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During the last decade it has become more widely accepted that pet ownership and animal

assistance in therapy and education may have a multitude of positive effects on humans.

Here, we review the evidence from 69 original studies on human-animal interactions (HAI)

which met our inclusion criteria with regard to sample size, peer-review, and standard sci-

entific research design. Among the well-documented effects of HAI in humans of different

ages, with and without special medical, or mental health conditions are benefits for: social

attention, social behavior, interpersonal interactions, and mood; stress-related parameters

such as cortisol, heart rate, and blood pressure; self-reported fear and anxiety; and mental

and physical health, especially cardiovascular diseases. Limited evidence exists for positive

effects of HAI on: reduction of stress-related parameters such as epinephrine and norepi-

nephrine; improvement of immune system functioning and pain management; increased

trustworthiness of and trust toward other persons; reduced aggression; enhanced empa-

thy and improved learning. We propose that the activation of the oxytocin system plays a

key role in the majority of these reported psychological and psychophysiological effects of

HAI. Oxytocin and HAI effects largely overlap, as documented by research in both, humans

and animals, and first studies found that HAI affects the oxytocin system. As a common

underlying mechanism, the activation of the oxytocin system does not only provide an

explanation, but also allows an integrative view of the different effects of HAI.

Keywords: human-animal interaction, animal-assisted interventions, animal-assisted therapy, oxytocin, pet own-

ership, stress reduction

INTRODUCTION

During the last decades, animal assistance in therapy, education,

and care has greatly increased. Today, the value of animal-assisted

interventions [AAI, including animal-assisted therapy (AAT) and

activities] is widely acknowledged. In the light of the rapid devel-

opment of the practice of AAI, research evaluating the effects of

AAIs as well as studies investigating the basic effects of human-

animal interaction (HAI) and the underlying mechanisms seem

to lag behind. Still, there is already quite a body of scientific lit-

erature on this topic. However, this is spread out over a number

of journals and fields, constraining an integrative view. In the fol-

lowing, we will provide an overview of studies assessing effects of

AAI as well as pet ownership which meet certain scientific criteria.

In addition, we propose a common underlying mechanism for the

majority of the positive effects of HAI: i.e., the activation of the

oxytocinergic system and its role in social stress modulation. This

system can be linked directly to many of the observed physiolog-

ical effects of HAI and may also be indirectly associated with the

other, mainly psychological, effects. Thereby, we provide a coher-

ent body of theory for integrating the diverse endocrinological,

psychophysiological, and psychosocial effects of HAI found in dif-

ferent studies. Furthermore, we give a well-founded overview of

scientifically documented effects of HAIs which today are a quite

popular topic in the general literature, as are first speculations

on underlying mechanisms including the oxytocin system (e.g.,

Olmert, 2009).

We will start our rationale with a review of the literature on

effects of HAI and thereafter we will present a short overview

of the oxytocinergic system and its psychophysiological effects.

We propose that oxytocin (OT) release may contribute to explain

many of the effects of HAI documented by the studies included in

our review.

CRITERIA FOR INCLUSION OF STUDIES IN THIS REVIEW

In this review we focus on the effects of HAI on psychosocial

variables such as empathy and social interactions and on human

physical and mental health, including effects on hormones and

the autonomic nervous system assessed via variables such as heart

rate or blood pressure. Effects could result from either companion

animal ownership or animal contacts, in experimental settings or

animal-assisted interventions. Studies not directly related to these

topics were excluded, for example, on pet ownership and atti-

tudes toward smoking, or other variables which could indirectly

influence health or social contacts (e.g., Milberger et al., 2009;
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Zimolag and Krupa, 2009). Furthermore, we excluded the follow-

ing contexts: reports on relations between human personality and

animal-related issues; the link between animal abuse and interper-

sonal violence; attitudes toward pets in general or in connection

with animal welfare.

The prime criterion for inclusion was the publication of the

original research in a peer-reviewed scientific journal. Mainly

Medline and PsychLit were used for the article searches. Search

terms were: HAI, AAT, animal-assisted activity, “therapeutic rid-

ing” and “equine facilitated therapy.” However, since we focus on

psychosocial and psychophysiological effects in this review, stud-

ies employing horses in physiotherapy with a mere assessment

of effects on movement or balance were excluded (e.g., Cherng

et al., 2004; Beinotti et al., 2010). From several hundred pub-

lications found via the terms “pet,” “cat,” or “dog” we included

relevant original research articles (see Table 1) as well as reviews

and meta-analyses. The second criterion was that the study design

allowed to attribute any effect found with a high probability to

the animal interaction rather than to any other possible con-

founding variable. Hence, studies with a pre-post-measurement

design, but without control group were excluded. The third cri-

terion for inclusion was a sample size of at least 10 subjects (per

group).

EFFECTS OF HUMAN-ANIMAL INTERACTION

EFFECTS ON SOCIAL INTERACTION

Interacting with animals influences social interaction between

humans and related factors important in this respect, such as trust,

empathy, aggression, and a positive mood.

Increased positive social attention from others and stimulation of

social behavior

A relatively large body of research investigated the effect of a

friendly animal on the perception of the human in its company and

on the stimulation of social behavior. This is also called the “social

catalyst effect” when it refers to the facilitation of interpersonal

interactions.

Hart et al. (1987) and Eddy et al. (1988), for example, showed

that the company of a service dog promoted friendly social atten-

tion, smiles, and conversation from others for persons in wheel-

chairs. Wells (2004) studied the behavior of 1800 strangers toward

a female experimenter in six different conditions: accompanied by

a Labrador retriever pup, by an adult Labrador, by an adult Rot-

tweiler, being in the presence of a teddy bear or a plant, or being

alone as control conditions. In the alone condition, the experi-

menter was ignored more than with the teddy or plant, but got

more attention in the company of a dog. The Rottweiler led to

more non-responses than the pup or the adult Labrador, which

elicited most smiles and verbal responses. Also, in a classroom of

first-graders, the presence of a dog was associated with increased

attention toward the teacher in comparison to class in the absence

of the dog (Kotrschal and Ortbauer, 2003).

Interaction with an animal is per se a form of social behavior.

The following research assessed the effect of animal presence on

this aspect without further investigating effects in interpersonal

behavior. Children with autism interacted most frequently and for

the longest periods with a real dog in comparison to objects or

a person (Prothmann et al., 2009). Also children with pervasive

developmental disorders (including autism) were more playful in

interaction with a live dog compared to toys, and also more aware

of their social environment in the presence of the dog (Martin and

Farnum, 2002).

The following studies focused on the facilitation of interper-

sonal interaction by the presence of an animal, the social catalyst

effect. Among children with autism the presence of a dog during

occupational therapy was associated with greater use of language

and more social interaction (Sams et al., 2006). Similarly, thera-

peutic riding enhanced social motivation of children with autism

(Bass et al., 2009) and in children with various psychiatric diag-

noses psychotherapy sessions supported by the presence of a dog

promoted social extroversion (Prothmann et al., 2006).

In adult patients with chronic schizophrenia dog-assisted ther-

apy was linked to improvement in social contact, symptoms,

and quality of life related to social relationships, but in com-

parison to a control group without a dog differences were not

significant (Villalta-Gil et al., 2009). In psychiatric inpatients, how-

ever, AAT lead to a significant increase in interactions with other

patients over the course of 4 weeks in comparison to rehabilita-

tion without animals. This included smiles, sociability, helpfulness

toward others, activation and responsiveness (Marr et al., 2000).

Many animal-assisted interventions focus on elderly residents or

patients. The presence of an animal positively influenced, e.g.,

social interaction in elderly psychiatric inpatients (Haughie et al.,

1992) and verbal interaction among male nursing home residents

(Fick, 1993). A comparison of observations of AAT and non-AAT

recreational sessions in long-term care facilities showed that the

animal involvement was linked to more frequent initiation and

longer durations of conversations (Bernstein et al., 2000). Kramer

et al. (2009) also investigated visits by a person alone, in the com-

pany of a dog, and in the company of a robotic dog (AIBO) in

female nursing home residents with dementia. The visit of a per-

son with a live dog as well as a robotic dog led to more social

interaction than the person alone. From their reviews on the effects

of animals-assisted therapy on patients with dementia, Filan and

Llewellyn-Jones (2006) and Perkins et al. (2008) concluded that

AAT can benefit these patients by increasing social behavior and

interaction.

Several studies assessed changes in social interaction not via

direct observation, but rather indirectly. Paul and Serpell (1996)

found that normal families who obtained a dog, 1 month later

engaged in more leisure activities together and their children were

more often visited by friends. In a classroom of first-graders, the

presence of a dog led to a better social integration among students

as documented via indirect psychometric indicators (Hergovich

et al., 2002) as well as via direct behavior observation (Kotrschal

and Ortbauer, 2003). Also adults profit from animal contact with

regard to social relationships, such as patients with substance abuse

in an AAT group program, who rated the therapeutic alliance with

the therapist as more positive after 26 sessions than the control

group without an animal present (Wesley et al., 2009). Fournier

et al. (2007) reported that prison inmates significantly improved

in social skills via AAT and in normal adult couples, owning pets

stabilized the marriage after the children had left home (Na and

Richang, 2003).
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Table 1 | Original studies included in the review.

Authors Study Population/age group N Significant effects of HAI

Allen et al.

(2002)

Effect of presence of pets, friends

and spouses during a stressor

Adults, married couples 240 People with pets have lower heart rate

and blood pressure during baseline than

non-pet owners, smaller increases during

stressor and faster recovery. Most stress

reduction in pet owners when pet was

present

Allen et al.

(1991)

Effect of presence of pets, friends

and alone during a stressor

Adult women 45 Lower blood pressure, heart rate and skin

conductance during pet presence

Allen et al.

(2001)

Pet acquisition or no pet, stress task Adults with hypertension 24/24 Lower blood pressure, heart rate, plasma

renin activity in the pet group

Banks and

Banks (2002)

6 week dog-assisted therapy,

control group

Elderly residents in long-term

care facilities

45 Reduction of loneliness

Banks and

Banks (2005)

6 week dog-assisted therapy in a

group setting or individual setting

Elderly residents in long-term

care facilities

33 Reduction of loneliness greater in

individual setting

Barak et al.

(2001)

AAT, non-AAT group Elderly patients with

schizophrenia

10/10 Improved social functioning

Barker and

Dawson (1998)

One AAT session vs. one

recreational therapy session

Adult psychiatric patients 230 No differences in anxiety between types

of session, but significant reduction of

anxiety via AAT for patients with different

disorders

Barker et al.

(2005)

Comparison of petting a dog for 5 or

20 min vs. 20 min resting

Adult health care

professionals

20 Reduction of stress, lower salivary and

serum cortisol level in the dog conditions

Barker et al.

(2003a)

15 min reading vs. 15 min animal

interaction before stressor

Adult psychiatric patients 35 Reduction of fear and anxiety

Barker et al.

(2003b)

Waiting room with aquarium,

waiting room without aquarium

before stressor

Adult psychiatric patients 42 Reduction of anxiety

Bass et al.

(2009)

12 week therapeutic riding program,

waiting list control group

Children with autism 19/15 Greater sensory seeking, sensory

sensitivity, social motivation; less

inattention, distractibility and sedentary

behavior

Beetz et al.

(2011)

different groups with social support

by dog, adult, or toy dog during a

social stressor

Children, age 7–12, with

insecure attachment

31 Lower cortisol levels in group supported

by dog, strong connection of lower

cortisol and physical contact with dog

Berget et al.

