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Abstract

Biological reactivity to psychological stressors comprises a complex, integrated, and highly conserved repertoire of
central neural and peripheral neuroendocrine responses designed to prepare the organism for challenge or threat. De-
velopmental experience plays a role, along with heritable, polygenic variation, in calibrating the response dynamics

of these systems, with early adversity biasing their combined effects toward a profile of heightened or prolonged re-
activity. Conventional views of such high reactivity suggest that it is an atavistic and pathogenic legacy of an evolu-
tionary past in which threats to survival were more prevalent and severe. Recent evidence, however, indi¢ates that
stress reactivity is not a unitary process, but rather incorporates counterregulatory circuits serving to modify or tem-
per physiological arousal, ari)) the effects of high reactivity phenotypes on psychiatric and biomedical outcomes

are bivalent, rather than univalent, in character, exerting both risk-augmenting and risk-protective effects in a
context-dependent manner. These observations suggest that heightened stress reactivity may reflect, not simply exag-
gerated arousal under challenge, but rather an increziseayjical sensitivity to contextwith potential for negative

health effects under conditions of adversity and positive effects under conditions of support and protection. From an
evolutionary perspective, the developmental plasticity of the stress response systems, along with their structured,
context-dependent effects, suggests that these systems may couwstitditéonal adaptationsevolved psychobio-

logical mechanisms that monitor specific features of childhood environments as a basis for calibrating the develop-
ment of stress response systems to adaptively match those environments. Taken together, these theoretical
perspectives generate a novel hypothesis: that there is a curvilinear, U-shaped relation between early exposures to
adversity and the development of stress-reactive profiles, with high reactivity phenotypes disproportionately emerg-
ing within both highly stressful and highly protected early social environments.

Biological reactivity to environmental stress{physiological, homeostatic means by which
ors is now widely implicated in the processesurvival under threat is protected, but are also
linking psychological adversity to psychiatricamong the dysregulatory pathways by which
and biomedical disorder. The neuroendocrinpsychological trauma is transmuted into patho-
changes that reliably accompany stressfigenic biological processes. Individual differ-

events, in humans and other species, are tleaces in such “stress reactivity” are thought to
underlie the broad variability in stress—illness
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autonomic, adrenocortical, or other biologicateactive phenotypes being selected within
responses to stressors, have been viewed tag oppositional categories of environments,
an atavistic health risk factor, a legacy ofcan be resolved, it will be argued, by the sup-
physiological responses more commensuragmsition that BSC increases adaptive compe-
with the perils of prehistoric human environ-tence in highly stressfulenvironments by
ments. As such, exaggerated stress reactivigugmenting vigilance to threats and dangers
is generally viewed as a maladaptive, moncand in highlyprotectiveenvironments by in-
tonically harmful heritage of an ancient pre<creasing susceptibility to social resources and
paredness for endangerment. High reactivitgmbient support. In the sections that follow,
so the argument goes, is a heritable response (a) describe the structure and phylogeny
disposition, often unmasked by traumatic exef the neural circuits implicated in stress
periences in early life, which places individu-reactivity, (b) delineate genetic and environ-
als at heightened risk for disorders of mentainental contributions to the calibration of
and physical health. It is the central claim ofkuch reactivity(c) review past and recent find-
this two-part series that this view, that highings linking stress reactivity and health, and
reactivity phenotypes are uniformly harmful(d) conclude that phenotypic expressions of
psychobiological reversions to primitive andunusually heightened reactivity reflect an
maladaptive modes of response, is mistakerunderlying biological sensitivity to contex-
Rather, an evolutionary reinterpretation ofual signals. Finally, exploring this reconcep-
evidence regarding reactivity and health sugualization of exaggerated reactivity as context
gests that highly reactive phenotypes can keensitivity, we construct an evolutionary—
more usefully viewed as reflecting heightenedevelopmental theory of the origins and
biological sensitivity to contextBSC), an functions of the human stress response and
attribute that may have conferred selective adermulate new hypotheses characterizing the
vantages in certain social and ecological correlation between early adversity and the mag-
texts during human evolution. Further, althougiitude of biological responses to stress. This
a substantial literature documents the capacitireory and derivative hypotheses are founded
of early developmental trauma to predisposen the concept of conditional adaptation, in
an individual toward high biological reactiv- which a single genotype supports a range of
ity, an evolutionary formulation of recent find- environmentally contingent phenotypic expres-
ings suggests a different and novel hypothesisions, enabling an adaptive correspondence
that the association between early adversityetween the developing organism and its
and reactivity is curvilinear in character, withenvironment.
both highly stressful and highly protective
environments yielding disproportionate num-
bers of highly reactive children. In this paperThe Structure and Phylogeny of the
the theoretical and evidential grounds for thisdjuman Stress Response
new hypothesis are presented, and in the
second paper, exploratory data analyses Environmental events signaling threats to sur-
two studies of early development and psychovival or well being produce a set of complex,
pathology are used to generate empiricdlighly orchestrated responses within the
observations commensurate with the sammeural circuitry of the brain and peripheral
hypothesis. Together, the papers present batleuroendocrine pathways regulating meta-
theoretical and empirical lines of argumenbolic, immunologic, and other physiological
that converge upon a single thesis: that highlfunctions. As first described in the work of
reactive phenotypes are forms of enhance@laude Bernard on homeostagiBernard,
neurobiologically mediated sensitivity to con-1878 and the subsequent research of 20th
text, which have been favored by natural secentury stress physiologists Walter Cannon
lection due to their fithess-enhancing effect$1929 and Hans Sely€1950, this elaborate
in both minimally and maximally stressfuland tightly integrated repertoire of responses
environments. This evolutionary paradox, ofesults in an immediate, relatively automatic
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shift to a state of biological and behaviorafrelated behavior, and CRHeceptors, found
preparedness, involving increases in heamostly in the periphery, may play a counter-
rate and blood pressure, metabolic mobilizacegulatory role in anxiogenesis. POMC is
tion of cellular nutrients, preferential redirec-cleaved into its component proteins, cortico-
tion of energy resources and perfusion to th&opin (ACTH) andB-endorphin(Smith et al.,
brain, and the induction of behavioral vigi-1998, and ACTH is transported in plasma to
lance and fear. Comprehensively detailed ithe zona fasciculata of the adrenal cortex, trig-
the writings of neuroscientists such as Chrougering secretion of cortisol, the principal
s0s (1998, Meaney (2001, and McEwen human glucocorticoid regulating blood pres-
(1998, the neural substrate for the organism’sure, glucose metabolism, and immune com-
stress response comprises two anatomicalpetence. Glucocorticoids also inhibit those
distinct but functionally integrated circuits,neuroendocrine axes promoting growth and
the corticotropin-releasing hormon&€RH) reproduction(Gold, Goodwin, & Chrousos,
system and the locus coeruleus—norepinephrii®88.
(LC-NE) system. The coactivation of the these The intracellular actions of cortisol are me-
two systems, along with their linkages to lim-diated through binding to a widely distributed
bic structures, such as the amygdala and aonytoplasmic receptor, translocation to the nu-
terior cingulate, as well as the mesolimbicleus of the target cell, and subsequent direct
dopaminergic system and the medial prefroreffects on gene transcription and inhibition
tal cortex, produce the coordinated biobehawf other, proregulatory transcription factors
ioral changes associated with the stressuch as c-juyic-fos, and NF-kBvan der Saag,
response in mammalian species. Caldenhoven, & van de Stolpe, 1996\I-
The CRH system actually comprises twdahough such actions acutely facilitate essen-
distinguishable subsystems, one centered fial biological responses to stress and threat,
the paraventricular nucley®VN) of the hy- chronic glucocorticoid secretion is associated
pothalamus and involved in the homeostatiwith a variety of pathogenic processes and
regulation of the hypothalamic—pituitary—disease states, including major depression, in-
adrenocortical(HPA) axis, and the other sulin resistance and diabetes, hypertension and
involved in the corticolimbic circuitry of atherosclerosis, bone loss, and disorders re-
the amygdala and its connections. Within théated to diminished immune functior{§&old
former subsystem, CRH is released into th& Chrousos, 1999; McEwen, 1988The hip-
portal blood supply of the pituitary in a pocampus, a brain region closely involved in
pulsatile (and, under normative conditions,memory and learning, is particularly suscep-
circadian fashion by neurons in the PVN andtible to the effects of glucocorticoids, show-
serves, along with synergistic effects ofng decreased dendritic branching and neuronal
arginine vasopressifAVP), as the primary loss in the CA3 area, as well as changes in
secretagogue for expression of pro-opiosynaptic terminal structure and inhibition of
melanocortin(POMC) polypeptide by the neuron regeneratiotBremner & Vermetten,
anterior pituitary. In the second subsysten?001; Sapolsky, 1996 Under more norma-
CRH cell bodies are more widely representetive circumstances, circulating cortisol there-
in loosely related, extrahypothalamic locafore adaptively regulates the activation level
tions, including the amygdala, the substantiaf the HPA axis through a process of feedback
innominata, the bed nucleus of the stria terminhibition at the hypothalamus, the pituitary,
nalis, and in the prefrontal, insular, and cinguand extrahypothalamic centers such as the hip-
late regions of the corte§Gold & Chrousos, pocampus and frontal corté®allman, Akana,
2002; Owens & Nemeroff, 1991Two or more Cascio, Darlington, Jacobson, & Levin, 1987
types of CRH receptors have been elucidated, The LC-NE system comprises the norad-
with species variation in the expression of speenergic cells of the medulla and dorsal pons
cific receptor types. CREreceptors are found and their projections to the amygdala, hippo-
in the anterior pituitary and other brain re-campus, mesolimbic dopamine system, and
gions and are involved in generating fearthe medial prefrontal cortexAston—Jones,



