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Abstract

Stress and associated alterations in hypothalamic-pituitary-adrenal (HPA) function have

deleterious impacts on the development of multiple mental and physical health problems. Prior

research has aimed to identify individuals most at risk for the development of these stress-related

maladies by examining factors that may contribute to inter-individual differences in HPA

responses to acute stress. The objectives of this study were to investigate, in adolescents, 1)

whether differences in neurocognitive abilities influenced cortisol reactivity to an acute stressor, 2)

whether internalizing psychiatric disorders influenced this relationship, and 3) whether acute

cognitive stress-appraisal mechanisms mediated an association between neurocognitive function

and cortisol reactivity. Subjects were 70 adolescents from a community sample who underwent

standardized neurocognitive assessments of IQ, achievement, and declarative memory measures at

mean age 14 and whose physiological and behavioral responses to a standardized psychosocial

stress paradigm (Trier Social Stress Test, TSST) were assessed at mean age 18. Results showed

that, among all adolescents, lower nonverbal memory performance predicted lower cortisol

reactivity. In addition, internalizing disorders interacted with verbal memory such that the

association with cortisol reactivity was strongest for adolescents with internalizing disorders.

Finally, lower secondary cognitive appraisal of coping in anticipation of the TSST independently

predicted lower cortisol reactivity but did not mediate the neurocognitive–cortisol relationship.

Findings suggest that declarative memory may contribute to inter-individual differences in acute

cortisol reactivity in adolescents, internalizing disorders may influence this relationship, and
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cognitive stress appraisal also predicts cortisol reactivity. Developmental, research, and clinical

implications are discussed.
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1. Introduction

Extensive research has focused on the deleterious impact of stress on the development of

multiple mental and physical health problems including depression, anxiety, cardiovascular

disease, and cancer, and the association of these disorders with functional alterations in the

hypothalamic-pituitary-adrenal (HPA) axis, the primary physiological mediator of the stress

response (Tsigos and Chrousos, 1994; Heim et al., 2000). Much less is known about which

individuals are at increased risk for the development of HPA dysregulation and associated

stress-related disorders. Thus, while many studies differentiate patterns of HPA

dysregulation between groups (e.g., depressed vs. healthy adults), a growing number of

investigations have begun to focus on inter-individual differences to identify mechanisms of

increased risk for adverse outcomes. Studies to date have largely concentrated on

demographic and health-behavior variables (e.g., age, gender, contraceptive use, caffeine,

and alcohol), as well as personality features, using laboratory psychosocial stress challenges

such as the Trier Social Stress Test (TSST Kirschbaum et al., 1993) within healthy subjects

(for reviews see Foley and Kirschbaum, 2010; Kudielka and Wust, 2010).

Neurocognitive factors may contribute to differences in the physiological transduction of

psychosocial stress given their significant influence on skills essential for adaptation to the

stress and demands of daily life (Fiocco et al., 2007; Stawski et al., 2011). Accordingly,

neurocognitive weaknesses may increase subjective and physiological experiences of stress,

including activation of the HPA axis (Power et al, 2008; Franz et al., 2011). Existing studies

have varied in assessing the temporal relationship of neurocognitive and HPA function, and

whether neurocognitive and HPA function is assessed at baseline or under stress. Most

investigations have examined the impact of reactive cortisol levels on measures of

neurocognitive function, with most, but not all (Domes et al., 2002; Nater et al., 2007),

suggesting that increased cortisol levels predict impaired cognition, particularly in both

verbal and visual memory (Kirschbaum et al., 1996; Lee et al., 2007; Quesada et al., 2012).

Several longitudinal community studies, however, suggest a bidirectional effect of

neurocognitive and HPA function; that is, lower baseline neurocognitive performance

predicts changes in HPA axis diurnal function characterized by lower morning and higher

afternoon/evening cortisol levels and a flatter diurnal cortisol slope presumably due to

chronic stress (Lupien et al., 2005; Power et al, 2008; Franz et al., 2011;Stawski et al.,

2011). Some, but not all of these investigations, also controlled for anxiety and depressive

symptoms (Lupien et al., 2005; Franz et al., 2011).

