& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Changiz Mohiyeddini,

Oakland University William Beaumont School
of Medicine, United States

REVIEWED BY

Wendy Packman,

Palo Alto University, United States

Laura Contalbrigo,

Experimental Zooprophylactic Institute of the
Venezie (I1ZSVe), ltaly

Kurt Kotrschal,

University of Vienna, Austria

*CORRESPONDENCE

Wuiji Lin
linwuji55555@sicnu.edu.cn

RECEIVED 12 December 2023

ACCEPTED 09 April 2024
PUBLISHED 24 April 2024

CITATION

Liu H, Lin J and Lin W (2024) Cognitive
mechanisms and neurological foundations of
companion animals’ role in enhancing human
psychological well-being.

Front. Psychol. 15:1354220.

doi: 10.3389/fpsyg.2024.1354220

COPYRIGHT

© 2024 Liu, Lin and Lin. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Psychology

Frontiers in Psychology

TYPE Review
PUBLISHED 24 April 2024
pol 10.3389/fpsyg.2024.1354220

Cognitive mechanisms and
neurological foundations of
companion animals’ role in
enhancing human psychological
well-being

Heng Liu, Jingyuan Lin and Wuiji Lin*

Institute of Brain and Psychological Sciences, Sichuan Normal University, Chengdu, China

The impact of companion animals on human psychological health has garnered
widespread attention. Researchdemonstratesthatcompanionanimals contribute
positively in various ways, including reducing depression, anxiety, stress, and
fostering positive emotions in humans. Recent studies have revealed significant
changes in the activity levels of human emotion-related cortical areas (such as
the frontal cortex and amygdala) and neurotransmitter (e.g., oxytocin, cortisol)
secretion due to interaction with companion animals. However, research in this
domain is still in a nascent stage, with many unknowns in the cognitive neural
mechanisms involved. This paper proposes that to understand the cognitive
mechanisms through which companion animals affect human psychological
health, we need to examine changes in emotional cognitive processing. It aims
to uncover the neurological underpinnings of how companion animals enhance
human psychological well-being from the perspective of brain connectivity. This
approach is expected to provide theoretical support and direction for future
research and practical applications in this field.

KEYWORDS

human-animal interaction, animal-assisted therapy, companion animals, cognitive
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1 Introduction

“Why are humans so fascinated by cats and dogs?” was highlighted as a prime scientific
inquiry by Science in 2021 (Sanders, 2021). The bond between humans and companion
animals, extending over millennia, includes documented instances of companion animals
enhancing human health from the 19th century onwards. Nightingale noted the beneficial
impact of pet birds on patient health (Nimer and Lundahl, 2007). Recent studies indicate that
companion animals contribute to the improvement of human physiological and psychological
well-being (Wells, 2019), demonstrating parallel patterns of attachment in both behavior and
physiology between companion animals and humans (Zilcha-Mano et al., 2011; Solomon
etal., 2019). Forming and sustaining this attachment might entail intricate biological processes
like neural regulation and hormonal secretion, crucial for comprehending the influence of
companion animals on human psychological health (Julius et al., 2012). While the beneficial
impact of companion animals on human psychological health is partly validated and broadly
acknowledged, the cognitive mechanisms and fundamental neural processes involved are not
fully understood and necessitate additional research (Borgi and Cirulli, 2016; Beetz, 2017).
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Consequently, this paper aims to consolidate and review current  evolved into a mature psychological treatment modality, showing
literature in this domain, addressing the effects of companion animals  significant effectiveness in groups like patients with emotional
on human psychological health and the recent cognitive and neural  disorders, special needs children, and prisoners (Nimer and Lundahl,
research, thereby enriching the understanding of the mechanisms ~ 2007; Liu and Gao, 2021; Wang and Liu, 2021). The term “Dog (s)”
underlying human-animal interactions. also featured prominently, partly because dogs are the most commonly

used animals in animal-assisted therapy research (Chandler, 2001;

Dimitrijevi¢, 2009) and partly due to recent findings that different

2 Bibliometric ana lyS is of the types of animals have varying impacts on humans (Hajek and Konig,
re latIO nshi P between com pan ion 2020; Oliva and Johnston, 2021; Matsumura et al., 2022), indicating a
animals and human psycC ho lOg ical new trend in exploring the differential effects of various animal types.
health High-frequency keywords also included terms like “Depression” and

