender and marital status
(29), and attachment to the dog (30).

Dogs may also provide a source of motivation; for example,
people with dogs are more likely to comply with the rigors of
their daily life (31). The relationship with a pet dog may provide
motivation to do things that may be less desirable. For example,
for older adults who own pets, it is not uncommon for them to
be more involved in daily life activities because of the need to
take care of their animals (32). Likewise, children also complete
less desired activities due to their relationship with the dog [for a
discussion of this topic see (33)].
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An accumulation of research also suggests that dog interaction
may have specific psychological benefits for individuals with
physical disabilities and chronic conditions. Cohabitating with
a specially trained assistance dog, including guide, hearing, and
service dogs, can be associated with increased psychological and
emotional functioning among individuals with disabilities (34).
For individuals with mental disorders such as posttraumatic
stress disorder (PTSD), recent research has also found that
having a psychiatric service dog is associated with fewer PTSD
symptoms, less depression and anxiety, and better quality of life
[For a review see (35)]. These benefits appear to be due to a
combination of the service dog’s specific trained tasks and aspects
inherent to cohabitating with a pet dog, including having a source
of love, nonjudgmental social support, and companionship (36).

Similar research has also highlighted the value of dogs
for children with disorders of executive functioning and
self-regulation, especially autism spectrum disorder (ASD)
and attention-deficit/hyperactivity disorder (ADHD). For some
children with ASD, dogs may provide a calming and positive
presence (37) and may both reduce anxiety (38) and improve
problematic behaviors (39). Parents report that both pet dogs
and service dogs can provide certain benefits for children
with ASD, including benefits to children’s moods, sleep, and
behavior (40, 41). Therapy dogs have also been found to be
impactful in supporting children with ADHD in their emotional
regulation (42) and aspects of character development (43).
Nevertheless, the outcome of dog interactionsmay not be positive
for all individuals with ASD and ADHD; despite evidence of
psychological benefits of dog interaction for some children,
others may be fearful or become over-stimulated by dogs (44).

In addition to impacts on psychological health, dog
interaction can also impact psychological functioning, cognition,
and learning. Among children, emerging research suggests short-
term interactions with a therapy dog may lead to improvements
in specific aspects of learning and cognition. A recent systematic
review of research on therapy dog reading programs indicated
that reading to a dog has a number of beneficial effects including
improved reading performance (45). Studies suggest that
interacting with a therapy dog may also improve speed and
accuracy on cognitive (e.g., memory, categorization, adherence
to instructions) and motor skills tasks among preschool-aged
children compared to interacting with a stuffed dog or human
(46). Similarly, a recent study showed that 10–14-year-old
children had greater frontal lobe activity in the presence of a real
dog as compared to a robotic dog, indicating a higher level of
neuropsychological attention (47).

Among young adults, similar effects on cognition and learning
have been found. Numerous colleges and universities now offer
interactions with therapy dogs, typically during high stress times
(such as before exams). In this sense, a biological mechanism
through which dog interaction may positively impact cognition
and learning is via stress reduction and improvement in positive
affect. Even such short and infrequent interactions with therapy
dogs may decrease perceived stress and increase perceived
happiness in college students [e.g., (48, 49)]. Further, some
institutions have permanent resident therapy dogs and/or long-
term intervention programs; one such program showed that

students who interacted with therapy dogs for 8 weeks reported
significantly less homesickness and greater satisfaction with life
than wait-listed controls (50). These effects may translate to
additional effects on students’ academic success, learning, and
cognition. For instance, a recent randomized controlled trial (51)
paired a standard academic stress management program with
therapy dog interaction; the pairing produced significantly higher
levels of self-reported enjoyment, usefulness, self-regulation,
and behavior change than the stress management program or
dog interaction alone. However, when therapy dog interaction
is closely paired with more specific learning experiences,
beneficial effects on stress remain, but benefits to academic
performance may not manifest. For example, a recent study
showed that interacting with a therapy dog resulted in significant
improvements in students’ perceived stress and mood, but not
in actual exam scores (52). Similarly, interacting with a therapy
dog during the learning and recall phase of a memory test did
not improve memory compared to a control group (53). Taken
together, dog interaction may improve stress and affect among
college-aged adults as well as dimensions important for academic
success and learning, but these results may or may not translate
to cognitive performance benefits.

Biological Influences
The psychological and biological effects of HAI are often closely
interwoven, as seen in the Psychological Influences section above
and as demonstrated by the frequency with which psychological
effects are evaluated using biological assessments of stress,
anxiety, and arousal (54). For example, a plethora of studies have
examined how short-term interactions with dogs can influence
stress bymeasuring physiological biomarkers. Studies have found
that dog interaction can influence parameters such as blood
pressure, heart rate, and electrodermal activity (55) as well
as neurochemical indicators of affiliative behavior [e.g., beta-
endorphins, prolactin, and dopamine; (56)].

However, one of the most popular physiological measures in
HAI research is the stress hormone cortisol (57). Studies have
found that short-term interactions with a dog can decrease both
subjective stress and circulating cortisol concentrations [e.g.,
(58)]. Cohabitating with a dog has also been found to impact
circulating cortisol after waking among children with ASD (39)
and military veterans with PTSD (59). Experimental studies have
also examined how having a dog present may modulate the stress
response and cortisol secretion among individuals undergoing
a stressful situation. Among adults, studies have found that
having a dog present during a socially stressful paradigm can
attenuate cortisol compared to when alone or with a human
friend (60). A recent randomized controlled trial similarly found
that interacting with a therapy dog, for 20min, two times per
week, over a 4-week period resulted in reduced cortisol (basal and
diurnal measurement) among typically developing and special
needs school children compared to the same duration and length
of delivery for a yoga relaxation or a classroom as usual control
group (61). However, it is of note that many methodologically
rigorous studies have not found significant effects of interacting
with a dog on physiological parameters, including salivary
cortisol (21, 62, 63). A recent review of salivary bioscience
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research in human-animal interaction concluded that significant
variation exists with regards to sampling paradigms, storage
and assaying methods, and analytic strategies, contributing to
variation in findings across the field (57).

