
International  Journal  of

Environmental Research

and Public Health

Review

Human–Animal Interaction and Perinatal Mental Health:
A Narrative Review of Selected Literature and Call for Research

Shelby E. McDonald 1,* , Camie A. Tomlinson 2,* , Jennifer W. Applebaum 3 , Sara W. Moyer 4,
Samantha M. Brown 5 , Sue Carter 6 and Patricia A. Kinser 4

����������
�������

Citation: McDonald, S.E.; Tomlinson,

C.A.; Applebaum, J.W.; Moyer, S.W.;

Brown, S.M.; Carter, S.; Kinser, P.A.

Human–Animal Interaction and

Perinatal Mental Health: A Narrative

Review of Selected Literature and

Call for Research. Int. J. Environ. Res.

Public Health 2021, 18, 10114. https://

doi.org/10.3390/ijerph181910114

Academic Editors: Elena Ratschen,

Emily Shoesmith and Daniel Mills

Received: 12 August 2021

Accepted: 23 September 2021

Published: 26 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Children, Families, and Animals Research (CFAR) Group, LLC, Richmond, VA 23223, USA
2 School of Social Work, Virginia Commonwealth University, Richmond, VA 23284, USA
3 Department of Sociology and Criminology & Law, University of Florida, Gainesville, FL 32611, USA;

jennyapplebaum@ufl.edu
4 School of Nursing, Virginia Commonwealth University, Richmond, VA 23298, USA;

moyersw@vcu.edu (S.W.M.); kinserpa@vcu.edu (P.A.K.)
5 School of Social Work, Colorado State University, Fort Collins, CO 80523, USA;

samantha.brown@colostate.edu
6 The Kinsey Institute, Indiana University, Bloomington, IN 47405, USA; suecarter@indiana.edu
* Correspondence: CFARgroup@gmail.com (S.E.M.); tomlinsonc2@vcu.edu (C.A.T.)

Abstract: There is a paucity of research exploring how relationships with household pets may impact
maternal mental health. We are unaware of any study to date that has examined associations between
individuals’ relationships with their pets and psychological adjustment in the perinatal period. Using
a biobehavioral lens, this paper provides a narrative overview of the literature on perinatal mental
health and human–animal interaction (HAI). We focus on the role of social relationships, stress,
and stress reduction in relation to perinatal mental health; the role of HAI in perceptions of social
support, stressors, and stress reduction; and gaps in empirical knowledge concerning the role of HAI
in perinatal mental health. Finally, we integrate contemporary biobehavioral models of perinatal
mental health and HAI (i.e., Comprehensive Model of Mental Health during the Perinatal Period
and the HAI–HPA Transactional Model) to propose a new conceptual framework that depicts ways
in which HAI during the perinatal period may influence maternal and child health and wellbeing.
To our knowledge, this is the first paper to consider the role of HAI in biobehavioral responses and
mental health during the perinatal period. We conclude with recommendations for future research
and improved perinatal care.

Keywords: perinatal; human–animal interaction; pets; mental health; biomarkers

1. Introduction

Empirical studies on the role of human–animal interaction (HAI) in human health
and development emerged in the 1980s; since that time, the field of HAI has garnered
increased attention and immense growth [1]. HAI refers to reciprocal interactions between
a person and a non-human animal [2–4]. Research in this area often focuses on the benefits
of the human–animal bond, which is defined as the, “mutually beneficial and dynamic
relationship between people and other animals that is influenced by behaviors that are
essential to the health and wellbeing of both” [5] (p. 1675). HAI is also considered to
be a relational theory that describes human–animal dynamics that satisfy needs in each
for companionship, emotional support, nurturing, and love [6–8]. It is important to note,
however, that a majority of HAI science has focused exclusively on benefits to humans
with few studies looking at the benefits to non-human animals. In addition, the literature
is dominated by studies on human interactions with dogs and cats.

A prominent area of empirical focus within this field has been the impact of HAI on
child development, due in part to the role social support, in general, plays in the promo-
tion of positive child outcomes. The mechanisms through which household companion
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animals influence children’s physical and socioemotional health has become an increas-
ingly popular topic within social and behavioral research. Indeed, nearly a decade has
passed since the National Institutes of Health (i.e., National Institute of Child Health and
Human Development) identified the implications of HAI in childhood as an important
line of inquiry for developmental scientists [2,9]. Several studies suggest that HAI can
have a positive impact on individual and social factors that influence child development.
In particular, there is evidence that pet ownership and bonds with pets are associated
with better emotional regulation and improved executive functioning, positive self-image,
self-esteem, self-efficacy, and lower rates of loneliness in childhood and/or adolescence
(e.g., [10–13]; see, for reviews [3,4]).

Some research, on the other hand, indicates that there are no differences between
children who grow up with pets, and those who do not, and/or no association between
HAI and measures of child development and adjustment (e.g., [14,15]). In addition, there is
some evidence that aspects of HAI (e.g., bonds, attachment) are associated with increased
feelings of loneliness, lower levels of human social support [16,17], and greater symptoms
of psychopathology among youth [18] and emerging adults [19,20]. Despite inconsistencies
across studies, there is increasing evidence that assessing children’s experiences with
companion animals has important implications for understanding risk and resilience in
child health and development [4]. What is not clear, however, is whether and to what extent
HAI may indirectly influence child health and development via influences on caregivers’
health and wellbeing.

Interactions with companion animals can provide social support, companionship,
and stress-buffering effects for adults; these effects have been documented in parenting
samples [21–26]. However, living with companion animals is also associated with a host of
unique stressors, and the risks and benefits of HAI may vary as a function of an individual’s
social context and resources [27–31]. The broader literature on child development has long
recognized the importance of caregiver mental health, especially maternal mental health
during the perinatal period (i.e., the period spanning from the start of pregnancy to the
first year following childbirth), in promoting the healthy development of children [32–36].
Yet, despite widespread evidence of links between perinatal mental health and children’s
cognitive, behavioral, and psychomotor development, we are unaware of any studies
examining how interactions with household companion animals may pose benefits and
risks to maternal mental health during the perinatal period.

Perinatal mood and anxiety disorders (PMADs) are common complications of preg-
nancy [37]. Moreover, PMADs are a notable public health concern due to their deleterious
short- and long-term impacts on maternal, child, and family outcomes [35,37,38]. It is
estimated that the cost of not treating perinatal mental health problems among U.S. women
exceeds USD 14 billion for all births when following the mother–child dyad for five years
after birth [39]. Thus, understanding the potential effects of HAI on perinatal mental
health has important implications for understanding how pets impact human health and
development across generations.

Overview of Current Paper

Using a biobehavioral lens, this paper provides a narrative overview of the literature
on perinatal mental health and HAI with the goal of setting a research agenda that will
expand knowledge of the role of HAI in human health and development during the peri-
natal period. We focus on the role of social relationships, stress, and stress reduction in
relation to maternal mental health during the perinatal period; the role of HAI in percep-
tions of social support, stressors, and stress reduction; and gaps in empirical knowledge
concerning the role of HAI in perinatal mental health. Finally, we propose and outline a
new conceptual framework that visually depicts ways in which HAI during the perinatal
period may influence maternal and child health and wellbeing. We acknowledge that the
biobehavioral-HAI linkages reviewed in this paper may also be implicated in physical
health outcomes; however, given the high prevalence of PMADs, we consider the role of
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HAI on biobehavioral responses specific to mental health to inform future research and
practice within the context of the perinatal period.

2. Perinatal Mental Health

We begin by emphasizing that pregnancy experiences occur among many gender
identities and expressions. In this paper, we use the terms “maternal” and “women” for
simplicity and readability, and with consideration of the fact that a majority of studies in
this area have focused on the perinatal experiences of cisgender women. PMADs have
gained increasing recognition among clinicians and researchers due to their prevalence
and significant morbidity during the perinatal period [40,41]. It is estimated that PMADs
affect close to 20% of pregnant and postpartum women in the U.S., with rates increasing
over the past decade [42], and more recently due to the impacts of chronic stress and social
isolation associated with the COVID-19 pandemic [43,44]. Nationally representative data
suggest that this rise in PMAD prevalence is likely a combination of genuinely increasing
rates as well as enhanced awareness and screening in clinical and research settings [42].

Multiple studies link stress and PMAD development [45,46]. Stress is defined as the
state of psychological or physiological imbalance that arises from situational demands
that exceed the coping abilities of an individual [47–50]; stressors refer to emotionally or
mentally disruptive conditions that alter homeostasis and lead to the release of regulatory
hormones to return the body to homeostasis [51,52]. Several contextual factors put women
at risk for increased levels of pregnancy-related stress and concomitant impacts on mental
health. For example, age, minority stress associated with belonging to a marginalized
racial/ethnic minority group [53–56], relationship status, economic insecurity and related
factors such as housing instability and unemployment [57–59], work responsibilities, other
caregiving responsibilities (e.g., children), and whether the pregnancy is planned or not,
are well-documented factors that contribute to stress surrounding this major life event [60].
Other factors that relate to perinatal stress include, but are not limited to, social isolation
and/or poor social support [61–63] and inter-partner conflict and violence [64–66].

Women with a life history of mental health challenges and prior exposure to adverse
life events are at particular risk for poor psychological health during pregnancy [67–69].
Moreover, the intersectionality of social, economic, and educational disadvantage can be a
critical risk factor for PMADs [70–72]. Women who are low-income are less likely to receive
formal mental health treatment [73] and studies suggest that racialized women of color
may be hesitant to seek treatment due to concerns regarding the stigma associated with
mental health conditions [74,75]. In addition, recent findings suggest that there are short-
and long-term health outcomes for the child who experiences the combined effects of the
hardship of disadvantage and exposure to maternal depression [36].

