Chapter 5

The Biobehavioral Legacy of Early
Attachment Relationships for Adult
Emotional and Interpersonal Functioning

Lisa M. Diamond

One of the chief contributions of attachment theory to relationship science is that it
provides a coherent framework for understanding how individuals’ earliest ties to
their caregivers during infancy and childhood influence the quality of their adult ro-
mantic bonds. Historically, these linkages have been understood chiefly in terms of
individuals’ internalized, psychological models of relationships—the constellation
of cognitions and expectations regarding attachment figures which provide the tem-
plate for individuals’ perceptions of, feelings about, and behaviors toward romantic
partners. Yet an important development in attachment research over the past several
decades is the increased attention to the biological implications of early attachment
experiences. Specifically, we now know that early attachment experiences shape
not only individuals’ cognitions and emotions, but also a range of basic physiologi-
cal systems involved in stress reactivity and regulation. The functioning of these
systems, in turn, influences the development of multiple interpersonal processes
which are critically implicated in the formation and maintenance of adult attachment
bonds. The purpose of this chapter is to review this basic model. Specifically, (1) the
quality of early caregiving, in interaction with genetically based temperament and
overall stress exposure, calibrates the infant’s basic stress-regulatory systems, most
notably the autonomic nervous system (ANS) and the hypothalamic—pituitary—
adrenocortical (HPA) axis; (2) the infant’s resulting profile of ANS and HPA re-
activity shapes his/her developing capacity for stress- and emotion-regulation and,
as a result, his/her emerging interpersonal skills; (3) by adulthood, this variability
in interpersonal and stress-regulatory skills affects the formation and maintenance
of adult attachment bonds, by shaping individuals’ abilities to seek and provide the
safe haven and secure base components of attachment with their romantic partners
during times of stress.

Yet importantly, this is not a biologically determinist model. One of the most ex-
citing recent developments in research on the role of ANS and HPA functioning in
child development is the emerging view that children’s profiles of stress reactivity
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do not represent global vulnerabilities, but rather differential susceptibilities to en-
vironmental input (Belsky et al. 2007; Belsky and Pluess 2009; Del Giudice et al.
2011; Ellis et al. 2011). Hence, when the environmental input changes from bad to
good, individuals with highly reactive HPA and ANS systems might be dispropor-
tionately likely to benefit, in essence “absorbing” more developmental strengths
and skills from highly nurturant attachments than their low-reactive counterparts.
One intriguing possibility is that this differential susceptibility extends to early
adulthood, potentially rendering highly reactive individuals more likely to develop
enhanced interpersonal and self-regulatory skills if some of their earliest adult at-
tachment bonds are particularly nurturant and supportive. Toward the end of this
chapter, I outline promising directions for future research on such possibilities.

Attachment and the Biology of Stress
and Emotion Regulation

Although attachment theory has historically been viewed as a theory of interper-
sonal functioning, Bowlby (1977) placed considerable emphasis on the role of the
attachment system in governing overall responses to danger and threat. Confirming
Bowby’s view, researchers have demonstrated robust associations between attach-
ment experiences and individuals’ emotional responses to major and minor stressors
(Ditzen et al. 2008; Maunder et al. 2006; Mikulincer and Florian 2004; Simpson
et al. 2002), and studies have increasingly investigated the specific behavioral, cog-
nitive, and physiological processes underlying the emotion-regulation functions of
the attachment system. Emotion regulation, in this context, refers to the range of
internal and transactional processes through which individuals consciously or un-
consciously modulate the experience or expression of emotions elicited by environ-
mental events (Gross 1999; Thompson 1994). Adaptive versus maladaptive patterns
of emotion regulation shape the ways in which individuals perceive, appraise, and
react to emotionally relevant experiences (reviewed in Diamond and Hicks 2004),
and they are also fundamentally integrated with broader self-regulatory processes
including executive functioning, response inhibition, and the regulation of atten-
tion (Koole 2009; Lewis et al. 2006; Ochsner and Gross 2007; Posner and Rothbart
2007). Hence, effective emotion regulation is critical for state regulation, social
competence, and interpersonal behavior (Cicchetti et al. 1995; Frick and Morris
2004; Silk et al. 2003), and is considered a core developmental achievement for
both children and adolescents (Collins et al. 1998; Denham 2006; Eisenberg et al.
2002).

Attachment figures foster the development and maintenance of the infants’ emo-
tion regulation abilities by continuously modulating the infant’s affective and at-
tentional state in response to changing situational demands. They achieve this on an
ongoing basis by adjusting their own facial expressions, vocalizations, and physi-
cal touch during routine interactions with the infant, and by regulating the infant’s
direct engagement with the environment. This routine regulatory “scaffolding”
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supports the development of the infant’s own self-regulatory capacities, as strong
positive and negative emotions are repeatedly elicited, experienced, expressed, and
modulated dyadically from situation to situation and moment to moment (Dickson
et al. 1998; Fogel 2001; Fogel et al. 1999; Tronick 2007). Importantly, the attach-
ment figure need not be perfectly attuned to the infant at each and every moment
in order for these normative developmental processes to occur. Rather, even the
periodic “mismatches” between the infant’s and the caregiver’s expressions, inten-
sions, and affects are developmentally beneficial, as they provide opportunities for
coordinated communicative “repair” that supports the infant’s developing ability to
cope with routine irritants and stressors (DiCorcia and Tronick 2011; Tronick and
Beeghly 2011).

The cognitive and behavioral aspects of these normative dyadic processes have
received extensive attention over the years, yet these processes also have physi-
ological manifestations. Specifically, the processes by which attachment figures
regulate their infants’ ongoing emotional experiences is now understood to play a
central role in “tuning” stress regulatory systems in the orbitofrontal cortex that pro-
vide the foundation for effective self- and emotion-regulation (Schore 1996; Siegel
2001). This emerging body of work is quite consistent with Bowlby’s original for-
mulation of the attachment system as fundamentally psychobiological. Specifically,
he posited two different “rings” of homeostasis that assist the individual in respond-
ing to major and minor stressors so that emotional security could be maintained
and environmental exploration fostered (Bowlby 1973). The inner ring comprises
life-maintaining biological systems that govern ongoing physiological adaptation to
external demands. The outer ring comprises behavioral (and particularly, interper-
sonal) strategies for coping and adaptation. From Bowlby’s perspective, the inte-
grated functioning of these two levels is critical for optimal self-regulation.

Extensive research confirms Bowlby’s view. We now know that deficits in the
quality of the infant—caregiver relationship disrupt not only children’s social and
behavioral development, but also their biological capacities for maintaining ho-
meostasis in the face of threat (reviewed in Repetti et al. 2002). To understand these
processes, developmentalists have increasingly adopted “biosocial” perspectives
on the family (Booth et al. 2000), aimed at identifying the reciprocal influences
among environmental, interpersonal, behavioral, psychological, and biological pro-
cesses that unfold within family relations over time (Cairns et al. 1990; Gottlieb
1991). In this view, profiles of biological reactivity—established by interactions
between genetic predispositions and early infant/caregiver interactions—set the
stage for certain biological, cognitive, emotional, and behavioral responses to stress
and challenge. These response patterns become regularized over time, especially
as individuals self-select themselves into and out of environments that “fit” their
patterns, and over time these patterns exert enduring influences on individuals’ psy-
chological functioning and the quality of their intimate relationships. Although such
dynamics involve numerous biological processes, we focus below on two systems
which have particular relevance for affect regulation: the autonomic system and the
HPA axis of the endocrine system. We provide a brief review of these systems, fol-
lowed by evidence for the critical role of early caregiving (including the quality of
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infant—caregiver attachment) in establishing enduring reactivity profiles. We then
address the implications of these reactivity profiles for emotion regulation and, by
extension, adult romantic attachment functioning. We conclude by highlighting re-
cent research on the plasticity of these developmental processes, and identifying
promising areas for future research on how individuals’ earliest adult attachment
bonds might prove differentially formative for individuals with different physiolog-
ical reactivity profiles.

The HPA Axis

Our bodies regulate responses to psychological stress through two primary path-
ways: The hypothalamic—pituitary—adrenal (or HPA) axis, characterized by acti-
vation of the pituitary gland and release of adrenocorticotropic hormone (ACTH)
and cortisol, and the sympathetic—adrenal medullary (SAM) axis, characterized
by activation of the adrenal medulla (which is part of the autonomic nervous sys-
tem, or ANS), release of catecholamines (such as norepinephrine and epinephrine)
and immediate effects on cardiovascular functioning. Hence, both HPA and ANS
activation provide markers of stress reactivity, but they represent distinct “chan-
nels” through which stress is regulated in the body, with different antecedents,
different effects on other stress-induced biological processes (such as cellular im-
mune function), and different long-term consequences for physical and mental
health (Cacioppo 1994). Research has found that the manner in which individuals
appraise the stressor at hand shapes the degree to which his/her physiological re-
sponse is characterized by combined SAM/HPA activation versus SAM activation
alone (Blascovich and Tomaka 1996; reviewed in Cacioppo 1994).

In cases where stressors are primarily appraised as challenges (i.e., in which one’s
resources are viewed as adequate for meeting the demand), the hypothalamus acti-
vates the adrenal medulla to release catecholamines, which activate the sympathetic
nervous system (SNS) and inhibit the parasympathetic nervous system (PNS), pro-
ducing increased heart rate, blood pressure, and respiration. In cases where stressors
are primarily appraised as threats (i.e., in which one’s resources are not viewed as
adequate for meeting the demand), the hypothalamus activates the anterior pituitary
in addition to the adrenal medulla. The pituitary is signaled to release ACTH, which
in turn triggers the release of glucocorticoid hormones, primarily cortisol, into the
bloodstream. The release of cortisol facilitates the body’s response to stress by regu-
lating glucose metabolism, inflammatory responses, localized blood flow, and the
maturation of lymphocytes (Sapolsky et al. 2000). Hence, although most responses
to stress involved combined patterns of HPA and SAM activation, the differences
between the antecedents and consequences of these two different stress pathways
(Blascovich and Tomaka 1996; Cacioppo 1994) makes it important to discus each
system separately.
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HPA Activation

Studies examining patterns of HPA reactivity to stress have generally followed two
different approaches: The first involves measurement of increases in cortisol in re-
sponse to a laboratory stress task, relative to a pre-task baseline (for a comprehen-
sive review of published research using such paradigms, and a synthesis of the task
characteristics most strongly associated with reactivity, see Dickerson and Kemeny
2004). Yet studies have also investigated how acute and chronic stressors influence
sustained patterns of cortisol release over one or several days. Cortisol release fol-
lows a diurnal pattern, peaking in the first half hour after waking and then declining
over the rest of the day.

Extensive research has found that exposure to major and minor stress can pro-
duce both transient and lasting alterations in this pattern of secretion (reviewed by
Miller et al. 2007). Yet importantly, whereas laboratory studies of momentary HPA
reactivity typically detect transient increases in cortisol in response to psychologi-
cal stress, studies of longer-term patterns of cortisol release have found that sus-
tained exposure to stress can elicit chronic increases or decreases in cortisol. Hence,
stress-related dysregulation of the HPA axis appears to take two forms: Exaggerated
cortisol release (paralleling the transient increases found in laboratory studies) and
dampened or “blunted” cortisol release, in which the pattern of diurnal secretion is
lowered or “flattened,” lacking the pronounced morning rise or the evening fall that
characterizes normal HPA functioning.