(2008)

AAT with farm animals, control

group; 12 week intervention,

6 month follow-up

Adult psychiatric patients 90 Higher self-efficacy and coping ability in

the intervention group, no difference in

quality of life

Berget et al.

(2011)

AAT with farm animals, control

group; 12 week intervention

Adult psychiatric patients 41/28 Lower state anxiety at 6 month follow-up

in the intervention group

Bernstein et al.

(2000)

Comparison of animal visit and

recreational therapy

Elderly residents of two

long-term care facilities

33 More initiation of participation in longer

conversations

Charnetski

et al. (2004)

Experiment: experimental group

petting live dog, control groups

petting stuffed dog or sitting quietly

Adult college students 55 Only petting live dog increased IgA

Cole et al.

(2007)

Different groups, visit with dog, visit

without dog, usual care

Adults hospitalized with heart

failure

76 Less anxiety, lower blood pressure, lower

epinephrine, and norepinephrine levels

Colombo et al.

(2006)

Group taking care of canary for

3 months, or group taking care of

plant, or group taking care of

nothing

Elderly residents living in a

home for the elderly

144 Reduction of depression, better quality of

life in canary group

Crowley-

Robinson et al.

(1996)

Comparison of residents of different

nursing homes with and without

dogs

Elderly nursing home

residents

95 Both groups showed less depression

(Continued)
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Table 1 | Continued

Authors Study Population/age group N Significant effects of HAI

Davis et al.

(2009)

10 week therapeutic riding program,

control group

Children, age 4–12, with

cerebral palsy

35/37 No significant effect on functioning, health,

or quality of life

Demello

(1999)

Recovery from a cognitive stressor

under three conditions: unknown

pet absent, present with visual

contact only, present with tactual

contact allowed

Adult normotensive males

and females

50 Reduction of blood pressure and heart rate

greater in situation with visual contact only to

unfamiliar pet; petting the animal led to lower

heart rate

Eddy et al.

(1988)

Reaction of strangers when

disabled adult is in company of

service dog in comparison to being

alone

Disabled adults in wheelchairs 10 More smiles and conversations from

passersby in presence of dog

Edwards and

Beck (2002)

Food intake, weight and need of

nutritional supplements before and

after introduction of aquarium

Patients with Alzheimer’s

disease

62 Increase in food intake, weight, decreased

need of nutritional supplements

Fick (1993) AAT, observation of same group

under different conditions, with pet

in AAT, without pet

Elderly male nursing home

residents

36 More verbal interaction among group

members

Fournier et al.

(2007)

AAT, control group Adult prison inmates 48 More social skills and fewer institutional

infractions

Friedmann

et al. (1983)

Dog present when reading or

resting, introduced at beginning or

in second half of experiment

Children 38 Lower blood pressure when dog is present

from the beginning

Friedmann and

Thomas (1998)

Comparison of survival rates of pet

owners and non-owners, no

intervention

Adult patients with myocardial

infarction

424 Higher survival rates of pet owners

Gee et al.

(2010a)

Match-to-sample tasks in presence

of dog, stuffed dog, or human

Children in pre-school 12 Fewer irrelevant choices or errors in the real

dog condition

Gee et al.

(2010b)

Memory task in presence of dog,

stuffed dog, or human

Children in pre-school 12 Fewer prompts needed in real dog condition,

most prompts in the human condition

Gee et al.

(2007)

Performance of motor skill tasks in

presence or absence of dog

Children, typical and

developmentally delayed

14 In dog presence faster completion of the task

Gee et al.

(2009)

Dog present or absent during task Children in pre-school, with or

without language impairment

11 Better adherence to instructions in presence

of the dog in the imitation task

Grossberg and

Alf (1985)

Stroking a dog vs. reading, resting,

chatting

Adult students 48 Lower blood pressure when stroking a dog

vs. reading, or chatting; link to positive

attitudes toward pets

Gueguen and

Cicotti (2008)

4 Experiments, experimenter with

dog or no dog present, eliciting help

or phone number from others

Adult strangers 80 More helping behavior and more trust (giving

stranger own phone number) in company of

dog

Handlin et al.

(2011)

Experiment: stroking the own dog

and talking to it for 3 min, control

group without dog interaction

Female dog owners (age

>30 years)

10/10 Lower heart rate 55 min after interaction in

dog and owner, oxytocin levels higher during

or shortly after interaction with the dog

Hansen et al.

(1999)

Physical examination; one group in

the presence of an unfamiliar dog,

control group without dog present

children, age 2–6, 14 male, 20

female

15/19 No significant differences in blood pressure,

heart rate or fingertip temperature; lower

behavioral distress in the dog group

Hart et al.

(1987)

Social acknowledgment by

strangers before and after acquiring

a service dog, comparison to group

without dog, self-report

Adults in wheelchairs 19/9 More friendly social acknowledgment since

having a service dog, more social interaction

than no-dog group

Haughie et al.

(1992)

Live pet presence group vs.

photography group

Elderly psychiatric inpatients 37 More desirable social interaction

(Continued)
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Table 1 | Continued

Authors Study Population/age group N Significant effects of HAI

Havener et al.

(2001)

Undergoing a dental procedure

either in presence of a dog (20) or

no dog (20; subgroup of 17 children

with self-reported stress)

Children, age 7–11 20/20 No differences between group in peripheral

skin temperature; in subgroup of children

with self-reported stress (N = 17) dog

presence decreased arousal while waiting for

the dentist

Headey et al.

(2008)

Repeated survey comparing

pet-owners and non-owners, no

intervention

Normal adults 10,969 Fewer self-reported doctor visits, better

health

Hergovich

et al. (2002)

Children with classroom dog,

control class without dog

Children, first grade 46 More empathy, more field independence,

more social integration, less aggression

Holcomb et al.

(1997)

Presence or absence of an aviary in

the center (ABAB design)

Elderly males in day health

care program

38 No difference in depression due to mere

presence of absence of aviary, but utilization

of aviary was associated with lower

depression

Jenkins (1986) Stroking own dog vs. reading aloud Adults 20 Lower blood pressure while stroking dog

Jessen et al.

(1996)

Having a companion bird for 10 days

after admission to rehabilitation

unit, or no bird

Older adults 20/20 Decrease in depression in the group with a

companion bird

Kaminski et al.

(2002)

AAT vs. play therapy Children, hospitalized 70 Both groups had reduced depression, only

AAT group had improved in positive affect

and mood, lower heart rate

Kotrschal and

Ortbauer

(2003)

Observation of children in

classroom first without dog, then

with a dog

Children, first grade, mostly

immigrant background

24 Better school attendance, more social

integration, less aggression, more attention

toward teacher

Kramer et al.

(2009)

Visit by person only, by person with

dog, by person with robotic dog

Female nursing home

residents with dementia

18 More social interaction in presence of real

dog and robotic dog than of person only.

Robotic dog induced longer looks and

conversation

Lang et al.

(2010)

Clinical interview in presence of

absence of a dog, cross-over

design, pre-post measurement

Adult patients with acute

schizophrenia

14 Decreased state anxiety after interview in

dog presence

Marr et al.

(2000)

AAT, control group Adult psychiatric inpatients,

age 20–66

69 More interactive with other patients, more

smiles, more sociable and helpful

Martin and

Farnum (2002)

Interaction with toy, stuffed dog, or

live dog

Children with pervasive

developmental disorders, age

3–13

10 More playful, more focused and more aware

of social environment

Miller et al.

(2009)

Interaction with dog, or reading

without contact to dog

Male and female adult dog

owners

20 Serum oxytocin increased in women when

interacting with their dog, but not in men

Motooka et al.

(2006)

Comparison of two conditions:

Walking with or without unfamiliar

dog for 30 min

Elderly citizens, age 62–82 13 Heart rate variability is higher when walking

with the dog than when walking alone

Na and

Richang (2003)

Survey comparing pet-owners and

non-owners, no intervention

Normal, empty-nester

families, adults with grown up

children

719 Self-reported better mental and physical

health, more still married

Nagasawa

et al. (2009)

30 min interaction with dog.

Observing gaze from dog to owner,

vs. interaction with owner who is

not looking directly at dog during

interaction

Adult dog owners 55 High attached owners with longer gazes

from their dogs had higher OT level in urine

after interaction, but not in control condition

(not looking at dog)

Nagengast

et al. (1997)

10 min standardized physical

examination in presence or absence

of friendly unfamiliar dog;

cross-over design

Children, age 3–6 23 More decrease in systolic blood pressure

and heart rate during the examination in the

presence of the dog

(Continued)
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Table 1 | Continued

Authors Study Population/age group N Significant effects of HAI

Nathans-Barel

et al. (2005)

AAT, 10 weekly sessions, no AAT

group

Adult psychiatric patients with

chronic schizophrenia

10/10 Improved hedonic tone, better use of leisure

time and higher motivation

Odendaal

(2000);

(Odendaal and

Meintjes,

2003)

Petting own or unfamiliar dog or

reading book

Adults 18 Decreased cortisol in human, increase in

b-endorphin, oxytocin, prolactin, phenylacetic

acid and dopamine in dog and human

Paul and

Serpell (1996)

Group with new family dog, group

without new family dog

Children, age 8–12 27/29 More visits by friends, more family activities

together

Prothmann

et al. (2006)

Therapy session with dog, control

group without dog

Children, psychiatric patients 61/39 Improvement of vitality, intra-emotional

balance, social extroversion and alertness

Prothmann

et al. (2009)

Interaction with dog, person, or

object

Children with autism 14 Longer and more interaction with dog

Sams et al.

(2006)

Occupational therapy with and

without dog

Children with autism, age

7–13

22 More language use and social interaction in

dog condition

Schneider and

Harley (2006)

Watching video of psychotherapists

with and without dog present in the

video

Adult students 85 More self-disclosure and satisfaction with

therapist with dog

Shiloh et al.

(2003)

Experiment, exposure to stressor,

then stroking different animals or

resting

Non-clinical adults 58 Stroking live animals reduced anxiety

Straatman

et al. (1997)

Presence or absence (control group)

of unfamiliar dog during stressful

speech task

Male adults 17/19 No significant difference in anxiety, heart rate

or blood pressure between groups

Viau et al.

(2010)

Before and after introduction of

service dog to family, and after it

was removed for short time

Children with autism

spectrum disorder

42 Diminished cortisol awakening response

after introduction of service dog, this

changed back after removal; no effect on

average diurnal cortisol level; parents report

fewer problematic behaviors when dog was

present

Villalta-Gil et al.

(2009)

AAT group, control group Adult inpatients with chronic

schizophrenia

12/9 More social contact, fewer symptoms, better

quality of life in AAT group

Vormbrock and

Grossberg

(1988)

Visual vs. verbal vs. tactile

interaction with a dog

Adult students 60 Blood pressure lowest while stroking the

dog, lower blood pressure when talking to

dog than when talking to experimenter,

lower heart rate when quietly touching dog

Wells (2004) Woman in company of different

dogs or neutral stimuli in public,

reactions of strangers

Adults, strangers 1800 More social acknowledgment from strangers

in company of dog

Wesley et al.

(2009)

AAT group, control group Adults with substance abuse 135/96 Better therapeutic alliance with therapist

Wilson (1991) Comparison of three conditions:

reading aloud, reading quietly,

interacting with a dog

Young adults 92 No difference in state anxiety between

reading quietly and interacting with dog, but

both differed from reading aloud

Based on the presented evidence we conclude that contact

with companion animals holds the potential to promote social

interaction and functioning in children and adults with or without

mental health problems.