The Role of Psychoneuroimmunological Biomarkers in Maternal/Child Health

It has been recommended that researchers include psychoneuroimmunological (PNI)
biomarkers (e.g., salivary cortisol levels, pro-inflammatory cytokines, oxytocin) to ob-
jectively assess and identify factors that increase or buffer risk of poor maternal/child
health and to identify the mechanisms through which disadvantage, and the associated
stressors, impact perinatal health [76]. The hypothalamic–pituitary–adrenal (HPA) axis,
which includes the hypothalamus, pituitary gland, and adrenal glands, plays a key role
in the biological response to stress [38]. In response to environmental (e.g., exposure
to violence, poverty) and psychological (e.g., worry, anxiety) stressors, the HPA axis is
responsible for activating the release of cortisol into the bloodstream which, in turn, signals
for the release of necessary resources (e.g., glucose) to produce the “fight, flight, or freeze”
response [38,77,78]. This process is generally adaptive and beneficial in response to typical
acute exposures to stressors; however, prolonged exposure to stressors can result in dys-
regulated HPA axis activity, including both increased and/or blunted cortisol production.
In some, but not all individuals, chronic stress or intense trauma may result in reductions
in basal cortisol, alterations in typical diurnal cortisol patterns, and diminished or higher
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cortisol reactivity, which are consistent with exaggerated or unresponsive stress system
responses and may manifest behaviorally in the form of shutting down (e.g., dissocia-
tion) [79–82]. Notably, for women in the perinatal period, these responses are associated
with increased risk for more severe PMAD symptoms. For example, high cortisol in the
early postpartum period has been linked with transient negative mood states (e.g., “baby
blues”), whereas sustained low cortisol levels have been linked with chronic postpartum
depression [83].

In addition to alterations in cortisol levels, exposure to chronic and/or overwhelming
acute stressors have been associated with the dysregulation of oxytocin during the perina-
tal period [83–85]. Specifically, psychological stress has been implicated in disruptions in
oxytocin pre- and post-partum [86], which has implications for maternal/infant attachment
bonds [87–89] and breastfeeding success [84,90]. Indeed, disruptions to oxytocin during the
transition to parenthood as a result of difficulties bonding or breastfeeding can compromise
PNI functioning and increase risk of PMAD symptoms. For example, Cox et al. [84] found
that, among breastfeeding women, those who reported clinically significant postpartum
depression symptoms had lower oxytocin levels and higher cortisol levels during breast-
feeding in comparison to asymptomatic women. Furthermore, dysregulation of the HPA
axis response following a stress-induction task was positively associated with oxytocin
levels among symptomatic women.

Research also links physical and psychological stressors in the perinatal period with
inflammatory markers, which manifest via increased levels of pro-inflammatory cytokines.
In fact, extant research documenting the bidirectional relationship between stress and
immune system responses suggests that stressors (e.g., adverse childhood experiences)
increase pro-inflammatory cytokines, which may, subsequently, contribute to mental health
risk [80,85,91]. Indeed, it is argued that inflammation explains why various psychoso-
cial and physical risk factors increase the risk for depression during the perinatal period.
Specifically, both risk for depression and pro-inflammatory cytokines increase significantly
during the last trimester of pregnancy and, therefore, women are particularly susceptible
to the impacts of pro-inflammatory cytokines in the perinatal period. Studies examining
psychological factors that contribute to cytokines in the perinatal period are lacking [92].
However, growing evidence indicates that pro-inflammatory cytokines are linked pre-
natally to anxiety and depressive symptoms [93,94], with a noted increase in the third
trimester related to innate immune responses, as well as with changes in pro-inflammatory
cytokines over the duration of the perinatal period [95].

Mother–Child Dyad

In addition to the direct effects on mothers, it is also important to consider the potential
far-reaching effects of maternal stress and PMAD symptoms for the developing child and
the mother–child relationship. The prenatal and early postnatal periods are recognized
to be critical points in child development, related to stress physiology and long-term
health and wellbeing [96]. Some research shows that intrauterine environments (i.e., fetal
programming) characterized by high stress have consequences on children partly due to
neuroregulatory and inflammatory mechanisms [97,98]. Due to the dyadic nature of the
perinatal period, the intrauterine environment may be experienced as the very first early
life stressor of the developing neonate. For example, maternal depression impacts the
fetal environment in ways that may contribute to adverse birth outcomes (e.g., low birth
weight), altered development and executive functioning [99], and poor physical and mental
health across the lifespan [100]. Studies suggest that children of mothers with depression
during the pregnancy have higher circulating cortisol [101] with associated alterations in
the oxytocin receptor (OXTR) function [102,103]. Given what is known about maternal
depression and OXTR function with regard to mother–child attachment and the ability of
the child to adapt to psychologically stressful situations [104–106], these findings warrant
close attention to interventions that can minimize maternal stress and depression during
pregnancy and, thus, enhance outcomes for the child.
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3. Social Relationships, the Stress Response, and Perinatal Mental Health

One method of facilitating an adaptive stress response is to modify how stressors are
perceived [38]. For example, decreasing the level of perceived stress can prevent activation
of the HPA axis altogether, whereas increasing the level of perceived ability to cope with
stress can aid in regulating the stress-response following HPA axis activation [107,108].
The level of perceived socio-emotional support influences these processes, such that higher
levels of perceived support aid in buffering an individual’s response to stress [109–111].
It is well established that a sense of social connectedness and social group membership
can be highly protective against perinatal depression, stress, and other psychological
symptoms [63,112,113]. For example, in a 2017 study of close to 400 perinatal women
in the U.S., new mothers who had a higher number of social connections during the
perinatal period experienced lower rates of depressive symptoms [114]. Importantly, a
lack of perceived social support and social connectedness can not only contribute to the
development of depressive symptoms but can also be an outcome of such symptoms,
essentially trapping individuals in a vicious cycle [115].

There is no “one-size-fits-all” coping strategy that is known to work for all individ-
uals experiencing stress; however, research efforts are needed that focus on developing
interventions aimed to enhance a sense of coping in the face of stressful situations and
thus decrease risk of the development of PMADs. Relationships with household pets
may serve as a possible support to help alter perceptions of stress and assist with healthy
psychological and physiological coping under conditions of stress during the perinatal
period. Given the extant literature on the protective role of social relationships with other
humans, in the next section we consider how social relationships with non-human animals,
specifically household companion animals (e.g., pet dogs, cats), may serve as a protective
social relationship during the perinatal period. We also identify the mechanisms through
which HAI may influence perinatal mental health via stress reduction.

Potential Benefits of HAI during the Perinatal Period

Similar to the effects of social relationships with other humans, people may experience
an enhanced sense of emotional safety in the presence of their companion animals [116].
Approximately 60% of U.S. households report having at least one pet, with dogs and cats
being the most prevalent [117]. A majority of people who live with pets consider them to be
important social relationships and a member of their family [118]. Indeed, many individuals
perceive that companion animals are more reliable sources of socioemotional support than
humans; this is particularly true among marginalized populations impacted by adverse
social relationships and environments [119–122]. To this end, there is some evidence that
pet ownership and other aspects of HAI (attachment to pets, positive engagement with
pets, emotional comfort derived from pets) may help to mitigate the deleterious impacts of
adverse experiences and stress on psychological wellbeing (i.e., anxiety and mood disorder
symptoms; [29,120,123–125]). For example, prior studies provide evidence that: HAI may
function as a protective factor that buffers the relation between intimate partner violence
exposure and internalizing symptoms in children [123]; emerging adults seek out HAI
as a coping strategy following exposure to sexual and gender minority stressors and, in
turn, HAI fosters personal hardiness following adversity [126]; HAI buffers the impact
of victimization on self-esteem among LGBTQ+ emerging adults [29]; and adults who
experience familial abuse and live with an animal report less psychological distress than
adults experiencing abuse who do not live with pets [124]. Despite these advancements in
the literature regarding the benefits of HAI in relation to mental health, the biobehavioral
mechanisms that explain these relations have yet to be rigorously explored.
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The potentially protective aspects of HAI may stem, in part, from their impact on
an individual’s perceived social support. There is some evidence that pets can facilitate
interactions with other humans [120,121,127,128], which may lead individuals to perceive
a greater sense of overall social support, inclusive of human and non-human animals.
Relationships and bonds with companion animals may also help to ameliorate loneliness
and remedy the negative impacts of social isolation [129–133]. It is also important to
highlight that pets provide humans with a sense of belonging, which is hypothesized to
be associated with increased perceptions of social support [120,134–137]. These benefits
may be further enhanced through physical contact with animals, which is often viewed as
a behavioral expression of attachment bonds and social support [138,139].

Although the collective body of research has produced mixed evidence for the benefits
of HAI, it is not surprising, given the potential benefits outlined above, that some studies
link pet ownership and aspects of HAI (e.g., attachment, bonds, caretaking) with stress
reduction [140–143], greater physical activity and overall better physical health [144–149],
and higher levels of self-esteem and self-efficacy [148,150,151] at multiple stages of human
development. In addition, there is some evidence that short-term HAI via animal-assisted
activities and interventions may reduce the risk of, and symptoms of, specific adult mental
health problems, such as anxiety [152,153] and depression [154,155]. For example, a 2007
meta-analysis by Souter and Miller [156] identified five studies that utilized animal-assisted
interventions to treat depression. The results suggest that HAI is associated with decreases
in depressive symptoms. Additional studies with older adults living within care facilities
provide evidence that caring for an animal (in these studies, a bird) is associated with
less depressive symptoms [157,158]. Similarly, Barker et al. [159] found that, among
patients waiting for a psychiatric procedure, those who interacted with an animal reported
significantly lower levels of fear and anxiety in comparison to patients within a control
group.

Although some studies have focused on the implications of HAI for child development,
minimal attention has been given to how pets may indirectly influence child health and
wellbeing via influences on adult caregivers’ health and wellbeing. Moreover, few studies
have examined the direct effects of HAI on mental health and related outcomes in parenting
samples. However, in two intervention studies involving parents of children with autism
spectrum disorder who acquired a pet dog as an intervention, parents reported significantly
less stress than the control group without a pet dog [23,26]. We are aware of only one
study that has examined interactions with animals among women during the perinatal
period. Specifically, Lynch et al. [153] conducted a pilot study to examine the use of
“pet therapy” (non-structured in-room contact with a dog) among women who were
hospitalized due to high-risk pregnancies (e.g., hyperemesis, preeclampsia) and found
that self-reported anxiety and depression symptoms decreased following a session with
a therapy animal. Given the importance of supportive caregiving environments in the
promotion of positive child development [160–162], improving maternal mental health via
HAI may be an essential pathway to enhance maternal sensitivity and responsivity, thereby
affecting later mother–child relationships and children’s developmental trajectories.

