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Abstract

Parental support is a powerful regulator of stress and fear responses for infants and children, but
recent evidence suggests it may be an ineffective stress buffer for adolescents. The mechanisms
underlying this developmental shift are not well-understood. The goal of the present study was to
examine the independent and joint contributions of pubertal status and chronological age in
explaining this shift. A sample of 75 typically-developing youth (M age = 12.95 years, SD = 0.70,
range = 11.7-14.6 years; 37 females) was recruited to complete a modified Trier Social Stress Test
(TSST-M) in the laboratory. Participants were recruited in such a way as to disentangle pubertal
stage and chronological age by phone screening for markers of pubertal stage and then recruiting
roughly equal numbers of younger and older, pre/early and mid/late pubertal youth who were then
randomly assigned within groups to condition. The TSST-M was used as the stressor and youth
prepared either with their parent or stranger (parent condition: N = 39). Pubertal stage was
confirmed by the Petersen Pubertal Development Scale at the time of testing and treated, along
with chronological age, as a continuous variable in the analyses. The results revealed an
interaction of pubertal stage and support condition for cortisol reactivity to the TSST-M such that
preparing for the speech with the parent became a less potent buffer of the HPA axis as pubertal
stage increased. Age did not interact with condition in predicting cortisol reactivity. In contrast,
the parent’s presence during speech preparation decreased in its effectiveness to hasten recovery
of the HPA axis as children got older, but pubertal stage was not predictive of recovery rate. These
patterns were specific to cortisol and were not observed with salivary alpha-amylase levels or
subjective stress ratings for the task. These analyses suggest that the switch away from using
parents as social buffers may be the result of neurobiological mechanisms associated with puberty.
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1. Introduction

For the young of many mammalian species including our own, contact and proximity with
the attachment figure is critical to survival. When threatened or stressed, young animals and
children seek this proximity and the presence of the attachment figure provides a powerful
buffer of the infant’s fear and stress systems (Hennessy et al., 2009). Termed parental social
buffering, this regulating effect of the attachment figure’s presence on key stress mediating
systems, such as the hypothalamic-pituitary-adrenocortical (HPA) system, has been
demonstrated multiple times in infants and toddlers (Gunnar et al., 1996; Nachmias et al.,
1996; Spangler and Schieche, 1998; Ahnert et al., 2004).

Stress buffering has been observed in adults as well. Among adults, romantic relationship
partners (Kirschbaum et al., 1995) and close friends (Fontana et al., 1999; Uno et al., 2002)
have been shown to reduce cortisol and autonomic responses to social stressors.
Furthermore, the presence of another person is not sufficient for stress buffering; instead, it
seems that a degree of intimacy with the person providing the buffering is required
(Kirschbaum et al., 1995). Indeed, for adults, a period of self-disclosure that enhances
intimacy is sufficient to increase the value of a stranger’s presence as a source of social
buffering of the HPA axis (Smith et al., 2009).

Until recently, there had been little work examining parental social buffering beyond
infancy. One research group did show that among 7- to 12-year old females, recovering
from a social stressor task with their mother reduced cortisol to baseline faster than doing so
without any maternal contact, and even talking to their mother on the phone provided some
benefit (Seltzer et al., 2010). This study also showed that contact with the mother, in person
or by phone, increased the production of oxytocin (Seltzer et al., 2010). In work with adults,
nasal oxytocin has been shown to produce effects comparable to a partner’s presence in
reducing cortisol responses to a social stressor task (Heinrichs et al., 2003). Evidence of
oxytocin as a potential mediator or correlate of social buffering underscores the importance
of the bond between social partners as critical to the buffering potency of the other person’s
presence.

One question with regards to parental social buffering is how long in development the
buffering potency of the parent lasts. If social buffering organized around parents is part of
an immature mode of coping with danger and threat, then one would expect it to diminish in
potency as the child approaches independence. Recently we examined the effectiveness of
the parent as a social buffer of the HPA axis among children aged 9- and 10-years-old and
adolescents aged 15- and 16-years-old (Hostinar et al., 2015). Among the children, the
presence of the parent during the time the child prepared for the speech in the Trier Social
Stress Test completely blocked elevations in cortisol despite the fact that the parent was not
present during the speech and math section of the task. Among the adolescents the parent’s
presence had no effect. In addition, as would be expected, basal levels of cortisol were
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higher among the adolescents than the children (Dahl and Gunnar, 2009). In other work,
researchers have shown that with adolescence, the mother’s presence no longer buffers the
amygdala responses to threat stimuli, allowing fear conditioning to occur even when the
mother is present and not indicating fear of the conditioned stimulus (Gee et al., 2014).