As research quantifying the physiological outcomes from dog
interaction continues to increase, so does research attempting
to understand the underlying mechanisms of action leading
to stress reduction. One theoretical rationale for dogs’ stress-
reducing benefits consists of the dog’s ability to provide non-
judgmental social support (60), improve positive affect (64), and
provide a calming presence (22). Dogs may also contribute to a
feeling of perceived safety and provide a tactile and grounding
comfort (65). For these reasons, dogs are often incorporated into
treatment and recovery for individuals who have experienced
a traumatic event (66). Another mechanism contributing to
these stress reducing benefits may be tactile stimulation and
distraction derived from petting or stroking a dog. For example,
Beetz et al. (67) found that the more time a child spent
stroking the dog before a stressful task, the larger the magnitude
of cortisol decrease. In fact, calming tactile interactions such
as stroking, touching, and petting may be a key mechanism
explaining animal-specific benefits to stress physiology, as touch
is more socially appropriate in interactions with animals than
as with other people (22). While there are many hypothesized
mechanisms underlying positive psychophysiological change
following human-dog interaction, more research is needed to
determine how individual differences in humans, animals, and
the human-animal relationship affects outcomes (21, 57, 62, 63).

Another mechanism in which positive dog interaction may
result in psychophysiological benefits is via the secretion of
oxytocin. Oxytocin not only buffers the stress response and
cortisol secretion (68) but is also involved emotion, trust, and
bonding (69). The oxytocin system has been hypothesized to
be a primary mechanistic pathway involved in human-dog
interactions (70). Positive dog-owner interactions including
stroking, petting, and talking have been shown to result in
increased oxytocin levels in both dog owners and dogs, which
has been related to the strength of the owner-dog relationship
(71) and dog-human affiliative behaviors (72, 73). Some studies
have also found differential effects in oxytocin reactivity after
dog interaction between human males and females (74), giving
context to potential gender and/or hormonal differences in
dog-human interactions. However, even though the oxytocin
system exhibits potential as a pathway by which dogs provide
psychophysiological benefits, it should be noted that mixed
findings and methodological and measurement differences limit
strong conclusions (75).

In regards to pet dog ownership, many studies have
also sought to understand the biological effects of long-term
interactions with a pet dog. Some research suggests that sharing
animal-associated microbes with a pet dog can have long-term
impacts on human health (76) while others have found that
cohabitating with a pet dog can be beneficial for child allergies
(77) and immune system development (78). However, most
research on the long-term health impacts of pet dog ownership
has focused on cardiovascular functioning. Epidemiological
research suggests that dog ownership is linked to greater physical

activity levels (presumably linked to dog-walking), and reduced
risk for cardiovascular disease, stroke, and all-cause mortality
[for a summary see (79)]. A recent meta-analysis of ten studies
amassing data from over three million participants found that
pet dog ownership was associated with a 31% risk reduction
for mortality due to cardiovascular disease (80). However, dog
ownership research of this nature will always suffer from an
important chicken and egg type question: do dogs make us
healthier, or do healthy people opt to own dogs?

Social Influences
A final way in which dog companionship and interaction may
contribute to human health and well-being is through the
social realm. Dogs may impact social functioning by providing
direct social support (81) and a source of an attachment bond
(82) which in turn may contribute to better social and mental
health by providing companionship. Acquiring a pet dog has
been reported to reduce both short-term and long-term self-
reported loneliness (83). Particularly for those who live alone, dog
ownership may serve as a protective factor against loneliness in
times of social isolation, such as during the COVID-19 pandemic
(84). Among older adults living in long-term care facilities or
who live alone, dog visitation may also decrease loneliness by
providing a source of meaningful companionship and social
connectedness (85, 86). However, the literature on pet dogs and
loneliness is also characterized by mixed findings, raising the
possibility that dog ownership may be a response to loneliness
rather than protection from loneliness. Further, there remains a
lack of high quality research in this area which limits any causal
conclusions (87).

Another way in which the social support from a pet dog
may benefit social functioning is by facilitating social interactions
with others. For example, observational studies have found that
being accompanied by a dog in public increases the frequency
of received social interactions (88) and social acknowledgments
[e.g., friendly glances, smiles; (89)]. For those who engage in
dog walking, social interactions are perceived as a rewarding
side effect (90). Dogs can also provide a source of social capital,
defined as the glue that holds society together (91). The research
of Wood and colleagues (92) suggests that dogs can function as
facilitators for social contact and interaction, with pet owners
reporting higher perceptions of suburb friendliness and more
social interactions with neighbors compared to non-pet owners.

For children and adolescents, pet dog ownership may
contribute to healthy social development. Positive child–pet dog
interactions have been shown to have benefits to children’s social
competence, interactions, and play behavior [for a review see
(93)]. Not only can children form attachment relationships with
dogs (94), but pet dogs may promote feelings of safety and
security (95) that can facilitate childhood social development.
Pet ownership may also help children develop skills to form and
maintain social relationships with their peers (96). For example,
cross-sectional studies found that children with a pet dog in
the home have fewer peer problems and have more prosocial
behavior with children without a dog [e.g., (97, 98)].