Collectively, the literature suggests that both short-term (e.g., animal-assisted inter-
ventions) and long-term (e.g., relationships and interactions with household companion
animals) HAI warrant examination as a means of promoting psychological health in the
perinatal period. However, the mechanisms that underlie the relationship between HAI
and mental health during the perinatal period are unknown, and such an understanding
would provide key targets for early intervention to promote positive outcomes across two
generations—mothers and their children. In response to calls to evaluate whether/how
to integrate biomarker measurements into research on family mental health (e.g., [76]),
attention must be paid to biomarker work in the HAI field. Contemporary biobehavioral
perspectives of HAI and related studies are reviewed below.
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Biobehavioral Underpinnings of HAI

Similar to the field of perinatology, there have been calls and efforts to integrate
biomarker measurement into research on HAI (e.g., [139,163–165]). However, the integra-
tion of biobehavioral measures in HAI science remains an underdeveloped and emerging
area of the field. There is growing evidence that human–animal bonds involve important
biological pathways that play critical roles in mammalian social behavior and emotion [27].
Specifically, it is hypothesized that there are alterations in the autonomic nervous and neu-
roendocrine systems from HAI and that oxytocin and vasopressin act as neurotransmitters
and neuromodulators that underlie bonds between humans and their pets [27,116,166,167].
Indeed, research suggests many potential mechanisms through which HAI impacts hu-
mans’ emotional and physiological state wellbeing, including touching (petting), gazing at,
and affiliative contact with pets [138–140,143,168,169]. For example, studies of adult sam-
ples link petting animals with lower heart rate and/or blood pressure [170–173]; increased
immunoglobulin A, β-phenylethylamine, oxytocin, and dopamine [173–175]; and lower
levels of cortisol (lower cortisol stress response; [173,175–177]).

Despite limited research testing hypotheses regarding the biobehavioral processes
through which HAI is beneficial to human health and wellbeing, a few studies on short-
term HAI indicate that HAI can produce changes in biological stress systems. It is largely
assumed that HAI buffers stress via decreased cortisol both prior to and after activation of
the stress response system, and a key component of this effect includes perceived social
support provided by pets [139]. For example, a recent study found that among children
who completed the Trier Social Stress Test (a laboratory-based stress induction task), those
who were randomly assigned to complete the test with their dog present had lower cortisol
levels following the stress test than children who had their parent present and children
who had no support during the test [178]. Polheber and Matchock [179] found similar
results among a sample of adults who completed the Trier Social Stress Test; adults who
completed the test with a novel dog had lower cortisol levels in comparison to those who
had a human friend present during the task and those who had no support during the
task. These findings suggest that animals may serve as important protective factors for
individuals under conditions of stress [142,143,167,173].

Prior research also links gazing at and/or petting animals with increased oxytocin
and/or vasopressin concentrations in adults [143,169]. Beetz et al. [140] proposed that the
release of oxytocin, as a result of close/affiliative bonds with a pet, may mediate relations
between HAI and positive outcomes, such as increased social interactions [17,180,181],
decreases in cortisol levels [182], and improved mental health (e.g., decreases in anxiety and
depressive symptoms; [183], see for a review [156]). In addition, stress-response benefits
associated with oxytocin release are hypothesized to occur as a result of HAI due to the
presence of a pet decreasing perceived threat [82,184,185]. Threat appraisal stimulates the
stress-response system; as previously mentioned, in the absence of adequate social support,
the nervous system resorts to “fight-or-flight”, and potentially “freeze” or immobilization,
which can lead to dissociation [82]. The presence of, and interaction with, a companion
animal may release oxytocin (see for reviews [139,140]) and provide humans with the
necessary social support and comfort to create a sense of safety and regulation [186,187],
which aids in disrupting the stress-response system.

It is important to note that these benefits may also depend on variation in genetic
predisposition to oxytocin sensitivity. Although there has been limited empirical research
in this area, there is some evidence to suggest that OXTR genotype (possibly affecting
the expression of the oxytocin receptor and thus sensitivity to oxytocin) is linked with
natural variation in interactions with dogs. For example, Kertes et al. [188] examined
whether the OXTR genotype was related to children’s perceived relationships and their
petting and gazing behaviors with pet dogs. Simulating naturally occurring HAI in the
context of a laboratory experiment, the results of this study indicated that variation at the
OXTR polymorphism rs53576 was associated with the proportion of time spent petting
during child–pet interactions, but not gazing behaviors. On average, all children in the
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sample spent 50% of a 10 minute interaction petting their pet; however, A-carriers engaged
in significantly more petting behavior than children with the GG genotype. This is an
important finding, given that previous research suggests that A-carriers (individuals with
the AA or AG genotype) are less responsive to parental support and peer relations than
those with the GG genotype (e.g., [189,190]); A-carriers also demonstrate lower levels
of interpersonal empathy, trust, and self-esteem [191–193]. Such findings complement
other research documenting that children with anxiety disorders tend to interact with a
pet dog for long durations and have fewer interactions with other people compared to
children with other behavioral health problems [194]. Although there is significant need
for replication of the Kertes et al. [188] study in child and adult samples, this suggests
that pets (i.e., dogs) may be important sources of social interaction for individuals with
socioemotional difficulties or challenges connecting with other humans. Moreover, OXTR
genotype may be a biomarker that warrants attention in studies examining the role of HAI
in perinatal health.

For individuals who have experienced trauma, high levels of stressors, and/or expe-
rience difficulty engaging with other humans (e.g., those with social anxiety disorders),
interactions with companion animals may provide critical social support [120,187,195,196].
Indeed, it is hypothesized that the benefits of HAI may be most pronounced when indi-
viduals face adversity and chronic stress, referred to as a “stress state” ([116] (p. 98), see
also [31,197]). Companion animals are often reported to be nonjudgmental, unconditional
sources of support [116,198], which may amplify the utility of the socioemotional support
they provide to humans. Although there are studies that have examined the effects of
pets on the stress-response (e.g., cortisol, oxytocin) within people’s home environments
(e.g., [142]) and/or over time (e.g., [199,200]), the majority of HAI biobehavioral research, as
evidenced in the current review, is limited to single sessions (e.g., [176,177]) and controlled
environments (e.g., laboratory setting or college animal-visitation program; [178,179,188]).
Given the stress-buffering benefits following short-term exposure to companion animals
(via animal-assisted interventions), it is possible that repeated exposures over time, through
everyday interactions with pets at home, may promote the down-regulation of the stress
response system (i.e., HPA axis), a return to homeostasis, and ultimately improve mental
health during the perinatal period [139].

It is also important to consider that animals that are typically involved in short
term interventions have often met specific training requirements and do not exhibit
behavioral issues and challenges that are common among many household pets. Thus,
many theoretical models that aim to explain the benefits of HAI (beyond animal-assisted
interventions) fail to recognize the unique characteristics of HAI and pet ownership
that may contribute to and/or exacerbate stress and create barriers to wellbeing. We
caution against the assumption that pets are equivalent to therapy animals or that pets
should be used or acquired as an intervention to prevent and/or treat mental health
symptoms. Recent studies suggest that pets may in fact contribute to an individual’s
stress state and/or exacerbate existing stressors [19,120,201]. In order to better assess
the long-term biobehavioral benefits of HAI on mental health outcomes, HAI science
should consider a more nuanced perspective of the role of interactions with household
pets, inclusive of the role of pets in acute and chronic stress and trauma [27]. In the
next section, we outline the ways in which HAI may be associated with risk for PMADs
during the perinatal period.
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4. HAI and Potential Risks to Perinatal Mental Health

As previously addressed, experiencing stress during pregnancy is common and of-
ten compounded by typical mobilizing emotions such as excitement and fear. To our
knowledge, there is currently no literature concerning the potential negative impacts of
pet ownership and related aspects of HAI on perinatal mental health. Given the dearth of
research on this topic, our discussion focuses on how known risks of HAI (i.e., companion
animals/family pets) may negatively impact mental health by causing and/or compound-
ing stress via caregiving burden, problems related to pets (e.g., behavioral problems), and
social/environmental factors that disadvantage certain populations of pet owners and
guardians of human children alike.

There are several factors related to pet caregiving that could, hypothetically, con-
tribute to or exacerbate stress and, therefore, be detrimental to mental health during the
perinatal period. In a qualitative study, adult pet owners reported negative emotions
(i.e., stress, sadness) associated with their pets’ behavioral problems, such as separation
anxiety, inappropriate elimination, and aggression [202]. Kertes et al. [188] found that
children who reported greater frequency of negative interactions (i.e., annoyance) with
their pets spent less time petting and engaging with their pet dog compared to those who
reported less negative interactions. The results of these studies highlight the potential for
negative aspects of pet ownership to jeopardize the human–animal bond, decrease time
pet owners spend interacting with their pet (which has previously been discussed as a
potential mechanism of stress reduction), and significantly impact the mental health and
wellbeing of the owner. Especially in the case of a first child to new parents, behavioral
issues in pets may cause feelings of anxiety and guilt if the behavioral concerns could be
related to the new baby’s health and safety. For example, first-time parents may fear that
their pet could become unpredictable or aggressive toward an infant, particularly if the
pet has exhibited fear or reactivity in the past; the sights and sounds of a new baby can
be disturbing to a dog or cat, especially if novel [203]. Further, though the literature is
unclear concerning the actual risk [204,205], the possibility that a new baby could exhibit
asthma or atopic symptoms in response to pet dander is something that a new parent
might have to grapple with. During the prenatal period it is typically advised that the
pregnant person limit interactions with cats, including those that live in their household,
due to the risk of toxoplasma infection and subsequent risk of harm to the fetus [206,207].
For an owner who derives emotional comfort from their cat, limiting interaction due to
toxoplasmosis risk could cause considerable distress. Practitioners should also consider
the impact the loss of a pet (rehoming and/or death) during the perinatal period may
have on mental health. There is evidence that caring for a terminally ill pet is associ-
ated with increased stress and anxiety and depressive symptoms and lower quality of
life [208–210] and subsequently the death of a pet is linked to anxiety, depression, and
overall psychological distress [211–213].

For low-resourced individuals, the costs associated with both the perinatal period
and pet caregiving can cause considerable strain within household budgeting. Indeed,
veterinary care and pet supplies are expensive [214], and considerable resources (both
social and economic) are necessary for caring for a pet. Perhaps most illustrative of this is
the inaccessibility of pet-friendly rental housing, which is known to be both more expensive
and less prevalent than pet-restrictive housing, particularly in racialized communities of
color [215,216]. Residential mobility is common during the perinatal period, particularly for
low-income and racialized minority individuals [217]. The combined stressors of finding
an affordable new home that is both appropriate for a new baby and will also allow one’s
pet(s) could prove substantial.

