1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

HHS Public Access

Author manuscript
Perspect Psychol Sci. Author manuscript; available in PMC 2018 May 01.

Published in final edited form as:
Perspect Psychol Sci. 2017 May ; 12(3): 355-373. d0i:10.1177/1745691616680612.

Social Buffering of Stress in Development: A Career Perspective

Megan R. Gunnar
Institute of Child Development, University of Minnesota

Abstract

This review provides a broad overview of my research group's work on social buffering in human
development in the context of the field. Much of the focus is on social buffering of the
hypothalamic-pituitary-adrenocortical (HPA) system, one of the two major arms of the
mammalian stress system. This focus reflects the centrality of the HPA system in research on
social buffering in the fields of developmental psychobiology and developmental science.
However, buffering of the cardiovascular and autonomic nervous system is also discussed. The
central developmental question in this area derives from attachment theory which argues that the
infant's experience of stress and arousal regulation in the context of her early attachment
relationships is not an immature form of social buffering experienced in adulthood, but rather the
foundation out of which individual differences in the capacity to gain stress relief from social
partners emerge. The emergence of social buffering in infancy, changes in social buffering
throughout childhood and adolescence, the influence of early experience on later individual
differences in social buffering, and critical gaps in our knowledge are described.

Over 50 years ago, Schachter (1959) published his seminal book on affiliation in which he
argued that human beings are motivated to affiliate, in part, because affiliation is stress
reducing. Interest in social buffering has increased since then. Stress reduction is believed to
be a major mechanism linking social relationships to health (Kaplan, Cassal, & Gore, 1977).
Impaired stress buffering is viewed as a primary pathway through which adverse childhood
experiences get under the skinto affect development (Hostinar, Sullivan, & Gunnar, 2014).
In this essay | will discuss research on social buffering, highlighting on my own research
journey of the last 35 or so years, while also placing my journey in the context of the broader
field. I discuss where we have been, what we have learned, and, of course, where we need to
be going.

Social buffering is a key concept in the stress field. It describes a phenomenon in which the
presence and availability of one or more social partners during times of threat reduces
activity of stress-mediating physiological systems, including the sympathetic-
adrenomedullary (SAM) and hypothalamic-pituitary-adrenocortical (HPA) systems. Social
buffering is a subset of social support. Social support covers both the expectation and actual
occurrence of being nurtured, assisted or being a part of a supportive social network. Not all
forms of social support are instances of social buffering. For example, some instances of
perceived social support may reduce stress reactions because the person expects that support
would be available if they asked (Uchino, 2009). No one needs to be present, even
symbolically; thus, this is not social buffering, albeit these expectations likely contribute to
our ability to use the presence of partners to buffer stress. Using Uchino's (2009) perspective
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on social support, in addition to perceived support, there is also received support which can
be instrumental or emotional I argue that when received support is instrumental and removes
or alters the actual nature of the threat, stress reduction cannot be credited to social buffering
with any confidence because the change in the stressor might have been the cause of stress
reduction. Social buffering, thus, occurs when the presence (actual or symbolic) of a social
partner reduces perceptions, reactions, and physiological responses to a potential threat, or
when experienced after the threat, helps to speed the return to baseline stress levels without
altering the objective nature of the threat.

Social Buffering and Attachment

My interests in social buffering emerged in attempts to understand how infants regulate
stress when they cannot cope on their own. This question soon led me to the role that
attachment plays in the development of stress reactivity and regulation. Forty years ago,
Bowlby's theory was gaining high visibility with the publication of the first two of his 3-
volume set on attachment (Bowlby, 1969, 1973). In the 1970's his ideas were discussed
intensely in developmental programs around the country, including in the one | attended at
Stanford (Maccoby & Masters, 1970). By the mid-1970's Masters and Sroufe (Sroufe &
Waters, 1977) were debating its merits at the Institute of Child Development in Minnesota,
the program | would join as an assistant professor in 1979. Bowbly provided a different view
of the social regulation of stress from the one in social psychology. It was not that the
attachment figure reduced stress because she or he altered the infant's perception of threat,
although that might happen. Rather, he argued that the attachment figure was embedded as
part of the infant's stress and emotion regulatory system. Furthermore, the infant's
experience of stress and emotion regulation within the attachment relationship shaped these
developing systems and resulted in inner working models of how relationships would
provide support (or not) in time of threat. The inner working model forged in the earliest
relationships played out through later relationships, affecting the aspects of relationships
critical for social buffering effectiveness, potentially, throughout life. Thus, social buffering
of stress in the attachment relationship was not just an immature version of adult social
buffering, but the foundation out of which the adult capacity would develop. This is a large
idea worthy of the decades of research which have supported some of its key tenets. Of
course, when 1 first got involved in research on attachment and social buffering as a
postdoctoral student in Seymour (Gig) Levine's lab, | did not have the big picture of where
this work was going.

Levine, social buffering and rat pups

Levine's research arguably was seminal to all subsequent neurodevelopmental studies of the
social regulation of stress. He is best known for his seminal work on early handling which
showed that brief separations of the dam from her pups resulted in the pups developing a
better regulated stress response system and behaving less anxiously throughout life (Levine,
1957; Levine, Chevalier, & Korchin, 1956). Levine's group traced the brief separation effect
to enhanced maternal stimulation following perturbation of her pups (Smotherman, Brown
& Levine, 1977). Today, through the work of Michael Meaney and his students (Zhang,
Labonte, Wen, Turecki, & Meaney, 2013), we know that maternal stimulation during a
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critical early period has epigenetic effects on the pup's developing neural and endocrine
systems.

In the 1970's, the Levine group made a transition from focusing on rat psychobiology to
including research on non-human primates. First they obtained several colonies of squirrel
monkeys and then several groups of rhesus macaques. With the addition of work on non-
human primates, Levine” group encountered mother-infant relationships that more closely
resembled human parent-infant relationships. They also began dealing with a mammal who
was much more mature neurologically at birth and in this way more closely approximated
human brain and neuroendocrine maturity than is the case for laboratory rats and mice.
Thus, while the group had a great deal of knowledge about maternal-infant stress regulation
in the rat pup, they had to start with the basics in studying primate infants and mothers. The
very first question was whether the HPA axis was stress responsive or whether, as in rats,
there was a stress hypo-responsive period (SHRP) that was maintained by maternal stimuli
(Suchecki, Rosenfeld, & Levine, 1993). To address this they took advantage of the fact that
separations appeared to be behaviorally stressful for monkey infants who protested vocally
and became physically very agitated when removed from their mothers (Kaufman &
Rosenblum, 1969). Did they show elevations in cortisol, the hormonal product of the HPA
axis in primates? Indeed, they did, and they were quite large and immediate, whether
examined in squirrel monkeys (Mendoza, Smotherman, Miner, Kaplan, & Levine, 1978) or
rhesus macaques (Smotherman, Hunt, McGinnis, & Levine, 1979). No SHRP.