“Stress,” highlighting the field’s focus on interventions for these
The question, “What is the relationship between companion  negative emotional states. “Attachment” is considered a potential
animals and human psychological health?” has long been a focus of =~ mechanism through which companion animals improve human
extensive research interest, with scholarly output increasing year by ~ health (Wells, 2019) and an important modulator of psychological
year (Yatcilla, 2021). This paper begins by employing bibliometric ~ well-being (Peretti, 1990; Miltiades and Shearer, 2011), thus being a
analysis to quantitatively present the current research achievementsin  frequent subject in studies. Additionally, the impact of companion
this field, thereby revealing the developmental trends of this area of ~ animals on children’s psychological development, including empathy,
study. We must clarify that the search method and results are  self-esteem, and cognitive development (Wilks, 1999; Endenburg and
exclusively for bibliometric analysis and do not represent the paper’s ~ van Lith, 2011; Bachi and Parish-Plass, 2017), is a topic of interest
entire research foundation. Our review extends beyond these search ~ among developmental psychologists. Moreover, the improvement of
results, although they are included. quality of life (Ortmeyer et al., 2023) and the provision of social
The analysis utilized data from the Web of Science database  support by companion animals are also important areas of focus in
covering the years 1982 to 2022, employing search terms: [TS=(“pet” this field.
or “‘companion animal” or “pets” or “companion animals” or “human-
animal interaction” or “human-animal interactions” or “human-
animal bond”)] and [TS=(“psychology” or “psychological” or 3 Studi €S On compa nion animals
“mental health” or “animal-assisted therapy” or “psychic” or ImpI’OVI ng human psyChOlOglcal
“psychosis” or “psychiatry”)]. From the 2,804 articles initially health
retrieved, 597 papers (from 2004 to 2022) relevant to this study’s
theme were filtered and analyzed using CiteSpace 6.2.R2 software. Companion animals play a crucial role in both reducing negative
The analysis revealed a rising trend in the annual number of  emotions and boosting positive emotions in humans. In terms of
publications from 2004 to 2022 (see Figure 1), corroborating previous  diminishing negative emotions, companion animals have been shown
findings (Yatcilla, 2021). to significantly alleviate depression (Lem et al., 2013; Ko et al., 2016;
An analysis of the 597 papers identified 418 unique keywords. ~ Brooks et al., 2018), anxiety (Shiloh et al., 2003; Mossello et al., 2011;
Among them, 20 word groups appeared more than 45 times (see  Kogan etal,, 2021), stress (DeSchriver and Riddick, 1990; Wells, 2005;
Table 1). Prominently, keywords related to “Animal assisted therapy”  Trammell, 2017), loneliness (Knight and Edwards, 2008; McConnell
and “Pet therapy” were frequently observed, underscoring their et al, 2011; Pikhartova et al., 2014), and other negative emotional
significance in the field. Animal-assisted therapy, a crucial application  states. In enhancing positive emotions, companion animals contribute
in human-animal interaction, has a long-standing history and has  to directly or indirectly boosting subjective well-being, life satisfaction,
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FIGURE 1

Distribution of the number of publications from 2004 to 2022.
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TABLE 1 Keywords frequency and centrality in publications from 2004 to
2022.

Keywords Frequency Centrality
Animal assisted therapy 193 0.21
Pet ownership 119 0.09
Dog(s) 115 0.14
Companion animals 104 0.12
Human-animal interaction(s) 99 0.03
Depression 86 0.04
Health 84 0.1
Attachment 75 0.09
Pet(s) 65 0.1
Pet therapy 64 0.05
Mental health 60 0.04
Children 58 0.08
Human health 58 0.05
Behavior 51 0.07
Stress 51 0.03
Physical activity 49 0.02
Quality of life 47 0.04
Social support 47 0.04
People 46 0.08
Ownership 46 0.02

and other positive states (Zhou et al, 2020; Curl et al, 2021;
Schwarzmiller-Erber et al., 2021; Junca-Silva, 2022). The following
summary will concentrate on the principal ways companion animals
improve human emotions.

3.1 Depression

Numerous studies to date indicate that companion animals
significantly alleviate depression, particularly in elderly companion
animal owners (Souter and Miller, 2007; Friedmann and Son, 2009;
Brooks et al., 2018). For instance, research has uncovered a significant
negative correlation between the degree of engagement elderly
individuals have with their companion animals and their levels of
depression. This effect is particularly pronounced in those living with
a spouse and having access to social resources, where high interaction
with companion animals has a more notable positive impact on
preventing depression (Cheung and Kam, 2018). Another study
examined the relationship between companion animal attachment
support, human social support, and depression, finding that
companion animal attachment support (in contrast to human social
support) can effectively reduce or prevent depression in companion
animal owners (Krause-Parello, 2012).

Human aging is inevitable, with accompanying loneliness and
physical impairments potentially causing significant psychological
harm to the elderly. Caring for a companion animal can provide the
elderly with a renewed sense of purpose and reason for living, thereby
reducing their depression levels and promoting overall physical and
mental health (Krause-Parello et al., 2019).
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3.2 Anxiety

Companion animals also play an effective role in alleviating
anxiety. Kogan et al. (2021) conducted an online survey with 5,061
participants, finding that companion animals significantly reduced
owner anxiety during the COVID-19 lockdown, particularly among
women under 40. Shearer et al. (2016) implemented a four-week
intervention involving mindfulness practices and interaction with
dogs, noting significant reductions in anxiety levels through both
approaches. Hoagwood et al. (2022) incorporated Cognitive
Behavioral Therapy (CBT) principles and found that equine-assisted
adaptive riding programs had a significant impact on reducing anxiety
in adolescents.

Attachment Theory posits that the emotional relationship between
humans and companion animals is mutually supportive and beneficial.
Companion animals provide unconditional love and support, thereby
reducing the incidence of psychological and physiological health
problems (Teo and Thomas, 2019). Studies also indicate that
companion animals can induce and modulate physiological states of
anxiety and arousal, ultimately decreasing anxiety levels in individuals
(Berget and Braastad, 2011).