Thus, there is evidence of a reduction of parental social buffering potency with the transition
from childhood to adolescence. The question addressed in this study is the extent to which
this reduction is associated with puberty or with age changes in processes that are unrelated
to puberty. We hypothesized that the capacity of the parent’s presence to reduce reactivity of
the HPA axis to a social stressor would decrease in relation to pubertal stage and not child
age. To provide a more fine-grained analysis, we differentiated reactivity and recovery
components of the HPA response to the social stressor task as suggested by Juster and
colleagues (2012). To help determine whether the parent’s presence operated through
reducing how frightened or anxious the children were, we obtained the children’s self-
reports of stress at different points in the procedure. We also collected measures of alpha-
amylase, an indirect indicator of autonomic arousal, to examine whether this phenomenon is
specific to the HPA axis or applies to both stress-mediating systems.

2. Methods

2. 1. Participants

A total of 81 youth ages 11-14 were recruited from a department-maintained participant
pool and were enrolled in the study. Exclusion criteria included the use of steroid or
psychotropic medications, and diagnosis of Autism Spectrum Disorder, Fetal Alcohol
Spectrum Disorder, or any other developmental disorder. Six adolescents were excluded
from analysis for taking medications that likely affect cortisol levels (e.g., corticosteroids,
diabetes injections, vasopressin analogues, antidepressant, testosterone injections, beta-
blockers, immunosuppressants). Participant data below is reported without these 6 excluded
participants. A total of 75 typically developing youth (M age = 12.95, SD = 0.70, range =
11.67-14.58 years; 37 females) were included in all analyses. Approximately half of each
sex was assigned to prepare for the stressor task with their parent present (23 males/16
females) and the others prepared with the stranger present (15 males/21 females). To
balance pubertal status between the sexes, the average age of the males (M age = 13.27
years, SD = 0.69, range: 11.75-14.58) was about a half-year older than that of the females
(M age = 12.62 years, SD = 0.53, range: 11.67-13.67). Participants were randomly assigned
within age and pubertal groups to prepare their speech with either a parent or stranger
(parent condition: N = 39).

Annual household income ranged from less than $15,000 to more than $200,000 per year.
The percent of families that had incomes greater than $150,000 was 25.6, 57.7% had
incomes from $75,001-150,000, 14.1% had incomes from $35,001-75,000, and 2.6% had
incomes less than $35,000. There were three individuals who refused to report income. The
distribution for parental educational level (of the parent who attended the session) was
13.9% high school or GED graduate, 7.6% 2-year college or associate’s degree, 41.8%
bachelor’s or 4-year college degree, and 36.7% postgraduate degree (two individuals did not
report education level). Neither parent education nor family income differed as a function of
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sex, pubertal status or parent/stranger condition. There was a significant correlation between
age and parent education, with older adolescents having a parent with lower educational
attainment r(73) = -0.26, p = 0.03, but there was no relation between age and income level,
p > 0.10. The procedures and purposes of the study were approved by the University of
Minnesota Institutional Review Board. Parents were recruited by phone, and those who did
not meet exclusion criteria and agreed to have their adolescents participate were scheduled.

2. 2. Procedures

2.2.1 Recruitment—Potential participants were stratified by age into younger and older
groups. For males, younger was defined as being below 13.5 years old, and for females,
younger was defined as being below 12.5 years old. A phone recruiter asked parents of
males 5 questions from the Petersen Pubertal Development Scale (described below) in order
to classify participants as pre-pubertal or pubertal. For females, the recruiter asked parents if
their daughter had begun menstruating in order to classify her as pre-pubertal or pubertal.
Youth were then recruited to obtain roughly equal numbers of pre/early and mid/late
pubertal participants in the younger and older age group. This method allowed us to reduce
the association between age and pubertal stage so that both factors could be examined in the
same analysis without problems of co-linearity. The final numbers of male and female
children in each puberty/age group are shown in Table 1.

