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Abstract

Understanding co-activation patterns of the hypothalamic-pituitary-adrenal axis (HPA) and
sympathetic adrenal medullary (SAM) during early adolescence may illuminate risk for
development of internalizing and externalizing problems. The present study advances empirical
work on the topic by examining SAM-HPA co-activation during both the reactivity and recovery
phases of the stress response following acute stress exposure. Fourth and fifth grade boys and girls
(V= 149) provided cortisol and alpha-amylase via saliva at seven times throughout a 95-minute
assessment in which they were administered the modified Trier Social Stress Test. Parents reported
on adolescents’ life stress, pubertal development, medication use, and externalizing problems.
Adolescents reported their own internalizing symptoms. Multiple linear regressions tested both
direct and interactive effects of SAM and HPA reactivity and recovery on internalizing and
externalizing problems. Results from these analyses showed that whereas SAM and HPA reactivity
interacted to predict internalizing symptoms, it was their interaction during the recovery phase that
predicted externalizing. Concurrent high SAM and HPA reactivity scores predicted high levels of
internalizing and concurrently low SAM and HPA recovery scores predicted high levels of
externalizing. Implications of the findings for further study and clinical application are discussed.
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Rates of depression, anxiety, substance use, and delinquency begin to rise in earnest during
early adolescence and rates continue to climb throughout the second decade of life (e.g.,
Childs, Sullivan, & Gulledge, 2010; Salk, Petersen, Abramson, & Hyde, 2016). These
increases co-occur with rising levels of stress across this developmental period, especially
stressors arising from enhanced sensitivity to interpersonal relationships. Physiologic stress
response systems such as the hypothalamic-pituitary-adrenal axis (HPA) and sympathetic
adrenal medullary system (SAM) enter a phase of renewed plasticity and maturation during
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early adolescence as well; a process that both affects and is affected by burgeoning levels of
stress (McEwen, 2007). Early adolescence clearly represents an important developmental
period during which risk for stress-related problems intensifies and may constitute a critical
time to intervene to prevent mental health problems. Knowledge of mechanisms of stress-
related risk can facilitate development of appropriate interventions.

Atypical activation patterns (i.e., dysregulation) of the SAM system and HPA axis appear to
be one such mechanism as they are associated with both stress exposure and emotional/
behavioral problems (e.g., Rogosch, Dackis, & Cicchetti, 2011). As components of an inter-
related stress response system, the SAM and HPA are hypothesized to work in coordination
to facilitate adaptation to stress. Theoretical models of SAM-HPA co-activation have
focused on the need to determine the extent to which these two systems optimally operate
either in union or in tandem—in other words, when functioning “properly” are they active
and online at the same time (symmetric activation) or are they sequentially active
(asymmetric activation)? Extrapolating from this basic question, researchers have searched
for evidence of dysfunction stemming from extreme symmetric or asymmetric co-activations
—for example, that concurrent under-activation (i.e., symmetric) of both the SAM and HPA
signals risk for externalizing problems (e.g., Bauer et al., 2002). A handful of studies have
examined SAM-HPA co-activation (e.g., Gordis et al., 2006; Chen, Raine, & Granger,
2015), but there exists significant heterogeneity in the samples, methods, and findings of
these investigations. Therefore, in this study we examine SAM-HPA co-activation effects on
internalizing and externalizing problems during this critical developmental period. We also
provide a review (see Table 1) of the existing studies examining the unique and combined
contributions of SAM and HPA co-activation to symptoms of psychopathology in children
and adolescents.

The Importance of the Preadolescent Developmental Period

The developing HPA (Romeo, 2010; Ruttle, Shirtcliff, Armstrong, Klein, & Essex, 2015)
and hypothalamic-pituitary-gonadal systems work in tandem to bring about physical
maturity (puberty) and at the same time lead to heightened attunement to social cues in the
environment (Joos, Wodzinski, Wadsworth & Dorn, 2018). This increased awareness of
social evaluation and the growing importance of interpersonal relationships contributes to
increased perceived stress for the early adolescent. Coping with these normative stressful
challenges “exercises” the stress response systems, contributing to their continued growth
and development.

This confluence of developmental changes readies an individual for the increased demands
of adulthood, and while normative, this process of stress adaptation goes more smoothly for
some individuals than for others. Those with pre-existing biological, cognitive, or emotional
vulnerabilities or those exposed to chronic stress and adverse life contexts can fall prey to
negative psychological sequelae in the face of these normative challenges (Cicchetti &
Rogosch, 2002). Mounting evidence suggests that independent and perhaps interdependent
operation of the SAM and HPA systems constitutes a key proximal mechanism of risk (and
resilience) for both internalizing and externalizing forms of psychopathology (e.g., Bae et
al., 2015; Chen, Raine, Glenn, & Granger, 2016).
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Physiologic Stress Reactivity and Recovery

At the outset of a stressful encounter, involuntary processes set in motion a cascade of
activity that quickly mobilizes the SAM response, and activates the HPA axis eventually
leading to the synthesis of cortisol. Associated with “fight/flight/freeze” response, activation
of the SAM system in response to a stressor is a highly energy consumptive process
(Hermans, Henckens, Joels, & Fernandez, 2014). Once a stressor is resolved, the cortisol
produced by a well-functioning HPA axis will quickly help regulate the SAM and bring the
organism back to baseline. Restoration of normal functioning in the SAM-activated
cardiovascular, immunologic, metabolic, reproductive, and digestive systems will ensue.
Alternatively, prolonged activation of the SAM stemming from protracted stress or a
malfunctioning HPA taxes chronically engaged associated cardiovascular, metabolic,
immunologic, and central nervous systems.

This finely coordinated system of triggers and feedback loops is well suited to periodic acute
activations that resolve relatively quickly. The system is also highly adaptable and has been
shown to calibrate its activity over time to match predominant environmental demands (Del
Giudice, Ellis, & Shirtcliff, 2011). As such, the physiologic stress response systems of
individuals living in the context of frequent, ongoing stressful events become calibrated to
be optimally responsive in that context (Wadsworth, 2015). Hence, children growing up
exposed to chronic, uncontrollable stressors such as poverty or maltreatment often develop
SAM-HPA systems having lower activation thresholds and less responsive deactivation
feedback loops, leading to chronic activation of the SAM-HPA systems. These re-calibrated
stress responses are adaptive insofar as they help protect the organism by being vigilant to
potential threat for example, and at the same time are maladaptive as they portend problems
in other life areas such as physical and mental health (Del Giudice et al., 2011).

Multi-system Co-activation

To place our review of SAM-HPA co-activation in the context of the broader literature on
stress response “dysregulation” effects, we first provide a brief overview of SAM and HPA
main effects on symptoms of psychopathology in children and adolescents. In the studies
reviewed here, HPA axis activity is indexed by the peripheral marker, salivary cortisol, and
SAM activity is indexed by salivary alpha-amylase. Stress researchers generally refer to the
initial activation of the acute stress response as “reactivity,” and quantify the size of the
reactivity response as the change from baseline to peak levels of neuroendocrine hormones
such as alpha-amylase (SAM) or cortisol (HPA). The post-stressor deactivation and
restoration phase, conceptualized as the efficiency or rapidity with which an individual’s
hormones return to baseline levels following the peak, is referred to as “recovery.”
Distinguishing between reactivity and recovery is important because examination of the
reactivity and recovery phases separately has proven helpful in specifying outcomes of
different coping behaviors (e.g., Wadsworth et al., 2018; Zoccola & Dickerson, 2012), and in
predicting psychopathology (Niermann et al., 2017). Hence, we include studies examining
both reactivity and recovery phases of the stress response.
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Alpha amylase reactivity and recovery.