The processes through which chronic stress produces each pattern are thought to
be somewhat different. Exaggerated HPA activity is thought to result from stress-
related disruption of the normal feedback processes through which HPA activa-
tion is typically “shut down” once sufficient levels of cortisol are present in the
bloodstream to meet environmental demands. Chronically low or “blunted” HPA
activity, in contrast, has been interpreted as a potentially adaptive mechanism for
protecting the brain from the detrimental effects of sustained stress-related exposure
to cortisol. Awareness of both patterns of dysregulation is important, given that both
patterns have been linked to early stress and caregiving experiences (Miller et al.
2011).

The Autonomic Nervous System

The classic “fight-or-flight” response to stress, with its well-known manifestations
of increased heart rate, blood pressure, and sweat production, is part of a larger
syndrome of physiological changes produced by the ANS, including increased car-
diac output, widespread vasoconstriction, and changes in blood flow to the skeletal
muscles, myocardium, brain, kidneys, gastrointestinal tract, and skin. All of these
changes serve the purpose of redistributing metabolic energy throughout the body
so that the organism can either “fight” or “flee” threats.
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The ANS has two branches, the PNS and the SNS, which have antagonistic ef-
fects on autonomic functioning. Heightened activation of the SNS produces the
physiological changes most commonly associated with fight-or-flight responses:
acceleration in heart rate, increased blood pressure, increased sweating, etc. In
contrast, the PNS is responsible for maintaining normal growth and restoration
of internal organs, processes that are suspended in times of intense stress. Thus,
stress-induced activation of the SNS is usually accompanied by some degree of
“withdrawal” or “suppression” in the PNS, which functions to redistribute meta-
bolic resources to cope with the external threat. Post-stress reengagement of the
PNS channels metabolic energy back toward normal maintenance of internal organs
and reestablishes homeostasis. Thus, PNS engagement produces the types of physi-
ological changes associated with relaxation rather than arousal, such as decreased
heart rate and blood pressure.

Correspondingly, each and every change in ANS activity must be understood as
the product of parasympathetic and sympathetic influence, and thus stress responses
such as heart rate acceleration can be brought about by activation of the SNS, with-
drawal of the PNS, or some combination of the two. The specific balance of SNS
and PNS control over cardiovascular functioning varies from situation to situation
(Berntson et al. 1996) as well as from person to person (Berntson et al. 1994; Ca-
cioppo et al. 1994).

ANS stress responses that involve a greater degree of PNS withdrawal than SNS
activation appear to be more rapid, more flexible, and easier to disengage than SNS-
dominated responses (Berger et al. 1989; Saul 1990; Spear et al. 1979), and thus
individuals with more parasympathetically mediated patterns of cardiovascular re-
activity are conceptualized as having nervous systems that more flexibly react to
and recover from environmental stressors than those with sympathetically mediated
patterns (Calkins 1997; DeGangi et al. 1991; Porges 1992; Porges et al. 1994).

Individual Differences in HPA and ANS reactivity:
Links to Early Caregiving

Multiple studies of animals and humans have documented stable individual dif-
ferences in both HPA and ANS stress reactivity that appear to have both genetic
and environmental determinants (Kirschbaum et al. 1992; Piha et al. 1994; Propper
et al. 2008; Snieder et al. 1997). Importantly, for both systems the major environ-
mental determinants appear to be early adversity and early caregiving.
Specifically, research indicates that variations in stress and caregiving at sensi-
tive periods of development can be particularly formative and can result in per-
manent alterations in the functioning of both the HPA-axis and the ANS (de Kloet
et al. 2005; Gunnar and Quevedo 2007; Oitzl et al. 2010; Taylor et al. 2011). With
respect to HPA functioning, inadequate parental care appears to have enduring
detrimental effects on HPA regulation and broader neurodevelopment (Buss et al.
2007; Heim and Nemeroff 1999, 2001; Heim et al. 2008), particularly during the
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earliest years of life when brain systems such as the hippocampus and prefrontal
cortex, which play key roles in the regulation of the HPA axis, undergo major de-
velopment (Sanchez et al. 2001; Teicher et al. 2003). Notably, negative effects have
been detected for both maternal and paternal care: Recent studies have found that
paternal negativity is associated with heightened cortisol release to stress in infancy
(Mills-Koonce et al. 2011) and heightened basal and reactive cortisol (in response
to peer interactions) in adolescence (Byrd-Craven et al. 2012). In contrast to the
detrimental effects of inadequate parental care, high levels of physical affection and
warmth between a caregiver and his or her infant during stressful circumstances
have been tied to normal HPA activation profiles in response to environmental de-
mands (Chorpita and Barlow 1998; Gunnar 1998; Spangler et al. 1994), which is
thought to promote overall biobehavioral regulation and well-being (Gunnar 2003;
Gunnar and Donzella 2002).

Regarding ANS activity, studies have found that individual differences in PNS
reactivity to stress among children are associated with the quality of parenting prac-
tices (Blandon et al. 2010; Calkins et al. 1998). In infants, PNS reactivity is associ-
ated with the degree of synchrony and symmetric responsiveness of mother—infant
interaction (Moore and Calkins 2004; Porter 2003). Aspects of the home environ-
ment, such as marital conflict, are also significantly associated with PNS function-
ing (Porter et al. 2003). Links between early caregiving and ANS functioning ap-
pear to be preserved into adolescence and adulthood. For example, Luecken (1998)
found elevated blood pressure reactivity among young adults who had undergone
the loss of a parent as children, coupled with poor relationship quality in the family,
and has documented interaction effects (between parental loss and parental caring)
in predicting adult blood pressure reactivity and recovery (Luecken et al. 2009;
Luecken et al. 2005).

Implications of HPA and ANS Activity
for Emotion Regulation

Although the influence of early caregiving relationships on enduring profiles of
HPA and ANS functioning is interesting and important in its own right, it is also
important because dysregulated patterns of stress reactivity lead to deficits in social
and interpersonal functioning that in turn have important implications for adult at-
tachment relationships. In essence, individual differences in HPA and ANS func-
tioning provides a potent biological mechanism through which deficits in childhood
attachment bonds carry forward to reproduce deficits in adult attachment bonds,
mediated by deficits in emotion regulation that make it difficult for adults to man-
age day-to-day interpersonal challenges that call for effective emotion regulation in
the service of adaptive relationship functioning.

Accordingly, studies have found that individuals who show exaggerated HPA
hyperreactivity to stress show deficient coping strategies and exaggerated experi-
ences of negative affect (reviewed in Scarpa and Raine 1997; Stansbury and Gunnar
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1994). Additionally, individuals whose HPA reactivity fails to habituate to repeated
stressor administration are characterized by low self-esteem, low extraversion, high
neuroticism, and multiple physical complaints (Kirschbaum et al. 1995). Similar
findings were reported by Gerra et al. (2000), who found that adolescents with sus-
tained HPA reactivity were more depressive and harm-avoidant. Other studies have
found that youths with heightened HPA reactivity show greater inhibition (Kagan
et al. 1987), and more rumination during stress anticipation (Roger and Najarian
1998). Links between HPA activity and emotion regulation have also been found
for basal profiles: For example, elevated tonic cortisol levels have been found to be
associated with general anxiety among adolescents girls (Schiefelbein and Susman
2006). Notably, research has found that dysregulation of cortisol can also mani-
fest as chronically suppressed or “blunted” cortisol levels (reviewed extensively
by Miller et al. 2007). For example, adult men with high levels of cynical hostility
show flattened 24-hour cortisol profiles (Pope and Smith 1991) and tonically sup-
pressed cortisol has been found to be associated with callous-unemotional traits in
adolescent boys (Loney et al. 2006). Another study assessing diurnal profiles of
cortisol release found that adolescents with higher levels of depressive symptoms
had slightly lower basal cortisol levels, whereas adolescents with higher levels of
trait anger had a significantly stronger cortisol response to awakening (Adam 2006).

Individual differences in ANS functioning are also associated with emotion
regulation deficits. For example, excessive reactivity in the SNS system, typically
indexed by skin conductance (SCL) reactivity to laboratory stressors, has been pos-
ited as a potential marker of children’s hypersensitivity to environmental challenges
(Boucsein 1991). Accordingly, heightened SCL reactivity predicts a variety of child
and adolescent psychosocial outcomes, including reactive aggression (Hubbard
et al. 2004, 2002), anxiety (Weems et al. 2005), shyness and inhibition (Kagan et al.
1987), emotional disorders (Garralda et al. 1991), and internalizing and externaliz-
ing problems (E1-Sheikh 2005; El-Sheikh et al. 2007). In contrast to these reactivity
effects, low SNS activity at baseline has been found to predict heightened risk for
outcomes such as aggression and conduct problems (Beauchaine et al. 2007; Crow-
ell et al. 2006; Lorber 2004; Raine et al. 1990).

The role of PNS functioning for emotion regulation is outlined in Thayer and
Lane’s (2000) neurovisceral integration model and Porges’ polyvagal theory (Porg-
es 2003), both of which suggest that PNS regulation of heart rate undergirds the
constellation of self-regulatory and emotion-regulatory processes that are funda-
mental to adaptive socioemotional functioning. Generally, vagal activity provides
a constant “brake” on cardiovascular functioning (“vagal” refers to the functioning
of the 10th cranial nerve, which provides inhibitory input to the heart and plays a
critical role in regulating metabolic output in response to environmental events).
This tonic inhibitory control permits rapid and efficient modulation of cardiovas-
cular activity in the service of changing environmental demands. Whereas SNS
influences on heart rate are relatively slow-acting, typically taking several seconds,
vagal inhibition can be suspended in a matter of milliseconds (Saul 1990). Hence,
individuals with greater tonic PNS regulation of heart rate (often denoted vagal
tone, and assessed via resting levels of respiratory sinus arrhythmia, or RSA) are



5 The Biobehavioral Legacy of Early Attachment Relationships for Adult ... 87

conceptualized as having nervous systems that flexibly react to and recover from
environmental stressors (Calkins 1997; DeGangi et al. 1991), which facilitates ef-
fective coordination of expressive and affective behavior in the service of social
engagement (Porges 2003).

Numerous studies have provided empirical support for this model. For example,
infants with low vagal tone (i.e., low baseline levels of RSA) show poor emotional
control (Fox 1989; Porges 1991) and high behavioral inhibition (Snidman 1989).
Children and adults with low vagal tone show ineffective behavioral coping in re-
sponse to stress (Fabes and Eisenberg 1997; Fabes et al. 1993), as well as higher lev-
els of anger, hostility, mental stress, and generalized anxiety (reviewed in Brosschot
and Thayer 1998; Friedman and Thayer 1998; Horsten et al. 1999). Complementing
these findings, recent research also suggests that vagal tone is associated with tonic
positive affectivity (Oveis et al. 2009), which may provide a relational “building
block” promoting approach-oriented behavior and fostering social resources (fol-
lowing Fredrickson 1998).