Importantly, the first evidence of social buffering by the mother also came from these early
separation studies. When we separate human infants from their parents, the parent quietly
leaves or waves good-bye and says they will be back soon. When a monkey infant is
separated from its mother, the mother aggressively resists separation and there is intense
behavioral distress on the part of the infant. Thus, the process of separating mother and
infant could be the stressor with the period of separation itself not adding much. To control
for this Levine's group always included a sham separation condition called separation-
reunion. In the sham separation mother and infant were captured, briefly pulled apart, and
then immediately reunited. It takes the HPA axis about 30 minutes to reach peak cortisol
concentrations in circulation following activation of the system. Thus if the sham separation
activated the system, 30 minutes later cortisol levels should be as high as in infant monkeys
who were captured, handled and then remained separated for those 30 minutes. This was not
what happened. In study after study, either the infants’ cortisol levels in the sham separation
condition were no different from basal levels or they were only slightly elevated relative to
the separated infants (Gunnar, Gonzales, Goodlin, & Levine, 1981; Mendoza et al., 1978;
Smotherman et al., 1979). For those of us conducting the separations, this finding was
profound. Mother and infant were markedly emaotionally distressed by our attempts to
separate them. Yet, something about immediately reuniting them was blocking or
terminating the infant's HPA axis response.

As interest in social buffering increased in Levine's group the question of who beyond the
mother could serve as a buffer became critical. Was there something special about the
attachment relationship or was this a more general reflection of the effect of a familiar social
partner? In squirrel monkeys, other adult females alloparent or “aunt” infants. If the mother
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was removed, the infant would often spend the separation time in contact with one of these
alloparents. Behavioral distress was reduced in these cases, but was the HPA response to
separation also buffered? In one of his early studies in the Levine laboratory, Christopher
Coe (Coe, Mendoza, Smotherman, & Levine, 1978) separated squirrel monkeys who were
living in small social groups of several adult females, their babies and a pregnant female. In
one condition the infant remained in the social group while in the other the infant was
removed. If the infant remained in the group, the pregnant female attempted to provide
comfort. Infants carried by these aunts during separation did not exhibit distressed behavior;
however, their cortisol levels were as high as if they had been removed from the group and
housed alone during the separation period. The alloparent was not able to buffer the infant's
neuroendocrine stress response. While familiar to the infant, she was not the attachment
figure.

What about peers? Infant monkeys spend increasing amounts of time in play with age-mates
over the first years of life. Despite this, Harlow argued that the mother-infant and peer
affectional systems in monkeys were independent (Harlow, 1966) and this was also
consistent with Bowlby's views regarding humans (Bowlby, 1969). Early in the 1970's,
Patterson (Patterson, Bonvillian, Reynolds, & Maccoby, 1975) examined the social
preferences of 7- to 10-month-old infant rhesus macaques when confronted with a fear
stimulus. She placed the target infant in a cage bordered by two other cages. On some trials
the mother was in one of the other cages and a same sex and age playmate was in the other.
On some trials it was the playmate on one side and an empty cage on the other. When
confronted with a fear stimulus the infants overwhelming chose to sit near mother and not
their peer. Critically, when the choice was an empty cage versus peer they showed no
preference. This certainly supported the independence of the two affiliative systems;
however, what would the adrenal reveal? We addressed this question using year-old infants
separated from their social groups and housed with their mother, a familiar same-sex peer or
a peer from another social group (Gunnar, Gonzalez, & Levine, 1980). Unlike the Patterson
study, the threat was a novel environment and separation from the social group, and the
monkeys had full access to their social partners. We found evidence that under these
conditions, yearlings did seem to gain some stress-reduction benefit from being housed with
a familiar peer, although being housed with an unfamiliar peer produced the highest cortisol
levels.

While | was a post-doctoral fellow in Levine's lab, a fellow post-doctoral student, Michael
Hennessy, began his work on social buffering. In the years since, he has become one of the
world's experts in the comparative study of this phenomenon. In a recent insightful review
(Hennessy, Kaiser, & Sachser, 2009), he and his colleagues pointed out the importance of
the animal's developmental and social ecology as it influences who can buffer stress and the
conditions under which different partners are successful stress buffers. Attachment figures
are the most common and potent stress buffers early in the development of many mammals;
however, who and when other conspecifics become social buffers differs by species, by sex
within species, and by developmental period.
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Neurobiology of Stress

Before turning to the human developmental research, a brief description of the neurobiology
of stress and its development is needed. [For more see (Herman & Cullinan, 1997; Herman,
McKIlveen, Solomon, Carvalho-Netto, & Myers, 2012; Hermans, Henckens, Joéls, &
Fernandez, 2014; Joéls & Baram, 2009; McKlveen, Myers, & Herman, 2015; Myers,
Scheimann, Franco-Villanueva, & Herman, 2016)]. The stress response system in mammals
integrates physical and psychological stimuli to allow defense against both actual and
perceived or anticipated harm. The core of the stress system is organized in the
hypothalamus and involves regulation of the hypothalamic-pituitary-adrenocortical (HPA)
axis by cells in the paraventricular nuclei (PVN) and regulation of the sympathetic and
parasympathetic systems in lateral hypothalamic projections to the lateral medulla (Figure
1). Notably, in addition to these key outputs from the hypothalamus, neurons in the PVN
also s ecrete oxytocin which is released into the periphery via the posterior pituitary and into
several sites in the brain. Oxytocin has anti-stress effects on the cardiovascular system and,
when administered nasally, inhibits elevations in cortisol to social evaluative stressors
(Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003). Because contact with attachment
figures increases oxytocin, it is considered one pathway through which social buffering may
operate

Brainstem nuclei receive output from the hypothalamus, and also provide information about
the state of the body back to the hypothalamus and other brain regions. Threats to
homeostasis including blood volume loss, immune responses to pathogen invasion, and
cardiorespiratory distress will provoke strong stress responses of both the sympathetic and
HPA systems, even in an unconscious person. Perception of threat and safety through the
processing of information at the cortical and limbic levels of the brain is a primary factor in
stress activation and inhibition in most human research. At these levels the study of stress
becomes intertwined with the study of fear perception and response. Thus research on social
buffering and research on fear learning and extinction have much to offer one another
(Gunnar & Sullivan, 2016)

The brainstem and hypothalamic levels of stress regulation are relatively mature at birth in
humans and other primates but do still continue to develop over the first years of life
(Gunnar & Vazquez, 2006; Porges & Furman, 2011). Parasympathetic tone improves in the
first year and increasingly balances sympathetic activity. Cortisol binding globulin increases
resulting in a gradual increase in total cortisol to maintain needed levels of unbound or
biologically-active cortisol; although there is some evidence that the free-fraction may
actually decrease slightly. The fetal adrenal involutes and the adrenal cortex assumes a more
mature morphology. More importantly, both the autonomic and HPA systems increasingly
come under social regulation as limbic regions of the brain mature and increasingly come to
regulate hypothalamic and brainstem functions. A major development over childhood and
adolescence involves the increasing maturity of the prefrontal cortex and its connections
with limbic brain regions. Thus, as with other aspects of development, the
neurodevelopmental picture for stress regulation is one of increasing capacity for planful,
executive coping and stress regulation. Social buffering by attachment figures can be viewed
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as scaffolding and supporting the child's developing cortico-limbic stress regulatory system
until the brain is mature enough for the child to take over the executive regulation of stress.

While this is a very plausible way of viewing social buffering during development, it is
notable that one function of activation of the stress system is to take the executive control
network of the brain off-line and shift functioning to what has been termed the safience
network (Hermans et al., 2014). The hormones and neuromodulators that are increased as
part of the stress response shift the mature brain from a reflective, executive mode that
supports working memory, inhibitory control, and flexible problem solving to a mode that
supports vigilance, fear, and habitual responses (Hermans et al., 2014). The shift in
functioning from executive control to salience plays out over time during a stress response
and is influenced at different points in the response first by catecholamines and later by
corticosteroids. Corresponding to this shift from executive to salience neural dominance is a
shift of metabolic activity from fostering growth and repair to supporting immediate action
(Dallman et al., 2007).

