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REVIEW

The Role of Oxytocin in Mother-Infant
Relations: A Systematic Review of Human
Studies

Megan Galbally, MBBS, MPM, FRANZCP, Andrew James Lewis, PhD, Marinus van IJzendoorn, PhD,

and Michael Permezel, MBBS, MD, FRACOG

Background: Oxytocin is associated with the establishment and quality of maternal behavior in
animal models. Parallel investigations in humans are now under way. This article reviews the cur-
rent research examining the role of oxytocin in mother-infant relations, attachment, and bonding
in humans. Methods: A systematic search was made of three electronic databases and other biblio-
graphic sources for published research studies that examined oxytocin and mother-infant relations
in humans, including attachment, maternal behavior, parenting, and mother-infant relations. Re-
sults: Eight studies were identified, all of which were unique in their methodologies, populations
studied, and measures used. Seven studies found significant and strong associations between levels or
patterns of oxytocin and aspects of mother-infant relations or attachment. Conclusions: Oxytocin
appears to be of crucial importance for understanding mother-infant relationships. The findings of
this review suggest that the pioneering, but preliminary, research undertaken to date is promising
and that replication with larger samples is needed. Research that draws on more robust measures
of attachment and bonding, as well as improved measures of oxytocin that include both central and
peripheral levels, will elucidate the role of oxytocin in human mother-infant relationships. As the
production of oxytocin is by no means restricted to mothers, the extension of the oxytocin studies
to fathering, as well as to alloparental caregiving, would be an intriguing next step. (HARV REV

PsYCHIATRY 2011;19:1-14.)
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INTRODUCTION

Researchers are becoming increasingly interested in the
psychobiology of social affiliation, in general, and in the un-
derlying biology of the mother-infant relationship, in par-
ticular. Such research requires an integrative and cross-
disciplinary focus, drawing on neuroscience, evolutionary
and molecular biology, and social and developmental psy-
chology. The mother-infant relationship in humans con-
sists of a dynamic interaction between maternal care-
giving behavior, affective modulation, and cognitive ap-
praisal, and the infant’s own pre-programmed signaling
and care-eliciting behavior. Whereas the hormonal regu-
lation of the mother-infant relationship has been a fo-
cus in animal studies, human studies are still in the
initial stages and present a number of methodological
challenges.
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Although various related neuropeptides regulate social
behavior in vertebrates, oxytocin (OT), along with vaso-
pressin (AVP), evolved with the mammalian linage as a
regulator of socio-sexual and reproductive behavior.! It has
been postulated that OT and AVP have distinct and per-
haps even opposing functions, with AVP playing a role in
homeostatic regulation of fluid, temperature, and function-
ing of the cardiovascular and autonomic nervous systems.?
Through the activation of these systems, AVP may lead to
an increase in arousal, attention, and aggression, whereas
OT is thought to be more involved in the regulation of pro-
social behaviors (with the consequence, for example, that
OT may inhibit the actions of AVP during periods such as
pregnancy and lactation).? Substantial animal research has
examined the role of OT in maternal behavior and bonding.?
Studies in rats, mice, heifers, pigs, and sheep have found an
association between OT and maternal behavior.*-® Specif-
ically, rat studies using various methodologies have con-
sistently shown an association between OT and maternal
behavior. A study of rat pups given either OT or an OT
antagonist found that the pups who received OT later (as
adults) provided more maternal care to their offspring.® In
another rat study, maternal care received in infancy was
shown to alter central OT receptor expression in the adult
rat brain, which, in turn, altered stress activation of the
hypothalamic-pituitary-adrenal axis.® The most compelling
rat studies—which suggest an application to humans—are
those showing that rats that have received good maternal
care and experienced only brief separations in early infancy
have higher OT receptor binding in specific areas of the
brain while lactating (the bed nucleus of the stria termi-
nalis, the medial preoptic area, and the lateral septum) than
those who received poor maternal care or longer separations
as infants.1%~!2 Further, in studies of adult female rats that
have not had litters, those that received good maternal care
in their infancy, when compared to those that did not, had
a quicker onset of maternal behavior when exposed to pups
and were more responsive to pups.!® These same rats also
had increased estrogen-induced OT receptor levels in the
medial preoptic area when they had received higher ma-
ternal care in infancy,!* indicating that a possible model for
variations in the quality of maternal care and behavior from
one generation to the next is that it is mediated neurobio-
logically by alterations in the OT system.