There is considerable inconsistency as to whether and how alpha-amylase reactivity and
recovery are linked to clinically relevant outcomes in children or adolescents. On the one
hand, heightened alpha-amylase reactivity has been associated with higher levels of anxiety
in 7-16 year-old children (Allwood, Handwerger, Kivlighan, Granger, & Stroud, 2011),
increased depression in early adolescents exposed to peer victimization (Rudolph, Troop-
Gordon, & Granger, 2011), and more adolescent health and interpersonal problems (Afifi,
Granger, Denes, Joseph, & Aldeis, 2011). On the other hand, lower alpha-amylase reactivity
has been found to be related to problems such as rejection sensitivity (Chaudoir, Vergara-
Lopez, & Stroud, 2017), post-traumatic stress disorder (Feldman, Vengrober, Eidelman-
Rothman, & Zagoory-Sharon, 2013), and conduct problems (Susman et al., 2010). Few
studies have looked specifically at alpha-amylase recovery following a stressor, though
results seem to support that quicker recovery is beneficial (e.g., Chaudoir et al., 2017).

Cortisol reactivity and recovery.

There is substantially more research on associations between symptoms of psychopathology
and cortisol reactivity and recovery. Cortisol reactivity to socio-evaluative stressors has been
related to internalizing and externalizing symptoms during the preadolescent period in
multiple samples. Most of these studies find an inverse relationship between HPA reactivity
and externalizing problems (e.g., Hartman, Hermanns, de Jong, & Ormel, 2013; Northover,
Thapar, Lamgley, Fairchild, & van Goozen, 2016), suggesting that an active HPA response
to stress may protect against externalizing problems. In contrast, exaggerated cortisol
reactivity is associated primarily with internalizing symptoms such as anxiety (Kryski,
Smith, Sheikh, Singh, & Hayden, 2013) as well as broadband internalizing problems
(Hartman et al., 2013; Hastings et al., 2011). Though the research on cortisol recovery is
more limited, findings generally align with the theoretical premise that efficient return to
baseline functioning (i.e., quick and complete) is optimal (Nederhof et al., 2015; Schoorl,
van Rijn, de Wied, van Goozen, & Swaab, 2017).

Studies of Co-activation

Table 1 contains all of the published studies of SAM-HPA co-activation conducted with
children or adolescents that were available at this writing. We here summarize the findings
regarding interactions between alpha-amylase and cortisol in relation to internalizing and
externalizing symptoms of psychopathology and consider potential sources of heterogeneity
stemming from sample characteristics (sample age range, sampling population, sex) and
measurement issues (reactivity vs. recovery vs. basal, calculation of activation).

Support for risk stemming from asymmetric SAM-HPA co-activation is limited, but three
studies implicate risk for internalizing problems in particular. For the 8-14 year olds with
clinical levels of internalizing symptoms in Bae and colleagues (2015) study, low basal
alpha-amylase and high basal cortisol were inversely related (asymmetric co-activation).
Similarly, low basal alpha-amylase and high basal cortisol were inversely related
(asymmetric co-activation) to internalizing problems in the 11 and 12 year-olds in Chen and
colleagues’ (2015) study. Finally, in response to a lab-based stress induction, low alpha-
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amylase reactivity and high cortisol reactivity (asymmetric co-activation) were linked to the
highest internalizing problems in Allwood and colleagues’ (2011) community sample of
7-16 years olds. Hence, there is, albeit limited, converging evidence that concurrent low
alpha-amylase and high cortisol activity portend risk for internalizing. This cross-study
consistency is striking given the different ages, levels of clinical risk, and measurement
strategies (basal versus reactivity to a stressor) used in the individual studies.

Support for symmetric low cortisol, low alpha-amylase co-activation as a risk for
externalizing problems is relatively strong, although some studies also find risk stemming
from symmetric high co-activation as well. Gordis and colleagues (2008) found an
interaction between alpha-amylase and cortisol reactivity to the TSST in their sample of
10-14 year olds; at lower alpha-amylase reactivity, cortisol was inversely related to
aggression (symmetric low activation), whereas at higher alpha-amylase reactivity, cortisol
was not related to aggression. Chen and colleagues (2015) and Bae and colleagues (2015)
both found that concurrent low levels of basal alpha-amylase and cortisol were associated
with externalizing problems in their samples. Platje and colleagues’ (2017) found a trend
consistent with risk stemming from concurrent low alpha-amylase and cortisol reactivity to
the Leiden Public Speaking test in their older adolescent sample. Similarly, de Vries-Bouw
et al. (2012) found that concurrent low levels of both alpha-amylase and cortisol predicted
the highest levels of externalizing problems in their sample of older male adolescents.

There are a few findings that diverge from the above. For example, EI-Sheikh and colleagues
found risk for both internalizing and externalizing stemming from symmetrically high basal
levels in their sample of third grade children (EI-Sheikh et al., 2008)—findings which
diverge from both patterns above. It is possible that this could represent a developmental
phenomenon, as the children in this study were the youngest on average of any sample.
However, a similar pattern emerged in the college students in Kreher and colleagues’ (2012)
study where symmetric high basal alpha-amylase and cortisol were associated with
increased priming of negative words, a putative risk factor for internalizing problems.
Another anomaly was the asymmetric risk for parent-reported aggressive problems posed by
high total alpha-amylase output and low total cortisol output (across both the reactivity and
recovery phases of the stress response) in 10-14 year-olds in Gordis et al. (2006). The
aggregation of alpha-amylase and cortisol across the full stress response (i.e., reactivity and
recovery together) in the latter study makes it difficult to compare to other studies measuring
either reactivity or basal levels. Finally, in two of the studies, co-activation effects were
moderated by a third variable and as such only applied to boys receiving harsh discipline
(Chen, Rudo-Hutt, Glenn, Soyfer, & Granger 2014) or youths exposed to high levels of
marital conflict (Koss et al., 2014), for example. A third study (Chen et al., 2016) was
specifically designed to detect co-morbidity in internalizing and externalizing problems.

1.2. The Current Study

The purpose of the study was to examine both singular and interactive contributions of SAM
and HPA activation during both the reactivity and recovery phases of the acute stress
response to levels of internalizing and externalizing problems in pre-adolescent boys and
girls, accounting for known correlates of these physiologic systems (sex, pubertal status,
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medication use, time of day, and stress exposure). We reviewed the extant literature on
SAM-HPA coactivation in children and adolescents in order to derive hypotheses regarding
co-activation effects in our community sample of pre-adolescents who were oversampled for
socioeconomic risk. We hypothesized that: (1) asymmetric reactivity co-activation would be
associated with internalizing, specifically that a pattern of low alpha-amylase-high cortisol
reactivity would be associated with internalizing symptoms; and (2) symmetric reactivity co-
activation would be associated with externalizing symptoms, and that low alpha-amylase-
low cortisol symmetric reactivity would represent risk for externalizing. The extent to which
alpha-amylase and cortisol will interact in a meaningful way during the recovery phase is
currently unknown and was also explored in this study.

2. Method

2.1. Participants

Participants were 149 fourth- and fifth-grade children (7= 76 males; Mge = 10.31, SD=
1.74) and one of their primary caregivers (85.2% mothers), who lived in either a large
suburban area in the Western U.S. (n=30) or a small suburban area in the Northeastern U.S.
(n=119). The majority of participants identified as White (94.6% of children and 93.2% of
caregivers). Median household income for the sample was $70,500 USD.