Viewed from a developmental perspective, frequent bouts of acute stress should enhance the
development of the salience network (fear, vigilance, impulsive and habitual responses) and
impair the development of the executive control network. This is what we see in children
who have grown up under adverse conditions (Cowell, Cicchetti, Rogosch, & Toth, 2015;
Wiik et al., 2011). With regards to physical growth, frequent or prolonged periods of stress
may slow growth and serve as an index of allostatic load (Johnson, Bruce, Tarullo, &
Gunnar, 2011). However, when the child has an adequate social buffering system in place, it
should support the child's ability to maintain developmentally-expected levels of cognitive,
social and physical development even in the face of poverty and other forms of adversity.
This argument points to the critical importance of having a potent stress buffering system in
place, particularly for children growing up in harsh and threatening circumstance.

Attachment and the Emergence of Social Buffering in Children

At birth the HPA axis is responsive and it activates in a graded fashion to aversive
stimulation (Gunnar et al., 1989)). The newborn shows reductions in behavioral distress to
social-related stimuli (i.e., sucking, rocking). However, there is no evidence that any of these
forms of stimulation block or reduce activation of the HPA axis; newborns who suck on a
pacifier while being given a physical exam cry less but produce elevations in cortisol similar
to those not give a pacifier (Gunnar, 1992). Sucrose analgesia, which presumably reflects the
impact of sugars and fats on the natural opiate system (Blass & Ciaramitaro, 1994), also
reduces behavioral distress but has no effect on the HPA response a pain stressor (Stang et
al., 1997).

The HPA system remains highly reactive to stimulation through the first three months after
birth (Gunnar, Talge, & Herrera, 2009). During this time events as minor as a physical exam,
being taken from the bath or even playing for 15 minutes with an intrusive mother will
elevate cortisol (Spangler, Schieche, Ilg, Maier, & Ackermann, 1994); but by four months of
age babies seem to be able to tolerate such stimulation even though it can still trigger crying
and fussing (Gunnar et al., 2009). It is also during the first three months that we begin to see
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evidence that sensitive maternal behavior influences HPA axis regulation. In one study, 3-
month-old infants were studied being bathed by their mothers and maternal sensitivity and
responsiveness was scored (Albers, Riksen-Walraven, Sweep, & de Weerth, 2008). Removal
from the bath increased cortisol levels significantly 25 minutes later, with levels returning to
baseline by 40-minutes post bath. There was no association between the sensitivity of the
mother's behavior and the elevation in cortisol to bath removal. However, more sensitive
mothers had babies who returned to baseline faster. We would have to be assured, however,
that faster return to baseline was not because the more sensitive mothers got their babies
warmed up more quickly (i.e., instrumental support) to be confident that this finding
reflected social buffering of stress.

Infant reactivity to painful stimulation such as childhood inoculations changes markedly
over the first two years in ways that suggest the emergence of social buffering. Cortisol
reactivity goes from large increases at two months to smaller ones at four and six months to
no significant increases in the second year (Gunnar, Brodersen, Krueger, & Rigatuso, 1996;
Gunnar, Brodersen, Nachmias, Buss, & Rigatuso, 1996; Jacobson, Bihun, Chiodo, &
Berube, 1994; Lewis & Ramsay, 1995). A key question is whether this is this social
buffering or whether the HPA axis is becoming hyporesponsive. In humans it is difficult and
often unethical to use methods developed in animal studies to differentiate a period of
hyporesponsivity from the emerge of social buffering. That is, we cannot require that the
mother or father leave the room when the infant receives a shot versus remain present. For
this reason, we decided instead to examine whether the security of the attachment
relationship reflected the extent to which the parent was able to buffer the infant's stress
responses. This idea was inspired by earlier work demonstrating using the Strange Situation
that in secure attachment relationships heart rate returned to baseline quickly after the
mother's return in the strange situation test (Sroufe & Waters, 1979). In insecure
relationships, even avoidant ones where the infant does not seem upset by separation, heart
rate elevated and remained high long after the mother's return. Because the mother's
behavior is constrained in the Strange Situation task, this seemed evidence of social
buffering of the response to separation and reunion.

My students and | approached the attachment quality-stress buffering question in two ways.
First, in our longitudinal study of infant responses to well-baby examinations and
inoculations were examined the role of attachment security in determining cortisol reactions
at the 15 month inoculations (Gunnar, Brodersen, Nachmias, et al., 1996). Second, we
examined the social buffering-attachment quality question by bringing 18-month-olds to the
laboratory and showing them things that are potentially scary and then testing them a week
later in the Strange Situation to determine attachment classification (Nachmias, Gunnar,
Mangelsdorf, Parritz, & Buss, 1996). In the well-baby exam study, elevations in cortisol at
15 months both reflected attachment security and the child's temperamental fearfulness.
Temperamentally fearful infants elevated cortisol to the 15-month inoculations if the
attachment relationship was insecure, but not if it was secure. In the scary situation study
(Nachmias et al., 1996), toddlers were presented with a live clown who entered the room and
asked them to play, two loud puppets who put on a little show and asked the child to come
play with them, and a clown robot who moved erratically, lifted his hat and tooted a horn.
We scored how readily children approached these stimuli and then reverse-scored this
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measure to yield a measure of behavioral inhibition or fear. Again, we found that children
who were more temperamentally fearful produced elevations in cortisol if they were
insecurely attached to the parent who was with them but did not if they were securely
attached (figure 2). The findings from the inoculation study and the scary toy study were
remarkably similar. Both indicated that in the child's second year the parent in secure
relationships was a powerful stress buffering agent and both indicated that the effect was the
most readily observed among children who were more temperamentally fearful and anxious.

Social Buffering and Child Care Settings

While these results appear to provide evidence of social buffering in secure attachment
relationships, there remained an alternative explanation. Specifically, in secure relationships
the parent may have shaped a less reactive stress axis in the child. Thus, even if the parent
was not available, the securely attached child might have shown less of a cortisol response to
threat. We ruled out this possibility in work by Lilo Ahnert (Ahnert, Gunnar, Lamb, &
Barthel, 2004). She collected saliva cortisol samples in Berlin from mothers who were going
back to work when their babies were between 12 months and 2 years. She assessed
attachment security and sampled saliva before the child was placed in child care. These
centers required the mothers to come with their toddlers for an adaptation period prior to
leaving them for the first time. Saliva for cortisol was collected on the first and last
adaptation day, days 1, 5, and 9 of child care, and after the children had been in these centers
for 5 months. Securely attached toddlers had lower cortisol than insecurely attached toddlers
when their mothers were adapting them to the center; however, once the mothers were no
longer accompanying them, the securely attached toddlers produced elevated cortisol levels
comparable to the levels of the insecurely attached toddlers. Even at 5 months all children
appeared to average slightly higher cortisol than they had before starting child care. Taken
together, all of these studies zeroed in on the attachment figure as a potent stress buffering
agent.