Although the majority of research on affect regulation and the PNS has focused
on vagal tone (operationalized as resting levels of RSA), an increasing body of
research assesses changes in PNS activity during stress and other environmental
demands (operationalized as baseline-to-task changes in RSA). Polyvagal theory
(Porges 2001) suggests a normative, adaptive pattern of reduced RSA during stress
(often denoted vagal suppression or withdrawal, given that reductions in RSA repre-
sent reductions in PNS activity). Although most individuals typically think of stress
as provoking heightened rather than reduced reactivity, reductions in PNS activity
actually function to promote mobilization of energy and attention toward the task
at hand because the PNS normally has an inhibitory influence on heart rate. Hence,
suppressing this inhibitory influence produces a rapid and efficient increase in heart
rate without requiring energy-costly SNS mobilization. Vagal suppression (indexed
as baseline-to-task reduction in RSA) has been observed in numerous studies of
children, adolescents, and adults engaged in stressful or affectively negative tasks
(Beauchaine 2002; Beauchaine et al. 2001; Pieper et al. 2007), and studies suggest
that individuals with greater reductions in RSA during stress have more adaptive
patterns of emotional and interpersonal functioning (El-Sheikh and Buckhalt 2005;
El1-Sheikh and Whitson 2006; Hessler and Katz 2007; Huffman et al. 1998; Moore
and Calkins 2004).

Yet it is not quite appropriate to characterize reduced RSA as “the” singular
adaptive pattern of PNS activity during stress, given that an increasing body of
research has found that PNS activity sometimes increases during stress (producing
an increase in the inhibitory effect of the PNS on heart rate), especially in tasks that
call for active regulatory effort (Beauchaine 2001; Kettunen et al. 2000; Segerstrom
and Nes 2007; Thayer and Lane 2000). It has been theorized that this pattern (often
denoted “vagal engagement” in contrast to “vagal suppression/withdrawal’) may
serve to facilitate attention and vigilance to environmental demands by slowing
down cardiovascular activity. Hence, both vagal suppression and vagal engagement
might be viewed as adaptive stress responses, albeit in different contexts, and re-
searchers have not yet identified a stable set of criteria by which we might view one
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pattern or the other as “more appropriate.” In addition to situational variation in
PNS responses to stress, there also appear individual differences. Katz (2007) has
argued that individuals exposed to chronically stressful environments may develop
an enduring pattern of vagal engagement which may help them to monitor their
environment and maintain control over their emotions and behavior. Yet although
such a pattern might prove adaptive in the short term, it may prove taxing over the
long term. Many researchers have begun to conceptualize regulatory capacity as
relatively finite, analogous to a muscle that tires upon repeated use (Muraven and
Baumeister 2000). Hence, individuals who show chronic patterns of increased RSA
in response to stress might experience chronic regulatory “fatigue,” leaving them
vulnerable to frequent failures of self-control (Vohs et al. 2005). This may explain
why individuals who show heightened RSA during stress show multiple indices of
emotion dysregulation, such as depression, anxiety, and hostility (Hessler and Katz
2007; Neumann et al. 2004; Vella and Friedman 2007). It also bears noting that
heightened RSA during stress is independent of—and appears to have quite dif-
ferent psychosocial correlates—than heightened RSA during rest (i.e., vagal tone).
Hence, although the extant literature consistently suggests that high vagal tone is
adaptive, the nature of stress-induced vagal engagement versus suppression remains
a topic of ongoing debate and research.

Implications for Adult Attachment Functioning

How do these biologically based deficits in HPA and ANS functioning influence
adult attachment functioning? Currently, there are no long-term longitudinal stud-
ies testing associations between childhood profiles of HPA and ANS reactivity and
adults’ feelings and behaviors in their romantic attachments. Yet as reviewed earlier,
individuals with highly stress-sensitive ANS and HPA systems (due to early care-
giving deficits, genetic factors, or their combination) are likely to manifest chronic
difficulties regulating stress and negative emotions. These difficulties, in turn, may
impede not only the quality of adults’ attachment bonds, but their basic propen-
sity to form such bonds. This is due to the fact that normative processes of attach-
ment formation, at all stages of life, depend critically upon repeated experiences of
comfort-seeking and security-provision via contact with the attachment figure. It is
through repeatedly seeking contact with the attachment figure when distressed, and
experiencing downregulation of distress as a result of this contact (and, in adult-
hood, through participation in specifically comforting and supportive behaviors)
that individuals come to develop a conditioned, internalized representation of the
attachment figure as a fundamental base of security.

Hence, individuals whose HPA and ANS systems show chronic difficulties with
stress regulation, and who may consequently fail to experience rapid and reliable
downregulation of stress as a result of contact with their romantic attachment part-
ner, may be slower to internalize the partner as a fundamental base of security, and
in some cases may never do so. Furthermore, their partners may have difficulties
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drawing emotional security from them. Previous research suggests that individuals
with stress-regulatory deficits are often poor providers of support and security, since
their own unregulated emotions can interfere with their capacity to accurately per-
ceive and sensitively respond to the emotions of others, particularly during times of
stress (reviewed in Diamond et al. 2012). Hence, because adult attachment forma-
tion and maintenance depends on repeated experiences of receiving and providing
emotional security during major and minor stressors, individuals with biologically
mediated deficits in emotion and stress regulation may show deficits in basic adult
attachment dynamics.

The dual nature of these deficits (i.e., difficulties providing and benefiting from
care and support) are particularly important, given that the bidirectional nature of
adult attachment bonds is a fundamental characteristic of such ties which dis-
tinguishes them from infant/caregiver attachments. Specifically, whereas parents
provide emotion regulation for their children but do not seek it in return, long-
standing romantic partners have reciprocal influences on one another’s emotional
states, through a series of intentional and unintentional processes denoted as “co-
regulation” (reviewed in Butler 2011; Sbarra and Hazan 2008). This is not to say
that the ties between caregivers and infants are wholly unidirectional, and that
they do not, as well, show reciprocal coregulaton. Yet the asymmetrical nature
of infant/caregiver attachment, and the immature state of the infant’s physiologi-
cal, cognitive, and affective systems, suggests that the chains of influence from
caregiver to infant—especially when informed by conscious intent, such as when
the caregiver attempts to soothe the child—are more robust and developmentally
salient than vice versa.

Coregulation in the context of adult attachment can be broadly defined as a state
of mutual interconnectedness in which both partners in an adult attachment rela-
tionship provide subtle forms of regulatory scaffolding for one another. Research
has provided consistent evidence for emotion coregulation in cohabiting couples,
most typically in the form of one partner’s emotions or physiological responses
influencing the other’s, either through specific disclosures or through simple time
spent together in close proximity (Butner et al. 2007; Helm et al. 2012; Hicks and
Diamond 2008; Reed et al. 2012; Saxbe and Repetti 2010; Schoebi 2008; Semin
and Cacioppo 2008). Not only does effective coregulation provide a potential path-
way through which well-functioning attachments influence individuals’ physical
and mental health (Diamond and Fagundes 2012), but Sbarra and Hazan (2008)
have suggested, expanding on the seminal work of Hofer (1984), that the establish-
ment of coregulation may in fact be a distinguishing characteristic of attachment
bonds that distinguishes them from other affiliative ties. Accordingly, to the degree
that individual differences in ANS and HPA reactivity to stress may interfere with
the establishment of coregulation or bias its functioning (such that one partner has
a greater influence on the other than vice versa, or such that emotional states co-
ordinate in a manner that facilitates escalation rather than attenuation of negative
affect), basic processes of attachment formation and functioning may be disrupted,
potentially interfering with the ability of the bond to provide a reliable base of se-
curity for each partner.
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The quality of the bond is also likely to suffer, due to the critical role of ongoing
mutual emotion regulation in the course of effective relationship functioning. For
example, effective maintenance of a well-functioning romantic relationship, in the
face of day-to-day stress and conflict, requires inhibiting impulses to reciprocate
negative affect or behavior, and sometimes even constraining one’s own expressive
behavior in order to avoid escalation; it requires active efforts at maintaining posi-
tive, relationship-enhancing interpretations of partner behavior; it requires periodi-
cally sacrificing one’s immediate needs in the service of compromise and forgiving
the partner’s transgressions. Accordingly, researchers have increasingly acknowl-
edged the importance of self-regulation and self-control in romantic relationship
functioning (Finkel and Campbell 2001; Halford et al. 2007). Finkel and Camp-
bell, for example, demonstrated that dispositional capacities for self-regulation are
critical to couples’ abilities to engage in accommodation (Rusbult et al. 1991), i.e.,
to respond constructively to one another’s potentially destructive behavior and to
resist reciprocating and escalating negative affect. As they noted, “all partners in
romantic relationships behave badly at times. ... should the nonoffending individual
act on the self-interested, gut-level impulse to ‘fight fire with fire,” or should he
or she instead resist the temptation to retaliate, choosing to behave in a construc-
tive, prorelationship manner?” (p. 263). Accommodation might take the form of
apologizing to a partner, forgiving him/her for a transgression, introducing humor
or affection into a potentially difficult interaction, or simply “letting go” of a com-
plaint or a perceived slight. Accommodation is important because it can interrupt
potentially negative chains of interaction, ensuring that periodic transgressions re-
main periodic (Arriaga and Rusbult 1998; Gottman 1993; Gottman and Levenson
1992; Rusbult et al. 1998). Yet it is not easy: Most individuals’ immediate responses
to negative interpersonal behavior tend to be self-centered, self-protective, and po-
tentially destructive (Thibaut and Kelley 1978), and individuals must draw upon
self-regulatory resources in order to consistently inhibit these impulses (Finkel and
Campbell 2001; see also Robins et al. 2000). Not surprisingly, deficits in emotion
regulation have been related to maladaptive aggression in intimate relationships
(Marshall et al. 2011; McNulty and Hellmuth 2008; Shorey et al. 2011a; Shorey
etal. 2011b).

Notably, heightened physiological reactivity may render self- and emotion-regu-
lation in intimate relationships more difficult. Studies of HPA reactivity in particu-
lar have found that the excessive amounts of cortisol produced by HPA hyperreac-
tivity to stress have detrimental effects on in situ cognitive processing, executive
functioning, attention, and memory (Abercrombie et al. 2003; Cahill et al 2003;
Lupien et al. 1994; McEwen et al. 1992) in a manner that may immediately interfere
with the adoption of adaptive interpersonal strategies in the face of stress and threat.
Hence, in the face of either generalized or relationship-specific stress (such as con-
flict), individuals with heightened HPA activity may prove less able to identify,
select, and implement mature problem-solving approaches that call for heightened
impulse control, self-awareness, and self-regulation, and might more quickly resort
to more primitive, defensive, aggressive, and escapist approaches. Over time, the
repeated adoption of such maladaptive coping strategies can introduce significant
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strains and burdens on one’s romantic relationship, potentially leading to dissolu-
tion.

This scenario (in which deficits in biologically based capacities for emotion
regulation have implications for adult romantic relationship functioning) applies
to ANS functioning as well. Numerous researchers have highlighted the specific
relevance of tonic PNS activity (vagal tone) for social functioning, given the critical
role of affective and behavioral regulation in guiding children’s reactivity and re-
sponsiveness to increasingly complex social situations as they mature (Beauchaine
2001). For example, researchers investigating links between vagal tone and tonic
positive affect (Oveis et al. 2009) have argued that the positive and flexible disposi-
tion of individuals with high vagal tone may serve as a relational “building block”
which promotes approach-oriented behavior and fosters social resources (following
Fredrickson 1998). In contrast, the interpersonal hostility and defensiveness associ-
ated with low vagal tone (Brosschot and Thayer 1998; Demaree et al. 2004; Movius
and Allen 2005; Sloan et al. 1994) directly hinders interpersonal functioning.