Little is known about whether and how baseline neurocognitive abilities predict adolescent

HPA reactivity to acute stress. Ginty et al. (Ginty and Conklin, 2012) assessed the
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relationship of baseline general intelligence (IQ) and verbal memory with acute cortisol and

cardiovascular (CV) responses following a series of laboratory stress tasks in a large

community sample of adults and found that lower cortisol and CV responses to the stressors

were associated with lower verbal memory ability, but not IQ. A study of children 5 to 18

years of age similarly found that higher HPA reactivity to a speech task was associated with

higher global academic achievement scores post-task (Mathewson et al., 2012). Using

education level as a proxy for academic abilities, Fiocco and colleagues (Fiocco et al., 2007)

found that adults with lower educational levels had greater cortisol responses to the TSST.

Secondary analyses found that those with lower levels of education also performed more

poorly on tests of verbal fluency, but groups did not differ on measures of digit span, self-

esteem, or appraisal of the TSST as stressful. Although limited in scope and number, these

investigations suggest that specific domains of neurocognitive function and acute cortisol

reactivity to stress may be related and influenced by developmental factors.

Very little is also understood about whether the bidirectional associations of neurocognitive

and HPA function are influenced by the presence of psychiatric conditions such as anxiety

and depression despite evidence of the 1) high prevalence of these disorders among adults

and children (Kessler et al., 2005; Merikangas et al., 2010), 2) frequent co-occurrence of

neurocognitive deficits and learning disorders with depression and anxiety (Wenz-Gross and

Siperstein, 1998; Feurer and Andrews, 2009), and 3) association of depressive and anxiety

disorders with stress and HPA dysfunction (Tafet and Bernardini, 2003; Von Werne Baes et

al., 2012). Existing studies of post-traumatic stress disorder, depression, and anxiety suggest

a differential effect among clinical subjects compared to controls, with higher levels of

cortisol generally associated with greater deficits in neurocognitive function in those with

internalizing disorders (Gomez et al., 2009; Hinkelmann et al., 2009; Lagarde et al., 2010;

Lenze et al., 2012; Wingenfeld et al., 2012).

A separate growing body of cognition-focused studies have examined the proximal impact

of cognitive stress appraisal on cortisol reactivity. A transactional model of stress posits that

perceptions of increased threat and decreased ability to cope are associated with greater

experience of subjective stress to specific stressors (Folkman et al., 1986). Support for this

model is derived from a recent meta-analysis of laboratory acute stress challenges that found

social evaluative threat and lack of control as central to inducing cortisol reactivity

(Dickerson and Kemeny, 2004). Contemporary measures of acute cognitive stress processes

distinguish between primary appraisal (threat and personal relevance of a situation) and

secondary appraisal (self-assessment of ability to cope with the stressor) (Gaab et al., 2005).

Although limited, findings support an association of subjective reports of increased acute

cognitive stress appraisal with increased cortisol reactivity (Wirtz et al., 2007; Juster et al.,

2012), with one investigation suggesting an effect of increased primary (threat) but not

secondary (coping ability) stress appraisal (Gaab et al., 2005).

The current study aims to investigate the relationship of neurocognitive function and cortisol

reactivity in a longitudinal community sample of adolescents using verbal and nonverbal

subtests of commonly used measures of IQ, academic achievement, and declarative

memory; and whether these relationships are influenced by the presence of psychiatric

internalizing disorders. The study further examines the influence of acute cognitive appraisal
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of stress in this relationship. We hypothesize that 1) youth with lower cognitive abilities in

both verbal and nonverbal domains will have decreased cortisol reactivity, 2) that this

finding will be more robust in those with internalizing disorders due to the compounding, or

interactive, effect of having anxiety and/or depression, and 3) that higher levels of acute

cognitive appraisal of stress to the TSST will mediate these relationships (See Figure 1).

2. Methods

2.1. Sample

Subjects included 70 (40 female) adolescents participating in a longitudinal study

(Wisconsin Study of Families and Work; WSFW) who had data on neurocognitive function

(at mean age 14.8 years) as part of a larger study of emotion regulation, and who later

participated in a laboratory study of adolescent acute stress reactivity (mean age 18.4 years).