2.2. Procedure

Participants were recruited through local elementary schools. Caregivers completed the
online parent portion of the study in which they provided consent for their children to
participate and completed online questionnaires. Preadolescents participated in 95-minute
sessions that took place between the hours of 3:00 p.m. and 5:30 p.m. Upon arriving at the
lab, participants provided written assent, rinsed their mouth out with a sip of bottled water,
and provided the T1 saliva sample. Participants then completed questionnaires for 40
minutes, after which T2 saliva sample was taken. Next, participants were taken to a separate
room and administered the modified Trier Social Stress Test (TSST-M; Yim, Quas, Cahill, &
Hayakawa, 2010); T3 saliva sample was taken immediately after this task. Participants were
then brought to a separate room for 10 minutes where they waited for their performance to
be scored by the judges—nhalf of the children waited in a “coping” room containing drawing
materials and musical instruments and half waited in an empty room. After 10 minutes in the
coping room T4 saliva sample was taken. T5, T6, and T7 saliva samples were taken at 10-
minute intervals thereafter. All procedures were approved by the University of Denver and
The Pennsylvania State University institutional review boards.

2.3. Measures

2.3.1. Salivary alpha-amylase and cortisol.—Physiologic functioning was assessed
via repeated saliva samples. Participants were asked to refrain from brushing their teeth or
consuming a large meal or dairy products within 60 minutes of their appointment and to
refrain from sugary and acidic snacks within 20 minutes. Prior to the first saliva collection,
participants rinsed their mouth with a small sip of water. Seven saliva samples were
collected via passive drool through a straw directly into vials over the course of the 95-
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minute visit. Saliva samples were stored in a medical grade freezer and were transported on
ice to the Behavioral Immunology and Endocrinology Lab at the University of Colorado.

Cortisol 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 cortisol levels in the range of 0.003 to 3.0 pg/dL. All samples were run in
duplicate. alpha-amylase levels were determined from the same saliva samples as were used
to determine cortisol levels. Alpha-amylase levels were determined using a commercially
available kinetic reaction assay kit (No. 1-1902; Salimetrics, LLC, State College, PA). The
assay employs a chromagenic substrate, 2-chloro-p-nitrophenol, linked to maltotriose. The
enzymatic action of alpha-amylase 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 alpha-amylase activity present in the sample is directly proportional to the
increase (over a 2 minute period) in absorbance at 405 nm. Results are computed in U/mL of
alpha-amylase using the formula: [Absorbance difference per minute x total assay volume
(328 ml) x dilution factor (200)]/ [millimolar absorptivity of 2-chloro-p-nitrophenol (12.9) x
sample volume (.008 ml) x light path (.97)]. Samples were batched in the same order as
random assignment.

2.3.2. Internalizing and externalizing symptoms.—The Behavior Assessment
System for Children, Second Edition (BASC-2; Reynolds & Kamphaus, 2004), Parent
Rating Scales (PRS) were used to assess children’s externalizing symptoms using the
Externalizing broadband scale. Adolescents’ Self Report of Problems (SRP) assessed
internalizing using the Internalizing broadband scale. Items were rated on a 4-point scale
from 0 (Never) to 4 (Always). Cronbach’s a = .92 for both Internalizing and Externalizing.
Analyses and plots of interactions use raw scores, but the mean t-scores are presented in
Table 2 for ease of interpretation.

2.4. Covariates

Child sex (0=boy, 1=girl), pubertal status, stressful life events, time of T1 saliva, peak
cortisol timepoint, and cortisol-relevant medications were included as covariates. Perceived
pubertal status was measured via the parent-report Physical Development Scale (PDS),
which estimates adolescents’” Tanner staging (Petersen, Crockett, Richards, & Boxer, 1988).
For females, parents indicated whether menstruation had begun and rated the extent of
growth spurt, breast growth and body hair growth. For males, parents rated the extent of
voice deepening, growth spurt, facial and body hair growth. All items were rated on either a
4- or 5-point Likert-type scale, aside from the menstruation item, which was scored
dichotomously (no = 0; yes = 4). An average puberty score was computed from the four
items for each child. Parents were asked to indicate all medications that the child takes
regularly or frequently, their purpose, schedule, and dosing. All medications were classified
according to guidelines established by Granger and colleagues as to whether they could
affect cortisol levels (Granger, Hibel, Fortunato, & Kapelewski, 2009). A score was
calculated for each participant which summed the number of cortisol-relevant medications
that they take regularly. Stressful life events were measured using the parent report of a
modified version of the Child and Adolescent Survey of Experiences: Parent Version
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(CASE-P; Allen & Rapee, 2009). The CASE-P is a 38-item checklist of life events that may
have occurred over the last 12 months in the following domains: changes in household,
illnesses, separation from family, moves, marital events, experiencing or witnessing
traumatic events, family and peer interactions, and school achievement. Items assessing
negative life events (7= 31) were selected.

2.5. Data Analytic Plan

2.5.1. Data reduction and preprocessing.—Participants missing a majority (e.g., >
3) of their alpha-amylase and cortisol data points (/7= 3) were excluded from the present
analyses. Extreme alpha-amylase and cortisol values (+/— 3 SD) were winsorized to 3 SD.
The resulting raw alpha-amylase and cortisol values remained positively skewed and were
corrected via a natural log (In) transformation. MANOVA post-hoc tests of geographic
location (western US, northeastern US) indicated locations differed only on covariate
variables to be controlled for in all subsequent analyses. Coping room was examined as a
possible covariate, but as it did not contribute to prediction in any analyses it was dropped
from analyses to help preserve power. Due to cortisol’s customary time lagged appearance in
saliva, SAM and HPA reactivity and recovery scores were calculated differently. SAM
reactivity was calculated by subtracting T1 alpha-amylase level (In) from T3 level (peak
level for 61% of participants). SAM recovery was calculated by subtracting T7 from T3
alpha-amylase. Given typical heterogeneity in cortisol peak timing, we followed Miller and
colleagues’ (2018) recommended approach, using each individual’s highest post-TSST-M
cortisol level [T3 (10%), T4 (46%), T5 (25%)] to index peak. HPA reactivity scores were
calculated by subtracting each individual’s lowest pre-TSST-M cortisol value from their
peak value. Recovery scores were calculated by subtracting the lowest post-TSST-M value
from the peak value.

2.5.2. Missing data.—The total percentage of missing values for key demographic and
study variables was 3.6%. Little’s Missing Completely at Random (MCAR) test was non-
significant (X2 (153) = 128.83, p = .92) indicating that the data could be MCAR.

2.5.3. Linear Multiple Regression Analyses.—Regression analyses were run using
the Process macro in SPSS (Hayes, 2018). Regression models included sex, pubertal
maturation level, use of potentially cortisol-affecting medications, time of day of T1 saliva
sample, and life stress as covariates, as well as alpha-amylase reactivity and recovery scores,
cortisol reactivity and recovery scores, and the interactions between reactivity alpha-amylase
and cortisol and between recovery alpha-amylase and cortisol. Two initial models were run
—one for internalizing and one for externalizing. In both models, the interaction of
reactivity-phase alpha-amylase and cortisol tested reactivity-phase co-activation, while
accounting for main effects of alpha-amylase and cortisol reactivity and recovery as well as
recovery phase interaction of alpha-amylase and cortisol. Though exploratory, the
interaction of recovery-phase alpha-amylase and cortisol tested recovery-phase activation
accounting for the reactivity interaction, main effects, and covariates. Conditional effects of
alpha-amylase (predictor) on internalizing and externalizing were plotted at the 16th, 50th,
and 84th percentile values of cortisol (moderator), as recommended by Hayes (2018).
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Johnson-Neyman (J-N) plots were created to specify the region of significance for each
interaction.