Increased trust and trustworthiness

Two studies meeting our criteria assessed whether the presence

of a friendly animal would increase trust toward other humans.

Schneider and Harley (2006) asked college students to rate the

trustworthiness of two different psychotherapists, each of them

depicted once with a dog present and once without the dog in a

video. When the dog was present, participants, particularly those

with the least positive attitude toward psychotherapists, reported

more general satisfaction with the therapist as well as more will-

ingness to disclose personal information. Gueguen and Cicotti

(2008) investigated the influence of the presence or absence of a
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dog on social interaction, helping, and courtship behavior. In four

different experiments, experimenters asked strangers for money

in the street, young women for their phone numbers in public or

observed whether people would help to pick up coins a male exper-

imenter dropped on the street. The presence of the dog was linked

to a higher compliance with the request for the phone number

and a higher rate of helping behavior. In particular the compli-

ance with the request for the phone number can be interpreted as

an indication for increased trust and maybe also attraction of the

strangers toward an unfamiliar man accompanied by a dog, which

probably promoted his perception as a trustworthy person. These

first findings indicate a sociopositive effect of dogs on trust and

prosocial behavior, but clearly, more research is needed.

Effects on empathy

Most studies on empathy and animal ownership are designed in a

way that they are not conclusive with regards to a direct influence

of pet ownership on the development of better empathic skills.

For example, Poresky and Hendrix (1990) assessed empathy in

young children via reports of their mothers and found that the

mere presence of a pet in the household was unrelated to empathy,

while the bond with the pet was positively related to empathy and

social competence. However, as the authors point out, it cannot

be deducted from such a survey-design that the effect is due to the

animal. This also applies to the studies by Paul (2000) or Daly and

Morton (2003, 2006, 2009). However, Hergovich et al. (2002) doc-

umented a positive effect of the presence of dogs in the classroom

on the development of empathy in children. When compared to a

control class, the class with the dogs showed higher scores in field

independence and empathy toward animals. Field independence

was interpreted as an indicator of better empathy, since it assesses

one’s ability to distinguish between self and non-self, which is a

necessary prerequisite for sensitivity toward the moods and needs

of others. Clearly, more research with appropriate designs and

measures is needed to provide evidence for an effect of animal

contact on empathy.

Reduction of aggression

Only few results point to the potential of the presence of a friendly

animal to reduce aggression in humans. In two studies, effects of

the presence of friendly dogs on aggressive behavior in a classroom

of first-graders were investigated via behavior observation and

reports of the classroom teacher (Hergovich et al., 2002; Kotrschal

and Ortbauer, 2003). In the presence of the dog, in comparison to

its absence, aggressive behavior was decreased.

Reduction of depression and promotion of a positive mood

In their meta-analysis Souter and Miller (2007) conclude that

animal-assisted interventions have the potential to significantly

reduce depressive symptoms and also our present survey of the

literature meeting our criteria points in this direction.

Crowley-Robinson et al. (1996) found a decrease in depres-

sion over the course of 2 years in elderly residents of a nursing

home with a resident dog, but also in the home without a resi-

dent dog. Banks and Banks (2002, 2005) showed in two controlled

studies with patients in long-term care facilities that animal vis-

itation programs reduced feelings of loneliness. The effect was

stronger in individual dog visits than in group settings, probably

since persons had more intense interactions with the dogs in an

individual setting. This indicates also that animal visits reduce feel-

ings of loneliness per se, instead via facilitating social interactions

with the other group members. Elderly residents of an institu-

tion experienced a reduction in depression and improvement in

quality of life when caring for a canary for a period of 3 months

(Colombo et al., 2006). A companion bird also reduced depres-

sion in elderly adults after admission to a skilled rehabilitation

unit (Jessen et al., 1996). While with one’s own bird individual

interaction and stroking are possible, this is different in aviaries

which do not allow for direct contact. However, while the mere

presence of an aviary did not significantly affect depression in a

Veteran’s Medical Center, the intensity of use of the aviary by the

elderly men was associated with reduced depression (Holcomb

et al., 1997).

Also in children and adults with physical or mental health

problems animal contact can improve mood. Nathans-Barel et al.

(2005) found that a 10-week AAT-program for patients with

chronic schizophrenia improved the mood in comparison with

a group without AAT. Children with psychiatric disorders showed

better intra-emotional balance after only a single therapy session

with a dog (Prothmann et al., 2006). In hospitalized children, both,

AAT and traditional play therapy improved mood, as reported by

the parents and children themselves, but only AAT was associated

with display of positive affect (Kaminski et al., 2002).

ANTI-STRESS EFFECTS

A large body of studies investigated the effect of interacting with

animals on stress, operationalizing stress either via endocrinolog-

ical or cardiovascular parameters.

Effects of HAI on cortisol, epinephrine, and norepinephrine

HAI has been investigated for its effects on hormonal indicators of

stress such as cortisol, and on neurotransmitters such as epineph-

rine and norepinephrine. First, studies not employing a specific

stressor, then studies including a stressor are reported. These

studies provide direct evidence that interaction with a friendly

companion animal, in particular a dog, positively affects endocrine

responses as indicated by changes in the levels of cortisol, epi-

nephrine and norepinephrine, suggesting an attenuation of stress

responses via HAI.

Barker et al. (2005) compared the effects of 20 min of quiet rest

to 5 and 20 min interaction with a therapy dog in healthcare pro-

fessionals. Before (baseline), during and after the interaction or

resting, serum cortisol, epinephrine, and norepinephrine as well

as salivary cortisol were collected. A significant reduction of serum

and salivary cortisol, but no effects on the other parameters, were

found in the dog conditions. Odendaal (2000) and Odendaal and

Meintjes (2003) assessed changes in plasma cortisol in dog owners

when petting their own, or an unfamiliar dog, or quietly reading

a book. The interaction with their own dog, and also with the

unfamiliar dog, but not the reading condition led to a significant

decrease in the cortisol levels of the humans. Viau et al. (2010)

investigated cortisol levels of children with autistic-spectrum dis-

order before and after the introduction of a service dog into their

families and after the dog was removed for a short period of time.
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While no change in the average diurnal cortisol levels due to the

intervention or the dog’s removal was observed, the change in cor-

tisol levels after waking up (cortisol awakening response) dropped

significantly from 58 to 10% in the morning when the dog was

present in the family, and increased back to 48% upon removal of

the dog.

A study by Cole et al. (2007) compared a visit with a dog to a

visit without a dog and the usual care in the hospital as control

conditions among adults hospitalized with heart failure, which

can be seen as a naturally occurring stressor. Significantly lower

epinephrine and norepinephrine levels were measured during and

after the dog visits. The effect of social support by a dog in com-

parison to support by a friendly human during a social stress test

on the cortisol levels of children with insecure attachment repre-

sentations was investigated by Beetz et al. (2011). The support by

a friendly dog during the experiment was associated with signifi-

cantly lower cortisol levels than support by a friendly human. This

effect was strongly correlated with the time the children spent in

physical contact with the dog during the experiment.

Effects on blood pressure, heart rate, and heart rate variability

A substantial number of well-designed studies investigated the

effect of HAI on blood pressure and heart rate, some also included

skin temperature or skin conductance, either in the absence of a

specific stressor or during a stress-inducing task.

Friedmann et al. (1983) investigated the effect of the presence

of a dog on children while they were reading or resting. Blood

pressure was lower when the dog was present during the entire

time than when the animal was just introduced during the second

half of the observation time. Grossberg and Alf (1985) compared

the effect of stroking a dog vs. resting, chatting, or reading in

undergraduate students. Blood pressures were significantly lower

when stroking a dog than when chatting or reading, however, it

was lowest during rest. A positive attitude toward companion ani-

mals was associated with lower mean arterial pressure and systolic

blood pressure. Vormbrock and Grossberg (1988) assessed heart

rate and blood pressure while undergraduates interacted with a

dog visually, verbally, or tactually. Blood pressure was highest while

talking to the experimenter and lowest during stroking the dog.

Kaminski et al. (2002) found that in AAT heart rate of hospital-

ized children decreased and a display of positive affect increased,

while this was not the case in play therapy. In adults hospitalized

with heart failure, a 12-min visit by a person with a dog led to a

greater decrease in systolic pulmonary artery pressure during and

after the visit when compared to a visit by a person alone (Cole

et al., 2007). Motooka et al. (2006) employed heart rate variability

as a parameter associated with autonomic nervous system arousal

in healthy elderly adults walking with or without an unfamiliar

dog for 30 min. While walking the dog, heart rate variability was

significantly higher than when walking alone. Generally, higher

heart rate variability indicates a relaxed state and an increase of

parasympathetic activity. Jenkins (1986) found that blood pres-

sure was significantly lower when stroking one’s own dog at home

than while reading aloud. Similarly, Handlin et al. (2011) showed

that stroking ones’ own dog for just 3 min led to decreased heart

rates 55 min later in female dog owners, while no such response

was observed in a control group not petting a dog.

The following studies assessed the effect of interactions with

unfamiliar animals on heart rate and blood pressure before, dur-

ing or after a stressor. Nagengast et al. (1997) found heart rate and

systolic blood pressure of 3–6 year-old children during a standard-

ized physical examination as a mild natural stressor to decrease

more in the company of a friendly dog than when undergoing this

examination alone at another time. In a similar study, Hansen et al.

(1999) compared blood pressure, heart rate, and fingertip temper-

ature between two groups of 2–6 year-old children undergoing a

standard physical examination, one group in company of a friendly

dog present during the examination, the other group without a

dog. Behavior observation documented less behavioral distress

when the dog was present. However, there were no significant dif-

ferences in the physiological parameters between the two groups.

Havener et al. (2001) studied the peripheral skin temperature as

indicator of autonomic nervous system arousal during a dental

procedure in children age 7–10. The intervention group had a dog

beside them during the procedure, while children in the control

group had no dog or a supportive person present. Only children

who had stated before the procedure that they were stressed by

having to come to the dentist showed a significant attenuation

of the stress response, measured as less decrease in skin tempera-

ture; the presence of the dog was observed for the time while the

children waited for the dentist to arrive. At the group level, the

intervention group did not significantly differ from the control

group. Demello (1999) studied adults while they were recovering

from a cognitive stressor under three conditions, with a pet present

and only visual contact allowed, or with tactile contact allowed; in

the third condition no pet was present. As expected, the cognitive

stressor led to an increase in heart rate and blood pressure and

these parameters decreased most in the condition where the pet

was present but no tactile contact was allowed. Stroking the animal

did not affect blood pressure, but resulted in a significant reduc-

tion of heart rate. Straatman et al. (1997) however, found no effect

on heart rate and blood pressure in a group of male students who

had a friendly, unfamiliar dog present during a stressful speech

task in comparison with a control group without a dog.

Studies investigating the effect of an aquarium in the room

differ from others due to the species and restricted possibilities

for contact. In a sample of elderly adults, DeSchriver and Riddick

(1990) compared the effects of watching an aquarium, a fish video-

tape, or a control tape on heart rate, skin temperature, and muscle

tension. While the group observing the real aquarium showed

a trend for lower heart rate and muscle tension as well as for

an increase in skin temperature, none of the group comparisons

reached statistical significance. Similarly, Barker et al. (2003b)

found no significant effect of an aquarium on heart rate or blood

pressure in psychiatric patients waiting for an electroconvulsive

therapy session.