Recruitment for both assessments was limited to subjects who passed MRI exclusionary

criteria, participated in past salivary cortisol sampling, and lived in geographic proximity

(2-3 hr drive) of project offices; sub-sample size was also limited by funding constraints.

Thirteen adolescents who did the neurocognitive assessments are not included here because

they did not complete the age 18 follow-up due to MRI exclusionary criteria (metal dental

work acquired since age 15, n = 2), medical screen-out for major medical disorders with

known cortisol associations(diabetes, n = 1), unavailability (away serving in military, n = 1),

or lack of time and/or interest (n = 9). Most participants (n = 68) had recently graduated

from high school at the time of the acute stress reactivity component of the study; the

remaining two were between 11th and 12th grades in school.

The original WSFW included 570 women recruited from prenatal clinics, with eligibility

criteria of age greater than 18, in the second trimester of pregnancy, living with the baby's

father, and either employed or homemakers (for details see Hyde et al., 1995). At the time of

recruitment (1990–1991), the socioeconomic status (SES) of the families was predominantly

working- or middle-class, and they were largely Caucasian: family income ranged from

$10,000 to $120,000, (Mdn = $46,000); approximately half of parents were high school

graduates, and half were college graduates; and 11% self-identified as a racial/ethnic

minority. There were no significant differences on these family demographic characteristics

between the 70 participating adolescents and the remaining 500 families in the original

WSFW. All study procedures were approved by the Institutional Review Board of the

University of Wisconsin-Madison. Informed consent was obtained from adults at each

assessment; children provided assent at the neurocognitive assessment and informed consent

at the TSST visit.

Subjects in the current study were grouped according to lifetime presence of a DSM-IV

internalizing disorder (i.e., depressive or anxiety disorder) established with the Structured

Clinical Interview for DSM Disorders (SCID; First et al., 2002), administered within one

month prior to the TSST lab session by a doctoral-level clinical psychologist extensively

trained in the administration of the SCID. All SCID interviews were reviewed by a board-

certified child and adolescent psychiatrist (MJS) with the interviewer, and disagreements

were resolved by consensus.
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The SCID yielded 24 adolescents with a lifetime diagnosis of an internalizing disorder

(“Cases”; 16 female) including Generalized Anxiety Disorder (GAD; n = 2), Social Phobia

(7), Specific Phobia (3), Panic Disorder (1), Posttraumatic Stress Disorder (PTSD; 1), Major

Depressive Disorder (MDD; 9), and Co-morbid MDD with Social Phobia (5); current

diagnoses (mutually exclusive) included Social Phobia (n = 2), Specific Phobia (3), GAD (2)

and comorbid MDD and Social Phobia (3). In addition to these internalizing disorders, 3

Cases had a substance use disorder (cannabis abuse, n = 1current; alcohol abuse, n = 2

current). Similarly, among the 46 adolescents with no internalizing diagnosis (“Controls”;

24 female), 7 had a substance use disorder (cannabis abuse, n = 1 current; alcohol abuse, n =

4 lifetime, 2 current). With one minor exception, Cases and Controls did not differ by family

SES (parental education and family income), gender, or racial/ethnic status: fathers of

Control participants had slightly more years of education than fathers of Case participants,

M = 15.3 versus 14.1, respectively, t(67) = 2.15, p = .035.

Health status and medication use were assessed at the time of the TSST visit. Use of oral

contraception was reported by seven subjects (2 Cases, 5 Controls) and therefore considered

in all analyses.

2.2. Procedure

2.2.1. Neurocognitive Assessment—Subjects completed a battery of

neuropsychological measures assessing verbal and nonverbal domains of general cognitive

abilities (IQ), academic achievement, and memory using three instruments frequently used

in clinical and academic centers. Tests were administered according to each assessment's

manual by an experienced member of the study team trained in standardized testing

procedures.