3. Results

3.1. Descriptive Analyses

Means, standard deviations, and correlations among study variables are presented in Table 2.
Alpha-amylase and cortisol reactivity scores are significantly correlated, as are alpha-
amylase reactivity and recovery and cortisol reactivity and recovery. Recovery phase alpha-
amylase and cortisol scores were not significantly correlated with each other. Parent-
reported stress was significantly associated with both internalizing and externalizing
problems. Sex and alpha-amylase reactivity were correlated, reflecting higher levels for
girls. Finally, externalizing problems were positively correlated with cortisol reactivity
scores. In terms of clinical risk, 38% of the sample had at-risk (7> 60) or clinically
significant (7> 70) levels of BASC internalizing (parent or youth report) and/or
externalizing problems (parent-report)}—213% were at-risk or higher on both Internalizing
and Externalizing.

3.2. Multiple Linear Regression Analyses

Due to the high correlations between alpha amylase reactivity and recovery scores and
between cortisol reactivity and recovery scores, we examined variance inflation factors to
detect possible problems with multicollinearity. Results indicated that removal of the non-
significant alpha-amylase recovery score would reduce multicollinearity in the Internalizing
model and that removal of the non-significant cortisol reactivity would reduce
multicollinearity in the Externalizing model. Those scores were therefore removed from the
model, as well as the respective non-significant interaction terms containing them.
Reactivity and recovery alpha-amylase and cortisol scores were mean-centered prior to
calculating interaction terms. Table 3 contains the results of the regression analyses for
Internalizing and Externalizing. Table 4 contains the conditional effects of alpha-amylase
reactivity on internalizing and alpha-amylase recovery on externalizing problems at low,
medium, and high levels of cortisol reactivity and recovery respectively.

3.2.1. Internalizing problems.—The overall model predicting internalizing problems
was significant, F(10,72) = 2.13, p < .02; R? = .228, MSE = 916.71. The test of the
interaction between reactivity alpha-amylase and cortisol was also significant, F(1,72) =
10.48, p < .002; R2 change = .112. Parent-reported stressful events explained a significant
portion of the variability in youth-reported internalizing. In addition, main effects of alpha-
amylase and cortisol reactivity and cortisol recovery were found, such that more alpha-
amylase and cortisol reactivity and less cortisol recovery were associated with higher levels
of internalizing problems. These main effects were also qualified by the interaction between
alpha-amylase and cortisol reactivity. As shown in Figure 1 and reported in Table 3, higher
alpha-amylase reactivity is associated with more internalizing problems, and this effect is
present primarily at higher levels of cortisol reactivity as indicated by the regions of
significance shown in the J-N plot (= 0.75 standard deviations above the mean). Hence, we
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find support for risk for internalizing stemming from symmetric SAM-HPA reactivity co-
activation.

3.2.2. Externalizing problems.—The overall model predicting externalizing problems
was significant, F(10,65) = 6.49, p < .000; R2 = .496, MSE = 385.78. The test of the
interaction between recovery alpha-amylase and cortisol was also significant, F(1,65) = 9.56,
p < .003; RZ change = .074. High levels of life stress predicted more externalizing, as did
being a boy. Main effects were evident for alpha-amylase reactivity and both alpha amylase
and cortisol recovery, such that larger alpha-amylase reactivity and smaller cortisol and
alpha amylase recovery scores were associated with higher levels of symptoms. These main
effects were, however, qualified by a significant interaction between recovery alpha-amylase
and cortisol. As shown in Figure 2 and reported in Table 3, the symmetric combination of
low cortisol and alpha-amylase recovery was associated with increased externalizing
problems, though as shown in the J-N plot, this effect is restricted to low-to-moderate levels
of cortisol recovery (0.17 — 0.5 SD above the mean). This shows the risk associated with
symmetric combination of low-moderate alpha-amylase and low-moderate cortisol for
externalizing problems.

4. Discussion

Considering early adolescence as a period in which rates of emotional and behavioral
problems begin to rise, this study examined how simultaneous modeling of changes in the
SAM and HPA biomarkers alpha-amylase and cortisol in response to acute stress could help
distinguish between risk for internalizing and externalizing problems. Partial support for the
reactivity phase hypotheses was found and results of recovery phase analyses generally align
with theoretical propositions that efficient recovery is beneficial. Higher levels of reactivity
alpha-amylase and lower levels of recovery cortisol were associated with both internalizing
and externalizing problems. In addition, interactions between alpha-amylase and cortisol
pinpointed risk specific to stress response phase and type of emotional-behavioral problem.
In particular, the combination of high levels of both alpha-amylase and cortisol during the
reactivity phase was associated with higher internalizing and the combination of low levels
of both alpha-amylase and cortisol during recovery was associated with more externalizing
problems.

4.1. Internalizing

The effect of high cortisol reactivity on internalizing symptoms was clear and large—across
all levels of alpha amylase, high cortisol was associated with the highest levels of symptoms.
Our findings also suggest that reactivity alpha-amylase adds valuable predictive information
on internalizing problems, especially at lower levels of cortisol, which is consistent with
studies finding higher alpha-amylase reactivity is linked to anxiety and depression (Allwood
et al., 2011; Afifi et al., 2011). Additionally, there was an inverse association between
recovery cortisol and internalizing problems, similar to a pattern previously observed in
adolescents (Nederhof et al., 2015). As for our hypothesis that asymmetric reactivity would
characterize children with higher internalizing problems, our results did not support this
proposition. Rather, high alpha-amylase reactivity and high cortisol reactivity both predicted
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higher levels of internalizing problems. We based our hypothesis on three existing studies
that have shown evidence of asymmetric SAM-HPA co-activation predicting internalizing
problems. Two studies have shown that low basal alpha-amylase and high basal cortisol
characterize children with more internalizing problems (Bae et al., 2015, Chen et al., 2015),
while a third found that low reactivity alpha-amylase and high reactivity cortisol together
were linked to more internalizing problems (Allwood et al., 2011). Our findings are most
consistent with those of EI-Sheikh and colleagues (2008), who found that high basal alpha-
amylase enhances the risk provided by high basal cortisol, despite our different measures of
activation (basal vs reactivity).

It is not entirely clear why our findings align with the latter study, though both of these
samples had much smaller age ranges than either the Allwood or Bae study. This area of
inquiry is presently too sparse to examine developmental patterns in risk from symmetry of
co-activation but given the powerful influence of the pubertal transition on stress physiology
and behavior, there may be substantial differences between 7-year-olds and 16-year-olds.
Additionally, our sample and that of EI-Sheikh were among the youngest of those found in
Table 1, and both may therefore capture peri-pubertal co-activation risk that is inherently
different from post-pubertal risk. Alternatively, in one of the few studies to measure both
basal and reactivity SAM-HPA co-activation, Reeves, Fisher, Newman, and Granger (2016)
found that baseline asymmetry and post-stressor (reactivity) symmetry characterized the
adults with Generalized Anxiety Disorder in their sample. Hence, our symmetric reactivity-
phase co-activation risk for internalizing aligns with Reeves and colleagues’ anxiety-related
reactivity pattern.

