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Abstract

This study adopted a person-centered approach to identify preadolescent salivary cortisol (sC) and
alpha-amylase (SAA) co-activation response patterns and examine links to behavioral functioning
and coping. Children (A=151, 51.7% male) were exposed to the Trier Social Stress Test (TSST)
and one of two randomly-assigned, post-TSST coping conditions: distraction or avoidance. Multi-
trajectory modeling yielded four child subgroups. Child internalizing and externalizing positively
predicted High—sC High sAA relative to Low sC-Low sAA and Low sC-High sAA relative to
High sC-Low sAA subgroup membership, respectively. Low sC-Low sAA children demonstrated
more efficient sC recovery when primed with distraction and more protracted sC recovery when
primed with avoidance. For High sC-High sAA, internalizing children, the opposite was true.
Findings illustrate adjustment-linked variability in preadolescent SC-sAA co-activation response
patterns that further articulates for whom effortful coping works to effectively manage stressor-
induced neuroendocrine activation.
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Introduction

Hypothalamic-pituitary-adrenal axis (HPA) and sympathetic-adrenomedullary system
(SAM) co-activation has been implicated in the development of psychopathology (Bauer,
Quas, & Boyce, 2002; Hastings et al., 2011), leading to the need to understand individual
differences in HPA-SAM co-activation in childhood and adolescence. Theorists have
posited that both symmetrical (e.g., high HPA-high SAM, low HPA-low SAM) and
asymmetrical (e.g., low HPA-high SAM, high HPA-low SAM) activity is potentially
reflective of neuroendocrine response dysregulation linked to children’s internalizing and
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externalizing behavior (Bauer et al., 2002). When assessed via HPA (salivary costisol, sC)
and SAM (salivary alpha-amylase, SAA) indices in response to laboratory stressor
paradigms, early adolescent studies have found mixed support for each proposition. Thus,
there remains a lack of consensus on what constitutes well-functioning as well as
dysregulated HPA-SAM co-activation response patterns.

The evidence supporting these views is based on variable-centered approaches that assume
preadolescents exhibit more or less the same pattern of HPA-SAM co-activation. However,
theory suggests that preadolescence is a period of substantive reformation to the HPA and
SAM, when children are exposed to novel psychosocial stressors that shape their
development (Spear, 2000; Steinberg, 2014). If so, then variable-centered approaches may
overlook the possibility that certain subgroups of children evidence qualitatively distinct
patterns of HPA-SAM co-activation that may be uniquely linked to their behavioral
adjustment. Person-centered approaches that incorporate multiple, theory-driven
neuroendocrine response indices (e.g., sC, SAA) have the potential to identify these
subgroups. Such an approach may also provide a more precise approximation of theoretical
cross-system activation patterns (Bauer et al., 2002) that index healthy functioning or signal
risk for psychopathological development (Rutter, 2007).

Children’s coping, defined as effortful emotional, cognitive, and behavioral attempts to
manage a stressor or children’s emotional/cognitive/behavioral reactions to it, is thought to
buffer against such psychopathological development by mitigating against one of the
mechanisms of risk; neuroendocrine response dysregulation (Wadsworth, 2015). Recent
evidence suggests that children’s coping does in fact get “underneath the skin” (Foland-
Ross, Kircanski, & Gotlib, 2014; Sladek, Doane, & Stroud, 2017), supporting quick,
efficient recovery of stressor-induced neuroendocrine activation (Stewart, Mazurka, Bond,
Wynne-Edwards, & Harkness, 2013). This research points to putative mechanisms of change
to be leveraged in the design of coping interventions (Davidson & McEwen, 2012).
However, reliance on variable-centered designs has limited understanding about for whom
certain types of coping combat the potentially damaging effects of stress. If subgroups of
children with distinct, adjustment-linked HPA-SAM co-activation patterns exist whose post-
stressor neuroendocrine recovery is differentially influenced by specific forms of coping,
then variable-centered approaches may obscure these differences (von Eye & Bogat, 2006).
Person-centered analysis of this sort may bolster inference about patient-centered means of
tailoring intervention content towards children’s coping strengths and weaknesses. Thus,
using a community sample of preadolescent boys and girls exposed to the Trier Social Stress
Test (TSST-C; Buske-Kirschbaum et al., 1997), the current study adopted a novel person-
centered approach to identify HPA-SAM co-activation profiles based children’s sSC-sAA
response patterns, examine links to children’s internalizing and externalizing behavior, and
test if two coping skills differentially contributed to SC-sAA recovery efficiency for the
identified subgroups.

Models of HPA-SAM Co-activation and Links to Behavioral Functioning

Current theory posits that the sympathetic nervous system (SNS), of which the SAM is a
part, and HPA respond in a coordinated fashion to support adaptation both during and
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following a stressor (Bauer et al., 2002; Hastings et al., 2011). Initial changes that occur in
support of this adaptation take place in the SNS and involve a taxing mobilization of
cardiovascular, immunologic, and central nervous system resources to quickly neutralize
immediate threat. A positive feedback loop between the SNS and HPA stimulates
subsequent glucocorticoid production, mobilizing longer-term resources to support
adaptation to more prolonged threat exposure (Chrousos & Gold, 1992). Cortisol produced
by the SNS-innervated HPA helps suppress the initial SNS response, protecting the body
from damage that may result from protracted, energy-depleting SNS activity. Well-
functioning HPA-SNS co-activation might involve a brief SNS response to quickly
neutralize threat that does not necessitate a more dramatic HPA response or stimulates
cortisol production in the event that immediate threat is not neutralized (Sapolsky, Romero,
& Munck, 2000). Alternatively, HPA-SNS dysregulation might involve elevated SNS
activity that fails to innervate the HPA or elevated cortisol mobilization that fails to
terminate SNS activity (e.g., Koss et al., 2014).