Beyond economic resources, social resources are also an important factor in both
baby and pet caregiving. For example, recent research regarding pet caregiving during
the COVID-19 pandemic revealed a strain on household resources (both social and
economic) in order to plan for the potential of caregiver hospitalization or incapacita-
tion [218]. In particular, pet owners with children identified their social networks as
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contingency care plans in the event of caregiver illness [219]. Even during typical (i.e.,
pre/post pandemic) times, balancing caregiving roles between pets and a new baby can
be a challenge for those who lack the resources to rely on help from paid caregivers
and/or their social network. Social and economic resources may also provide the ability
to rely upon support from one’s social network, or paid care (such as a postpartum doula
or nanny), to support adequate sleep for new parents despite the overnight caregiving
demands of a newborn. Indeed, sleep disturbances in the perinatal period are known
contributors to poorer mental health [220,221]. Similarly, pets may contribute to sleep
disturbances, which could, in turn, exacerbate perinatal sleep problems. Although the
literature is conflicting, research seems to suggest that pets are likely to disturb sleep,
but may provide a sense of safety and security, which, in turn, may improve sleep [222].
Furthermore, the transition to parenting may increase stressors that result in conflict
between caregivers and exacerbate the risk of intimate partner violence (IPV; [223]). It is
well documented that IPV and animal cruelty commonly co-occur [224–227]. As such,
pets of adult and child IPV survivors may be a target for animal cruelty, which may, in
turn, lead to negative impacts on caregiver and child outcomes. Collectively, this re-
search highlights important contextual factors to be considered in the role of HAI during
the perinatal period. Although outside the scope of the current paper, it is important
that future studies consider how these perinatal stressors and related behaviors can have
detrimental effects on the welfare of animals.

5. Discussion

We end with a discussion of opportunities for integrating two recently proposed
conceptual models—one from the field of perinatology and the other from the field of
HAI—to guide research at the intersection of perinatal mental health, child development,
and HAI. Specifically, we review Moyer and Kinser’s [228] Comprehensive Model of
Mental Health during the Perinatal Period and Pendry and Vandagriff’s [139] HAI–HPA
Transactional Model. First, we summarize key concepts from the Moyer and Kinser model
and HAI–HPA Transactional model. We then expand on these key concepts to create an
integrated model that outlines key research questions and hypotheses to guide future
research on the role of HAI in maternal and child health and development with attention
to multispecies family-centered care.

5.1. Key Concepts from the Comprehensive Model of Mental Health during the Perinatal Period

The Comprehensive Model of Mental Health during the Perinatal Period [228] is
helpful in guiding research at the intersections of perinatal mental health, HAI, and
child development. This model addresses the interplay of various biopsychosocial and
PNI pathways linking individual and dyadic maternal and child health. The three
main principles of the Moyer and Kinser model highlight the importance of: (1) the
biopsychosocial and PNI mechanistic pathways involved in the development of perinatal
mental health (reviewed above in Section 2), (2) the role of individuals’ experiences
of matrescence in perinatal mental health, and (3) the importance of considering the
mother–child dyad as a functional unit [228]. For example, matrescence experiences vary
greatly and can contribute to additional stress during the perinatal period [229]. We aim
to advance Moyer and Kinser’s [228] model by proposing future research that focuses on
understanding how pet ownership and related aspects of HAI influence stress reactivity,
inflammation, and HPA axis activity in the perinatal period (e.g., perceived reductions
or increases in stress due to household pets) and in relation to all members of the family
system.

5.2. Key Concepts from the HAI–HPA Transactional Model

Building on prior HAI research and knowledge of the biological stress response
system, Pendry and Vandagriff [139] proposed the HAI–HPA Transactional Model, a frame-
work that details how HAI attenuates the stress response system, ultimately disrupting the
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association between stress and mental health problems (e.g., anxiety/depression) via PNI
mechanisms. According to their model, which centers on the role of touch and socioemo-
tional support provided by companion animals in short-term animal-assisted interventions,
HAI buffers stress both prior to and after activation of the stress response system. As
discussed previously, the socioemotional support provided by pets may aid pet owners
in perceiving potential stressors as less threatening, which may prevent the activation of
the stress response system completely. However, not every stressor will be attenuated by
interactions with companion animals. Once the stress response system is activated, pets
can continue to boost perceptions of support, allowing humans to re-appraise whether
their situation is still stressful. Moreover, people may facilitate interactions with their
pets in a way that serves as a catalyst for ameliorative effects (e.g., increases in oxytocin
and decreases in cortisol) via the downregulation of physiological arousal and cortisol
production via the HPA feedback loop. Although this model focuses on what Pendry and
Vandagriff consider to be the main marker of HPA activity, cortisol, they also address links
between HAI and alpha amylase, secretory immunoglobulin A, oxytocin, testosterone, and
nerve growth factor [139].

The HAI–HPA Transactional Model provides a useful framework for how HAI may
influence perinatal mental health outcomes via the stress-response system. However, it
is centered on evidence and characteristics of short-term animal-assisted interventions
for individuals rather than the unique characteristics of HAI involving household pets
within the family system. Moreover, this model does not adequately attend to the role of
social context in shaping relationships with animals and responses to HAI. We are unaware
of any contemporary model that accounts for the biobehavioral benefits and risks of pet
ownership and related HAI with the goal of identifying the mechanisms through which
HAI shapes mental health.

5.3. Integrating Models to Guide Research on the Intersection of HAI and Perinatal Health

Building on prior HAI and perinatal research, it is important to examine the role of
interactions between people and their pets in the hypothesized biobehavioral pathways
elucidated in the Moyer and Kinser model and to tease apart the effects of support from pets
and human forms of social support (which can also be shaped by HAI). In the following
sections, we integrate key elements from the HAI–HPA Transactional Model [139] and
Moyer and Kinser [228] model into a single conceptual model (see Figure 1), and discuss
how household pets may influence the stress response system (i.e., buffering and/or
exacerbating stress), the transition to motherhood, the development of the infant via
maternal mental health, and the mental health of other caregivers. Finally, we consider
how perinatal mental health and the role of HAI during this period may vary based
on the ecological context. A visual representation of this integrated model is shown in
Figure 1. In brief, our “Human-Animal Focused Integrative Model of Stress and Perinatal
Mental Health” provides a framework for examining the role that companion animals
may play in the perinatal period; specifically, it emphasizes the role of HAI in buffering
and/or exacerbating stress and the stress response system, and in turn, impacting PMAD
symptoms via PNI mediators. We highlight the importance of assessing two key aspects of
HAI—perceived socioemotional support (including behavioral expression such as touch
and gazing) and perceived pet-related stress—within a comprehensive model of perinatal
health. This model also emphasizes the importance of examining these processes within
the ecological contexts of the family unit.
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5.3.1. HAI and the Stress Response System

Future research on the role of pets in perinatal mental health should examine how pets,
as part of the family system, influence coping with stress. Studies are needed to determine
the role of physical touch and socioemotional support from pets in the stress response
system of mothers during the perinatal period. Interactions with pets (e.g., petting) may
serve as a coping mechanism by providing a distracting activity while also providing
biobehavioral benefits [230,231]. To this end, studies are needed to identify the PNI
processes/mechanisms through which emotional support gained from interactions with
pets may attenuate the stress-response system. Specifically, longitudinal studies can aid in
elucidating what aspects of HAI (e.g., touch, socioemotional support) may lead to better
mental health outcomes, and whether those benefits are in fact due to changes in the stress
response system (e.g., lower cortisol levels, higher oxytocin levels) and/or the inflammatory
processes [232]. It is also necessary to consider the reciprocal relationship between HAI and
biobehavioral benefits, as higher oxytocin levels may promote the establishment of close
bonds with pets which, in turn, may result in more frequent HAI. Additionally, researchers
should consider how HAI is measured (e.g., frequency of interactions, perceived level
of benefit) in these studies as different conceptualizations of HAI may be differentially
associated with perinatal mental health outcomes.

As previously noted, many of the hypotheses regarding the role of HAI are centered
on benefits to mental health, perhaps due to the focus on short-term (i.e., animal-assisted
interventions) interactions with animals instead of long-term (i.e., pet ownership) and
intimate interactions with animals. As previously mentioned, this is a limitation of the
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HAI–HPA Transactional Model [139], which does not consider how the presence of an
animal, particularly one to which a person is bonded, may increase stress and/or threaten
appraisals (while simultaneously having the capacity to attenuate the stress response
system). Therefore, we base our recommendations on future research regarding how
pet ownership and HAI may negatively impact perinatal mental health on the existing
evidence reviewed previously. Research is needed to identify how pets may contribute
to the activation of the stress-response system during the perinatal period and how to
eliminate these pet-related stressors. Additionally, longitudinal research that examines how
pet-related stress may change over time and when it may have greater impact on perinatal
mental health is needed to determine if there may be critical periods when expectant parents
may need additional support or may be most at risk for PMAD symptoms. Researchers and
practitioners may consider how assisting a family in finding reliable pet care or behavioral
services in advance of the (often unpredictable and sometimes emergent) birthing process
may help relieve some pet-related stressors. Research should also consider the changing
dynamics of relationships with pets when a new baby is introduced into the household.
For example, a new baby may cause strain within the family, which potentially jeopardizes
the pet’s welfare and possibly even threatens the pet’s role within the family unit. Further,
if HPA activation is dependent on the characteristics, severity, and frequency of daily
stressors, and also on appraisal processes, it would behoove future researchers examining
the role of HAI in perinatal mental health to explore the characteristics of pet-related
stressors, appraisals of those stressors, and how aspects of HAI may impact the appraisal
of co-occurring stressors [139,233].

Moreover, most hypotheses regarding the benefits of HAI fail to consider how the ben-
efits and risks associated with companion animals may vary as a function of an individual’s
social resources. Therefore, examining how pets may increase or decrease human social
resources is important within the context of perinatal mental health. For example, pets
can be a barrier to social relationships due to pets’ behavioral problems (e.g., aggressive
behavior) and other people’s allergies [120]. Given the benefits of perceived and received
human social support for parental mental health and child health [114,234], it is important
for practitioners and researchers to better understand how pets may influence available
support during the perinatal period and what resources are needed if human social support
is lacking during this period.

Extant research is also limited with respect to biobehavioral assessments and method-
ology within the context of HAI and health outcomes. For example, evidence suggests
changes in the hormone cortisol in the presence of a dog during laboratory settings [178,179].
More studies are needed to assess other indices of stress, such as heart rate variability or
oxytocin, to better understand the mechanisms underlying the relationship between HAI
and mental health during the perinatal period. Importantly, however, ecological valid
assessments are also warranted to determine the role of animals on multiple biomarkers of
stress [197]. Research that examines alterations in the stress response system in naturalis-
tic settings, such as in families’ homes, may help to identify momentary and real-world
experiences with pets that can ultimately shape maternal and child health and wellbeing.