274 W. T. Boyce and B. J. Ellis

Rajkowski, Kubiak, Valentino, & Shipley, NE secreting neurons in the LC has been shown
1996. LC activation of hypothalamic centersto increase CRH production in the PW(Nabib
also contributes to activation and regulatiort al., 200]. This cross-regulatory process is
of the autonomic nervous systeg@NS), ini- only one of several ways in which the LC-NE
tiating the so-called fight or flight responsesand CRH are functionally interactii&old &
to challenge. The ANS, comprising sympaChrousos, 2002; Viau, 20p2and together con-
thetic, parasympathetic, and enteric branchestitute a primary integrative pathway by which
modulates physiologic arousal and recovergsychologically and emotionally relevant en-
in the periphery and produces the familiar biovironmental signals are transmuted into the
logical concomitants of severely stressful enbehavioral, autonomic, and immunologic man-
counters, including heart rate and respiratorifestations of human patholog§Cacioppo,
rate acceleration, sweat production, dry moutiBerntson, Malarkey, Kiecolt—Glaser, Sheri-
and, if sufficiently severe, loss of urinary ordan, Poehimann, Burleson, Ernst, Hawkley, &
fecal continence. These biological response&slaser, 1998; Heilig, Koob, Ekman, & Brit-
are mediated both by direct autonomic innerton, 1994; McEwen & Stellar, 1993Dysreg-
vation of target organs by postganglionic neudlated activation has been implicated, as well,
rons and by secretion of epinephrine anth the genesis and presentation of the major
norepinephrine by the adrenal medulla. Imneuropsychiatric disordef8loom & Kupfer,
mune regulatory effects of the catecholamine4,995, and the experimental administration of
as well as those of CRH and the glucocortineurohormonal products from the CRH and
coids, appear due to differential effects on.C-NE systems produces many of the physi-
T-helper-¥T-helper-2 cells and type/type 2 ological and behavioral symptoms that char-
cytokine productior(Habib, Gold, & Chrou- acterize affective and anxiety disord¢Bunn
s0s, 2001 Through such direct effects on im-& Berridge, 1990; Heilig et al., 1994
mune cells, experiences of severe or prolonged Both stress response systems, as well as
stress may influence susceptibility to a varietyheir central and peripheral components, ap-
of infectious, autoimmung@nflammatory, or pear early in phylogeny and have been exten-
neoplastic diseasegElenkov & Chrousos, sively conserved in the evolutionary history
1999. NE from the LC may also contribute to of vertebrate and mammalian species. Steroid
vulnerability to stress-related symptoms by fahormones are derived from cholesterol and
cilitating emotional memory retention in theoccur widely in both animal and plant species,
hippocampus and striatu¢imtroini—Collison, exhibiting chemical activities reminiscent even
Dalmaz, & McGaugh, 1996 of the mammalian glucocorticoidBentley,
Although anatomically distinct, the neural1998. Different forms of Gg, Cig, and G,
functioning of the CRH and LC-NE systemsadrenal corticosteroids appear in all the major
is highly integrated and cross-regulatory. CRHvertebrate groups, with both cortisol and
expressing neurons in the central nucleus articosterone found in primitive, cartilagi-
the amygdala, for example, project directlynous fish and aldosterone and corticosterone
to the LC, escalating the firing rate of LCidentified in the higher fish, amphibians, and
neurons, enhancing NE release within theeptiles. The glucocorticoid receptors of mam-
ascending noradrenergic system, and produgialian species are thought to have evolved
ing many of the fear-related behaviors assocfrom a 500 million year old ancestral gene,
ated with stressful experien¢®eaney, 2001; such as that coding for the single steroid re-
Valentino, Curtis, Page, Pavcovich, & Florin—ceptor expressed in teleost fish. Such fish cor-
Lechner, 1998 These CRH-mediated path-ticosteroid receptors exhibit a 97% homology
ways from the amygdala to the LC may alsdn their DNA binding region to the amino acid
serve as the neural substrate for many of theequence of the human glucocorticoid recep-
symptoms of anxiety disorders, such as intor. Even pituitary hormones similar to those
creased acoustic startle responses, vigilandeund in the vertebrate HPA axis are present
symptoms of avoidance, and recurrent emadn some invertebrates, including mollusks and
tional memories. Reciprocally, activation ofinsects.
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Catecholamine hormones of the LC-NE anthe central focus of the present papers, remain
ANS have a similarly long phylogeny. They arencompletely understood, there is wide acknowl-
presentin many invertebrates, such as the chaegement that both the genome and early ex-
dateAmphioxugrrow worm, and even in someperience account for some share of the variance
ciliated protozoans, where they function metin phenotypic stress responses.
abolically in a manner remarkably similar to  Within rodent and other subprimate mam-
their roles in higher animal species. Like stemalian modelsof reactivity developed by
roid receptors, catecholamine receptors are alsteaney and colleaguékiu & Meaney, 1997;
represented in primitive species and have transteaney, 2001 and otherqReis & Golanov,
membrane domains that have been highly coi997), there is evidence that individual differ-
served. The complexity of the ANS appears tences are determined by strain-related genetic
have increased phylogenetically with that of theariations, by aspects of early maternal—infant
CNS, attaining approximately similar levels ofexperience, and by interactions among gene
organization and complexity within the am-expression and experiential factors. On the one
niote classes of reptiles, birds, and mammalsand, clear biobehavioral differences exist be-

Taken together, these observations frortween strains of mice and rats on dimensions
the human and infrahuman neurosciences sugdch as behavioral and adrenocortical reactiv-
gest the following interim observations. Firstjty to stressors. BALBc mice, for example, are
homeostatic systems protecting survival anthherently more fearful and show more vigor-
stability under conditions of stress are phyloeus glucocorticoid responses to stressors than
genetically ancient, showing both genetic exdo C57 mice(Zaharia, Kulczycki, Shanks,
pression and comparable biological functionMeaney, & Anisman, 1996 and comparable
in animal species from invertebrates to pridifferences exist between Fisher 344 and Long—
mates. Second, the CRH and LC-NE systentsvans rats(Dhabhar, McEwen, & Spencer,
subserve a complex, highly interactive repert993. Such biobehavioral differences in strains
toire of central and peripheral stress responsewe likely due, at least in part, to heritable
which mobilize neurobiological and behav-variation in the alleles that regulate stress re-
ioral resources in defense of the organism’'sponsive biological systems in these animals.
integrity and well being. Third, although these On the other hand, Meaney and others have
neurobiological responses are protective arghown that perturbations in early experience
essential in acutely stressful conditions, theyesulting in changed maternal—infant behavior
can become themselves pathogenic when peran also have profound regulatory effects on
sistently activated under circumstances ahe calibration of biological systems, includ-
chronic or overwhelming stress and adversityng the CRH system and HPA axidofer, 1994;
Meaney, 2001; Plotsky & Meaney, 199&n
experimental procedure known as “handling,”
in which rodent pups are separated from their
mothers for 3—15 min each day over the first
Reactivity has been defindtatthews, 1985 several weeks of life, results in permanent down-
as “the deviation of a physiological responseegulatory changes in the CRH system at the
parameter from a comparison or control valuéevel of the PVN and central nucleus of the
that results from an individual’s response to amygdala and, as a consequence, produces a
discrete, environmental stimulus.” Broad indi-decreased exposure to the adrenocortical and
vidual variation in reactivity to psychological autonomic effects of stressful events. Such
stressors has been documented in human adutsvnregulatory effects have been shown to re-
(Cacioppoetal., 1998human childrefAlkon, sultfromincreased glucocorticoid receptor ex-
Goldstein, Smider, Essex, Kupfer, & Boycepression following changes in mothering
2003; Allen & Matthews, 199)7 and bothyoung behavior, that is, the intensity of licking and
and mature laboratory animd¥leaney, 2001; grooming and other characteristic maternal
Suomi, 1987a Although the origins of such behaviors, uponthe pups’returnto the nest. Fur-
individual differences in reactivity, which is ther, handling can override the genetic propen-

Genes, Environments, and Reactive
Phenotypes
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sities shared with a fearful, highly reactiveperiential influences on the expression of
mother by inducing maternal behaviors that prostress reactivity in rodent models and reveal
duce long term underarousal in the infants’ adinfluences that are bivalently regulatory in
renocortical and autonomic response systentiseir effects on psychobiological response
(Champagne & Meaney, 2001t remains un- parameters.
clear at present whether the regulatory effects Studies ofnonhuman primatebave simi-
of these maternal behaviors are constrained tarly contributed important evidence to an
a “critical,” early period of development or areunderstanding of constitutional and contex-
capable of recalibrating response systems lateral determinants of stress reactivity. Suomi
in infancy or beyond. and colleague@yrne & Suomi, 2002; Cham-
When early maternal-infant separations angoux & Suomi, 1994; Suomi, 1987pfor
more prolonged, however, in aregimen involvexample, have increasingly documented the
ing true deprivation of maternal care for asnfluence of heritable genetic factors on
long as 180 min, the effect on biological stresthe neurobiological systems that underpin tem-
response systems is exactly opposite that peramental differences in behavior. One study
handling (Meaney, 200L Separated rodent comparing neurobiological differences be-
pups develop chronically upregulated CRH actween Indian origin and Chinese hybrid
tivity in the HPA axis, the amygdala, bed nu+hesus monkeys found significantly lower
cleus of the stria terminalis, and the LC, aserebrospinal fluid(CSFH 5-hydroxyindole-
well as behavioral changes consistent with feaacetic acid levelga metabolite of serotonjn
fulness and inhibition under conditions of novdin Chinese hybrid monkeys beginning at 6
elty (Sanchez, Ladd, & Plotsky, 20RIThere months of age, suggesting “strain” differences
is also evidence for effects of prenatal stressa the magnitude of central serotonergic activ-
induced maternal glucocorticoids on fetal, anity (Champoux et al., 1997Serotonergic neu-
later infant, physiology and development. Marons are implicated in the neural circuitry of
ternal glucocorticoid exposures are assocthe stress response and in brain structures
ated, for example, with elevations of CRHinvolved in the processing of emotional
(Cratty, Ward, Johnson, Azzaro, & Birkle,information (Rolls, 1999. Another study by
1995 and CRH receptorgWard, Johnson, Lyons, Yang, Sawyer—Glover, Moseley, and
Salm, & Birkle, 2000 in the amygdala of off- Schatzberg2001) showed that stress-related
spring, and with downregulation of Bt hippocampal atrophy is partially heritable,
hydroxysteroid dehydrogenase, the placentahising questions regarding an attribution of
enzyme that inactivates fetal steroidal effecteippocampal volume variation to purely expe-
(Benediktsson, Lindsay, Noble, Seckl, & Ed+iential factors. Further, primate studies by Hi-
wards, 1998 Both down- and upregulatory gley and others have demonstrated heritable
alterations in CRH system regulatigthose variation in central serotonergic drive, which
produced by handling and by maternal sepas in turn related to aspects of behavioral re-
ration, respectively can have detrimental activity (Higley & Linnoila, 1997, and have
effects on disease and survival, depending upadentified both genetic and environmental con-
the kinds of exposures that the animals latdributions to differences in serotonin and do-
sustain. Handled animals have been shown framine metabolites in the cerebrospinal fluid
be more susceptible, for example, to immunesf young macaquedigley, Thompson, Cham-
mediated disorders, such as experimental ghoux, Goldman, Hasert, Kraemer, Scanlan,
lergic encephalomyelitiaban, Dimitrijevic, Suomi, & Linnoila, 1993.
von Hoersten, Markovic, & Jankovic, 1995  Although the above research suggests at
while those experiencing extended maternaast partial genetic regulation of stress re-
separations have shown increased vulnesponse systems, studies of nonhuman pri-
ability to stress-related hippocampal damagmates have also revealed a capacity for early,
and deficits in learning or memofissa, Rowe, stress-engendering disruptions of social expe-
Gauthier, & Meaney, 1990; Sapolsky, 1996 rience to produce long-term changes in neuro-
These studies suggest both heritable and eliological reactivity (Sanchez et al., 2001
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Research on early deprivation, beginning witltortisol levels or that constitutionally less re-
the seminal work of Harlow and colleagues aactive individuals occupied higher status po-
the University of Wisconsin Primate Labora-sitions. Comparable to observations within
tory (Harlow, Harlow, & Suomi, 197§, has rodent models of stress reactivity, studies of
demonstrated the centrality of maternal-infamionhuman primates offer further evidence for
relationships in the emergence of specielsoth genetic and contextual influences on the
normative behavior, and the capacity forcalibration of stress response systems.
isolate- or peer-rearing conditions to disrupt Finally, a growing number of studies in
behavioral and psychobiological regulatorsnuman children and adultsave similarly re-
functions in several Old and New World pri-vealed both genomic and environmental ori-
mate species. Accompanied by behaviorains for the individual differences observed
changes such as protest vocalizations, autistict biological reactivity (Heim & Nemeroff,
like stereotypies, nonnutritive sucking, andl999. In parallel to genetic evidence from
self-mutilation, maternal separations produceonhuman primates, studies of children and
predictable changes in peripheral and centréheir parents(Matthews, Manuck, Stoney,
neural circuitry. Among these are alteration®akaczky, McCann, Saab, Woodall, Block,
in functional immune competendg.ubach, Visintainer, & Engebretson, 1988adults in
Coe, & Ershler, 1995 upregulation of auto- preidentified genetic pedigreé€heng, Car-
nomic responses to physical stress@var- melli, Hunt, & Williams, 1997, as well as
tin, Sackett, Gunderson, & Goodlin—Jonesmono- and dizygotic twingBartels, de Geus,
1989, increased CRH expression in CSHKirschbaum, Sluyter, & Boomsma, 2003; Bus-
(Coplan, Andrews, Rosenblum, Owens, Friedahn, Faulhaber, Viken, Rose, & Luft, 1996;
man, Gorman, & Nemeroff, 1996and dys- Turner & Hewitt, 1992 have all affirmed a
regulatory changes in HPA axis reactivitymoderate heritability of reactivity pheno-
(Shannon, Champoux, & Suomi, 1998\s types. A parental history of hypertension has
comprehensively reviewed by Sanchez et altequently been shown to be predictive of au-
(2001, dysregulatory changes in the CRH systonomically mediated blood pressure reactiv-
tem have reliably been found following expo-ty in both children(e.g., Lemne, 1998and
sures of infant monkeys to isolated or deprivegioung adultse.g., Adler & Ditto, 1998. El-
early rearing conditions, but the character anevated cortisol levels have also been identi-
direction of such changes remain indetermified in the nondepressed, first-degree relatives
nate in the existing literature. Although someof patients with major depression, suggesting
groups have shown consistent elevations ithat hypercortisolism might be appropriately
cortisol expression under conditions designedewed as a trait measure of a heritable diath-
to undermine maternal attentiveng$€sham- esis to affective disorder&Holsboer, Lauer,
poux, Hwang, Lang, & Levine, 2001; Lyons,Schreiber, & Krieg, 1996