Consensus on what constitutes neuroendocrine response dysregulation as it pertains to HPA-
SNS co-activation has yet to be reached. Bauer and colleagues (2002) proposed two models
of HPA and SNS (in particular the SAM system) co-activation that may manifest as
symptoms of psychopathology. The Additive-Symmetry Model predicts that symmetric
activation of the HPA and SNS would indicate risk and be associated with symptomatic
functioning. The alternative /nteractive-Asymmetry Model proposes that asymmetric
activation would indicate risk for poor behavioral functioning. The available early
adolescent findings lack coherence to support either model as each study has used varied
methods for examining HPA-SAM co-activation in both non-clinical and at-risk children.
Support for the Additive-Symmetry model has been found when examining sC-sAA basal
levels to internalizing associations (EI-Sheikh et al., 2008) and combinations of sSC-sAA
basal and reactivity level (e.g., area-under-curve with respect to ground; AUCQ) to
externalizing links (Gordis et al., 2006). Support for the /nteractive-Asymmetry model has
also been found when examining sC-sAA basal level to externalizing associations (Chen,
Raine, & Granger, 2015) and sC-sAA percent increase to problem behavior links (Allwood
etal., 2011). Still others have found support for both models within the same study, noting
specific directions of symmetry (high HPA-high SAM) and asymmetry (low HPA-high
SAM) in predicting children’s behavioral functioning (Koss et al., 2014).

To better understand individual differences in HPA-SAM co-activation to behavioral
functioning linkages, three issues must be addressed. First, the inconsistent use of basal
levels (e.g., pre-TSST levels, average of pre- and post-TSST levels) or reactivity indices
(e.g., area-under-the-curve increase, AUCI; percent increase) within and across the HPA and
SAM has contributed to discrepant operationalizations of “high” and “low” neuroendocrine
activity, limiting consensus about how HPA-SAM co-activation relates to behavior. As noted
by Quas et al. (2014), there is a need to model various aspects of the full cross-system
response, as both well-functioning and dysregulated neuroendocrine activation involve basal
levels and response organization; i.e., change patterns. Second, studies that have modeled
these aspects often utilize variable-centered methods (e.g., growth curves), which are critical
to understanding normative HPA-SAM co-activation while also restricted in their
articulation of diverse neuroendocrine response organization. As theory posits multiple well-
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functioning and dysregulated neuroendocrine response profiles that may bear little
semblance to one another (Bauer et al., 2002; Del Giudice, Ellis, & Shirtcliff, 2011; Quas et
al., 2014), person-centered methods may more appropriately capture heterogeneity in HPA—
SAM co-activation, especially for studies where variability is implicit to the developmental
period examined. Third, person-centered studies have usually not modeled HPA and SAM
activity concurrently (Gunnar, Frenn, Wewerka, & Van Ryzin, 2009; Ji, Negriff, Kim, &
Susman, 2016) or used modeling of both level and concurrent change (i.e., response
trajectories) in each system (Del Giudice, Benjamin Hinnant, Ellis, & EI-Sheikh, 2012; Quas
etal., 2014).

Regulatory Interference and Fit Processes

Bauer and colleagues (2002) also proposed that our understanding of HPA-SAM co-
activation and related behavioral functioning may be aided by attending to children’s coping
behaviors in response to stress. Stressor-induced neuroendocrine activation is functional in
that it mobilizes resources to help children meet the demands of a stressful experience.l
Likewise, and consistent with Responses to Stress (RTS) theory (Connor-Smith, Compas,
Wadsworth, Thomsen, & Saltzman, 2000), children’s effortful coping ensues following a
stressful experience, helping them modify the source of stress or modulate their reactions to
it. In so doing, coping should also contribute to recovery efficiency, or the swift termination
of stressor-induced neuroendocrine activation that, left unchecked, might otherwise
contribute to peripheral biological “wear and tear” and behavioral maladjustment (Brosschot
& Thayer, 1998; Javaras et al., 2012). To test this proposition, immediately following the
TSST-C, children were experimentally primed with either behavioral distraction or cognitive
avoidance coping. Following acute stress exposure, distraction is believed to combat the
potentially damaging effects of stress (i.e., terminate neuroendocrine activation, efficient
recovery) by helping children consciously reengage their attention to productive or soothing
activities while avoidance is thought to exacerbate these effects (i.e., prolong neuroendocrine
activation, protracted recovery) by inadvertently refocusing children’s attention to the
stressor. Nevertheless, different coping skills may work for different children, such that there
are no universals to what constitutes effective coping (Wadsworth, 2015).

As alterations to neuroendocrine activation processes (e.g., protracted recovery) increase
children’s risk for development of psychopathology (Javaras et al., 2012), it is critical to
understand for whom specific forms of coping buffer against such alterations following
exposure to an acute stressor. Children with higher internalizing and externalizing behaviors
present with increased attention to threat, worry-related cognitions, anger-related
information processing biases, perceived uncontrollability, and impulsive action (Connor-
Smith et al., 2000; Grant et al. 2003). Thus, distraction for children with dysregulated,
internalizing/externalizing-linked HPA-SAM profiles may contribute to protracted recovery,
given that these prepotent response tendencies are thought to consume executive resources
needed for effective reallocation of attention to alternate activities; i.e., regulatory
Interference (Bendezu, Perzow, & Wadsworth, 2016; Cole, Bendezl, Ram, & Chow, 2016).