2.2.2 Pubertal status—Once at the laboratory, pubertal status was re-assessed using
adolescent self-report. The Pubertal Development Scale (Petersen et al., 1988; Carskadon
and Acebo, 1993) assessed the extent of participants’ sex-specific bodily changes associated
with puberty onset: growth in height, body hair, skin changes, deepening of voice, and facial
hair for males; growth in height, body hair, skin changes, breast development, and
menstruation for females. Responses were 1 = not yet started, 2 = barely started, 3 =
definitely started, and 4 = seems complete (Carskadon and Acebo, 1993). Menstruation was
coded as 1 if it had not begun and 4 if it had begun. This measure yields a mean score from
1 (puberty has not begun) to 4 (puberty is complete), which was used for analysis of puberty
as a continuous variable. A check on the effectiveness of the recruitment strategy revealed
that, as planned, age and pubertal stage were not correlated, r(75) = 0.06, p = 0.64.

2.2.3 Session timeline—Participants were scheduled for one session in which all data
were collected. All participants were accompanied by a parent and arrived to the laboratory
between 15:30 and 16:30 in order to account for diurnal variation in cortisol. Parents were
told over the phone that mothers were preferred to accompany the adolescent to the session
but that fathers could attend if needed. Mothers (77%) were the parent in most of the
sessions with no difference in sex of parent across age groups (2, N = 75) = 2.19, p = 0.34,
pubertal groups ¥2(2, N = 75) = 2.36, p = 0.31, or conditions x2(2, N = 75) = 1.45, p = 0.47.
Each session included the following timeline (see Figure 1): (1) Parent and child worked
independently on questionnaires in the laboratory after the consent process (30 min), (2)
saliva sample #1 collection, then participant moved to a separate room (either with parent or
with female experimenter) and received TSST-M instructions for the speech preparation
period (5 min), (3) speech preparation with parent or stranger (5 min), (4) sample #2;
participant moved to speech room and completed TSST alone regardless of condition (10
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min), (5) samples #3-7; participant relaxed with parent regardless of condition while
working on questionnaires (samples collected every 10 min), (6) debriefing of both
participants and parents was conducted. The only part of the experiment that differed by
condition was the 5-minute speech preparation period with the parent or experimenter; all
participants were with their parent before speech preparation and after the completion of the
TSST-M.

2.2.4. Stress paradigm—The stressor procedures were identical to those described in
Hostinar et al. (2015) and will be summarized here. A modified version of the Trier Social
Stress Test (TSST-M; Yim, et al., 2010) was used in which youths are asked to imagine they
are introducing themselves to a new classroom of students and they should tell the class
some good and bad characteristics about themselves. This was followed by the standard
TSST-C mental arithmetic (Buske-Kirschbaum et al., 1997). In addition, rather than two live
judges, the participant was told that there were two teachers behind a one-way mirror who
would judge their performance. The teachers introduced themselves via pre-recorded
audiotape. Prior to the TSST-M, participants were randomly assigned to condition.
Participants in the parent condition received support from their parent, who was instructed to
assist their child in any way deemed useful. In the stranger condition, the participant’s
parent remained in the waiting room while the stranger sat in the room and supported the
participant for the duration of their speech preparation. In both conditions, the participants
were alone in the room during the TSST-M.

2.2.5. Cortisol and alpha-amylase—Eight saliva samples were collected throughout the
research session to provide baseline, response, and recovery cortisol and alpha-amylase
levels. Participants used the passive drool method to collect saliva through a straw into pre-
labeled 1.5mL Eppendorf (Hamburg, Germany) tubes. Participants were instructed to refrain
from consuming large, protein-filled meals, milk, caffeine, or energy drinks for two hours
before arriving at the laboratory. After collection of all samples, saliva was stored in a
-20°C laboratory freezer until being shipped to the University of Trier, Germany for
assaying. A time-resolved fluorescence immunoassay (dissociation-enhanced lanthanide
fluorescent immunoassay [DELFIA]) was used to detect cortisol levels. Alpha-amylase was
measured using 2-chloro-4-nitrophenyl-alpha-D-maltotrioside as a substrate (Lorentz et al.,
1999). Optical density was measured after 1 minute of incubation and then again after 2
minutes of further incubation, and the difference between these measurements was
calculated. Using this measurement and other factors (e.g., sample volume, dilution factor),
the activity of alpha-amylase was calculated. Intra-assay CVs for cortisol and alpha-amylase
ranged from 4.0% to 6.7%, and inter-assay CVs ranged from 5.38% to 7.46%. All eight
samples from each participant were assayed in duplicate and within the same batch to
prevent between-batch variation. An average of duplicate samples was used in analyses.