5.3.2. HAI and Matrescence

The Moyer–Kinser model includes the process of matrescence as a key factor that may
influence maternal mental health and child development through the stress associated
with the transition to motherhood [228,235,236]. Prior pet ownership may aid in this
transition, as expectant parent(s) may have previously had to adjust their routines and
responsibilities upon obtaining a new pet, which may help them to navigate the demands
(e.g., responsibility for the infants’ needs, financial, psychological worry over infant’s
wellbeing) and rewards (e.g., purpose, emotional fulfillment) associated with parenthood
while balancing their own needs (e.g., sleep, return to work; [237–239]). Future research
should consider how adjustment to pet ownership may predict adjustment to parenthood;
in line with holistic, individualized care, practitioners can draw upon expectant parents’
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pet owning experiences to help them prepare for and adjust to the new baby by identifying
their available resources and potential needs.

Additionally, pets may further aid new parents during the perinatal period and in the
postpartum transition through promoting associative bonding. As discussed previously,
interactions with pets, especially those involving touch, may increase oxytocin levels in
humans. Given the role of oxytocin in maternal-infant bonding and successful lactation
postpartum [84,87–90] and the mixed results regarding the effectiveness of intranasal
oxytocin in improving lactation [240,241], researchers should also consider how oxytocin
increases as a result of HAI may influence maternal-infant bonding and lactation. Perhaps
the natural release of oxytocin from interactions with pets may have a greater, more
consistent effect than intranasally administered oxytocin; however, this has not been tested
to our knowledge. For those who wish to breastfeed and cannot, this experience may be a
source of stress, which HAI may buffer through the provision of emotional support. Taken
together, HAI may provide insight into the variation in experiences of matrescence and
highlights how considering pets as part of the functional family unit may help to prepare
and support expectant mothers during the transition to motherhood.

5.3.3. HAI and the Mother–Child Dyad

Investigating the role of pets and HAI in supporting maternal mental health during the
perinatal period has indirect implications for the developing child. Moyer and Kinser [228]
emphasize this connection between maternal mental health and wellbeing and infant
development and wellbeing, and argue that the mother–child dyad should be considered a
functional unit in terms of perinatal care. Although there is existing research supporting
the link between stress experienced by the mother (e.g., IPV, general parenting stress),
maternal mental health problems, and developmental outcomes (e.g., internalizing and
externalizing behaviors) in children across developmental periods [99,242–244], to our
knowledge there are no HAI studies that have examined how HAI may influence these
relations [4]. Longitudinal research is needed to better understand how HAI may indirectly
affect infant development during the perinatal period.

First, researchers should examine how HAI may buffer and/or exacerbate prenatal
mental health symptoms via the biological embedding of stress, and how these effects,
in turn, may impact birth outcomes and infant development. This is critical as prenatal
maternal stress (i.e., higher levels of cortisol and pro-inflammatory biomarkers, such as
IL-6) in utero and postpartum have been associated with higher infant cortisol levels and
stress reactivity [245,246] and neurocognitive developmental outcomes (e.g., structural
brain alterations) that may increase risk for long-term behavioral problems [247,248].
Second, it is important to consider how HAI may improve parent–child interactions
and child development. For example, if HAI buffers maternal stress, then mothers may
be better able to focus on bonding with the infant and have more positive, engaging
interactions with their infant. Positive affiliative bonding between mother and child is
associated with oxytocin releases in the mother–child dyad, which is linked with secure
attachment patterns for the infant. Moreover, children exhibit less cortisol reactivity to
stressors when mothers employ more supportive and responsive caregiving, which in turn
is associated with positive socio-emotional outcomes [161,249]. Emerging research also
suggests that the coupling of mother–infant physiology and behavior (i.e., coregulation)
varies by environmental factors [250,251]. For example, cortisol synchrony, or the degree
to which mother–child cortisol levels are mutually regulated within a dyadic context, is
shown to reduce the risk of children’s internalizing symptoms [252]. Therefore, if pets
protect against mothers’ maladaptive responses to stress and PMAD symptoms, this may
in turn impact maternal-infant biobehavioral coregulation and associated child outcomes.
In future work, examination of the consistency of supportive and responsive caregiving
in the presence of animals as related to infant physiology and developmental outcomes
may be an important advancement in understanding the role of HAI in the context of
mother–child dyads. This may be especially critical among families characterized by high-
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risk environments when there may be differences in positive parenting behaviors due to
exposure to multiple stressors.

HAI and Other Caregivers

Although the Moyer–Kinser Model specifically discusses the “maternal-child dyad”,
it is important to expand the focus to consider the entire family as a functional unit, such
as partners or other secondary caregivers [253–255], and how HAI may impact other care-
givers within the family unit. Secondary caregivers have been implicated in maternal men-
tal health and in the infant’s long-term behavioral and emotional development [40,256–258].
Just as HAI may provide stress-buffering benefits to maternal mental health, HAI may
also provide these same benefits for secondary caregivers in adjusting to additional stress
during the perinatal period. For example, HAI studies examining the benefits of service
dogs for military veterans diagnosed with post-traumatic stress disorder provide support
that the benefits of animals in the home can extend to the family unit [259,260]. Partners
of veterans described how the service animal provided a shared activity, socioemotional
support, and supported their own quality of life and mental health [259,260]. Therefore, it
is important to consider how HAI may influence family members outside of the mother-
child dyad given that prior research documents relations between primary and secondary
caregiver’s depressive severity across the first 6 months postpartum. Paulson et al. [257]
found that mothers with partners who met depression criteria during the prenatal period
were 4.2 times more likely to have higher depressive severity at 6 months compared to
mothers whose partners did not meet depression criteria. However, mothers’ prenatal
depression status did not significantly predict changes in their partners’ depression during
the postpartum period [257]. This suggests that promoting secondary caregivers’ mental
health during the perinatal period may, in turn, support maternal mental health. Further,
focusing on supporting secondary caregivers’ mental health may also allow them to be
more available to support the mother during this period, and greater support from a part-
ner is significantly associated with lower rates of PMADs [261]. It is, therefore, important to
consider the role of pets in secondary caregivers’ experiences of stress and support during
the perinatal period, as well as how pets may influence the relationship between primary
and secondary caregivers.

Moyer and Kinser’s [228] model can also be expanded to include alternative and
less prevalent perinatal scenarios when one (or both) parts of the mother–child dyad are
missing, such as surrogacy, parental/infant death, and child protective services involve-
ment. Such scenarios highlight the importance of considering how to best holistically
support all individuals involved in the caregiver-child dyad, even if those individuals are
no longer part of a mother–child dyad. For example, in the case of a surrogate or a birthing
parent whose child is placed into foster care following birth, the birthing parent still needs
postnatal care regarding how to adapt postpartum without the child. Current research and
medical practice focus on postpartum care for birthing parents actively caring for the infant;
however, ensuring that birthing parents are supported in adapting and coping post-birth,
especially considering the potential additional stress involved with being separated from a
child, has implications for their mental health. Given the role of pets in coping with trauma
and adversity, the role of HAI warrants attention as a factor that may facilitate coping in
these alternative and less prevalent scenarios.

5.3.4. HAI within the Ecological Context

Finally, we end by emphasizing a key concept of the Moyer and Kinser model [228] that
is often neglected in the design and interpretation of HAI research: the ecological context.
As emphasized in Moyer and Kinser’s Comprehensive Model of Mental Health during the
Perinatal Period [228], there are a number of individualized biological and environmental
factors that may increase or decrease risk for PMADs (e.g., epigenetic patterns, exposure to
adversity and discrimination, PNI mediators). We specifically highlight the importance
of including social context and adversity in future studies examining the role of HAI in
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perinatal mental health. For example, low-income families may be at risk for experiencing
additional finance-related stress during the perinatal period as they prepare to care for
the new baby. This stress experienced by low-income, pet-owning families during the
perinatal period may contribute to disparities in maternal mental health outcomes based on
socioeconomic status. Researchers examining pet ownership and HAI during the perinatal
period should examine differences in the risks and benefits of HAI on perinatal mental
health based on socioeconomic status and levels of financial stress [30]. In addition, future
studies should consider how pet ownership and HAI may exacerbate and/or buffer risk
for PMADs in the context of exposure to childhood and current adversity (e.g., domestic
violence, adverse childhood experiences, racism), given that biobehavioral processes and
the impact of HAI may differ in the context of chronic adversity [31,116,262]. It is critical
that future researchers and practitioners intentionally and appropriately explore how pets
and HAI factor into variations in ecological context to delineate how, for whom, and why
HAI poses risks and benefits in the perinatal period.

6. Conclusions

This paper examines the potential role of HAI in ameliorating and exacerbating
PMADs and potential indirect effects of HAI on the developing child and family unit.
There is a substantial need for nonpharmacological and accessible therapies that engage
individuals in self-management to address PMADs. As previously mentioned, in the U.S.,
the deleterious outcomes associated with not treating perinatal mental health problems is
estimated to exceed USD 14 billion for all births when following the mother–child dyad for
five years after birth [39]. Practitioners and researchers should explore how relationships
and activities with household pets may be employed to support maternal mental health
during the perinatal period, such as through companionship and stress reduction via
biobehavioral processes (e.g., reduction in cortisol, release of oxytocin). Understanding
the role of pets in perinatal stress and resilience will help the field of HAI advance toward
better understanding the role of pets in child and human development. Further, the role of
pet ownership and pet behavior in social and economic disadvantages during this time
has implications for the wellbeing of the mother–child dyad and family unit. Thus, to
address health disparities in mother–child health, it is critical to attend to these key issues
regarding the role of pets in buffering and exacerbating the risk for and burden of PMADs.

Author Contributions: Conceptualization, S.E.M. and P.A.K.; writing—original draft preparation,
S.E.M., C.A.T., J.W.A., S.W.M., S.C., S.M.B. and P.A.K.; writing—review and editing, S.E.M., C.A.T.,
J.W.A., S.W.M., S.C., S.M.B. and P.A.K.; supervision, S.E.M. and P.A.K.; project administration,
S.E.M.; funding acquisition, S.E.M. All authors have read and agreed to the published version of the
manuscript.

Funding: Research reported in this publication was supported by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD), grant number 5R21HD097769-
02 (S.E.M.) and the National Center for Advancing Translational Sciences of the National Institutes of
Health under University of Florida and Florida State University Clinical and Translational Science
Awards TL1TR001428 and UL1TR001427 (J.M.). The content is solely the responsibility of the authors
and does not necessarily represent the official views of the National Institutes of Health.