Wang, Lindley, Levine, Kalin, & Schatzberg, In addition, the research programs of a
1999, others have detected no differences inumber of investigators have produced find-
HPA responses to stressors among isolatiangs supporting experiential, contextual con-
reared rhesus infantéMeyer & Bowman, tributions to the emergence of high reactivity.
1972. In one study by Boyce, Champoux,A number of studies in human children sug-
Suomi, and Gunnaf1995, peer rearing of gest, for example, that disruptions in early
infant macaques appeared associated witiitachment relationships are associated with
blunted,dowrregulatory changes in the circa-regulatory influences on and disturbances in
dian periodicity of cortisol secretion. Further,stress—responsive biological systetierts-
the work of Sapolsky1990; Sapolsky & Share, gaard, Gunnar, Erickson, & Nachmias, 1995;
1994 among wild olive baboons has revealed/eyer, Chrousos, & Gold, 2001; Nachmias,
associations between dominance status and d@lunnar, Mangelsdorf, Parritz, & Buss, 1996;
renocortical activation, suggesting either thatvilemsen—Swinkels, Bakermans—Kranenburg,
experiences related to social adeptness aBditelaar, van, & van Engeland, 2000ur-
dominant hierarchical status tended to lowether, a prospective, longitudinal study by Es-
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sex, Klein, Cho, and Kalif2002 demonstrated (1998 observed higher salivary cortisol lev-
that, parallel to the findings of animal re-els and greater cardiovascular reactivity among
search, early exposures to stressors such g®wth-stunted children growing up in impov-
maternal depression can sensitize children&rished neighborhoods in Jamaica.

CRH systems to subsequent adversities, result- Taken together, rodent, nonhuman primate,
ing in the development of mental health sympand human research all point to acommon con-
toms. In a singular study of healthy women byclusion: that both genetic and environmental
Heim, Newport, Heit, Graham, Wilcox, Bon-factors contribute to the calibration of biolog-
sall, Miller, and Nemeroff(2000, partici- ical stress response systems over the course of
pants with a history of abusive experiences iearly development. These studies further sug-
childhood had dramatically increased levelgestthat, while stable individual differences in
of pituitary (ACTH) and autonomic reactivity stress reactivity emerge with maturation, there
to a standardized laboratory stress protocak pronounced early plasticity in the neurobio-
Abused women with current major depressiofogical systems that subserve such reactivity
exhibited sixfold greater ACTH responses thafiDavidson, Jackson, & Kalin, 2000Stress
age-matched controls and were the only grougactivity, like many developmentally ac-
to show significantly elevated cortisol re-quired phenotypic features, appears to become
sponses, as well. De Bellis, Baum, Birmahef,canalized” over time, revealing progressively
Keshavan, Eccard, Boring, Jenkins, and Ryagreater resistance to change and diminishing
(1999 similarly found increased 24-hr uri- plasticity (Turkheimer & Gottesman, 1991;
nary excretion of cortisol and norepinephrinéVaddington, 1966 Within the setting of hu-
among children with abuse-related posttraunan development, however, little is under-
matic stress disordefPTSD symptoms, in stood of the developmental time course over
comparison to healthy controls, and Perryhich such canalization occurs. Some of the
(1994 reported diminished adrenergic receppapers reviewed provide evidence for a central
tors on platelets and increased heart rates indgvelopmental role of primary attachment re-
group of severely abused children. A series dationships and maternal behavior in shaping,
studies by Yehuda and coworkef¥ehuda, constraining, and regulating psychobiological
2002; Yehuda, Halligan, & Bierer, 2001; Ye-responsesto experiences of future challenge and
huda, Halligan, & Grossman, 20phas fur- adversity. Such findings suggest, although with
ther documented the psychobiological sequela®nsiderable imprecision, that social contex-
of early abusive experiences. Sexual abuse wasal effects over the first 3—5 years of life may
associated with elevated 24-hr urinary cortihave particular potency in the calibration of
sol excretion(Yehuda et al., 2001 increased stress responsive biological systems.

density of lymphocyte glucocorticoid recep-

tors, and enhanced suppression of plas
cortisol responses to dexamethasdBeein,
Yehuda, Koverola, & Hanna, 1997each re- The CRH and LC-NE systems together con-
flecting disturbances in the regulation of thestitute a primary integrative pathway by which
HPA axis. In an interesting parallel to the obpsychologically and emotionally relevant en-
servations in nonhuman primates mentionedronmental signals are transmuted into the
above, Yehuda et af2001) also reported that behavioral, autonomic, and immunologic man-
emotional abuse and PTSD were associatéi@stations of human patholog§Cacioppo
with diminished rather than elevated, 24-hret al., 1998; Heilig et al., 1994; McEwen &
urinary cortisol levels. In studies of broadeiStellar, 1993 Dysregulated activation has been
societal influences on the development of stressiplicated, as well, in the genesis and presen-
responses, Lupien, King, Meaney, and Mctation of the major neuropsychiatric disorders
Ewen (2000 found that lower socioeconomic (Bloom & Kupfer, 1995, and the experimen-
status was associated with higher salivary cotal administration of neurohormonal products
tisol levels in children as young as 6 years ofrom the CRH and LC-NE systems produces
age, and Fernald and Grantham—McGreganany of the physiological and behavioral symp-

Mress Reactivity and Health
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toms that characterize affective and anxiety disnore. With no police, no food reserves, no medi-
orders(Dunn & Berridge, 1990; Heilig et al., cine, no laws, rampant infections, and prevalent
1994). In epidemiologic and observational studpPredators, danger could come at any time . . . Per-
ies of humans, individual differences in adrehaps in that environment, where stressors were more

nocortical and autonomic reactivity have beef?hft:n” i??gsrilf)?\lll ﬁsdi;;esvjerﬁgﬁ::;i;zssrggg l;snzful

el o e .50 he o f e 12 oyt
L. ! may yield net costs. This is plausible and supports

temal'z'ng_ psychopathologiBoyce, Quas, the many efforts to reduce stress and to find drugs

Alkon, Smider, Essex, & Kupfer, 2001; Ka-hat block the stress responsdlesse & Young,

gan, 1994; Raine, Venables, & Mednick, 1997 2000, p. 83

psychological and physical symptoitBoyce,

Chesney, Alkon-Leonard, Tschann, Adams, A full rendition of this widely endorsed ac-

Chesterman, Cohen, Kaiser, Folkman, & Warg,, ¢ comprises the following twin premises:
1995; G_annon, Banks, Shel_ton, & Lum_:hettaca) because stress responses evolved in ances-
1989, risk for atherosclerotic heart diseasg o environments characterized by frequent, se-
(Lynch, Everson, Kaplan, Salonen, &Saloner\,ere threats to survival, a unitary system of

é9ﬁ8,.inju_ries(Boyce,_1996,hand risk-_taking physiological arousal emerged, which readies
ehavioi(Liang, Jemerin, Tschann, Irwin, Wara,the organism for confrontation or retreat, often

& Boyce, 139%'% regewe?l by Cacioppo, in a manner disproportionate to the actual haz-
Berntson, Sheridan, and McClinto2000, as- ards encountered; aifd) prolonged activation

sessments of stress reactivity to challenge, ing - te overactivation of such pathways ulti-
variety of physiological modalities, enhance%ately undermines the health of organisms by
significantly the clinical predictions of healthimpairing, rather than activating, the function
putcomes_that are possible on the basis of resl target organs. Although the essential, pro-
Ing or static measures alone. . tective aspects of these neurobiological re-
Th.e.conventlorjal understanding of Stre§'§ponsesto adversity are broadly acknowledged,
reactivity is that it represents a pathogeniG'p.q hacome an article of faith that overreac-
biobehavioral atavism: a vestige ofphysiologfivity promotes the genesis of disease. Com-
ical responsivity to prehistoric environment elling and intuitive as the two premises have
that is no longer adaptive within the intensit appeared, both are now challenged by evi-
and challenges of modern life and, conse ence suggesting that stress reactivity is not a

qugntly, increases risk for t_he development 0unitary physiological process, because adver-
various morbidities. This view has been con:

- . ) X Sity often results in down- rather than upregu-
vincingly articulated by a generation of InVes'latory changesin componentneural circuits, and

tlgat:ors, mclut;i]lng Rerg)e_z [I)“t?os' tth'on%erlm%at high reactivity exerts bidirectional, rather
20th century human biologist, and Rando pI?han univalent, influences on health. Itisto this

Nesse,' an gmment.evplutl(’)nary psychlatrlst Wvidence and these findings that the discussion
the University of Michigan’s Institute for So- | ;. +/ /s

cial Research:

Another illustration of the fact that modern manAnomalous findings on stress reactivity

retains essential traits of his evolutionary past iand health

the persistence in him of hormonal and metabolic

responses which were developed to meet threatefhefirst premise that stress reactivity consti-

ing situations during his animal ancestry, but whichutes a unitary, unidirectional set of biological

no Ionger fit the needs of life in civilized SOCietiESresponses to threat, has been contested by a
- what was once an advantage is increasinglyg|jection of observations and new hypoth-

becoming a handicap under the conditions of mOdéseS suggesting that the components of the

ern human life(Dubos, 1965, p. 29 . -

stress response system often act in opposition
Despite the amount of stress we experience, howo, rather than in alliance with, each other.
ever, our ancestors almost certainly experiencddore than 40 years ago, Lac€$959 criti-
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cized the concept of uniform arousal, arguingr no activation at all had the fewest behavior
that, even within the ANS, different neuralproblems, whereas children with activation
components pursue different profiles of reasymmetries had the most, suggesting that
sponse. His observations were followed bylissociations between the sympathetic and
those of other investigators such as Ekmamdrenocortical arousal under conditions of
Levenson, and Friesefl983, who main- challenge put children at risk for early psycho-
tained that no general state of “arousal” expathology, a conclusion commensurate with
ists, and that specific emotional experienceBlunck’s hypothesis. Similarly, a review pa-
are linked to specific constellations of ANSper by Yehuda, McFarlane, and Shal@é®98
and central neural activity. In 1984, Munck,concluded that, among adult patients follow-
Guyre, and Holbrook advanced a new and theng an acutely stressful event, the combina-
counterintuitive proposal. They hypothesizedion of low cortisol levels and high heart rates,
that glucocorticoids and the HPA axis, ratheindicating a disjunction between adrenocorti-
than constituting the hormonal sine qua nocal and sympathetic responses, was most pre-
of stress-induced arousal, as had been widetlictive of later PTSD symptoms. The findings
believed since the inception of stress researcbf both groups are also consistent with more
function instead as a buffering or counterregrecent observations that catecholamines and
ulatory influence, essentially “braking” the du-glucocorticoids interact in a variety of com-
ration or intensity of an otherwise overlyplex ways, involving conjointbut sometimes
exuberant physiological response. It may thusounterregulatoryeffects on such functions
be the more slowly activated HPA axis that isas lymphoproliferative responses, appetite, and
responsible for the termination or temperingnemory(e.g., Sapolsky, Romero, & Munck,
of the immediate, autonomically mediated figh2000.
or flight state, by the glucocorticoids’ physio- Another collection of findings, recently
logical opposition to the effects of adrenergicummarized by Gunnar and Vazque001)
arousal. Such a view would resolve, they arand Heim, Ehlert, and Hellhammé&2000),
gued, the paradoxical observation that disalso challenges the first premise with evi-
eases with known associations to psychologicdkence of paradoxicasuppressionof HPA
stressors, such as rheumatoid arthritis or iractivation under conditions of stress. Such “hy-
flammatory bowel disease, can actually b@ocortisolism,” that is, lower basal cortisol
treated with glucocorticoids. Such sequencdsvels, less HPA reactivity, or a flattening of
of paired, counterregulatory processes are cotthie circadian cortisol cycle among higher risk
mon in biological systems, such as the neursamples, has been noted in both animal and
nal action potential and the clotting cascaddjuman research, by multiple investigators, and
in which the same stimuli that activate initialin a variety of research settings. In the previ-
responsese.g., the opening of sodium chan-ously noted study by Boyce, Champoux, et al.
nel gates or the cleaving of fibrinogen into(1995, for example, peer rearing of infant
fibrin) also activate a delayed suppres@g., macaques was associated with blunted, down-
the closing of sodium channels or the activaregulatory changes in the circadian periodic-
tion of plasminogen to plasmin to lyse clts ity of cortisol secretion. Similarly, although
which is required to restore a homeostatic stat&unnar, Morison, Chisholm, and Schuder
Munck’s proposal is, in fact, consistent with(2001) found persistent elevations in salivary
a number of empirical observations that haveortisol levels among children adoptedt of
been reported since. Most recently, for examRomanian orphanages, Carlson and Earls
ple, Bauer(2002 found, in a cross-sectional (1997 found low morning cortisol levels and
study, that the absolute levels of activation irmn absence of the normal circadian decline in
either the sympathetic or adrenocortical syszortisol among children continuing to livie-
tem were less predictive of serious behaviaside ofRomanian institutions. Infants with colic
problems in 4- to 8-year-old children than(White, Gunnar, Larson, Donzella, & Barr,
was the lack of concordance between the sy2000, children with psychosocial dwarfism
tems. Children with symmetrical activation(Vazquez, Watson, & Lopez, 200Gand chil-
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dren living near the epicenter of a major earthwith stress-related morbidities, has also been
guake(Goenjian, Yehuda, Pynoos, Steinbergjuestioned in a growing number of studies
Tashjian, Yang, Najarian, & Fairbanks, 1996revealing that high reactivity phenotypes un-
have all shown lower morning cortisol levelsder specific environmental conditions may be
and a flattening of the normal circadian cycleassociated with protective, rather than harm-
relative to control children without such con-ful, effects and generate normative or im-
ditions or experiences. Children characterizegroved health outcomes. Such bivalent effects
as shy or introverted similarly showed dimin-of stress reactivity on human and primate mor-
ished cortisol reactivity to normative stressordidities have thematically characterized a
such as the beginning of a new school yeaeries of studies reported by Boyce and col-
(Davis, Donzella, Krueger, & Gunnar, 1999;leagues over the past decade. Examining car-
de Haan, Gunnar, Tout, Hart, & Stansburydiovascular and immunologic reactivity in two
1998. These findings with regard to the HPAcohorts of 3- to 5-year-old children, for exam-
system are notably similar to those of twle, significant interactiongsee, e.g., Fig-
other studies in which stressful life events werere 1A) were detected with environmental
found inversely related to cardiovasculastressors in the prediction of respiratory ill-
(rather than adrenocortidalreactivity in nessincidence over the ensuing several month
children or youth(Chesterman, Boyce, & periods(Boyce, Chesney, et al., 19955pe-
Winkleby, 1989; Musante, Treiber, Kapukucifically, the noted interactions suggested bi-
Moore, Davis, & Strong, 2000In an interest- directional effects of reactivity on illness
ing parallel to such observations in childrenincidence: highly reactive children in high-
Heim, Ehrlert, et al.(2000 reviewed evi- stress families or childcare centers sustained
dence for associations between hypocortisosignificantly higher rates of respiratory illness
ism and stress-related disorders in adults aridan their low reactive peers, but equally re-
similarly concluded that low cortisol patternsactive children in low-stress settings were the
are sometimes associated with experiences logalthiest of all children in the samples. By
stress or adversity or with stress-related disocontrast, the respiratory illness incidence of
ders. Yehuda et a(2001) reported, for exam- low reactivity children was unresponsive to
ple, that among adult children of Holocaustenvironmental stress levels, showing approx-
survivors those with a self-reported history ofmately the same, midlevel iliness rates in both
childhood trauma showed diminished, rathelow- and high-stress conditions. Similarly sig-
than elevated, 24-hr urinary cortisol levelsnificant interactions were found for injury in-
relative to a comparison group with no historycidence(Boyce, 1996.
of trauma. Although prospective in design, both of
In summary, the often tacit, but largely conthese studies were observational in nature and
ventional, impression that stress reactivity redacked experimental data on the incidence of
resents a singular, unitary biological responsiéinesses or injuries among the same group of
to adversity is weakened by two categories dfighly reactive children in both low- and high-
new evidence. First, recent findings suggestress conditions. In a subsequent study of
that components of the stress response systes@mifree-ranging rhesus macaques, however,
may act in a coordinated but counterregulasuch quasiexperimental conditions were satis-
tory manner, as proposed by Munck and coffied (Boyce, O'Neill-Wagner, Price, Haines,
leagues(1989, some operating to dampen,& Suomi, 1998. The troop of macaques, which
rather than magnify, the physiological effecthad been previously assessed for their degree
of others. Second, traumatic events and seveoé biobehavioral reactivity to novel or chal-
stressors may be associated, in both childréenging stimuli, lived in a 5-acre wooded hab-
and adults, with a downregulated HPA axis, @at in rural Maryland, on the grounds of the
diminution in circadian cortisol secretion, andNational Institutes of Health Primate Center.
a reduction in cardiovascular reactivity. In 1993, the troop encountered a 6-month pe-
The second premisethat exaggerated or riod of protective confinement to a small, 1000-
persistent reactivity is univalently associatedquare foot building, during a construction
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Figure 1. The interactions among laboratory-based stress reactivity and environmental stressors in
predicting health outcomegA) Immune reactivity(changes in pokeweed nitrogen respgnsdamily
stressful events and respiratory illness incidence in kindergariirs 99; adapted from Boyce,
Chesney, et al., 1995B) Biobehavioral reactivity< confinement stress and injury incidence in a troop