3.3 Stress

Severe or prolonged stress can lead to various psychological and
physiological problems (Iwata et al., 2013). Companion animals have
a beneficial effect on moderating human stress levels (Janssens et al.,
20215 Junga-Silva et al., 2022; Rathish et al., 2022), especially for
individuals in high-stress work environments (Cevizci et al., 2012).
Companion animals often play an important role as attachment
figures in human lives (Sable, 2013). Interactions with attachment
figures, such as companion animals, in a healthy attachment
relationship, can mitigate stress, explaining how interaction with
companion animals can reduce stress levels.

Additional research indicates that indirect exposure to companion
animals, through viewing images or videos, also mitigates stress
(Wells, 2005; Anderson et al., 2017; Ein et al., 2023). Specifically, Ein
etal. (2023) observed a reduction in stress levels among participants
who watched companion animals videos before undertaking stressful
tasks. Anderson et al. (2017) demonstrated that viewing animal-
inclusive VR scenes post-stress tasks induced relaxation. Na and Dong
(2023) reported that interactions with virtual cats in a mixed-reality
(MR) setting effectively diminished psychological stress. This suggests
that indirect companion animals interactions may also contribute to
stress alleviation.

3.4 Positive emotions

In addition to diminishing negative emotions, companion animals
significantly boost positive emotions in humans. Studies indicate
higher levels of happiness in companion animal owners compared to
non-companion animal owners (Bao and Schreer, 2016). Companion
animals provide numerous benefits, such as companionship, enhanced
social skills, and reduced feelings of loneliness, crucial for increasing
life satisfaction (Himsworth and Rock, 2013). Companion animals
offer emotional support in stress management, thereby improving
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psychological adaptability and life satisfaction (Barklam and Felisberti,
2023). companion animal-friendly work environments also positively
affect employee well-being (Junca-Silva, 2022). The positive impacts
of companion animals extend beyond common companion animals
like cats and dogs; other animal types, such as aquarium fish, reptiles,
and birds, also contribute significantly to human physical and mental
health by enhancing happiness, emotional support, and the pleasure
of nurturing life (Riddick, 1985; Kidd and Kidd, 1998; Clements et al.,
2019; Azevedo et al., 2022).

Core Conditions Theory posits that humans perceive
companion animals as empathetic, nonjudgmental companions
who offer unconditional positive attention (Teo and Thomas, 2019).
This supportive interaction with companion animals plays a role in
emotions, which in human

regulating turn promotes

psychological health.

3.5 Cognition and personality

Beyond emotional aspects, companion animal ownership and
human-companion animal interactions also positively influence
personality development and cognitive functions (Virues-Ortega
et al, 2012). Companion animals encourage the development of
children’s confidence and self-esteem (Purewal et al., 2017), while
interactions with companion animals enhance empathy, sense of
responsibility, social status among peers, and cognitive abilities such
as observation, analogy, and reasoning (Melson, 2003; Dimitrijevic,
2009; Williams et al., 2010; Endenburg and van Lith, 2011; Pennacchio
et al., 2018). Moreover, in medical and rehabilitation settings,
companion animals have shown positive impacts on cognitive
functions in Alzheimer’s patients, schizophrenia patients, and the
elderly (Moretti et al., 2011; Menna et al., 2016; Chang et al., 2021).
Interestingly, similar positive effects are observed with robotic
companion animals as well (Leng et al., 2019; Pollak et al., 2022).

4 Contradictory evidence

While many studies highlight the beneficial impact of companion
animals on human mental health, there is also evidence that
contradicts these findings. Such studies question the widely accepted
notion of a positive link between companion animals and human
mental health, suggesting potential adverse effects. The divergent
outcomes of these investigations necessitate a prudent approach to
comprehending the complex dynamics between companion animals
and mental health.

4.1 Lack of significant association between
companion animals and psychological
health

Research suggests the correlation between companion animals
ownership and human mental health may not be as robust as once
believed. For example, the existence of companion animals shows no
substantial link with levels of human depression (Branson et al., 2016;
Batty et al., 2017; Hajek and Konig, 2020), anxiety (Bradley and
Bennett, 2015), and stress (Bradley and Bennett, 2015; Cui et al., 2021).
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Additionally, the beneficial impacts of companion animals on the
mental health of children (Miles et al., 2017), the elderly (Wells, 2009),
and cancer patients (Ingram and Cohen-Filipic, 2019) remain
unverified. Contradictory results across various studies may stem
from the widespread use of cross-sectional studies, offering only a
snapshot of companion animals’ impacts (Batty et al., 2017). Moreover,
the complexity and heterogeneity of findings could also be due to
regional (Enmarker et al., 2015), cultural, and sample variabilities
(Hajek and Konig, 2020). Additionally, the mental health effects may
differ based on the type of companion animals and the specific traits
of the companion animals themselves. Therapy animals, known for
their friendliness, obedience, and approachability, may interact more
effectively with humans, enhancing mental health. This may be where
the differences lie in how various types of companion animals
influence mental health (Bradley and Bennett, 2015). Importantly,
although uncontrolled variables indicate companion animals might
positively affect children’s health and development, controlling these
variables often nullifies the evidence for such benefits (Miles et al.,
2017). Nonetheless, certain scholars argue that the absence of
significant findings could stem from inadequate group influence,
sample selection biases, and homogeneity concerns (Miller and Lago,
1990). This may also be attributed to evaluation consistency (close
relationships between subjects and their companion animals may lead
to overly positive assessments, potentially masking individual
differences in companion animals’ actual impact on mental health),
complex dynamics during therapy (additional psychological distress
may arise from challenges related to companion animals care and
concerns about the companion animals’ future), limitations of
assessment tools, variability in companion animals traits, and
individual preferences (Ingram and Cohen-Filipic, 2019).