As a parent, it was disconcerting to see that even securely attached toddlers were producing
high cortisol levels for up to nine days after starting day care. When would this stop? Would
infants, toddlers and young children be able to use the child care provider as a surrogate
attachment figure to buffer stress? In studies of children five years and older we do not, on
average, see increases in cortisol over the day when children are at school and away from
home and family (Bernard, Peloso, Laurenceau, Zhang, & Dozier, 2015; Dettling, Gunnar,
& Donzella, 1999). However, infants, toddlers and young preschoolers do show morning to
afternoon increases in center-based care, suggesting that being away from home and in the
company of many children is stressful. Importantly, presence of the providers does not buffer
this response (Bernard et al., 2015) and also these meta-analyses, (Geoffroy, Cote, Parent, &
Seguin, 2006; Vermeer & Van 1Jzendoorn, 2006)]. Some studies of family day care have
shown similar findings (Gunnar, Kryzer, vanRyzin, & Phillips, 2010). However, elevations
are not always seen (Groeneveld, Vermeer, van 1Jzendoorn, & Linting, 2012; Ouellet-Morin
et al., 2010), but this may be because in these studies they sampled earlier in the afternoon
right after children finished napping. We have noted that cortisol levels decline when
children nap and then rebound after the nap both at home (Larson, Gunnar, & Hertsgaard,
1991) and child care (Watamura, Sebanc, & Gunnar, 2002). Thus, the story appears to be
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that for infants, toddlers and young preschoolers, being away from home and with other
children all day produces elevations in cortisol by late afternoon and the presence of the
child care provider does not seem to buffer this stress response. It is noteworthy that there is
evidence that cortisol levels drop when parents pick the child up and are not different during
the evening on child care and non-child care days (Sumner, Bernard, & Dozier, 2010).
Together these data fail to provide any support for the idea that the child care provider is
substituting for the parents as a stress buffer. However, before we finally draw this
conclusion, it will be important to examine the child accompanied by a care provider versus
a parent in laboratory stress-buffering paradigms that allow for greater experimental control.
It would also be useful to study whether cortisol elevates over the day in a child care setting
in which the target child's mother is providing care to other children while at the same time
caring for them.

Parental Stress Buffering and Pubertal Change

Until my students and | began to explore how long into childhood the parent remained a
powerful buffer, there was very little on parents as stress buffers after the preschool years.
There was one fascinating study by Seltzer and colleagues (Seltzer, Ziegler, & Pollak, 2010)
in which they had 7- to 12-year-old girls perform the Trier Social Stress Test for Children
(TSST-C). The TSST-C involves a 5-minute speech preparation period, then a 5-minute
speech follow by 5 minutes of mental arithmetic. All of this is done in front of a camera and
a set of judges. The child is told their performance is being evaluated and the videos will be
shown to children their age who will also rate them. The adult version of this task is a most
effective cortisol-elevating laboratory task and is viewed as a social evaluative performance
stressor (Dickerson, Gruenewald, & Kemeny, 2004). Following the task, Seltzer and
colleagues evaluated the stress-reducing effects of three conditions: recover on own, call
your mother, or be with your mother. Compared with being alone, calling one's mother
helped, but the fastest return to baseline was obtained when the mother was present during
recovery. In this study the researchers also collected urinary oxytocin and found that both
talking to and being with their mother elevated oxytocin to levels greater than when the girls
were alone with the researchers. Thus, parents remain powerful stress buffers throughout
childhood, at least for girls.

Would the effectiveness of parental stress buffering survive the transition to adolescence?
There were good reasons to expect that the answer could go either way. Certainly,
adolescents remain emotionally attached to their parents (Doyle, Lawford, & Markiewicz,
2009). However, with puberty the HPA axis increases in basal activity (Gunnar & Herrera,
2013) as does sensitivity to social evaluative threat, particularly in anticipation of the
stressor (Stroud et al., 2009; van den Bos, van Duijvenvoorde, & Westenberg, 2016). Thus,
with greater physiological activity and greater psychological reactivity to social threat the
parent's presence might not be enough.

We (Hostinar, Johnson, & Gunnar, 2015c¢) studied children aged 9 and 10 years and
adolescents aged 15 and 16 years using the TSST-C. To assess parental social buffering, we
borrowed from a paradigm used with adults (Kirschbaum, Klauer, Filipp, & Hellhammer,
1995). Accordingly, we had either the parent or the researcher support the participant during
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the 5-minute speech preparation period. Once the preparation period was over, the
supportive person left and was not present during the public performance part of the task.
Thus, the social support was during preparation for the speech, which is believed to be the
period that is critical in stimulating the axis. The results showed that there was no response
to the task among children if the parent was the speech preparation supporter, but for
adolescents, large and equivalent cortisol responses were seen in both conditions [(Hostinar,
Johnson, & Gunnar, 2015b) figure 3)]. Adolescents and children described their
relationships with parents as equally close and rated the TSST-C as equally stressful.

Why were parents losing their potency? To help us get closer to the mechanism, we asked
whether the shift was more closely correlated with age or pubertal stage (Doom, Hostinar,
VanZomeren-Dohn, & Gunnar, 2015). To tease apart age and pubertal stage we focused on
children 11 to 14 years when same-aged youth can be at very different pubertal stages and
we preselected our participants to completely cross puberty with age. We then conducted the
same paradigm as in Hostinar et al., 2015. The results supported pubertal stage and not age
as being the place to look for the mechanism(s) underlying parents losing their stress
buffering potency.

Overall, these studies indicate that parents remain powerful stress buffers throughout
childhood. With puberty their potency begins to wane. Of course, teens still rely on their
parents and report that they perceive high levels of support from them (Bokhorst, Sumter, &
Westenberg, 2010). Attachment to parents also persist through adolescence (Freeman &
Brown, 2001). What our data suggests, however, is that adolescents do not get as deep a
physiological pay-off from the presence of their parents as they did prior to puberty. | should
note, however, that the question of parents becoming less potent social buffers has only been
studied using the TSST-C. We do not know whether they lose their potency when the threat
is physical harm or social rejection. Furthermore, the reduction in parental stress buffering
potency could be particular to the HPA axis. We do not know whether it extends to buffering
of the cardiovascular or other stress-sensitive systems. But even if the lost buffering potency
is only an HPA axis phenomenon, what does this imply for stress vulnerability and resilience
in adolescence?

Beyond Parents as Social Stress Buffers

As already noted, there is little evidence that non-attachment figures can be potent stress
buffering agents earlyin life. However, what about as children develop and their
relationships increasingly extend beyond the family? We have very few studies to go on to
answer this question and those we have focus on peers. A relevant study was conducted by
Adams and colleagues with 51" and 6™ graders (Adams, Santo, & Bukowski, 2011). They
collected cortisol, measures of self-esteem, and self-reports of experiences rated from
positive to negative repeatedly across four school days. The students also recorded whether
their best friend was with them or not during the experience. For both boys and girls, the
presence of the best friend seemed to block cortisol increases 20 minutes after negative
experiences (figure 4). We do not know what those experiences were or whether the friend
was caught up in the experience (e.g., both were on the losing team, both being teased), nor
do we know what the friend did in relation to the experience (emotional support,
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instrumental support). Nonetheless, this study suggests that for negative school experiences,
the presence of a best friend may reduce children's stress responding. This conclusion
supports the friendship protection hypothesis (Kendrick, Jutengren, & Stattin, 2012) that
argues that having friends protects children from the negative effects of being victims of
bullies. However, while there is ample evidence that being victimized is stressful, increases
the risk for psychopathology, and has impacts on the HPA axis (Ouellet-Morin et al., 2011),
there is no clear evidence that the HPA axis is buffered from the effects of peer victimization
when children have friends available. This information would be very valuable in helping to
explain how friends help to reduce the long term negative impacts of peer victimization.