of semi-free-ranging rhesus monkeé$ = 36; adapted from Boyce et al., 1998

project on the habitat grounds. The confinemedical outcomes have been supplemented by
ment proved highly stressful, however, andecent observations from the same group of
the incidence of violent injuries increased fiveinvestigators and several others on associa-
fold during the 6-month period. Blinded ascertions among stressors, reactivity apslycho-
tainment of medically attended injury ratedogical symptoms in children and young adults.
from veterinary records produced evidence fofhere is reason to believe that the influence of
a significant interaction between reactivity stabiological reactivity on mental health out-
tus and confinement stress, which is plotted inomes may be even more profound than those
Figure 1B. As with the prior studies of chil- observed for biomedical disorders. Worth-
dren, low reactivity individuals showed little man, Angold, and Costell¢1998), utilizing
effect of the confinement, while those withdata from the Great Smoky Mountains Study,
high reactivity showed dramatically higherfound associations in Appalachian children be-
rates of violent injuries in the high-stress sittween high adrenocortical reactivity and fu-
uation but lower rates in the preceding, lowiure diagnoses of anxiety disorders and between
stress condition. low reactivity and diagnoses of conduct disor-
These findings documenting Reactivity der. In other work examining cross-sectional
Context interactions in the prediction of bio-data from the Wisconsin Study of Families
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and Work, main effects of autonomic reactivgests that highly reactive individuals may be
ity on risk for both internalizing and external-more accurately described as biologically sen-
izing spectrum psychopathology in middlesitive to the health-eroding or health-sustaining
childhood have been reportéBoyce et al., effects of particular social and physical con-
200)). Children with high levels of parasym- texts BSCis therefore advanced here as ameans
pathetic reactivity to laboratory stressors weref denoting and characterizing this bidirec-
significantly more likely to fall into the top tionalinfluence of high-stress reactivity on psy-
20% on mother and teacher reports of interhiatric and biomedical health endpoints. As
nalizing symptoms, while those with lowargued above, stress reactivity is a nonunitary,
reactivity in both sympathetic and parasympamultifaceted complex of central and peripheral
thetic branches of the ANS were significantlyneural responses. The present thesis, however,
more likely to display high rates of external-is that heightened reactivity in each stress re-
izing behavior problemgsee also Scarpa & sponse systemis reflective of amore elemental
Raine, 1997. A third paper by Gannon et al. biological predisposition to context responsive-
(1989, reporting on a cross-sectional study ohess. In the remainder of this paper, we there-
college students, found that participants witliore refer to BSC as a phenotypic property of
laboratory evidence of exaggerated autandividuals, which has both constitutional and
nomic reactivity showed higher rates of physexperiential origins, and is indexed by height-
ical symptoms and depression under stressfahed reactivity in one or more of the stress re-
circumstances, but lower than average rateponse systems.
under low or minimally stressful conditions.
Finally, a recent randomized experiment ) . .
study)t/)y Quas, Bauer, and Boy@OO‘z) again a]gSC. The Dandelion and the Orchid
showed an interaction effect between autdSuch evidence for bivalent, context-dependent
nomic reactivity and social context, with highlyhealth effects of highly reactive phenotypes
reactive children showing significantly bettersuggests that reactivity may reflect not simply
memory for a previous, standardized stres®verarousal of neurobiological pathways, but
ful event in a supportive social environmentathersensitivity to both harmful and protec-
and poorer memory under conditions of lowtive contextual effectsHighly reactive chil-
support, relative to a low reactivity compari-dren appear to experience either the best or
son group. Although not all research examinthe worst of psychiatric and biomedical out-
ing Reactivity X Context interactions have comes, within the populations from which they
replicated these findingésee, e.g., Musante are drawn. Under conditions of adversity, such
et al., 2000, a sufficiently substantial number children sustain higher rates of disease, disor-
of studies have produced homologous resultier, and injuries than their more normatively
to suggest a robust phenomenon worthy akactive peers from the same environments.
further and more explicit analysis. On the other hand, equally reactive children
Recent findings from a variety of investiga-in low-stress, protective social environments
tors and settings thus call into question the seexperience substantially lower rates of health
ond of the premises that circumscribe th@roblems than their low reactive peers. These
prevailing conceptualization of stress reactivresults suggest that the highly reactive biolog-
ity. Rather than acting as a unidirectional riskcal profiles found in this subset of children
factor for poor health outcomes, as the secongveal a unique sensitivity or “permeability”
premise would assert, high-stress reactivity has the influence of environmental conditions
been shown repeatedly to operate tnvaalent (Boyce, Chesney, et al., 1995
manner, most often escalating the risk of mal- A Swedish idiomatic expressiomaskros-
adaptive outcomes in high-stress contexts, bbsarn (dandelion child, refers to the capacity
diminishing such risk and acting protectivelyof some children, not unlike those witow
under supportive, low-stress conditions. Sucteactive phenotypes, to survive and even thrive
evidence signifies the need for a reconceptuailh whatever circumstances they encounter, in
ization of high reactivity phenotypes and sugmuch the same way that dandelions seem to
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prosper irrespective of soil, sun, drought, othe current theory defines BSC as heightened
rain. Observations of such children have gerreactivity in one or more of the neurobiologi-
erated, for example, an extensive developmenal stress response systems, whereas Belsky
tal literature on the phenomenon of resiliencegperationalizes reactivity at the behavioral
the capacity for positive adaptation despitéevel. Comparisons between biological and be-
experiences of significant adversifuthar, havioral reactivity have yielded inconsistent
Doernberger, & Zigler, 1993; Masten, 2001 results(Kagan, 1994; Quas, Hong, Alkon, &
A contrasting Swedish neologisnorkide- Boyce, 2000, and are in need of further clar-
barn (orchid child), might better describe the ification and study. Second, the current theory
context-sensitive individual, whose survivalspecifies a conditional adaptation model of
and flourishing is intimately tied, like that of the developmental origins of BSC, emphasiz-
the orchid, to the nurturant or neglectful charing gene—environment interactions. Belsky, by
acter of the ambient environment. In condicontrast, focuses on heritable variation in sus-
tions of neglect, the orchid promptly declinesceptibility to rearing influence and does not
while in conditions of support and nurture, itspecify environmental antecedents of this vari-
is a flower of unusual delicacy and beauty. ation. Third, the current theory conceptualizes
This metaphorical invocation of childrenhighly reactive phenotypes aschidebarnen
with contrasting environmental sensitivities isvhich are pointedly not adaptable to a broad
reminiscent of Belsky'§1997, 2000 theory range of rearing milieus, but tend to do espe-
of individual differences in susceptibility to cially well in conditions of high social re-
rearing influence. Belsky has proposed thaources and support. Belsky, by contrast,
some individuals have traits and developmereconceptualizes emotionally reactive infants as
tal trajectories that are more fixed by theimore developmentally malleable and capable
genetic endowment, while others are moref entraining biobehavioral development to fit
plastic and susceptible to rearing influencea relatively wide range of niches.
Employing an evolutionary framework, he sug- A substantial body of other work provides
gests that parents have been selected to “hedgebroad but reasonably consistent picture
their bets” against an uncertain future by proef behavioral predispositions found among
ducing both types of offspring: more fixedcontext-sensitive, biologically reactive orchide-
types capable of achieving higher reprodudarnen. The research of Kagan and colleagues,
tive success in the particular ecological nichér example, has documented the tendency for
that matches their genotype, and more plastleehaviorally inhibited, shy children to share
types capable of fitting and thriving in aparticular psychobiological features reflect-
wider range of niches, depending upon reaing exaggerated activation of both peripheral
ing conditions encountered during ontogenyand central stress response circuit(i€agan,
The latter, more malleable individuals are hy4994, 1997; Snidman, Kagan, Riordan, &
pothesized to monitor features of early childShannon, 1995In cohorts of infants and chil-
hood environments and to adjust biobehavioralren followed by Kagan and others, those dis-
development accordingly. As summarized bylaying shy or fearful behaviors in social or
Belsky (2000, 2005, it is infants who are high novel situations were significantly more likely
in negative emotional reactivity who appeato have low heart periodgnd thus high heart
most susceptible to early rearing influences.rateg, diminished heart period variability, and
Although Belsky and the theoretical frame-greater pupillary dilatation, reflecting sympa-
work presented here both equate heightendhetic activation and parasympathetic with-
reactivity with susceptibility to environmental drawal, as well as higher baseline and reactive
influence, and both theories posit that reactivsalivary cortisol levels, indicating heightened
ity moderates relations between the quality oidrenocortical activatiorifKagan, Reznick,
early family environments and salient devel& Snidman, 1987, 1988; Reznick, Kagan,
opmental outcomes, the theories differ in theiSnidman, Gersten, Baak, & Rosenberg,
definitions of reactivity and their conceptual-1986. Other studiegCalkins, Fox, & Mar-
izations of its origins and consequences. Firsshall, 1996; Fox, Rubin, Calkins, Marshall,
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Coplan, Porges, Long, & Stewart, 1995BSC and behavioral inhibition and suggest
Schmidt, Fox, Schulkin, & Gold, 199%ave the possibility that the character of parent—
similarly revealed associations between behaehild relationships could constrain or modify
ioral inhibition and high, stable heart ratesthe emergence of high reactivity—high inhibi-
elevated measures of cortisol secretion, arttbn phenotypes.
increased acoustic startle responses. In addi- Another literature closely related to the con-
tion, in a series of studies by Fox and colstruct of context sensitivity, whether by anal-
leagues(Fox, 1991; Fox et al., 1995; Fox, ogy or, more directly, by its status as a potential
Henderson, Rubin, Calkins, & Schmidt, 2001 neurobiological substrate, is a body of work ad-
a pattern of asymmetrical, right frontal EEGdressing neurosensory “gating.” Operational-
activation was described among shy childrerized as attenuations in either the component
possibly signaling individual differences in pre-amplitudes within auditory event-related po-
frontal regulation of amygdalar and limbic feartentials or in the capacity for prepulse inhibi-
circuitry (Davidson & Irwin, 1999. tion,! sensory gating is a complex, multifaceted
Further, associations noted between behaweural function thought to protect higher cor-
ioral inhibition and biological reactivity have tical centers from being flooded withincoming
not been limited to human children; the resensory stimul{Boutros, Torello, Barker, Tu-
search of Suomi and colleagues at the Nlkdting, Wu, & Nasrallah, 1995and is thus one
Laboratory of Comparative Ethology has pro€andidate modality by which “BSC” might be
duced systematic evidence of upregulateithstantiatedinthe brain circuitry that could plau-
adrenocortical and autonomic responses ®&ibly subserve such sensitivity. Deficits in gat-
challenge among the fearful, inhibited subsetg the P50 wave component following paired
of several primate specié8yrne & Suomi, auditory signals have been found among pa-
2002; Suomi, 1991 Although associations be-tients with PTSD(Neylan et al., 199Pand
tween temperamental differences in inhibitiorschizophrenig Braff & Geyer, 1990, and in
and aspects of central and peripheral stresiseir first-degree relativeéWaldo, Myles—
reactivity have been frequently documentedNorsley, Madison, Byerley, & Freedman, 1995
negative results have also been repoffegen- and similar deficits in prepulse inhibition have
dorpf & Meier, 1993; Calkins & Fox, 1992 been identified among boys with comorbid
and there have been suggestions that oth€ourette syndrome and attention-deficit
developmental factors, such as mother—chiltyperactivity disordefCastellanos, Fine, Kay-
attachment, could play moderating roles irsen, Marsh, Rapoport, & Hallett, 1996A
such relations. Stevenson—Hinde and Mawariety of brain regions have been implicated
shall(1999, for example, found the predictedin the filtering of incoming sensory informa-
association between low inhibition and hightion, including the temporal cortefBoutros
vagal (or parasympathetjctone only among et al., 1995, prefrontal cortex'Shimamura,
securely attached children, and Nachmias et #000 and thalamuéMcCormick & Bal, 1994.
(1996 reported adrenocortical reactivity inPotential linkages between sensory gating
novel coping conditions only for toddlers withdeficits and dysregulation in stress response sys-
both behavioral inhibition and insecure attachtems are found in observations that glucocor-
ment. As reviewed by Fox and Cafd999 ticoids(Stevens, Bullock, & Collins, 200&and
and Carten(1998, studies examining attach-catecholamine@dler, Pang, Gerhardt, & Rose,
ment, mother—child behavior, and psychophyst988 are capable of disrupting gating func-
iological processes have met with varying antions, that impairments in gating are found
sometimes contradictory results. Given thamong clinical populations with stress-related
known neuroendocrine correlates of sociadisordergNeylan et al., 1999 and that labo-
bonding behavior in lower mammals, how-+atory protocols used for the induction of car-
ever, such relations remain a promising and
underswdl_ed ‘?‘rea of mvestlgatlpn._More gen; Prepulse inhibition is the inhibition of an acoustic star-
erally, the findings noted above indicate asso- te response by a weaker stimulus presented just be-
ciations of moderate magnitude between fore the auditory probe.
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diovascular reactivity, such as the cold press@nvironmental influence. Compared with lower
test, also diminish auditory gatifdohnson & reactivity individuals, those with higher reac-
Adler, 1993. BSC, evoked and measured asvity profiles are more adversely affected by
autonomic or adrenocortical reactivity to chalenvironmental stressors and distractions when
lenges in laboratory paradigms, thus appeaperforming learning and decision-making tasks
to have analogous expressions in neural pattEliasz, 1987; Klonowicz, 1987; Strelau, 1983
ways involved in sensory gating. and appear more susceptible to social pressure
in conformity experimentg Eliasz, 1987.
Moreover, unless intense or prolonged stimuli
are used, highly reactive people tend to de-
Individual differences relevantto BSC have alsoelop conditioned responses more easily and
received considerable attention from personatiuickly than do their peers with less reactive
ity researchers interested in the neurobiologprofiles (Strelau, 1988
cal bases of personality. Of particular relevance Aron and Aron(1997, p. 362 provide an
is the personality construct eéactivity (Stre- important further elucidation of the reactivity
lau, 1983, which indexes relatively stable in-construct in their discussion of sensory-
dividual differences in the intensitfor processing sensitivity and suggest that “there
magnitude of response to stimulation. Higheris an underlying differentiating characteristic
reactivity indicates less gating of internal in-regarding how some individuals process stim-
formation stemming from external events, andli, involving a greater sensory-processing
more reactive individuals are therefore suscegensitivity, reflectivity, and arousability.” An-
tible to relatively weak environmental signalsticipated by early investigators noting ex-
have comparatively low optimal levels ofceptional sensitivities in young children
arousal, and are less able than others to endyigergman & Escalona, 1949Aron and Aron
strong stimulation for prolonged periods of timeposit that individuals high in sensory-
(Kohn, 1991; Strelau, 1983Variation in re- processing sensitivity tend to be more atten-
activity is, moreover, acommon, underlying eletive, discriminating, and reflective, especially
ment of many biologically oriented personalityas the complexity of incoming stimuli in-
traits. Specifically, high “reactivity” individ- creases. Linked to both conscientiousness and
uals, “introverts,” “augmenters,” and “sensafow impulsivity, sensory-processing sensitiv-
tion avoiders” all tend to avoid situations andty may function as a “pause and check” sys-
activities that involve strong stimulation andtem that results in temporary inhibition of
arousal, whereas low “reactivity” individuals, activity (Aron & Aron, 1997 and increases
“extraverts,” “reducers,” and “sensation seeksusceptibility to environmental influence. This
ers” are all predisposed to pursue such situaacreased susceptibility has been suggested
tions and activitiegStrelau & Eysenck, 19897 by a series of retrospective studies showing
For example, individuals on the reactive end athat, for at least men, sensory-processing sen-
these personality traits tend to seek out quietsitivity moderates the relation between the
study rooms in librarie§€Campbell & Hawley, quality of early family environments and child-
1982 and reside in less stimulating suburbamood adjustmentAron & Aron, 1997.
neighborhoodéStrelau, 1983 set volume lev- Complementing these retrospective stud-
els lower when listening to musitDavis, ies, a number of prospective studies have now
Cowles, & Kohn, 1984; Kohn, Hunt, Cowles,documented a similar moderating role for
& Davis, 1986 or performing a learning task context sensitivity(as indexed by negative
(Geen, 198% choose hobbies and professionemotional reactivity in infanjsin associations
that involve relatively low levels of stimula- between family environment and child behav-
tion (Strelau, 1983; Zuckerman, 1984nd dis- ioral outcomes(reviewed in Belsky, 2000,
play lower tolerance for pain and discomfor2005. Specifically, links between quality of
(Kohn, 199). parenting and indices of child adjustment have
Paralleling BSC, a central feature of Strebeen found to be reliably stronger among emo-
lau’s concept of reactivity is susceptibility totionally reactive infants. For example, Kochan-