IQ. The Wechsler Abbreviated Scale of Intelligence (WASI) is a brief measure of

intelligence for individuals between the ages of 6-89 years (Wechsler, 1999). Vocabulary

and Matrix Reasoning subtests were administered to assess general verbal and nonverbal

cognitive abilities, requiring subjects to provide spoken definitions of increasingly complex

words and complete missing components to visual patterns, respectively. Raw scores of the

WASI subtests convert to T-scores (M = 50, SD = 10) with higher scores representing better

performance. In the development and standardization of the measure, internal consistency

for composite scores ranged from .92 to .98; test-retest coefficients were adequate, ranging

from .87 to .92. Construct validity was supported by strong correlations with the Wechsler

Intelligence Scale for Children (WISC-III) and Wechsler Adult Intelligence Scale (WAIS-

III).

Academic Achievement. The Wide Range Achievement Test—Third Edition (WRAT-3;

Wilkinson, 1993) is a standardized measure of academic achievement for ages 3-89 years.

Raw scores on this measure translate to standard scores (M = 100, SD = 15), with higher

scores indicating better performance. Reading and Arithmetic subtests were administered,

which required subjects to perform increasingly complex single-word decoding and written

mathematical calculations, respectively. Both subtests have demonstrated high content

validity and internal consistency across adolescent age groups (alpha coefficients:

Arithmetic .88-.89, Reading .90-.92).
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Memory. The Wide Range Assessment of Memory and Learning—Second Edition

(WRAML-2; Sheslow and Adams, 2003) is a standardized assessment battery for memory,

appropriate for ages 5-90 years. Story Memory and Design Memory subtests were

administered to assess verbal and visual declarative short-term memory. The tasks required

subjects to immediately repeat two stories read out loud by an examiner and reproduce sets

of geometric forms following a five-second exposure and a ten-second delay, respectively.

Raw scores on these tests translate to scaled scores (M = 10, SD = 3), with higher scores

indicating better performance. Both subtests have established strong internal consistency

(alpha coefficients: Story Memory .91 - .92, Design Memory .86 - .91) and moderate to

strong test-retest reliability (Story Memory r = .75, Design Memory r = .53).

2.2.2. State Cognitive Stress Appraisal—Cognitive stress appraisal was measured

with the Primary Appraisal / Secondary Appraisal scale (PASA; Gaab et al., 2005),

immediately after arrival at the TSST testing area and receiving instructions about the acute

stress paradigm. Constructs of the PASA are based on a transactional stress model, and

designed to specifically assess anticipatory anxiety to the TSST (Kirschbaum et al., 1993).

Two eight-item scales measure situation-specific threat and challenge (Primary Appraisal)

and self-concept of abilities and control expectancies (Secondary Appraisal). Participants

evaluate the extent to which statements apply to themselves on a six-point scale ranging

from “Strongly disagree” to “Strongly agree.” PASA scales have demonstrated reasonable to

good internal consistency (alpha coefficients: Primary Appraisal .80, Secondary Appraisal .

74), and negative inter-correlations between primary and secondary appraisal scales support

the complementary relationship between the concepts (Gaab et al., 2005).

2.2.3. Laboratory Acute Stress Paradigm—The TSST was used to elicit HPA

reactivity to acute stress (Kirschbaum et al., 1993). The TSST is a highly standardized

laboratory psychosocial stress test consisting of five minutes of free speech and five minutes

of mental arithmetic performed in front of an audience. All visits were conducted in the late

afternoon. Subjects were thoroughly instructed on standardized cortisol sampling procedures

including refraining from eating, brushing their teeth, and exercise one hour before the study

visit. Serial samples of saliva were obtained at baseline, which followed an acclimation

period (approximately 60 minutes of questionnaires and neutral-content DVDs) and

immediately preceded the TSST; and 0, 10, 20, 30, 45, and 60 minutes following the TSST.

Following the acclimation period, subjects were escorted by the research assistant (RA) to a

separate room and standardized TSST testing “booth” where two TSST “judges” (one male,

one female) were seated. At the conclusion of the TSST, the judges exited and the RA

rejoined the adolescent in the booth where both remained during a 60-min recovery period

for completion of questionnaires and saliva collection. At the conclusion of the visit,

adolescents completed a writing exercise (Cohen et al., 2000) previously shown to boost

self-esteem (Schmeichel and Vohs, 2009) and were thoroughly debriefed.