While friends may provide stress buffering in childhood, what happens in adolescence? It
seems logical to think that they will become even more important, perhaps taking over the
job of stress buffers that parents once served. Adolescents spend more time affiliating with
friends and they show more positive affect when they are with friends (Scholte & van Aken,
2006). They also experience more distress than do children when a negative event is peer-
related, especially if they are girls (Conley & Rudolph, 2009). To address whether peers
became potent stress buffers with adolescence, we used the same paradigm as in the original
Hostinar et al (2014) study. Children aged 9 and 10 and adolescents aged 15 and 16 prepared
for the TSST-C with either their parent or their same sexed, best friend (Doom, Doyle, &
Gunnar, 2016). So that the only difference between conditions was the 5-minute speech
preparation period, we had all participants come to the laboratory with both their parent and
best friend. Just before speech preparation we told them with whom they would preparing
their speeches. The results were quite clear and unequivocal. Preparing with your best friend
Versus your parent /ncreased the reactivity of the HPA axis for adolescents but not for
children. Indeed, it produced some of the nicest cortisol stress responses we had seen in the
lab. In retrospect, the TSST-C is a social evaluative stressor and we were asking the best
friend to help our participants to prepare a speech where they would talk about what was
good and not so good about themselves! What we do not know is whether best friends might
have provided a stress buffer to a different type of stressor or even a different type of speech.

It is notable, however, that the Doom et al. (2016) paper is not our only evidence of friends
producing higher levels of cortisol. In one study (Calhoun et al., 2014) researchers had
adolescents debrief from a social speech stressor with a best friend for four minutes. Being
with a close friend from a more negative quality friendship prolonged cortisol levels long
after the youth were done with the stressor task. Likewise, there is evidence that even in
emotionally supportive friendships, debriefing with your friend might backfire if you and
your friend end up ruminating on the negative aspects of your experiences. Indeed, in youth
at risk for depression, rumination has been shown to impair cortisol recovery (Stewart,
Mazurka, Bond, Wynne-Edwards, & Harkness, 2013). Thus, the situation for friends as
social stress buffers in adolescence appears to be complex and nuanced. This may be part of
why adolescence is a time when we are both near the peak of our capacities and at our most
vulnerable (Dahl & Gunnar, 2009).
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Sex Differences in Social Buffering

We do not see any sex differences in the potency of the attachment figure to buffer stress in
early childhood, but what about after infancy and early childhood? In our own work, we
have not found significant interactions between social buffering partner conditions (parent vs
researcher; parent vs best friend) and sex-of-participant (Doom et al., 2016; Doom et al.,
2015; Hostinar et al., 2015b). However, in all honestly we have not really had numbers in
these sex by condition groups, particularly if we also include age or pubertal stage, to really
be confident that gendered differences are not emerging with development. Certainly, if we
examine the adult literature on social support, it looks as if we should be observing sex
differences as children get older. It also helps clarify how complex the issue of sex
differences can become.

First, there is much stronger evidence that social support buffers the activity of the HPA axis
for men than for women. This is despite the argument that women cope with threat by
tending and befriending one another, while men cope with fighting or fleeing (Taylor et al.,
2000). Thus, in one early study (Kirschbaum et al., 1995), the researchers asked a third of
participants to bring their significant other to the stress session and then had them prepare
for the speech with that person. They had another third go through the task with a supportive
stranger of the opposite sex and a third were tested without a supportive partner (i.e., alone).
As in our work, the supportive person (partner or stranger) was not present when they
delivered their speech or performed the arithmetic part of the task. The results were
unambiguous. Men were buffered by the presence of their significant other, while women
showed larger cortisol increases if their significant other was there to support them. Men
judged their significant other to be more effective in supporting them than the stranger.
Women judged the supportiveness of the stranger and their partner to be about equally
effective.

In a later study (Ditzen et al., 2007), these researchers examined whether there was anything
that men could do to buffer the HPA system in their female partners. They contrasted verbal
support as in the Kirschbaum et al. (1995) study with massaging the woman's neck while not
talking to her. The neck massage worked to both reduce cortisol and heart rate responses to
the stressor. Despite the fact that describing the results of these two studies to female
audiences always gets a good laugh and knowing nods, I really do not think we know what
is happening that produces this gendered difference. Is it the nature of the support provider?
Would women gain more stress relief it they brought their best girlfriend with them? Is it
how men provide verbal support that is not working for their female partners? Is this the
product of social experiences that lead a woman who is being helped by a man to feel less
competent and thus more anxious about social evaluation in a public speaking task? Or does
the difference lie in the neurobiology of how social support impacts the stress response
systems of men and women?

This same research group conducted an additional study that helps address at least one
aspect of this problem. Specifically, is it the sex of the support provider that matters? In this
study of social buffering the participant was asked to come with their best friend or come
alone (Heinrichs et al., 2003). The participants were all male, and the sex of the best friend
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was not specified by the researchers, thus some participants brought male and some female
best friends. Over half of the time the friend was male (Heinrichs, personal communication,
August, 2016). Despite the support provider often being male, the presence of a best friend
did reduce the HPA response for these male participants. It did so even better if the
participant was administered a dose of nasal oxytocin. Thus at least for men, support from a
best guy friend seems to be effective. Of course, the findings for men does not answer the
question of whether a best same-sex friend would buffer the HPA axis for women.

In all three of these studies, the friend helped the participant prepare for the stress task.
There is another way to conduct this type of study. Specifically, the friend or partner can be
in the waiting room, but then the participant is taken away for the study. The participant then
comes back to the waiting room once the stressor is over and waits a bit more with their
friend or partner. This type of study mimics what often happens in medical settings. When
the study is conducted in this manner, there is some evidence that women (and men) in
relationships with partners who engage in supportive interactions before and after the
stressor task show a faster recovery in cortisol than do those with friends or partners who
engage in less supportive or more negative support behaviors (Lepore, Allen, & Evans,
1993). These findings raise the possibility that for women, what interferes with the
effectiveness of social buffering by male relationship partners is having the man “help” the
woman prepare for her speech. Uchino (2009) has shown that received support, which would
involve helping the person plan their speech, can backfire and increase stress precisely when
it reduces the recipient's sense of being able to master the situation, placing them in a more
helpless position which lowers self-esteem.

One other possibility should be considered. It might be that for women it is not the HPA axis
that is buffered by the presence of a companion. Perhaps for women the cardiovascular
system is more affected. The weight of the evidence suggests this might be true. College
women but not men wearing ambulatory blood pressure devices had lower systolic blood
pressure if they reported more support during the recording period (Linden, Chambers,
Maurice, & Lenz, 1993). Similar results were reported in two other studies (Phillips, Carroll,
Hunt, & Der, 2006; Phillips, Gallagher, & Carroll, 2009); notably in these studies of social
evaluative threat women supported by their male partners showed cardiovascular buffering,
while men supported by their female partners did not. This is the reverse of the studies
examining the HPA axis. Some studies of social buffering of the cardiovascular system did
not involve both sexes but instead used women as the subjects. Many of these reported
significant reductions in blood pressure or other indices of cardiovascular reactivity in the
presence of a friend or otherwise supportive person, typically same sex (e.g., (Gerin, Pieper,
Levy, & Pickering, 1992; Kamarck, Manuck, & Jennings, 1991). Importantly, however, the
effectiveness of social support for the cardiovascular system was shown to be disrupted in
women if the friend could observe their performance and thus became part of the evaluative
audience (Kors, Linden, & Gerin, 1997).