Translating observations and findings from animal re-
search into understanding human maternal behaviors is not
straightforward. Cross-species comparisons always need to
be mindful of differences in the biological function of seem-
ingly analogous behavior. More generally, direct comparison
of the reproductive and parenting strategies of humans and
other species is often difficult. At the measurement level,
for instance, many studies use the licking grooming/arched-
back nursing standard to assess maternal behavior in rats,!!
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whereas human caregiving is typically investigated through
the direct observation of diverse interactive behaviors be-
tween infant and mother, as well as by self-report and in-
terview measures seeking to elicit the underlying psychol-
ogy of caregiving. Psychological measures focus on wide-
ranging aspects of mother-infant relations, from maternal
behaviors and cognitions, to maternal sensitivity,!*> mater-
nal mind—mindedness (that is, a mother’s capacity to treat
her infant as an individual with a mind and with a capacity
for intentional behavior),'4~1¢ and attachment behaviors in
the infant (or the entire attachment behavioral system).!? In
addition, whereas the patterns of early caregiving behavior
in animals who show parental care tend to vary within a nar-
row range, human maternal behavior varies widely accord-
ing to culture,!” age,'® circumstances around delivery,!'®2°
social supports in the postpartum,?’ and even neurobiologi-
cal factors.

A central factor in shaping early maternal behavior in
humans is that, at birth, humans are among the most de-
velopmentally immature of all primates and thus require
significant parental care after birth.2! Their vulnerability
also makes human neonates highly sensitive to their post-
natal caregiving environment. Key aspects of infant brain
development are “experience expectant” and “experience de-
pendent,” with the consequence that the sensitivity of the
caregiving is crucial for healthy development.??2% The ca-
pacity of women to provide early maternal care, however,
varies significantly across the population. Poor or unstable
early care results in persisting difficulties in forming and
maintaining social relationships and in increased vulnera-
bility to depression, anxiety disorders, substance abuse, per-
sonality disorders, and adult physical health disorders.24~27
The quality of a woman’s own early maternal care may influ-
ence her capacity to provide maternal care;?®?° a woman’s
rejection by her mother in childhood is correlated with her
own infant’s physical avoidance of his or her mother af-
ter a brief separation.?’ Despite such findings, however, the
mechanism in humans that ensures responsive and inten-
sive maternal care is as yet unclear, as is the reason why
mothers vary so widely in their capacity to provide such
care. A biological proposition involving neuroendocrinolog-
ical processes such as alterations in OT functioning have
been extrapolated from findings in animal research and pro-
posed by prominent researchers such as Insel,?° but human
studies remain limited.

In humans, OT has been shown to be associated
with delivery,®’ lactation,®® mood regulation,®? sexual
functioning,®® and parenting behaviors.?! Emerging stud-
ies are providing ever stronger evidence of a link between
OT functioning in humans and mother-infant relations. One
idea is that increased OT levels across pregnancy facilitates
postnatal maternal behavior and the formation of an emo-
tional bond between mother and infant in humans by acting
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to reduce anxiety and to ameliorate responses to external
stresses. Mothers who have a less anxious state of mind are
more able to increase their focus on infant care,?*~36 regulate
their mood,3>37-3% and recognize and respond effectively to
nonverbal infant cues in the context of a social learning and
reward system.?® Despite the strong animal models for the
role of OT in maternal behavior, one of the key questions in
understanding the psychobiology of human caregiving and
attachment is the degree to which the considerable variation
in maternal caregiving can be accounted for through similar
biological mechanisms such as the mediating role of OT. An-
other key question is the extent to which human pregnancy
neurobiologically primes a mother for the demanding role
of postnatal maternal caregiving and the degree to which
this process is influenced by changes in the production and
metabolism of OT during the perinatal period.

This review aims to examine the current literature avail-
able on OT and mother-infant relations in humans. Given
the difficulty in delineating the different aspects of mother-
infant relations and the novelty of this research area, we
included OT studies on attachment, bonding, and mother-
infant relations.