It is interesting that internalizing problems were linked to symmetric SAM-HPA co-
activation in the reactivity phase only, begging the question of why the reactivity but not
recovery phase mattered for co-activation effects on internalizing problems? It is possible
that this reflects anticipatory emotional reactivity in the face of uncertainty, a risk process
associated specifically with the development of anxiety disorders (Grupe & Nitschke, 2013).
This finding highlights the need for revised theoretical work on SAM-HPA co-activation that
integrates empirical findings and provides testable hypotheses about the role of reactivity
and recovery phases, particularly with respect to different forms of developmental
psychopathology. Additionally, while significant reactivity co-activation was evident in our
sample, cortisol during the recovery period also explained variability in children’s
internalizing problems, which aligns with the limited research to date on recovery cortisol
(Nederhof et al., 2015; Schoorl et al., 2017).

4.2. Externalizing

As with internalizing, recovery cortisol was inversely related to externalizing problems
(Nederhof et al., 2015; Schoorl et al., 2017), in further support of the utility of cortisol
activity during the recovery period. Partially consistent with hypothesis 2, low symmetric
SAM-HPA co-activation was linked to greater externalizing problems, however, it was co-
activation during the recovery phase rather than the predicted reactivity phase. These
findings complement most existing studies involving children and adolescents, which show
that under-activation in either the SAM or HPA is associated with conduct problems. Our

Dev Psychobiol. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wadsworth et al.

Page 12

findings go further to pinpoint that concurrent low activations in both SAM and HPA during
recovery indexes particularly high risk for externalizing problems. These findings confirm
and extend current theorizing regarding externalizing behavior problems, that an inability to
mount an appropriate SNS response in the face of stress may lead to sensation seeking and
insensitivity to environmental cues (Hawes, Brennan, & Dadds, 2009).

High levels of recovery activation in either the SAM or HPA appears to provide robust
protection against externalizing problems, emphasizing the importance of the ability to self-
regulate following stress, especially for externalizing. In contrast to internalizing symptoms
which can constitute an immediate response to stress, externalizing problems generally
occur in a time-delayed space following reactivity. Poor recovery from stress may leave a
youth agitated and more prone to act out on the environment in negative ways.

4.3. Summary

These findings support Bauer and colleagues’ additive model (2002), which posits that
optimal functioning of the SAM and HPA systems is achieved by complementary co-
activation, and that risk for emotional-behavioral problems comes from symmetrically high
(internalizing) or low (externalizing) co-activation. This study extends our understanding of
such risks by separately examining the reactivity and recovery phases of the stress response.
Both the main and interaction effects are informative here. It is interesting that co-activation
interactions showed differential phase specificity to the two types of emation-behavioral
problems studied.

In fact, across the board, and likely reflecting the different functions of the reactivity and
recovery phases, hormone levels had opposite effects in the reactivity versus recovery
phases. Thus, analytic approaches that average across the phases could cancel out phase-
specific hormone effects entirely and likely mask potentially important information. In
addition, a single measurement of alpha-amylase or cortisol, especially at a random
timepoint is not likely to unearth such nuanced effects. At the very least, resting levels of
hormones should not be labelled as reactivity, as it is clear that resting and post-stress (peak
reactivity) levels are not the same (e.g., Reeves et al., 2016).

Reactivity reflects the readiness to act and respond in the face of a potentially life-
threatening challenge. Therefore, activation of the stress response is necessary and
appropriate during this phase, but excessive activation characterized by very high levels of
both SAM and HPA hormones appears to reflect an imbalanced response. Recovery reflects
the ability to return to healthy homeostasis once it is safe to do so—timely down-regulation
is therefore essential and very low levels of recovery hormones also appear to index an
imbalanced response. Both scenarios may leave the individual vulnerable to experiencing
negative sequelae.

Both the main and interaction effects support the importance of cortisol activation in
particular during recovery. As noted by Villada, Hidalgo, Almela and Salvador (2016), in the
context of recovering from acute stress, cortisol readies the individual to cope with stress,
and is thereby beneficial. This recovery period is a time when coping can be enacted, for
example and therefore HPA activation should be beneficial. The explicit separation of the
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phases to precisely capture changes over time enhanced our ability to detect these
differences. It seems therefore critical that research in this area of inquiry calculate hormone
changes separately for the two phases of acute stress response. This may help advance
understanding of adaptive and maladaptive recovery profiles that can protect against or
accentuate damage done by stress during childhood and should help dispel common
misconceptions about cortisol as a harmful hormone. Why the reactivity phase is particularly
relevant for internalizing and the recovery phase for externalizing remains an open question
at this juncture.

4.4. Limitations and Future Directions

In addition to several conceptual and methodological advances, the present study has some
limitations that point to areas for future research. First, the question of how high (or low) is
too high (or low) remains largely unanswered. However, the non-significant conditional
effects at the 84t percentile of cortisol in both models show that the low and medium
cortisol levels are essentially indistinguishable from each other and that both are
distinguished from the highest levels of cortisol in terms of conferring risk or protection for
internalizing and externalizing in their respective phases. Importantly, alpha-amylase
activations exacerbate extreme cortisol activations. Still, the absence of a clear threshold
limits clinical applicability of findings such as these currently. The young adolescents in this
study had higher than average levels of internalizing and externalizing symptoms, with close
to 40% scoring as at-risk or clinically significant on internalizing, externalizing or both. This
sample thereby had sufficient variability in symptoms to detect meaningful patterns.
However, replicating these findings in a sample containing adolescents with clinical
diagnoses would be needed to move forward with identifying thresholds, which would be of
great clinical utility.

Second, sample size limitations precluded examination of patterns by important study
covariates such as sex and pubertal status. Given the sex differences that emerge in rates of
psychopathology (Hankin, Mermelstein, & Roesch, 2007) and in HPA functioning (Gunnar,
Talge, & Herrera, 2009) during adolescence for example, it will be important to determine
how patterns of adaptation to stress may converge or differ across sex (Susman et al., 2010).
Itis also a limitation that the data analyzed here were cross-sectional, though findings from
Koss and colleagues (2014), for example show substantial temporal consistency across a 5-
year timespan. Finally, we followed the recommended practice of using parent report of
externalizing problems and youth report of internalizing problems (Aebi et al., 2017). While
this practice ensures that the best estimate of a youth’s problem behaviors is captured, it
does preclude inclusion of additional behaviors that may be observed by different reporters
in different contexts.

In sum, this study adds to and expands upon a small group of studies of SAM-HPA co-
activation in childhood. Our findings converge with the vast majority of studies of
externalizing problems and find that concurrent low activation of SAM and HPA indexes
risk for externalizing problems. We extend the extant literature and specify that this effect
seems located primarily during the recovery phase of the stress response. Our findings
regarding internalizing align primarily with a study by El-Sheikh and colleagues and await
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replication in additional research measuring separate reactivity and recovery effects. A major
strength of this study is that recovery phase effects were examined while accounting for
reactivity phase effects and vice versa, and hence these findings do suggest strongly that the
reactivity phase is especially critical for understanding internalizing and that the recovery
phase is critical for understanding externalizing. The field will benefit from further studies
examining SAM-HPA co-activation, separating out and examining both phases of the stress
response, and especially studies which (1) use best practices for measuring acute alpha-
amylase and cortisol activations, (2) use either small sample age ranges to zero in on a
particular developmental period or include sufficiently large sample sizes in order to
examine different developmental periods within a sample, and (3) include critical covariates
known to affect cortisol levels, including, for example, pubertal maturity, stress, and cortisol-
relevant medication use. Better understanding of SAM-HPA mechanisms underlying risk for
internalizing and externalizing problems may provide critical information regarding targets
for biologically potent preventive and treatment interventions during this stress sensitive
developmental period.
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Interaction between Alpha Amylase Reactivity and Cortisol Reactivity on Internalizing
Problems. Dashed vertical lines indicate bounds of significance. Outer diagnonal lines
represent 95% confidence intervals. AA=Alpha-amylase. C = cortisol.
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Interaction between Alpha Amylase Recovery and Cortisol Reactivity on Externalizing
Problems. Dashed vertical lines indicate bounds of significance. Outer diagnonal lines
represent 95% confidence intervals. AA=Alpha-amylase. C = cortisol.