Taken together, it seems possible that it may be easier to socially buffer the HPA axis
response to threat in men and the cardiovascular response in women. The sex of the
supporter may play a role, but it might also be a red herring. Why we observe sex
differences in social buffering is not clear. These differences could be the product of
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gendered culture and thus be mediated by gendered psychological interpretations of support.
Alternatively, these differences may reflect sex differences in the neural and endocrine
pathways mediating the impact of social partners on stress reactivity and regulation. In either
case, these differences seem to emerge between childhood and adulthood and this needs
explication as the emergence of these differences is likely important for understanding sex
differences in physical and mental health.

Relationship Quality, Social Buffering and Early Experiences

Because relationships can be both stress protective and stress inducing, the quality of the
relationship matters in stress buffering throughout life. In early development we have clearly
shown that the security of the attachment relationship influences how potent a stress buffer
the attachment figure provides (e.g., (Nachmias et al., 1996). In work by Calhoun and
colleagues (2014), negative aspects of friendships hindered stress recovery. In research on
adult relationships, social buffering is sometimes referred to as dyadic coping (Bodenmann,
Meuwly, & Kayser, 2011). Here the focus is on what partner A is doing to respond
supportively to partner B's communication about the stress they are experiencing. The goal
of successful dyadic coping is to reduce the stressed partner's perception of stress. These
studies rely on self-report measures of success (Cutrona, Russell, & Gardner, 2005), which
we know do not always match the recipient's physiological stress patterns. Nonetheless, a
focus on relationship and/or friendship quality is likely critical for understanding how and
whether the presence and availability of a partner will help or hinder physiological stress
buffering. But while it is clear that relationship quality matters, it is not clear which aspects
of quality matter. For example, in the Calhoun et al. (2014) work, they measured positive
and negative dimensions of friendships and only the negative aspects affected cortisol
recovery.

Of particular importance to developmentalists is understanding how early experiences of
support from attachment figures influences how easily adolescents and adults can use social
partners to buffer stress. This is the big question that | described early in this essay. Does the
security of one's attachment relationships undergird one's capacity to gain stress relief from
social partners throughout life? If so, how does this work? Is the effect direct, in that early
experiences organize neurobiological and/or psychological mechanisms that permit the
individual to gain stress-relieving benefit from social partners? Is it indirect, in that early
experiences in a supportive, caring family shapes the psychological capacities, such as self-
esteem and social skills, that are involved in establishing the type of social relationships that
buffer stress? Are both direct and indirect mechanisms responsible?

To my knowledge, no studies have prospectively examined attachment security in infancy or
early childhood and then used laboratory-based paradigms to examine social buffering in
adulthood. There is one study, described in more detail below, that found that higher quality
relationships between mothers and their 16-year-old adolescents predicted how well those
individuals could use holding a friend's hand to reduce neural responses to the threat of
electric shocks at 24 years (Coan, Beckes, & Allen, 2013). There is also good evidence that
adults with different attachment working models when made frightened or anxious will
engage in different types of social support seeking (Simpson, Rholes, & Nelligan, 1992).
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Notably, those with avoidant orientations seek less comfort from others than those with other
attachment orientations. There are plenty of studies that have examined adult's perceptions
of social support and related that to their reports of feeling loved and supported in their
families as children (Uchino, 2009). Likewise, adults who report better relationships in
childhood have lower levels of inflammation and cortisol (Fagundes, Bennett, Derry, &
Kiecolt-Glaser, 2011). However, in these cases the use of retrospective reports of childhood
experiences makes the results suspect. There are fewer, but very important, prospective
studies of attachment security in infancy and adult outcomes. These tend to corroborate the
studies using retrospective report. Thus, attachment security measured in infancy and early
childhood predicts perceived health in adulthood, e.g., (Puig, Englund, Simpson, & Collins,
2013), and good adult relationships with romantic partners (Simpson, Collins, & Salvatore,
2011). It seems likely that early attachment relationships provide the foundation of our
ability to benefit from social buffering.

The type of early relationship quality differences discussed above are in the normative, non-
abusive range. Outside that range we do have more evidence that early experiences can
impair later responsiveness to social buffering stimuli. Specifically, the absence of
attachment relationships, as studied in nursery-reared monkeys, has been shown to result in
an inability to use a familiar cage-mate to buffer the HPA axis to a novel-environment
stressor (Winslow, Nobel, Lyons, Sterk, & Insel, 2003). The nursery- versus mother-rearing
also resulted in lower cerebral spinal fluid levels of oxytocin, a potential mediator of social
buffering impacts on the HPA axis. In human children, researchers in Wisconsin found that
children adopted from orphanages did not increase oxytocin and reduce cortisol when in
contact with their mothers versus a stranger, while children reared normally in families did
(Wismer Fries, Shirtcliff, & Pollak, 2008). Likewise, we (Hostinar, Johnson, & Gunnar,
2015a) found that 9- and 10-year-olds adopted in early childhood from orphanages did not
show any buffering of the HPA axis when they prepared for the TSST-C with their mothers
versus a researcher. In contrast, as previously noted, youth reared from birth in their families
of origin did. This latter finding held even though the adopted and non-adopted youth rated
their relationships to parents as equally supportive and close. These findings from nursery-
reared monkeys and children who spent their infancy in orphanages raise the possibility that
there may be a sensitive period for organizing neural systems so that they are response to the
stress-buffering potential of social partners. This is an important issue as it affects our
understanding of ways in which early experiences enhance or impair our ability to gain
protection from the negative consequences of stressor exposure via our close relationships
throughout life.

Psychological and Neurobiological Mechanisms of Social Buffering

Obviously, the neurobiological mechanisms of social buffering must connect with the
neurobiology and neuroendocrinology of stress that was outlined earlier in this essay. There
are numerous avenues through which this could happen across different levels of the nervous
and endocrine system. As Hennessy and colleagues (2009) argue, it is likely that social
buffering occurs at all of these levels depending on the nature of the stressor, the type of
contact with the partner, the nature of the relationship with the partner and the stage of
development. Nonetheless, most theories of the mechanisms of social buffering argue that
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these operate through psychological pathways, particularly reductions in perceived threat
and reductions in or inhibition of fear and anxiety. There is remarkably little evidence for
such models in the social support literature or more narrowly in the social buffering
literature (Uchino et al., 2012). Indeed, in the social buffering literature there are many
instances in which autonomic and/or neuroendocrine activity is buffered by the presence of a
social partner, but this does not affect reports of the aversiveness of the stressor or, in
children the level of crying and behavioral distress observed. Nonetheless, neurobiological
models of social buffering in adults have emphasized the role of the social partners as safety
signals that increase the activity of regulatory regions in the prefrontal cortex (PFC) and
therefore reduce activity in fear and pain circuits.

