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Abstract
Little is known about normative variation in stress response over the adolescent transition. This study
examined neuroendocrine and cardiovascular responses to performance and peer rejection stressors
over the adolescent transition in a normative sample. Participants were 82 healthy children (ages
7-12 years, n=39, 22 females) and adolescents (ages 13-17, n=43, 20 females) recruited through
community postings. Following a habituation session, participants completed a performance (public
speaking, mental arithmetic, mirror tracing) or peer rejection (exclusion challenges) stress session.
Salivary cortisol, alpha amylase (sAA), systolic and diastolic blood pressure (SBP, DBP), and heart
rate (HR) were measured throughout. Adolescents showed significantly greater cortisol, sAA, SBP
and DBP stress response relative to children. Developmental differences were most pronounced in
the performance stress session for cortisol and DBP, and in the peer rejection session for sAA and
SBP. Heightened physiological stress responses in typical adolescents may facilitate adaptation to
new challenges of adolescence and adulthood. In high-risk adolescents, this normative shift may tip
the balance toward stress response dysregulation associated with depression and other
psychopathology. Specificity of physiological response by stressor type highlights the importance
of a multi-system approach to the psychobiology of stress and may also have implications for
understanding trajectories to psychopathology.
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Although the notion of adolescence as a time of “storm and stress” has been questioned (Arnett,
1999), it is clear that the transition between middle childhood and adolescence represents a
confluence of social, academic, cognitive, physiological and physical changes. Pubertal
maturation brings morphological changes heralding reproductive maturity as well as increases
in gonadal hormones which influence central and peripheral stress response systems throughout
the body and brain (Chrousos, Torpy, & Gold, 1998; Spear, 2000). Emerging animal research
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has also revealed that puberty represents a period of rapid growth of brain pathways followed
by pruning, suggesting that it may be a critical period of brain plasticity and sensitivity to
environmental stimuli (Dahl, 2004a; Steinberg et al., 2004). On a macro-level, transitions to
middle school or junior high bring new academic challenges as well as social pressures.
Adolescents increasingly become focused on peer and romantic relationships, and show
decreased reliance and focus on parents and family (Eccles et al., 1993; Steinberg & Morris,
2001). They are also confronted with increased numbers of stressors relative to children and
show increased negative mood and mood variability (Colten & Gore, 1991; Compas, Hinden,
& Gerhardt, 1995). Finally, the transition to adolescence is associated with dramatic increases
in psychopathology, particularly depressive symptoms and syndromes, and represents a critical
time for the emergence of gender differences in depression and other psychopathology
(Hayward, 2003).

Many of the systems and features showing most marked changes over the transition to
adolescence (gonadal hormones/puberty, increased stressors, increases in psychopathology)
have also been associated with alterations in physiological stress response systems. Peripheral
physiological responses to stressors involve two key systems: the hypothalamic pituitary
adrenocortical (HPA) axis and the autonomic nervous system (ANS). Activation of the HPA
axis results in a cascade of neural events eventuating in the release of glucocorticoids
(principally cortisol in humans and corticosterone in animals) from the adrenal cortex. The
ANS is composed of two coordinated and often-opposing systems: sympathetic (mediates
activating processes) and parasympathetic (mediates vegetative processes), which interact to
produce various degrees of arousal. Increases in sympathetic tone lead to increased release of
epinephrine (E) and norepinephrine (NE) from the adrenal medulla. Changes in cardiovascular
measures (e.g., heart rate, blood pressure) are the result of complex interactions between
sympathetic and parasympathetic input as well as other factors (Porth, 2006). Although
appropriate activation of physiological stress responses are necessary for survival, repeated
exaggerated or prolonged physiological reactivity to stressors may result in persistent
dysregulation of stress systems (e.g., HPA, ANS) leading to a variety of physical and
psychiatric disorders (Charmandari, Tsigos, & Chrousos, 2005; McEwen, 1998).

Dysregulation of HPA, ANS, and cardiovascular stress response systems (including alterations
in central and peripheral tonic activity, sensitivity to negative feedback inhibition, and response
to biological and social challenge) is a risk process implicated in the pathophysiology of
depression in adults (Guinjoan, Bernabo, & Cardinali, 1995; Matthews, Nelesen, & Dimsdale,
2005; Plotsky, Owens, & Nemeroff, 1998). Dysregulation of stress response systems has also
been demonstrated in adolescent depression and other psychopathology (Shea, Walsh,
Macmillan, & Steiner, 2005; Susman, 2006; van Goozen, Fairchild, Snoek, & Harold, 2007).
However, direction and significance of findings has varied based on participant characteristics
and study design (e.g., severity of disorder, Dahl et al., 1992), type of stress response
dysregulation (i.e., basal versus reactivity, ANS versus HPA, van Goozen et al., 2007), and
whether stress systems were examined in relation to concurrent disorder or as a predictor of
future disorder (Dahl et al., 1991; Halligan, Herbert, Goodyer, & Murray, 2007)). Numerous
studies have also demonstrated reciprocal interactions between HPA/ANS stress response
(dys)regulation and activity of the hypothalamic pituitary gonadal (HPG) axis, highlighting
the possibility of pubertal influence on stress response systems (Chrousos et al., 1998; Spear,
2000). Given associations with risk for depression and other psychopathology and evidence
for potent reciprocal regulation by the HPG axis, stress response (dys)regulation may represent
an important candidate risk process in adolescent depression. As such, a developmental
psychopathology approach would point to the need to characterize both atypical and normative
developmental variation in physiological stress response across the pubertal/adolescent
transition (Cicchetti & Rogosch, 2002). The present study tests the hypothesis that adolescents
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relative to children will show increased physiological responses to ecologically valid laboratory
stressors.

Despite important implications for understanding development of depression, only a small
number of studies in animals and humans have examined developmental influences on stress
response systems over the adolescent transition. Studies in rodents reveal increased behavioral
responses (e.g., increased immobility, social inhibition) to a variety of stressors over
adolescence (Primus & Kellogg, 1989; Walker, Trottier, Rochford, & Lavallee, 1995).
Alterations in central and peripheral autonomic activity in the direction of increased
sympathetic activity and parasympathetic withdrawal across adolescence have also been
demonstrated (Choi & Kellogg, 1996; Kurtz & Campbell, 1994). Animal models have also
revealed relatively consistent increases in HPA activity at baseline and in response to stressors
over puberty/adolescence—particularly in females (Critchlow, Liebelt, Bar-Sela, Mountcastle,
& Lipscomb, 1963; Romeo, Lee, & McEwen, 2005; Viau, Bingham, Davis, Lee, & Wong,
2005).