Dev Psychobiol. Author manuscript; available in PMC 2020 November 01.



Page 22

Wadsworth et al.

Anpigiowod ajqels Buiney
10 Ajigeqoud ay3 |os11409
JUS¥e| MO UMM UBIp|Iyd Jod
"paseasaul sputod awil ssooe
swiajqoud Buizijeussyul

pue Buizifeulalxa

p1gJowod Buiney

JO Sppo 8y} ‘pasealdap

VYV Se ‘quaLssasse

|eniul Je |0s1J09 jsle] ybiy
pey oym uaipjiyd Buowy

Juswubisse
JusWIeas]

‘abers Auagnd
Jauue] ‘Audiuyie
‘xas ‘abe

s101e31pUI S Sa)AJeur
a1dwes Buipuodsaliod
994U UM S3|qeLIeA
jusle| Se pajapow
SIayJewolq Jo Sjana

ainpado.d Joy 102
€ 19 UBYD 23S :JU3LLSSASSe
[enul e ANIAIOE UeIpedlld

uonuaniau| “dnoub j01u0d

10 JUBWIIBaI) 0JUI PaZIWOpUER 31aM
Jo1AeYaq Buizi[euls)xa pajens|s Yyim
UBIP|IYD ‘JUBWSSasSe [eliul JoaYy
"2LI9}1ID UOISN|OX3 [e1Iul 10} $T0Z

‘e 18 UBYD 89S "(JUBWISSASSE [eriiul 18
ZT-TT sabe) uaip|Iyd y6€ “dn-mojjo}
LIuow-zT pue ‘-9 ‘-¢ e SIUaLISSasSe
dn moj|04 JO UOIIPPE BY} YUM 'yTOZ
‘e 18 UayD ul pasn adwies awes

910 ‘lebueln
® ‘uus|D
‘aurey ‘usyp

'swiajqoud Buizijeussyul
10 S|aA9] Jamo| aney
01 A|ax1] asow Apuesiyiubis

‘swiajqoud
Buizijeussixa

10 521095 Jaybiy

aney 0] A|9y1] aiow
aIaM Jayahoy [0S1I09

awn paras||0d

'SJ0Je21pUI
se salAjeue ajdwes
Buipuodsaulo9 inoy

YNM S3|qeLIeA Juse|

(syse1 qey Jo salas

810J9q uoouJaye ul ajdwes
Uy pue ‘sjeassul snuiw
-GT 1e Bululow ayp ui €) Aep

"2LIBYID
UoISN[aXa 10} ‘$T0OZ ‘I8 18 UayD 98s

GTOZ ‘1ebueln

alam |0s109 ybiy pue vV . )1-1ed,, BAIlES ‘A1I01UYI8 | Se pajapouw SiaxJewolq | 8y} SS0Joe Sawl} INoy Palas||od "(z1-TT Sabe) ualp|Iyd 62 ‘¥10Z 9 ‘19)A0S
pUB \7\/S MO| YIIM UBIp|IyD MO| UNM UaIpJIyD ‘1apuab ‘abe 10 S821pUl  B)I|-Mel],, BAI[ES :ALAINOR UBRIPRIIID ‘e 18 uayD ui pasn ajdwies awes ‘aurey ‘uayD
Sj16 S4B 10f uoljoRIUI "salA[eue AJeAl[es Jo Juawainseaw
104 UOIIRISIUI JURIIUBIS ON O "pasealdap "J3Ye| SeInuIW g pAIY} Y1IM 813J43JUl 0} UMOU UOI}edIpaW
‘paseasoul | swajqoid Buizifeulsul pue ‘J8)e] SSINUIW GT PUOIBS | JO 8SN JUSLIND ‘JUBWIIEa.] JO JuBWIea)
swajqoad Buizijeussul pue Buizifeulsxa Aduyie slojealpul se sa)Afeue | uayy ‘(ssInuiw 0Z=AS) WeeT:6 oureIYdAsd JusLINd ‘JapJosIp
pue Buizifeulsixs uo auljdiosip ysrey pue ‘awodul a)dwes Buipuodsaliod Alarewixo.dde e Burels |ejuswdo|anap anisensad ‘uonjep.elss ¥T0Z ‘1ebueio
uo auldiosip ysiey J01084a | 40 10aya ay) ‘paseasdul | pjoyasnoy ‘xapul 934U UM S3|qeLIeA ‘A1oyeloqe| ay3 ul Burusow [eJuaw ‘JapJosip a1oydAsd | 7 ‘Uajhos ‘uus|o
3y} pasea.oul |0S11109 Se |0SIHO0I Se ‘WY ssew Apoq Jude| Se pajapow 3UO $S049€ Pa}s]|02 Sa|dwes 10 sasouBelp :el481119 uoISn|oxg ‘AnH-opny
‘W M| yim shoq Buowy yb1y ynm skoq o4 ‘abess jeuagnd SIayJewolq Jo S|ans BAIJES € :AJIAIOB URIPRIIID *(2T-TT sabe) uaip|iyd gzv ‘aurey ‘uayd
(o) suoneaIpaw
-1SS.1 -150d 1s8moj pue P1021110209N|6 JO 8sn 10 saseasIp
0-1SS.1 -1sod 1s8ybiy D-1SS.1 sso4oe 3UII20PUS JUBLINJUOI OU ‘08 < O
U38MIB(] 30UBIBYIP) (150d G ‘-a4d ¢) sa|dwes eAles | ‘ueWISS Ul JUBN[S :B1ISLID UOISN[OUI
‘swajqo.d Kaanodal pue (O 8 :84nsodxa $saJ1s 8Inde papnjoul osje (Tg=u) GT0Z “le 19
‘swajqo.d Buizifeusaixa alow sabels -1SS.1-84d 1s9mO] pue sAep € JBA0 awIIpaq a10j8q dnouf jo13u0d Ayijeay ‘siaplosip ss19y ‘YosIwIaH
Buizipeusaiul atow yum UM PaleIo0sse Sem |eniagnd Jauue] D-1SS.1-150d 158yb1y ulw Og pue ‘Buryem Jaye (ge=u) Buizijeulaxs Jo (gg=u) ‘1963e( ‘UIBIM
pale1a0Sse AJIAIIOea) [0SI1I0D ANAIOBA |0SI1I0I MO] ‘1INgG Wby U93MIBQ 8UBIBYIP) ulw og ‘Buiuaxem ye pa1ds)j0d | Buizijeulsyul Jo souasaid Jo siseq ayy ‘uuew|apels
O] pue A1an0231 Y UbIH pue aLIjaseq N MO ‘abe ‘Japuab AJIA139€R) paje|ndfeD BAIIES :ALAIIOR URIpeUID | U0 Pa1oa)as !(#T-8 sabe) uaip[iyd 69T ‘aeg
V'V pue |0s11109 Jo Be| yead
‘swajqo.d Buizifeussiul -0}-aW1} 40} JUNOIJE 0} Pasn *sassau||1 [eaisAyd aund ‘swajqold
Jajealh pue (swajqoud [eroos aJam sa|dwes payodrew-aswiy 9 Jeso1neyaq Jo [ed1fojoyaAsd jo
pue swajqoid uonusne) “se) uondafal Jaad e 1o Buioen A103s1Y ‘Joyodje pue ‘sBnip ‘029eq0}
swajqo.d [e101 pjiyo JOLIW YIM | SS] J8yla ‘sysel ‘suoireatpaw o1dosioyoAsd ‘spiosais (TT02) PNOAS
10 spodai Juared Jarealh (19suo Jossanis-1sod | € papnjoul sysel ssais ‘spouad ‘suofjeaIpaw p1oJAyY} ‘sanndadesjuod pue ‘19buel
pa1oIpaid ANAOES) |0SII0D V'V J0 |0S11109 JO anjen AJan0231 pue ‘ssalls ‘auljaseq 1e10 JO 8sn :e148}149 UoISn|axa ‘UeybIATY
ybiy yum uonounfuod adAy Jossans wnwixew) ead pue J9N0 UdXE) So|dwes eAles ys11bu3 u1 Jusnyy BLISHAI UoISN|dUI ‘JabrampueH
ur AJIAIoRal WY MO pue ‘abe ‘xas saInseall auljaseq asn 6-/ :94nsodxa $s8.41s 81nJe (91-/ sabe) uaipjiyd 95 ‘poom||y
ed1IWWAsY |e21418WWAS
ABojoyredoydhsd Yam pareldossy :sbuipuiq sa1eIIBA0D $80IpU| J8ydewolg Buljdwes ealjes a)dwes Apms Apms