The effect of the presence of one’s own pet vs. the presence of a

friend or being alone on heart rate, blood pressure, and skin con-

ductance during an arithmetic, stress-inducing task performed at

home and in the laboratory, was studied by Allen et al. (1991). At

home, pulse rate, blood pressure, and skin conductance were lower

in the presence of the pet than when alone or with a friend. Allen

et al. (2002) investigated the effect of two stressors (an arithmetic

task and putting the hand into ice-water for 2 min) in married
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couples, either in the presence of a friend, their own pet, or the

spouse. In the presence of their pets, pet owners showed signif-

icantly lower heart rate and blood pressure before the task, less

increase in reaction to the stressor and a faster recovery than the

non-pet-owning participants who had a friend present. Among

pet owners the presence of the pet attenuated the stress response

more than the presence of the spouse. Hypertensive patients profit

from acquiring and having a pet with regard to stress-related para-

meters such as heart rate blood pressure and plasma renin activity,

an indicator of hypertension. In a study by Allen et al. (2001) all

hypertensive participants showed similar reactions toward a men-

tal stressor before acquiring a pet. Then all participants started to

take medication for hypertension and half of the group was moti-

vated to acquire a pet. After half a year the stress task was repeated

in the homes of the participants. The pet owners had their pet

present during the task and showed lower blood pressure than

the control group. Their cardiovascular reactivity to the stressor

was lowered by half. Also, heart rate and plasma renin activity was

lower in the presence of the pet.

Overall, most of these studies show that the presence of friendly

animals, both familiar or unfamiliar, can effectively reduce heart

rate and blood pressure or buffer increases in these parameters in

anticipation of a stressor. These effects may even be stronger with

one’s own pet.

EFFECTS ON ANXIETY AND PAIN

Reduction of fear and anxiety and promotion of calmness

Several studies investigated whether animal contact can reduce

fear and anxiety elicited by a stressor. Shiloh et al. (2003) first

showed participants a live tarantula spider and indicated that they

might be asked to hold it later on. Participants were randomly

assigned to five groups, and instructed to pet either a live rabbit,

a live turtle, a toy rabbit, a toy turtle, or to just rest. Only petting

a live animal, but not a toy animal reduced self-reported anxiety.

Therefore, not the physical activity of petting per se caused the

effect. Similarly, Barker et al. (2003a) investigated self-reported

anxiety in psychiatric patients before electroconvulsive therapy.

One group interacted with an animal for 15 min while the control

group read magazines. Interacting with the animal significantly

reduced anxiety and fear. In contrast, Straatman et al. (1997) did

not find a significant effect on self-reported anxiety in male stu-

dents during a stressful speech task, when comparing a group in

the presence of an unfamiliar dog with a group without a dog

present.

In a few studies the effect of animal presence or contact on

self-reported anxiety in humans in the absence of a specific stres-

sor was investigated. Cole et al. (2007) compared the effects of

a 12-min visit with a dog or without a dog, with conditions of

normal care in adult patients who had been hospitalized due

to heart failure (which, however, could be interpreted as a nat-

ural stressor). Anxiety was reduced most in the presence of the

visiting dog. In undergraduate students a comparison of read-

ing quietly, reading aloud, and interacting with a dog (Wilson,

1991) did not show a significant effect of the animal contact on

anxiety when compared to reading quietly. Also Barker and Daw-

son (1998) found no statistically significant difference in anxiety

between AAT in comparison to therapeutic recreation in psychi-

atric inpatients. However, anxiety decreased from the beginning to

the end of the animal-assisted session, while this was not the case

in the control condition. In a study by Lang et al. (2010) patients

with acute schizophrenia reported less anxiety after a clinical inter-

view, when it was conducted in the presence of a friendly dog than

without. Berget et al. (2011) compared effects of a 12-week inter-

vention program with farm animals in psychiatric patients with

various diagnoses with a control group and found a decrease in

anxiety, however, not directly after the intervention, but 6 months

later.

As mentioned above, aquaria have limited potential in HAI.

Still, Barker et al. (2003b) showed that in a waiting room, an aquar-

ium can reduce anxiety in psychiatric inpatients before a scheduled

electroconvulsive therapy. Edwards and Beck (2002) documented

a higher food intake and weight gain, and a reduced require-

ment of nutritional supplementation in patients with Alzheimer’s

Disease after the introduction of an aquarium into the facility.

This finding may be interpreted as an increase in calmness, since

Alzheimer patients are often agitated and confused and this inter-

feres with food intake, leading to problems with malnutrition and

weight loss.

A similar effect of a friendly animal on calmness, the opposite

of anxiety, was documented by a study by Crowley-Robinson et al.

(1996). The elderly residents of a nursing home with a resident

dog, reported less tension and confusion in comparison to res-

idents of a home without a dog. Also Perkins et al. (2008) and

Filan and Llewellyn-Jones (2006) concluded from their reviews

that dog-assisted therapy reduces restlessness in elderly patients

with dementia.

Overall, the majority of studies points to a positive effect of

interactions with and observation of animals on self-reported

anxiety and calmness, in particular under stress-prone conditions.

Effects on perception of pain

Unfortunately, none of the few existing studies on effects of animal

contact on human pain management met our inclusion criteria.

However, reports point at a possible positive effect, indicating a

reduced use of pain medication, especially in nursing homes and

homes for the elderly (e.g., Darrah, 1996) with the presence of pets.

EFFECTS ON LEARNING

Little research addresses animals’ positive effects on learning in

children. However, there is some indirect evidence that animals

could positively affect the preconditions for learning. In a series

of studies, Gee and colleagues investigated the effect of the pres-

ence of a dog on children performing different tasks. A group

of developmentally delayed and a group of normally developed

children performed faster in a motor skill task with the same accu-

racy when a dog was present than when no dog was present (Gee

et al., 2007). According to the authors, one explanation could be

that the dog served as an effective motivator, another that the

presence of the dog led to increased relaxation and a reduction

of stress during execution of the task thus increasing speed of

performance. Also pre-school children with and without language

impairments adhered to instructions during an imitation task bet-

ter in the presence of a dog than in the presence of a toy dog or a
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human (Gee et al., 2009). They needed fewer prompts (as an indi-

cator of concentration) for a memory task in the presence of a dog,

while they needed the most prompts in the presence of another

human (Gee et al.,2010b). Furthermore, in a match-to-sample task

pre-school children made fewer errors, such as irrelevant choices,

in the presence of a friendly dog in comparison to the presence of

a stuffed toy dog or a human (Gee et al., 2010a). In line with these

results, Kotrschal and Ortbauer (2003) found that children paid

more attention to the teacher when a dog was present in the class-

room and overall, we propose that some of the found effects of Gee

and colleagues could also be based on increased social attention

toward the experimenter in the dog condition.

Currently, there is no direct evidence that animals can promote

learning in humans, but the presence of a dog in an educational

setting seems to support concentration, attention, motivation, and

relaxation reflecting reduction of high stress levels which inhibit

effective learning and performance. Also, the presence of a dog

creates a pleasant social atmosphere, which is known to be an

essential component for optimal executive functioning (Diamond

and Lee, 2011), which represents a precondition for learning.

EFFECTS ON HUMAN HEALTH AND RESTORATION

Already in the 1980s researchers tested the idea that pet owner-

ship is good for the owner’s mental and physical health. However,

many of these studies suffered from the problem of confound-

ing variables, such as the individual’s health condition which may

influence the decision to get a pet. Such studies, some of them

large surveys with thousands of participants, were conducted by

Garrity et al. (1989); Raina et al. (1999); Parslow et al. (2005);

Siegel (1990); Stallones et al. (1990), and Winefield et al. (2008).

Their findings generally suggest that companion animal own-

ers have better health than non-animal owners, as indicated by

medical markers such as cholesterol levels, or indirectly, via the

frequency of doctor visits. However, these correlative studies do

not allow making a causal connection between pet ownership and

health.

Original studies on health effects of companion animals

Headey and his colleagues investigated health effects of pet own-

ership in several surveys with large and representative samples,

while statistically controlling for most confounding variables and

thus allowing for a more causal interpretation of pet ownership

and health. In over 1000 adult Australians Headey (1999) found

that dog and cat owners paid fewer annual doctor visits and were

less likely to take medication for sleeping problems than non-pet

owners. In a survey with over 3000 female participants between

25 and 40 years of age from Chinese cities, Headey et al. (2008)

report that dog owners, who comprised half of the sample, had

higher self-reported fitness and health, exercised more frequently,

slept better, saw their doctors less frequently, and took fewer days

off from work than comparable non-dog owners.

Another approach focuses on certain sub-populations with a

well-defined social or health condition, which can contribute to a

better comparability of pet-owners and non-owners with respect

to many confounding variables. In their sample of empty-nesters,

i.e., families in which the children have left home, Na and Richang

(2003) found that pet-owning couples showed better mental and

physical health than those not owning a pet. From a longitudinal

survey in Australia and Germany in which the same group was

questioned a second time after several years, Headey and Grabka

(2007) reported that the healthiest group in both countries was

the one who continuously owned a pet. They reported 15% fewer

annual doctor visits than non-owners, while the influence of gen-

der, age, marital status, income, and other variables associated with

health was statistically controlled. Persons who never had a pet or

ceased to have one were less healthy.

In children with cerebral palsy a 10-week therapeutic riding

program had no effect on general health and quality of life in

comparison to a control group (Davis et al., 2009). However, indi-

rect indicators of mental health, self-efficacy and coping ability,

had significantly improved 6 months after the end of a 12-week

intervention with farm animals in psychiatric patients in compar-

ison with a control group, while directly after the intervention no

significant differences between the two groups were found (Berget

et al., 2008). In elderly patients with schizophrenia, AAT in weekly

4 h sessions over the course of 12 months improved adaptive func-

tioning, which is frequently used as a global indicator of mental

health and describes a person’s ability to take care of him- or herself

and to effectively interact with society (Barak et al., 2001).

Reviews on health effects of human-animal interactions

In two review articles on pet ownership and human health, Wells

(2007, 2009) concluded that there is evidence supporting the pro-

phylactic and therapeutic value of companion animals to humans

without providing direct evidence for a causal association. Nimer

and Lundahl (2007) concluded from their meta-analysis of 49

studies that animal-assisted interventions (excluding pet owner-

ship or mere animal-assisted activities) showed positive health

effects, often with medium effect sizes for persons of all ages with

regard to emotional well-being, medical conditions, behavioral

problems, and symptoms of autistic-spectrum disorder.

Cardiovascular disease and human-animal interaction

Evidence for the effects of HAI on cardiovascular diseases was

gained from the following studies: Headey (1999) found that

dog and cat owners were less likely to take medication for heart

problems than non-pet owners. Friedmann and Thomas (1998)

investigated 1-year-survival in a group of several hundred patients

with acute myocardial infarction. High social support and owning

a dog, but not a cat, predicted survival after 1 year. In their review

of research on “pet therapy,” Giaquinto and Valentini (2009) come

to the conclusion that there is consistent evidence for a protective

effect of pet ownership against cardiovascular risk.

Effects of human-animal interaction on the immune system

Only one study assessing parameters of the immune system met

our inclusion criteria. Charnetski et al. (2004) reported a signifi-

cant increase in salivary immunoglobulin A (IgA), an indicator

of good immune system functioning, in college students after

stroking a live dog in comparison to stroking a stuffed dog or

sitting quietly for 18 min.