Among children with developmental disorders, dog
interaction has also been similarly shown to impact social
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functioning. For children with ADHD, two randomized
controlled trials have found that 12 weeks of visits with a therapy
dog, incorporated into curricula designed to improve skills
and reduce behavioral problems, can result in improved social
skills, prosocial behaviors, and perceptions of social competence
(42, 43). One potential explanation for these benefits is that
children may interpret the dogs’ nonverbal communication as
less threatening and easier to interpret than human interaction
(99, 100). A recent eye-tracking study found that children with
ASD exhibit a bias in social attention to animal faces, including
dogs, compared to human faces (101). The presence of a dog in
clinical applications may also promote more social engagement
with a therapist while reducing negative behaviors (102, 103).
Further, there is some evidence that having a pet dog in the home
can have a positive impact on social interactions of children with
ASD, especially among verbal children, while teaching children
responsibility and empathetic behavior (104, 105).

POTENTIAL MECHANISMS OF ACTION

We have discussed how, in the psychological realm, interacting
with a dog can positively relate to depression, anxiety, and
well-being as well as psychological functioning in the areas
of cognition, learning, and attention. It is interesting to note
that most psychological constructs are measured using self-
report indices, such as the Beck Depression Inventory (106)
or the UCLA Loneliness Scale (107), while a smaller group of
constructs are measured using speed and accuracy to detect
targets (attention) or to remember information (learning and
memory). In the biological realm, we discussed how interacting
with dogs can influence stress-related physiological parameters
and long-term biological and cardiovascular health. Biological
measures are often recorded in real-time, such as heart rate or
blood pressure, or are collected at critical time points during
the study (e.g., saliva, urine, or blood samples for such measures
as cortisol or oxytocin). Finally, we discussed the social realm,
in which interacting with a dog can provide social support,
facilitate social interactions, and improve social development
and social skills. Measures used to assess variables in the social
realm include self-report indices (e.g., demographics such as
marital status, numbers of family members and friends), real
time observations of social interactions (e.g., video analyses of
interactions using ethograms), and parent/teacher reports of
social functioning [e.g., Social Skills Rating System; (108)]. To
better understand and organize these various findings, we now
consider potential mechanisms of action in the context of the
biopsychosocial model, and as part of this discussion we will
consider the potential for different types of measurement to have
their own influence.

The mechanisms that underly positive human-dog
interactions are likely to be interrelated and broadly, yet
differentially, impactful across the three influencers of
health (biological, psychological and social). According to
the biopsychosocial model, impacts on one of the influencers of
health is likely to impact the others (14). Further, an underlying
mechanism of change may have a larger immediate impact on

one realm than on the other two (15). Although this applies to
the many influences we have discussed above, we will describe
a reduction in stress as a more detailed example of how the
biopsychosocial model can be considered. Stress is likely to
have an immediate and measurable impact on the biological
system through endocrinological (e.g., changes in cortisol) and
psychophysiological (e.g., changes in blood pressure) processes.
This same reduction in stress is likely to impact the psychological
system through changes in mood or affect, concentration, and
motivation, but that impact may not be immediately measurable
or may be smaller in magnitude. This conjectured delay or
reduction in effect size stems at least in part, from the way
these changes are typically measured and the time course for
potential effects to become measurable. For example, some
biological changes indicative of increased stress (e.g., heart rate)
can be measured in direct correspondence with the experimental
manipulations (e.g., interacting with the dog vs. experiencing a
control condition), and provide real time biological indications
of changes in stress levels. Psychological indications of stress
may be measured by a self-report survey instrument assessing
state or trait anxiety. This type of measure cannot be completed
in real time during the various experimental conditions (e.g.,
interacting with the dog vs. experiencing a control condition),
but must be completed at some point following the experimental
manipulation. It is possible that psychological measures are
not as immediately sensitive to changes in the constructs they
measure because of the required delay between manipulation
and measurement. Such a delay may underestimate the real
time effect as it may fade over time. Finally, reductions in stress
have the potential to impact social systems by increasing social
approaches and acceptance of approaches by others, but that
impact may be of a small size or require even more time to be
measurable. For example, exposure to stress may have immediate
physiological effects, but it could take more time (prolonged
exposure to stress) for those effects to impact some measures of
social influence such as number of friends.

In Figure 2, the mechanism of stress reduction is used as
one example for the purposes of this discussion to exemplify
how human-dog interactions may influence human health and
well-being, as explained by the biopsychosocial model. Stress
reduction may have a more immediate or larger impact on
the biological realm as demonstrated by the larger arrow,
while having a smaller (or perhaps delayed) impact on the
psychological realm and an even smaller (or potentially more
delayed) impact on the social realm.

Based on the research described earlier, we have seen that
interacting with a dog can have stress reducing impacts in the
biological realm such as decreased cortisol, heart rate, and blood
pressure, and increases in oxytocin. In the psychological realm,
stress reduction can be a driver of immediate improvements
in self-report measures of stress, mood, and anxiety and more
delayed improvements in overall mental health and quality
of life. The social realm is also likely to be directly and
indirectly impacted by this stress reduction from both immediate
and delayed psychophysiological changes as well as more
long-term improvements in social support, social networks,
social development, and overall social health. Therefore, it is

Frontiers in Veterinary Science | www.frontiersin.org 6 March 2021 | Volume 8 | Article 630465

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Gee et al. Dogs Supporting Human Health

FIGURE 2 | An example of the potential for differential impact (represented by the different arrow thickness) of one mechanism of action (stress reduction) on the three

realms of influence of overall health and well-being (depicted by the larger encompassing circle).

important to consider the dynamic nature of these three realms
in that there may be a strong immediate effect of dog interaction
on one realm, but a lesser, delayed impact in the other two
realms. Similar to our more detailed example of stress above,
other influences we have discussed (e.g., social support, positive
affect, etc.) are likewise mechanisms that operate in a similar
reciprocal biopsychosocial framework. Further, although it likely
that the three influences are interrelated, it is not known from the
current evidence the degree to which they may be interrelated
and thus have shared and overlapping effects on one another
and on overall health and well-being. Therefore, a consideration
of mechanisms that influence human-dog interactions from a
dynamic and flexible biopsychosocial perspective, instead of from
a single realm, is an important addition to the study of human-
animal interaction.