4.2 Negative impacts of companion
animals

Besides the studies yielding inconclusive results, research suggests
that companion animals can adversely affect human psychological
health. For example, Bradley and Bennett (2015) and Ingram and
Cohen-Filipic (2019) found that companion animals caregiving could
induce depression, stress, and anxiety. This could stem from the
substantial time, energy, and finances needed for companion animals
care (Ingram and Cohen-Filipic, 2019), especially for individuals
preoccupied with work or financially constrained, further intensifying
stress (Christiansen et al., 2013; Goldberg, 2017; Spitznagel et al.,
2017). Conversely, it might be that individuals adopt companion
animals due to depression rather than companion animals ownership
causing it (Liu et al, 2019). Batty et al. (2017) suggested that
companion animals ownership might intensify owners’ loneliness.
This could be due to decreased social interaction among owners, as
having a companion animal might cause them to engage less with
people and more with their companion animals, heightening
loneliness. Wong et al. (2017) and Rémillard et al. (2017) noted that
companion animal loss or health problems can provoke grief and
negative emotions in owners, similar to losing a close person, and may
lead to depression, guilt, and psychological distress. These emotional
reactions can profoundly impact an individual’s mental well-being and
life quality. Messam and Hart (2019) even discovered that, in some
instances, these effects could linger for years.
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5 The impact of companion animals
on specific demographics

In examining the impact of companion animals on human
psychological health, it’s crucial to acknowledge that this influence
may differ across diverse demographic groups. These variances are
manifested not only in individual psychological and physiological
traits, like animal allergies, fear responses, and gender, but also in
social factors, including marital status and interpersonal relations.

Individuals prone to allergies may find companion animals a
substantial stressor. Wells (2009) noted that companion animals could
intensify allergic individuals™ stress responses and elevate certain
disease risks, including asthma (Gergen et al., 2018) and zoonotic
diseases (Damborg et al., 2016). Such physiological adversities might
also impair mental health.

Gulick and Krause-Parello (2012) observed that cat-owning
women report heightened depression and intensified loneliness.
Tower and Nokota (2006) stated that pet-owning unmarried women
exhibit the least depression, in contrast to unmarried men. These
disparities could stem from gender roles and societal expectations:
women often derive emotional satisfaction from companion animal
care, whereas men might react differently due to distinct societal roles.
Unmarried men might view companion animal ownership as stressful,
demanding additional effort and attention, possibly impinging on
their independence and autonomy.

Clearly, companion animals’ effects on mental health are not
uniform but influenced by multifaceted factors. The potential
pathways to human health enhancement are intricate, precluding any
simplistic classification of companion animals’ impact as purely
positive or negative. Moreover, it’s important to note that the link
between animals and human health is correlational rather than causal.
Thus, companion animal ownership should not be oversimplified as a
method to enhance human health. Concurrently, recognizing
companion animals’ dual role in mental health is crucial: they can
support psychological well-being, but their potential adverse effects
must not be overlooked.

6 Attachment

Attachment theory, proposed by John Bowlby, seeks to clarify the
deep emotional connections between humans and their caregivers in
early development. Recently, the scope of this theory has broadened
to include human-companion animal relationships. Research indicates
that humans and companion animals exhibit comparable attachment
patterns, both behaviorally and physiologically (Zilcha-Mano et al.,
2011; Solomon et al,, 2019), primarily evidenced by care, protection,
and emotional investment (Archer, 1997). Research has shown that
emotional bonds with companion animals profoundly affect human
psychological health (Wells, 2019). For instance, higher companion
animal attachment scores correlate with improved executive
functioning (Branson et al., 2016). One rationale is that active
interaction with animals in their presence enriches the stimuli
individuals receive. Companion animals offer positive social
engagement, psychological solace, and physical activity, thus
ameliorating stress responses and enhancing executive functions.
However, the causality of this outcome is unclear: its uncertain
whether companion animal interaction promotes higher activity levels
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and thus better executive functions, or if individuals with robust
executive functions are more inclined to own companion animals.
Oxytocin, a hormone produced in the hypothalamus and released
during childbirth and lactation, plays a role in various physiological
and psychological processes like stress management, social
interactions, and pair bonding (Feldman et al., 2016). Studies indicate
that the close bond between companion animal owners and their
companion animals might enhance the owner’s psychological health
by stimulating the oxytocin system (Wells, 2019).