In humans, seminal work by Allen and Matthews (1997) demonstrated a developmental
increase in cardiovascular responses to stressors between children (ages 8-10/no signs of
pubertal development) and adolescents (15-17/late to post puberty). Adolescents showed
greater blood pressure and cardiac output, suggesting increased beta-adrenergic activity, in
response to laboratory challenges--including a stress interview, mirror tracing and reaction
time tasks, and a cold stressor--compared to children. However, under baseline conditions,
they found decreased sympathetic input to cardiac regulation. Greater ambulatory blood
pressure response to daytime activities has also been demonstrated in adolescents relative to
younger children (Modesti et al., 1994). In addition, a number of cross-sectional and
longitudinal studies in humans have shown higher basal cortisol levels in older adolescents or
adolescents in later stages of puberty (Adam, 2006; Elmlinger, Kuhnel, & Ranke, 2002; Jonetz-
Mentzel & Wiedemann, 1993; Kenny, Gancayco, Heald, & Hung, 1966; Kiess et al., 1995;
Legro, Lin, Demers, & Lloyd, 2003; Netherton, Goodyer, Tamplin, & Herbert, 2004; Walker,
Walder, & Reynolds, 2001), although inconsistent findings have been demonstrated and exact
timing of effects is not clear (Knutsson et al., 1997; Matchock, Dorn, & Susman, 2007). Effects
appear most consistent for girls, and for morning cortisol levels — potentially indicating a
maturation of the circadian rhythm over the pubertal/adolescent transition (Gunnar & Vazquez,
2006). Adam (Adam, 2006) also demonstrated increased cortisol response to the momentary
experience of worry (as assessed by ecological momentary assessment) with increasing age in
a community sample of healthy adolescents. Finally, our group demonstrated increased cortisol
response to biological (corticotropin-releasing hormone, CRH) challenge with increasing
pubertal stage in girls from a sample of physically health children and adolescents with no
history of psychopathology (Stroud, Papandonatos, Williamson, & Dahl, 2004).

Thus, preliminary evidence from animal models and humans suggests increased stress
responses over or across the adolescent transition (including both longitudinal and cross-
sectional studies). However, although both depression and the transition to adolescence are
associated with increases in exposure to psychological stressors, human studies of HPA and
ANS responses to psychological stressors over the adolescent transition have been limited. As
described above, Allen and Matthews (1997) demonstrated increased cardiovascular reactivity
to performance-oriented stressors. Walker et al. showed cross-sectional and longitudinal
associations of age with initial laboratory cortisol sampling—presumed to indicate response
to novelty (Walker et al., 2001; Weinstein, Diforio, Schiffman, Walker, & Bonsall, 1999).
Adam (2006) revealed increased cortisol response to momentary negative affect (worry) in
naturalistic settings with increasing age in adolescents aged 13 and above. Although not
explicitly designed to examine developmental differences, Klimes-Dougan et al. examined
cortisol response to a family conflict (conflictual discussion with mother) and social
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performance (interaction with shy confederate and public speaking task) in a community
sample of girls and boys ages 11-13 and 14-16. In response to the social performance task only,
older boys showed increased cortisol reactivity relative to older girls, younger boys and
younger girls (Klimes-Dougan, Hastings, Granger, Usher, & Zahn-Waxler, 2001).

In addition, despite calls for measurement across multiple systems in studies investigating the
developmental psychobiology of stress (Cicchetti & Blender, 2006), besides Gunnar et al. (this
volume) we know of no studies designed to examine developmental influences on HPA, SNS,
and cardiovascular responses to stressors over the adolescent transition. Finally, most previous
laboratory studies of stress response in adolescents have utilized performance/academic-
oriented stressors including public speaking and mental arithmetic tasks such as the Trier Social
Stress Test for Children (TSST-C; Buske-Kirschbaum et al., 1997). Yet, there is a need for
investigations of individual differences in responses to additional developmentally salient and
ecologically valid psychological stressors. Although adolescence brings increased emphasis
on achievement and performance, it is also a time of increased focus and distress around peer
and romantic relationships (Graber, Brooks-Gunn, & Petersen, 1996; Steinberg & Morris,
2001). Further, greater links between interpersonal stressors and psychopathology emerge over
adolescence, with emotional maladjustment associated with family dysfunction in early
adolescence, but more strongly with difficulties with peers and romantic relationships by late
adolescence (Nelson, Leibenluft, McClure, & Pine, 2005). Peer rejection, in particular, has
been demonstrated as a risk factor for depressive and internalizing symptoms over the
adolescent transition (Ladd, 2006; Prinstein, Borelli, Cheah, Simon, & Aikins, 2005).

In the present study, we fill a critical gap in understanding of stress response patterns across
the adolescent transition through examination of HPA, SNS, and cardiovascular responses to
two developmentally-relevant domains of psychological stressors: performance and peer
rejection. Specifically, we examined developmental differences in responses to typical
laboratory performance stressors adapted from the TSST-C (public speaking, mental
arithmetic, and mirror star tracing) versus responses to a novel peer rejection stressor adapted
from a paradigm developed and validated in young adults (Yale Interpersonal Stressor-Child
version; YIPS-C; Stroud, Tanofsky-Kraff, Wilfley, & Salovey, 2000). HPA (saliva cortisol),
cardiovascular (systolic and diastolic blood pressure and heart rate), and affective responses
to the stressors were examined. In addition, we included measures of saliva α-amylase (sAA),
an enzyme secreted by the salivary glands, that has been identified as a non-invasive surrogate
marker of SNS stress response with demonstrated validity in children and adolescents (Granger
et al., 2006; Nater et al., 2006). In the present study, our aims are: a) to test the hypothesis that
adolescents relative to children in a normative sample will show increased physiological stress
response and b) to explore whether developmental differences in stress response differ by
stressor domain (performance versus peer rejection) and physiological stress system (HPA
(cortisol), versus SNS (sAA), versus cardiovascular (heart rate, blood pressure)).

Methods
Participants

Participants were 82 children and adolescents ages 7 to17 (M = 12.5, SD = 2.5) recruited
through community and online postings. Participants included 43 adolescents (ages 13-17
years, 20 females), and 39 children (7-12 years, 22 females). Racial/ethnic breakdown of
participants was 75.5% Caucasian, 4% African American, 14.5% Hispanic, 6% mixed race/
ethnicity, and 6% other or “don't know”. Interested participants and parents were screened by
telephone to determine study eligibility. Exclusion criteria were based on factors known to
influence cortisol reactivity, including the use of oral contraceptives, thyroid medications,
steroids, and psychotropic medications (Hibel, Granger, Cicchetti, & Rogosch, 2007).
Participants with a previous diagnosis of autism or mental retardation, a history of
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psychological or behavioral problems, or current physical illness were also excluded from the
study. All participants denied smoking and regular drug or alcohol use. Lending support to the
normative nature of this sample, mean scores on a) the Child Depression Inventory—Short
Form = 1.33 (SD = 1.64, Med = 1, n=81), b) Revised Child Manifest Anxiety Inventory = 7.25
(SD = 5.06, Med = 6, n=79), and c) Child Behavior Checklist (CBCL) Internalizing Problems
= 5.15 (SD= 5.24, Med=4, n=62), Externalizing Problems = 5.13 (SD= 5.42, Med= 4, n=62)
well below suggested clinical screening cutoffs (Achenbach, 1991; Achenbach & Rescorla,
2001; Kovacs, 1992; Reynolds & Richmond, 2000). Average family income was $60,000 to
$80,000 (Range $5000-9,999 to >$100,000). Maternal education ranged from some high
school to completion of a graduate degree. Twenty-two percent of mothers had a high school
education or less, 37% completed some college or an associate's degree, and 41% graduated
college or obtained a graduate degree. Partner education ranged from eighth grade to
completion of a graduate degree; 32% had a high school education or less, 21% completed
some college, and 46% graduated college or obtained a graduate degree. Eighty-three percent
of mothers were married. Eighty-three percent of mothers and ninety-three percent of fathers
were employed.