CONCLUSION AND FUTURE DIRECTIONS

In conclusion, the biopsychosocial model is a promising
theoretical model to be applied to human-animal interaction
research for several reasons. First, the field of HAI has been
plagued by mixed findings in which some research suggests that

dogs have beneficial effects on human health and well-being
and others suggest no effect or even a negative effect [for a
discussion see (109)]. This variability in HAI research outcomes
caused by differing methodologies, measurement, populations,
and interventions is described in detail by Rodriguez et al. (110).
However, we also argue that some of the variability seen in
HAI research may be explained by the potential for differential
immediate and delayed impacts within each of the three
biopsychosocial model realms. For example, if dog interaction
shows immediate reduction in physiological measures of stress,
how long does that reduction last, and do we see corresponding
immediate and/or delayed responses in the psychological and
social realms? Therefore, more information about differential
impacts of dog interactions on each of the three influencers at
various points in time is needed. In addition, it may be necessary
to apply a variety of measures (at least onemeasure per influencer
realm) over time to fully disentangle the existing mixed results in
the field of HAI.

Secondly, due to the flexibility that this dynamic
biopsychosocial model offers in explaining HAI research
outcomes, we propose this model as an effective avenue to
promote future theoretically grounded research in our field.
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Saleh (111) stresses that practice, research, and theory are
the corner stones of any field, HAI is not exempt from this
consideration. The field of HAI will benefit from applying an
accepted model, like the biopsychosocial model, because it
provides a useful framework for understanding and predicting
how interactions between humans and animals impacts human
health and well-being. As Saleh (111) explains, “it is the result
of the relationship between the process of inquiry (research)
and the product of knowledge (theory)” that our understanding
of a process may become clearer. Therefore, current research
should continue to modify and impact a present theory, which
should act as a guide for researchers to constantly generate
and test the basis of a theory (111). The findings from such
theory-driven research could then help practitioners, as well as
health care policy makers, in how to effectively incorporate dogs
in therapeutic settings and in homes.

Lastly, the reciprocal relationship of the psychological,
biological, and social domains can be used to elucidate the
mechanisms that both impact and are impacted by interactions
between humans and animals. Theory-driven science (for which
we have proposed the biopsychosocial model as a useful
framework) should be used to influence and inform research,
practice, and policy. Thus, researchers and practitioners applying

the biopsychosocial model will be instrumental not only in
guiding future research in the field, but also in clarifying existing
research as well people’s perceptions of benefits derived from
canine-human interactions.

AUTHOR CONTRIBUTIONS

NG provided the initial organization and theoretical framework.
All authors wrote and edited the document in shared
collaboration and discussed and conceived the idea for the paper.

FUNDING

As part of the conferment of Fellowship status to all authors, the
Wallis Annenberg Petspace provided the funding for publication
fees of this document.

ACKNOWLEDGMENTS

The authors wish to express their appreciation to the Wallis
Annenberg Petspace for supporting this theoretical framework
and exploration of the Human-Canine bond.

REFERENCES

1. Thalmann O, Shapiro B, Cui P, Schuenemann VJ, Sawyer SK, Greenfield
D, et al. Complete mitochondrial genomes of ancient canids suggest
a European origin of domestic dogs. Science. (2013) 342:871–4.
doi: 10.1126/science.1243650

2. Albuquerque N, Guo K, Wilkinson A, Savalli C, Otta E, Mills D.
Dogs recognize dog and human emotions. Biol Lett. (2016) 12:20150883.
doi: 10.1098/rsbl.2015.0883

3. Hare B, Brown M, Williamson C, Tomasello M. The domestication of social
cognition in dogs. Science. (2002) 298:1634–6. doi: 10.1126/science.1072702

4. Miklósi Á, Kubinyi E, Topál J, Gácsi M, Virányi Z, Csányi V. A
simple reason for a big difference: wolves do not look back at humans,
but dogs do. Curr Biol. (2003) 13:763–6. doi: 10.1016/S0960-9822(03)
00263-X

5. Payne E, Bennett PC, Mcgreevy PD. Current perspectives on attachment and
bonding in the dog–human dyad. Psychol Res Behav Manag. (2015) 8:71.
doi: 10.2147/PRBM.S74972

6. American Pet Products Association. 2019–2020 APPA National Pet Owners

Survey. Stamford, CT: American Pet Products Association (2019).
7. Fishman GA. When your eyes have a wet nose: the evolution of the use

of guide dogs and establishing the seeing eye. Surv Ophthalmol. (2003)
48:452–8. doi: 10.1016/S0039-6257(03)00052-3

8. Cobb M, Branson N, McGreevy P, Lill A, Bennett P. The advent of canine
performance science: offering a sustainable future for working dogs. Behav
Process. (2015) 110:96–104. doi: 10.1016/j.beproc.2014.10.012

9. Cruse SD. Military working dogs: classification and treatment in the US
Armed Forces. Animal. (2014) 21:249.

10. Levinson B. Pet-Oriented Child Psychotherapy. Springfield, IL: Charles C
Thomas (1969).

11. Corson S, O’leary Corson E, Gwynne, P. Pet-facilitated psychotherapy.
ln: Anderson RS, editor. Petanimals and Society. London: Baillière Tindal
(1975). p. 19–35.

12. Corson SA, Arnold LE, Gwynne PH, Corson EOL. Pet dogs as nonverbal
communication links in hospital psychiatry.Compr Psychiatry. (1977) 18:61–
72. doi: 10.1016/S0010-440X(77)80008-4

13. Fine AH. Handbook on Animal-Assisted Therapy: Foundations and

Guidelines for Animal-Assisted Interventions. New York, NY: Academic
Press (2019).