2.2.6 Daily diary—The parent and child each completed a daily diary for which they
reported information about the participant relevant to cortisol collection including time of
wake-up, medication usage, caffeine consumption, physical activity, distressing events
experienced that day (e.g. arguments with siblings or parents), and number of hours of sleep
during the previous night. Adolescent reports were the primary source of information.
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However, for type of medication used by the adolescent, the parent’s report on this variable
was used instead when the child’s information was missing, too vague or incomplete. After
excluding participants taking medications with known effects on cortisol, a medication
count variable was created using the Granger and colleagues (2009) method (M = 0.23, SD =
0.63, range 0-2). Time since wake was calculated by subtracting the adolescent’s reported
time of wake from the time of first saliva sample collection.

2.2.7 Self-reported stress—Participants completed a questionnaire asking how stressed
they felt at five different points in the assessment: arrival to the session, speech preparation,
speech delivery, math assessment, and at the end of the session (e.g., “How stressful was
giving the speech?”). They could respond as 1 = calm, 2 = low stress, 3 = medium stress, 4 =
somewhat high stress, 5 = very high stress. On average, adolescents showed large increases
in perceived stress levels during the speech and math portions of the TSST-M: arrival (M =
1.84, SD = 0.90), speech preparation (M = 2.76, SD = 0.99), speech (M = 3.86, SD = 0.85),
math (M = 3.82, SD = 1.06), and end of session (M = 1.44, SD = 0.67).

2.3 Data Analytic Plan

A piecewise latent growth curve model was used to examine the cortisol and alpha-
responses around a theoretically meaningful time point (the onset of the TSST). The
reactivity and recovery slopes for both cortisol and alpha-amylase were extracted using
estimates derived in Mplus in order to test hypotheses about reactivity and recovery with
linear regression models. Although most individuals’ cortisol levels peaked 10 minutes post-
TSST-M and alpha-amylase levels peaked immediately post-TSST, some individuals peaked
10 minutes later for either measure. As a result, landmark registration was used so that each
person’s peak alpha-amylase and cortisol responses were utilized as the point of highest
reactivity and the beginning of recovery. Typically peak cortisol levels were 20 to 30
minutes post-TSST onset, so reactivity was the slope of cortisol between the onset of speech
preparation and their peak cortisol level. The peak in alpha-amylase levels was typically 10
to 20 minutes post-TSST onset, so reactivity was the slope between speech preparation onset
and the peak alpha-amylase level. Recovery was measured from the peak to the final
sample. Although subjects were recruited into pubertal and age groups, age and pubertal
status were examined continuously in the analyses. Four linear regressions were conducted
(2 cortisol/alpha-amylase by 2 reactivity/recovery) with age, pubertal stage and condition
(parent vs. stranger) as the primary independent variables in Step 1 of the regressions. If sex,
medication count, or time-since-wake significantly predicted cortisol or alpha-amylase
reactivity or recovery, it was included in the analysis as a covariate. For cortisol reactivity,
the Mplus-derived cortisol intercept before the start of the TSST-M was included as a
covariate; for cortisol recovery, both the cortisol intercept and reactivity slope were included
to control for their effects. For alpha-amylase reactivity, the Mplus-derived alpha-amylase
intercept before the start of the TSST-M was used as a covariate; for alpha-amylase
recovery, both alpha-amylase intercept and reactivity slope were used. Age x puberty,
puberty x condition, and age x condition interactions were entered into step 2. The 3-way
age x puberty x condition interaction was entered into the 3" step of the regression. Finally,
similar analyses were conducted with Mplus-derived self-reported stress reactivity (slope
from arrival at lab to speech delivery) and recovery (speech delivery to end of session) as
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dependent variables and age, puberty, and condition (and their interactions) to determine
whether stress buffering acts by decreasing subjective feelings of stress.