Supporting this view, one recent study (Diamond et al. 2011) found that indi-
vidual differences in PNS regulation related to couples’ day-to-day interpersonal
behavior. Specifically, men with higher vagal tone (indexed by higher baseline
RSA, and suggestive of more robust emotion regulation) were rated by their female
partners as interacting more positively (i.e., expressing more connectedness and
understanding) over 3 weeks of day-to-day assessment than were men with lower
vagal tone. This study also found that on days when men with either low vagal tone
(i.e., low baseline RSA) or high vagal reactivity (i.e., baseline-to-task increases in
RSA in response to stress) reported high negative affect, their female partners de-
scribed them as more critical and argumentative. Yet this was not the case for men
with high vagal tone or low vagal reactivity. As for women, those with higher va-
gal tone interacted more positively with their partners (according to their partners’
reports) on days when the women reported greater positive affect. This effect was
not observed among women with lower vagal tone. These findings may suggest
that women with higher vagal tone are better able to mobilize positive affect in
the service of sensitive and responsive interactions with their romantic partners, or
they might suggest that women with higher vagal tone experience stronger positive
emotions in response to positive interactions with their romantic partners. Either
interpretation is consistent with the notion that robust vagal regulation, potentially
established by individuals’ earliest interactions with caregivers, may allow adults to
adaptively regulate negative emotions, foster positive emotions, and sustain adap-
tive interpersonal interactions with their romantic partners in the face of day-to-day
Stressors.

Directions for Future Research

Up until now, I have emphasized normative attachment processes such as the basic
provision of safety, security, and mutual caregiving and coregulation. Yet there is,
of course, an extensive body of research on individual differences in attachment
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security, commonly known as attachment styles. One promising direction for fu-
ture research would involve bridging the conventional gap between research on
normative attachment processes and research on individual differences in attach-
ment styles by investigating how the (normative) activity of the HPA and ANS in
response to stress contributes to the development and maintenance of adult attach-
ment styles. Hence, although much adult attachment research has focused on the
consequences of individual differences in attachment style for multiple aspects of
couple functioning, an equally important question concerns the normative biobe-
havioral attachment processes that give rise to variation in adult attachment styles,
and what these processes tell us about the total psychobiological complex of the
attachment system.

Historically, attachment styles were conceived as trait-like expectations con-
cerning the responsiveness of attachment figures, established through early infant/
caregiver interactions, which function as mental prototypes for future relationship
experiences (Ainsworth et al. 1978). Over the years, however studies have increas-
ingly shown a key role for attachment styles in organizing the encoding, storage,
retrieval, and manipulation of information related to affective states (Shaver and
Mikulincer 2007), and attachment styles are now generally viewed as influencing
not only interpersonal functioning, but psychosocial approaches to stress and to
negative emotions more generally (reviewed in Mikulincer and Florian 2004; Nolte
etal. 2012).

According to attachment theory, infants who did not receive adequate “external”
emotion regulation from their attachment figures came to rely on secondary—and
suboptimal—regulatory strategies. Specifically, individuals with high attachment
anxiety have been found to maximize the experience and expression of negative af-
fect, to be hypervigilant to threat cues, and to show patterns of spreading emotional
reactivity such that one negative thought or memory triggers many others (Shaver
and Mikulincer 2002). Individuals with high attachment avoidance, to the contrary,
tend to minimize experiences of negative affect and to direct attention away from
threat cues (Mikulincer et al. 2003). These “deactivating” strategies involve the
denial or suppression of affective experience, the inhibition of affective expression,
and distortion of encoding of affective experiences (Becker-Stoll et al. 2001; Kobak
et al. 1993; Mikulincer et al. 2003). Importantly, both types of attachment insecurity
are associated with the inability to derive emotion regulating benefits from contact
with attachment figures. (Feeney 1999).

The cognitive, behavioral, affective, and interpersonal consequences of these
two divergent strategies have received extensive attention over the years (reviewed
in Mikulincer and Shaver 2008). Yet research has increasingly investigated their
physiological manifestations. After all, if sensitive and responsive caregiving is re-
sponsible both for the development of attachment security and for the calibration
of the stress regulation functions of the HPA axis and the ANS, one might expect
to find that individual differences in attachment style relate directly to the func-
tioning of these systems. Some research supports this view: Specifically, children
with insecure patterns of attachment show heightened HPA responses to acute stress
(Hertsgaard et al. 1995; Nachmias et al. 1996; Spangler and Grossman 1993; van
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Bakel and Riksen-Walraven 2004), and a recent study found that attachment inse-
curity in adolescence is linked to heightened basal levels of cortisol (Oskis et al.
2011). As for adults, Quirin et al. (2008) found that adults’ attachment anxiety was
associated with heightened HPA reactivity to a standardized laboratory stressor, and
both attachment anxiety and avoidance have been associated with lower vagal tone
(Diamond and Hicks 2005; Maunder et al. 2006).

A shortcoming of this emerging body of research is that most studies investigate
HPA or ANS functioning in response to relationship-specific rather than generalized
stressors, and correspondingly interpret the physiological results as indicative of
anxious or avoidant individuals’ emotional responses to relationship events. Yet the
model I have outlined in this chapter suggests that anxious and avoidant individuals
may have started out in childhood with particularly reactive HPA or ANS systems,
which may have developed due to deficits in early caregiving, genetic factors, or a
combination of the two, and that this heightened reactivity may have contributed to
the development of their attachment anxiety and avoidance. Yet research paradigms
assessing associations between attachment style and physiological reactivity to re-
lationship-specific stressors cannot reliably disentangle “pre-relationship” patterns
of HPA/ANS reactivity from “relationship-triggered” HPA/ANS reactivity. For
example, Powers et al. (2006) found that insecurely attached individuals showed
greater HPA reactivity to (laboratory-induced) romantic conflict than did securely
attached individuals. Specifically, attachment avoidance in female participants was
related to increased HPA reactivity to couple conflict, whereas men showed elevat-
ed reactivity if they had high levels of anxiety combined with high avoidance. In-
dividuals with high attachment anxiety also showed poorer recovery of HPA levels
after the conflict (Laurent and Powers 2007). Dewitt and colleagues (Dewitte et al.
2010) led individuals to believe that they were going to have to watch a tape of their
partner being interviewed about previous sexual and romantic relationships by an
attractive opposite-sex experimenter. Participants with higher attachment anxiety
showed heightened HPA reactivity while anticipating this stressful event, with the
highest increases found among women with high anxiety and avoidance. Finally,
during an actual 4-7-day physical separation from their romantic partner, individu-
als with high attachment anxiety showed tonically elevated levels of cortisol (Dia-
mond et al. 2008).

All of these findings are consistent with the notion that anxiety is associated with
a lower threshold for attachment-related threats (conflict, partner unavailability,
jealousy, etc.), which manifests itself in a heightened physiological response. Yet
it is also possible that, as outlined in this chapter, insecurely attached individuals
possessed a generalized predisposition for heightened HPA or ANS stress reactivity,
to relationship-specific as well as other stressors, and that this heightened reactiv-
ity contributed to the development of their attachment insecurity over the course of
their development. This interpretation is consistent with the limited body of find-
ings cited above on associations between attachment security and overall patterns of
ANS and HPA functioning (Diamond and Hicks 2005; Maunder et al. 2006; Oskis
etal. 2011; Quirin et al. 2008), but considerably more research is needed. In particu-
lar, future research should conduct comprehensive comparisons between anxious
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and avoidant individuals’ physiological, cognitive, and emotional reactivity to rela-
tionship-related stressors as well as generalized stressors, at multiple points in time,
in order to try and determine the degree to which patterns of reactivity reflect stable
features of individuals (which “travel” from relationship to relationship and from
situation to situation) versus the degree to which they reflect features of individuals’
current relationship experiences (i.e., the degree of hostility or avoidance or support
in this particular interaction). Such studies have enormous potential to contribute
to our understanding of the complex links between early attachment experiences,
biologically based patterns of emotion regulation, and adult attachment functioning.

Finally, one of the most intriguing areas for future research concerns the role
of the HPA and the ANS systems in potentiating plasticity in attachment style
and basic attachment-related interpersonal functioning over the lifespan. Histori-
cally, research on links between ANS and HPA functioning and socioemotional
development adopted a diathesis-stress or “dual-risk” perspective, positing that
children with heightened ANS and HPA responses to stress were disproportion-
ately vulnerable to stressful rearing environments, due to their basic deficits in
stress regulation (reviewed by Boyce and Ellis 2005). Yet recently an alternative
perspective has emerged, denoted differential susceptibility (Belsky et al. 2007;
Belsky and Pluess 2009; Del Giudice et al. 2011; Ellis et al. 2011) positing that
the same factors that render children highly sensitive and reactive to negative
environments also render them highly sensitive and reactive to positive environ-
ments. Hence, both dual-risk and differential susceptibility perspectives predict
that children with certain patterns of ANS functioning will show disproportion-
ately negative outcomes in negative environmental contexts (as shown by Boyce
et al. 1995; Bubier et al. 2009; Cummings et al. 2007; El-Sheikh et al. 2007,
2009; Katz 2007). However, the differential susceptibility perspective addition-
ally predicts that these children will show disproportionately positive outcomes
in positive environments (reviewed in Belsky et al. 2007; Belsky and Pluess
2009), or might particularly show improvements in general socioemotional func-
tioning when their environmental input changes from bad to good, due to the fact
that they may be better able to “absorb” developmental strengths and skills from
highly nurturant environments than their low-reactive counterparts.

Although most research testing the differential susceptibility model has focused
on environmental inputs experienced during childhood (reviewed in Belsky and
Pluess 2009), some researchers have argued that environmental inputs experienced
at later ages also play a potentially important role. Specifically, Del Giudice et al.
(2011) have argued that there may be additional “windows” of heightened suscep-
tibility which open up during later developmental transitions, such as puberty (Del
Giudice et al. 2011), which function to ensure that individuals adjust appropriately
to the key environmental ingredients relevant to their changing developmental tasks.
During adolescence, of course, mating and reproduction emerge as newly important
life tasks, and one of the hallmarks of this transition involves the normative transfer
of emotional attachment from parents to romantic partners (Diamond and Fagundes
2008; Hazan and Zeifman 1994; Trinke and Bartholomew 1997).
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Most existing research on youths’ first significant romantic attachments has fo-
cused on the degree to which the quality of these ties can be predicted from youths’
preexisting interpersonal skills and deficits (see reviews in Crouter and Booth
20006), but little research has specifically investigated whether youths’ first substan-
tive romantic attachments have a particularly formative role with respect to adult
attachment style. In light of the differential susceptibility model, one possibility is
that youths’ entry into mature adult attachments represents a normative window of
heightened sensitivity to environmental input, and that highly reactive individu-
als will be disproportionately sensitive to these experiences, rendering their early
romances particularly influential on their developing attachment cognitions and
behaviors. For example, highly reactive youths whose first substantive romantic
attachments are extremely positive and supportive might be particularly likely to
develop robust interpersonal and self-regulatory skills as a result, even if they began
these relationships with compromised skills. Moving forward, their improved social
and regulatory capacities may improve the quality of their future adult attachment
bonds, fostering an enduring sense of security and potentially attenuating the levels
of anxiety and avoidance that they may have started with.