14. Engel GL. The clinical application of the biopsychosocial model. Am J

Psychiatry. (1980) 137:535–44. doi: 10.1176/ajp.137.5.535
15. Lehman BJ, David DM, Gruber JA. Rethinking the biopsychosocial model

of health: understanding health as a dynamic system. Soc Person Psychol

Compass. (2017) 11:e12328. doi: 10.1111/spc3.12328
16. Gee NR, Mueller MK. A systematic review of research on pet ownership

and animal interactions among older adults. Anthrozoös. (2019) 32:183–207.
doi: 10.1080/08927936.2019.1569903

17. Krause-Parello CA. Pet ownership and older women: the
relationships among loneliness, pet attachment support, human
social support, and depressed mood. Geriatr Nurs. (2012) 33:194–203.
doi: 10.1016/j.gerinurse.2011.12.005

18. Kline JA, Fisher MA, Pettit KL, Linville CT, Beck AM. Controlled
clinical trial of canine therapy versus usual care to reduce patient
anxiety in the emergency department. PLoS ONE. (2019) 14:e0209232.
doi: 10.1371/journal.pone.0209232

19. Kerns KA, Stuart-Parrigon KL, Coifman KG, Van Dulmen MH, Koehn A.
Pet dogs: does their presence influence preadolescents’ emotional responses
to a social stressor? Soc Dev. (2018) 27:34–44. doi: 10.1111/sode.12246

20. Kertes DA, Liu J, Hall NJ, Hadad NA,Wynne CD, Bhatt SS. Effect of pet dogs
on children’s perceived stress and cortisol stress response. Soc Dev. (2016)
26:382–401. doi: 10.1111/sode.12203

21. CrossmanMK, Kazdin AE,Matijczak A, Kitt ER, Santos LR. The influence of
interactions with dogs on affect, anxiety, and arousal in children. J Clin Child
Adolesc Psychol. (2020) 49:535–48. doi: 10.1080/15374416.2018.1520119

22. Crossman MK. Effects of interactions with animals on human psychological
distress. J Clin Psychol. (2017) 73:761–84. doi: 10.1002/jclp.22410

23. Hunt MG, Chizkov RR. Are therapy dogs like Xanax? Does animal-assisted
therapy impact processes relevant to cognitive behavioral psychotherapy?
Anthrozoös. (2014) 27:457–69. doi: 10.2752/175303714X14023922797959

24. Bao KJ, Schreer G. Pets and happiness: examining the association
between pet ownership and wellbeing. Anthrozoös. (2016) 29:283–96.
doi: 10.1080/08927936.2016.1152721

Frontiers in Veterinary Science | www.frontiersin.org 8 March 2021 | Volume 8 | Article 630465

https://doi.org/10.1126/science.1243650
https://doi.org/10.1098/rsbl.2015.0883
https://doi.org/10.1126/science.1072702
https://doi.org/10.1016/S0960-9822(03)00263-X
https://doi.org/10.2147/PRBM.S74972
https://doi.org/10.1016/S0039-6257(03)00052-3
https://doi.org/10.1016/j.beproc.2014.10.012
https://doi.org/10.1016/S0010-440X(77)80008-4
https://doi.org/10.1176/ajp.137.5.535
https://doi.org/10.1111/spc3.12328
https://doi.org/10.1080/08927936.2019.1569903
https://doi.org/10.1016/j.gerinurse.2011.12.005
https://doi.org/10.1371/journal.pone.0209232
https://doi.org/10.1111/sode.12246
https://doi.org/10.1111/sode.12203
https://doi.org/10.1080/15374416.2018.1520119
https://doi.org/10.1002/jclp.22410
https://doi.org/10.2752/175303714X14023922797959
https://doi.org/10.1080/08927936.2016.1152721
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Gee et al. Dogs Supporting Human Health

25. Mcconnell AR, Brown CM, Shoda TM, Stayton LE, Martin CE. Friends with
benefits: on the positive consequences of pet ownership. J Person Soc Psychol.
(2011) 101:1239. doi: 10.1037/a0024506

26. Luhmann M, Kalitzki A. How animals contribute to subjective well-being: A
comprehensive model of protective and risk factors. J Positive Psychol. (2018)
13:200–14. doi: 10.1080/17439760.2016.1257054

27. Taylor P, Funk C, Craighill P. “Are We Happy Yet?”. Washington, DC: Pew
Research Center (2006).

28. Barcelos AM, Kargas N, Maltby J, Hall S, Mills DS. A framework for
understanding how activities associated with dog ownership relate to human
well-being. Sci Rep. (2020) 10:1–12. doi: 10.1038/s41598-020-68446-9

29. Cline KMC. Psychological effects of dog ownership: role strain, role
enhancement, and depression. J Soc Psychol. (2010) 150:117–31.
doi: 10.1080/00224540903368533

30. Wanser SH, Vitale KR, Thielke LE, Brubaker L, Udell MA. Spotlight on the
psychological basis of childhood pet attachment and its implications. Psychol
Res Behav Manag. (2019) 12:469. doi: 10.2147/PRBM.S158998

31. Barker SB, Wolen AR. The benefits of human–companion
animal interaction: a review. J Vet Med Educ. (2008) 35:487–95.
doi: 10.3138/jvme.35.4.487

32. Raina P, Waltner-Toews D, Bonnett B, Woodward C, Abernathy T. Influence
of companion animals on the physical and psychological health of older
people: An analysis of a one-year longitudinal study. J AmGeriatr Soc. (1999)
47:323–9. doi: 10.1111/j.1532-5415.1999.tb02996.x

33. Melson GF, Fine AH. Animals in the lives of children. In: Fine AH, editor.
Handbook on Animal-Assisted Therapy. New York, NY: Elsevier (2015).
p. 179–94.