Procedure
Protocols and procedures were reviewed and approved by Lifespan Hospitals Institutional
Review Boards. Informed consent was obtained from mothers and assent from children and
adolescents. The study included two sessions, each lasting approximately 2 hours each,
conducted on separate days. Participants were accompanied by their mothers to the laboratory
for both sessions. In the first “rest” session, participants watched G-rated movies and television
shows and completed questionnaires. The primary purpose of the rest session was to allow
participants to habituate to the laboratory and physiological monitoring prior to undergoing
the stress induction. With the influence of laboratory novelty attenuated, differences in
reactivity could be attributed to the stress induction. The second (stress) session involved
random assignment to the performance or peer rejection stressors. Fifty-one participants (27
adolescents) completed the performance session; 31 participants (16 adolescents) completed
the peer rejection session. Both performance and peer rejection stress sessions included a 20-25
minute baseline period where participants were asked to read easy (grade K-2) books or watch
G-rated movies and television shows, three stressors, lasting 10, 5, and 5 minutes respectively,
and a one-hour recovery period in which participants completed questionnaires and watched
G-rated movies and television shows. The performance session included speech (5 minutes
preparation, 5-minute speech), mental arithmetic (5 minutes) and mirror tracing (5 minutes)
tasks; the social rejection session involved three exclusion challenges (10, 5, and 5 minutes)
with gender/age-matched confederates. All mothers were required to observe the stressor
portion of the session from an observation room. Seven to nine saliva samples were taken over
the baseline, stressor, and recovery periods. Six “matched” time points were selected from the
7-9 samples to optimize timing for cortisol and sAA response assessment, respectively. (See
Measures below.) Blood pressure and heart rate recordings were taken at 2-minute intervals
during the baseline and stress induction periods, and at 5-minute intervals during the recovery
period. Self-reported affect was assessed at baseline, during each stress task, and during the
recovery period. All sessions began between 14:00 and 17:00 to control for diurnal variation
in cortisol. Participants were asked to refrain from food and drink (besides water) for two hours
prior to the stress session, from exercise for 24 hours prior to the session, and from caffeine
beginning the evening before the stress session. Following the stress sessions, participants were
extensively debriefed. Debriefing included three segments: a) experimenter debriefed child/
adolescent, b) mothers joined child/adolescent and experimenter and any further questions
were answered, and c) confederates/audience members returned for a positive interaction with
child/adolescent. Participants and mothers were then compensated for their time.
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Stressors
Performance Challenges—Performance-oriented tasks were based on an adaptation of the
Trier Social Stress Test for Children (TSST-C; Buske-Kirschbaum et al., 1997). The first
segment was a public speaking task in which participants were given 5 minutes to prepare,
then were asked to speak on academic topics (e.g., English, Science, History) for 5 minutes.
Specifically, participants were asked to give a book report on a book of their choice, a science
lesson (e.g., the planets), and a history lesson (e.g., describe their favorite president and why).
Based on pilot testing, speech topics included minor adjustments for age (e.g., adolescents were
asked to “give a plot summary and interpretation” of a book, while children were asked “to tell
about [a] book.” Adolescents were asked “to choose an American historic leader and describe
his or her significance,” while children were asked “to talk about an important president and
to talk about why he was important.” Participants then completed a mental arithmetic task
involving serial subtraction under time pressure for 5 minutes. Difficulty was adjusted based
on participant age and performance. For example, 15-17 year olds began subtracting by 17's,
10-14 year olds by 11's, and 7-9 year olds by 8's. If an error was made, participants were asked
to start again from the beginning. If participant was unable to produce correct responses to a
particular serial subtraction request after three tries, the experimenter would go to the next level
down; if the participant produced all correct responses 6 times in a row, the experimenter would
go up a level. The mirror tracing task also lasted 5 minutes and was adapted from Allen and
Matthews (1997). This task involved tracing the figure of a six-sided star while viewing only
its mirror image using a mirror star tracing apparatus (Layfayette Instruments, 1987). Mistakes
were counted and marked by a sound and a white light. If errors were made, participants were
instructed to start tracing the star again from the beginning. All tasks were performed before
a two-member audience who remained stern during the procedures and pretended to take notes.

Peer rejection challenges—These challenges involve three social rejection interactions
based on an adaptation for children and adolescents of the Yale Interpersonal Stressor (YIPS;
(Stroud et al., 2000). The Child-YIPS (YIPS-C) involved interactions with two trained, same-
sex, similar-age confederates who subtly excluded the participant by bonding with each other,
leaving the participant out of their conversations, and having different interests and activities
than the participant. Child confederates were extensively trained child actors. Adolescent
confederates were child actors or trained college students. Participants were told that we were
studying “how kids get to know one another” and that they were to discuss specified topics
while “getting to know one another.” Each participant/confederate was first asked to introduce
him/herself. Then, the exclusion interactions focused around three topics: weekend activities,
family, and friends. Over the course of the three segments, the two actors gradually excluded
the participant. Confederates used a variety of verbal and nonverbal techniques to exclude the
participant, while connecting well with each other. Exclusion of the participant began slowly
and built gradually so as not to appear planned.

Measures
Salivary Cortisol Measures—Saliva cortisol is considered to be a reliable and valid
measure of unbound, or free cortisol levels in plasma (Kirschbaum & Hellhammer, 1989,
1994). It is a particularly useful measure for assessing acute changes in HPA axis activation
due to stressors (Kirschbaum & Hellhammer, 1994), and has been utilized in numerous studies
with children and adolescents (Gunnar, 1992; Schmidt, 1998) Seven to nine whole saliva
samples were collected from each participant by passive drool over the course of each stress
session. Participants were asked to fill saliva collection vials to a designated line using a straw
or by salivating directly into the tube (Granger et al., In Press). Following collection, samples
were frozen at −80 degrees Celsius until shipment overnight delivery on dry ice to Salimetrics
Laboratories (State College PA). Cortisol was analyzed in duplicate using a commercially
available enzyme immunoassay without modification to the manufacturer's protocol
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(Salimetrics, PA), range of sensitivity from .007-3.0 μg/dl, and intra and inter-assay
coefficients of variation less than 5 and 10% respectively. Salivary cortisol data are expressed
in micrograms per deciliter (μg/dl).

Timing and number of saliva samples (7 versus 9) was changed over the course of the study;
thus six “matched” samples were selected from the original 7 and 9 time-point sampling frame
to optimize timing for cortisol (approximately 20 minutes after onset of each stressor,
(Schwartz, Granger, Susman, Gunnar, & Laird, 1998). The first matched saliva sample
represented an initial baseline period, and was collected 7-10 minutes prior to the onset of
stress. The second matched saliva sample represented a second baseline period, and was
collected immediately following the first stressor (speech/interaction 1). The third matched
sample represented response to the first stressor, and was collected 17-21 minutes following
the onset of the speech/first interaction task. The fourth saliva sample represented response to
the second stressor, and was collected 17-20 minutes after the mental arithmetic/second
interaction task. The fifth saliva sample represented response to the third stressor and was
collected 19-22 minutes following the tracing/third interaction task. The sixth sample
represented the recovery period, corresponding to 40-51 minutes following the third stressor.
The six “matched” cortisol samples were utilized for all statistical analyses involving cortisol.
Two participants were missing one or more cortisol samples.