3. Results

The results for the cortisol analyses are shown in Tables 1 and 2. There were significant
effects of cortisol intercept on reactivity with higher intercepts associated with lower
reactivity. Age was positively associated with reactivity. Sex and medication count did not
predict cortisol reactivity, so these were excluded from the final equations. Finally, the
puberty by condition association was not significant but provided an indication of potential
effects on reactivity in the predicted direction (p = .08, Table 2). Specifically, preparing for
the speech with the parent was associated with reduced reactivity for the youth at earlier but
not later pubertal stages. To probe the effect of puberty by condition, the pre-pubertal vs.
pubertal groups were used for analysis rather than the continuous variable. These follow-up
analyses were conducted using pre/early pubertal versus mid/late pubertal stage
categorically grouped female participants as mid/late pubertal if they had begun
menstruating, and males as mid/late pubertal if their average scores were 2.5 or greater. In
this analysis, all of the significant effects of the continuous analysis remained. In addition,
the pubertal stage by condition interaction was significant, f=0.15, t(74) = 2.38, p < 0.05
(see Figure 2). Simple slopes analysis revealed that, as predicted, the effect of condition is
significant in the adolescents in early puberty (t = -2.08, p < 0.05) but not mid-to-late
puberty, (t=1.32, p =0.19).

Considering the regression examining cortisol recovery (Table 3), as shown with cortisol
reactivity in the model, cortisol intercept predicted a faster recovery. In addition, age but not
puberty interacted with condition, = 0.23, t(74) = 2.08, p < 0.05, suggesting that with age
the parent’s presence had less of an impact on recovery of the HPA axis. However, simple
slopes analysis was not statistically significant in the parent condition, t = 1.81, p = 0.08, or
the stranger condition, t = - 1.13, p = 0.26. Sex and medication count did not predict cortisol
recovery and were not included in the final analysis. Graphs of the mean cortisol levels by
condition for each puberty x age group can be found in Figure 3.

The analysis of alpha-amylase revealed a pattern of reactivity to the stressor and recovery
(Figure 4). However, with the exception of higher alpha-amylase intercept predicting slower
recovery, f=0.57, t(74) =5.71, p < 0.001, all of the other covariates, predictors and their
interaction were non-significant (p’s > .10). [The analyses are available upon request].

A regression with self-reported stress reactivity controlling for the Mplus-derived stress
intercept suggested a potential effect of condition with lower reported stress in the parent
condition, f=-0.21, t(74) = -1.95, p = 0.06, and no main effects of age or puberty (p’s > .
10). There was a significant interaction between pubertal status and age, 5= -0.26, t(74) =
-2.43, p < 0.05, with the young pubertal participants having the greatest self-reported stress
reactivity. Simple slopes analyses examining this interaction revealed a significant effect of
puberty within the older adolescents (t = =3.17, p < 0.01), but not the younger adolescents (t
=0.51, p = 0.62). No other interactions were significant (p’s > .10). Self-reported stress
recovery controlling for intercept and stress reactivity was predicted by pubertal status, f=
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-0.15, t(74) = -2.44, p < 0.05, with pubertal participants reporting faster recovery than pre-
pubertal participants. No other main effects or interactions were significant (p’s > .10).

3. 1. Conclusions

Age was positively associated with cortisol reactivity to the TSST-M. There was an
interaction between pubertal stage (early vs. mid-late puberty) and condition on reactivity
such that preparing for the speech with the parent was associated with reduced reactivity for
the youth in early puberty but not mid-late puberty. For cortisol recovery, the parent’s
presence had less of an impact on recovery of the HPA axis with age. This pattern of
buffering in cortisol levels was not observed in alpha-amylase levels or subjective stress.