"S]UBIS8|0PR PUB UBJP|IYD Ul UOIBANIR-02 YdH-INWVS 10 saipms ealiidwa Bunsixa woJy sbulpuly pue sonstaiorieyd

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 November 01.

in

available

Dev Psychobiol. Author manuscript



Page 23

Wadsworth et al.

10s11I09 Usamiag diysuoirejal
JuedIUBIS OU SeMm 313} ‘Y
MO| UNM uswom Buowy

Jarealb payqiyxa
10s1102 Jaybiy

Uum asoy ‘v ybiy
Yum uswom Buowy

asn euen(iew
pue uoIedIpaw

'sAep 834y}
ay} ssoJoe pabesane
91aM San[en Jayewolg

"SUOISSS Qe| 884y} Uo
ge| ay1 01 [eAture uodn ajdwres
eAIfes Buluane Ajsesjuooulaye

aJe| auo papinoid :auljaseq

"UOISIA [EWI0U-0]-Pal03li0d
10 [ewlou ‘ysijBu Jo Jseads anleu
zer1g10 uoisnpoul “(6T = )
syuspms arenpeiBiapun ajeway 60T

210z ‘8bueio
‘SIamod ‘1ayasy

"sawioy
19113u02 yBiy wouy usym
swa|qoud Buizijeusixa aiow
pey apeib o2 ul |0S1I0D
MOI-VV UBIY ynm apeld

il Ul S1U80ss|opy “swiajgoud
Buizifeussiul anoadsoud
pue 1UaLINJU03 J0 S|aAd| ybiy
pey apelb p,g ul [0S11I0D
MO|-WV YBIY ynm sswioy
10114u02 YB1Y Loy UusIpIyD

'SaWoY 19114U0d MO|
ut Ajuo Inq ‘swajqold
Buizifeutsixs alow

pey |os1u0d YbIY-vY
uby yum siepesf 2
‘uJayed [0SILO0D
MO|-Y/V/ MO] 38U} YlIM
sawioy 191U ybiy

U1 UaIp|Iyd Jo} aniy

10U SeM SIY | "sawoy
101]JU0J MO] Ul UBYM
swajqoud Buizijeussyut
JUBNWOOUOD

aJow pey apeib

pug Ul [0SILI0D MO
-V MO Yim uaIpjiyd

awoaul

Ajwrey ‘abe
pIyo ‘18pusb
PIYd ‘1inwins
adey ‘sjans)

V'V pue |0S1102
yser-aud ‘awin
JUBLISSASSY

(s|ana) Jossans-aid
10} Buijjouo0d) s|ans|
19y ewolq J0ssans
-1s0d :asuodsal 81Ny

"Sa18uBIA 19113U0D [enJew
PaMaIA UBIP|IYD YIIYM Ul ‘¥se)
J1ossalis-1sod sanuiw-Gz pue
-ald pa129]|09 sajdwies ealjes
2 :asuodsay $saJ1s 81noy

ystibu3

u1 usioiyold siaquisw Ajiwey [e
‘Apnis 40 1es Je uapeBiapury ul pyd
B pey Saljiwe) ‘sieak € Jo wnwiuiw
® 10} Jay1abol Buinll siaquisw Ajiwey
€ |[e rer8a0 uoisnjoul "(95'=as
‘s1eak G5 gT= 2o\ ‘ypz=oprif uesw
‘3ouaasajope Ajies) z1 pue (spelb
puz) TL ut pajedioned (€5'=As
‘sieak 662 = 2BEN “plIyo apeib puz
pUE ‘Siayley} ‘siayiow) saljiwey 9/ T

¥T0Z M8Yd210
® ‘PiIByS

-|3 ‘selneq
‘sBulwwnd
‘061099 ‘ssoM

‘uoissalbbe

0 1odas syuased uo |0SILI0d
0109448 OU SeM aJ1ay}

WV UbB1y ynm uaipjiya 1o
‘uoissalbbe s,pj1yo Jo suodal
Jamo| pajaipald asuodsal
Jos1109 Jaybiy ‘asuodsal
YV MO| Ul UBIp[1Yd 104

Aep jo awn ‘abe
‘Xas PIIyo ‘snels
JusWIeal}jew

sjutod awi) 9 ssodoe
punoJb 03 10adsal
Yum JNV parenofed
:asuodsal 1Ny

(1SS 1-1s0d
¥ pue -aid g) sajdwies ealfes
9 :asuodsal ssal1s 3INdy

"saAndadeuod auowloy Jo sisiuobe
21613uaIpe-21aQ 10 SPI0IBISOIILI0D
2118YJUAS JO 8SN :eLIS}ID

uoIsnjox3 *(zg=u) pareasjew

-uou pue (ge=u) dno.b payeasjew
yum ‘(g¢T-0T sabe) yinoA 19

9002 ‘NAMIUL
9 ‘UewWsng
‘1abuelo) ‘sip109

'slolneyaq Buizifeussiul
pue Buizifeusalxa payodal
-uated JO S|ans| Jamo|
UM PaJeId0SSe [0SI1I0D
MOJ pue v [eseq YBIH

'swiajqoud Buizijeusyul
pue Buizifeulsixa

P11y Jo suodas

juated Jaybiy paroipaid
10S1102 pUB 7Y [eseq
ybry Apuepioouo)