Personality and BSC
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Neurotic |
High High
anxiety impulsivity

Introversion | Extraversion |

Low Low
impulsivity anxiety

Emotionally
stable

Figure 2. The relation between Eysenck’s dimensions of extraversion and neuroticism and Gray’s
dimensions of impulsivity and anxiety.

ska(1993, 1997 has found much larger effectsanxiety and impulsivity as major dimensions
of maternal disciplinée.g., reliance on gentle of personality. Although Gray also locates these
guidance vs. forceful contrplon develop- dimensions at right angles from each other,
ment of self-control among infants and todhe rotates them approximately @®nceptual
dlers who are high in fearfulness and negativdegrees away from Eysenck’s introversion and
emotionality than among those who are loweuroticism dimensiongee Figure 2). Thus,
on these traitésee also Feldman, Greenbaumin Gray’s system, individuals who are both
& Yirmiya, 1999). Similar moderating effects neurotic and somewhatintroverted are regarded
of infant negative emotionality have also beeas most anxious, whereas individuals who are
documented in the relations between qualitpoth introverted and fairly emotionally stable
of parenting and the development of both exare viewed as least impulsive. Given that in-
ternalizing and internalizing behavior prob-troversion is associated with greater biological
lems (Belsky, Hsieh, & Crnic, 1998; Blair, reactivityto moderate levels of stimulatitBul-
2002; Deater—Decker & Dodge, 199Bel- lock & Gilliland, 1993; Taub, 1998 and should
sky (1997, 2005 has argued convincingly thatthus reflect sensitivity to context, the process
these interactions provide evidence of greatéhrough which temperamental differences
susceptibility to rearing influence among temin introversion in children(often labeled
peramentally reactive children. shyness or inhibitiondevelop into stable indi-
High susceptibility to environmental influ- vidual differences in personality should be es-
ence implies that the personality developmergecially sensitive to the quality of family
of reactive children will be especially contextenvironments. Under conditions of family stress,
dependent, and the multidimensional systentharacterized by harsh, insensitive, Aoidin-
of personality advanced by Eysen(ekg., 1967; consistent parenting, the position of relatively
Eysenck & Eysenck, 198and Graye.g.,1982, shy, inhibited childreithigh introversionin Fig-
1990) provide a framework for conceptualiz-ure 2)may be developmentally rotated to the
ing this context dependendgee Figure 2 right toward high anxiety; conversely, under
Eysenck specifies introversion versus extraconditions of family support characterized by
version and neuroticism versus emotional stasensitive and responsive parenting, the posi-
bility as major dimensions of personality andion of such children may be developmentally
locates them atright angles to each other in twaetated to the left toward low impulsivitisee
dimensional space. Gray, by contrast, specifidsgure 2.
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Thistheoretical positionis supported by clusand would have had little bearing on fitness in
teranalyses conducted by Aronand A(@897) ancestral environments.
on individuals high in sensory-processing sen- Another possibility is that variation in BSC
sitivity. In analysis of three diverse samplesis adaptively patterned. If this were the case,
two distinct clusters of highly sensitive peopleghen different levels of BSC should produce
consistently emerged. One group had more tromean differences in survival and reproductive
bled childhoods and scored relatively high omutcomes when all individuals are constrained
measures of social introversion and fearfulfesgo a single environment, but similar survival
anxiety. The other group was more similar irand reproductive outcomes when different BSC
childhood adjustment and personality to thosphenotypes are allowed to covary with salient
who were not highly sensitive. Aron and Aron features of the environmeite., when indi-
who conceptualize sensory-processing sensitduals with different reactivity profiles can em-
tivity as a basic dimension oftemperament, sugsloy strategies and inhabit niches that are
gestthatthe developmental implications of thisnatched to those profiles; see Mealey, 2001
dimension depend on environmental factorsAs cited above, a quasiexperimental study of
Based on their interviews with prototypicallythe effects of stress reactivity under varying en-
high sensitivity people, Aron and Arqd997, vironmental conditionsinrhesus monkeys sug-
p. 363 conclude: “Sensitive individuals from gested that individual differences in stress
home environments that support their tempereactivity may meet these criteria. Specifi-
ament seem quite successful in their lives anthlly, during a 6-month confinement period,
adept at making their sensitivity an asset whilevthen behavioral strategies available to troop
avoiding shyness or over-self-consciousnessrfiembers were severely curtailed, highly reac-
tive monkeys suffered dramatically higher rates
of violent injuries than did their less reactive
peergFigure 1B. In the free-ranging wooded
habitat, however, where a wide range of be-
The framework constructed above providebavioral strategies could be employed, includ-
the theoretical groundwork for an alternativéeng escape from conflict, highly reactive
explanatory account of the ontogeny and funanonkeys suffered comparatively low rates of
tions of BSC, within an evolutionary model.violent injury.
As reviewed above, there are enduring indi- The claim advanced here is that variation
vidual differences in BSC; such differencesn stress reactivity has been produced and main-
emerge from the coaction of genetic and enviained by natural selection, because differ-
ronmental influences; different BSC phenoences in BSC reliably produced different fithess
types yield different costs and benefits imbutcomes in different childhood environ-
different childhood environments; and individ-ments encountered over evolutionary history.
ual differences in BSC are hypothesized t@his functional model, which conceptualizes
constitute variations in susceptibility to envi-individual differences in BSC as underlying
ronmental influence. variation in susceptibility to features of the

What are the evolutionary origins of suchsocial environment, both positive and nega-
individual differences in BSC? One possibil-tive, can be described by the following three
ity is that this variation is simply randofne., interrelated propositions:
evolutionary noisg much as differences be-
tween people in the length of their toes isl. As suggested by both the human and ani-
random, owing to selection-irrelevant genetic mal literature, individuals who experience
variation, the random effects of sexual recom- traumatichigh-stress environmenisearly
bination, and nonadaptive phenotypic plastic- childhood tend to develop exaggerated
ity in response to experience. Such variation stress reactivity profiles. High-stress reac-
could still be heritable, and somewhat predict- tivity in this context may function to in-
able in response to environmental factors, but crease the overall capacity and readiness
would not be the product of natural selection of individuals to deal with the very real