34. Rodriguez KE, Greer J, Beck A, O’haire ME. The psychosocial effects of
service dogs on individuals with physical disabilities: a systematic literature
review. PLoS ONE. (2020) 15:e0243302. doi: 10.1371/journal.pone.0243302

35. Krause-Parello CA, 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.
doi: 10.1016/j.nedt.2016.04.020

36. Rodriguez KE, Lafollette MR, Hediger K, Ogata N, O’haire ME. Defining the
PTSD service dog intervention: perceived importance, usage, and symptom
specificity of psychiatric service dogs for military veterans. Front Psychol.
(2020) 11:1638. doi: 10.3389/fpsyg.2020.01638

37. Silva K, Lima M, Santos-Magalhães A, Fafiães C, De Sousa L. Can dogs
assist children with severe autism spectrum disorder in complying with
challenging demands? An exploratory experiment with a live and a robotic
dog. J Alternative Comp Med. (2018) 24:238–42. doi: 10.1089/acm.2017.0254

38. Wright H, Hall S, Hames A, Hardiman J, Mills R, Team PP, et al.
Pet dogs improve family functioning and reduce anxiety in children
with autism spectrum disorder. Anthrozoös. (2015) 28:611–24.
doi: 10.1080/08927936.2015.1070003

39. Viau R, Arsenault-Lapierre G, Fecteau S, Champagne N, Walker C-
D, Lupien S. Effect of service dogs on salivary cortisol secretion
in autistic children. Psychoneuroendocrinology. (2010) 35:1187–93.
doi: 10.1016/j.psyneuen.2010.02.004

40. Burrows KE, Adams CL, Spiers J. Sentinels of safety: Service
dogs ensure safety and enhance freedom and well-being for
families with autistic children. Qual Health Res. (2008) 18:1642–9.
doi: 10.1177/1049732308327088

41. Carlisle GK. The social skills and attachment to dogs of children with autism
spectrum disorder. J Autism Dev Disord. (2014) 45:1137–45.

42. Schuck SE, Emmerson NA, Fine AH, Lakes KD. Canine-assisted therapy
for children with ADHD: preliminary findings from the positive
assertive cooperative kids study. J Attention Disord. (2015) 19:125–37.
doi: 10.1177/1087054713502080

43. Schuck SE, Johnson HL, Abdullah MM, Stehli A, Fine AH, Lakes KD. The
role of animal assisted intervention on improving self-esteem in children
with attention deficit/hyperactivity disorder. Front Pediatr. (2018) 6:300.
doi: 10.3389/fped.2018.00300

44. Grandin T, Fine AH, Bowers CM. The use of therapy animals with
individuals with autism spectrum disorders. In: Fine AH, edior.Handbook on
Animal-Assisted Therapy. 3rd ed. New York, NY: Elsevier. (2010). p. 247–64.

45. Hall SS, Gee NR, Mills DS. Children reading to dogs: a systematic review of
the literature. PLoS ONE. (2016) 11. doi: 10.1371/journal.pone.0149759

46. Gee NR, Fine AH, Schuck S. Animals in educational settings: Research and
practice. In: Handbook on Animal-Assisted Therapy. New York, NY: Elsevier
(2015). p. 195–210.

47. Hediger K, Turner D. Can dogs enhance children’s attention performance? A
randomized controlled crossover trial.HumAnim Interact Bull. (2014) 2:21–
39.

48. Ward-Griffin E, Klaiber P, Collins HK, Owens RL, Coren S, Chen FS.
Petting away pre-exam stress: the effect of therapy dog sessions on student
well-being. Stress Health. (2018) 34:468–73. doi: 10.1002/smi.2804

49. Wood E, Ohlsen S, Thompson J, Hulin J, Knowles L. The feasibility of brief
dog-assisted therapy on university students stress levels: the PAWS study. J
Mental Health. (2017) 27:263–8. doi: 10.1080/09638237.2017.1385737

50. Binfet J-T, Passmore H-A, Cebry A, Struik K, Mckay C. Reducing university
students’ stress through a drop-in canine-therapy program. J Mental Health.

(2018) 27:197–204. doi: 10.1080/09638237.2017.1417551
51. Pendry P, Carr AM, Gee NR, Vandagriff JL. Randomized trial examining

effects of animal assisted intervention and stress related symptoms on college
students’ learning and study skills. Int J Environ Res Public Health. (2020)
17:1909. doi: 10.3390/ijerph17061909

52. Trammell JP. The effect of therapy dogs on exam stress and memory.
Anthrozoös. (2017) 30:607–21. doi: 10.1080/08927936.2017.1370244

53. Trammell JP. Therapy dogs improve student affect but not memory.
Anthrozoös. (2019) 32:691–9. doi: 10.1080/08927936.2019.1645514

54. Rodriguez KE, Guérin NA, Gabriels RL, Serpell JA, Schreiner PJ, O’haire ME.
The state of assessment in human-animal interaction research. Hum Anim

Interact Bull. (2018) 6:63−81.
55. Beetz A, Uvnäs-Moberg K, Julius H, Kotrschal K. Psychosocial and

psychophysiological effects of human-animal interactions: the possible role
of oxytocin. Front Psychol. (2012) 3:234. doi: 10.3389/fpsyg.2012.00234

56. Odendaal J, Meintjes R. Neurophysiological correlates of affiliative
behaviour between humans and dogs. Vet J. (2003) 165:296–301.
doi: 10.1016/S1090-0233(02)00237-X

57. Pendry P, Vandagriff JL. Salivary Studies of the Social Neuroscience of
Human–Animal Interaction. In: Granger D, Taylor M, editors. Salivary
Bioscience. Springer (2020). p. 555–81.