Burdwres

BAIES JO W1}
pue s3s ‘ebe
‘A191uy1e ‘I8pusb

S|ana] [eseq Juasaidal 0}
pabelane atom sajdwes

‘(josnu0d

112113 01 M 193dXa 3,Up|NOM
g ‘Aianoeas 108 MR

01 UMOUY| ‘Syse] Buloes)-1e1s
819]dwod ‘yuswnfire 3 npeiaiul
01 Ua)s1]) Jossans-1sod

‘191e] SInoy Z (2) ‘feAtlie Jaye
uiw 0z (1) pa10a)|09 sajdwes
BAI[eS Z :A1IAII0R URIPRIIID

aHav ‘senjigesip

Buiuses| ‘uonepielsl [elusW
siaplosip das|s Jueaiubis Ajfearuro
‘ssau1 [eatsAyd s1nde/o1uolyd pliyo
10 1ioda 1uated 1eI181LIO UOISN[OXd

(2y°0=as ‘2’8 = *®IN) uaIpyd ¥9

(8002) 'azIN
pue ‘Jabueis
eyong

‘Ure3 ‘u1sys-13

“J01ABY3q aAndnisip
1M pareldosse
Apueayiubis

10U [0SI109 PUB Wy

9- sa|dwes ssoloe
10NV :A3IA130€31 {pasn
SeM (Y{Se} $sa11S JO LIS

81049q Ajarelpawiwi)
2 9]dwies eAljes ut

(Bu1p102a1 03PIA YIIM UB3IIS
AeM-au0 ® JO JUOJJ Ul YSe]
Bunyeads o1jgnd e ‘yse} Jossans
-150d ¢ pue -aid z) sejdwes

Jou
pip (-d@) sAoq g¢ pue 1odai-1uaied
1o -y18s Ag @gaq e pey (+da) shoq
GT ‘dnoub Jusnburjap sy ui skoq
asoy} JO "(9T=u) S|0nU0I paydrew
se Ajlunwiwod woly Jo (gy=u

‘da) weiboud uoisianlp Aousnbuijap
woJj pannioal (6'=Qs ‘sieak

2102 ‘ewdod
9 'U3A 3P

uen ‘sialisjaloq
‘UBJIBWIBA
‘uasuer

U3aMIaq uondeIaU| asn aunodlu | S|eA’] JaxJewolq :jeseq | eAIfeS 2 :asuodsad ssauls aInde ¥°8T = *B%N) s1us0sajope afew 9 ‘Mnog-saliA ap
IELCIRAY
us’e| J0 ssajp.Jebal ybiy sem *dn MOJ|0} YIUOW-E PUB JUBLUSSISSE
swoidwAs Jo sjana| ybiy pue [e1}ul UsaMIaQ palalsIuIWpe
eo1IBWWASY |eOIIIBWIWAS
ABojoyredoyahsd yam pareldossy :sbuipui4 Sa1eIIBA0D $391pU| J9ydewolg Buijdwes ealjes a|dwes Apnms Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 November 01.

in

available

Dev Psychobiol. Author manuscript



Page 24

Wadsworth et al.

"Jo1neYaq
Buizifeulsixa Jamo| yum
pale1o0SSe Sem AJIAIIOEa)

10511109 Yb1Y ‘Y MO|

UM ynoA Joy eyy paisebbns

Inq ‘(920°=a) souedlIUBIS
payoeoidde uonoeisiul 8yl

"J01Neyaq
Buizijeusaixa Jaybiy
Y)IM PaJeId0Sse Sem

Aianoeal 10s11409 ybiy

WV ybiy yum yinoA
1o} 1ey3 paisabbns 1nq
‘(920'=7) ®oueoyIUBIS
payoeoidde
uonaeIaul 8y L

asn
aunodIU ‘Iapusl

‘(Jossans

Ja)je saInuIW GT [nun
3se) J0 Uels a10)aq Isnl)
G-z swuiod awi ssoJoe
9sealoul 03 19adsal
Uum ONV parenofed
:asuodsal 81ndy
‘sa|dwres Buluiow
981y} 8y ssoJoe

punoJb 03 10adsal yum
0NV pakejndfed ‘y¥vo

"1Sd uspla 8y} Jo uonsjdwod
-150d G pue ‘Buunp T ‘-aid

2 ‘sajdwies eAlfes g papinoid
:asuodsal $saJ1s a1ndy

“Ja1e| SaINUIW

09 pue Qg uay) ‘Bulusyeme
laye Ajarelpawiwi ‘sajdwes
BAIJES € Pa]09]|0D) :asuodsal
Buluademe [0S1110D

"1T abe 1e uodal

Jayoeal Aq sloineyaq Buizijeulsixs
U0 8109 [e21U1]9 auljJapioq

UM UaJp[IYo Jo Burjdwesiano yum
‘Apn1s 11oyo9 paseq uolrejndod yoing
[eutpniBuoj Joy pauniody “(rv'=as
‘s1eak T€LT = 2B°N) sjusasajope 26T

L1702

“Ie 19100 4ol
ueA ‘sialisjaloq
‘UBJBIWIBA
‘uasuer ‘afeld

‘Butwind
a0uaeA aAefau pue

"SpIOM
anirebau 03 Bulwiid

Buryyem
Jaye sinoy QT-g uifiag 0}
pajnpayas asam syuswiuloddy

‘uonedionued Apnis 4o} 31pald
BIIX3 9SIN0J PaAIddal sjuedioinied

eo1IBWWASY

|eOIIIBWIWAS

ABojoyredoyahsd yam pareldossy :sbuipui4

So)ellenod

s301pU| J9Jewolg

Buijdwes ealjes

a|dwes Apnms

Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 November 01.

in

available

Dev Psychobiol. Author manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wadsworth et al.

Correlations among covariates, alpha-amylase and cortisol reactivity and recovery, and internalizing and

externalizing.

Table 2.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
1. Life Stress -
2. Puberty .03 --
3. Sex 05 gt -
4. Medication -05 -.03 .01 -
5. Cortisol Reactivity .17 A1 .08 -11 -
6. Alpha Reactivity -05 .13 27%* —02  3g** -
7. Cortisol Recovery .08 .06 .01 -14  43** 15 -
8. Alpha Recovery -.07 .05 .07 .02 .01 70%* .03 --
9. Internalizing 23* -06 -01 01 A1 167 17% 15 -
10. Externalizing 97** -07 .03 -01 9p* .03 -03 -10 9% -
Mean 4.89 1.66 032 0.11 67.88 0.07 49.31 4556 51.78
SD 3.28 0.54 117 0.16 7444 0.07 59.08 7.14 9.60
f: p<.10,
*= p<.05,
**: p<.01

Note: Medication = Sum of cortisol affecting medications, Internalizing and externalizing mean and SD are #scores.
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Table 4.

Conditional Effects of Alpha-amylase Reactivity on Internalizing and Alpha-amylase Recovery on
Externalizing Problems at Low, Medium, and High Levels of Cortisol Reactivity and Recovery Respectively
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B se t p Lower CI  Upper CI

Internalizing Problems
Low (-0.0902) 0.161 0.059 2,71 .008 0.043 0.279
Medium (-.0456) 0.142  0.057 249 015 0.028 0.256
High (.0855) 0.086 0.054 159 114 -0.021 0.194

Externalizing Problems
Low (-0.0517) -0.237 0.061 -3.86 .000 -0.360 -0.115
Medium (-.0238) -0.174 0.051 -3.38 .001 -0.277 -0.071
High (.0588) 0.014 0.065 022 .827 -0.116 0.145

Note. Low = 16t percentile. Medium = 50t percentile. High = 84th percentile.
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