Saliva samples were stored in a −80° C freezer until assayed with the Salimetrics (State

College, PA) extended-range cortisol enzyme immunoassay (EIA) kit using a monoclonal

antibody. All samples were assayed in duplicate; results were considered acceptable only if

the coefficient of variation (CV%) for the duplicate measurement was <20% for samples
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with values >0.02 ug/dL and <30% for samples with values ≤0.02 ug/dL. The mean inter-

assay CV% was 5.1% and the mean intra-assay CV% was 3.5%.

2.3. Statistical Analysis

Cortisol reactivity was assessed as area under the curve with respect to increase (AUCi;

Pruessner et al., 2003) and was the primary dependent variable of interest. A logarithmic

transformation was applied to raw cortisol values to yield a normal distribution; all cortisol

analyses are based on logarithmic transformed values.

Descriptive analysis of neurocognitive variables was accomplished by examining full

sample means and standard deviations in relation to the average range values per each

measure. Group differences by diagnostic (internalizing Case versus Control) and gender

groups were examined via independent samples t-tests on all study variables. A value of p

< .05 was considered statistically significant for all analyses.

Primary study aims were addressed via hierarchical multiple regression analyses, with each

predictor variable centered at its mean (Kraemer and Blasey, 2004). To examine the

relationship of baseline neurocognitive function with acute cortisol reactivity to the TSST,

neurocognitive variables were entered stepwise with p ≤ .05 as the criterion for inclusion,

predicting cortisol AUCi. Although neurocognitive predictors were not highly inter-

correlated (Table 1), stepwise entry was chosen to limit the number of variables in the model

given the sample size. The impact of an internalizing disorder on this relationship was

examined by entering diagnostic group membership (Case vs. Control) into the model,

followed by interaction terms of neurocognitive variables × diagnostic group entered

stepwise with p ≤ .05 as the criterion for inclusion in the final model. Dummy variables for

oral contraceptive use and gender were entered as control variables in the first step of each

regression model, given the possibility of steroid medications and hormonal gender

differences modulating cortisol responses to acute stress (Kumsta et al., 2007).

To assess the possibility of cognitive appraisal mediating the model of neurocognitive

variables predicting cortisol reactivity, two sets of analyses evaluated PASA-Primary

(threat, challenge) and PASA-Secondary (control expectancy, self-concept of abilities) as

mediator variables using the criteria outlined by Kraemer et al. (2001), which specifies

temporal ordering as in the present study. First, variables in the initial model were entered

simultaneously, with PASA-Primary evaluated as the dependent variable. Next, the initial

model variables were entered simultaneously, followed by the entry of PASA-Primary, as

independent variables predicting cortisol AUCi. An identical procedure was performed to

evaluate PASA-Secondary as a mediating variable.

3. Results

3.1. Preliminary Analyses

Full sample means and standard deviations suggest scores in the average range on all

neurocognitive measures (Table 1). There were no differences on any study variable

(neurocognitive functioning, cognitive appraisal, or cortisol AUCi) between Cases and

Controls, t(68) range = −1.83 – 1.62; p range = .071 - .868, or between males and females,
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t(68) range = −0.40 – 1.85; p range = .069 - .852. Baseline cortisol level (obtained after an

acclimation period of approximately 60 minutes after arriving for the TSST visit) also did

not differ between Cases and Controls t(68) = .14, p = .893.

3.2. Influence of Neurocognitive Functioning and Internalizing Disorders on Cortisol
Reactivity

Initial analyses investigated whether neurocognitive function as assessed by IQ, academic

achievement, and memory predicted cortisol reactivity to the TSST in the full sample and

when considering those with/without psychiatric internalizing disorders. A significant model

emerged with WRAML-2 Design Memory predicting cortisol AUCi (R2 = .150, p = .013) in

the full sample, such that those who exhibited better immediate nonverbal memory had a

higher cortisol response to the TSST (β = .285, p = .018). No other neurocognitive variables

met criterion for inclusion in the model.

The presence or absence of an internalizing disorder did not significantly improve the

predictive value of the model (β = .089, p = .427), although its addition still yielded a

significant predictive model for cortisol AUCi (R2 = .158, p = .023). Stepwise entry of

interaction terms added WRAML-2 Story Memory × diagnostic group to the analysis (β = −.