Saliva Alpha Amylase (sAA)—sAA is an enzyme produced by the salivary gland, and has
been shown as a promising surrogate marker for the SNS (Nater et al., 2006; van Stegeren,
Rohleder, Everaerd, & Wolf, 2006). sAA was measured using a kinetic reaction assay that
employs a chromagenic substrate, 2-chloro-p-nitrophenol, linked to maltotriose (Granger et
al., 2006). The enzymatic action of sAA on this substrate yields 2-chloro-p-nitrophenol, which
can be spectrophotometrically measured at 405 nm using a standard laboratory plate reader.
The amount of sAA activity present in the sample is directly proportional to the increase (over
a 2 min period) in absorbance at 405 nm. Results are computed in U/ml of sAA using the
formula: [Absorbance difference per minute × total assay volume (328 ml) × dilution factor
(200)]/[millimolar absorptivity of 2-chloro-p-nitrophenol (12.9) × sample volume (.008 ml) ×
light path (.97)]. Intra-assay variation (CV) computed for the mean of 30 replicate tests was
less than 7.5%. Inter-assay variation computed for the mean of average duplicates for 16
separate runs was less than 6%.

Selection of 6 “matched” time points differed for sAA versus cortisol due to differences in
optimal timing of sAA versus cortisol sampling following stressor onset (5 versus 20 minutes
after onset of each stressor; (Gordis, Granger, Susman, & Trickett, 2006; Granger, Kivlighan,
El-Sheikh, Gordis, & Stroud, 2007a). Identical to cortisol, the first matched saliva sample
represented an initial baseline period, and was collected 7-10 minutes prior to the onset of
stress. The second matched saliva sample represented response to the first stress task, and was
collected five minutes following the onset and immediately following the completion of the
speech/first interaction task. The third sample represented response to the second stressor, and
was collected 5 minutes following the onset and immediately following the completion of the
math/second interaction task. The fourth saliva sample represented response to the third
stressor, and was collected 5 minutes following the onset and immediately following the
completion of the mirror star tracing/third interaction task. The fifth saliva sample represented
the first recovery period and was collected 19-22 minutes after the third stressor. The sixth
sAA sample represented the second recovery period, corresponding to 49-53 minutes following
the third stressor. The six “matched” sAA samples were utilized for all statistical analyses
involving sAA. Ten participants were missing one or more sAA samples.

Cardiovascular Measures—Systolic blood pressure (SBP), diastolic blood pressure
(DBP), and heart rate (HR) were measured every two minutes during baseline and stress periods
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and every five minutes during the recovery period throughout all stress sessions using a
Dinamap automatic, oscillometric blood pressure monitor (Critikon Inc., Tampa, FL).
Participants were fitted with an appropriately sized cuff on their non-dominant arm prior to the
start of the baseline period. The cuff was removed at the end of the recovery period. For all
cardiovascular variables (SBP, DBP, HR), stress levels were the average of each measure (SBP,
DBP, or HR) during each stress task, and baseline levels, the average of cardiovascular
measures during the initial baseline period. Six participants were missing one or more
cardiovascular samples.

Self-reported Affect—Self-reported affect was assessed at six points during each stress
session: once at baseline, three times following the stress tasks (participants were asked to
respond according to how they were feeling during each task), and twice during the recovery
period. Affect measures consisted of mood adjectives adapted from the State-Trait Anxiety
Inventory for Children (STAI-C; Spielberger, Edwards, Montuori, Lushene, & Platzek,
1973) including “upset,” “nervous,” “sad,” “happy,” “relaxed,” and “scared” rated along 3-
point Likert scales. Positive as well as negative affect adjectives were included based on recent
research highlighting the mechanistic importance of positive as well as negative affect in
determining stress response and as related to depression and other internalizing disorders
(Folkman & Moskowitz, 2007; Forbes & Dahl, 2005). Affect measures included emotion faces
at the extremes each adjective's scale to assist participants in anchoring high and low levels of
each emotion. Based on the results of a principal components analysis, we created two overall
affect scales (negative affect (NA: “upset,” “nervous,” “sad,” “scared”) and positive affect
(PA: “happy,” “relaxed”)). Both scales showed good internal consistency (Cronbach's alphas
were .87 for both NA and PA). Three participants were missing one or more NA samples; four
participants were missing one or more PA samples.

Preliminary Analyses/Secondary Measures
Stressor Validation. Task Perceptions Questionnaire (TPQ)—TPQ's were
administered to validate conceptualization of the performance versus social nature of the stress
sessions. Questions included graded (rated along 3-point Likert scales) and forced choice
format questions for each of the three tasks from the performance or peer rejection sessions.
When asked to choose, 90-100% of participants who completed the peer rejection session rated
the interaction tasks as more “like talking to people” than “like performing something” or “like
school or homework”; 75-81% participants who completed the performance tasks rated them
as more “like performing something” or “like school or homework” than “like talking to
people” (X2 (1) > 25.5, p's < .0001). In the Likert-formatted questions, the performance
condition was perceived as more like “times you had to perform,” “you were trying to reach a
goal,” “school or homework,” and “doing badly in school” than the peer rejection condition
(t's > 2.8, p's <.01). In contrast, the peer rejection condition was perceived as more like “meeting
new people,” “activities you do with other kids,” “hanging out,” and “times you have felt left
out” than the performance condition (t's > 4.7, p's <.01). These analyses lend credence to our
conceptualization of the performance versus social nature of the two stress sessions.

Associations between Age and Pubertal Stage. Tanner Staging—Pubertal stage
was assessed on a subset of participants (n=47) using Tanner criterion (breast (B) and pubic
hair (PH) for girls, genital (G) and PH for boys). Tanner staging was conducted by physician
(pediatric endocrinologist) and/or by participant-report using pictures depicting each Tanner
stage (Marshall & Tanner, 1969, 1970). Physician rating was utilized in preference to
participant-report for determining staging, when available. As determined by polyserial
correlations, high-magnitude associations emerged between continuous age and pubertal stage
(r= .84, 95% CI = .75, .92 for Tanner BG); (r = .88, 95% CI = .81, .95 for Tanner PH). Tanner
stage was subsequently dichotomized at early-mid vs. late puberty (Tanner I-III vs. IV-V).
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Next, a sensitivity analysis was conducted to determine the optimal age threshold for
minimizing misclassification based on this particular Tanner stage dichotomization. Splitting
the sample at ages 7-12 versus 13-17 (based on mean age of 12.5) was the optimal threshold
for minimizing misclassification rates, resulting in a 6.4% error rate for Tanner BG and 8.5%
error rate for PH. Thus, to the extent that participants with Tanner stage data are representative
of the sample as a whole, continuous age may offer a preliminary proxy for Tanner BG or PH,
and age dichotomized at 7-12 and 13-17 a proxy for early-mid versus late puberty (Tanner I-
III versus IV-V). Given these determinations, although numerically, all data analyses are based
on continuous or dichotomous age, we substitute the more integrative term, development, to
encompass influences of pubertal stage and age.