Acknowledgments: The authors would like to thank Richmond Stop Child Abuse Now (SCAN)
for their research partnership and the caregivers who participated in the Pets and Families Study
(5R21HD097769-02) who generously shared their lived experiences and inspired many of the research
questions put forth in this paper. We are also grateful to the anonymous reviewers, whose feedback
and suggestions greatly improved this paper.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2021, 18, 10114 17 of 26

References
1. Rodriguez, K.E.; Herzog, H.; Gee, N.R. Variability in Human-Animal Interaction Research. Front. Vet. Sci. 2021, 7, 619600.

[CrossRef]
2. Esposito, L.; McCune, S.; Griffin, J.A.; Maholmes, V. Directions in Human-Animal Interaction Research: Child Development,

Health, and Therapeutic Interventions. Child Dev. Perspect. 2011, 5, 205–211. [CrossRef]
3. Purewal, R.; Christley, R.; Kordas, K.; Joinson, C.; Meints, K.; Gee, N.; Westgarth, C. Companion Animals and Child/Adolescent

Development: A Systematic Review of the Evidence. Int. J. Environ. Res. Public. Health 2017, 14, 234. [CrossRef]
4. Tomlinson, C.A.; Matijczak, A.; McDonald, S.E.; Gee, N.R. The role of human-animal interaction in child and adolescent

development. In The Encyclopedia of Child and Adolescent Health; Halpern-Fisher, B., Ed.; Elsevier: Amsterdam, The Netherlands,
2021.

5. American Veterinary Medical Association Statement from the Committee on the Human-Animal Bond. J. Am. Vet. Med. Assoc.
1998, 212, 1675.

6. Laing, M.; Maylea, C. “They Burn Brightly, But Only for a Short Time”: The Role of Social Workers in Companion Animal Grief
and Loss. Anthrozoös 2018, 31, 221–232. [CrossRef]

7. Risley-Curtiss, C. Social Work Practitioners and the Human-Companion Animal Bond: A National Study. Soc. Work 2010, 55,
38–46. [CrossRef] [PubMed]

8. Morley, C.; Fook, J. The Importance of Pet Loss and Some Implications for Services. Mortality 2005, 10, 127–143. [CrossRef]
9. McCune, S.; McCardle, P.; Griffin, J.A.; Esposito, L.; Hurley, K.; Bures, R.; Kruger, K.A. Editorial: Human-Animal Interaction

(HAI) Research: A Decade of Progress. Front. Vet. Sci. 2020, 7, 44. [CrossRef]
10. Meints, K.; Brelsford, V.; Dimolareva, M.; Gee, N. Dog-Assisted Interventions with Children in Mainstream and Special

Educational Needs Schools—What Works? In Proceedings of the International Society for Anthrozoology Annual Conference,
Liverpool, UK, 5 September 2020.

11. Rew, L. Friends and Pets as Companions: Strategies for Coping with Loneliness among Homeless Youth. J. Child Adolesc. Psychiatr.
Nurs. 2000, 13, 125–132. [CrossRef] [PubMed]

12. Rhoades, H.; Winetrobe, H.; Rice, E. Pet Ownership among Homeless Youth: Associations with Mental Health, Service Utilization
and Housing Status. Child Psychiatry Hum. Dev. 2015, 46, 237–244. [CrossRef] [PubMed]

13. Triebenbacher, S.L. The relationship between attachment to companion animals and self-esteem: A developmental perspective.
In Companion Animals in Human Health; Wilson, C.C., Turner, D.C., Eds.; SAGE Publications, Inc.: Thousand Oaks, CA, USA, 1998;
pp. 135–148.

14. Mathers, M.; Canterford, L.; Olds, T.; Waters, E.; Wake, M. Pet Ownership and Adolescent Health: Cross-Sectional Population
Study. J. Paediatr. Child Health 2010, 46, 729–735. [CrossRef] [PubMed]

15. Matijczak, A.; McDonald, S.E.; O’Connor, K.E.; George, N.; Tomlinson, C.A.; Murphy, J.L.; Ascione, F.R.; Williams, J.H. Do Animal
Cruelty Exposure and Positive Engagement with Pets Moderate Associations between Children’s Exposure to Intimate Partner
Violence and Externalizing Behavior Problems? Child Adolesc. Soc. Work J. 2020, 37, 601–613. [CrossRef]

16. Hartwig, E.; Signal, T. Attachment to Companion Animals and Loneliness in Australian Adolescents. Aust. J. Psychol. 2020, 72,
337–346. [CrossRef]

17. Paul, E.S.; Serpell, J.A. Obtaining a New Pet Dog: Effects on Middle Childhood Children and Their Families. Appl. Anim. Behav.
Sci. 1996, 47, 17–29. [CrossRef]

18. Crawford, K.M.; Zhu, Y.; Davis, K.A.; Ernst, S.; Jacobsson, K.; Nishimi, K.; Smith, A.D.A.C.; Dunn, E.C. The Mental Health
Effects of Pet Death during Childhood: Is It Better to Have Loved and Lost than Never to Have Loved at All? Eur. Child Adolesc.
Psychiatry 2020. [CrossRef]

19. Barker, S.B.; Schubert, C.M.; Barker, R.T.; Kuo, S.I.C.; Kendler, K.S.; Dick, D.M. The Relationship between Pet Ownership, Social
Support, and Internalizing Symptoms in Students from the First to Fourth Year of College. Appl. Dev. Sci. 2020, 24, 279–293.
[CrossRef]

20. Matijczak, A.; McDonald, S.E.; Tomlinson, C.A.; Murphy, J.L.; O’Connor, K. The Moderating Effect of Comfort from Companion
Animals and Social Support on the Relationship between Microaggressions and Mental Health in LGBTQ+ Emerging Adults.
Behav. Sci. 2021, 11, 1. [CrossRef]

21. Carlisle, G.K.; Johnson, R.A.; Wang, Z.; Brosi, T.C.; Rife, E.M.; Hutchison, A. Exploring Human–Companion Animal Interaction in
Families of Children with Autism. J. Autism Dev. Disord. 2020, 50, 2793–2805. [CrossRef]

22. Fecteau, S.-M.; Boivin, L.; Trudel, M.; Corbett, B.A.; Harrell, F.E.; Viau, R.; Champagne, N.; Picard, F. Parenting Stress and Salivary
Cortisol in Parents of Children with Autism Spectrum Disorder: Longitudinal Variations in the Context of a Service Dog’s
Presence in the Family. Biol. Psychol. 2017, 123, 187–195. [CrossRef]

23. Hall, S.S.; Wright, H.F.; Hames, A.; Mills, D.S.; Team, P. The Long-Term Benefits of Dog Ownership in Families with Children
with Autism. J. Vet. Behav. 2016, 13, 46–54. [CrossRef]

24. Hall, S.S.; Gee, N.R.; Mills, D.S. Reading to Dogs: A Systematic Review of the Literature. PLoS ONE 2016, 11, e0149759. [CrossRef]
25. McCullough, A.; Ruehrdanz, A.; Jenkins, M.A.; Gilmer, M.J.; Olson, J.; Pawar, A.; Holley, L.; Sierra-Rivera, S.; Linder, D.E.;

Pichette, D.; et al. Measuring the Effects of an Animal-Assisted Intervention for Pediatric Oncology Patients and Their Parents: A
Multisite Randomized Controlled Trial. J. Pediatr. Oncol. Nurs. 2018, 35, 159–177. [CrossRef] [PubMed]

http://doi.org/10.3389/fvets.2020.619600
http://doi.org/10.1111/j.1750-8606.2011.00175.x
http://doi.org/10.3390/ijerph14030234
http://doi.org/10.1080/08927936.2018.1434062
http://doi.org/10.1093/sw/55.1.38
http://www.ncbi.nlm.nih.gov/pubmed/20069939
http://doi.org/10.1080/13576270412331329849
http://doi.org/10.3389/fvets.2020.00044
http://doi.org/10.1111/j.1744-6171.2000.tb00089.x
http://www.ncbi.nlm.nih.gov/pubmed/11111505
http://doi.org/10.1007/s10578-014-0463-5
http://www.ncbi.nlm.nih.gov/pubmed/24728815
http://doi.org/10.1111/j.1440-1754.2010.01830.x
http://www.ncbi.nlm.nih.gov/pubmed/20825613
http://doi.org/10.1007/s10560-020-00702-3
http://doi.org/10.1111/ajpy.12293
http://doi.org/10.1016/0168-1591(95)01007-6
http://doi.org/10.1007/s00787-020-01594-5
http://doi.org/10.1080/10888691.2018.1476148
http://doi.org/10.3390/bs11010001
http://doi.org/10.1007/s10803-020-04390-x
http://doi.org/10.1016/j.biopsycho.2016.12.008
http://doi.org/10.1016/j.jveb.2016.04.003
http://doi.org/10.1371/journal.pone.0149759
http://doi.org/10.1177/1043454217748586
http://www.ncbi.nlm.nih.gov/pubmed/29268667


Int. J. Environ. Res. Public Health 2021, 18, 10114 18 of 26

26. Wright, H.F.; Hall, S.; Hames, A.; Hardiman, J.; Mills, R.; PAWS Team; Mills, D.S. Acquiring a Pet Dog Significantly Reduces
Stress of Primary Carers for Children with Autism Spectrum Disorder: A Prospective Case Control Study. J. Autism Dev. Disord.
2015, 45, 2531–2540. [CrossRef] [PubMed]

27. Applebaum, J.W.; MacLean, E.L.; McDonald, S.E. Love, Fear, and the Human-Animal Bond: On Adversity and Multispecies
Relationships. Compr. Psychoneuroendocrinol. 2021, 7, 100071. [CrossRef] [PubMed]

28. Applebaum, J.W.; Tomlinson, C.A.; Matijczak, A.; McDonald, S.E.; Zsembik, B.A. The Concerns, Difficulties, and Stressors of
Caring for Pets during COVID-19: Results from a Large Survey of U.S. Pet Owners. Animals 2020, 10, 1882. [CrossRef] [PubMed]

29. McDonald, S.E.; O’Connor, K.; Matijczak, A.; Murphy, J.; Applebaum, J.W.; Tomlinson, C.A.; Wike, T.L.; Kattari, S.K. Victimization
and Psychological Wellbeing among Sexual and Gender Minority Emerging Adults: Testing the Moderating Role of Emotional
Comfort from Companion Animals. J. Soc. Soc. Work Res. 2021, in press. [CrossRef]

30. Mueller, M.K.; King, E.K.; Callina, K.; Dowling-Guyer, S.; McCobb, E. Demographic and Contextual Factors as Moderators of the
Relationship between Pet Ownership and Health. Health Psychol. Behav. Med. 2021, 9, 701–723. [CrossRef]

31. Tomlinson, C.A.; Murphy, J.L.; Williams, J.M.; Hawkins, R.D.; Matijczak, A.; Applebaum, J.W.; McDonald, S.E. Testing the Moder-
ating Role of Victimization and Microaggressions on the Relationship between Human-Animal Interaction and Psychological
Adjustment among LGBTQ+ Emerging Adults. Hum. Anim. Interact. Bull. 2021, in press.