METHODS
Literature Search

A systematic search was undertaken of the electronic
databases PsycInfo, EMBASE, and MEDLINE covering
the periods 1967-2009, 1980-2009, and 1950-2009, re-
spectively. Key search terms included: maternal behavior,
mother-infant relations, object attachment, oxytocin, par-
enting, and reactive attachment disorder. The search was
limited to English-language and human studies. The refer-
ence lists of all identified articles were searched for relevant
articles. The search also included all relevant textbooks.

Inclusion/exclusion. All abstracts of articles identified in the
electronic data base search were reviewed. Studies included
were those of original research that investigated in some
way the relationship between OT and mother-infant rela-
tions in humans. Studies were excluded if they were theo-
retical discussions of the role of OT, reviews of the literature
on the topic, or articles based exclusively on animal research
on OT.

Studies. A total of 69 abstracts was identified, of which 8
studies remained after the inclusion and exclusion crite-
ria were applied. A significant proportion of the abstracts
identified were either review articles examining theoretical
aspects or discussions of animal research.
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RESULTS

All eight studies examined distinctly different aspects of
the role of OT in mother-infant relations. The studies are
presented in Table 1. The studies were all published in the
past five years—which indicates the novelty of this area of
research. The methodology of the identified studies varied
considerably. The study populations ranged from pregnant
women, mothers, children, and young women and men. The
studies also varied in the particular aspect of mother-infant
relations examined: from maternal sensitivity to maternal-
fetal attachment, early separation, and maternal behav-
iors and cognitions. In addition, the method for collect-
ing and analyzing OT levels varied from plasma to urine
and also in the assay technique—which makes compar-
isons difficult and precludes meta-analytic synthesis of the
findings.

Pregnant and Postpartum Women

Two studies examined the same sample of pregnant women
across three time points—early pregnancy, third trimester
of pregnancy, and one month postpartum—using a longitu-
dinal design. The first study, by Levine and colleagues,*? ex-
amined OT across pregnancy and the early postpartum in
relation to postpartum maternal behavior and cognitions.
The second study, by Feldman and colleagues,*® examined
OT across pregnancy and the early postpartum in relation
to maternal-fetal attachment.

In the first study, Levine and colleagues*® examined 62
pregnant women across pregnancy and first month of the
postpartum. Plasma levels of OT were taken in the first and
third trimesters, and in the early postpartum. In the third
trimester the Maternal-Fetal Attachment Scale** (MFAS)
was completed. This study found a wide range of levels of OT
across the sample, confirming previous studies that suggest
that there is no established range for OT in pregnant and
postpartum women.?* Levine and colleagues did identify,
however, five distinct typologies for patterns of change in OT
levels across pregnancy and early postpartum: levels that
remained stable, that decreased, that increased across preg-
nancy but dropped in the early postpartum, that dropped
across pregnancy but increased in early postpartum, and
that steadily increased across the three time points. In com-
paring those with increasing, decreasing, and flat OT levels,
the researchers found that increasing levels across preg-
nancy rather than the actual level across pregnancy was
the best hormonal predictor of higher scores on the MFAS
in the third trimester.

The MFAS has six subscales: differentiation of self
from fetus, interaction with the fetus, attributing char-
acteristics and intentions to the fetus, giving of self,
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role taking, and nesting.** Levine and colleagues*® found
that the group who showed an increasing OT pattern over
pregnancy also obtained higher scores on two of those
subscales—namely, differentiation (p < .001) and attribut-
ing to the fetus (F (2, 42) = 8.00; p < 0.001). The differ-
entiation subscale measures the cognitive capacity to dif-
ferentiate the fetus from self and includes items such as “I
enjoy watching my tummy jiggle as the baby kicks inside.”
The attributing-to-the-fetus subscale includes items such
as “It seems the baby kicks and moves just to keep me from
resting.”** These findings might suggest that the pattern
with increasing OT is associated with enhancing the preg-
nant woman’s social cognition and conceptualization of her
infant.

These findings need to be considered, however, in the
light of psychometric and data-analytic limitations. Some
concerns have been expressed in the literature about the
reliability and validity of using the MFAS subscales;?® for
instance, reliabilities were originally reported to range from
Cronbach’s alpha .52 to .73, but a confirmatory factor anal-
ysis of the scale items did not support the proposed subscale
structure.’® Levine’s study reported an acceptable Cron-
bach alpha coefficient of .86 for the MFAS as a whole.
The five different typologies related to OT were constructed
inductively and would require replication in a larger
sample.