4. Discussion

The current study is the first to examine the distinct roles of pubertal-versus age-related
changes in parental social buffering of the HPA axis. This study not only attempts to
disentangle the effects of age and puberty but considers two important parameters of HPA
axis functioning separately: reactivity and recovery. Importantly, reactivity of the HPA axis
represents activation of the system and mobilization of resources whereas recovery
represents regulation of the HPA axis and return to baseline. Probing different components
of HPA activity offers a more complete picture of overall functioning (e.g., Juster et al.,
2012), and simultaneously considering the effects of age and puberty can shed light on
specific mechanisms of operation at each level. Results of the current study suggest that
parents have diminished effectiveness in buffering HPA axis reactivity as adolescents
advance in pubertal development. This finding is in line with previous research
demonstrating strong increases in cortisol reactivity as a function of puberty (e.g., Gunnar et
al., 2009; Stroud et al., 2009; Blumenthal et al., 2014). Thus, it is possible that parental
buffering of reactivity operates through a number of neurophysiological mechanisms that
shift during puberty. Such pathways may include changes in neural activity, which enhance
sensitivity to social-evaluative threat across puberty or alter neural connections between
regions of the brain associated with social processing and evaluation of threat. It is possible
that children need maternal support to demonstrate more mature affective processing while
adolescents have more developed connectivity that allows them to process in a more
independent manner. However, adolescents may not have fully developed the capabilities to
appropriately deal with stressors independently of parents, which could result in psychiatric
symptoms and disorders without significant support. This hypothesis should be tested in
future research as PFC-amygdala connectivity may moderate HPA activity under conditions
of psychosocial stress. Changes in oxytocin system functioning may also render parents
ineffective at moderating reactivity to threat (Hostinar et al., 2014). Indeed, animal models
have demonstrated that the oxytocin system undergoes extensive changes across puberty,
including a substantial increase in oxytocin-containing neurons in the hypothalamus (van
Eerdenburg et al., 1990) and upregulation of neuronal oxytocin mRNA (Chibbar et al.,
1990), which is driven by both gonadal steroids and neural maturation. Studies have
demonstrated increases in oxytocin and decreases in HPA activation when parental support
is provided in childhood (Seltzer et al., 2010) and friend or partner support is provided in
adulthood (Heinrichs et al., 2003; Grewen et al., 2005; Kirschbaum et al., 1995). Therefore,
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it seems that changes in oxytocin system functioning that accompany puberty may at least
partially explain our finding that parents lose their buffering power as adolescents progress
in pubertal development.

While parental buffering of HPA activation depends on puberty, conversely, the parental
buffering of HPA axis recovery appears to depend more on age. The fact that parents were
less able to help adolescents recover from the stressor with age suggests that parents lose the
ability to assist in recovery from a stressor across adolescence, independent of pubertal
development. It may be that parents are able to help younger but not older adolescents
because older adolescents rely more on peers for social support following stress.
Alternatively, perhaps no one can assist older adolescents in their recovery from stress. If no
individual is able to assist in recovery from a stressor, this could explain the general increase
in stress-related psychopathology (e.g., depression) observed in adolescence (see Costello et
al., 2011, for review). Another possibility is that, with age, more developmentally salient
individuals (i.e., peers or romantic partners) are more effective at helping adolescents return
to baseline.

Theoretically, the idea that peers, specifically friends, better regulate the stress response for
older adolescents is more likely. Adolescents report becoming more emotionally intimate
with peers while becoming more distant from parents with age (Hunter and Youniss, 1982;
Cauce, 1986; Harris, 1995; Hartup, 1996). As intimacy has been described as a key feature
of the social buffering of stress (Smith et al., 2009), it is plausible that friends rather than
parents may be better at helping older adolescents return to baseline after initiation of the
stress response. Indeed, a study of older adolescents ages 12-16 revealed that recovering
from a stressor with a friend who exhibited low negative qualities in the friendship was
related to better HPA axis recovery (Calhoun et al., 2014). Our results suggest that the social
changes associated with increasing age explain why parents were ineffective at helping to
regulate the stress response for older adolescents in our sample. Future research must
examine how parent-child interactions in the lab and the quality of the parent-child
relationship as perceived by both the parent and adolescent predict cortisol reactivity in
response to psychosocial stress.

The results also showed that the pubertal shift in parental buffering did not extend to self-
perceptions or activity of the autonomic nervous system as indexed by alpha-amylase.
Overall, regardless of age or pubertal status, the youth showed a trend-level effect of
reporting lower stress-reactivity if they prepared for the TSST-M speech with their parent.
Youth who were further along in the pubertal transition reported faster recovery, regardless
of whether they prepared with their parent or not. Thus, self-report revealed a non-
significant but suggestive parental buffering effect that did not diminish with age or puberty.
Alpha amylase showed a marked stress response and rapid recovery regardless of condition,
age or pubertal status. These findings indicate that the pubertal shift in parental buffering of
the HPA axis must rely on mechanisms that are independent of self-perception and
regulation of the autonomic system. The salivary alpha-amylase findings also suggest that
increasing autonomic output was needed in order to stand, give a speech and respond to
mental arithmetic problems, and thus regardless of the parent’s presence, the child needed to
increase energy availability. The same was not true of the HPA axis. Elevations in cortisol
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were probably not essential for performing the motoric and cognitive functions required by
the TSST-M task.