Data Analyses
As cortisol values were positively skewed and leptokurtotic, logarithmic transformations of
cortisol values were used for all statistical analyses. Similarly, as has been recommended in
previous literature (Gordis et al., 2006; Granger, Kivlighan, El-Sheikh, Gordis, & Stroud,
2007b), square root transformations were applied to sAA values to overcome moderate positive
skew and leptokurtosis. However, nontransformed cortisol and sAA values are presented in
Figures 2 and 3. For cardiovascular measures, reactivity was the difference between the average
task and average baseline levels for each stress task (Llabre, Spitzer, Saab, Ironson, &
Schneiderman, 1991). Percent change was defined as reactivity divided by average baseline.
For figures and follow up analyses, a dichotomous development variable was created based on
a 7-12 years (child) versus 13-17 years (adolescent) split. This split was selected as a proxy
for Tanner I-III versus IV-V (see above), due to evidence for pronounced increases in
depression/psychopathology at age 13, and because this stratification represented a mean split
for the sample.

An initial manipulation check involved analyses of self-reported affect over performance and
peer rejection stress sessions adjusting for gender and race/ethnicity. Next, we examined the
influence of development and stressor type on physiological stress response, also adjusting for
gender, and race/ethnicity (dichotomized as Caucasian versus other); cortisol and sAA
response outcomes were also adjusted for time of the day. Cortisol, sAA, and cardiovascular
(SBP, DBP, and HR) analyses utilized repeated measures analysis of covariance (ANCOVA),
within a multiple regression model framework. Within this framework, development was
modeled as a continuous variable; interaction effects involving continuous development
utilized age centered at its mean. Huynh-Feldt adjustments were made for significant departure
from the sphericity assumption (Vasey & Thayer, 1987). Initially, overall development
(continuous) X stressor type X time (six time points: baseline, challenge 1, challenge 2,
challenge 3, post-stress 1, post-stress 2) repeated measures ANCOVAs were conducted,
followed by repeated measures ANCOVAs stratified by session type, all within a multiple
regression framework. Stratified analyses by session type were conducted with development
examined as a continuous and dichotomous (≤12 years, 13+ years) variable. All repeated
measures analyses were conducted with S-Plus statistical software to allow available case
analysis for missing data. Significant effects were followed by simple, directional contrasts.
For cardiovascular variables (SBP, DBP, HR), follow-up reactivity percent change scores were
examined to highlight the influence of development and stressor type on change in
cardiovascular responses. Due to small sample size and between-subjects design, effects
significant at p < .10 were considered trends. Figures are based on raw means with no
adjustment for covariates.
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Results
Manipulation Check: Changes in Self-Reported Affect

Mean ratings from the NA scale for performance and peer rejection sessions by development
group (children versus adolescents) are presented in Figure 1. Positive affect levels followed
the same patterns but in reverse. Both stress sessions evoked significant increases in NA and
decreases in PA over the six time points (F's > 4.03, p's < .005 for performance session; F's >
2.58, p's < .05 for peer rejection session). Further, we found significant stressor type by time
interactions (F's > 9.41, p's < .0001 for NA and PA), with participants in the performance
condition showing significantly greater increases in NA and decreases in PA between baseline
and stress periods compared to participants in the peer rejection condition. No significant
interactions over time emerged for development group for NA or PA.

Influence of Development and Stressor Type on Physiological Stress Response
Cortisol—We found a significant development (continuous) by stressor type by time
interaction for cortisol (F (5, 369) = 3.41, p <.05), such that participants in the performance
session showed greater cortisol responses with increasing development, while developmental
differences were less pronounced for the peer rejection session. Stratifying by stressor type,
we found a significant development by time interaction for the performance condition (F (5,
229) = 5.48, p < .005), but no significant development by time interaction for the peer rejection
condition (although between-subjects effect of development trended toward significance, p < .
10). Mean cortisol levels for performance and peer rejection sessions by development group
(children versus adolescents) are presented in Figure 2. Adolescents showed greater increases
in cortisol over time in response to the performance stressors relative to children (F (5, 229) =
3.35, p < .01), with significant developmental differences emerging for each stress task and
both recovery periods (p's < .05). Although adolescents also showed greater cortisol responses
to the peer rejection session relative to children, differences were less pronounced and not
statistically significant.

Alpha Amylase (sAA)—We found significant development (continuous) by time (F (5, 336)
= 3.26, p < .05) and stressor type by time (F (5, 336) = 4.11, p < .01) interactions and a trend
toward a significant development by stressor type by time interaction (p < .10). In contrast to
cortisol, for sAA, participants in the peer rejection session showed increasing sAA stress
response with increasing development, while little influence of development emerged for the
performance session. Similarly, stratifying by stressor type, a significant development by time
interaction emerged for the peer rejection condition (F (5, 125) = 3.96, p < .05), but not for the
performance session (although a between-subjects effect of development trended toward
significance, p < .10). Mean sAA levels for performance and peer rejection sessions by
development group are presented in Figure 3. Adolescents showed more pronounced and
statistically significant sAA response to the peer rejection session relative to children (F (5,
125) = 4.09, p < .01), with significant developmental differences emerging for the first and
third interaction tasks (p's < .05). Although adolescents showed slightly greater sAA responses
in to the performance stressors relative to children, differences were not statistically significant.

Systolic Blood Pressure (SBP)—We found significant development (continuous) by time
and stressor type by time interactions (F's (5, 374) = 11.27 and 2.96, respectively, p< .05), such
that increasing development was associated with increasing SBP responses, with greater SBP
responses to the to the peer rejection relative to the performance stress session. Stratifying by
session type, increasing development was associated with increased SBP stress response for
both performance and peer rejection stressors (development by time interactions: F (5, 232) =
3.82, p < .01 for performance, F (5, 132) = 8.83, p < .001 for peer rejection), with most
pronounced effects of development evident for the peer rejection session. As shown in Figure
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4, adolescents showed greater SBP responses to the performance and peer rejection stressors
relative to children (development group by time interactions: F (5, 232) = 4.11, p < .005 for
performance; F (5, 132) = 7.32, p < .0001 for peer rejection stressors), with directional contrasts
revealing significant development-group differences for SBP response to speech, math and
tracing tasks in the performance session (p's < .05) and at all time points in the peer rejection
session (p's < .05). Adolescents showed significantly greater SBP reactivity and percent change
in response to all performance stressors (speech, math, tracing; p's < .05) and all peer rejection
interactions (p's < .01) relative to children; however development group differences were more
pronounced in response to peer rejection stressors (8-10% versus 3-5% change from baseline
in SBP following peer rejection relative to performance stressors).