Animal and human studies of adults strongly support a focus on circuits in the PFC. In
rodent studies, for example, lesions in prelimbic regions have been shown to block social
buffering (Herman, Ostrander, Mueller, & Figueiredo, 2005). In humans, Eisenberger and
her colleagues (2011) exposed female participants to pain stimuli while looking at an image
of their romantic partner on some trials and a stranger on others Eisenberger et al., 2011).
When participants looked at their romantic partner, pain ratings were lower and activity in
the ventromedial prefrontal cortex (vmPFC) was greater and inversely related to activity in
pain-reactive regions, including the dorsal anterior cingulate (dACC) and anterior insula
(Hornstein, Fanselow & Eisenberger, 2016).

We have very few developmental studies to draw on in considering how these adult patterns
emerge; however, one study is suggestive. In this study (Gee et al., 2014), children aged 4
through 10 and adolescents aged 11 through 17 years were imaged while looking at either
their mother's face or a stranger's (other child's mother) face. Faces are known to evoke
strong responses of the amygdala. The authors examined both amygdala and amygdala-PFC
connectivity. Results showed that among adolescents, amygdala-PFC connectivity was
strong regardless of the image they were observing and there were no condition differences
in amygdala reactivity. Among children, however, connectivity was stronger and the
amygdalar response was less when observing the mother's versus the stranger's face. Thus
when looking at a picture of one's mother, neural emotion-regulatory circuitry was
functionally more mature.

Unfortunately, in all of these studies measures of cardiovascular activity and cortisol were
not obtained, thus we do not know whether the effects of images of the romantic partner or
of the mother were actually effective in buffering the activity of autonomic and
neuroendocrine components of the stress system. Currently, we have a body of literature on
social buffering of pain and fear, and a body of literature on social buffering of stress
responses of the SAM and HPA system, but no studies that actually link the two.

Failure to acquire physiological indices of stress in these imaging studies was due, in part, to
how difficult it is to activate the HPA axis in imaging environments. Earlier, Eisenberger and
colleagues (Eisenberger, Taylor, Gable, Hilmert, & Lieberman, 2007) used two different
laboratory paradigms to examine the neural systems linking social support to reductions in
reactivity of the HPA axis. They had participants keep diaries of their daily experiences of
social support for ten days as they went about their everyday lives. Then they brought these
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participants to the laboratory twice, once for the TSST during which they collected cortisol,
and once to be imaged while they played a social rejection task called Cyberball. Individuals
who reported more supportive relationships in their daily diaries had lower cortisol
responses to the TSST. These individuals also showed diminished activity in the dACC
during rejection in Cyberball. Increased vmPFC activity was not found in this study. Thus in
this study reporting a good deal of social support on a regular basis seemed to reduce the
participant's experience of social pain when rejected during the Cyberball computer game
and may also have decreased their sense of threat during the social evaluative TSST task. It
did not, however, increase the activation of emotion-inhibiting circuits in the PFC.

Other studies have also found more direct effects of social partners on pain and emotion
circuit activity. What is notable about these studies is that the partner is actually and not just
symbolically present. Thus, in a study in which adult women were threatened with electric
shock, neural activity was recorded during blocks when she held her husband's hand, the
hand of an anonymous male experimenter, or no hand (Coan, Schaefer, & Davidson, 2006).
Compared to no contact blocks, holding the husband's hand resulted in significantly less
activation in systems supporting emotional and behavioral threat responses, including the
right anterior insula, superior frontal gyrus, and hypothalamus. The biggest effects were
obtained for women who reported the highest marital quality. No increase in activity in the
vmPFC or other regions with inhibitory input to limbic regions was noted.

Importantly, from a developmental perspective, similar results were reported by this group
when they collected observational measures of the quality of mother-adolescent interactions
at 16 years and then assessed these same individuals at 24 years while they were imaged
facing threat. While being imaged, individuals held the hand of an opposite-sex platonic
friend, an anonymous opposite-sex experimenter, or did not hold anyone's hand (Coan et al.,
2013). Again the threat was an electric shock and here the results showed less threat-related
activation in the bilateral orbitofrontal cortex, inferior frontal gyrus and left insula during
friend handholding for individuals who had more positive observed relationships with their
mothers at age 16. The quality of the mother-adolescent relationship did not predict neural
reactivity in the stranger and no handholding blocks of trials. These findings provide more
support for the attachment relationship being the foundation of our capacity to use social
partners to buffer stress.

Taken together the studies discussed in this section raise questions about the role of
inhibitory circuits in the PFC in mediating the effects of social buffering. Do partners
increase the ability to inhibit pain and fear reactions that are stimulated by the stressful
situation? Or are we simply less reactive to painful and threatening stimuli when we are with
partners, especially those we trust and feel close to? It is hard not to notice one of the major
differences in the paradigms that implicate the PFC emotion-regulating circuits from those
that seem to have a more direct impact on pain- and emotion-activating systems.
Specifically, in the former case the individual is alone in the scanner and the presence of the
partner is only symbolic, while in the latter case there is actual physical contact with the
partner. Perhaps the pathways to regulation of stress differs under symbolic versus actual
contact conditions, involving more frontal inhibitory activity when the partner is only
symbolically present. Alternatively, Beckes and Coan (2011) argue that the effects reported
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above are not due to the presence of a social partner, but rather to their absence. They argue
that being with others is our natural condition and when social partners are not available this
activates regions of the brain that are involved in processing threat. The presence of
relationship partners directly impacts these systems and allows us to deal with threat without
using as many costly metabolic resources. If they are correct, then we many only need to
bring on PFC inhibitory circuits when we confront threat on our own. When that is the case,
thinking about our loved ones helps us recruit that inhibitory circuitry and contain our
tendency to experience pain and fear. Of course, while the threat of a mild shock may be
mildly fear-evoking, threat of significant damage to our relationships, social standing and/or
our body can be extremely frightening. It seems possible that whether we observe direct
effects of the partner or effects that appear to be mediated by activation of PFC regulatory
circuitry might depend on both the intensity of the threat we are facing and the degree of
access we have to our social partner. The circuitry that is recruited also likely depends on the
developmental status of the brain.

So far we have noted one study of the brain activity during social buffering in children and
adolescents. What about earlier in development? It seems highly unlikely that social
buffering in infancy and very early childhood is operating through the pathways thus far
described. These regions and circuits are immature in infancy, yet as we have noted,
attachment figures become powerful buffering agents by the end of the first year. There are
two animal studies, one of infant guinea pigs and one of rat pups that suggest that early in
development the mother's presence may rather directly control regions in the hypothalamus
and brain stem that regulate stress and arousal (Harvey, Moore, Lucot, & Hennessy, 1994;
Shionoya, Moriceau, Bradstock, & Sullivan, 2007). Specifically, in these studies
norepinephrine in the hypothalamus was blocked by the mother's presence. Maternal stimuli
also increased oxytocin levels in the infant, and oxytocin can operate directly at the level of
the pituitary to suppress adrenocorticotropic hormone (Gibbs, 1986) and at the PVN to
suppress corticotropin-releasing hormone (Gimpl & Fahrenholz, 2001); although most often
oxytocin's effects are indirect through receptors in forebrain regions that regulate autonomic
and neuroendocrine stress responses (Windle et al., 2004). Clearly, we need to know much
more than we do about the neurobiology of social buffering early in life. We also need to
know how experiences early in development are shaping the neurobiological pathways
regulating the stress buffering impact of social partners as neural system becomes mature.