SUMMARY OF EFFECTS OF HUMAN-ANIMAL INTERACTION

The studies reviewed here clearly indicate the following positive

effects of HAI in several different domains and in humans of
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different age groups, with and without special medical, or mental

health conditions:

– improvement of social attention, behavior, interpersonal inter-

action, and mood

– reduction of stress-related parameters such as cortisol, heart

rate, and blood pressure

– reduction of self-reported fear and anxiety

– improvement of mental and physical health, especially cardio-

vascular health.

Limited evidence or very few publications exist for positive

effects of HAI on:

– reduction of stress-related parameters such as epinephrine and

norepinephrine

– improvement of immune system functioning

– improved pain management

– increased trustworthiness of and trust toward other persons

– reduced aggression

– enhanced empathy and

– improved learning.

We propose that most of these effects of HAI may be mediated

via the OT system and that the activation of this system represents

the mechanism underlying these effects. Exceptions are the studies

involving aquaria or aviaries which do not allow for direct con-

tact. The calming effects of observing fish or birds are likely mainly

based on other mechanisms than the activation of the OT system.

It needs to be mentioned here that obviously the reported stud-

ies worked with an optimal setting, i.e., persons who voluntarily

participate and can be assumed to have an at least neutral to posi-

tive attitude toward the involved species and no fear of the involved

animals. Stress-reducing and calming effects of e.g., dogs cannot

be expected in persons with a dog phobia. This self-selection lim-

its the generalization to the entire population, however, it seems

plausible to assume that the reported effects can be found in per-

sons with a similar neutral to positive attitude toward animals.

Also familiarity with the animal species might have an influence

in this respect. Furthermore, also the involved animals, partic-

ularly if they do not belong to the participants, usually meet

high standards, meaning they are obedient, calm, friendly, healthy,

and well-socialized with humans with special needs and diseases.

Therefore not all results from experimental settings can be gen-

eralized to every privately kept companion animal, or at least the

positive effects might be blunted by a pet’s behavior or health

problems.

THE OXYTOCIN SYSTEM

The peptide hormone oxytocin (OT) is produced in the hypothal-

amus and released into the circulatory system and the brain in

response to sensory stimulation via a network of OT-containing

nerves (Landgraf and Neumann, 2004; Ross et al., 2009), e.g., dur-

ing breastfeeding, labor, sex, but also touch, warmth, and stroking,

usually in the context of trusting relationships (for reviews see

Uvnäs-Moberg, 2003; Insel, 2010). Many physiological, psycho-

logical and behavioral functions are modulated via OT, as has

been shown via experimental administration of OT in animals

and humans.

EFFECTS ON SOCIAL INTERACTION

Among the acute effects of OT is the stimulation of social inter-

action. It increases eye contact, empathy, face memory, trust,

social skills, positive self-perception, and generosity and decreases

depression (Heinrichs et al., 2003; Kosfeld et al., 2005; Ohlssson

et al., 2005;Zak et al., 2005, 2007; Domes et al., 2007; Guastella et al.,

2008; Jonas et al., 2008; Savaskan et al., 2008; Rimmele et al., 2009;

Cardoso et al., 2011). Also, it counteracts aggression (Petersson

et al., 1998) and improves learning by conditioning (Björkstrand

et al., 1996;Petersson et al., 1996, 1999; Uvnäs-Moberg et al.,

2000). OT promotes maternal care behavior (Pedersen et al., 1982;

Fahrbach et al., 1984) and bonding to the offspring (Kendrick et al.,

1986, 1997; Keverne and Kendrick, 1992) as well as pair bonding

(Carter et al., 1995).

ANTI-STRESS EFFECTS

Furthermore, OT has anti-stress effects. It decreases glucocorticoid

(i.e., stress hormone) levels in humans and non-human animals

(Legros et al., 1988; Petersson et al., 1999; Neumann et al., 2000),

in particular in response to social stressors (Heinrichs et al., 2003;

Kirsch et al., 2005). When administered intracerebroventricularly,

OT decreases blood pressure for several hours (Petersson et al.,

1999) as well as heart rate (Dreifuss et al., 1988), and increases

peripheral cutaneous circulation and skin temperature (Petersson

et al., 1999).

EFFECTS ON ANXIETY, PAIN, AND IMMUNE SYSTEM

Oxytocin increases pain thresholds and has an anti-inflammatory

effect in rats (Petersson et al., 1996, 2005). It has also an anxiolytic

effect (Uvnäs-Moberg et al., 1994; Neumann et al., 2000; Amico

et al., 2004; Jonas et al., 2008; Guastella et al., 2009), in particular

in relation to social threats (Kirsch et al., 2005).

EFFECTS ON HEALTH AND RESTORATION

Furthermore, OT is associated with increases in the function of the

parasympathetic nervous system controlling the endocrine system

of the gastrointestinal tract, which is linked to an enhanced diges-

tive function and growth and restoration (Widstrom et al., 1988;

Uvnäs-Moberg, 1989, 1994).

As this short overview of OT-mediated effects shows there is a

major overlap of effects of HAI and OT and the following research

shows that indeed HAI may activate the OT system in humans.

EFFECTS OF HAI ON OXYTOCIN

Odendaal (2000); Odendaal and Meintjes (2003) documented a

significant increase of plasma OT, as well as prolactin, phenylacetic

acid, and dopamine, in both, humans and dogs after 5 to 24 min

of stroking a dog. Interaction with one’s own dog resulted in a

stronger effect than stroking an unfamiliar dog. This indicated

that the increase in OT depends on the quality of the human-

animal relationship – the closer the relationship, the more OT is

released via the positive interaction including physical contact.

Miller et al. (2009) studied changes of plasma OT via inter-

action with the person’s own pet-dog, in men and women after

coming home from work who had been separated from their dog

during the day. Two conditions, interacting with the dog and read-

ing quietly in the absence of the dog were compared. Interacting
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with the dog led to an increase in plasma OT in women, but not

men, while this was not observed in the reading condition. In both

conditions, men even showed a drop in OT levels. However, OT

levels decreased more in the control condition, pointing toward a

counteracting effect of interacting with the dogs on the OT system

also in men.

In their study of female dog owners, who were instructed to

stroke and talk to their own male dogs for 3 min in a laboratory

setting, Handlin et al. (2011) found a significant increase in plasma

OT in both women and dogs, but not in a control group without

animal interaction.

Nagasawa et al. (2009) employed urinary OT to assess the effect

of 30 min of interaction between dogs and their owners, particu-

larly the duration of friendly gazes from the dogs to the owners.

In a control condition lasting for 30 min, owners were instructed

not to look at their dogs directly. Participants were divided into

owners who were less attached and received a shorter duration of

gaze from their dogs and owners who received a longer duration of

gaze from their dog and reported a higher degree of attachment to

them. In the normal interaction condition, longer gaze was linked

to higher OT levels in the owner, while this was not the case in the

control condition without eye contact.

It needs to be mentioned that measuring urinary OT is not gen-

erally accepted as a valid approach to assess peripheral OT. Indeed,

Feldman et al. (2011) found no significant correlation between

urinary OT and plasma or salivary OT, but a moderate correla-

tion of the latter two. The techniques for assessing OT levels differ

between the studies reported above and thus did not necessarily

measure exactly the same, which needs to be kept in mind when

comparing their results (Uvnäs-Moberg et al., 2011).

Overall, the studies suggest that social interaction of humans

and dogs may lead to an increase in OT levels in both, the human

and the dog. Physical contact and the relationship between owner

and dog seem to play an important role in this respect.

CONCLUSION

Research on direct OT effects in HAI is still rare. But the exist-

ing evidence clearly points at the potential of interactions with

animals, especially one’s own pet-dog, to increase OT levels in

humans. We propose that the release of OT via contact with

animals may contribute to explain many of the effects of HAI doc-

umented by the studies included in our review. There is also much

indirect evidence on a potential link of HAI effects and the OT sys-

tem. In fact, the effects of OT and of HAI largely correspond. Both,

HAI and OT, were found to promote social interaction, to reduce

stress and anxiety, and to enhance human health. OT is released

via eye contact, but in particular, via pleasant tactile interactions

which seem to play a major role for the OT-mediated decrease of

stress levels. Oxytocin effects may be triggered in response to sin-

gle meetings with animals, but stable relationships with animals

such as pet ownership will be linked to more potent and long last-

ing effects due to repeated exposure to OT. In addition, the bond

between human and animal may contribute to OT release and oxy-

tocin mediated effects. HAI effects are stronger with a familiar dog

in comparison to an unfamiliar dog. That the OT system plays a

major role in social bonds has been documented by several studies

(e.g., Carter, 1998; Carter and Keverne, 2002; Bales et al., 2007).

Overall, we propose that the reduction of subjective psycho-

logical stress (fear, anxiety) due to animal contact, as well as

the dampening of physiological stress parameters in connection

with activation of the OT system represent a core mechanism in

explaining many of the positive effects of HAI. These mechanisms

have also be linked to other constructs such as e.g., attachment

theory, biophilia (Wilson, 1984), social support theories (Wills,

1991), the polyvagal theory (Porges, 1995, 2007, 2009) and the

social baseline model (Coan, 2008, 2010, 2011) by a large body

of studies which focus on stress regulation via social support

(Wills, 1991) and via bonds within one’s own species Julius et al.

(2012). The evidence reviewed here clearly indicates that these

mechanisms may also apply to some extent to HAI. Also, while

we believe that the activation of the OT system is a core mecha-

nism in explaining the majority of reported effects of HAI, we are

aware that it cannot explain all effects and that other mechanisms,

physiologically as well as psychologically based, are involved. Fre-

quently cited factors in research on HAI are e.g., the unconditional

love and acceptance which animals provide to clients of animal-

assisted interventions and their owners and the social catalyst

effect which might be initially based rather on biophilia than

the activation of the OT system. Biophilia can be described as

an interest in nature and animals and in seeking a connection

with them (Wilson, 1984). However, the activation of the OT

system via HAI as theoretic approach allows the integration of

many different research findings due to the large body of research

on OT in animal or human research which can serve as foun-

dation, which no other theory has been able to achieve until

now.

ACKNOWLEDGMENT

We gratefully acknowledge financial support by FWF-grant

P 23345-B17.

REFERENCES
Allen, K., Blascovich, J., and Mendes,

W. B. (2002). Cardiovascular reac-

tivity and the presence of pets,

friends, and spouses: the truth about

cats and dogs. Psychosom. Med. 64,

727–739.

Allen, K., Blascovich, J., Tomaka, J., and

Kelsey, R. M. (1991). The presence of

human friends and pet dogs as mod-

erators of autonomic responses to

stress in women. J. Pers. Soc. Psychol.

61, 582–589.

Allen, K., Shykoff, B. E., and Izzo, J.

L. (2001). Pet ownership, but not

ace inhibitor therapy, blunts home

blood pressure responses to mental

stress. Hypertension 38, 319–324.

Amico, J. A., Mantella, R. C., Vollmer,

R. R., and Li, X. (2004). Anxiety and

stress responses in female oxytocind-

eficient mice. J. Neuroendocrinol. 16,

319–324.

Bales, K. L., van Westerhuyzen, J. A.,

Lewis-Reese, A. D., Grotte, N. D.,

Lanter, J. A., and Carter, C. S. (2007).

Oxytocin has dose-dependent devel-

opmental effects on pairbonding

and alloparental care in female

prairie voles. Horm. Behav. 52,

274–279.

Banks, M. R., and Banks, W. A. (2002).