Findings of the current study should be interpreted in the context of its limitations. First, our
assessment of puberty relied on self-report. Although self-reported pubertal status is known
to correlate with physicians’ physical assessment of pubertal development (e.g., Shirtcliff et
al., 2009), it is always a possibility that adolescents in our sample were inaccurate and/or
biased reporters (Dorn, Susman, Nottelmann, Inoff-Germain, & Chrousos, 1990). Therefore,
future studies attempting to replicate this finding may benefit from utilizing physical
examinations to objectively determine pubertal status. Likewise, previous studies have
found that increased cortisol reactivity accompanies pubertal development primarily in
females (Stroud et al., 2009). We did not find sex effects in the current study, and it is
possible that our small sample size limited our power to detect sex differences. It should also
be noted that we allowed the sex of the parent to vary. While most of the time it was the
mother who accompanied the youth, in 17 cases it was the father. Because the sex of parent
was not confounded with condition, age or pubertal status, this cannot account for the
results. Nonetheless, in the future it would be good to examine whether mothers and fathers
provide similar or different stress buffering potency and also whether at this age the quality
of the parent-youth relationship makes a difference in how buffering potency survives the
transition from childhood to adolescence and from dependence to independence. Further,
regardless of condition, the adolescent spent time both before the speech preparation period
and after the TSST-M with the parent, which could have influenced our results. Particularly
in the recovery phase, parental presence may result in individual differences in the rate at
which all individuals return to baseline. However, it is also remarkable that there are still
effects of social buffering on reactivity and recovery after just 5 minutes with the parent
versus a stranger. Finally, there may be differences in responses between TSST protocols.
For example, in this study there were no judges present in the room, and this may lead to
differences in perceived stress or cortisol reactivity compared to a protocol where the panel
of judges are in the room with the participant. This possibility should be further explored in
future research.

In conclusion, results suggest that different aspects of development (i.e., puberty and age)
distinctly affect the ability for parents to regulate different components of the HPA stress
response (i.e., reactivity and recovery), and that parental buffering is specific to the HPA
axis compared to the autonomic nervous system. Increased reliance on friends with age may
contribute to the shift in HPA regulation (i.e., recovery from stress), while
neurophysiological changes that accompany puberty may contribute to the shift in parental
buffering of reactivity. It is also possible that parents do not fully lose effectiveness in social
buffering of reactivity with puberty or assisting in recovery with age, but that the process of
parental buffering may be stressor-specific. As such, at this point we can only conclude that
parents lose their HPA axis buffering potency with the child’s puberty when children are
confronted with social-evaluative stressors. It remains to be seen if this developmental
change is also true for other types of stressors.

To further clarify mechanisms of operation, future research should employ longitudinal
designs that capture the specific point in pubertal development when parents lose buffering
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over HPA axis reactivity to social stressors, which may shed light on the particular neural
and/or hormonal systems involved. For example, localizing the loss of parental buffering at
a certain pubertal stage may suggest that systems known to develop at that point in time
contribute more to the shift. Furthermore, assessing the psychosocial events that may
contribute to loss of parental regulation of HPA axis recovery with age will be particularly
fruitful and may help inform intervention strategies. As a result, understanding potential
mechanisms of the social buffering effect may inform treatments that decrease the
deleterious effects of chronic or prolonged activation of the HPA stress system.
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TSST Protocol Timeline
Samples 0 30 40 50 60 70 80 90
1 1 1 1 1 L 1 1
1 1 1 1 1 T I 1
Relax with Prep TSST Relax with parent while completing
parent (Parent/ questionnaires
Stranger)
Figure 1.

N = 75. A timeline of the TSST-M protocol by minutes since the beginning of the session.
The first saliva sample used to compute reactivity was collected at 30 minutes after the start
of the session, and the following 6 samples were collected every 10 minutes after the first.
Note that the only difference in parent presence for the two conditions is during speech

preparation.
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Figure 2.
N = 75. Cortisol Reactivity (nmol/L) for adolescents in pre/early pubertal stage vs. mid/late

pubertal stage when preparing with a parent or with a stranger. Sample 1 was collected at the
beginning of the speech preparation period, and samples 2—7 were collected every 10
minutes thereafter. Samples 4-5 represent the peak of cortisol production post-TSST that
occurred 20-30 minutes after the onset of the speech. Means for each sample were
calculated controlling for the effect of age and cortisol levels at arrival to the session. Simple
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slopes analysis revealed that the effect of condition is significant in the adolescents in early
puberty (p < 0.05) but not mid-to-late puberty (p = 0.19).
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Figure 3.