Conclusions and Future Directions

There is little doubt that social buffering serves as a critical process that protects us from
over-exposure to stress. There is growing evidence that social buffering by attachment
figures early in life is not an immature form of adult social buffering, but is the foundation
out of which our capacity to gain stress-relieving benefits from the presence and availability
of friends and family emerges. There are some hints in the available data that there may be
critical or sensitive periods in early development when different neurobiological systems are
open to being organized around social relationships in ways that may influence the capacity
of social partners to access these systems to foster stress buffering later in development. This
hypothesis has the most support with regards to the oxytocin system, but it may also extend
to the HPA axis. If there is a sensitive or critical period, we do not know whether there are
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later periods when these systems become open to reorganization, perhaps during puberty or,
for women, during pregnancy. Understanding the role of early experiences in organizing
stress-moderating and stress-mediating systems around social buffers is a major direction for
future research.

Addressing the sensitive/critical period question, however, involves vastly increasing our
understanding of the neurobiology of social buffering in adults and across development. We
also need to connect our understanding of the neurobiology of social buffering of pain and
fear circuits with our understanding of the neurobiology of social buffering of the HPA and
SAM systems. The former is advancing in very interesting ways. Connecting our
understanding of the neurobiology of the social buffering of fear with the neurobiology of
the social buffering of the HPA and SAM systems has challenges that make it quite difficult
to accomplish. However, this direction of work is truly needed. This direction will also
require integration of the animal and human research if we are to go young, as below a
certain age it is very difficult to obtain imaging data on awake and active human children. A
group of us, including Regina Sullivan, Mar Sanchez, Nim Tottenham, and Camelia Hostinar
have been working to integrate the animal and human work on social buffering, fear
learning, and stress regulation with the help of a three-year conference grant from NSF. The
challenges, we have learned, are not trivial, but the opportunities are also exciting (Gunnar,
Hostinar, Sanchez, Tottenham, & Sullivan, 2015; Gunnar & Sullivan, 2016).

Social relationships cut both ways. They can be our greatest source of stress relief and our
greatest source of stress and sorrow. Throughout this essay | have focused on the presence of
social partners in reducing stress; however, even in the studies described, there was evidence
that in some cases, the social partner was amplifying stress reactions. Thus in Calhoun and
colleagues (2014) study, debriefing by a friend with whom the participant had a negative
relationship produced prolonged elevations in cortisol, despite a quick return to baseline
when the debrief was with a friend from a low negative relationship. The presence of the
parent in an insecure attachment relationship does not provide a particularly effective stress
buffer, but when we examined the behavior of those parents we found ample evidence that
they might be interfering with their children's attempts to regulate distress (Nachmias et al.,
1996). In other work, we found that preparing for a speech with a friend versus one's parent
increased cortisol responses to the TSST-C (Doom et al., 2016). When does the presence of
a partner help and when does it hinder our attempts to regulate stress? This is a critical
question that needs more work, particularly from a developmental perspective.

We also need to integrate research on social buffering of the autonomic and cardiovascular
system with work on the HPA axis. As noted in the section on sex differences, stress
buffering of the two arms of the mammalian stress system may not proceed of a piece. These
two arms tell us different things about the state of the body and have different impacts on
health and disease. Studying both arms together, however, is not as simple as measuring both
autonomic and neuroendocrine systems. Sadly, they seem to require different paradigms to
be assessed well. Situations that are potent enough to activate the HPA axis, seem maximal
for measures of heart rate and vagal tone, for example. While stressors that allow nuanced
evaluation of autonomic measures are often submaximal for activation of the HPA axis.
Nonetheless, we need to examine social buffering using both autonomic and neuroendocrine
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end points if we are to obtain a full picture of the development of social buffering, including
the emergence of sex differences with development.

Finally, as the evidence mounts that experiences in our first relationships shape our ability to
use social partners to relieve and buffer us from stress, we need to increase our focus on
when and how to intervene to rescue individuals whose experiences have impaired their
capacity to form and/or use close relationships in stress buffering. We also need to develop a
two generation perspective on social buffering. Early in my career | was part of a study that
examined whether adult rhesus monkeys who were rehoused with infants versus alone would
show a more rapid return to baseline cortisol levels (Gonzales, Gunnar, & Levine, 1981).
The mothers caged with their infants did return to baseline faster than non-maternal females
who were caged alone, but there was one mother who had a very disturbed relationship with
her infant who maintained high cortisol levels for a prolonged period despite the baby being
with her. Subsequently, this mother's infant actually had lower cortisol levels when he was
separated from her than he had 24 hours after reunion (Gunnar et al., 1981). We do not know
the early life history of this mother, but it is possible that it was traumatic and/or devoid of
appropriate attachments. Mothers do gain stress buffering benefits from holding and nursing
their babies (Heinrichs et al., 2001), and it is possible that failure to experience these
benefits may add to problems mothers who experienced maltreatment early in life often have
relating to and forming secure relationships with their own children.

As can be seen, the study of social buffering of stress is an active and generative research
area in adult research in health and social psychology and in development science. There are
a number of avenues of research that are ripe for pursuit. The answers promise to fill in gaps
in our understanding of how supportive relationships protect our health and psychological
well-being, how our capacity to form and use supportive relationships develops, as well as
ways to intervene and the best timing of interventions to foster recovery of the capacity to
gain stress-relief from social partners.
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Figurel.

The anterior cingulate cortex (ACC) and the medial prefrontal cortex (mPFC) relay
information to subcortical structures involved in the stress response. There are regions of the
ACC and mPFC that activate and others that inhibit stress responding, in part through
reciprocal connections with the amygdala. Both the hippocampus and the amygdala also
maintain connections to the locus coeruleus (LC) which releases NE to brain areas involved
in alerting. The ACC, mPFC, and amygdala, as well as the hippocampus, all have inputs into
the hypothalamus, although these inputs are multisynaptic. Nuclei in the lateral
hypothalamus activate highly interconnected nuclei in the brainstem, including the
parabrachial nuclei, that regulate the sympathetic (norepinephrine, NE and Epinephrine, Epi)
and parasympathetic (acetylcholine, Ach) nervous systems via pathways traveling through
the spinal cord to preganglionic nuclei or to target organs (e.g. the adrenal medulla). In the
paraventricular region of the hypothalamus, corticotropin-releasing hormone is produced,; it
then travelsthrough the hypophysial portal system to the anterior pituitary gland and
stimulates the production and release of adrenocorticotropic hormone (ACTH). ACTH
stimulates cells in the adrenal cortex to produce glucocorticoids (cortisol in humans). There
are complex feedback loops from the periphery to the CNS that help to regulate the stress
system. (Reprinted with Permission from Gunnar & Davis, 2003).
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Figure2.
Cortisol Responses to Scary Toy Test as a Function of Fearfulness and Attachment Security.

(Reprinted with permission from Nachmias et al., 1996).
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Figure 3.
Cortisol Response to TSST-C estimated from HLM analysis in Children (left panel) and

Adolescents (right panel) with Social Support from Parent versus Stranger. Note that these
levels are higher in Adolescents than Children, reflecting the increase in basal cortisol
activity with pubertal development. (Reprinted with permission from Hostinar et al., 2015b).
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Figure 4.
Associations between the negativity of the experience and changes in cortisol levels when a

best friend was present and when the best friend was not present. (Reprinted with permission
from Adams, Santo and Bukowski, 2011).
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