Diastolic Blood Pressure (DBP)—Similar to SBP, we found significant development
(continuous) by time interaction for DBP (F (5, 374) = 5.30, p < .001), such that increasing
development was associated with increasing DBP responses to stressors, with greater DBP
responses to performance relative to peer rejection stressors. Stratifying by session type,
increasing development was associated with increased SBP stress response to the performance
stress session (development by time interaction: F (5, 232) = 3.94, p < .01). No significant
effects of development emerged for peer rejection stressors. As shown in Figure 5, adolescents
showed significantly more pronounced DBP responses to performance stressors relative to
children (F (5, 232) = 4.36, p < .003), with directional contrasts revealing a significant age
difference for DBP response to the mental arithmetic task (p < .05). Although adolescents also
showed slightly greater DBP response to the peer rejection session relative to children, effects
were not statistically significant. Adolescents showed significantly greater DBP reactivity and
percent change in response to the mental arithmetic and mirror tracing stressors (p's < .05) in
the performance session, with no significant differences emerging for the peer rejection session.

Heart Rate (HR)—For HR, no overall development by time, session by time, or development
by session by time interactions emerged. An overall main effect of development (continuous)
was shown, such that increasing development was associated with decreasing overall HR
response (F (1, 72) = 13.26, p < .001). Stratifying by session type, main effects of development
(increasing development associated with attenuated HR) were evident for both performance
and peer rejection sessions (F (1, 44) = 12.55, p < .001 and F (1, 24) = 5.58, p < .05,
respectively). As shown in Figure 6, children showed significantly greater HR responses across
performance and peer rejection sessions relative to adolescents (development group main
effects: F (1, 44) = 8.72, p < .005 for performance, (F (1, 24) = 6.23, p < .02 for peer rejection),
with directional contrasts revealing a significant developmental difference for HR response to
all time points except the math stressor (p's < .01) in the performance session and at all time
points except the first interaction task in the peer rejection session (p's < .05). No significant
differences in HR reactivity or percent change were evident for the performance session, but
adolescents showed increased reactivity and percent change in response to the second
interaction task in the peer rejection session (p < .05).

Discussion
Dysregulation in stress response systems and stress reactivity has been proposed as an
important candidate risk process in adolescent depression and other psychopathology.
However, little is known about normative patterns of physiological stress reactivity across the
adolescent transition, despite the need for this data to inform studies of high-risk and clinical
populations (Cicchetti & Rogosch, 2002). The present study investigated developmental
influences on physiological stress response across the adolescent transition in a normative
sample. Using a cross-sectional approach, we tested the hypothesis of a fundamental
(normative) developmental increase in stress response over the adolescent transition. We found
consistently increased physiological responses to developmentally-relevant laboratory
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stressors across adolescence, with increasing development associated with increased HPA
(saliva cortisol) and SNS (saliva α-amylase (sAA)) and cardiovascular (SBP, DBP, HR) stress
responses. In particular, we found pronounced differences in cortisol and sAA responses in
adolescents (ages 13-17, Tanner IV/V) versus children (ages 7-12, Tanner I-III). We also
explored differences related to stressor (performance versus peer rejection) and response
domain (HPA versus SNS versus cardiovascular) specificity. The present study revealed initial
evidence for specificity of developmental influences on stress response by stressor domain and
physiological stress system. Developmental influences on cortisol and DBP stress response
were most pronounced in the context of the performance stressors, while developmental
influences on sAA and SBP were evident primarily in response to the peer rejection stressor.

Although we believe these findings have several noteworthy implications, we acknowledge
two important limitations of the study. First, we utilized a cross-sectional approach to
development in which we tested stress response of different individuals across a range of ages/
pubertal stages. A longitudinal or mixed design where stress response of the same individuals
was tested repeatedly over development would provide a more powerful and conclusive
investigation of the possibility of a fundamental increase in stress response over the adolescent
transition. A longitudinal approach would also allow examination of associations between
individual differences in the magnitude of stress response changes over adolescence and change
in risk and risk processes relevant to depression/psychopathology during this period. One of
the challenges for the field in designing such longitudinal studies will be to create laboratory
tasks to which participants are unlikely to habituate over time and/or to consider novel
approaches to stress reactivity assessment (e.g., Adam, 2006). A second important limitation
of the present study is that pubertal stage data were only available on approximately 60% of
the sample. Due to missing pubertal data and between-subjects nature of the design, continuous
and dichotomous age measures were utilized as proxies for overall development. Although the
use of physician or participant-rated Tanner staging and high-magnitude associations with age
lend credence to our use of age as a proxy for development, we were unable to parse the unique
influences of pubertal stage versus other developmental processes on stress response.

These important limitations notwithstanding, to our knowledge, the present study and that of
Gunnar et al. (this issue) represent the first studies designed explicitly to examine
developmental influences on HPA, SNS and cardiovascular responses to psychological
stressors over the adolescent transition. Despite evidence for major changes in brain,
neuroendocrine, physical, social, contextual, and cognitive function, pronounced increases in
psychiatric disorders showing continuity to adulthood, and known links between stress
responses and both psychiatric disorders and brain/neuroendocrine/social/cognitive function,
the dearth of basic research investigating developmental influences on stress response over the
adolescent transition is perplexing. Besides studies of aging, most investigations of
developmental influences on the stress response in animals and humans have focused on the
fetal period, infancy, and early childhood. In rodent models, the first two weeks of life are
characterized by a relative stress hyporesponsive period (SHRP). During this period, the HPA
axis is considerably less responsive to external stressors—showing little in the way of an
adrenocortical response when stressors are administered (Gunnar & Vazquez, 2001; Vazquez,
1998). The SHRP is believed to protect the maturing infant brain from potential detrimental
influence of glucocorticoids and CRH (Gunnar & Vazquez, 2001; Sapolsky & Meaney,
1986). Until recently, it was unclear whether a period analogous to the SHRP existed in humans.
In the first months of life, infants show potent response to psychological (e.g., neurobehavioral
examinations) and physical stressors (e.g., blood draw); however, by the end of the first year,
infants show little response to most stressors suggesting decreased responsiveness to stressors
(Armario, Gavalda, & Marti, 1995; Gunnar, 1989). Further, anecdotally, it has been noted that
typical laboratory stressors do not evoke a cortisol response in young children (Dahl, 2004b;
Gunnar, 2004). Although more research is clearly needed, the present study and the others in
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this issue provide preliminary evidence that a period of relatively buffered physiological
response to many stressors may extend as far as the adolescent/pubertal transition in humans
(Gunnar, 2003; Gunnar & Vazquez, 2001).