N = 75. Mean cortisol levels (nmol/L) across the session for the 4 puberty x age groups.
Samples 4-5 represent the peak of cortisol production post-TSST that occurred 20-30
minutes after the onset of the speech.
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1 2 3 4 5 6
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Figure 4.
N = 75. Alpha-amylase level (U/mL) across the session. The peak at sample 3 represents the

alpha-amylase level at the end of the TSST-M.
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Number of male and female participants in each puberty/age group.

Table 1

Group Male Female Total
Pre-Early Puberty/Younger 13 10 23
Pre-Early Puberty/Older 7 9 16
Mid-Late Puberty/Younger 9 9 18
Mid-Late Puberty/Older 9 9 18
Total 38 37 75

Page 20

Note. Total N = 75. Numbers shown were for recruitment purposes only, to tease apart age and pubertal status. Analyses used continuous measures

of pubertal status and age.
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Table 2
Variable B SE(B) B t-value p-value
Step 1
Cortisol Intercept -040 003 -0.82 -1260 (go**™*
Pubertal Status -0.03 0.04 -0.05 -0.69 0.49
Age 010 004 017 263 0.01*
Condition -0.02 004 -0.04 -0.56 0.58
Step 2
Cortisol Intercept -040 003 -0.82 -1258 (go***
Pubertal Status -0.02 0.04 -0.04 -0.57 0.57
Age 010 004 018 270  gg**
Condition -0.02 004 -0.04 -0.54 0.59
Puberty x Age 0.00 0.04  0.00 0.00 1.00
Age x Condition 0.03 0.04 0.04 0.652 0.52
Puberty x Condition 008 004 013 1.89 0.06"
Step 3
Cortisol Intercept -040 003 -0.82 -1251 (qgo***
Pubertal Status -0.02 004 -003 -0.46 0.65
Age 010 004 017 249 0.02*
Condition -0.02 004 -003 -048 0.63
Puberty x Age 0.00 0.04 0.00 0.00 1.00
Age x Condition 0.03 0.04 0.04 0.63 0.53
Puberty x Condition 007 004 012 1.81 0.08t
Age x Puberty x Condition -0.02  0.04 -0.03 -0.41 0.68

Page 21

Note. N = 75. Hierarchical linear regression results with cortisol reactivity (Mplusgenerated) as the dependent variable. < 0.10t, < 0.05*, < 0.01**,

< 0.001***,
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Table 3
Variable B SE(B) B t-value p-value
Step 1
Cortisol Intercept -003 001 -063 -316 (go**
Cortisol Reactivity -0.03 002 -026 -1.29 0.2
Time Since Wake -001 001 -025 -225 0.03"
Pubertal Status 0.00 001 -001 -011 0.91
Age 0.00 0.01 0.06 0.53 0.6
Condition 0.00 001 -0.01 -0.05 0.96
Step 2
Cortisol Intercept -004 001 -070 -354 (oo**
Cortisol Reactivity -0.04 002 -034 -171 g9t
Time Since Wake -0.01 001 -026 -240 0.02*
Pubertal Status 0.00 001  0.00 0.02 0.99
Age 0.01 0.01 0.09 0.80 0.43
Condition 000 001 000 -0.02 0.99
Puberty x Age 0.01 0.01 0.10 0.88 0.38
Age x Condition 002 001 023 2.08 0.04*
Puberty x Condition 0.01 0.01 0.09 0.79 0.43
Step 3
Cortisol Intercept -0.04 001 -070 -347 oo™
Cortisol Reactivity -0.04 002 -034 -1.66 0.1
Time Since Wake -0.01 001 -026 -235 0.02*
Pubertal Status 0.00 001 -001 -0.09 0.93
Age 0.01 0.01 0.10 0.89 0.38
Condition 000 001 -001 -0.08 0.94
Puberty x Age 0.01 0.01 0.10 0.87 0.39
Age x Condition 002 001 023 2.08 0.04*
Puberty x Condition 0.01 0.01 0.10 0.84 0.40

Age x Puberty x Condition ~ 0.00 0.01 0.06 0.49 0.63

Note. N = 75. Hierarchical linear regression results with cortisol recovery (Mplusgenerated) as the dependent variable. < 0.10t, < 0.05*, < 0.01**,
< 0.001***,
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