The link between companion animal attachment and
psychological health is not solely beneficial. Studies indicate that
overly attached individuals may face heightened psychological distress
(Peacock et al., 2012). This could stem from over-dependence on
companion animals for emotional support, triggering adverse
psychological responses upon companion animal loss or separation.
Antonacopoulos and Pychyl (2010) observed that companion animal
owners with scant social support and strong companion animal
attachment report elevated loneliness and depression scores. Excessive
reliance on companion animals might result in neglecting human
social connections. Consequently, it's uncertain whether strong
companion animal attachment induces depression and loneliness, or
if individuals predisposed to these feelings are more likely to form
close bonds with companion animals. Ingram and Cohen-Filipic
(2019) suggested that patients in ongoing treatment with strong
companion animal attachments might have worsened psychological
health. This may result from the treatment-induced physical
limitations, complicating companion animal care activities like dog
walking and heightening concerns about companion animal welfare
post-owner demise.

Furthermore, attachment relationships vary between humans and
different companion animal species. Endo et al. (2020) found a
correlation between companion animal ownership and children’s well-
being: 10-year-olds with dogs were happier at 12, in contrast to their
peers with cats. This could be attributed to the increased physical
activity, social engagement, and stronger emotional bonds provided
by dogs, whereas cat ownership may entail physiological and
psychological risks like toxoplasmosis. A dog’s gaze may elevate
oxytocin levels in the owner (Nagasawa et al., 2009), fostering social
ties, reducing stress, and enhancing psychological well-being.
However, such methodologies have not been used in cat studies,
leaving the effect of cat ownership on oxytocin levels unclear, and
warranting additional research.

The bond between companion animals and humans is
multifaceted: while companion animal attachment usually benefits
human psychological health, it may yield adverse effects, particularly
when it becomes excessive or detrimental. Consequently, discerning
and distinguishing between healthy and unhealthy companion animal
attachment is essential to maximize the role of companion animals in
improving psychological well-being.

7 Animal-assisted interventions

Animal-assisted interventions include Animal-Assisted Therapy
(AAT), Animal-Assisted Activities (AAA), and Animal-Assisted
Education/Learning (AAE/AAL). These interventions involve specially
trained animals and are administered by skilled mental health
professionals to provide therapeutic, educational, or recreational
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benefits, aiming to enhance physical, social, emotional, and cognitive
functions in humans (O'Callaghan, 2008). Documented first in the
1960s by mental health professionals, Levinson observed that a
withdrawn child patient began interacting after encountering
Levinsons dog (Mallon, 1999). It has been reported that a single session
of animal-assisted therapy can be as effective as ten traditional
psychotherapy sessions (O'Callaghan, 2008). This effectiveness is
largely due to the animal’s presence significantly reducing visitors’
defensive mechanisms, especially in those with resistant emotional
states. This facilitates therapists in engaging more effectively with
clients and advancing the therapeutic process. Currently, animal-
assisted interventions are widely used for various psychological
conditions, including depression (Souter and Miller, 2007; Berget et al.,
2011; Berget and Braastad, 2011), anxiety disorders (Barker and
Dawson, 1998; Nimer and Lundahl, 2007), and autism spectrum
disorders (O'Haire, 2013; O'Haire et al., 2013), with the latter being one
of the most responsive areas to this intervention (Zhou et al., 2019).
Nimer and Lundahl (2007) utilized meta-analysis to explore the
effects of animal-assisted interventions, finding moderate effectiveness
in areas such as autism spectrum disorders, medical challenges,
behavioral issues, and emotional health. Subgroup analyzes indicated
that therapy dogs consistently demonstrated the most effective
outcomes, maintaining high efficacy across various studies. However,
the impact of horses, aquatic animals, and other animals showed more
variability. Despite the use of various animals in contemporary
interventions, including horses (Tseng et al., 2013; Collado-Mateo
etal., 2020; Prieto et al., 2022), dolphins (Dilts, 2008; Matamoros et al.,
2022), cats (Goleman et al., 2012), and birds (Colombo et al., 2006),
therapy dogs have emerged as the most widely used, historically
established, and effective therapeutic animals (Chandler, 2001).
Findings indicate that children, compared to other age groups,
benefit more substantially from different therapeutic approaches. This
phenomenon may be attributed to the “biophilia” concept, which
suggests an inherent love for life and living systems (Wells, 2019).
Wilson (cited in Wells, 2019) argues that humans possess an innate
ability to perceive animals and a tendency to focus attention on them,
particularly evident in early life stages. Research shows that infants
tend to pay more attention to animals than inanimate objects
(DeLoache et al,, 2011). This natural inclination likely enhances the
attention child patients give to animals, thereby potentially increasing
the effectiveness of animal-assisted interventions for this demographic.
However, some meta-analyzes have found that animal-assisted
interventions produce positive effects in a limited number of cases
(Feng et al., 2021). These inconsistencies may arise due to factors such
as small sample sizes, lack of control groups, sample bias, and short
durations of interventions (Ma et al., 2019; Liu and Gao, 2021).
Therefore, further research employing more comprehensive
experimental designs is needed to elucidate the regulatory mechanisms
behind these disparate outcomes in animal-assisted interventions.
Although animal-assisted interventions have achieved significant
success in treating various psychological issues and are known for
their minimal side effects and overall effectiveness (Liu and Gao,
2021). An analysis of 18 studies revealed that despite the limited
efficacy of animal-assisted interventions in special education, no
adverse impacts were reported (Meixner and Kotrschal, 2022).
Nonetheless, animal-assisted interventions are nascent globally, with
notable deficits in their application and research in certain countries,
such as China (Ma et al., 2019). The relationship between humans and
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animals, which varies significantly across different cultural
backgrounds (Pagani et al., 2007; Zalaf and Egan, 2017; Randler et al.,
2021), is influenced by various factors such as attitudes towards
animals and levels of attachment (Gulick and Krause-Parello, 2012).
Consequently, the effects of animal-assisted interventions in different
national contexts are largely unknown, highlighting the need for
further development in research and application tailored to diverse
socio-cultural backgrounds.