In the second study, Feldman and colleagues,*® examined
the same cohort and time-point assessments but reported on
additional measures in the early postpartum of maternal be-
havior and maternal representations—that is, the cognitive
representations of the attachment relationship—using self-
report and observational measures, along with plasma cor-
tisol. Feldman and colleagues found no correlation between
OT levels and any demographic factor, including breast feed-
ing. This study was the first to report significant correlations
between OT levels in the early postpartum and both mater-
nal behavior and maternal representations. High cortisol
levels in the early postpartum were found to be negatively
related to high-quality maternal behavior. In a hierarchical
multiple regression, high OT and low cortisol predicted the
quality of maternal behavior in the first month postpartum.
This pioneering study was exemplary in using detailed ob-
servational assessment of parenting and in examining the
combined effects of two important hormones, OT and corti-
sol.

Both studies used enzyme immunoassay to measure OT
levels. The majority of studies of OT levels in humans have
used radioimmunoassay techniques.’” ! A study comparing
enzyme immunoassay with radioimmunoassay for plasma
OT levels found these methods to be strongly correlated
(r =.90).52
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Mothers After the Postpartum

In a study on 26 mothers from various ethnic backgrounds,
and using a counterbalanced design, Bick and Dozier®? ob-
served interactive behavior of the mothers in a computer
game with their four-year-old children or with unfamiliar
children of the same age. The children were asked to sit
on mothers’ laps during the game (for about 25 minutes).
Physical contact included whispering to each other, counting
while holding each others’ hands, sitting together while lis-
tening to short stories, and playing tickling games. Maternal
sensitivity, positivity and closeness, stress and unease, and
the amount of time in close physical contact were rated by
coders blind for the specific experimental condition. Ratings
did not appear to be significantly different in biological ver-
sus unfamiliar dyads. The mothers provided urine samples
for enzyme immunoassay of OT levels after the interactive
game. All of the laboratory visits took place about the same
time in the morning.

Bick and Dozier®® found that OT levels were higher
among mothers after interactions with unfamiliar children
than following interactions with their own children. This
surprising finding was explained by the potential anxiolytic
role of OT in lowering the level of stress when one is con-
fronted with a social stressor. Interacting with an unfamiliar
child might constitute a more stressful encounter than in-
teracting with the biologically related child, and to require
modulation of stress indexed by higher OT production. OT
might have lowered mothers’ defensive reactions against
the unfamiliar child and stimulated maternal, affective be-
havior despite the absence of both a biological bond and a
history of interactive experiences. The authors did not re-
port associations between OT levels and behavioral ratings
across or within conditions. Individual differences in level of
sensitivity might be correlated with differences in OT levels,
as was found by Feldman and her colleagues?® in mothers
during the postpartum period.

Strathearn, Fonagy, Amico, and Montague® conducted a
modified version of the Adult Attachment Interview (AAI)
with pregnant women. They selected 15 mothers with a se-
cure attachment style and 15 with an insecure-avoidant
attachment style, classified using Crittenden’s dynamic-
maturational approach to coding the AAI% At 7 months af-
ter birth, the mothers were observed interacting with their
babies during a five-minute free-play session, and serum OT
was assessed with a liquid phase radioimmunoassay before
and after the interactions. At 11 months after birth, the first-
time mothers were asked, while in an fMRI scanner, to look
at smiling, neutral, and crying faces of their own 7-month-
old infants. The specific procedure was that the mothers
were exposed to 60 pictures of smiling, neutral, and crying
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faces in the scanner, half of which were depicting their own
infants, and the other half unfamiliar but matched.

Strathearn and colleagues®! found that after interacting
with their infants, secure mothers’ serum OT levels were
more elevated than those of insecure-dismissing mothers.
OT response to the free-play interactions at 7 months was
significantly higher in securely attached mothers as mea-
sured by the AAI, a result that was strongly correlated with
activation of hypothalamus/pituitary region and the ventral
striatum in response to smiling and crying own-infant face
cues in the scanner at 11 months. These brain regions are
considered to be involved in oxytocinergic and dopamine-
associated reward processing. These associations were sig-
nificantly different for secure versus insecure-dismissing
mothers. The authors speculated that OT may be one mech-
anism by which socially relevant cues activate dopaminergic
pathways and thus reinforce behavior. Mothers with secure
attachment patterns when interacting with their infants
may produce more OT, which increases the experience of re-
ward and which may, in turn, contribute to the mother’s abil-
ity to provide consistent, nurturant care. This hypothesis
needs further research in which OT responses are measured
simultaneously with brain activation, and in which the qual-
ity of interactions during free play is assessed. Also, adult
attachment representations should be established with the
widely validated Berkeley approach,® although the extent
to which such additional studies would alter Strathearn and
colleagues’ findings is open to debate. Despite the need for
further research, this study is unique in addressing the role
of OT on various levels of maternal functioning and in trying
to relate OT levels directly to brain activation.