The effects of animal-assisted ther-

apy onloneliness in an elderly pop-

ulation in long-term care facilities.

J. Gerontol. A Biol. Sci. Med. Sci. 57,

M428–M432.

Banks, M. R., and Banks, W. A. (2005).

The effects of group and individual

animal-assisted therapy on loneli-

ness in residents of long-term care

facilities. Anthrozoos 18, 396–408.

Barak, Y., Savorai, O., Mavashev, S.,

and Beni, A. (2001). Animal-assisted

therapy for elderly schizophrenic

patientx: a one-year controlled trial.

Am. J. Geriatr. Psychiatry 9, 439–442.

Barker, S. B., and Dawson, K. S. (1998).

The effects of animal-assisted ther-

apy on anxiety ratings of hospital-

ized psychiatric patients. Psychiatr.

Serv. 49, 797–801.

Frontiers in Psychology | Psychology for Clinical Settings July 2012 | Volume 3 | Article 234 | 12

http://www.frontiersin.org/Psychology_for_Clinical_Settings
http://www.frontiersin.org/Psychology
http://www.frontiersin.org/Psychology_for_Clinical_Settings/archive


Beetz et al. Effects of human-animal interactions

Barker, S. B., Knisely, J. S., McCain, N.

L., and Best, A. M. (2005). Mea-

suring stress and immune responses

in health care professionals fol-

lowing interaction with a therapy

dog: a pilot study. Psychol. Rep. 96,

713–729.

Barker, S. B., Pandurangi, A. K., and

Best, A. M. (2003a). Effects of

animal-assisted therapy on patients’

anxiety, fear, and depression before

ECT. J. ECT 19, 38–44.

Barker, S. B., Rasmussen, K. G., and

Best, A. M. (2003b). Effect of aquar-

iums on electroconvulsive therapy

patients. Anthrozoos 16, 229–240.

Bass, M. M., Duchowny, C. A., and

Llabre, M. M. (2009). The effect

of therapeutic horseback riding on

social functioning in children with

autism. J. Autism Dev. Disord. 39,

1261–1267.

Beetz, A., Kotrschal, K., Hediger, K.,

Turner, D., and Uvnäs-Moberg, K.

(2011). The effect of a real dog,

toy dog and friendly person on

inseucrely attached children during

a stressful task: an exploratory study.

Anthrozoos 24, 349–368.

Beinotti, F., Correia, N., Christofoletti,

G., and Borges, G. (2010). Use of

hippotherapy in gait training for

hemiparetic post-stroke. Arq. Neu-

ropsiquiatr. 68, 908–913.

Berget, B., Ekeberg, O., and Braastad, B.

O. (2008). Animal-assisted therapy

with farm animals for persons

with psychiatric disorders: effects

on self-efficacy, coping ability and

quality of life, a randomized con-

trolled trial. Clin. Pract. Epidemiol.

Ment. Health 4, 9. Available at:

http://www.cpementalhealth.com/

content/4/1/9

Berget, B., Ekeberg, O., Pedersen, I.,

and Braastad, B. (2011). Animal-

assisted therapy with farm animals

for persons with psychiatric disor-

ders: effects on anxiety and depres-

sion. A randomized controlled trial.

Occup. Ther. Ment. Health 27, 50–64.

Bernstein, P., Friedmann, E., and

Malaspina, A. (2000). Animal-

assisted therapy enhances resident

social interaction and initiation in

long-term care facilities. Anthrozoos

13, 213–224.

Björkstrand, A., Eriksson, M., and

Uvnäs-Moberg, K. (1996). Evidence

of a peripheral and a central effect

of oxytocin on pancreatic hormone

release in rats. Neuroendocrinology

63, 377–383.

Cardoso, C., Ellenbogen, M. A.,

and Linnen, A.-M. (2011). Acute

intranasal oxytocin improves posi-

tive self-perceptions of personality.

Psychopharmacology 220, 741–749.

Carter, C., and Keverne, E. B. (2002).

“The neurobiology of social affilia-

tion and pair bonding,”in Hormones,

Brains and Behavior, ed. D. Pfaff (San

Diego: Academic Press), 299–337.

Carter, C. S. (1998). Neuroendocrine

perspectives on social attachment

and love. Psychoneuroendocrinology

23, 779–818.

Carter, C. S., DeVries, A. C., and Getz, L.

L. (1995). Physiological substrates of

mammalian monogamy: the prairie

vole model. Neurosci. Biobehav. Rev.

19, 303–314.

Charnetski, C. J., Riggers, S., and Bren-

nan, F. X. (2004). Effect of petting

a dog on immune system function.

Psychol. Rep. 95, 1087–1091.

Cherng, R.-J., Liao, H.-F., Leung, H. W.

C., and Hwang, A.-W. (2004). The

effectiveness of therapeutic horse-

back riding in children with spastic

cerebral palsy. Adapt. Phys. Activ. Q.

21, 103–121.

Coan, J. A. (2008). “Toward a neuro-

science of attachment,” in Handbook

of Attachment: Theory, Research and

Clinical Application, 2nd Edn, ed. J.

Cassidy and P. R. Shaver (New York:

Guilford Press), 241–265.

Coan, J. A. (2010). Emergent ghosts of

the emotion machine. Emot. Rev. 2,

274–285.

Coan, J. A. (2011). “The social regu-

lation of emotion,” in Handbook of

Social Neuroscience, eds J. Decety and

J. T. Cacioppo (New York: Oxford

University Press).

Cole, K. M., Gawlinski, A., Steers, N.,

and Kotlerman, J. (2007). Animal-

assisted therapy in patients hospital-

ized with heart failure. Am. J. Crit.

Care 16, 575–585.

Colombo, G., Buono, M. D., Sma-

nia, K., Raviola, R., and DeLeo,

D. (2006). Pet therapy and insti-

tutionalized elderly: a study on

144 cognitively unimpaired sub-

jects. Arch. Gerontol. Geriatr. 42,

207–216.

Crowley-Robinson, P., Fenwick, D. C.,

and Blackshaw, J. K. (1996). A long-

term study of elderly people in nurs-

ing homes with visiting and resi-

dent dogs. Appl. Anim. Behav. Sci. 47,

137–148.

Daly, B., and Morton, L. L. (2003).

Children with pets do not show

higher empathy: a challenge to cur-

rent views. Anthrozoos 16, 298–314.

Daly, B., and Morton, L. L. (2006).

An investigation of human-animal

interactions and empathy as related

to pet preference, ownership, attach-

ment, and attitudes in children.

Anthrozoos 19, 113–127.

Daly, B., and Morton, L. L. (2009).

Empathic differences in adults as a

function of childhood and adult pet

ownership and pet type. Anthrozoös

22, 371–382.

Darrah, J. P. (1996). A pilot survey of

animal-facilitated therapy in South-

ern California and South Dakota

nursing homes. Occup. Ther. Int. 3,

105–121.

Davis, E., Davies, B., Wolfe, R.,

Raadsveld, R., Heine, B., Thoma-

son, P., Dobson, F., and Graham,

H. (2009). A randomized controlled

trial of the impact of therapeu-

tic horse riding on the quality of

life, health, and function of children

with cerebral palsy. Dev. Med. Child

Neurol. 51, 111–119.

Demello, L. R. (1999). The effect of the

presence of a companion-animal on

physiological changes following the

termination of cognitive stressors.

Psychol. Health 14, 859–868.

DeSchriver, M. M., and Riddick, C. C.

(1990). Effects of watching aquari-

ums on elders’ stress. Anthrozoos 4,

44–48.

Diamond, A., and Lee, K. (2011). Inter-

ventions shown to aid executive

function development in children 4

to 12 years old. Science 333, 959–964.

Domes, G., Heinrichs, M., Michel, A.,

Berger, C., and Herpertz, S. C.

(2007). Oxytocin improves “mind-

reading” in humans. Biol. Psychiatry

61, 731–733.

Dreifuss, J. J., Raggenbass, M., Charpak,

S., Dubois-Dauphin, M., and Tri-

bollet, E. (1988). A role of central

oxytocin in autonomic functions:

its action in the motor nucleus of

the vagus nerve. Brain Res. Bull. 20,

765–770.

Eddy, J., Hart, L., and Boltz, R. P.

(1988). The effects of service dogs on

social acknowledgements of people

in wheelchairs. J. Psychol. 122,39–45.

Edwards, N., and Beck, A. M. (2002).

Animal-assisted therapy and nutri-

tion in Alzheimer’s disease. West. J.

Nurs. Res. 24, 697–712.

Fahrbach, S. E., Morrell, J. I., and

Pfaff, D. W. (1984). Oxytocin

induction of short-latency maternal

behavior in nulliparous, estrogen-

primed female rats. Horm. Behav. 18,

267–286.

Feldman, R., Gordon, I., and Zagoory-

Sharon, O. (2011). Maternal and

paternal plasma, salivary, and uri-

nary oxytocin and parent-infant

synchrony: considering stress and

affiliation components of human

bonding. Dev. Sci. 14, 752–761.

Fick, K. M. (1993). The influence of

an animal on social interactions of

nursing home residents in a group

setting. Am. J. Occup. Ther. 47,

529–534.

Filan, S. L., and Llewellyn-Jones, R. H.

(2006). Animal-assisted therapy for

dementia: a review of the literature.

Int. Psychogeriatr. 18, 597–611.

Fournier,A. K.,Geller,E. S., and Fortney,

E. V. (2007). Human-animal inter-

action in a prison setting: impact

on criminal behavior, treatment

progress, and social skills. Behav. Soc.

Issues 16, 89–105.

Friedmann, E., Katcher, A. H., Thomas,

S. A., Lynch, J. J., and Messent, P. R.

(1983). Social interaction and blood

pressure: influence of animal com-

panions. J. Nerv. Ment. Dis. 171,

461–464.

Friedmann, E., and Thomas, S. A.

(1998). “Pet ownership, social sup-

port, and one-year survival after

acute myocardial infarction in the

cardiac arrhythmia suppression trial

(CAST),” in Companion Animals in

Human Health, eds C. C. Wilson and

D. C. Turner (Thousand Oaks: Sage

Publications, Inc.), 187–201.

Garrity, T. F., Stallones, L., Marx, M. B.,

and Johnson, T. P. (1989). Pet own-

ership and attachment as supportive

factors in the health of the elderly.

Anthrozoos 3, 35–44.

Gee, N. R., Church, M. T., and Altobelli,

C. L. (2010a). Preschoolers make

fewer errors on an object categoriza-

tion task in the presence of a dog.

Anthrozoos 23, 223–230.

Gee, N. R., Crist, E. N., and Carr, D. N.

(2010b). Preschool children require

fewer instructional prompts to per-

form a memory task in the presence

of a dog. Anthrozoos 23, 173–184.

Gee, N. R., Harris, S. L., and Johnson,

K. L. (2007). The role of therapy

dogs in speed and accuracy to com-

plete motor skill tasks for preschool

children. Anthrozoos 20, 375–386.

Gee, N. R., Sherlock, T. R., Bennett,

E. A., and Harris, S. L. (2009).

Preschoolers’ adherence to instruc-

tion as a function of presence of a

dog and motor skill task. Anthrozoos

22, 267–276.

Giaquinto, S., and Valentini, F. (2009).

Is there a scientific basis for pet ther-

apy? Disabil. Rehabil. 31, 595–598.

Grossberg, J. M., and Alf, E. F. (1985).

Interaction with pet dogs: effects on

human cardiovascular response. J.