In contrast, highly reactive individuals whose first substantive ties are troubled,
conflictual, and unsupportive might be particularly likely to become highly anxious
or avoidant as a result, and to settle into maladaptive patterns of interpersonal be-
havior and emotion regulation that impede their abilities to form and sustain nur-
turant adult attachment bonds. Hence, although early appearing profiles of biologi-
cal stress-regulation are likely to have important and enduring influences on attach-
ment formation and functioning, these influences are not theorized as deterministic.
Rather, the seeds for change in attachment-related skills and capacities may be a
fundamental component of these profiles, and may be why they have been funda-
mentally preserved in our species as engines for lasting developmental adaptation.

Conclusion

The increasing body of psychobiological research on attachment and emotion regu-
lation underscores the critical role of attachment relationships in fostering psycho-
logical, physical, and interpersonal functioning at all stages of the life course. Un-
derstanding the role of early attachment relationships in calibrating critical stress-
regulatory systems, and the long-term implications of these systems for emotion
regulation and interpersonal functioning, provides important new ways to under-
stand the fundamental linkages between infant—child attachment and adult attach-
ment, and potentially to bridge the long-standing bifurcation between these two sep-
arate research traditions. The development of integrative, lifespan, biobehavioral
models of the attachment system should be a priority for future research, and greater
emphasis on the emotion regulation functions of attachment, as they are manifested
in different types of social and interpersonal challenges at different stages of life,
can make an important contribution to this goal. After all, emotion regulation within
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attachment relationships is not a developmental task to be mastered at a certain
age (after which attention turns to the psychological and behavioral implications
of one’s relative success or failure at this task), but rather a “moving target” that
is continually sensitive to changing goals and contexts. The quality of individuals’
parental attachments clearly has critical implications for both subjective and physi-
ological aspects of emotion regulation and hence long-term interpersonal function-
ing, opening up a host of fascinating questions regarding the basic biopsychology
of the attachment system, its multiple manifestations, and its potential developmen-
tal changes over the lifespan. Addressing these questions can help to integrate the
increasingly sophisticated bodies of knowledge on social relationships and mul-
tiple domains of mental and physical functioning which have developed within the
social-psychological, developmental, and behavioral medicine traditions—such an
integration is critical for elucidating how and why attachment bonds play such a
fundamental role in well-being over the life course.

References

Abercrombie, H. C., Kalin, N. H., Thurow, M. E., Rosenkranz, M. A., & Davidson, R. J. (2003).
Cortisol variation in humans affects memory for emotionally laden and neutral information.
Behavioral Neuroscience, 117, 505-516.

Adam, E. K. (2006). Transactions among adolescent trait and state emotion and diurnal and mo-
mentary cortisol activity in naturalistic settings. Psychoneuroendocrinology, 31, 664—679.
Ainsworth, M. D. S., Blehar, M. C., Waters, E., & Wall, S. (1978). Patterns of attachment: A psy-

chological study of the strange situation. Hillsdale: Erlbaum.

Arriaga, X. B., & Rusbult, C. E. (1998). Standing in my partner’s shoes: Partner perspective tak-
ing and reactions to accommodative dilemmas. Personality and Social Psychology Bulletin,
24, 927-948.

Beauchaine, T. P. (2001). Vagal tone, development, and Gray’s motivational theory: Toward an
integrated model of autonomic nervous system functioning in psychopathology. Development
and Psychopathology, 13, 183-214.

Beauchaine, T. P. (2002). Autonomic substrates of heart rate reactivity in adolescent males with
conduct disorder and/or attention-deficit/hyperreactivity disorder. In S. P. Shohov (Ed.), Ad-
vances in psychology research (Vol. 18, pp. 83-95). New York: Nova Science.

Beauchaine, T. P., Katkin, E. S., Strassberg, Z., & Snarr, J. (2001). Disinhibitory psychopathol-
ogy in male adolescents: Discriminating conduct disorder from attention-deficit/hyperactivity
disorder through concurrent assessment of multiple autonomic states. Journal of Abnormal
Psychology, 110, 610-624.

Beauchaine, T. P., Gatzke-Kopp, L., & Mead, H. K. (2007). Polyvagal theory and developmen-
tal psychopathology: Emotion dysregulation and conduct problems from preschool to adoles-
cence. Biological Psychology, 74, 174—184.

Becker-Stoll, F., Delius, A., & Scheitenberger, S. (2001). Adolescents’ nonverbal emotional ex-
pressions during negotiation of a disagreement with their mothers: An attachment approach.
International Journal of Behavioral Development, 25, 344-353.

Belsky, J., & Pluess, M. (2009). Beyond diathesis stress: Differential susceptibility to environmen-
tal influences. Psychological Bulletin, 135, 885-908. doi:10.1037/a0017376.

Belsky, J., Bakermans-Kranenburg, M. J., & van Ijzendoorn, M. H. (2007). For better and for
worse: Differential susceptibility to environmental influences. Current Directions in Psycho-
logical Science, 16, 300-304.



5 The Biobehavioral Legacy of Early Attachment Relationships for Adult ... 97

Berger, R. D., Saul, J. P., & Cohen, R. J. (1989). Transfer function analysis of autonomic regula-
tion: I. The canine atrial rate response. American Journal of Physiology, 256, H142-H152.
Berntson, G. G., Cacioppo, J. T., Binkley, P. F., Uchino, B. N., Quigley, K. S., & Fieldstone, A.
(1994). Autonomic cardiac control. III. Psychological stress and cardiac response in autonomic

space as revealed by pharmacological blockades. Psychophysiology, 31, 599—608.

Berntson, G. G., Cacioppo, J. T., & Fieldstone, A. (1996). Illusions, arithmetic, and the bidirec-
tional modulation of vagal control of the heart. Biological Psychology, 44, 1-17.

Blandon, A. Y., Calkins, S. D., Keane, S. P., & O’Brien, M. (2010). Contributions of child’s physi-
ology and maternal behavior to children’s trajectories of temperamental reactivity. Develop-
mental Psychology, 46, 1089-1102.

Blascovich, J., & Tomaka, J. (1996). The biopsychosocial model of arousal regulation. In M. Zanna
(Ed.), Advances in experimental social psychology (Vol. 28, pp. 1-51). New York: Academic.

Booth, A., Carver, K., & Granger, D. A. (2000). Biosocial perspectives on the family. Journal of
Marriage and the Family, 62, 1018-1034.

Boucsein, W. (1991). Electrodermal activity. New York: Plenum.

Bowlby, J. (1973). Attachment and loss: Vol. 2: Separation: Anxiety and anger. New York: Basic.

Bowlby, J. (1977). The making and breaking of affectional bonds: 1. Aetiology and psychopathol-
ogy in the light of attachment theory. The British Journal of Psychiatry, 130, 201-210. doi:
10.1192/bjp.130.3.201.

Boyce, W. T., & Ellis, B. J. (2005). Biological sensitivity to context: I. An evolutionary-develop-
mental theory of the origins and functions of stress reactivity. Development and Psychopathol-
ogy, 17, 271-301.

Boyce, W. T., Chesney, M., Alkon, A., & Tschann, J. M. (1995). Psychobiologic reactivity to
stress and childhood respiratory illnesses: Results of two prospective studies. Psychosomatic
Medicine, 57, 411-422.

Brosschot, J. F., & Thayer, J. F. (1998). Anger inhibition, cardiovascular recovery, and vagal func-
tion: A model of the link between hostility and cardiovascular disease. Annals of Behavioral
Medicine, 20, 326-332.

Bubier, J. L., Drabick, D. A. G., & Breiner, T. (2009). Autonomic functioning moderates the rela-
tions between contextual factors and externalizing behaviors among inner-city children. Jour-
nal of Family Psychology, 23, 500-510.

Buss, C., Lord, C., Wadiwalla, M., Hellhammer, D. H., Lupien, S. J., Meaney, M. J., & Pruessner,
J. C. (2007). Maternal care modulates the relationship between prenatal risk and hippocampal
volume in women but not in men. The Journal Of Neuroscience, 27, 2592-2595.

Butler, E. A. (2011). Temporal interpersonal emotion systems: The “TIES” that form relationships.
Personality and Social Psychology Review, 15, 367-393. doi:10.1177/1088868311411164.
Butner, J., Diamond, L. M., & Hicks, A. M. (2007). Attachment style and two forms of affect co-

regulation between romantic partners. Personal Relationships, 14, 431-455.

Byrd-Craven, J., Auer, B. J., Granger, D. A., & Massey, A. R. (2012). The father-daughter dance:
The relationship between father-daughter relationship quality and daughters’ stress response.
Journal of Family Psychology, 26, 87-94.

Cacioppo, J. T. (1994). Social neuroscience: Autonomic, neuroendocrine, and immune responses
to stress. Psychophysiology, 31, 113—128.

Cacioppo, J. T., Uchino, B. N., & Berntson, G. G. (1994). Individual differences in the autonomic
origins of heart rate reactivity: The psychometrics of respiratory sinus arrhythmia and preejec-
tion period. Psychophysiology, 31, 412—419.

Cahill, L., Gorski, L., & Le, K. (2003). Enhanced human memory consolidation with post-learning
stress: Interaction with the degree of arousal at encoding. Learning & Memory, 10, 270-274.

Cairns, R. B., Gariepy, J. L., & Hood, K. E. (1990). Development, microevolution, and social
behavior. Psychological Review, 97, 49—65.

Calkins, S. D. (1997). Cardiac vagal tone indices of temperamental reactivity and behavioral regu-
lation in young children. Developmental Psychobiology, 31, 125-135.



98 L. M. Diamond

Calkins, S. D., Smith, C. L., Gill, K. L., & Johnson, M. C. (1998). Maternal interactive style across
contexts: Relations to emotional, behavioral, and physiological regulation during toddlerhood.
Social Development, 7, 350-369.

Chorpita, B. F., & Barlow, D. H. (1998). The development of anxiety: The role of control in the
early environment. Psychological Bulletin, 124, 3-21.

Cicchetti, D., Ackerman, B. P., & Izard, C. E. (1995). Emotions and emotion regulation in devel-
opmental psychopathology. Development and Psychopathology, 7, 1-10.

Collins, N. L., Shaver, P. R., & Collins, N. L. (1998). Attachment styles, emotion regulation, and
adjustment in adolescence. Journal of Personality and Social Psychology, 74, 1380—1397.
Crouter, A. C., & Booth, A. (2006). Romance and sex in adolescence and emerging adulthood:

Risks and opportunities. Mahwah: Erlbaum.

Crowell, S. E., Beauchaine, T. P., Gatzke-Kopp, L., Sylvers, P., Mead, H., & Chipman-Chacon, J.
(2006). Autonomic correlates of attention-deficit/hyperactivity disorder and oppositional defi-
ant disorder in preschool children. Journal of Abnormal Psychology, 115, 174-178.