The present study is consistent with a small number of human studies showing increases in
basal cortisol over puberty/the adolescent transition using cross-sectional and longitudinal
approaches (Adam, 2006; Elmlinger et al., 2002; Jonetz-Mentzel & Wiedemann, 1993; Kenny
et al., 1966; Kiess et al., 1995; Legro et al., 2003; Netherton et al., 2004; Walker et al., 2001),
and basal SNS/cardiovascular indicators (Modesti et al., 1994), but extends this literature to
examine HPA, SNS, and cardiovascular response to challenge. Results are also consistent with
preclinical studies showing increases in central and peripheral stress response over puberty,
and a study by our group showing increased cortisol response to biological (CRH) challenge
with increasing pubertal stages; with effects evident primarily in females (Stroud et al.,
2004). The present study extends this work to investigate cortisol response to two types of
psychological challenge. Results also complement those of Allen and Matthews (1997), who
found greater cardiovascular response to performance-oriented stressors including mirror star
tracing in adolescents versus children in a cross-sectional study and those of Walker et al.
(Walker et al., 2001, Weinstein et al., 1999) and Klimes-Dougan et al. (2001), who revealed
preliminary evidence for increased cortisol response to psychological stressors over the
adolescent transition. Walker et al. showed both cross-sectional and longitudinal influences of
development on the initial samples in a series of laboratory saliva cortisol samples. Although
the initial saliva sample was described as indicating response to novelty (stress response),
because a specific stressor was not imposed, it is possible that results could also indicate a
developmental increase in basal cortisol. Similar to the present study, Klimes-Dougan et al.
(2001) found evidence for increased cortisol responses to (social) performance tasks, but not
a relationship-oriented (family conflict) task across development, but only in boys. Finally,
results are consistent with a recent study by Adam (2006), which demonstrated increased
cortisol reactivity to negative affect with increasing age using ecological momentary
assessment techniques in older (13+) adolescents in a cross-sectional design.

In the present study, the consistent differences between adolescents and children evident for
physiological stress responses were not mirrored by differences in affective responses to the
stressors. Adolescents showed mildly greater increases in negative affect and decreases in
positive affect in response to both stress sessions relative to children; however, developmental
differences were not statistically significant. The lack of significant developmental influences
on affective responses suggests that developmental influences on physiological stress
responses may not be mediated by perceptions of increased stressor intensity, but that at similar
levels of perceived stressor intensity, adolescents show increased physiological responses
relative to children. However, one possibility that must be ruled out is that adolescents under-
report and/or children over-report changes in negative and positive affect in response to
laboratory stressors. Future studies involving affective measures less prone to self-reporting
bias (e.g., observer coding of facial expression) and allowing for examination of specific
emotional states (e.g., fear, disgust) might substantiate the dissociation between developmental
influences on affective and physiological responses seen in the present study or, perhaps, reveal
closer parallels between developmental influences on affective and physiological responses
(Lerner, Dahl, Hariri, & Taylor, 2007).

Evidence for a normative developmental difference in stress response over the adolescent
transition has important implications for elucidating mechanisms underlying increases in
depression and psychopathology over the adolescent transition. Heightened physiological
stress response in typical adolescents may facilitate adaptation to new challenges of
adolescence and adulthood (Gunnar et al., this volume). However, in high-risk adolescents,
this normative shift may tip the balance toward stress response dysregulation associated with
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depression and other psychopathology. One possibility is that at-risk or disordered children
show alterations in stress response prior to the pubertal/adolescent transition (e.g., do not show
evidence for an SHRP), but alterations become exaggerated by a normative maturational
increase in stress response during a period of increased biological and social transition. Another
possibility is that at-risk/disordered children show few alterations in stress response prior to
the adolescent transition, but the normative developmental increase in stress response
combined with an increase in stressor exposure during adolescence tips the balance toward
even more pronounced increases in stress response and stress response dysregulation. It is also
possible that at-risk/disordered children would not show a normative increase in stress response
that may be adaptive around this transition (see Gunnar et al., this issue). Future longitudinal
research in at-risk children might investigate these possibilities. In addition, although plausible
mechanisms have been proposed linking stress-reactivity to the emergence of
psychopathology, most human research on stress response and pathology has revealed stress
response dysregulation as a concomitant, rather than a predictor of depression and other
psychopathology (Charmandari et al., 2005; Holsboer, 2000; McEwen, 1998; Rosen &
Schulkin, 1998). Thus, future research is needed to elucidate pathways between stress response
alterations and the emergence of disorder.

The present study also revealed specificity of developmental differences in stress response by
stressor domain and physiological stress system. In particular, developmental influences on
(increased) cortisol and DBP stress responses were most pronounced in response to the
performance stressor, while developmental influences on (increased) sAA and SBP stress
responses were most striking in response to the peer rejection stressor. Evidence for increased
cortisol reactivity to performance versus peer rejection stressors is consistent with a recent
meta-analysis of cortisol response to acute laboratory stressors in adults (Dickerson & Kemeny,
2004). In this review, the greatest cortisol responses were elicited by stressors involving both
social evaluative threat—potential negative judgment by others--and an uncontrollable
outcome. As a prototype of both characteristics, the Trier Social Stress Test (involving public
speaking and mental arithmetic before an audience) has been shown to be one of the most
potent laboratory challenges for increasing cortisol (Kirschbaum, Pirke, & Hellhammer,
1993). We have previously proposed that the TSST is more performance-oriented than social,
and designed the peer rejection task in the current study to be purely social in nature (Stroud,
et al., 2000). Closer examination of patterns of cortisol response to peer rejection reveal
increased initial baseline relative to the performance session (especially in adolescents),
suggesting greater anticipatory response to peer rejection. Thus, it is possible that while
adolescents assigned to the performance condition showed greater task reactivity relative to
children, adolescents assigned to the peer rejection condition showed greater anticipatory
reactivity relative to children. These patterns are similar to those found by Klimes-Dougan et
al. (2001) in a study including cortisol response to both interpersonal conflict and performance
stressors in a within-subjects design (each participant completed all stress tasks). In this study,
elevated baseline followed by decline in cortisol levels were evident for interpersonal conflict
task (conflictual mother-child discussion), but a more typical task reaction pattern (increase
slight in cortisol in response to the task followed by decline after the task) emerged in response
to the performance stressors (interaction with shy confederate and public speaking). Although
one possibility suggested by the authors is that the high initial baseline prior to the interpersonal
conflict task may have been related to stressful nature of events prior to the task (e.g.,
experimenter presence in home, consent), a cortisol response in anticipation of the interpersonal
conflict is also a possibility.

For DBP, both children and adolescents showed significant response to both challenges, with
developmental differences due to increased adolescent response to mental arithmetic and
mirror tracing challenges. Increased DBP response and developmental differences in DBP
response to performance relative to peer rejection stressors is consistent with Allen and
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Matthews (1997), who revealed pronounced adolescent-child differences in DBP but not SBP
response to a mirror tracing task similar to that utilized in the present study. However, Allen
and Matthews found significant developmental differences in DBP response to a social task
(interview regarding past stressful interpersonal situation; Social Competence Interview),
whereas no developmental differences emerged during the peer rejection situation in the
present study. One possibility is that past situations recalled in the Social Competence Interview
may have represented a variety of situations evoking both social and performance anxiety as
opposed to the exclusive focus on peer rejection in the present study.