Nonpregnant Women

Tops and colleagues*” examined the relationship between
OT, cortisol, attachment, and anxiety in 18 adult women who
were normal cycling or taking oral contraceptive pills. The
study was experimental and used a within-subjects double-
blind design in which the participants were examined under
two conditions: after being given either cortisol or placebo.
The article discussed here, however, reports only on the
placebo data examining the relationship between naturally
occurring OT and cortisol levels, on the one hand, and at-
tachment and anxiety measures, on the other. The measures
used were the temperament scale of the Temperament and
Character Inventory, whose four scales are novelty seeking,
harm avoidance, reward dependence, and persistence. The
reward dependence scale includes a five-item attachment
subscale examining the expression and sharing of emotions
with friends.*” Anxiety was measured using the State-Trait
Anxiety Inventory. OT was measured by radioimmunoassay
techniques. The study found that OT was correlated with
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the attachment subscale but not with any other tempera-
ment scale or with state anxiety. An association between
OT and state anxiety was found to be modulated by attach-
ment; that is, when the associations between OT and at-
tachment and between state anxiety and attachment were
controlled, a stronger association between OT and state anx-
iety emerged.*’

The Temperament and Character Inventory is not de-
signed as an adult attachment self-report questionnaire but
as an assessment of temperament and personality. The ad-
vantages and limitations of self-report questionnaires of at-
tachment, as compared to the structured interview such
as the Adult Attachment Interview, has recently been sub-
jected to a meta-analytic approach: the association between
security measured by the AAI and security in self-report
attachment style was found to be very small (mean r =
.09).95 The study by Tops and colleagues*’ used a measure
of attachment that is another step removed from the self-
report methodology and relies on the association found in
some studies between personality characteristics and at-
tachment scores on self-report attachment measures. For
instance Chotai and colleagues® found that the reward de-
pendency scale of the Temperament and Character Inven-
tory correlated positively with secure attachment using the
Attachment Style Questionnaire (partial correlation coef-
ficient r = .22). The manner in which the study by Tops
and colleagues?” operationalized the construct of attach-
ment consequently limits its conclusions.

Children

A study by Fries and colleagues*’ compared children who
had experienced early neglect and institutionalization but
subsequent adoption into families (n = 18) and children
who were reared by their biological parents (n = 21). Chil-
dren had periods of 30-minute interactions with either their
mothers or unfamiliar females, with timed physical contact.
Urine was collected after the task, and each assessment was
separated by at least seven days. In addition, the first urine
of the day was collected over four days; the result was aver-
aged to arrive at an estimate of basal OT levels. Compared
to those who had experienced early neglect, children reared
by their biological parents tended to show higher OT levels
after interactions with their mothers, although the associ-
ation failed to reach conventional alpha level (p = 0.056).
The groups showed no differences after interacting with the
female stranger, and their basal OT levels were also the
same.

These children were, on average, around four years of age.
The neglected children had spent an average of 16.6 months
immediately after birth in orphanages and had spent on
average of 34.6 months (range, 10—-48 months) with their
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adoptive parents. Socioeconomic variables in the parents
were controlled for, and developmental disability was ex-
cluded. The authors included no assessment of parent-child
relations in either the neglect or control group and also no
information on parental variables such as maternal depres-
sion.