8 Neural basis of companion animals’
impact on human emotions

Many studies highlight companion animals’ positive effects on
human psychological health, yet questionnaires fall short in clarifying
causality, and conducting stringent longitudinal experiments proves
difficult. Investigating cognitive neural activity changes during
human-companion animal interactions may more accurately reveal
companion animals’ potential impact on psychological health. Hence,
this section intends to compile and synthesize research on companion
animals’ influence on human neural activities, deducing neural
mechanisms from existing literature. This provides a cognitive-neural
basis for comprehending how companion animals improve
psychological health, and supports domains such as animal-
assisted intervention.

8.1 Frontal cortex

In studies examining the influence of companion animals on
human neural activity, the frontal cortex is one of the most frequently
mentioned brain regions. Kobayashi et al. (2017) used functional
near-infrared spectroscopy (fNIRS) to compare brain neural activity
when participants stroked a real versus a toy cat, finding that stroking
a real cat led to higher activation levels in the inferior frontal gyrus
and more positive emotions. Functional magnetic resonance imaging
studies have shown that viewing companion animal photos
significantly enhances activity in the frontal cortex areas. Moreover,
companion animal owners exhibit greater activation in areas like the
insular cortex compared to non-companion animal owners (Hayama
et al, 2016). Additionally, neural activity in other frontal cortex
regions, such as the left middle frontal gyrus (MFG) and the right
frontopolar area, is also influenced by companion animals, coinciding
with emotional changes (Sugawara et al., 2012; Matsuura et al., 2020).

The frontal lobe, vital for cognitive control and emotional
regulation, assists in modulating emotional responses (Etkin et al.,
2011). Emotional disorders’ emergence and persistence are linked to
the frontal lobe; its functional anomalies can disrupt emotional
regulation (Kohn et al., 2014; Pressman and Rosen, 2015), affecting
psychological health. Studies show notable differences in frontal lobe
activation between depressed patients and healthy individuals,
mainly marked by reduced frontal cortex activity (Herrmann et al.,
2004; Liu et al., 2016). This correlates with depressive symptoms like
emotional regulation disturbances (Marusak et al., 2015), executive
function impairments (Carpenter et al., 2000), and working and
episodic memory deficits (Balconi, 2013). Current research indicates
that neuro-modulation techniques like Transcranial Magnetic
Stimulation (TMS) and Transcranial Direct Current Stimulation
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(tDCS) can modify frontal lobe neural activity, alleviating depression
symptoms (Herrmann and Ebmeier, 2006; Boggio et al., 2008). The
frontal cortex can regulate amygdala activity, thus influencing the
intensity and duration of emotional reactions. In individuals with
emotional disorders, diminished frontal lobe function reduces the
ability to manage emotional responses, resulting in emotional
abnormalities (Shin and Liberzon, 2010). Consequently, interactions
with companion animals may strengthen the human cognitive
control system and enhance social interactions. Frontal lobe
activation could be a neural mechanism through which companion
animals positively influence psychological health, as companion
animal engagement may bolster the frontal lobe’s emotional
regulation capabilities, thereby improving emotions.

8.2 Amygdala

Stoeckel et al. (2014) discovered that mothers experienced a
significant increase in amygdala activity when viewing photos of their
children and pet dogs. The researchers suggest that the amygdala, a
key brain area in forming intimate relationships, generates emotional
and motivational responses while processing these images, vital for
developing close bonds. Additionally, a study by Mormann et al.
(2011) comparing neural activities in response to animal versus
non-animal images found that animal pictures activated the right
amygdala independently of valence and arousal. Mormann and
colleagues theorize that the right amygdala’s specialized function in
processing animal information may have evolutionary significance,
indicating that the amygdala’s role in processing companion animal
information could extend beyond emotional processing to specialized
cognitive processing of animal information.