An Evolutionary—Developmental Theory
of BSC
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dangers in their environment, even whethat is, it may increase the capacity and ten-
such a strategy results in chronic overdency of different individuals to respond adap-
arousal and associated sequelae. Gunnarely to specific types of early childhood
(1994 has suggested, for example, thaénvironments.
higher levels of both sympathetic and para- This post hoc explanation of observed phe-
sympathetic reactivity in inhibited chil- notypic variation in stress reactivity, however,
dren cause lower thresholds for anticipatingoes not meet minimum standards of evolu-
threat in new, unfamiliar situations and suptionary epistemologyKetelaar & Ellis, 2000.
port greater vigilance and wariness. As Lakatog(1970, 1978has shown, it is rela-
2. In addition to increasing awareness of antively easy to construct new explanations or to
sensitivity to threat, the stress response sytinker with old ones to accommodate what is
tems may also enable children to experialready known. Indeed, there are few empiri-
ence and absorb more fully the beneficialgal findings in psychology and medicine that,
protective features of supportive, predictafter the fact, could not be claimed by multiple
able environments. Reactive, sensitive chiltheories as falling within their explanatory pur-
dren have been found, for example, to beiew. A good evolutionary explanation must
more reflective and perhaps more contherefore not only account for known facts, but
scious of self and environmeriAron & also “stick its neck out” by predicting experi-
Aron, 1997; Kagan, Snidman, Zentner, &mental results that are not known in advance
Peterson, 1999; Lewis & Ramsay, 1997(Ellis & Ketelaar, 2000; Ketelaar & Ellis, 2000
Patterson & Newman, 1993Biologically Inthe final sections of this paper, we presentan
reactive phenotypes should thus also erevolutionary theory of the developmental ori-
able children to flourish under stable andjins of BSC in children, which is based on the
nurturaniow-stress environmengd eco- conceptof “conditional adaptation,” and which
logical conditions, where they may partic-generates a novel hypothesis about environ-
ularly benefit from high levels of parentalmental sources of variation in stress reactivity.
investment. This hypothesis is then explored empirically in
3. The third, complementary assertion is thate second paper of this sequence.
low reactive phenotypes may have also been
favored by natural selection, because the¥
enabled children to cope more effectively
within the highly prevalentnoderate stress Over the last 2 decades, theory and research
environmentgncompassing the broad, nor4in evolutionary biology has begun to acknowl-
mative range of familial and ecologicaledge that, in most species, single “best” strat-
stressors. Low biological stress reactivityegies for survival and reproduction are unlikely
may have served a protective function foto evolve(Gangestad & Simpson, 2000; Gross,
children in these environments, by way 0fLl996. This is because the best strategy var-
increased gating of the emotional signalges as a function of the physical, economic,
from chronic stressors, which allowedand social parameters of one’s environment
greater resilience under difficult condi-(Crawford & Anderson, 1989and thus a strat-
tions. These benefits of low reactivity, how-egy that promotes success in some environ-
ever, should be specific to conditions ofmental contexts may lead to failure in others.
chronic, moderate level stress and threa§election pressures therefore tend to favor
and could pose liabilities under develop-adaptive phenotypic plasticity the capacity
mental conditions characterized by eitheof a single genotype to produce a range
very high or very low stres@vhere heavy of phenotypes(manifested in morphology,
gating could interfere with responsivenesphysiology, andor behavioy in response to
to the environment particular ecological conditions that recur-
rently influenced fithess during a species’
Thus, phenotypic variation in biological evolutionary history(Belsky, Steinberg, &
stress reactivity may be adaptively patternedraper, 1991; Chisholm, 1999; Hrdy, 1999

he concept of conditional adaptation
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Importantly, the development of alternative Although the developmental pathways un-
phenotypes is a honrandom process; that is,derlying many phenotypic characteristics are
is the outcome of a structured transaction béikely to be entrained early in life, a capacity
tween genes and environment that was shapéat responding to immediate contingencies is
by natural selection to increase the capacitglso important. As Richard Alexander notes:
and tendency of individuals to track their de-It would be the worst of all strategies to enter
velopmental environments and adjust theithe competition and cooperativeness of social
phenotypes accordingly. life, in which others are prepared to alter their
Phenotypic plasticity is necessarily a conresponses, with only pre-programmed behav-
strained process. Although it would seeniors” (cited in Mealey, 2000, p. 59Selection
advantageous for individuals to respond tshould therefore favor a hierarchy of mecha-
environmental changes quickly, approprinisms for tracking and responding to environ-
ately, and flexibly throughout their lives, highmental information(Slobodkin & Rapoport,
levels of responsiveness are not always eith&974; but see also Chisholm, 1998t the top
possible or desirable. Instead, for many phesf this hierarchy are psychological mecha-
notypic characteristics, individuals have beenisms underlying general and social intelli-
selected to register particular features of thegence. These mechanisms enable quick and
childhood environments as a basis for entrairflexible responses to changing opportunities
ing relevant developmental pathways early iand threats in the immediate environment.
life. There are several reasons to expect earlyower in the hierarchy are anatomical, phys-
entrainment. First, many complex adaptation®logical, endocrine, and developmental mech-
are “puilt” during development and cannotanisms, which track slower and more pervasive
be easily rebuilt when environments fluctuatechanges in the environment. These mecha-
For example, the neural and hormonal patmisms often take the form afonditional ad-
ways underlying the stress response sysptations that is, evolved mechanisms that
tems are set down and calibrated during theetect and respond to specific features of child-
early years of development, when the plastidaood environments, features that have proven
ity of neural circuits and structures is at itsreliable over evolutionary time in predicting
zenith (Davidson et al., 2000 Second, pro- the nature of the social and physical world
longed practice and attention is required fointo which children will mature, and entrain
the successful execution of many behavioralevelopmental pathways that reliably matched
strategieg Draper & Harpending, 1982For those features during a species’ natural selec-
example, individuals who pursue an early antlve history. Conditional adaptations, which
stable life strategy of predatory social interreflect systematic gene—environment inter-
actions(i.e., primary sociopathyare gener- actions, underpin development of contingent
ally better at executing social deception thasurvival and reproductive strategies and thus
individuals who contingently adopt this life enable individuals to function competently in
strategy atalater agiee., secondary sociopathy;a variety of different environments.
see Mealey, 1995Third, extreme malleability
of personality in response to environmental cirllustrations of conditional adaptation

cumstances is not plausible, because diI"fereEhere are myriad examples of conditional ad-

personality systems compete and interfere Wltaptation found in the natural world. Although

each other. For example, high levels of the Bigh . .
) . - ¥he best examples are found in plants, insects,
Five Factor Agreeableness, which underlies

N S and fish, there are good mammalian examples,
variation in the extent to which individuals seek g . X
L ) .~ —"as well, and emerging evidence in humans.
out and enjoy intimate, committed relation-
ships(MacDonald, 1995 would surely inter- Environmentally triggered polymorphism in
fere with sociopathy. Indeed, the social emotionsaterpillars. The caterpillarNemoria ari-

characteristic of individuals high in Agreeablezonariadevelops almost completely different
nesse.g., love, compassion, empajlare es- morphologies depending upon its diet in the

sentially absent in sociopatlBlealey, 199%. first 3 days of life(Greene, 1989, 1996These
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caterpillars inhabit oak woodlands in the Amerment of motivational systems involved in
ican Southwest and produce both spring anabject play.
summer broods. Although the two broods have
the same appearance when they first hatcRaternal investment and development of fe-
the spring brood feeds on oak catkins anthale reproductive strategiesDraper and
develops the appearance of the oak’s droopirtdarpending(1982, 1988 together with Bel-
flowers, whereas the summer brood feeds osky et al.(1991) have proposed a conditional
oak leaves and develops the appearance adflaptation theory of adolescent sexual devel-
twigs. The flower morphology enables theopment. Drawing on the concept of sensitive-
spring brood to blend into the environmenperiod learning, the theory posits that the
while feeding on the ubiquitous spring catkinsphysiological and motivational systems under-
Likewise, the twig morph provides camou-lying variation in timing of girls’ sexual de-
flage for the leaf-eating summer brood. Ifvelopment are especially sensitive to the
either the spring or summer broods are exXather’s role in the family in approximately
perimentally fed out-of-season food, theythe first 5 years of life. Specifically, experi-
develop the corresponding out-of-season moences associated with early father absence and
phology and become highly vulnerable tdather—daughter distance are hypothesized to
predation. These caterpillars have thereforentrain the development of reproductive strat-
evolved physiological mechanisms that regisegies that are matched to the social niche into
ter features of diet in the first 3 days of lifewhich the daughter was born, a niche in which
and activate alternative developmental pathmale parental investment is relatively unreli-
ways, which function to match the organism’sable and unimportant. Girls in this context are
morphology to its feeding ecolodgee Greene, predicted to develop in a manner that speeds
1989, 1996. rates of pubertal maturation, accelerates onset
of sexual activity, and orients the individual
Weaning effects on play behavior in kittenstoward relatively unstable pair bonds. Con-
Nursing cats on restricted diets wean their offversely, experiences associated with early fa-
spring early. Kittens respond to early weaningher presence and father—daughter closeness
by engaging in significantly morebjectplay, are hypothesized to entrain the opposite pat-
but not moresocialplay, compared to normal tern of sexual development. Either way, the
controls (Bateson, Mendl, & Feaver, 1980 girl “chooses” a developmental trajectory that,
Although early weaning does not affect overin the adult social environment into which she
all levels of play, it does change the quality ofvas born, was likely to have promoted repro-
play toward a more object-oriented form. Durductive success during human evolutionary
ing the cat’s natural selective history, earhhistory.
weaning would have been reliably associated There is now a substantial body of empiri-
with environments where food was scarce, maal data that are consistent with this theory.
ternal nurturance was limited, and young catSpecifically, studies in the United States
were required to hunt for themselves at a rekDoughty & Rodgers, 2000; Ellis & Garber,
atively early age. Object play is especially2000; Ellis, McFadyen—Ketchum, Dodge, Pet-
important in the development of hunting skillstit, & Bates, 1999, Canada(Surbey, New
in cats, and high rates of object play prepargealand (Moffitt, Caspi, Belsky, & Silva,
kittens to hunt at an earlier age. Bateson et al992, and AustraligJones, Leeton, McLeod,
(1990, p. 524 conclude “It seems likely that, & Wood, 1972 have all found that girls from
by responding to cues from the mother, thbomes where the fathers are absent tend to
individual animal is able to move along a deexperience earlier pubertal development than
velopmental route that is appropriate to theirls from homes where the fathers are present.
conditions it will encounter in later life.” Thus, In addition, Ellis et al(1999 presented lon-
kittens appear to have evolved mechanisngitudinal data showing that girls who had more
for registering information about maternal feeddistantrelationships with their fathers during
ing as a basis for upregulating the developthe first 5 years of life experienced earlier
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pubertal development, and in studies in th&igure 3. The right side of Figure 3 depicts
United States and New Zealand, early onset @xpected reactivity levels for individuals who
father absence has been found to have a dmxperience very high levels of stress in early
matic effect on rates of early sexual activitychildhood. Consistent with the experimental
and teenage pregnanc¢kllis, Bates, Dodge, animal and epidemiologic human research
Fergusson, Horwood, Pettit, & Woodwardsummarized above, these individuals are hy-
2003. It is important to acknowledge that thepothesized to develop heightened reactivity
apparent effects of father absence and othprofiles. We do not, however, expect reactiv-
experiences within families on developmentaity to decline monotonically with decreasing
endpoints, such as pubertal timing, could alsohildhood stress. The left side of Figure 3
be a consequence of genetic influences on botshows predicted reactivity levels for individ-
Comings, Muhleman, Johnson, and MacMuruals whose early childhoods are characterized
ray (2002, for example, have shown that aby intensive, stable caregiving and family sup-
variant of the X-linked androgen receptor geneort. These individuals are also hypothesized
is associated both with paternal divorce antb develop exaggerated reactivity profiles,
father absence in males and with early menawhich function in this context to garner the
che and early sexual activity in females. Takehealth and survival benefits of highly support-
together, the cited findings support the plauive rearing environments. Finally, the middle
sibility of both experiential and genetic ac-of Figure 3 reflects the anticipated, relatively
counts for associations between father absenoeited reactivity profiles of individuals whose
and the development of precocious reprodu@arly childhood experiences are characterized
tive strategiegreviewed in Ellis, 2004 by moderate levels of ongoing stress and threat.
These individuals, occupying the broad, nor-
mative range of species-typical contextual
stressors, are hypothesized to develop compar-
atively low reactivity profiles as a way of gat-
The present theory posits that natural seledéng or filtering highly prevalent, moderate level
tion has favored developmental mechanisnmsressors:® For the present purposes of sim-
(conditional adaptationghat function to ad-
just levels of BSC to match familial and eco-