Istressor-induced neuroendocrine activation does not need to be reduced for optimal well-being. Some research in adults suggests that
inadequate cortisol (Duncko, Makatsori, Fickova, Selko, & Jezova, 2006) and alpha-amylase (Hlavacova, Solarikova, Marko, Brezina,
& Jezova, 2017) responses are evident in persons with high trait anxiety.
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While its overuse predicts negative behavioral outcomes in the long-term, avoidance for
behaviorally-maladjusted, stress-affected children can have short-term salutary effects (e.qg.,
temporary distress alleviation, Santiago & Wadsworth, 2009; Zimmer-Gembeck & Skinner,
2011). Thus, children with dysregulated, internalizing/externalizing-linked HPA-SAM
profiles may evince these benefits vis-a-vis more efficient recovery; i.e., requlatory fit
(Wadsworth et al., 2016; Wadsworth, 2015).

Hypotheses

Method

Participants

Our first aim was to identify subgroups of children with distinct HPA-SAM co-activation
patterns in response to a standardized psychosocial stressor (TSST-C). As per Bauer et al.
(2002), we expected to identify four subgroups: Low sC-Low SAA, High sC-Low sAA,
Low sC-High sAA, and High sC-High sAA. Also, we sought to determine which aspects of
the HPA-SAM co-activated neuroendocrine response (e.g., baseline levels, change
patterning) were in fact distinct (e.g., “higher”, “lower”) between subgroups. Our second
aim was to determine whether identified subgroups reflected well-functioning or
dysregulated HPA-SAM co-activation by examining the extent to which child internalizing
and externalizing behavior was associated with subgroup membership. Given the novelty of
this study as well as inconsistent support for both Addlitive-Symmetry and Interactive-
Asymmetry models, we were wary of making strong predictions. However, as children in
our study more closely reflected that of EI-Sheikh et al. (2008), Chen et al. (2015), and Koss
et al. (2014), we expected that symmetric and asymmetric HPA-SAM profiles would be
associated with internalizing and externalizing behaviors, respectively. Our final aim was to
determine whether different coping skills differentially contributed to SC-sAA recovery
efficiency for identified subgroups. As per regulatory interference and fit hypotheses
(Compas et al., 1999; Wadsworth, 2015), we expected well-functioning HPA-SAM co-
activation subgroups to display efficient recovery (i.e., more steep decline in SC-sAA levels)
when primed to distraction and protracted recovery (i.e., less steep decline or increase in sC-
SAA levels) when primed to avoidance. Alternatively, we expected dysregulated HPA-SAM
co-activation subgroups to display protracted recovery when primed to distraction and
efficient recovery when primed to avoidance.

Participants were 151 fourth and fifth grade children (V=151, M,e=10.33 years, SD=1.71)
and one of their parents. Children brought home recruitment flyers from suburban and
semirural elementary schools that directed parents to the Preadolescent Stress and Coping
(PASC) study website. Interested parents enrolled their child, provided consent, and
completed questionnaires online. Mothers (85.4%) tended to be the adult respondents. Child
gender was evenly distributed (51.7% male). Median annual household income was $70,500
(Min=$13,638.84; Max=500,000). The majority of participants identified as White (93.4%
of caregivers and 90.7% of children).
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Procedures

Measures

Once enrolled, children were scheduled to complete the 90 minute (min) experiment
between the hours of 3:00 and 5:30 pm. Parents were instructed to have their children refrain
from brushing their teeth, consuming a large meal, dairy, or sugary and acidic foods within
an hour of their study arrival time. Saliva samples were collected throughout the experiment
via passive drool into vials at six time points (T1-T6). Upon arrival, children were greeted
by an experimenter who escorted the child to the “home base” data collection room. Once
seated at the data collection table, children briefly rinsed their mouth with bottled water and
provided their written assent. An initial saliva sample was collected afterwards (T1). Next,
the experimenter administered questionnaires to the child for 40 min and then collected a
second saliva sample (T2). Children walked with the experimenter to a separate room (15
sec) to complete the TSST-C, a 15 min paradigm in which participants are asked to sit and
prepare (5 min), then stand and deliver (5 min) a speech and complete a mental subtraction
task (5 min) in front of an unresponsive “panel of experts.” Experts were confederates
unknown to participants and unaware of their randomly-assigned? coping condition.
Following completion of the TSST-C, children walked with the experimenter back to home
base (15 sec) and sat down at the data collection table. A third saliva sample was taken (T3).
Children then walked with the experimenter (15 sec) to one of two randomly — assigned
coping condition rooms to wait while the judges scored their performance; either a
distraction room (7 = 78) with musical instruments, art supplies, and toys placed on a table
where they were asked to sit and invited to play with the materials if they wished or in an
avoidance room (7 = 73) free of distractions where they were instructed to sit and simply
wait and to try not to think about their TSST-C performance. After 10 min, children walked
with the experimenter back to home base (15 sec) and sat down at the data collection table.
A fourth saliva sample was taken (T4). Children were then interviewed for 10 min about the
coping strategies they used during and after the TSST-C. A fifth saliva sample was collected
(T5). Next, children engaged in a 10 min seated guided progressive muscle relaxation
exercise. Then, a final sixth saliva sample was collected (T6). Experimenters debriefed
children after the experiment and families received $50 for participating.