The amygdala is vital for emotion processing, particularly in
handling negative emotions like fear, anger, and anxiety (Janak and Tye,
2015). Amygdala abnormalities can disrupt neural circuits for
emotional regulation, potentially causing excessive or insufficient
emotional responses in those with emotional disorders (Drevets, 2003).
For example, in anxiety disorder patients, heightened amygdala
activation to emotional faces (anger, fear, happiness) exceeds that in
healthy individuals, complicating the suppression of excessive
emotional responses (Shin and Liberzon, 2010). The reason might
be that these emotional responses in patients do not subside. When a
stimulus previously associated with anger or fear no longer carries
dangerous information, patients cannot rapidly learn or adapt to this
change, resulting in their sustained fearful and anxious responses to
past stimuli (Shin and Liberzon, 2010). Beesdo et al. (2009) noted that
when faced with fear stimuli, adolescent patients with depression and
anxiety disorders showed heightened amygdala activation compared to
healthy controls. Recent findings indicate that the amygdala reacts to
positive and neutral emotions like music, not solely to negative stimuli
(Armony, 2013). Sander et al. (2003) propose that the amygdala
responds not just to conventional threats but also to novel or unexpected
stimuli with potential biological relevance (Sander et al., 2003). As
non-threatening biological stimuli, companion animals’ presence in
human lives may be recognized by the brain as a biologically significant
novel event. This novelty may activate the amygdala, initiating a cascade
of emotional and cognitive reactions. Consequently, companion
animals might mitigate excessive or abnormal emotional reactions by
influencing the amygdala’s processing of emotional information.
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8.3 Autonomic nervous system

The autonomic nervous system, divided into the sympathetic and
parasympathetic nervous systems, is distributed across the internal
organs, cardiovascular system, and glands, regulating physiological
activities like heartbeat, respiration, and digestion. Studies have
documented significant decreases in heart rate and blood pressure in
humans following interactions with companion animals (Allen et al,
2002; Odendaal and Meintjes, 2003; Polheber and Matchock, 2014).
For instance, Polheber and Matchock (2014) found that subjects
performing stress tasks in the presence of companion animal dogs
exhibited significantly lower heart rates than those accompanied by
friends or in control groups. This suggests that companion animals
may modulate autonomic nervous system activity by providing social
support that reduces stress. Unlike the social support from friends,
which may induce evaluation anxiety, the presence of pet dogs does
not have this negative effect, thereby offering more effective emotional
regulation. Conversely, a study showed increased arousal levels in
participants after interacting with pet cats, attributed to a positive
psychophysiological response from benign stress, which enhances
vitality and promotes health (Nagasawa et al., 2023).

The sympathetic nervous system plays a key role in stress
responses, such as increasing heart rate, blood pressure, and triggering
responses to emergencies. It activates in stressful or dangerous
situations, aiding survival and adaptation. However, prolonged stress
responses can have detrimental physiological effects, like impaired
immune function, increased cardiovascular disease risk, and
endocrine disturbances (Chrousos, 2009). Excessive stress can also
negatively impact mental health, leading to emotional disorders,
insomnia, and irritability (Yaribeygi et al., 2017). The parasympathetic
nervous system, on the other hand, can lower heart rate and blood
pressure, preventing damage from excessive stress responses. The
interaction between these two systems maintains homeostasis.
Therefore, the presence of companion animals may buffer the adverse
effects of stress by regulating autonomic nervous system activity.

8.4 Oxytocin levels

Oxytocin, as a neurohormone, plays an essential role in social
behavior and emotional states (Feldman et al., 2016), and interaction
with companion animals can modulate oxytocin secretion in humans.
Nagasawa et al. (2009) found that oxytocin levels in the urine of pet
dog owners significantly increased when their dogs gazed at them.
Odendaal and Meintjes (2003) noted a rise in oxytocin levels in both
pet dogs and their owners during interactions, correlating with the
intimacy of their relationship. Recent research also suggests that
interactions with household cats may influence the human oxytocin
system (Nagasawa et al., 2023).

Oxytocin is vital for trust, intimate bonds, and emotional
regulation. Oxytocin also mitigates negative emotions like anxiety,
depression, and stress. Heinrichs et al. (2003) found that intranasal
oxytocin lowers cortisol levels during psychological stress, thus
soothing individuals. Cortisol, a recognized stress biomarker (Russell
etal., 2012), suggests that oxytocin could affect psychological health
by modulating other hormone levels. Moreover, oxytocin enhances
interpersonal interactions, social bonds (MacDonald and MacDonald,
2010), and provides physiological advantages, including bolstered
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immune and cardiovascular functions (Creagan et al., 2015). During
human-companion animal interactions, companion animals can
stimulate human oxytocin release, fostering pleasure and relaxation,
and reinforcing trust and intimacy (Beetz et al., 2012; Marcus, 2013).

8.5 Cortisol levels

Cortisol, a steroid hormone produced by the adrenal cortex, plays
a role in stress response, glucose metabolism, and immune function
(Tsigos and Chrousos, 2002). Interactions with companion animals
can also regulate human cortisol levels. For instance, oxytocin levels
significantly rise while cortisol levels decrease in both owners and
their pet dogs during interactions (Handlin et al., 2011). Similar
results have been observed in unique settings such as hospitals. Beetz
et al. (2011) found that cortisol levels in children with insecure
attachment decreased after interacting with pet dogs, unlike
interactions with friendly humans or toy dogs. Therapy dogs have also
been proven to reduce cortisol levels in caregivers, lower stress levels,
and enhance immunity (Barker et al., 2005; Barker and Wolen, 2008).

Cortisol mirrors the hypothalamic-pituitary-adrenal (HPA) axis’s
activity. The HPA axis specifically responds to psychological stress,
with cortisol concentration changes effectively indicating stress levels
(Nater etal., 2013; Vives et al., 2015). However, sustained high cortisol
levels may adversely affect both physical and psychological health. For
example, it can precipitate emotional problems (Staufenbiel et al.,
2013), impair cognitive functions (Ouanes and Popp, 2019), and
trigger significant physical health issues (Schoorlemmer et al., 2009;
Pivonello et al., 2016). Human-companion animal interactions can
effectively mitigate stress responses and decrease cortisol levels during
stressful periods.