32. Adane, A.A.; Bailey, H.D.; Morgan, V.A.; Galbally, M.; Farrant, B.M.; Marriott, R.; White, S.W.; Shepherd, C.C.J. The Impact of
Maternal Prenatal Mental Health Disorders on Stillbirth and Infant Mortality: A Systematic Review and Meta-Analysis. Arch.
Womens Ment. Health 2021, 24, 543–555. [CrossRef]

33. Hazell Raine, K.; Nath, S.; Howard, L.M.; Cockshaw, W.; Boyce, P.; Sawyer, E.; Thorpe, K. Associations between Prenatal Maternal
Mental Health Indices and Mother–Infant Relationship Quality 6 to 18 Months’ Postpartum: A Systematic Review. Infant Ment.
Health J. 2020, 41, 24–39. [CrossRef]

34. Kingston, D.; Tough, S.; Whitfield, H. Prenatal and Postpartum Maternal Psychological Distress and Infant Development: A
Systematic Review. Child Psychiatry Hum. Dev. 2012, 43, 683–714. [CrossRef]

35. Kinser, P.A.; Thacker, L.R.; Lapato, D.; Wagner, S.; Roberson-Nay, R.; Jobe-Shields, L.; Amstadter, A.; York, T.P. Depressive
Symptom Prevalence and Predictors in the First Half of Pregnancy. J. Womens Health 2018, 27, 369–376. [CrossRef]

36. Shonkoff, J.P.; Boyce, W.T.; Levitt, P.; Martinez, F.D.; McEwen, B. Leveraging the Biology of Adversity and Resilience to Transform
Pediatric Practice. Pediatrics 2021, 147, e20193845. [CrossRef]

37. Howard, L.M.; Khalifeh, H. Perinatal Mental Health: A Review of Progress and Challenges. World Psychiatry 2020, 19, 313–327.
[CrossRef]

38. Kinser, P.A.; Lyon, D.E. A Conceptual Framework of Stress Vulnerability, Depression, and Health Outcomes in Women: Potential
Uses in Research on Complementary Therapies for Depression. Brain Behav. 2014, 4, 665–674. [CrossRef]

39. Luca, D.L.; Margiotta, C.; Staatz, C.; Garlow, E.; Christensen, A.; Zivin, K. Financial Toll of Untreated Perinatal Mood and Anxiety
Disorders Among 2017 Births in the United States. Am. J. Public Health 2020, 110, 888–896. [CrossRef]

40. Leach, L.S.; Poyser, C.; Cooklin, A.R.; Giallo, R. Prevalence and Course of Anxiety Disorders (and Symptom Levels) in Men across
the Perinatal Period: A Systematic Review. J. Affect. Disord. 2016, 190, 675–686. [CrossRef] [PubMed]

41. Shorey, S.; Chan, V. Paternal Mental Health during the Perinatal Period: A Qualitative Systematic Review. J. Adv. Nurs. 2020, 76,
1307–1319. [CrossRef] [PubMed]

42. McKee, K.; Admon, L.K.; Winkelman, T.N.A.; Muzik, M.; Hall, S.; Dalton, V.K.; Zivin, K. Perinatal Mood and Anxiety Disorders,
Serious Mental Illness, and Delivery-Related Health Outcomes, United States, 2006. BMC Womens Health 2020, 20, 150. [CrossRef]

43. Zeng, L.-N.; Chen, L.-G.; Yang, C.-M.; Zeng, L.-P.; Zhang, L.-Y.; Peng, T.-M. Mental Health Care for Pregnant Women in the
COVID-19 Outbreak Is Urgently Needed. Women Birth 2021, 34, 210–211. [CrossRef] [PubMed]

44. Kinser, P.A.; Jallo, N.; Amstadter, A.; Thacker, L.; Jones, E.; Moyer, S.; Rider, A.M.; Karjane, N.; Salisbury, A. Depression, Anxiety,
Resilience, and Coping: The Experience of Pregnant and New Mothers during the First Few Months of the COVID-19 Pandemic.
J. Womens Health 2021, 30, 654–664. [CrossRef]

45. Lau, Y.; Wong, D.F.K.; Wang, Y.; Kwong, D.H.K.; Wang, Y. The Roles of Social Support in Helping Chinese Women with Antenatal
Depressive and Anxiety Symptoms Cope With Perceived Stress. Arch. Psychiatr. Nurs. 2014, 28, 305–313. [CrossRef]

46. Roos, A.; Faure, S.; Lochner, C.; Vythilingum, B.; Stein, D.J. Predictors of Distress and Anxiety during Pregnancy. Afr. J. Psychiatry
2013, 16, 118–122. [CrossRef] [PubMed]

47. Cox, T. Stress, Coping and Problem Solving. Work Stress 1987, 1, 5–14. [CrossRef]
48. Fink, G. Stress, Definitions, Mechanisms, and Effects Outlined. In Stress: Concepts, Cognition, Emotion, and Behavior; Elsevier:

Amsterdam, The Netherlands, 2016; pp. 3–11.
49. Lazarus, R.S. Psychological Stress and the Coping Process; McGraw-Hill: New York, NY, USA, 1966.
50. Lazarus, R.S.; Folkman, S. Stress, Appraisal, and Coping; Springer: New York, NY, USA, 1984.
51. Chovatiya, R.; Medzhitov, R. Stress, Inflammation, and Defense of Homeostasis. Mol. Cell 2014, 54, 281–288. [CrossRef]
52. Monaghan, P.; Spencer, K.A. Stress and Life History. Curr. Biol. 2014, 24, R408–R412. [CrossRef]
53. Field, T.; Diego, M.; Hernandez-Reif, M.; Deeds, O.; Holder, V.; Schanberg, S.; Kuhn, C. Depressed Pregnant Black Women Have a

Greater Incidence of Prematurity and Low Birthweight Outcomes. Infant Behav. Dev. 2009, 32, 10–16. [CrossRef] [PubMed]
54. Gavin, A.R.; Melville, J.L.; Rue, T.; Guo, Y.; Dina, K.T.; Katon, W.J. Racial Differences in the Prevalence of Antenatal Depression.

Gen. Hosp. Psychiatry 2011, 33, 87–93. [CrossRef]

http://doi.org/10.1007/s10803-015-2418-5
http://www.ncbi.nlm.nih.gov/pubmed/25832799
http://doi.org/10.1016/j.cpnec.2021.100071
http://www.ncbi.nlm.nih.gov/pubmed/34485952
http://doi.org/10.3390/ani10101882
http://www.ncbi.nlm.nih.gov/pubmed/33076475
http://doi.org/10.1086/713889
http://doi.org/10.1080/21642850.2021.1963254
http://doi.org/10.1007/s00737-020-01099-9
http://doi.org/10.1002/imhj.21825
http://doi.org/10.1007/s10578-012-0291-4
http://doi.org/10.1089/jwh.2017.6426
http://doi.org/10.1542/peds.2019-3845
http://doi.org/10.1002/wps.20769
http://doi.org/10.1002/brb3.249
http://doi.org/10.2105/AJPH.2020.305619
http://doi.org/10.1016/j.jad.2015.09.063
http://www.ncbi.nlm.nih.gov/pubmed/26590515
http://doi.org/10.1111/jan.14325
http://www.ncbi.nlm.nih.gov/pubmed/32043615
http://doi.org/10.1186/s12905-020-00996-6
http://doi.org/10.1016/j.wombi.2020.03.009
http://www.ncbi.nlm.nih.gov/pubmed/32371048
http://doi.org/10.1089/jwh.2020.8866
http://doi.org/10.1016/j.apnu.2014.05.009
http://doi.org/10.4314/ajpsy.v16i2.15
http://www.ncbi.nlm.nih.gov/pubmed/23595531
http://doi.org/10.1080/02678378708258476
http://doi.org/10.1016/j.molcel.2014.03.030
http://doi.org/10.1016/j.cub.2014.04.017
http://doi.org/10.1016/j.infbeh.2008.09.005
http://www.ncbi.nlm.nih.gov/pubmed/19004502
http://doi.org/10.1016/j.genhosppsych.2010.11.012


Int. J. Environ. Res. Public Health 2021, 18, 10114 19 of 26

55. Kim, H.G.; Kuendig, J.; Prasad, K.; Sexter, A. Exposure to Racism and Other Adverse Childhood Experiences Among Perinatal
Women with Moderate to Severe Mental Illness. Community Ment. Health J. 2020, 56, 867–874. [CrossRef]

56. Scott, K.A.; Britton, L.; McLemore, M.R. The Ethics of Perinatal Care for Black Women: Dismantling the Structural Racism in
“Mother Blame” Narratives. J. Perinat. Neonatal Nurs. 2019, 33, 108–115. [CrossRef] [PubMed]

57. Miyake, Y.; Tanaka, K.; Sasaki, S.; Hirota, Y. Employment, Income, and Education and Risk of Postpartum Depression: The Osaka
Maternal and Child Health Study. J. Affect. Disord. 2011, 130, 133–137. [CrossRef] [PubMed]

58. Tuten, M. Comparing Homeless and Domiciled Pregnant Substance Dependent Women on Psychosocial Characteristics and
Treatment Outcomes. Drug Alcohol Depend. 2003, 69, 95–99. [CrossRef]

59. Yamamoto, N.; Abe, Y.; Arima, K.; Nishimura, T.; Akahoshi, E.; Oishi, K.; Aoyagi, K. Mental Health Problems and Influencing
Factors in Japanese Women 4 Months after Delivery. J. Physiol. Anthropol. 2014, 33, 32. [CrossRef] [PubMed]

60. Herbell, K.; Zauszniewski, J.A. Stress Experiences and Mental Health of Pregnant Women: The Mediating Role of Social Support.
Issues Ment. Health Nurs. 2019, 40, 613–620. [CrossRef]

61. Aktan, N.M. Social Support and Anxiety in Pregnant and Postpartum Women: A Secondary Analysis. Clin. Nurs. Res. 2012, 21,
183–194. [CrossRef]