Salivary cortisol (sC) and alpha amylase (sAA)—Six saliva samples were collected
via passive drool (Davis, Bruce, & Gunnar, 2002) to measure HPA and SAM responses.
Saliva samples were stored in a medical grade ultra-low temperature freezer and transported
on dry ice to the CORE Biomarker Lab at Penn State University (Salimetrics, LLC, State
College, PA). sC levels were determined using a commercial expanded-range high-
sensitivity enzyme immunosorbent assay kit (No. 1-3002/1-3012; Salimetrics, LLC, State
College, PA) that detects levels in the range of 0.003 to 3.0 Kg/dL (range, 0.08Y82.77
nmol/L). sAA levels were determined using a commercial Kinetic reaction assay kit (No.
1-1902; Salimetrics, LLC, State College, PA). sSAA activity present in a saliva sample is
proportional to the increase (over a 2 min period) in absorbance at 405 nm. Results are
computed in U/mL of sAA: [Absorbance difference per min x total assay volume (328 ml) x

2Children were randomized to condition within gender and investigators were not privy to results of this process.
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dilution factor (200)]/[millimolar absorptivity of 2-chloro-p-nitrophenol (12.9) x sample
volume (.008 ml) x light path (.97)]. sC and SAA were extracted from the same saliva
samples, run in duplicate, and batched in the same order as random assignment.

Internalizing and externalizing symptoms—The Behavior Assessment System for
Children, Second Edition (BASC-2), was used to assess child symptoms. The BASC-2
(Reynolds & Kamphaus, 2004) is a multidimensional assessment system that measures both
clinical and adaptive aspects of behavior and personality. Children complete the Self Report
of Personality - Child (SRP-C, ages 8 - 11) or the Self Report of Personality-Adolescent
(SRP-A, ages 12-21) and parents complete the Parent Rating Scales (PRS). On the SRP-C
and SRP-A, initial items are rated on a 2-point True or False scale and subsequent items are
rated in a 4-point scale from 0 (Never) to 4 (Always). The SRP and PRS are reliable and
valid measures of psychopathology and problem behavior with internal consistency, a,
ranging from .83 to .90, and .81 to .93, respectively, for the child, and adolescent forms and .
76 to .95 for the PRS forms. The SRP lacks an Externalizing broadband scale and some
research suggests that adolescents may be better reporters of internal states and parents
better reporters of externalizing behavior (Jensen et al., 1999; Kolko & Kazdin, 1993). In a
concerted effort to use multiple informants and maintain model parsimony, the SRP
Internalizing3 and PRS Externalizing scales were used to capture internalizing and
externalizing symptoms, respectively. The SRP Internalizing scale assesses atypicality, locus
of control, social stress, anxiety, feelings of inadequacy, and depression. The PRS
Externalizing scale assesses hyperactivity, aggression, and conduct problems. T-scores with
combined gender norms were used to ensure the integrity of the broadband score results.

Coping condition manipulation check—Immediately after the coping manipulation,
experimenters administered a semistructred interview during which children were prompted
to describe in their own words what they did in their respective coping rooms to make the
situation better or themselves feel better, even if they thought it did not work. Using the
Responses to Stress Codling Manual for In Vivo Coping (Wadsworth, 2013), these free
responses were coded (yes/no) for distraction (e.g., “I drew a tiger and colored”, “I played
with the keyboard and Legos”) as well as avoidance (and/or associated intrusive thoughts)
strategies (e.g., “Tried to get the speech out my head”, “I was trying not to think about how |
did but I kind of did anyways”). There was a significant relationship between children’s
assigned coping condition and their reported strategies, /1/2 (1, 150) =77.27, p<.001
suggesting that children complied with prompts in the distraction (91%) and avoidance
(81%) conditions.

Covariates—Covariates include child gender, puberty, and medication use. Child gender
was coded 0 (boy) and 1 (girl). Pubertal timing was used as an index of child puberty and
computed as per recommendations outlined in Dorn, Susman, & Ponirakis (2003). First,
pubertal stage was assessed using the Pubertal Development Scale (Petersen, Crockett,
Richards, & Boxer, 1998), indexed by menarche, height, body hair growth, and breast
growth for girls, and by voice changes, height, body hair growth, and facial hair growth for

3Child- and parent-reported internalizing symptoms were positively associated, /=.27, p<.01.
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boys. Next, pubertal stage was regressed on child chronological age (days) separately for
girls and boys to calculate a residual for each participant. Positive and negative residuals
indicate earlier and later timing, respectively. As recommended (Granger, Hibel, Fortunato,
& Kapelewski, 2009; Rohleder & Nater, 2009), medication use was also coded and
controlled for.

Analytic Plan

Data reduction and preprocessing—~Participants whose age was atypical for fourth
and fifth grade (/7=1) and who did not participate in the 90m experiment (/7=1) were
excluded from analyses (A=151). Cortisol and sAA values were positively skewed and a
fourth-root transformation normalized those data (Miller & Plessow, 2013).

Bivariate associations—Fisher’s Z-adjusted correlations were used to examine bivariate
associations. As research has demonstrated an association between gender, pubertal status,
and neuroendocrine responses (Stroud et al., 2011), partial correlations controlling for these
variables in addition to medication use were conducted.