The study used radioimmunoassay techniques to assess
OT levels in the urine. Early studies (1964, 1973) that
compared urinary and plasma measures of OT found sig-
nificant discrepancies in results,®”%® but in a more recent
study (1987) using OT infusion, radioimmunoassay mea-
surements of OT in plasma and urine were found to be com-
parable, with urinary and plasma levels related.®® Although
this same study also found that random samples of urine
were poorly related to plasma levels (only a small fraction
of OT was found to be being cleared in the urine, and the
number of subjects was small), the authors concluded that
measurement of urinary OT was sensitive to variations in
OT levels during infusion.®® Since this latter finding leaves
it uncertain whether urinary basal OT levels are reliable, it
raises questions about Fries and colleagues’ finding* of no
difference in basal OT levels. Indeed, Anderson™ has raised
concerns about the urinary measures of OT used in the Fries
study, about the sensitivity of the specific techniques used,
and about the inconsistencies between the OT levels found
in that study and other data on OT levels. He therefore ar-
gued that the urinary OT findings of the Fries study should
be “disregarded.”

Young Adult Men

Meinlschmidt and Heim’s study*! of nine young men with a
history of early parental separation (EPS) and ten controls
examined the response to double-blind, intranasal OT or
placebo. The measures included a self-report questionnaire
on five types of early childhood trauma. The authors cate-
gorized these traumas as follows: traumatic sexual; divorce
or separation of parents; death of family member or close
friend; victim of violence; and “other.”? Those who reported
permanent or prolonged separation from a parent before age
13 years were included in the EPS group. Those included
in controls reported no category of childhood trauma. Sam-
ples of salivary cortisol, measured and analyzed using fluo-
rescence immunoassay, were taken before and at four time
points after OT or placebo was administered. Following ad-
ministration of OT, EPS subjects experienced an increase in
salivary cortisol, whereas controls experienced a significant
decrease. The pattern of cortisol over time also differed in
EPS subjects, compared to controls, following OT adminis-
tration: the decline was more attenuated in EPS subjects.
It is difficult to draw definite conclusions about OT lev-
els from this study. It was not specifically about mother-
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infant relations; the separation could be from either parent
and at any age under 13 years. It did not directly examine
OT levels. It did not provide details of the circumstances
surrounding the early parental separation (with the conse-
quence that it is unclear whether the separation was from
the primary caretaker for all subjects). And the numbers
in each group were small. However, like the study by Fries
and colleagues,?® this study by Meinlschmidt and Heim?*!
does suggest a potential link between the quality of early
parental care and later OT functioning.

Interestingly, this study used salivary cortisol to exam-
ine the effects of centrally administering OT, whereas all
other studies identified for this review measured periph-
eral OT levels. No studies in this review directly measured
central OT levels—for instance, through cerebrospinal fluid
levels (which is no doubt due to the invasive nature of cen-
tral measurement for research participants). No existing
studies show that centrally administered OT exerts direct
effects on OT receptors or even that it acts on other neu-
rotransmitter systems.*! A review of peptides and their ca-
pacity to cross the blood-brain barrier indicated only that
it is likely, despite some uncertainty, that peptides, includ-
ing OT, are capable of crossing.”’ The correlation between
central and peripheral levels of OT and the effects of cen-
trally administered OT on receptor regions have yet to be
established. Qualifications notwithstanding, Meinlschmidt
and Heim’s study,*! which examines the effects of early ad-
versity through central administration of OT rather than
by measuring peripheral levels of OT, adds to the overall
evidence that OT plays a role in human attachment.

Young Adults

Gordon and colleagues*® examined 45 young adults (21 men
and 24 women) who were not romantically attached. They
examined plasma OT and salivary cortisol (both taken in
the afternoon) and four self-report measures: State-Trait
Anxiety Inventory, Beck Depression Inventory, Adult At-
tachment Styles, and the Parental Bonding Instrument. OT
and cortisol were both analyzed using enzyme immunoassay
techniques similar to that used by Levine and colleagues*?
and Feldman and colleagues.*® Eighteen participants had
blood drawn twice to confirm the stability of OT during
the experimental period. Psychological distress was found
to be negatively associated with OT levels, and bonding
was found to be positively associated with OT. Cortisol lev-
els were associated with attachment anxiety but not with
attachment avoidance (as measured by the Adult Attach-
ment Styles questionnaire), and there was not a signifi-
cant association with OT. As previously discussed it re-
mains uncertain whether self-report questionnaires, which
predominantly focus on current adult relationships, are
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comparable to the Adult Attachment Interview, which ex-
plores the childhood parental relationship in relation to
adult attachment state of mind.” This study’s finding of no
association between attachment and OT may consequently
reflect the nature of the attachment assessment. What the
study does provide is preliminary data that early parental
relationship, vulnerability to depression/anxiety, and OT
may be related.