Delta Soc. 2, 20–27.

Guastella, A. J., Howard, A. L., Dadds,

M. R., Mitchell, P., and Carson,

D. S. (2009). A randomized con-

trolled trial of intranasal oxytocin as

an adjunct to exposure therapy for

social anxiety disorder. Psychoneu-

roendocrinology 34, 917–923.

Guastella, A. J., Mitchell, P. B., and

Dadds, M. R. (2008). Oxytocin

increases gaze to the eye region of

www.frontiersin.org July 2012 | Volume 3 | Article 234 | 13

http://www.cpementalhealth.com/content/4/1/9
http://www.cpementalhealth.com/content/4/1/9
http://www.frontiersin.org
http://www.frontiersin.org/Psychology_for_Clinical_Settings/archive


Beetz et al. Effects of human-animal interactions

human faces. Biol. Psychiatry 63,

3–5.

Gueguen, N., and Cicotti, S. (2008).

Domestic dogs as facilitators in

social interaction: an evaluation of

helping and courtship behaviors.

Anthrozoos 21, 339–349.

Handlin, L., Hydbring-Sandberg, E.,

Nilsson, A., Ejdebäck, M., Jansson,

A., and Uvnäs-Moberg, K. (2011).

Short-term interaction between

dogs and their owners – effects

on oxytocin, cortisol, insulin and

heart rate – an exploratory study.

Anthrozoos 24, 301–316.

Hansen, K. M., Messenger, C. J., Baun,

M., and Megel, M. E. (1999). Com-

panion animals alleviating distress

in children. Anthrozoos 12, 142–148.

Hart, L. A., Hart, B., and Bergin, B.

(1987). Socializing effects of ser-

vice dogs for people with disabilities.

Anthrozoos 1, 41–44.

Haughie, E., Milne, D., and Elliott,

V. (1992). An evaluation of com-

panion pets with elderly psychi-

atric patients. Behav. Psychother. 20,

367–372.

Havener, L., Gentes, L., Thaler, B., Megel,

M. E., Baun, M. M., Driscoll, F. A.,

Beiraghi, S., and Agrawal, S. (2001).

The effects of a companion ani-

mal on distress in children undergo-

ing dental procedures. Issues Compr.

Pediatr. Nurs. 24, 137–152.

Headey, B. (1999). Health benefits and

health cost savings due to pets: pre-

liminary estimates from an Aus-

tralian national survey. Soc. Indic.

Res. 47, 233–243.

Headey, B., and Grabka, M. M. (2007).

Pets and human health in Germany

and Australia: national longitudinal

results. Soc. Indic. Res. 80, 297–311.

Headey, B., Na, F., and Zheng, R. (2008).

Pet dogs benefit owners’ health: a

“natural experiment” in China. Soc.

Indic. Res. 84, 481–493.

Heinrichs, M., Baumgartner, T.,

Kirschbaum, C., and Ehlert, U.

(2003). Social support and oxytocin

interact to suppress cortisol and

subjective responses to psychoso-

cial stress. Biol. Psychiatry 54,

1389–1398.

Hergovich, A., Monshi, B., Semmler,

G., and Zieglmayer, V. (2002). The

effects of the presence of a dog in the

classroom. Anthrozoos 15, 37–50.

Holcomb, R., Jendro, C., Weber, B., and

Nahan, U. (1997). Use of an aviary to

relieve depression in elderly males.

Anthrozoos 10, 32–36.

Insel, T. R. (2010). The challenge of

translation in social neuroscience:

a review of oxytocin, vasopressin,

and affiliative behavior. Neuron 65,

768–779.

Jenkins, J. (1986). Physiological effects

of petting a companion animal. Psy-

chol. Rep. 58, 21–22.

Jessen, J., Cardiello, F., and Baun, M.

M. (1996). Avian companionship in

alleviation of depression, loneliness,

and low morale of older adults in

skilled rehabilitation units. Psychol.

Rep. 78, 339–348.

Jonas, W., Nissen, E., Ransjo-Arvidson,

A. B., Matthiesen, A. S., and Uvnäs-

Moberg, K. (2008). Influence of

oxytocin or epidural analgesia on

personality profile in breastfeeding

women: a comparative study. Arch.

Womens Ment. Health 11, 335–345.

Julius, H., Beetz, A., Kotrschal, K.,

Turner, D., and Uvnäs-Moberg, K.

(2012). Attachment to Pets. New

York: Hogrefe.

Kaminski, M., Pellino, T., and Wish,

J. (2002). Play and pets: the physi-

cal and emotional impact of child-

life and pet therapy on hospitalized

children. Children’s Health Care 31,

321–335.

Kendrick, K. M., Da Costa, A. P., Broad,

K. D., Ohkura, S., Guevara, R., Levy,

F., and Keverne, E. B. (1997). Neural

control of maternal behaviour and

olfactory recognition of offspring.

Brain Res. Bull. 44, 383–395.

Kendrick,K. M.,Keverne,E. B.,Baldwin,

B. A., and Sharman, D. F. (1986).

Cerebrospinal fluid levels of acetyl-

cholinesterase, monoamines and

oxytocin during labour, parturition,

vaginocervical stimulation, lamb

separation and suckling in sheep.

Neuroendocrinology 44, 149–156.

Keverne, E. B., and Kendrick, K.

M. (1992). Oxytocin facilitation of

maternal behavior in sheep. Ann. N.

Y. Acad. Sci. 652, 83–101.

Kirsch, P., Esslinger, C., Chen, Q., Mier,

D., Lis, S., Siddhanti, S., and Gall-

hofer, B. (2005). Oxytocin modu-

lates neural circuitry for social cog-

nition and fear in humans. J. Neu-

rosci. 25, 11489–11493.

Kosfeld, M., Heinrichs, M., Zak, P. J.,

Fischbacher, U., and Fehr, E. (2005).

Oxytocin increases trust in humans.

Nature 435, 673–676.

Kotrschal, K., and Ortbauer, B. (2003).

Behavioral effects of the presence of

a dog in a classroom. Anthrozoos 16,

147–159.

Kramer, S. C., Friedmann, E., and Bern-

stein, P. L. (2009). Comparison of

the effect of human interaction,

animal-assisted therapy, and AIBO-

assisted therapy on long-term care

residents with dementia. Anthrozoos

22, 43–57.

Landgraf, R., and Neumann, I. D.

(2004). Vasopressin and oxytocin

release within the brain: a dynamic

concept of multiple and variable

modes of neuropeptide communi-

cation. Front. Neuroendocrinol. 25,

150–176.

Lang, U. E., Jansen, J. B., Wertenauer,

F., Gallinat, J., and Rapp, M. A.

(2010). Reduced anxiety during dog

assisted interviews in acute schizo-

phrenic patients. Eur. J. Integr. Med.

2, 123–127.

Legros, J. J., Chiodera, P., and Gee-

nen, V. (1988). Inhibitory action of

exogenous oxytocin on plasma cor-

tisol in normal human subjects: evi-

dence of action at the adrenal gland.

Neuroendocrinology 48, 204–206.

Marr, C. A., French, L., Thompson,

D., Drum, L., Greening, G., Mor-

mon, J., and Hughes, C. W. (2000).

Animal-assisted therapy in psychi-

atric rehabilitation. Anthrozoos 13,

43–37.

Martin, F., and Farnum, J. (2002).

Animal-assisted therapy for children

with pervasive developmental disor-

ders. West. J. Nurs. Res. 24, 657–670.

Milberger, S. M., Davis, R. M., and

Holm, A. L. (2009). Pet owners’

attitudes and behaviours related to

smoking and second-hand smoke:

a pilot study. Tob. Control. 18,

156–158.

Miller, S. C., Kennedy, C., Devoe, D.,

Hickey, M., Nelson, T., and Kogan, L.

(2009). An examination of changes

in oxytocin levels in men and

women before and after interaction

with a bonded dog. Anthrozoos 22,

31–42.

Motooka, M., Koike, H., Yokoyama, T.,

and Kennedy, N. L. (2006). Effect

of dog-walking on autonomic ner-

vous activity in senior citizens. Med.

J. Aust. 184, 60–63.

Na, F., and Richang, Z. (2003). Influ-

ences of pets on the empty nester

family. Chin. Ment. Health J. 17,

569–571.

Nagasawa, M., Kikusui, T., Onaka, T.,

andOhta, M. (2009). Dog’s gaze

at its owner increases owner’s

urinary oxytocin during social

interaction. Horm. Behav. 55,

434–441.

Nagengast, S. L., Baun, M., Megel, M.

M., and Leibowitz, J. M. (1997).

The effects of the presence of a

companion animal on physiolog-

ical arousal and behavioral dis-

tress in children during a physical

examination. J. Pediatr. Nurs. 12,

323–330.

Nathans-Barel, I., Feldman, P., Berger,

B., Modai, I., and Silver, H. (2005).

Animal-assisted therapy amelio-

rates anhedonia in schizophrenia

patients. Psychother. Psychosom. 74,

31–35.

Neumann, I. D., Wigger, A., Torner,

L., Holsboer, F., and Landgraf, R.

(2000). Brain oxytocin inhibits basal

and stress-induced activity of the

hypothalamo-pituitary-adrenal axis

in male and female rats: par-

tial action within the paraventricu-

lar nucleus. J. Neuroendocrinol. 12,

235–243.

Nimer, J., and Lundahl, B. (2007).

Animal-assisted therapy: a meta-

analysis. Anthrozoos 20, 225–238.

Odendaal, J. S. (2000). Animal-assisted

therapy – magic or medicine? J.

Psychosom. Res. 49, 275–280.

Odendaal, J. S., and Meintjes, R. A.

(2003). Neurophysiological corre-

lates of affiliative behavior between

humans and dogs. Vet. J. 165,

296–301.

Ohlssson, B., Truedsson, M., Bengts-

son, M., Torstenson, R., Sjölund, K.,

Björnsson, E. S., and Simren, M.

(2005). Effects of long-term treat-

ment with oxytocin in chronic con-

stipation; a double blind, placebo-

controlled pilot trial. Neurogastroen-

terol. Motil. 17, 697–704.

Olmert, M. D. (2009). Made for Each

Other: The Biology of the Human-

Animal Bond. Cambridge, MA: Da

Capo Press.

Parslow, R. A., Jorm, A. F., Chris-

tensen, H., Rodgers, B., and Jacomb,

P. (2005). Pet ownership and health

in older adults: findings from a sur-

vey of 2,551 community-based Aus-

tralians aged 60-64. Gerontology 51,

40–47.

Paul, E., and Serpell, J. A. (1996).

Obtaining a new pet dog: effects on

middle childhood children and their

families. Appl. Anim. Behav. Sci. 47,

17–29.

Paul, E. S. (2000). Empathy with

animals and with humans:

are they linked. Anthrozoos 13,

194–202.

Pedersen, C. A., Ascher, J. A., Monroe,

Y. L., and Prange, A. J. Jr. (1982).

Oxytocin induces maternal behav-

ior in virgin female rats. Science 216,

648–650.

Perkins, J., Bartlett, H., Travers, C., and

Rand, J. (2008). Dog-assisted ther-

apy for older people with demen-

tia: a review. Australas. J. Ageing 27,

177–182.

Petersson, J., Lundeberg, T., and

Uvnäs-Moberg. (1999). Short-term

increase and long-term decrease

of blood pressure in response

to oxytocin-potentiating effect of

female steroid hormones. J. Cardio-

vasc. Pharmacol. 33, 102–108.