MTM specification and adequacy evaluation—Multi-trajectory modeling (MTM,;
Nagin, Jones, Lima Passos, & Tremblay, 2016) was adopted to achieve our first aim of
examining HPA-SAM co-activation profiles. MTM identifies subgroups in a population that
follow similar patterns (i.e., intercepts, rates of change) of development across multiple
indicators of a specific construct. In this study, MTM was used to identify subgroups of
preadolescent children with similar HPA-SAM co-activation patterns based on the extent to
which they exhibited similar sC and sAA indicator trajectories (i.e., T1 baselines, response
patterns). The PROC TRAJ procedure (SAS 9.3; Jones, Nagin, & Roeder, 2001) with the
MULTGROUPS option employed was specified to operate on a censored norm distribution
model. PROC TRAJ handles missing data by utilizing Full-Information-Maximum
likelihood (FIML) when estimating model parameters, which is suitable when data are
assumed to be missing at random (MAR) or missing completely at random (MCAR). Little’s
(1988) missing completely at random (MCAR) test was conducted for all key demographic,
covariate and study variables and found to be non-significant; y 2 (207) = 167.18, p> .250.
Thus, the data could be MCAR. First, we identified the optimal number of subgroups the
polynomial function that best described the shape of each group’s sC and sAA trajectory. To
specify the best fitting model, 4! order polynomial functions were modeled for the initial
single and more complex multi-group solutions. At each step, non-significant polynomial
functions were eliminated. The log Bayes factor approximation [2loge(B1g)] was utilized as
a fit index at each step during model specification (Jones et al., 2001). A log Bayes factor
greater than 10 is said to be strong evidence for the superior fit of the more complex model.
Given our sample size (V= 151), modeling recommendations (/> 100; Nagin, 2005), and
HPA-SAM co-activation theory (Bauer et al., 2002), we limited model specification to four
groups. After specification, we evaluated model adequacy by calculating average posterior
probability (AvePP), odds of correct classification (OCC)), and the ratio of the probability of
group assignment to the proportion of children assigned to subgroups (Nagin, 2005).

Biol Psychol. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bendezu and Wadsworth Page 9

Results

sC—sAA trajectory distinction—Because MTM models sC and sAA full response
trajectories, follow-up analyses can also be used to distinguish which aspects of these
trajectories (i.e., baseline levels, response patterns) are comparatively “higher” and “lower”
for specific children. Thus, following MTM specification and adequacy evaluation,
trajectory distinction analyses were performed with a series of Wald tests comparing T1
intercept and polynomial (i.e., change patterning) coefficient estimates for each identified
subgroup’s sC and sAA trajectories.

Predictors of sC—sAA response trajectories—To achieve our second aim,
multinomial logistic regression (with listwise deletion to handle missing predictor data;
1.9%) was conducted to predict identified subgroup membership using PROC CATMOD
(SAS 9.3). Covariates and predictors were entered together in a single step.

sC—sAA response to coping condition—For our final aim, children’s randomly-
assigned coping condition was examined as a time-varying covariate (Nagin, 2005), testing
the effect of our manipulation as a turning-point event (i.e., “fork in the road”) along each
subgroup’s unique sC and sAA trajectories. That is, we tested whether each subgroup’s sC
and sAA trajectories were altered (more efficient or protracted recovery) by their coping
condition in expected ways. As SAA activity can be observed within moments of stress
exposure whereas the sC response is typically delayed (De Kloet, Joéls, & Holshoer, 2005),
T3-T6 sAA and T4-T6 sC recovery-phase sample time likely indexed coping condition
effects and contributions to sC and sAA recovery efficiency. Efficient recovery was
operationalized as a more dramatic decrease in recovery-phase sC and sAA levels.
Protracted recovery was operationalized as less dramatic decrease or continued increase in
recovery-phase sC and sAA levels.

Descriptive and bivariate statistics are shown in Table 1. sC and sAA values for children
who were and were not taking medication did not significantly differ (all p>.25). Medication
use was still controlled for in all bivariate and predictor analyses. sC levels during the
experiment were highly correlated, as were sAA levels.

MTM specification and adequacy evaluation

MTM results supported a four-group solution (see Figure 1). Specifically, the log Bayes
factor comparing the two- to one-group model [2loge(B1g) 445.74], the three- to two-group
model [2loge(B1g) 208.00], and the four- to three-group model [2loge(B1g) 119.38] provided
strong evidence for the four-group solution (Jones et al., 2001). Trajectory parameter
estimates and model adequacy indices for each subgroup are displayed in Table 2. As per
Nagin (2005), model adequacy indices suggested that the final model fit the data well. The
Low sC-Low sAA group included 31 children (20.5%) and was characterized by relatively
low sC and sAA baseline levels and less pronounced, albeit significant, sC and SAA change
patterning. The Low sC-High sAA group included 57 children (37.7%) and was
characterized by relatively low sC baseline levels and change patterning and concomitant
relatively high sAA baseline levels as well as more pronounced change patterning. The High
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sC-Low sAA group included 35 children (23.2%) and was characterized by relatively high
sC baseline levels and more pronounced change patterning and concomitant relatively low
SAA baseline levels and change patterning. The High sC-High sAA group included 28
children (18.5%) and was characterized by relatively high sC and sAA baseline levels and
more pronounced sC and sAA change patterning.