For both SBP and sAA, developmental differences in response to peer rejection were driven
by more sustained response to peer rejection interactions by adolescents and by a lack of
response to peer rejection by children. In response to the performance session, however, neither
adolescents nor children showed significant sAA response to the stressors, while for SBP,
developmental differences were evident, but smaller magnitude than for the peer rejection
session. More pronounced developmental differences in sAA and SBP in response to peer
rejection relative to performance stressors are consistent with prior studies in children and
adolescents showing associations between interpersonal striving and tasks with increased
interpersonal relevance and increased cardiovascular stress responses (Chen, Matthews,
Salomon, & Ewart, 2002; Ewart & Jorgensen, 2004; Ewart, Jorgensen, & Kolodner, 1998).
Although the performance stressors in the present study were not identical to those in the TSST,
the public speaking and mental arithmetic tasks are very similar. Interestingly, the lack of sAA
response to performance challenge is not consistent with prior studies of sAA response to the
TSST in adolescents (Gordis et al., 2006; Gordis, Granger, Susman, & Trickett, 2008).
However, the studies by Gordis et al. were conducted in older adolescents (ages 9-14) in a
more diverse sample including maltreated children. Timing of saliva sampling also differed
for from the present study. However, the potent sAA response to the peer rejection stressor in
the present study using the same saliva sampling timeframe suggests that lack of sAA response
is not due to timing of saliva sampling. Additional normative studies are needed to determine
further examine sAA response to the TSST and performance stressors over the adolescent
transition.

To our knowledge, the present study is the first to show dissociations between developmental
differences in HPA versus SNS responses to performance versus peer rejection stressors in
children and adolescents. In adults, Henry, Frankenhaeuser and others have proposed that tasks
perceived as uncontrollable, and inducing high distress, passive coping, and a “defeat” reaction
are associated with increased HPA relative to or in addition to SNS activation, whereas tasks
perceived as more controllable leading to increased effort, active coping and “defense”
reactions are associated with increased SNS relative to HPA activation (Frankenhaeuser,
1982; Henry, 1992). Thus, it is possible that in older adolescents, the performance task evoked
more of a “defeat” response, whereas the social task evoked more of a “defensive” or effortful
coping response, while no such dissociations were evident for children. Further research to
uncover specific emotions related to cortisol versus sAA response and performance versus
social stressors over the adolescent transition is needed.

Although results related to specificity of response to performance versus rejection stressors by
physiological stress system were not predicted a priori, they are worthy of replication and future
research. Individual differences in response to performance versus interpersonal stressors may
be linked with risk for psychopathology. For example, we have proposed that physiological
sensitivity to interpersonal stressors may be a risk factor for depressive disorders, particularly
among girls (Stroud, Salovey, & Epel, 2002). Exaggerated or dysregulated response to
performance stressors may also be associated with specific types of psychopathology/
symptoms. Or, individual differences in response across multiple task domains (e.g.,
exaggerated response to multiple task domains versus a single domain) may be linked to
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pathology (Klimes-Dougan et al., 2001). Patterns of physiological responses across multiple
systems may also have implications for psychopathology (Bauer, Quas, & Boyce, 2002). For
example, Gordis et al. (2006, 2008) have shown links between asymmetry of HPA and SNS
responses and aggressive behavior as well as maltreatment. Results highlight the importance
of including multiple developmentally relevant stressor domains and measuring across
multiple physiological stress systems in order to make sense of complex interactions between
context and individual differences in the emergence and maintenance of psychopathology.

Although the present study represents an important first step in examining normative,
developmental influences on stress response across the adolescent transition, there are a
number of additional limitations that point to directions for future research. First, although we
included measures of depression, anxiety, and behavioral symptoms in this study, the cross-
sectional, between-subjects nature of the design and normative sample precluded conclusive
examination of developmental influences on associations between stress response and
psychiatric symptoms (depression, anxiety, behavioral problems). However, in prior analyses
collapsing across development and session type, we found significant associations between
cortisol reactivity and (CBCL) internalizing symptoms, as well as an interaction between
cortisol and sAA reactivity in predicting (CBCL) total behavior problems (Handwerger,
Allwood, Kivlighan, Granger, & Stroud, In Preparation). Future research is needed to examine
differential associations between stress response and psychiatric symptoms/disorders across
and over the adolescent transition in normative, at-risk, and clinical populations. Second, fewer
participants completed the peer rejection session than the performance session resulting in
decreased power for revealing developmental influences on response to social relative to
performance stressors. However, that we found statistically significant effects within the peer
rejection condition in this small sample highlights the importance of including this stressor
domain in future studies. Third, the peer rejection session was perceived as less intense than
the performance session (Figure 1), likely due to increased ethical concerns from the
investigators and study staff in administering rejection versus performance stressors. Thus, it
is possible that differences in developmental influences on and specificity of physiological
responses to peer rejection versus performance stressors were due to differences in intensity
rather than differences in stressor domain. However, given that SNS and cardiovascular
responses are typically associated with stressor intensity, stronger sAA and SBP responses to
peer rejection relative to performance stressors suggests that specificity of physiological
response and developmental influences were not due to differences in stressor intensity. Fourth,
participants were primarily Caucasian and middle to upper-middle class in terms of socio-
economic indicators. Given evidence for differences in stress response by race and socio-
economic status in children, future studies with more diverse samples are needed (Lupien,
King, Meaney, & McEwen, 2001; Murphy, Alpert, Walker, & Willey, 1988). Fifth, although
the adolescent transition is a critical period for the emergence of gender differences in
psychopathology and previous studies have revealed gender by stressor type interactions in
adults (Stroud et al., 2002), the study was not adequately powered to examine interactions of
age and stressor type with gender. Finally, although sAA has been validated as a surrogate
marker for the SNS, given discrepant results between the present study and Gunnar et al (this
issue), future studies involving pure measures of SNS as well as PNS reactivity to ecologically
valid stressors are needed.

In sum, paralleling increases in depression and psychopathology over adolescence, we found
pronounced increases in stress response across multiple physiological systems over the
adolescent transition. Developmental influences differed by stressor domain and physiological
stress system, highlighting the importance of assessing responses to multiple developmentally-
relevant stressor domains and across multiple physiological stress systems. Synthesizing with
prior studies in human infants and a body of preclinical research documenting a rodent stress
hyporesponsive period (SHRP), results raise the possibility of a normative period of relatively

Stroud et al. Page 16

Dev Psychopathol. Author manuscript; available in PMC 2009 June 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



buffered physiological stress response in humans lasting until the pubertal/adolescent
transition. Results from the present study and the possibility of a human SHRP have important
implications for elucidating mechanisms underlying increases in depression and other
psychiatric disorders over the adolescent transition.
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Figure 1.
Self-reported negative affect ratings (means ± SEM) over performance and peer rejection stress
sessions for children (≤ 12 years) and adolescents (13+ years). Stressors included public
speaking (speech), mental arithmetic (math), and mirror star tracing (tracing) for the
performance session, and three exclusion interaction challenges (interact 1, interact 2, interact
3) for the peer rejection session. Duration of the stress period is highlighted in grey.
Note. Affect values represent levels along a 3-point Likert scale.
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Figure 2.
Salivary cortisol levels (means ± SEM) over performance and peer rejection stress sessions for
children (≤ 12 years) and adolescents (13+ years).
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Figure 3.
Salivary alpha amylase activity (means ± SEM) over performance and peer rejection stress
sessions for children and adolescents. Duration of the stress period is highlighted in grey.
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Figure 4.
Systolic blood pressure (means ± SEM) over performance and peer rejection stress sessions
for children and adolescents.
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Figure 5.
Diastolic blood pressure (means ± SEM) over performance and peer rejection stress sessions
for children and adolescents.
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Figure 6.
Heart rate (means ± SEM) over performance and peer rejection stress sessions for children and
adolescents.
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