58. Barker SB, Knisely JS, Mccain NL, Best AM. Measuring stress and
immune response in healthcare professionals following interaction
with a therapy dog: a pilot study. Psychol Rep. (2005) 96:713–29.
doi: 10.2466/pr0.96.3.713-729

59. Rodriguez KE, Bryce CI, Granger DA, O’haire ME. The effect of a service
dog on salivary cortisol awakening response in a military population with
posttraumatic stress disorder (PTSD). Psychoneuroendocrinology. (2018)
98:202–10. doi: 10.1016/j.psyneuen.2018.04.026

60. Polheber J, Matchock R. (2013). The presence of a dog attenuates cortisol and
heart rate in the Trier Social Stress Test compared to human friends. J Behav
Med. 37:1–8. doi: 10.1007/s10865-013-9546-1

61. Meints K, Brelsford V, Dimolareva M, Gee N. Dog-assisted interventions
with children in mainstream and special educational needs schools – what
works? In: Paper presented at the International Society for Anthrozoology

Annual Conference. Liverpool (2020).
62. Coakley AB, Annese CD, Empoliti JH, Flanagan JM. The experience of

animal assisted therapy on patients in an acute care setting. Clin Nurs Res.

(2020). doi: 10.1177/1054773820977198. [Epub ahead of print].
63. Clark S, Martin F, Mcgowan RT, Smidt J, Anderson R, Wang L, et al. The

impact of a 20-minute animal-assisted activity session on the physiological
and emotional states in patients with fibromyalgia. In: Mayo Clinic

Proceedings. Elsevier. (2020). p. 2442−61. doi: 10.1016/mayocp.2020.04.037
64. Lass-Hennemann J, Schäfer SK, Römer S, Holz E, Streb M, Michael

T. Therapy dogs as a crisis intervention after traumatic events? An
experimental study. Front Psychol. (2018) 9:1627. doi: 10.3389/fpsyg.20
18.01627

65. Bleiberg J, Prout M, Debiak D, Lefkowitz C, Paharia I. Animal-
assisted prolonged exposure: a treatment for survivors of sexual assault
suffering posttraumatic stress disorder. Soc Anim. (2005) 13:275–96.
doi: 10.1163/156853005774653654

Frontiers in Veterinary Science | www.frontiersin.org 9 March 2021 | Volume 8 | Article 630465

https://doi.org/10.1037/a0024506
https://doi.org/10.1080/17439760.2016.1257054
https://doi.org/10.1038/s41598-020-68446-9
https://doi.org/10.1080/00224540903368533
https://doi.org/10.2147/PRBM.S158998
https://doi.org/10.3138/jvme.35.4.487
https://doi.org/10.1111/j.1532-5415.1999.tb02996.x
https://doi.org/10.1371/journal.pone.0243302
https://doi.org/10.1016/j.nedt.2016.04.020
https://doi.org/10.3389/fpsyg.2020.01638
https://doi.org/10.1089/acm.2017.0254
https://doi.org/10.1080/08927936.2015.1070003
https://doi.org/10.1016/j.psyneuen.2010.02.004
https://doi.org/10.1177/1049732308327088
https://doi.org/10.1177/1087054713502080
https://doi.org/10.3389/fped.2018.00300
https://doi.org/10.1371/journal.pone.0149759
https://doi.org/10.1002/smi.2804
https://doi.org/10.1080/09638237.2017.1385737
https://doi.org/10.1080/09638237.2017.1417551
https://doi.org/10.3390/ijerph17061909
https://doi.org/10.1080/08927936.2017.1370244
https://doi.org/10.1080/08927936.2019.1645514
https://doi.org/10.3389/fpsyg.2012.00234
https://doi.org/10.1016/S1090-0233(02)00237-X
https://doi.org/10.2466/pr0.96.3.713-729
https://doi.org/10.1016/j.psyneuen.2018.04.026
https://doi.org/10.1007/s10865-013-9546-1
https://doi.org/10.1177/1054773820977198
https://doi.org/10.1016/mayocp.2020.04.037
https://doi.org/10.3389/fpsyg.2018.01627
https://doi.org/10.1163/156853005774653654
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Gee et al. Dogs Supporting Human Health

66. O’haire ME, Philip Tedeschi M, Jenkins MA, Braden SR, Rodriguez KE. The
impact of human-animal interaction in trauma recovery. New Direct Hum

Anim Bond. (2019) 15:15–53. Available online at: https://library.oapen.org/
bitstream/handle/20.500.12657/24992/1005110.pdf?sequence=1#page=30

67. Beetz A, Julius H, Turner D, Kotrschal K. Effects of social support by a dog on
stress modulation in male children with insecure attachment. Front Psychol.
(2012) 3:352. doi: 10.3389/fpsyg.2012.00352

68. Cardoso C, Kingdon D, Ellenbogen MA. A meta-analytic review
of the impact of intranasal oxytocin administration on cortisol
concentrations during laboratory tasks: moderation by method
and mental health. Psychoneuroendocrinology. (2014) 49:161–70.
doi: 10.1016/j.psyneuen.2014.07.014

69. Meyer-Lindenberg A, Domes G, Kirsch P, Heinrichs M. Oxytocin and
vasopressin in the human brain: social neuropeptides for translational
medicine. Nat Rev Neurosci. (2011) 12:524–38. doi: 10.1038/nrn3044

70. Marshall-Pescini S, Schaebs FS, Gaugg A, Meinert A, Deschner T, Range F.
The role of oxytocin in the dog–owner relationship. Animals. (2019) 9:792.
doi: 10.3390/ani9100792

71. Handlin L, Nilsson A, Ejdebäck M, Hydbring-Sandberg E, Uvnäs-Moberg
K. Associations between the psychological characteristics of the human–dog
relationship and oxytocin and cortisol levels. Anthrozoos. (2012) 25:215–28.
doi: 10.2752/175303712X13316289505468

72. Maclean EL, Gesquiere LR, Gee NR, Levy K, Martin WL, Carter CS. Effects
of affiliative human–animal interaction on dog salivary and plasma oxytocin
and vasopressin. Front Psychol. (2017) 8:1606. doi: 10.3389/fpsyg.2017.01606