sC—sAA trajectory distinction

Wald tests revealed that sC trajectories for Low sC-Low sAA and Low sC-High sAA
children were distinct from that of High sC-Low sAA and High sC-High sAA children with
respect to both intercept and polynomial estimates (Table 2). That is, High sC-Low sAA and
High sC-High sAA children exhibited sC response trajectories with more elevated baseline
levels as well as more dramatic response patterns, compared to their Low sC-Low sAA and
Low sC-High sAA counterparts. Children in the two Low sC subgroups exhibited sC
trajectories that on average could not be distinguished from one another with respect to
either baseline levels or response patterning. This was also the case for children in both High
sC groups. Wald tests also revealed that SAA trajectories for the average child each subgroup
were distinct with respect to intercept but, for the most part, not polynomial estimates. That
is, the average child in each subgroup exhibited sAA trajectories that were distinct from one
another with respect to baseline levels: lowest (Low sC—Low sAA), 2"d [owest (High sC—
Low sAA), 2" highest (Low sC-High sAA), and highest (High sC-High sAA) sAA
baseline levels. However, with the exception of Low sC-Low SAA, sAA response patterns
for the average child in each subgroup did not significantly differ. Using T2 sC and sAA as
baseline indicators did not alter trajectory distinction conclusions.

Predictors of sC—sAA response trajectories

Study covariates were not significantly related to group membership. Greater internalizing
symptoms, 8=0.089, SE= 0.043, p<.05, increased the likelihood of High sC-High sAA
group membership relative to the Low sC-Low sAA group (Table 3). That is, compared to
Low sC-Low sAA children, High sC-High sAA children were more likely to report
internalizing symptoms. Also, higher externalizing symptoms, B=0.058, SE£= 0.028, p<.05
increased the likelihood of Low sC-High sAA group membership relative to the High sC-
Low sAA group. Compared to High sC-Low sAA children, Low sC-High sAA children
were more likely to report externalizing symptoms. No other significant predictions were
noted.

sC—sAA response to coping condition

Coping condition had a significant time-varying covariate effect on sC trajectories in two of
the four identified subgroups: Low sC-Low sAA, B=-0.034, S£= 0.013, p<.01; High sC-
High sAA, B=0.063, SE=0.017, p<.001 (Figure 2)4. The sC trajectories of Low sC-Low
SAA children randomly assigned to distraction (58.1%) demonstrated efficient recovery,

4sc recovery patterning was analyzed with follow-up repeated measures ANOVA using recovery phase time as a within-subjects
factor and subgroup membership (Low sC-Low sAA, High sC-High sAA) and coping condition as between-subjects factors. Verifying
our time-varying covariate effects, a significant three-way interaction between subgroup membership, coping condition, and recovery-
phase sample time emerged, B=0.012, SE£= 0.005, p<.05.
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with T4-T6 sC levels that decreased in a linear fashion towards baseline. Alternatively, the
sC trajectories of Low sC-Low sAA children randomly assigned to avoidance (41.9%)
demonstrated protracted recovery, with sC levels that continued to increase from T4 to TS
and then began to decrease from T5 to T6. For High sC-High sAA children, the opposite
was observed. sC trajectories for High sC-High sAA children randomly assigned to
avoidance (57.1%) demonstrated efficient recovery while those for High sC-High sAA
children randomly assigned to distraction (42.9%) displayed protracted recovery.

Discussion

This study identified distinct profiles of preadolescent HPA-SAM co-activation patterning
and linked them to behavioral functioning and coping-related neuroendocrine recovery
efficiency. Using multi trajectory modeling of HPA (sC) and SAM (sAA) index activity in
response to a standardized psychosocial stressor (TSST-C), four hypothesized subgroups
emerged whose sC and SAA trajectories were consistent with specific cross-system co-
activation theories (Bauer et al., 2002). These trajectories were distinct with respect to both
baseline levels and change patterning. Additionally, identified HPA-SAM profiles related to
children’s behavioral functioning in both expected and unexpected ways, suggesting that
Additive-Symmetry and Interactive-Asymmetry consistent patterns of HPA-SAM co-
activation may differ for children with internalizing versus externalizing symptoms. Lastly,
children with different HPA-SAM co-activation profiles used different coping skills to
support neuroendocrine recovery efficiency in a manner consistent with their parent — and
self-reported behavioral functioning. This study provides a fine-grained depiction of
meaningful variability in preadolescent HPA-SAM co-activation while also advancing
support for the claim that there are no universals to what constitutes effective coping
(Wadsworth, 2015).

This person-centered approach to examining variability in preadolescent HPA-SAM co-
activation response patterning identified four subgroups that reasonably map onto response
profiles described by Bauer et al. (2002). The relatively even distribution of children among
subgroups is remarkable and consonant with the claim that preadolescence is a period
marked by considerable neuroendocrine response reorganization and heterogeneity with
respect to HPA-SAM co-activation (Steinberg, 2014). Our findings lend new insights about
how preadolescents respond to laboratory stressors. Previous studies of non-clinical, healthy
children using person-centered modeling of single indicator response trajectories have found
subgroups of children without significant sC changes in response to the TSST-C, concluding
that children in this age range are largely hyporesponsive to this paradigm (e.g., Gunnar et
al., 2009; Gunnar, Werwerka, Frenn, Long, & Griggs, 2009; Ji et al., 2016). We extend this
evidence by showing that all child subgroups were responsive (significant polynomial
estimates) to the TSST in their own unique HPA-SAM coordinated fashion, highlighting the
advantages of using both sC and sAA in a person-centered framework.