265, p = .019), yielding a significant initial model of neurocognitive abilities and

internalizing diagnostic status (Figure 1, path c) that accounted for an unadjusted 22.7% of

variance in cortisol responses (adjusted R2 = .167, p = .005). To examine whether a main

effect of Story Memory was unaccounted for in the stepwise entry procedure, Story Memory

was subsequently entered as a final step. Story Memory was not a significant predictor in

this step (β = .018, p = .881), thus confirming the significance of the Story Memory ×

diagnostic group interaction. Graphical representation of this interaction (Figure 2) revealed

a significant positive association of Story Memory and cortisol AUCi for Cases (r = .45, p

= .028) and a non-significant negative association for Controls (r = −.17, p = .256).

3.3. Role of Acute Cognitive Stress Appraisal in Predicting Cortisol Reactivity

Subsequent analyses examined whether acute cognitive stress appraisal mediated the

relationship of neurocognitive function and cortisol AUCi. PASA-Primary, a measure of

threat and challenge perceived by subjects immediately after receiving instructions for the

TSST, was first assessed as a potential mediator. The initial model of neurocognitive

function and diagnostic group did not significantly predict PASA-Primary (Figure 1, path a;

R2 = .071, p = .441), and PASA-Primary was not a significant predictor of cortisol AUCi

(Figure 1, path b; β = .020, p = .865) when controlling for the initial model variables. Thus,

PASA-Primary did not mediate the relationship of neurocognitive function and diagnostic

group with cortisol reactivity.

Analyses next assessed whether PASA-Secondary, a measure of self-perception of control

and coping abilities, mediated the relationship of neurocognitive function and cortisol AUCi.

Similar to findings for PASA-Primary, the initial model of neurocognitive function and

diagnostic group did not predict PASA-Secondary (Figure 1, path a; R2 = .065, p = .494).

However, in contrast to PASA-Primary, PASA-Secondary was a significant predictor of

cortisol AUCi (Figure 1, path b; β = .337, p = .002) when controlling for the initial model
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variables, with Design Memory (β = .238, p = .031) and Story Memory × diagnostic group

interaction term (β = −.246, p = .020) each contributing unique variance to the overall model

(Figure 1, path c’; R2 = .333, p < .001). Higher levels of self-perceived coping abilities in

anticipation of the TSST were associated with higher cortisol responsivity (Figure 3), but the

relationship of neurocognitive function and diagnostic group with cortisol reactivity was not

mediated via secondary appraisal, i.e., PASA-Secondary was found to have a unique main

effect in predicting cortisol AUCi (Table 2).

4. Discussion

Of the three standardized verbal and nonverbal neurocognitive assessments of IQ, academic

achievement, and memory, only memory variables were predictive of cortisol reactivity to

acute stress. Findings partially supported our hypothesis that both verbal and nonverbal

weakness would predict lower cortisol reactivity in that only nonverbal memory had a main

effect among all subjects. Results also partially supported our hypothesis of a compounding

effect of having an internalizing disorder, i.e., internalizing disorders interacted with verbal

memory performance in differentially predicting cortisol responses, with a significant

positive association of moderate magnitude within Cases and a negative non-significant

association within Controls. While findings did not support a hypothesized mediational role

of cognitive stress appraisal in linking memory and cortisol reactivity, results did reveal a

significant relationship between acute cognitive stress appraisal and cortisol reactivity

among all adolescents. More specifically, subjects’ self-perception of their abilities and level

of control (Secondary Appraisal), but not threat (Primary Appraisal), in anticipation of the

TSST was a main predictive factor of cortisol reactivity and strengthened the overall model.

Findings add to extant studies supporting a relationship between stress and declarative

memory (Lupien and Lepage, 2001; Lupien et al., 2005), and uniquely extend these findings

to adolescents. Our results, combined with findings from longitudinal studies (Lupien et al.,