DISCUSSION

Research on early mother-infant relations has predomi-
nantly been focused on social and psychological factors that
may contribute to the quality of early maternal care. The
large literature in animal research suggests, however, that
biological factors contribute strongly to both the quality of
maternal care of infants and the intergenerational trans-
mission of the motivation and capacity to provide care to
infants. Far fewer studies examine directly the biological
systems known to be involved in the human attachment
and caregiving systems. The planning and design of such
studies is difficult and challenging because of the complex
interplay of behavioral, psychological, and biological levels
of analysis.

Assessment of attachment has evolved over five decades
and now includes numerous different measures and meth-
ods of assessment such as experimenter-rated observations,
laboratory-based experimental procedures, self-report ques-
tionnaires, narrative-based play tasks, and structured inter-
view methods. Although the validity and reliability of these
various instruments across the human lifespan continue to
be matters of investigation and debate, robust findings link
the assessment of attachment in mothers (even while still
pregnant) using the Adult Attachment Interview with the
transmission of these attachment patterns to their infants
assessed using the Strange Situation Procedure.!?

One of the general limitations of current research on OT
in humans involving intergenerational transmission of at-
tachment is that no studies have included in their method-
ology the more established and extensively validated mea-
sures of adult and infant attachment in order to examine
the role of neuroendocrinological indices such as OT in
the development of attachment. Equally, little of the de-
velopmental research methodology used in the observation
and assessment of mother-infant interaction over the first
12 months has been integrated into neuroendocrinologi-
cal research. With regard to observed maternal behavior,
one study—the pioneering investigation by Feldman and
colleagues*—did apply, among other micro-analytic mea-
sures, the Yale Inventory of Parent Thought and Action,
which is a valid observational measure. Bick and Dozier®?
observed interactive maternal behavior during a game and

Harv Rev Psychiatry
January/February 2011

used, among other measures, the maternal behavior Q-sort
for sensitivity. In two studies—by Meinlschmidt and Heim*!
and by Strathearn and colleagues®’—the participants’ expe-
rience of being parented was assessed. Nevertheless, we still
have a long way to go before we understand the role of OT
in initiating and maintaining human maternal behavior, in
generating affective and motivational states associated with
caregiving, in forming social bonds, and in transmitting ma-
ternal behavior intergenerationally.

Significant measurement issues also need to be ad-
dressed. Within the eight identified studies, seven measured
OT peripherally, and one measured cortisol in response to
intranasal OT administration. No studies identified directly
measured central OT levels—for instance, through cere-
brospinal fluid levels. The correlation between central and
peripheral OT is uncertain since two studies of pregnant
women have found no correlation between CSF and plasma
OT levels.5"" No differences in CSF OT levels in pregnant
versus nonpregnant women have been identified.’” Given
that OT is produced both centrally and peripherally, further
investigation of the relation between peripheral and central
levels of OT is needed in order to understand the accuracy
of the peripheral measures and to resolve uncertainty as to
the proper manner of measuring OT. Two findings suggest
that peripheral OT levels are valid indicators of the func-
tioning of the brain. First, OT levels appear to be stable over
time.*345 Second, maternal OT levels have been correlated
with activation of hypothalamus/pituitary region and the
ventral striatum in response to smiling and crying pictures
of their own infants.5!

An accumulating body of research on diverse aspects of
human behavior points toward a potential link between
neuroendocinological changes and maternal behavior in hu-
mans. While this research is not directly about attachment,
it suggests that OT levels and the responsiveness of the
oxytocinergic system to emotional stimulation varies con-
siderably from one individual to another.’’ Evidence also
suggests that OT in humans alters response to stress?¢ and
aids in reading nonverbal social cues®*—both of which are
potentially important aspects of early maternal-infant inter-
actions and key components of the attachment system. OT
has also been demonstrated to facilitate interaction with
an unfamiliar child. This finding suggest that OT has a
role in the transition from the first stages of interacting
with the newborn baby to establishing a bond during the
weeks and months after this initial period.?? Finally, a re-
cent genetic study found that a gene-by-gene interaction
between polymorphisms in OT receptor and serotonin trans-
porter genes was significantly associated with maternal
sensitivity.™

Although the research in understanding the contribution
of neuroendocrinological factors to mother-infant relation-
ship is still in its early stages, some preliminary theoretical
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models can be proposed for future testing. A distinction
needs to be drawn between two different aspects of develop-
ment: first, the development of infant attachment patterns
across the infant’s first few years of life, and second, the
influence of such patterns on a mother when she is called
upon to provide maternal care in adulthood.