Cummings, E. M., El-Sheikh, C. D., Kouros, C. D., & Keller, P. S. (2007). Children’s skin conduc-
tance reactivity as a mechanism of risk in the context of parental depressive symptoms. Journal
of Child Psychology and Psychiatry, 48, 436-445.

de Kloet, E. R., Sibug, R. M., Helmerhorst, F. M., & Schmidt, M. (2005). Stress, genes and the
mechanism of programming the brain for later life. Prenatal Programming Of Behavior, Physi-
ology And Cognition, 29, 271-281.

DeGangi, G. A., DiPietro, J. A., Greenspan, S. 1., & Porges, S. W. (1991). Psychophysiologi-
cal characteristics of the regulatory disordered infant. Infant Behavior and Development, 14,
37-50.

Del Giudice, M., Ellis, B. J., & Shirtcliff, E. A. (2011). The adaptive calibration model of stress
responsivity. Neuroscience and Biobehavioral Reviews, 35, 1562—1592.

Demaree, H. A., Robinson, J. L., Everhart, D. E., & Schmeichel, B. J. (2004). Resting RSA is
associated with natural and self-regulated responses to negative emotional stimuli. Brain &
Cognition, 56, 14-23.

Denham, S. A. (2006). Emotional competence: Implications for social functioning. In J. L. Luby
(Ed.), Handbook of preschool mental health: Development, disorders, and treatment (pp. 23—
44). New York: Guilford.

Dewitte, M., De Houwer, J., Goubert, L., & Buysse, A. (2010). A multi-modal approach to the
study of attachment-related distress. Biological Psychology, 85, 149-162.

Diamond, L. M., & Fagundes, C. P. (2008). Developmental perspectives on links between attach-
ment and affect regulation over the lifespan. Advances in Child Behavior and Development,
36, 83-134.

Diamond, L. M., & Fagundes, C. P. (2012). Emotion regulation in close relationships: Implications
for social threat and its effects on immunological functioning. In L. Cambell & T. J. Loving
(Eds.), Close relationships: An interdisciplinary perspective (pp. 83—106). New York: Springer.

Diamond, L. M., & Hicks, A. M. (2004). Psychobiological perspectives on attachment: Implica-
tions for health over the lifespan. In J. A. Simpson & W. S. Rholes (Eds.), Adult attachment:
New directions and emerging issues (pp. 240-263). New York: Guilford.

Diamond, L. M., & Hicks, A. M. (2005). Attachment style, current relationship security, and nega-
tive emotions: The mediating role of physiological regulation. Journal of Social and Personal
Relationships, 22, 499-518.

Diamond, L. M., Hicks, A. M., & Otter-Henderson, K. A. (2008). Every time you go away: Chang-
es in affect, behavior, and physiology associated with travel-related separations from romantic
partners. Journal of Personality and Social Psychology, 95, 385-403.

Diamond, L. M., Hicks, A. M., & Otter-Henderson, K. A. (2011). Individual differences in vagal
regulation moderate associations between daily affect and daily couples interactions. Personal-
ity and Social Psychology Bulletin, 37, 731-744.

Diamond, L. M., Fagundes, C. P., & Butterworth, M. R. (2012). Attachment style, vagal tone,
and empathy during mother-adolescent interactions. Journal of Research on Adolescence, 22,
165-184.



5 The Biobehavioral Legacy of Early Attachment Relationships for Adult ... 99

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: A theoretical
integration and synthesis of laboratory research. Psychological Bulletin, 130, 355-391.

Dickson, K. L., Fogel, A., & Messinger, D. (1998). The development of emotion from a social
process view. In M. F. Mascolo & S. Griffin (Eds.), What develops in emotional development?
(pp. 253-271). New York: Plenum Press.

DiCorcia, J. A., & Tronick, E. (2011). Quotidian resilience: Exploring mechanisms that drive re-
silience from a perspective of everyday stress and coping. Neuroscience and Biobehavioral
Reviews, 35, 1593-1602. doi:10.1016/j.neubiorev.2011.04.008.

Ditzen, B., Schmidt, S., Strauss, B., Nater, U. M., Ehlert, U., & Heinrichs, M. (2008). Adult attach-
ment and social support interact to reduce psychological but not cortisol responses to stress.
Journal of Psychosomatic Research, 64, 479-486.

Eisenberg, N., Spinrad, T. L., & Morris, A. S. (2002). Regulation, resiliency, and quality of social
functioning. Self and Identity, 1, 121-128.

El-Sheikh, M. (2005). The role of emotional responses and physiological reactivity in the marital
conflict-child functioning link. Journal of Child Psychology and Psychiatry, 46, 1191-1199.

El-Sheikh, M., & Buckhalt, J. A. (2005). Vagal regulation and emotional intensity predict chil-
dren’s sleep problems. Developmental Psychobiology, 46, 307-317.

El-Sheikh, M., & Whitson, S. A. (2006). Longitudinal relations between marital conflict and child
adjustment: Vagal regulation as a protective factor. Journal of Family Psychology, 20, 30-39.

El-Sheikh, M., Keller, P. S., & Erath, S. A. (2007). Marital conflict and risk for child maladjust-
ment over time: Skin conductance level reactivity as a vulnerability factor. Journal of Abnor-
mal Child Psychology, 35, 715-727.

El-Sheikh, M., Kouros, C. D., Erath, S., Cummings, E. M., Keller, P., Staton, L., et al. (2009).
Marital conflict and children’s externalizing behavior: Interactions between parasympathetic
and sympathetic nervous system activity. Monographs of the Society for Research in Child
Development, 74, 1-79.

Ellis, B. J., Boyce, W. T., Belsky, J., Bakermans-Kranenburg, M. J., & Van ljzendoorn, M. H.
(2011). Differential susceptibility to the environment: An evolutionary-neurodevelopmental
theory. Development and Psychopathology, 23, 7-28.

Fabes, R. A., & Eisenberg, N. (1997). Regulatory control in adults’ stress-related responses to daily
life events. Journal of Personality and Social Psychology, 73, 1107-1117.

Fabes, R. A., Eisenberg, N., & Eisenbud, L. (1993). Behavioral and physiological correlates of
children’s reactions to others in distress. Developmental Psychology, 29, 655-663.

Feeney, J. A. (1999). Adult romantic attachment and couple relationships. In J. Cassidy & P. R.
Shaver (Eds.), Handbook of attachment: Theory, research, and clinical applications (pp. 355—
377). New York: Guilford.

Finkel, E. J., & Campbell, W. K. (2001). Self-control and accommodation in close relationships:
An interdependence analysis. Journal of Personality and Social Psychology, 81, 263-277.
Fogel, A. (2001). A relational perspective on the development of self and emotion. In H. A. Bosma
& E. S. Kunnen (Eds.), Identity and emotion: Development through self-organization (pp. 93—

119). New York: Cambridge University Press.

Fogel, A., Messinger, D. S., Dickson, K. L., & Hsu, H.-C. (1999). Posture and gaze in early moth-
er-infant communication: Synchronization of developmental trajectories. Developmental Sci-
ence, 2, 325-332. doi:10.1111/1467-7687.00078.

Fox, N. A. (1989). Psychophysiological correlates of emotional reactivity during the first year of
life. Developmental Psychology, 25, 495-504.

Fredrickson, B. L. (1998). What good are positive emotions? Review of General Psychology, 2,
300-319.

Frick, P. J., & Morris, A. S. (2004). Temperament and developmental pathways to conduct prob-
lems. Journal of Clinical Child and Adolescent Psychology, 33, 54—68.

Friedman, B. H., & Thayer, J. F. (1998). Autonomic balance revisited: Panic anxiety and heart rate
variability. Journal of Psychosomatic Research, 44, 133—151.

Garralda, M. E., Connell, J., & Taylor, D. C. (1991). Psychophysiological anomalies in children
with emotional and conduct disorders. Psychological Medicine: A. Journal of Research in Psy-
chiatry and the Allied Sciences, 21, 947-957.



100 L. M. Diamond

Gerra, G., Zaimovic, A., Zambelli, U., Timpano, M., Reali, N., Bernasconi, S., & Brambilla, F.
(2000). Neuroendocrine responses to psychological stress in adolescents with anxiety disorder.
Neuropsychobiology, 42, 82-92.

Gottlieb, G. (1991). Experiential canalization of behavioral development: Theory. Developmental
Psychology, 27, 4-13.

Gottman, J. M. (1993). The roles of conflict engagement, escalation, and avoidance in marital
interaction: A longitudinal view of 5 types of couples. Journal of Consulting and Clinical
Psychology, 61, 6-15.

Gottman, J. M., & Levenson, R. W. (1992). Marital processes predictive of later dissolution: Be-
havior, physiology, and health. Journal of Personality and Social Psychology, 63, 221-233.
Gross, J. J. (1999). Emotion regulation: Past, present, future. Cognition and Emotion, 13, 551-573.
Gunnar, M. R. (1998). Quality of early care and buffering of neuroendocrine stress reactions: Po-

tential effects on the developing human brain. Preventive Medicine, 27, 208-211.

Gunnar, M. R. (2003). Integrating neuroscience and psychological approaches in the study of early
experiences. In J. A. King, C. F. Ferris, & I. I. Lederhendler (Eds.), Roots of mental illness in
children (pp. 238-247). New York: New York Academy of Sciences.

Gunnar, M. R., & Donzella, B. (2002). Social regulation of cortisol levels in early human develop-
ment. Psychoneuroendocrinology, 27, 199-220.

Gunnar, M. R., & Quevedo, K. (2007). The neurobiology of stress and development. Annual Re-
view of Psychology, 58, 145—-173.

Halford, W. K., Lizzio, A., Wilson, K. L., & Occhipinti, S. (2007). Does working at your marriage
help? Couple relationship self-regulation and satisfaction in the first 4 years of marriage. Jour-
nal of Family Psychology, 21, 185-194.

Hazan, C., & Zeifman, D. (1994). Sex and the psychological tether. In D. Perlman & K. Bar-
tholomew (Eds.), Advances in personal relationships: A research annual (Vol. 5, pp. 151-177).
London: Jessica Kingsley.

Heim, C., & Nemeroff, C. B. (1999). The impact of early adverse experiences on brain systems
involved in the pathophysiology of anxiety and affective disorders. Biological Psychiatry, 46,
1509-1522.

Heim, C., & Nemeroff, C. B. (2001). The role of childhood trauma in the neurobiology of mood
and anxiety disorders: Preclinical and clinical studies. Biological Psychiatry, 49, 1023-1039.

Heim, C., Newport, D. J., Mletzko, T., Miller, A. H., & Nemeroff, C. B. (2008). The link between
childhood trauma and depression: Insights from HPA axis studies in humans. Psychoneuroen-
docrinology, 33, 693-710.

Helm, J. L., Sbarra, D., & Ferrer, E. (2012). Assessing cross-partner associations in physiological
responses via coupled oscillator models. Emotion, 12, 748—762. doi:10.1037/a0025036.

Hertsgaard, L., Gunnar, M. R., Erickson, M. F., & Nachmias, M. (1995). Adrenocortical responses
to the strange situation in infants with disorganized/disoriented attachment relationships. Child
Development, 66, 1100-1106.

Hessler, D. M., & Katz, L. F. (2007). Children’s emotion regulation: Self-report and physiological
response to peer provocation. Developmental Psychology, 43, 27-38.