Petersson, J., Uvnäs-Moberg, K.,

Erhardt, S., and Engeberg, G.

(1998). Oxytocin increases locus

Frontiers in Psychology | Psychology for Clinical Settings July 2012 | Volume 3 | Article 234 | 14

http://www.frontiersin.org/Psychology_for_Clinical_Settings
http://www.frontiersin.org/Psychology
http://www.frontiersin.org/Psychology_for_Clinical_Settings/archive


Beetz et al. Effects of human-animal interactions

coeruleus alpha 2-adrenoreceptor

responsiveness in rats. Neurosci.

Lett. 225, 115–118.

Petersson, M., Alster, P., Lundeberg, T.,

andUvnäs-Moberg, K. (1996). Oxy-

tocin increases nociceptive thresh-

olds in a long-term perspective in

female and male rats. Neurosci. Lett.

212, 87–90.

Petersson, M., Eklund, M., and

Uvnäs-Moberg, K. (2005). Oxy-

tocin decreases corticosterone and

nociception and increases motor

activity in OVX rats. Maturitas 51,

426–433.

Petersson, M., Hulting, A., Andersson,

R., andUvnäs-Moberg, K. (1999).

Long-term changes in gastrin, chole-

cystokinin and insulin in response

to oxytocin treatment. Neuroen-

docrinology 69, 202–208.

Poresky, R. H., and Hendrix, C. (1990).

Differential effects of pet presence

and pet-bonding on young children.

Psychol. Rep. 67, 51–54.

Porges, S. W. (1995). Orienting in a

defensive world: mammalian mod-

ifications of our evolutionary her-

itage. A polyvagal theory. Psy-

chophysiology 32, 301–318.

Porges, S. W. (2007). The polyvagal per-

spective. Biol. Psychol. 74, 116–143.

Porges, S. W. (2009). “Reciprocal influ-

ences between body and brain in the

perception and expression of affect:

a polyvagal perspective,” in The

Healing Power of Emotion: Affective

Neuroscience, Development, Clinical

Practice, eds D. Fosha, D. J. Siegel,

and M. F. Solomon (New York: Nor-

ton), 27–54.

Prothmann, A., Bienert, M., and Ettrich,

C. (2006). Dogs in child psychother-

apy: effects on state of mind. Anthro-

zoos 19, 265–277.

Prothmann, A., Ettrich, C., and Pro-

thmann, S. (2009). Preference of,

and responsiveness to people, dogs

and objects in children with autism.

Anthrozoos 22, 161–171.

Raina, P., Waltner-Toews, D., Bonnett,

B., Woodward, C., and Abernathy,

T. (1999). Influence of companion

animals on the physical and psy-

chological health of older people:

an analysis of a one-year longitu-

dinal study. J. Am. Geriatr. Soc. 47,

323–329.

Rimmele, U., Hediger, K., Heinrichs,

M., and Klaver, P. (2009). Oxytocin

makes a face in memory familiar. J.

Neurosci. 29, 38–42.

Ross, H. E., Cole, C. D., Smith, Y.,

Neumann, I. D., Landgraf, R., Mur-

phy, A. Z., and Young, L. J. (2009).

Characterization of the oxytocin sys-

tem regulating affiliative behavior

in female prairie voles. Neuroscience

162, 892–903.

Sams, N. J., Fortney, E. V., and Willen-

bring, S. (2006). Occupational ther-

apy incorporating animals for chil-

dren with autism: a pilot investiga-

tion. Am. J. Occup. Ther. 60,268–274.

Savaskan, E., Ehrhardt, R., Schulz,

A., Walter, M., and Schachinger,

H. (2008). Post-learning intranasal

oxytocin modulates human mem-

ory for facial identity. Psychoneu-

roendocrinology 33, 368–374.

Schneider, M. S., and Harley, L. P.

(2006). How dogs influence the eval-

uation of psychotherapists. Anthro-

zoos 19, 128–142.

Shiloh, S., Sorek, G., and Terkel, J.

(2003). Reduction of state-anxiety

by petting animals in a con-

trolled laboratory experiment. Anx-

iety Stress Coping 16, 387–395.

Siegel, J. (1990). Stressful life events and

use of physician services among the

elderly: the moderating role of pet

ownership. J. Pers. Soc. Psychol. 58,

1081–1086.

Souter, M. A., and Miller, M. D. (2007).

Do animal-assisted activities effec-

tively treat depression? A meta-

analysis. Anthrozoos 20, 167–180.

Stallones, L., Marx, M. B., Garrity, T. F.,

and Johnson, T. P. (1990). Pet owner-

ship and attachment in relations to

the health of U.S. Adults, 21 to 64

years of age. Anthrozoos 4, 100–112.

Straatman, I., Hanson, E., Endenburg,

N., and Mol, J. (1997). The influence

of a dog on male students during a

stressor. Anthrozoos 10, 191–197.

Uvnäs-Moberg, K. (1989). The gas-

trointestinal tract in growth and

reproduction. Sci. Am. 261, 78–83.

Uvnäs-Moberg, K. (1994). Role of effer-

ent and afferent vagal nerve activ-

ity during reproduction. Integrating

function of oxytocin on metabo-

lism and behavior. Psychoneuroen-

docrinology 19, 687–695.

Uvnäs-Moberg, K. (2003). The Oxy-

tocin Factor. Tapping the Hormone

of Calm, Love, and Healing. Cam-

bridge: Da Capo Press.

Uvnäs-Moberg, K., Ahlenius, S., Hille-

gaart, V., and Alster, P. (1994). High

doses of oxytocin cause sedation

and low doses cause an anxiolytic-

like effect in male rats. Pharmacol.

Biochem. Behav. 49, 101–106.

Uvnäs-Moberg, K., Eklund, M., Hil-

legaart, V., andAhlenius, S. (2000).

Improved conditioned avoidance

learning by oxytocin administration

in high-emotional male Sprague-

Dawley rats. Regul. Pept. 88, 27–32.

Uvnäs-Moberg, K., Handlin, L., and

Petersson, M. (2011). “Promises

and pitfalls of hormone research

in human-animal interaction,” in

How Animals Affect Us, eds P.

McCardle, S. McCune, J. A. Grif-

fin, and V. Maholmes (Washington,

DC: American Psychological Associ-

ation), 53–81.

Viau, R., Arsenault-Lapierre, G.,

Fecteau, S., Champagne, N., Walker,

C.-D., and Lupien, S. (2010). Effect

of service dogs on salivary corti-

sol secretion in autistic children.

Psychoneuroendocrinology 35 (8),

1187.

Villalta-Gil, V., Roca, M., Gonzalez, N.,

Domenec, E., Cuca, B., Escanilla, A.,

and Haro, J. M. (2009). Dog-assisted

therapy in the treatment of chronic

schizophrenia inpatients. Anthrozoos

22, 149–159.

Vormbrock, J. K., and Grossberg, J.

M. (1988). Cardiovascular effects

of human-pet dog interactions. J.

Behav. Med. 11, 509–517.

Wells, D. (2007). Domestic dogs and

human health: an overview. Br. J.

Health Psychol. 12, 145–156.

Wells, D. (2009). The effects of animals

on human health and well-being. J.

Soc. Issues 65, 523–543.

Wells, D. L. (2004). The facilitation of

social interactions by domestic dogs.

Anthrozoos 17, 340–352.

Wesley, M. C., Minatrea, N. B., and Wat-

son, J. C. (2009). Animal assisted

therapy in the treatment of sub-

stance dependence. Anthrozoos 22,

137–148.

Widstrom, A. M., Winberg, J., Werner,

S., Svensson, K., Poloncec, B., and

Uvnäs-Moberg, K. (1988). Breast

feeding-induced effects on plasma

gastrin and somatostatin levels and

their correlation with mild yield in

lactating females. Early Hum. Dev.

16, 293–301.

Wills, T. A. (1991). “Social support

and interpersonal relationships,” in

Review of Personality and Social Psy-

chology: Prosocial Behavior, ed. M. S.

Clark (Newbury Park, CA: Sage) 12,

265–289.

Wilson, C. C. (1991). The pet as an anx-

iolytic intervention. J. Nerv. Ment.

Dis. 179, 482–489.

Wilson, E. O. (1984). Biophilia. Cam-

bridge: Harvard University Press.

Winefield, H. R., Black, A., and Chur-

Hansen, A. (2008). Health effects

of ownership of and attachment

to companion animals in an older

population. Int. J. Behav. Med. 15,

303–310.

Zak, P. J., Kurzban, R., and Matzner,

W. T. (2005). Oxytocin is associated

with human trustworthiness. Horm.

Behav. 48, 522–527.

Zak, P. J., Stanton, A. A., and Ahmadi, S.

(2007). Oxytocin increases generos-

ity in humans. PLoS ONE 2, e1128.

doi:10.1371/journal.pone.0001128

Zimolag, U., and Krupa, T. (2009). Pet

ownership as a meaningful commu-

nity occupation for people with seri-

ous mental illness. Am. J. Occup.

Ther. 63, 126–137.

Conflict of Interest Statement: The

authors declare that the research was

conducted in the absence of any com-

mercial or financial relationships that

could be construed as a potential con-

flict of interest.

Received: 27 March 2012; accepted: 20

June 2012; published online: 09 July 2012.

Citation: Beetz A, Uvnäs-Moberg K,

Julius H and Kotrschal K (2012) Psy-

chosocial and psychophysiological effects

of human-animal interactions: the pos-

sible role of oxytocin. Front. Psychology

3:234. doi: 10.3389/fpsyg.2012.00234

This article was submitted to Frontiers

in Psychology for Clinical Settings, a

specialty of Frontiers in Psychology.

Copyright © 2012 Beetz, Uvnäs-Moberg ,

Julius and Kotrschal. This is an open-

access article distributed under the terms

of the Creative Commons Attribution

License, which permits use, distribution

and reproduction in other forums, pro-

vided the original authors and source

are credited and subject to any copy-

right notices concerning any third-party

graphics etc.

www.frontiersin.org July 2012 | Volume 3 | Article 234 | 15

http://dx.doi.org/10.1371/journal.pone.0001128
http://dx.doi.org/10.3389/fpsyg.2012.00234
http://www.frontiersin.org
http://www.frontiersin.org/Psychology_for_Clinical_Settings/archive
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

	Psychosocial and psychophysiological effects of human-animal interactions: the possible role of oxytocin
	Introduction
	Criteria for inclusion of studies in this review
	Effects of human-animal interaction
	Effects on social interaction
	Increased positive social attention from others and stimulation of social behavior
	Increased trust and trustworthiness
	Effects on empathy
	Reduction of aggression
	Reduction of depression and promotion of a positive mood

	Anti-stress effects
	Effects of HAI on cortisol, epinephrine, and norepinephrine
	Effects on blood pressure, heart rate, and heart rate variability

	Effects on anxiety and pain
	Reduction of fear and anxiety and promotion of calmness
	Effects on perception of pain

	Effects on learning
	Effects on human health and restoration
	Original studies on health effects of companion animals
	Reviews on health effects of human-animal interactions
	Cardiovascular disease and human-animal interaction
	Effects of human-animal interaction on the immune system

	Summary of effects of human-animal interaction

	The oxytocin system
	Effects on social interaction
	Anti-stress effects
	Effects on anxiety, pain, and immune system
	Effects on health and restoration

	Effects of HAI on oxytocin
	Conclusion
	Acknowledgment
	References