A conditional adaptation theory of BSC
development

logical conditions encountered early in life.2.
Just as the timing of girls’ sexual development
may be sensitive to paternal investment, indi-
vidual differences in BSC may track specific

features of childhood environments. Specifi-
cally, humans may have evolved developmen-
tal mechanisms that detect and internally
encode information about levels of support-
iveness versus stressfulness in early child-
hood environments, as a basis for calibrating

the activation thresholds and response magni-

Note that we arenot claiming that moderate level
stressors result in extremely low reactivity or biologi-
cal insensitivityto context. Rather, “low reactivity”
here refers to low to moderate levels of biological
response, relative to the high reactivity individuals
we predict would be disproportionately represented in
very low and very high stress environments. Our
evolutionary—developmental theory of BSC is thus ag-
nostic with regard to the contextual origins of the
extremely low reactivity individuals examined, for ex-
ample, in the work of Raine et a11997).

Of possible but uncertain interest is the commonality
between the hypothesized quadratic association be-

tudes within stress response systems to matchtween early adversities and BSC and the historical ob-

those environments.

Based on the claim that individual differ-
ences in stress reactivity constitute variation
in susceptibility to features of the social envi-
ronment, both positive and negative, the cur-
rent theory postulates a U-shaped, curvilinear
relationship between levels of supportiveness
versus stressfulness in early childhood envi-
ronments and the development of B$ske

servations of an inverted U-shaped relation between
arousal and performanc¥erkes & Dodson, 1908Al-
though the former hypothesis addresses the experien-
tial originsof biological reactivity, the latter observation
describes it€onsequencewithin cognitive function-
ing. The Yerkes—Dodson association has been con-
tested in recent yeafdNeiss, 1988 and the construct

of “arousal” may be only distantly allied to reactivity or
BSC. Nonetheless, future theoretical gadempirical
work might benefit from a deeper examination of how
the two phenomena may be linked or related.
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Figure 3. The hyopthesized curvilinear relation of biologic reactivity to early stress and adversity.
Comparisons of subjects at points A and B would result in a conclusion that early adversity is associated
with greater stress reactivity. Conversely, comparisons at points C and D would generate the inference
that early adversity produces diminished reactivity.

plicity and tractability, we further suggest thatrum should be more likely to develop highly
this curvilinear, quadratic association with earlyeactive phenotypes than children with reac-
adversity will hold for reactivity inboth the tion norms on the lower end of the spectrum,
LC-NE and CRH systems, acknowledgingand vice versa. In addition, children may dif-
that far greater complexity in the interplayfer in the breadth of reaction norms. That is,
and balancing of the two stress response sygenotypes can be expected to differ in the
tems will likely surface as these relations arextent to which they are capable of produc-
explored. ing a range of different BSC phenotypes
Although the U-shaped curve depicted ir(cf. Belsky, 2003, even given comparable on-
Figure 3 specifies environmental sources dbgenetic histories. The current evolutionary—
variation in BSC, genetic sources of variadevelopment model should be more successful
tion and gene—environment interactions arim accounting for the development of individ-
also important and need to be addressed inual differences in BSC among children with
comprehensive theory of BSC. Children whavider reaction norms. Finally, consistent with
are genetically disposed toward high reactivthe principle of “equifinality” (von Bertalan-
ity, for example, may alter levels of stresdfy, 1968), we expect that the effects of dif-
and support in their home environments irierent BSC phenotypes on child health and
ways that further increase BSC. Children magdjustment will be equivalent, regardless of
also differ in the location of reaction normswhether a child develops a given phenotype
underlying the spectrum of variation in BSC primarily as a result of a narrow reaction norm
Areaction norm is a genetically inherited conor as a result of particular childhood experi-
straint that specifies the range of phenotypesnces operating within a relatively broad re-
that will be produced by a genotype in differ-action norm.
ent environmental context&Schlichting & Developmental mechanisms for adjusting
Pigliucci, 1998. Given equivalent life expe- BSC in response to early childhood experi-
riences, children with reaction norms that arences may have resulted from a long and re-
located on the upper end of the BSC spewurrent evolutionary history in whiclfa)
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different children confronted substantially dif-ioral phenotypes, exerts deleterious and im-
ferent rearing environmentsb) highly reac- pairing effects on a broad range of target
tive children experienced better survival anadrgans, including structures within the brain,
reproductive outcomes, on average, in botleading to decrements in health, cognition, and
intensely stressful and highly supportive rearfunctional capacities. Often overlooked in such
ing environments; andc) less reactive chil- accounts is a body of anomalous observa-
dren experienced generally better survival antions, revealing oppositional, counterregula-
reproductive outcomes in developmental setory processes within the stress response
tings characterized by moderate levels of stres&rcuitry itself and, even more compellingly,
and threat. Such an account would reconcilkivalent effects of reactivity on biomedical
important contradictions, reviewed above, irand psychiatric outcomes. Highly reactive chil-
the existing literature on the origins and condren sustain disproportionate rates of morbid-
sequences of stress reactivity in children. Inty when raised in adverse environments but
vestigators comparing individuals from pointaunusually low rates when raised in low-stress,
A and B in Figure 3, for example, would con-highly supportive settings.
clude, as have Yehud2002, De Bellis et al. Such bidirectional, environment-dependent
(1999, and many others, that experiences diealth effects suggest th&SCis the core,
family and environmental stress are assocdefining feature of highly reactive pheno-
ated with upregulatory calibrations in biolog-types. These observations call into question
ical reactivity systems. On the other handthe presumably unitary pathogenic effects of
studies comparing individuals from points Chigh reactivity and suggest that its protective
and D would find, as have those reviewed bgffects within specific developmental ecolo-
Gunnar and Vazque2001) and Heim, Ehrl- gies might explain the conservation of such
ert, et al.(2000), that early stressors are rathephenotypic variation within evolutionary his-
associated with downregulatory changes in s@ery. Furthermore, conditional adaptations, in
lient biological responses. The current theorywhich a single genotype supports a range of
which posits two oppositionally distinctive on-environmentally contingent phenotypic expres-
togenies for BSC, explains both of these upsions, enable entrainment of biological and
and downregulatory effects. behavioral development to adaptively match
early (and predicted futupesocial environ-
ments. Given past evidence that early trauma
Conclusion can evoke upregulatory changes in stress re-
activity and new evidence that high reactivity
Our principal aim in the present paper hasan be protective in highly supportive set-
been to articulate the precepts and rationatings, we postulate a curvilinear, U-shaped re-
for a new claim about the nature of relationgation, shown in Figure 3, between levels of
between early life experience and stress reaearly adversity and the magnitude of biologi-
tivity, a claim that we further explore empiri- cal response dispositions. Specifically, we hy-
cally in the companion paper, which follows.pothesize thata) exposure to acutely stressful
The logic of the argument we have sought tahildhood environments upregulates BSC, in-
present can be summarized in the followingreasing the capacity and tendency of individ-
way. Biological reactivity to psychological uals to detect and respond to environmental
stressors consists of an elaborated, highly caangers and threatidy) exposure to exception-
ordinated, but phylogenetically primitive setally supportive childhood environments also
of neural and peripheral neuroendocrine radpregulates BSC, increasing susceptibility to
sponses, designed to ready the organism ftre social and developmental benefits of such
external challenges and threats to survivaknvironments; ancc) typical of the large ma-
Standard explanations of such responses’ rojerity of children, exposure to childhood envi-
in the pathogenesis of human disorders sugenments that are extreme in neither direction
gest that prolonged or exaggerated reactivitglownregulates BSC, buffering individuals
such as that seen in highly reactive biobehawagainst the chronic stressors encountered in a
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world that is neither highly threatening northat produce empirical derivations of the same
universally safe. hypothesis first advanced here on conceptual
Because evolutionary “stories” of the kindgrounds. Such convergence of theoretical and
advanced here are especially vulnerable to tleanpirical reasoning, we would argue, por-
perils of post hoc explanation, it is essentialends well for the validity of the evolutionary—
that the current evolutionary—developmentadlevelopmental hypothesis. In the presentation
theory of the origins and functions of stres®f its conceptual and analytical origins, it is
reactivity be put eventually to rigorous testur hope that new knowledge concerning the
of its predictive strength. In the paper thatauses and consequences of children’s respon-
follows, we offer a provisional, “promissory sivity to stress will be uncovered, and that
note” on such a requirement, by presentingcher, more protective environments will be
exploratory analyses from two studies, in gecfostered in which highly sensitive children can

graphically and culturally distinctive settings,develop and thrive.
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