62. Corrigan, C.P.; Kwasky, A.N.; Groh, C.J. Social Support, Postpartum Depression, and Professional Assistance: A Survey of
Mothers in the Midwestern United States. J. Perinat. Educ. 2015, 24, 48–60. [CrossRef]

63. Negron, R.; Martin, A.; Almog, M.; Balbierz, A.; Howell, E.A. Social Support During the Postpartum Period: Mothers’ Views on
Needs, Expectations, and Mobilization of Support. Matern. Child Health J. 2013, 17, 616–623. [CrossRef]

64. Islam, J.; Broidy, L.; Baird, K.; Mazerolle, P. Intimate Partner Violence around the Time of Pregnancy and Postpartum Depression:
The Experience of Women of Bangladesh. PLoS ONE 2017, 12, e0176211. [CrossRef]

65. Khajehei, M.; Doherty, M. Women’s Experience of Their Sexual Function during Pregnancy and after Childbirth: A Qualitative
Survey. Br. J. Midwifery 2018, 26, 318–328. [CrossRef]

66. Zhang, Y.; Zou, S.; Cao, Y.; Zhang, Y. Relationship between Domestic Violence and Postnatal Depression among Pregnant Chinese
Women. Int. J. Gynecol. Obstet. 2012, 116, 26–30. [CrossRef]

67. Huschke, S.; Murphy-Tighe, S.; Barry, M. Perinatal Mental Health in Ireland: A Scoping Review. Midwifery 2020, 89, 102763.
[CrossRef] [PubMed]

68. Johnstone, S.J.; Boyce, P.M.; Hickey, A.R.; Morris-Yates, A.D.; Harris, M.G. Obstetric Risk Factors for Postnatal Depression in
Urban and Rural Community Samples. Aust. N. Z. J. Psychiatry 2001, 35, 69–74. [CrossRef] [PubMed]

69. Mezey, G.; Bacchus, L.; Bewley, S.; White, S. Domestic Violence, Lifetime Trauma and Psychological Health of Childbearing
Women. BJOG Int. J. Obstet. Gynaecol. 2005, 112, 197–204. [CrossRef] [PubMed]

70. Bauer, G.R. Incorporating Intersectionality Theory into Population Health Research Methodology: Challenges and the Potential
to Advance Health Equity. Soc. Sci. Med. 2014, 110, 10–17. [CrossRef] [PubMed]

71. Norhayati, M.N.; Nik Hazlina, N.H.; Asrenee, A.R.; Wan Emilin, W.M.A. Magnitude and Risk Factors for Postpartum Symptoms:
A Literature Review. J. Affect. Disord. 2015, 175, 34–52. [CrossRef]

72. Howell, E.A.; Mora, P.; Leventhal, H. Correlates of Early Postpartum Depressive Symptoms. Matern. Child Health J. 2006, 10,
149–157. [CrossRef]

73. Pooler, J.; Perry, D.F.; Ghandour, R.M. Prevalence and Risk Factors for Postpartum Depressive Symptoms Among Women
Enrolled in WIC. Matern. Child Health J. 2013, 17, 1969–1980. [CrossRef]

74. Lara-Cinisomo, S.; Clark, C.T.; Wood, J. Increasing Diagnosis and Treatment of Perinatal Depression in Latinas and African
American Women: Addressing Stigma Is Not Enough. Womens Health Issues 2018, 28, 201–204. [CrossRef]

75. Bodnar-Deren, S.; Benn, E.K.T.; Balbierz, A.; Howell, E.A. Stigma and Postpartum Depression Treatment Acceptability Among
Black and White Women in the First Six-Months Postpartum. Matern. Child Health J. 2017, 21, 1457–1468. [CrossRef]

76. Corwin, E.J.; Ferranti, E.P. Integration of Biomarkers to Advance Precision Nursing Interventions for Family Research across the
Life Span. Nurs. Outlook 2016, 64, 292–298. [CrossRef]

77. Berlin, L.J.; Martoccio, T.L.; Bryce, C.I.; Jones Harden, B. Improving Infants’ Stress-Induced Cortisol Regulation through
Attachment-Based Intervention: A Randomized Controlled Trial. Psychoneuroendocrinology 2019, 103, 225–232. [CrossRef]
[PubMed]

78. Hagenaars, M.A.; Oitzl, M.; Roelofs, K. Updating Freeze: Aligning Animal and Human Research. Neurosci. Biobehav. Rev. 2014,
47, 165–176. [CrossRef] [PubMed]

79. Corwin, E.J.; Guo, Y.; Pajer, K.; Lowe, N.; McCarthy, D.; Schmiege, S.; Weber, M.; Pace, T.; Stafford, B. Immune Dysregulation
and Glucocorticoid Resistance in Minority and Low Income Pregnant Women. Psychoneuroendocrinology 2013, 38, 1786–1796.
[CrossRef]

80. Corwin, E.J.; Pajer, K.; Paul, S.; Lowe, N.; Weber, M.; McCarthy, D.O. Bidirectional Psychoneuroimmune Interactions in the Early
Postpartum Period Influence Risk of Postpartum Depression. Brain Behav. Immun. 2015, 49, 86–93. [CrossRef]

81. Gunnar, M.R.; Talge, N.M.; Herrera, A. Stressor Paradigms in Developmental Studies: What Does and Does Not Work to Produce
Mean Increases in Salivary Cortisol. Psychoneuroendocrinology 2009, 34, 953–967. [CrossRef]

http://doi.org/10.1007/s10597-020-00550-6
http://doi.org/10.1097/JPN.0000000000000394
http://www.ncbi.nlm.nih.gov/pubmed/31021935
http://doi.org/10.1016/j.jad.2010.10.024
http://www.ncbi.nlm.nih.gov/pubmed/21055825
http://doi.org/10.1016/S0376-8716(02)00229-6
http://doi.org/10.1186/1880-6805-33-32
http://www.ncbi.nlm.nih.gov/pubmed/25351243
http://doi.org/10.1080/01612840.2019.1565873
http://doi.org/10.1177/1054773811426350
http://doi.org/10.1891/1058-1243.24.1.48
http://doi.org/10.1007/s10995-012-1037-4
http://doi.org/10.1371/journal.pone.0176211
http://doi.org/10.12968/bjom.2018.26.5.318
http://doi.org/10.1016/j.ijgo.2011.08.011
http://doi.org/10.1016/j.midw.2020.102763
http://www.ncbi.nlm.nih.gov/pubmed/32570092
http://doi.org/10.1046/j.1440-1614.2001.00862.x
http://www.ncbi.nlm.nih.gov/pubmed/11270460
http://doi.org/10.1111/j.1471-0528.2004.00307.x
http://www.ncbi.nlm.nih.gov/pubmed/15663584
http://doi.org/10.1016/j.socscimed.2014.03.022
http://www.ncbi.nlm.nih.gov/pubmed/24704889
http://doi.org/10.1016/j.jad.2014.12.041
http://doi.org/10.1007/s10995-005-0048-9
http://doi.org/10.1007/s10995-013-1224-y
http://doi.org/10.1016/j.whi.2018.01.003
http://doi.org/10.1007/s10995-017-2263-6
http://doi.org/10.1016/j.outlook.2016.04.007
http://doi.org/10.1016/j.psyneuen.2019.01.005
http://www.ncbi.nlm.nih.gov/pubmed/30716550
http://doi.org/10.1016/j.neubiorev.2014.07.021
http://www.ncbi.nlm.nih.gov/pubmed/25108035
http://doi.org/10.1016/j.psyneuen.2013.02.015
http://doi.org/10.1016/j.bbi.2015.04.012
http://doi.org/10.1016/j.psyneuen.2009.02.010


Int. J. Environ. Res. Public Health 2021, 18, 10114 20 of 26

82. Porges, S.W. The Polyvagal Theory: Neurophysiological Foundations of Emotions, Attachment, Communication and Self-Regulation;
Norton Series on Interpersonal Neurobiology; Norton: New York, NY, USA, 2011.

83. Seth, S.; Lewis, A.J.; Galbally, M. Perinatal Maternal Depression and Cortisol Function in Pregnancy and the Postpartum Period:
A Systematic Literature Review. BMC Pregnancy Childbirth 2016, 16, 124. [CrossRef] [PubMed]

84. Cox, E.Q.; Stuebe, A.; Pearson, B.; Grewen, K.; Rubinow, D.; Meltzer-Brody, S. Oxytocin and HPA Stress Axis Reactivity in
Postpartum Women. Psychoneuroendocrinology 2015, 55, 164–172. [CrossRef]

85. Leff-Gelman, P.; Mancilla-Herrera, I.; Flores-Ramos, M.; Cruz-Fuentes, C.; Reyes-Grajeda, J.P.; del Pilar García-Cuétara, M.;
Bugnot-Pérez, M.D.; Pulido-Ascencio, D.E. The Immune System and the Role of Inflammation in Perinatal Depression. Neurosci.
Bull. 2016, 32, 398–420. [CrossRef]

86. Stuebe, A.M.; Grewen, K.; Meltzer-Brody, S. Association Between Maternal Mood and Oxytocin Response to Breastfeeding. J.
Womens Health 2013, 22, 352–361. [CrossRef]

87. Eapen, V.; Dadds, M.; Barnett, B.; Kohlhoff, J.; Khan, F.; Radom, N.; Silove, D.M. Separation Anxiety, Attachment and Inter-
Personal Representations: Disentangling the Role of Oxytocin in the Perinatal Period. PLoS ONE 2014, 9, e107745. [CrossRef]

88. Kohlhoff, J.; Eapen, V.; Dadds, M.; Khan, F.; Silove, D.; Barnett, B. Oxytocin in the Postnatal Period: Associations with Attachment
and Maternal Caregiving. Compr. Psychiatry 2017, 76, 56–68. [CrossRef] [PubMed]

89. Levine, A.; Zagoory-Sharon, O.; Feldman, R.; Weller, A. Oxytocin during Pregnancy and Early Postpartum: Individual Patterns
and Maternal–Fetal Attachment. Peptides 2007, 28, 1162–1169. [CrossRef]

90. Uvnäs Moberg, K.; Ekström-Bergström, A.; Buckley, S.; Massarotti, C.; Pajalic, Z.; Luegmair, K.; Kotlowska, A.; Lengler, L.; Olza,
I.; Grylka-Baeschlin, S.; et al. Maternal Plasma Levels of Oxytocin during Breastfeeding—A Systematic Review. PLoS ONE 2020,
15, e0235806. [CrossRef]
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