8.6 Other neurohormonal levels

In addition to oxytocin and cortisol, interactions with companion
animals can also influence the secretion of other emotion-related
hormones, such as serotonin, dopamine, phenylethylamine,
endorphins, and prolactin (Odendaal and Meintjes, 2003; Creagan
etal., 2015). For example, human interaction with pet dogs has been
shown to increase the release of phenylethylamine, leading to
heightened positive emotions and sociability. Notably, individuals
without companion animals exhibit higher phenylethylamine release
during interactions with dogs compared to companion animal owners
(Odendaal and Lehmann, 2000). Involving pet dogs in the care of
children and adolescents with cancer has been observed to change
neurotransmitter levels, producing analgesic effects and achieving
clinically meaningful pain relief (Harper et al, 2015). Typically,
interactions with companion animals result in changes in the secretion
of multiple neurohormones, which collectively regulate changes in
human emotions.

9 Limitations and prospects

Although current research underscores the significant impact of
companion animals on human psychological health and neural
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activities, this field of study is still in its early stages and inevitably has
some limitations.

Current research often employs resting-state methods to explore
the effects of companion animals on human neural activity. This
approach compares neural activity differences between human-
companion animal interaction and control groups, or before and after
interactions, to illustrate the effects. However, this method primarily
reveals the short-term impact of brief human-companion animal
interactions on neural activity and does not reflect the enduring effects
of long-term companionship with companion animals. Future
research should utilize longitudinal experimental designs to
investigate the long-term effects of prolonged human-companion
animal interactions on psychological health. Moreover, studies should
explore the impact of companion animals on various aspects of
emotional cognitive processing, such as emotion perception, attention,
and memory. Observing changes in emotional cognitive processing
could help infer potential long-lasting changes in psychological health.

An increasing number of scholars argue that cognitive function
relies not just on isolated brain regions but on the communication
between different areas of the brain (Axer and Amunts, 2022; Lee
et al., 2022; Thiebaut de Schotten and Forkel, 2022). However, much
current research has focused on the activation of individual brain
regions. Studies examining companion animal images have found that
companion animal-related information activates specific neural
networks (Kojima et al., 2013; Cao et al., 2014; Fang et al., 2016),
potentially triggering brain network activities associated with rewards,
emotions, belonging, and animal-specific responses (Kojima et al.,
2013; Stoeckel et al., 2014). Future research should incorporate
functional connectivity analysis to explore companion animal-
induced brain network activities, viewing companion animals’ impact
on human neural activities through the lens of brain connectivity.

As previously mentioned, companion animals may serve as
“friends” or “family members” providing social support to humans
(Teo and Thomas, 2019), and triggering activity in related human
brain regions (Stoeckel et al., 2014), thereby regulating emotions and
enhancing mental health, a characteristic lacking in many positive
stimuli. Although the specificity of companion animal-related
information has been proven by research, it is still unknown whether
its effect on human emotions and mental health differs from that of
ordinary positive stimuli. Therefore, future studies could explore the
similarities and differences in the effects of companion animals and
other positive stimuli on human emotions and mental health from a
cognitive neuroscience perspective, providing guidance for related
applied research.

Research indicates that indirect interactions with companion
animals, such as watching companion animal videos (Wells, 2005;
Myrick, 2015; Ein et al., 2023) and pictures (Ein et al., 2019), can
regulate emotions. However, there are fewer studies on the long-term
psychological impacts of indirect companion animal contact. In
modern society, “virtual companion animal raising” has become a
substantial trend, where individuals unable to own companion
animals satisfy their psychological needs through online companion
animal-related content (Nie, 2020). Studies suggest that virtual
companion animal raising might positively impact human
psychological health (Myrick, 2015), but due to limited research, the
stability of this effect and its difference from direct companion animal
contact remain unclear. Future research should investigate the
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psychological impact of virtual companion animal raising and its
cognitive and neural mechanisms.

Numerous studies have found that different types of companion
animals have varying impacts on human psychology (Hajek and
Konig, 2020; Oliva and Johnston, 2021; Matsumura et al., 2022),
leading researchers to focus on these differences. However, current
research mainly compares companion animal ownership with
non-ownership and often overlooks companion animals other than
cats and dogs (Fraser et al., 2020). Consequently, investigating the
differential impacts of various types of pets, particularly
unconventional ones such as spiders and snakes, on mental health can
better elucidate the underlying cognitive mechanisms and also
facilitate the development of related applications.

Attitudes towards animals and companion animals significantly
vary across countries (Zalal and Egan, 2015; Martens et al., 2019;
Randler et al., 2021) and cultural backgrounds (Pagani et al., 2007;
Zalaf and Egan, 2017). These attitudes and the nature of human-
companion animal relationships significantly modulate companion
animals’ impact on humans (Headey et al., 2008; Fraser et al., 2020).
With most research data in this field coming from Western countries,
there is a need for more studies in diverse populations to understand
potential differences (Randler et al., 2021).
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