Children’s HPA-SAM co-activation profiles were related to their behavioral functioning in
theoretically meaningful ways, further validating our MTM approximation of cross-system
co-activation (Bauer et al., 2002). This finding is consonant with previous studies suggesting
that redundancy in HPA-SAM responding contributes to risk for internalizing problems
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specifically (EI-Sheikh et al., 2008; Koss et al., 2014). Hyperarousal of this sort is associated
with increased attention to threat, intrusive thoughts, and worry-related cognitions (Urasche
& Blair, 2015; Weems, Zakem, Costa, Cannon, & Watts, 2005). High sC-High sAA
patterning may reflect dysregulated HPA-SAM co-activation (Bauer et al., 2002), given that
one function of sC is to terminate (i.e., down-regulate) the energy-consumptive initial SNS
response to threat. In this case, it would appear that exaggerated sC activity failed to
modulate costly SAM activity in response to threat. However, the Additive-Symmetry model
also suggests that concurrent low levels of HPA and SAM activity may be linked to poorer
behavioral functioning. Our findings may contradict this proposition: Low sC-Low SAA,
relative to High sC-High sAA children, were less likely to report internalizing behavior. In
other work, “blunted” cross-system activity has been linked to aggression and adjustment
problems (Raine, 2005). However, the Low sC-Low SAA trajectories demonstrated
significant change patterning, possibly indicating a response, albeit smaller than the High
sC-High sAA group. Also, Low sC-Low sAA links to problem behavior have been shown
in studies of at-risk youth (e.g., maltreated; Gordis et al., 2006). Thus, the Low sC-Low
SAA group in our normative sample may not reflect the “blunted” responses found in studies
of at-risk children. Rather, it is possible that this particular symmetry reflects well-regulated
HPA-SAM co-activation.

We also found partial support for the /nteractive-Asymmetry model. Children with greater
externalizing behavior were more likely to be in the Low sC-High sAA group relative to
High sC-Low sAA. This finding is consistent with previous studies suggesting that a lack of
coordination between HPA and SAM responses contributes to risk for externalizing
specifically (Koss et al., 2014). Indeed, these studies show that sC hypoarousal is associated
with externalizing (Shoal, Giancola, & Kirillova, 2003; Shirtcliff, Granger, Booth, &
Johnson, 2005). We extend this literature by proposing that Low sC-High sAA co-activation
may more accurately reflect a dysregulated neuroendocrine response indexing risk for
externalizing (Bauer et al., 2002). The well-functioning positive feedback loop between SNS
and HPA helps stimulate cortisol production necessary to mobilize longer-term resources for
managing threat and circumvent overreliance on physically-taxing initial SNS activity. In
this case, Low sC—High sAA patterning may reflect a response to threat where elevated
resource-depleting SAA activity fails to innervate the HPA. /nteractive-Asymmetry also
suggests that high HPA and low SNS activity could link to poorer behavioral functioning.
Our findings do not support this proposition: High sC-Low sAA, relative to Low sC-High
SAA, children were less likely to present with externalizing. Gordis et al. (2006) reported
similar findings: High sC-Low sAA children presented with the lowest parent-reported
aggression. A well-functioning HPA-SNS feedback loop operates such that a sufficient
initial SNS response innervates the HPA in order to mobilize longer-term resources for
managing threat (Sapolsky et al., 2000). Thus, it is possible that High sC-Low sAA
asymmetry reflects well-regulated HPA-SAM co-activation, whereas Low sC-High sAA
reflects dysregulation and risk for externalizing.

Children’s HPA-SAM co-activation response profiles were also related to their use of coping
in a manner consistent with our regulatory interference and fit hypotheses (Bendezu et al.,
2016; Wadsworth et al., 2016). The Responses to Stress theoretical framework suggests that
effective coping involves match between child-level factors and available coping resources
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(Compas et al., 1999). Our previous variable-centered investigations have supported this
claim, demonstrating that both distraction and avoidance contribute to neuroendocrine
recovery efficiency when children’s characteristic ways of coping and involuntary stress
response tendencies are in line with the condition they are assigned (Bendezu et al., 2016;
Wadsworth et al., 2016). Our person-centered approach extends this line of inquiry by
identifying those specific children from whom distraction and avoidance coping work in
different ways. That is, children with well-functioning Low sC-Low sAA profiles and less
internalizing tendencies displayed efficient sC recovery patterning when primed with
distraction and protracted sC recovery patterning when primed with avoidance. This finding
is consistent with our assertion that Low sC—Low sAA children demonstrated optimal HPA-
SAM co-activation patterning and consonant with traditional views on the utility of these
two coping skills and their regulatory effects on SRS recovery (Connor-Smith et al., 2000).
However, the opposite was true for children with dysregulated High sC-High sAA profiles
and greater internalizing propensity. These children displayed protracted sC recovery
patterns when primed to distract and efficient sC recovery when primed with avoidance.