In infancy, the evidence from animal studies suggests
that central OT receptors are pruned on the basis of the
quality of maternal care provided.'® 12 This process has
been referred to as a form of early epigenetic programming,
which suggests that variation in infants’ attachment
patterns may be underpinned by neural receptivity to
OT release.” Since OT release is thought to reduce
anxiety by reducing amygdala activation and dampening
hypothalamic-pituitary-adrenal activity, it may play an
anxiolytic role in the regulation of mood and social stress.
Differences in infant attachment patterns may reflect
different degrees of central receptivity to OT production or,
indeed, different levels of OT production. These comments
are speculative since the role of individual differences in
OT receptivity or production and the relationship of these
differences to infant attachment patterns have not yet been
investigated in humans. Further research is needed.

More research has been conducted on the regulation of
maternal behavior via the OT system across the perina-
tal developmental period. Thus, when a woman becomes
pregnant, the OT produced by both the mother and her
fetus across pregnancy is likely to be a factor influencing
the motivational and affective process that is referred to as
antenatal bonding. In particular, Feldman and colleagues®®
found strong evidence to support this aspect of the theory.
They also found evidence of associations between changes
in OT levels across pregnancy and the quality of maternal
care such as the maternal bonding behaviors and maternal
representations of the relationship. Biologically speaking,
priming of maternal brain systems for maternal behavior
involves an interaction between the oxytocinergic system
and the mesolimbic dopamine reward circuit across preg-
nancy and the postpartum period.!*!! Some evidence for
this interaction comes from the Strathearn and colleagues’
study®! linking OT response following mother-infant inter-
actions with elevated activity in those areas of the brain. OT
produced both centrally and peripherally is released over
the course of pregnancy and in substantial amounts during
delivery.

OT production in mothers is maintained postnatally by
lactation and also in response to innate infant behaviors
such as suckling, clinging, facial expressions, and vocal
calls.”"" The location of OT receptors in the human brain
suggests that in the infant, attachment-eliciting signals
may act as cues to central OT release that is reinforced,
in turn, via an interaction with dopamine-associated brain
pathways. OT release in the mother is assumed to have
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an inverse relationship to stress responses. Since OT re-
lease is rapid in response to external stimulation and has
effects on the limbic system and orbitofrontal cortex, it acts
to potentiate a response to a range of pro-social behaviors,
including facial recognition, social memory, and trust—all
of which are theoretically associated with maternal care-
giving behavior and the dyadic function of the attachment
system.

Finally, one of the central hypotheses of attachment the-
ory is that the infant’s attachment system serves as a
foundation for a future caregiving behavioral system, and
high concordance has been found for such intergenerational
transmission of attachment patterns. A complete theory of
OT’s role in human attachment would therefore need to com-
bine these two models of infant attachment and maternal
caregiving. Attachment theory suggests that the priming
of the maternal caregiving system through infant interac-
tion may itself be building upon a neurobiological basis of
OT receptivity that was laid down during mother’s own in-
fancy and that, in itself, is a product of her own experience
of caregiving. Attachment theory does not suggest that the
attachment relationship would be dependent on pregnancy,
postnatal lactation, or feeding, as it assumes that infants de-
velop attachment relationships with their mothers, fathers,
and other caregivers if they interact on a regular basis. Since
the production of OT is by no means restricted to mothers,
extending OT studies on mothering and mother-infant at-
tachment to fathering and father-infant attachment, as well
as to all parental caregivers, is a fascinating next research
step. The first study along these lines has recently been
published.”®

The foundation of attachment reflects the interaction of
psychological and biologically co-evolved processes between
parent and infant that remain poorly understood. Moreover,
in view of the limited amount of research on OT in humans,
we can no more than speculate at present about OT’s role in
human development. The first wave of pathbreaking studies
reviewed here, however, strongly suggests that OT has an
important role in the development and regulation of parent-
infant relationships in humans.
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