Hicks, A. M., & Diamond, L. M. (2008). How was your day? Couples’ affect when telling and
hearing daily events. Personal Relationships, 15, 205-228.

Hofer, M. A. (1984). Relationships as regulators: A psychobiologic perspective on bereavement.
Psychosomatic Medicine, 46, 183—197.

Horsten, M., Ericson, M., Perski, A., Wamala, S. P., Schenck-Gustafsson, K., & Orth-Gomér, K.
(1999). Psychosocial factors and heart rate variability in healthy women. Psychosomatic Medi-
cine, 61, 49-57.

Hubbard, J. A., Smithmyer, C. M., Ramsden, S. R., Parker, E. H., Flanagan, K. D., Dearing, K. F.,
et al. (2002). Observational, physiological, and self-report measures of children’s anger: Rela-
tions to reactive versus proactive aggression. Child Development, 73, 1101-1118.

Hubbard, J. A., Parker, E. H., Ramsden, S. R., Flanagan, K. D., Relyea, N., Dearing, K. F., et al.
(2004). The relations among observational, physiological, and self-report measures of chil-
dren’s anger. Social Development, 13, 14-39.



5 The Biobehavioral Legacy of Early Attachment Relationships for Adult ... 101

Huffman, L. C., Bryan, Y. E., del Carmen, R., Pedersen, F. A., Doussard-Roosevelt, J. A., & Porg-
es, S. W. (1998). Infant temperament and cardiac vagal tone: Assessments at twelve weeks of
age. Child Development, 69, 624—635.

Kagan, J., Resnick, A., & Snidman, N. (1987). The physiology and psychology of behavioral inhi-
bition in children. Child Development, 58, 1459-1473.

Katz, L. F. (2007). Domestic violence and vagal reactivity to peer provocation. Biological Psy-
chology, 74, 154-164.

Kettunen, J., Ravaja, N., Naeaetaenen, P., & Keltikangas-Jaervinen, L. (2000). The relationship of
respiratory sinus arrhythmia to the co activation of autonomic and facial responses during the
Rorschach test. Psychophysiology, 37, 242-250.

Kirschbaum, C., Wust, S., Faig, H. G., & Hellhammer, D. H. (1992). Heritability of cortisol re-
sponses to human corticotropin-releasing hormone, ergometry, and psychological stress in hu-
mans. Journal of Clinical Endocrinology and Metabolism, 75, 1526—1530.

Kirschbaum, C., Prussner, J. C., Stone, A. A., Federenko, 1., Gaab, J., Lintz, D., et al. (1995). Per-
sistent high cortisol responses to repeated psychological stress in a subpopulation of healthy
men. Psychosomatic Medicine, 57, 468—474.

Kobak, R. R., Cole, H. E., Ferenz-Gillies, R., Fleming, W. S., & Gamble, W. (1993). Attachment
and emotion regulation during mother-teen problem solving: A control theory analysis. Child
Development, 64, 231-245.

Koole, S. L. (2009). The psychology of emotion regulation: An integrative review. Cognition &
Emotion, 23, 4-41.

Laurent, H., & Powers, S. (2007). Emotion regulation in emerging adult couples: Temperament,
attachment, and HPA response to conflict. Biological Psychology, 76, 61-71.

Lewis, M. D., Lamm, C., Segalowitz, S. J., Stieben, J., & Zelazo, P. D. (2006). Neurophysiological
correlates of emotion regulation in children and adolescents. Journal of Cognitive Neurosci-
ence, 18, 430-443.

Loney, B. R., Butler, M. A., Lima, E. N., Counts, C. A., & Eckel, L. A. (2006). The relation
between salivary cortisol, callous-unemotional traits, and conduct problems in an adolescent
non-referred sample. Journal of Child Psychology and Psychiatry, 47, 30-36.

Lorber, M. F. (2004). Psychophysiology of aggression, psychopathy, and conduct problems: A
meta-analysis. Psychological Bulletin, 130, 531-552.

Luecken, L. J. (1998). Childhood attachment and loss experiences affect adult cardiovascular and
cortisol function. Psychosomatic Medicine, 60, 765-772.

Luecken, L. J., Rodriguez, A. P., & Appelhans, B. M. (2005). Cardiovascular stress responses
in young adulthood associated with family-of-origin relationship experiences. Psychosomatic
Medicine, 67, 514-521.

Luecken, L. J., Kraft, A., Appelhans, B. M., & Enders, C. (2009). Emotional and cardiovascular
sensitization to daily stress following childhood parental loss. Developmental Psychology, 45,
296-302.

Lupien, S., Lecours, A. R., Lussier, 1., Schwartz, G., Nair, M. P., & Meaney, M. J. (1994). Basal
cortisol levels and cognitive deficits in human aging. Journal of Neuroscience, 14, 2893-2903.

Marshall, A. D., Robinson, L. R., & Azar, S. T. (2011). Cognitive and emotional contributors
to intimate partner violence perpetration following trauma. Journal of Traumatic Stress, 24,
586-590.

Maunder, R. G., Lancee, W. J., Nolan, R. P., Hunter, J. J., & Tannenbaum, D. W. (2006). The rela-
tionship of attachment insecurity to subjective stress and autonomic function during standard-
ized acute stress in healthy adults. Journal of Psychosomatic Research, 60, 283-290.

McEwen, B. S., Angulo, J., Cameron, H., Chao, H. M., Daniels, D., Gannon, M. N, et al. (1992).
Paradoxical effects of adrenal steroids on the brain: Protection versus degeneration. Biological
Psychiatry, 31, 177-199.

McNulty, J. K., & Hellmuth, J. C. (2008). Emotion regulation and intimate partner violence in
newlyweds. Journal of Family Psychology, 22, 794-797.



102 L. M. Diamond

Mikulincer, M., & Florian, V. (2004). Attachment style and affect regulation: Implications for
coping with stress and mental health. In M. B. Brewer & M. Hewstone (Eds.), Applied social
psychology (pp. 28—49). Malden: Blackwell.

Mikulincer, M., & Shaver, P. R. (2008). Adult attachment and affect regulation. In J. Cassidy
& P. R. Shaver (Eds.), Handbook of attachment: Theory, research, and clinical applications
(2nd ed., pp. 503-531). New York: Guilford.

Mikulincer, M., Shaver, P. R., & Pereg, D. (2003). Attachment theory and affect regulation: The
dynamics, development, and cognitive consequences of attachment-related strategies. Motiva-
tion and Emotion, 27, 77-102.

Miller, G. E., Chen, E., & Zhou, E. S. (2007). If it goes up, must it come down? Chronic stress and
the hypothalamic-pituitary-adrenocortical axis in humans. Psychological Bulletin, 133, 25-45.

Miller, G. E., Chen, E., & Parker, K. J. (2011). Psychological stress in childhood and susceptibility
to the chronic diseases of aging: Moving toward a model of behavioral and biological mecha-
nisms. Psychological Bulletin, 137, 959-997.

Mills-Koonce, W. R., Garrett-Peters, P., Barnett, M., Granger, D. A., Blair, C., & Cox, M. J. (2011).
Father contributions to cortisol responses in infancy and toddlerhood. Developmental Psychol-
ogy, 47, 388-395.

Moore, G. A., & Calkins, S. D. (2004). Infants’ vagal regulation in the still-face pradigm is re-
lated to dyadic coordination of mother-infant interaction. Developmental Psychology, 40,
1068-1080.

Movius, H. L., & Allen, J. J. B. (2005). Cardiac vagal tone, defensiveness, and motivational style.
Biological Psychology, 68, 147-162.

Muraven, M., & Baumeister, R. F. (2000). Self-regulation and depletion of limited resources: Does
self-control resemble a muscle? Psychological Bulletin, 126, 247-259.

Nachmias, M., Gunnar, M. R., Mangelsdorf, S., Parritz, R. H., & Buss, K. (1996). Behavioral in-
hibition and stress reactivity: The moderating role of attachment security. Child Development,
67, 508-522.

Neumann, S. A., Sollers, J. J., Thayer, J. F., & Waldstein, S. R. (2004). Alexithymia predicts at-
tenuated autonomic reactivity, but prolonged recovery to anger recall in young women. Inter-
national Journal of Psychophysiology, 53, 183—195.

Nolte, T., Guiney, J., Fonagy, P., Mayes, L. C., & Luyten, P. (2012). Interpersonal stress regulation
and the development of anxiety disorders: An attachment-based developmental framework.
Frontiers in Behavioral Neuroscience, 5, 1-21.

Ochsner, K. N., & Gross, J. J. (2007). The neural architecture of emotion regulation. In J. J. Gross
(Ed.), Handbook of emotion regulation (pp. 87-109). New York: Guilford.

Oitzl, M. S., Champagne, D. L., van der Veen, R., & de Kloet, E. R. (2010). Brain development
under stress: Hypotheses of glucocorticoid actions revisited. Neuroscience and Biobehavioral
Reviews, 34, 853-866.

Oskis, A., Loveday, C., Hucklebridge, F., Thorn, L., & Clow, A. (2011). Anxious attachment style
and salivary cortisol dysregulation in healthy female children and adolescents. Journal of Child
Psychology and Psychiatry, 52, 111-118.

Oveis, C., Cohen, A. B., Gruber, J., Haidt, J., Keltner, D., & Shiota, M. N. (2009). Resting respi-
ratory sinus arrhythmia is associated with tonic positive emotionality. Emotion, 9, 265-270.

Pieper, S., Brosschot, J. F., van der Leeden, R., & Thayer, J. F. (2007). Cardiac effects of momen-
tary access to worry episodes and stressful events. Psychosomatic Medicine, 69, 901-909.

Piha, S. J., Ronnemaa, T., & Koskenvuo, M. (1994). Autonomic nervous system function in identi-
cal twins discordant for obesity. International Journal of Obesity and Related Metabolic Dis-
orders, 18, 547-550.

Pope, M. K., & Smith, T. W. (1991). Cortisol excretion in high and low cynically hostile men.
Psychosomatic Medicine, 53, 386-392.

Porges, S. W. (1991). Vagal tone: An autonomic mediator of affect. In J. Garber & K. A. Dodge
(Eds.), The development of emotion regulation and dysregulation (pp. 111-128). New York:
Cambridge University Press.



5 The Biobehavioral Legacy of Early Attachment Relationships for Adult ... 103

Porges, S. W. (1992). Autonomic regulation and attention. In B. A. Campbell, H. Hayne, & R.
Richardson (Eds.), Attention and information processing in infants and adults (pp. 201-223).
Hillsdale: Erlbaum. New York: Wiley.

Porges, S. W. (2001). The polyvagal theory: Phylogenetic substrates of a social nervous system.
International Journal of Psychophysiology, 42, 123—146.

Porges, S. W. (2003). The polyvagal theory: Phylogenetic contributions to social behavior. Physi-
ology & Behavior, 79, 503-513.

Porges, S. W., Doussard-Roosevelt, J. A., & Maiti, A. K. (1994). Vagal tone and the physiological
regulation of emotion. In N. Fox (Ed.), The development of emotion regulation: Biological
and behavioral considerations. Monographs of the Society for Research in Child Development,
Vol. 59, (2-3, Serial no. 240), 167-186.