Three plausible explanations in support of our regulatory interference and fit consistent
findings deserve mention. First, both internalizing and mutli-system hyperarousal are
associated with involuntary attention to threat, intrusive thoughts, and rumination (Vasey &
Daleiden, 1996; Grant et al., 2003). Thus, automatic cognitive processes for High sC-High
SAA children may consume executive resources requisite for effective reallocation of
attention to coping resources (e.g., distraction); regulatory interference. Second, prompting
children who tend to rely on rudimentary coping strategies (e.g., avoidance) to engage in
behavioral distraction that they are less accustomed to may inadvertently draw on executive
resources typically allocated to the suppression of worry-related and depressogenic
cognitions (Wenzlaff & Wegner, 2000). This inability to effectively engage in distraction and
possible rebound of negative thoughts may increase feelings of guilt, self-blame, and a sense
of failure (Compas et al., 1999; Kelly & Kahn, 1994), all of which are characteristic of
internalizing. Thus, allowing children with already limited executive resources to engage in
a rudimentary strategy (i.e., avoidance) they are more accustomed to may facilitate recovery;
regulatory fit. Third, avoidance is thought to evince temporary benefits (e.g., momentary
distress alleviation) for these children particularly in the face of uncontrollable stressors that
offer little opportunity to disengage (Santiago & Wadsworth, 2009; Zimmer-Gembeck &
Skinner, 2011). The TSST-C is argued to be such a stressor (Dickerson & Kemeny, 2004).
Our findings provide preliminary validation that avoidance can serve as functional
adaptation for some children (e.g., Del Giudice et al., 2011; Wadsworth, 2015). Furthermore,
for internalizing children with dysregulated HPA-SAM co-activation, the beneficial effects
of distraction may require more than mere child prompting. As the rigid enactment of
avoidance in more controllable, less stressful contexts predicts long-term negative outcomes
(Wadsworth, 2015), intervention may be required to help children who overly rely on
avoidance develop focused distraction skills as well as the use of a broader array of
engagement strategies.

Two other issues related to our coping analyses deserve mention. First, our coping
manipulation did not significantly alter Low sC-High sAA or High sC-Low sAA recovery.
The externalizing difficulties (or lack thereof) that characterized these groups, controlling
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for internalizing and presumably cognitive aspects more central to its presentation (e.g.,
intrusive thoughts, rumination), did not lend to regulatory interference or fit processes as
expected. Second, our coping manipulation altered recovery patterning for sC but not SAA
trajectories. As effortful coping is believed to manifest in the recovery phase (Connor-Smith
et al., 2000), coping may evidence primarily in the second wave (HPA) of the HPA-SAM co-
activation neuroendocrine response when sC and sAA are modeled simultaneously,
modulating how long-term rather than immediate resources for managing acute stress are
utilized.

The current study has several limitations. First, given the possibility that our four-group
solution was in part a function of sample size, cautious interpretation as well as replication
of the study findings using a larger sample size is warranted. Additionally, we studied
comparatively lower-risk and more ethnically homogenous preadolescent children, which
limits the generalizability of the findings. MTM of HPA-SAM co-activation in future studies
of at-risk and clinical preadolescent children may identify similar or additional unique
subgroups. For example, a Low sC—Low sAA subgroup in an at-risk or clinical sample may
be differentiated from our Low sC-Low sAA subgroup by evincing intercept limited sC—
SAA trajectories (i.e., “blunted”) and an increased likelihood of presenting with
externalizing. Second, we limited our investigation to two non-invasive, easily obtainable
indices of the preadolescent neuroendocrine response, one of which the literature has yet to
establish as a conclusive index of SAM activity (SAA; Nater & Rohleder, 2009). Thus, the
current study was consequently limited to the specific cross-system co-activation theory
tested (i.e., Bauer et al., 2002). As MTM permits the simultaneous modeling of multiple
related but distinct variables, future studies that incorporate additional well-established
markers (e.g., respiratory sinus arrhythmia, heart rate, galvanic skin response, plasma
norepinephrine) may be able to identify more nuanced profiles and test alternate models;
e.g., adaptive calibration model (Del Giudice et al., 2011). Third, we did not consider
contextual factors known to influence HPA-SAM co-activation; e.g., environmental stress
exposure, family risk. Koss et al. (2014) found similar High sC-High sAA to internalizing
and Low sC-High sAA to externalizing links, though they were pronounced in the context
of marital discord. As our behavioral predictor effects were small, there may be additional
context-based (e.g., chronic stress) unexplained variance in HPA-SAM co-activation,
internalizing and externalizing behavior links that future studies might account for.
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Page 18
Highlights

. Multi-trajectory modeling revealed four subgroups of HPA-SAM responses to
the TSST.

. Child externalizing positively predicted Low HPA-High SAM group
membership.

. Child internalizing positively predicted High HPA-High SAM group
membership.

. Low HPA-Low SAM children showed more efficient recovery when using
distraction.

. High HPA-High SAM children showed more efficient recovery when using
avoidance.
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Figure 1.

Page 19

Actual versus predicted salivary cortisol (sC) and alpha amylase (SAA) trajectories for the
final four-group multi-trajectory model solution. Shaded region denotes when the TSST-C
occurred. Reverse fourth root transformed values presented for visual clarity and ease of
interpretation. Title values in parentheses reflect the number of children assigned to each
group and probabilities of group membership.
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Figure 2.
Estimated salivary cortisol (sC) concentrations for Low sC—-Low sAA and High sC-High

SAA groups bycoping condition. Shaded region denotes when the TSST-C occurred. Reverse
fourth root transformed values presented for visual clarity and ease of interpretation. Title
values in parentheses reflect the number of childrenassigned to each group and probabilities
of group membership.
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