73. Petersson M, Uvnäs-Moberg K, Nilsson A, Gustafson L-L, Hydbring-
Sandberg E, Handlin L. Oxytocin and cortisol levels in dog owners and their
dogs are associated with behavioral patterns: an exploratory study. Front
Psychol. (2017) 8:1796. doi: 10.3389/fpsyg.2017.01796

74. Miller SC, Kennedy C, Devoe D, Hickey M, Nelson T, Kogan L. An
examination of changes in oxytocin levels in men and women before
and after interaction with a bonded dog. Anthrozoös. (2009) 22:31–42.
doi: 10.2752/175303708X390455

75. Powell L, Guastella AJ, Mcgreevy P, Bauman A, Edwards KM, Stamatakis E.
The physiological function of oxytocin in humans and its acute response
to human-dog interactions: a review of the literature. J Vet Behav. (2019)
30:25–32. doi: 10.1016/j.jveb.2018.10.008

76. Garcia MCS, Schorr AR, Arnold W, Fei N, Gilbert JA. Pets as a novel
microbiome-based therapy. In: Pastorinho M, Sousa A, editors. Pets as

Sentinels, Forecasters and Promoters of Human Health. Springer (2020).
p. 245–67. doi: 10.1007/978-3-030-30734-9

77. Hölscher B, Frye C, Wichmann HE, Heinrich J. Exposure to pets
and allergies in children. Pediatr Aller Immunol. (2002) 13:334–41.
doi: 10.1034/j.1399-3038.2002.02063.x

78. Bufford J, Reardon C, Li Z, Roberg K, Dasilva D, Eggleston P,
et al. Effects of dog ownership in early childhood on immune
development and atopic diseases. Clin Exp Allergy. (2008) 38:1635–43.
doi: 10.1111/j.1365-2222.2008.03018.x

79. Friedmann E. The animal-human bond: health and wellness. In: Fine AH,
editor. Animal-Assisted Therapy: Theoretical Foundations and Guidelines for

Practice. New York, NY: Academic Press. (2019). p. 80–93.
80. Kramer CK, Mehmood S, Suen RS. Dog ownership and survival: a

systematic review and meta-analysis. Circ Cardiovasc Qual Outcomes. (2019)
12:e005554. doi: 10.1161/CIRCOUTCOMES.119.005554

81. Beck AM, Katcher AH. Between Pets and People: The Importance of Animal

Companionship.West Lafayette, IN: Purdue University Press (1996).
82. Kurdek LA. Pet dogs as attachment figures. J Soc Person Relat. (2008)

25:247–66. doi: 10.1177/0265407507087958
83. Powell L, Edwards KM, Mcgreevy P, Bauman A, Podberscek A, Neilly B,

et al. Companion dog acquisition and mental well-being: a community-
based three-arm controlled study. BMC Public Health. (2019) 19:1428.
doi: 10.1186/s12889-019-7770-5

84. Oliva JL, Johnston KL. Puppy love in the time of Corona: dog ownership
protects against loneliness for those living alone during the COVID-19
lockdown. Int J Soc Psychiatry. (2020). doi: 10.1177/0020764020944195.
[Epub ahead of print].

85. Stanley IH, Conwell Y, Bowen C, Van Orden KA. Pet ownership may
attenuate loneliness among older adult primary care patients who live

alone. Aging Mental Health. (2014) 18:394–9. doi: 10.1080/13607863.2013.
837147

86. Krause-Parello CA, Gulick EE, Basin B. Loneliness, depression, and physical
activity in older adults: the therapeutic role of human–animal interactions.
Anthrozoös. (2019) 32:239–54. doi: 10.1080/08927936.2019.1569906

87. Gilbey A, Tani K. Companion animals and loneliness: a systematic
review of quantitative studies. Anthrozoos. (2015) 28:181–97.
doi: 10.2752/089279315X14219211661615

88. Mcnicholas J, Collis GM. Dogs as catalysts for social interaction: Robustness
of the effect. Br J Psychol. (2000) 91:61–70. doi: 10.1348/0007126001
61673

89. Mader B, Hart LA, Bergin B. Social acknowledgments for children
with disabilities: effects of service dogs. Child Dev. (1989) 60:1529–34.
doi: 10.2307/1130941

90. Higgins JW, Temple V, Murray H, Kumm E, Rhodes R. Walking sole
mates: dogs motivating, enabling and supporting guardians’ physical activity.
Anthrozoös. (2013) 26:237–52. doi: 10.2752/175303713X13636846944286

91. Lang RE, Hornburg SP. What is social capital and why is it
important to public policy? Housing Policy Debate. (1998) 9:1–16.
doi: 10.1080/10511482.1998.9521284

92. Wood L, Giles-Corti B, Bulsara M. The pet connection: pets as
a conduit for social capital? Soc Sci Med. (2005) 61:1159–73.
doi: 10.1016/j.socscimed.2005.01.017

93. Purewal R, Christley R, Kordas K, Joinson C, Meints K, Gee N,
et al. Companion animals and child/adolescent development: a systematic
review of the evidence. Int J Environ Res Public Health. (2017) 14:234.
doi: 10.3390/ijerph14030234

94. Jalongo MR. An attachment perspective on the child-dog bond:
Interdisciplinary and international research findings. Children Dogs

Educ. (2018) 21–41. doi: 10.1007/978-3-319-77845-7_2
95. Melson GF. Companion animals and the development of children:

implications of the biophilia hypothesis. In: Fine AH, editor. Handbook
on Animal-Assisted Therapy. New York, NY: Elsevier (2006). p. 375–83.
doi: 10.1016/B978-012369484-3/50019-0

96. Mueller MK. Is human-animal interaction (HAI) linked to positive
youth development? Init Answers Appl Dev Sci. (2014) 18:5–16.
doi: 10.1080/10888691.2014.864205
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