Porter, C. L. (2003). Coregulation in mother-infant dyads: Links to infants’ cardiac vagal tone.
Psychological Reports, 92, 307-319.

Porter, C. L., Wouden-Miller, M., Silva, S. S., & Porter, A. E. (2003). Marital harmony and con-
flict: Linked to infants’ emotional regulation and cardiac vagal tone. Infancy, 4, 297-307.

Posner, M. 1., & Rothbart, M. K. (2007). Research on attention networks as a model for the integra-
tion of psychological science. Annual Review of Psychology, 58, 1-23.

Powers, S. 1., Pietromonaco, P. R., Gunlicks, M., & Sayer, A. (2006). Dating couples’ attachment
styles and patterns of cortisol reactivity and recovery in response to a relationship conflict.
Journal of Personality and Social Psychology, 90, 613—628.

Propper, C., Moore, G. A., Mills-Koonce, W. R., Halpern, C. T., Hill-Soderlund, A. L., Calkins, S.
D., et al. (2008). Gene-environment contributions to the development of infant vagal reactiv-
ity: The interaction of dopamine and maternal sensitivity. Child Development, 79, 1377-1394.

Quirin, M., Pruessner, J. C., & Kuhl, J. (2008). HPA system regulation and adult attachment anxi-
ety: Individual differences in reactive and awakening cortisol. Psychoneuroendocrinology, 33,
581-590.

Raine, A., Venables, P. H., & Williams, M. (1990). Relationships between central and autonomic
measures of arousal at age 15 years and criminality at age 24 years. Archives of General Psy-
chiatry, 47, 1003-1007.

Reed, R. G., Randall, A. K., Post, J. H., & Butler, E. A. (2012). Partner influence and in-phase
versus anti-phase physiological linkage in romantic couples. International Journal of Psycho-
physiology. doi:10.1016/j.ijpsycho.2012.08.009.

Repetti, R. L., Taylor, S. E., & Seeman, T. E. (2002). Risky families: Family social environments
and the mental and physical health of offspring. Psychological Bulletin, 128, 330-366.

Robins, R. W., Caspi, A., & Moffitt, T. E. (2000). Two personalities, one relationship: Both part-
ners’ personality traits shape the quality of their relationship. Journal of Personality and Social
Psychology, 79, 251-259.

Roger, D., & Najarian, B. (1998). The relationship between emotional rumination and cortisol
secretion under stress. Personality and Individual Differences, 24, 531-538.

Rusbult, C. E., Verette, J., Whitney, G. A., Slovik, L. F., & Lipkus, I. (1991). Accommodation
processes in close relationships: Theory and preliminary empirical evidence. Journal of Per-
sonality and Social Psychology, 60, 53—78.

Rusbult, C. E., Bissonnette, V. L., Arriaga, X. B., Cox, C. L., & Bradbury, T. N. (1998). Accom-
modation processes during the early years of marriage. In T. N. Bradbury (Ed.), The develop-
mental course of marital dysfunction (pp. 74—113). New York: Cambridge University Press.

Sanchez, M. M., Ladd, C. O., & Plotsky, P. M. (2001). Early adverse experience as a developmen-
tal risk factor for later psychopathology: Evidence from rodent and primate models. Develop-
ment and Psychopathology, 13, 419-449.

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How do glucocorticoids influence stress
responses? Integrating permissive, suppressive, stimulatory, and preparative actions. Endo-
crine Reviews, 21, 55-89.

Saul, J. P. (1990). Beat-to-beat variations of heart rate reflect modulation of cardiac autonomic
outflow. News in Psychological Science, 5, 32-37.

Saxbe, D., & Repetti, R. L. (2010). For better or worse? Coregulation of couples’ cortisol levels
and mood states. Journal of Personality and Social Psychology, 98, 92—103.



104 L. M. Diamond

Sbarra, D. A., & Hazan, C. (2008). Coregulation, dysregulation, self-regulation: An integrative
analysis and empirical agenda for understanding adult attachment, separation, loss, and recov-
ery. Personality and Social Psychology Review, 12, 141-167.

Scarpa, A., & Raine, A. (1997). Psychophysiology of anger and violent behavior. Psychiatric Clin-
ics of North America, 20, 375-394.

Schiefelbein, V. L., & Susman, E. J. (2006). Cortisol levels and longitudinal cortisol change as
predictors of anxiety in adolescents. Journal of Early Adolescence, 26, 397-413.

Schoebi, D. (2008). The coregulation of daily affect in marital relationships. Journal of Family
Psychology, 22, 595-604.

Schore, A. N. (1996). Effects of a secure attachment relationship on right brain development, affect
regulation, and infant mental health. Infant Mental Health Journal, 22, 269-276.

Segerstrom, S. C., & Nes, L. S. (2007). Heart rate variability reflects self-regulatory strength, ef-
fort, and fatigue. Psychological Science, 18, 275-281.

Semin, G. R., & Cacioppo, J. T. (2008). Grounding social cognition: Synchronization, coordina-
tion, and co-regulation. In G. R. Semin & E. R. Smith (Eds.), Embodied grounding: Social,
cognitive, affective, and neuroscientific approaches. (pp. 119—147). New York: Cambridge
University Press.

Shaver, P. R., & Mikulincer, M. (2002). Attachment-related psychodynamics. Attachment & Hu-
man Development, 4, 133—161.

Shaver, P. R., & Mikulincer, M. (2007). Adult attachment strategies and the regulation of emotion.
In J. J. Gross (Ed.), Handbook of emotion regulation (pp. 446—465). New York: Guilford.

Shorey, R. C., Brasfield, H., Febres, J., & Stuart, G. L. (2011a). An examination of the association
between difficulties with emotion regulation and dating violence perpetration. Journal of Ag-
gression, Maltreatment & Trauma, 20, 870-885.

Shorey, R. C., Cornelius, T. L., & Idema, C. (2011b). Trait anger as a mediator of difficulties with
emotion regulation and female-perpetrated psychological aggression. Violence and Victims,
26, 271-282.

Siegel, D. J. (2001). Toward an interpersonal neurobiology of the developing mind: Attachment
relationships, “mindsight,” and neural integration. Infant Mental Health Journal, 22, 67-94.

Silk, J. S., Steinberg, L., & Morris, A. S. (2003). Adolescents’ emotion regulation in daily fife:
Links to depressive symptoms and problem behavior. Child Development, 74, 1869—1880.

Simpson, J. A., Rholes, W. S., Minda, O. M., & Grich, J. (2002). Working models of attachment,
support giving, and support seeking in a stressful situation. Personality & Social Psychology
Bulletin, 28, 598-608.

Sloan, R. P., Shapiro, P. A., Bagiella, E., Boni, S. M., Paik, M., Bigger, J. T. Jr., et al. (1994). Ef-
fect of mental stress throughout the day on cardiac autonomic control. Biological Psychology,
37, 89-99.

Snidman, N. (1989). Behavioral inhibition and sympathetic influence on the cardiovascular sys-
tem. In J. S. Reznick (Ed.), Perspectives on behavioral inhibition (pp. 51-70). Chicago: Uni-
versity of Chicago press.

Snieder, H., Boomsma, D. I., Van Doornen, L. J. P., & De Geus, E. J. C. (1997). Heritability of
respiratory sinus arrhythmia: Dependency on task and respiration rate. Psychophysiology, 34,
317-328.

Spangler, G., & Grossman, K. E. (1993). Biobehavioral organization in securely and insecurely
attached infants. Child Development, 64, 1439-1450.

Spangler, G., Schieche, M., Ilg, U., Maier, U., & Ackerman, C. (1994). Maternal sensitivity as an
external organizer for biobehavioral regulation in infancy. Developmental Psychobiology, 27,
425-437.

Spear, J. F., Kronhaus, K. D., Moore, E. N., & Kline, R. P. (1979). The effect of brief vagal stimula-
tion on the isolated rabbit sinus node. Circulation Research, 44, 75-88.

Stansbury, K., & Gunnar, M. R. (1994). Adrenocortical activity and emotion regulation. In N.
Fox (Ed.), The development of emotion regulation: Biological and behavioral considerations.
Monographs of The Society for Research in Child Development, Vol. 59, (2-3, Serial no. 240)
108-134.



5 The Biobehavioral Legacy of Early Attachment Relationships for Adult ... 105

Taylor, S. E., Karlamangla, A. S., Friedman, E. M., & Seeman, T. E. (2011). Early environment
affects neuroendocrine regulation in adulthood. Social Cognitive and Affective Neuroscience,
6, 244-251.

Teicher, M. H., Andersen, S. L., Polcari, A., Anderson, C. M., Navalta, C. P., & Kim, D. M. (2003).
The neurobiological consequences of early stress and childhood maltreatment. Neuroscience
and Biobehavioral Reviews, 27, 33-44.

Thayer, J. F., & Lane, R. D. (2000). A model of neurovisceral integration in emotion regulation and
dysregulation. Journal of Affective Disorders, 61, 201-216.

Thibaut, J. W., & Kelley, H. H. (1978). Interpersonal relations: A theory of interdependence. New
York: Wiley.

Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. In N. Fox (Ed.), The
development of emotion regulation: Biological and behavioral considerations. Monographs
of the Society for Research in Child Development Vol. 59, (2-3, Serial no. 240) pp. 225-252.

Trinke, S. J., & Bartholomew, K. (1997). Hierarchies of attachment relationships in young adult-
hood. Journal of Social and Personal Relationships, 14, 603—625.

Tronick, E. (2007). The neurobehavioral and social-emotional development of infants and chil-
dren. New York: Norton.

Tronick, E., & Beeghly, M. (2011). Infants’ meaning-making and the development of mental
health problems. American Psychologist, 66, 107-119. doi:10.1037/a0021631.

van Bakel, H. J. A., & Riksen-Walraven, J. M. (2004). Stress reactivity in 15-month-old infants:
Links with infant temperament, cognitive competence, and attachment security. Developmen-
tal Psychobiology, 44, 157-167.

Vella, E. J., & Friedman, B. H. (2007). Autonomic characteristics of defensive hostility: Reactivity
and recovery to active and passive stressors. International Journal of Psychophysiology, 66,
95-101.

Vohs, K. D., Baumeister, R. F., & Ciarocco, N. J. (2005). Self-regulation and self-presentation:
Regulatory resource depletion impairs impression management and effortful self-presentation
depletes regulatory resources. Journal of Personality and Social Psychology, 88, 632—657.

Weems, C. F., Zakem, A. H., Costa, N. M., Cannon, M. F., & Watts, S. E. (2005). Physiological
response and childhood anxiety: Association with symptoms of anxiety disorders and cognitive
bias. Journal of Clinical Child and Adolescent Psychology, 34, 712-723.



	Part III
	The Effect of Previous Experience on Adult Attachment Formation and Maintenance
	Chapter-5
	The Biobehavioral Legacy of Early Attachment Relationships for Adult Emotional and Interpersonal Functioning
	Attachment and the Biology of Stress and Emotion Regulation
	The HPA Axis
	HPA Activation

	The Autonomic Nervous System
	Individual Differences in HPA and ANS reactivity: Links to Early Caregiving
	Implications of HPA and ANS Activity for Emotion Regulation
	Implications for Adult Attachment Functioning
	Directions for Future Research
	Conclusion
	References