2005; Power et al, 2008; Franz et al., 2011; Stawski et al., 2011), suggest that

neurocognitive weaknesses, including memory, may portend risk of downregulation of HPA

function due to a putative model of chronic psychological stress arising from repeated

difficulties navigating day-to-day demands that require memory and related neurocognitive

abilities. The experience of this stress during childhood and adolescence confers additional

risk for adverse stress-related outcomes given the immense psychological changes during

this developmental epoch including development of self-identity, self-esteem, and locus of

control (Stortelder and Ploegmakers-Burg, 2010; Thomaes et al., 2010). School is the major

source of developmental experiences away from home for most youth, and is traditionally

characterized by an overarching emphasis on academic performance compared to one's peers

as a primary measure of competence and self-worth. Youth with neurocognitive weaknesses

may have repeated experiences of feeling less capable and embarrassed in academic and

social demands when comparing themselves to peers, with subsequent development of self-

doubt and low self-esteem. Low self-esteem and feeling unable to control one's experiences

have, in turn, been shown to heighten psychological and physiological reactivity to stress

(Pruessner et al., 2005). Finally, repeated stress-activated release of glucocorticoids might

dynamically worsen baseline neurocognitive function, including memory, due to the

detrimental effects of corticosteroids on the hippocampus (Lupien and Lepage, 2001). In
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contrast to other investigations (Fiocco et al., 2007; Stawski et al., 2011; Mathewson et al.,

2012), this study did not find a main effect of IQ or academic achievement in predicting

cortisol reactivity. This may be related to several factors. One possibility is that, given the

strength of the influence of memory on cortisol reactivity, weaker effects of the other

neurocognitive domains were overshadowed in this relatively small and homogeneous

sample. Alternatively, relative weaknesses in memory may be more influential in triggering

a stress response compared to relative weaknesses in IQ and achievement when considering

a normative range of performance as was found in this sample. Finally, given that this is the

first study to systematically investigate the relationship of neurocognitive function with

cortisol reactivity in adolescents, results may reflect neurocognitive domains of risk unique

to this developmental epoch.

This is also the first study to examine the influence of lifetime history of internalizing

disorders on the association of neurocognitive function and acute cortisol reactivity, and

does so in a longitudinal study of adolescents. Several clinical studies of depression and

anxiety report a negative association of increased diurnal cortisol levels with weaknesses in

both verbal and nonverbal memory (Gomez et al., 2009; Hinkelmann et al., 2009). Findings

may reflect an additive effect of negative affect on alterations in HPA function in addition to

the variance due to memory deficits (Buchanan et al., 1999; Abercrombie et al., 2012). The

interaction of internalizing disorders with verbal memory in this study may also be partially

related to the verbal demands of the TSST as suggested by similar findings in adults with

lower educational levels and relative weaknesses in verbal abilities (Fiocco et al., 2007).

Finally, findings support existing evidence linking increased cognitive appraisal of stress

with alterations in cortisol reactivity (Gaab et al., 2005; Wirtz et al., 2007; Juster et al.,

2012). This investigation also adds to the limited but growing number of studies that have

begun to employ a more fine-grained approach to assessing this relationship by specifically

investigating primary and secondary subcomponents of acute cognitive appraisal. Results of

this study found that secondary appraisal, i.e., self-perception of coping abilities, predicted

acute cortisol reactivity to the stress of the TSST, whereas perception of threat (primary

appraisal) was not predictive of cortisol response. This is in contrast to an existing report of

a positive relationship with primary appraisal and cortisol reactivity (Gaab et al., 2005).

Findings may reflect a model of “chronic” cognitive appraisal of stress akin to

downregulation of the HPA axis with repeated wear-and-tear activation, i.e., initial repeated

cognitive experience of increased (primary appraisal) threat and associated increased

cortisol reactivity, followed by a “downregulation” of response to threat and shift due to

“chronic” expectation of inadequate abilities and coping resources (secondary appraisal),

and low self-esteem, in approaching day-to-day demands requiring neurocognitive abilities.

Differences in study outcomes may also be related to age of study subjects given that this is

the first investigation to examine these relationships among adolescents in contrast to adults.

Adolescence is a developmental period focused on self-concept and self-control (Stortelder

and Ploegmakers-Burg, 2010) akin to the cognitive constructs of secondary appraisal.

Components of secondary cognitive stress appraisal may therefore be of higher salience to

adolescents in contrast to adults. Additional studies of cognitive stress appraisal mechanisms

are also needed to further delineate the specificity of these cognitive factors with different

physiological responses to stress as exemplified in a recent study that found that primary and
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secondary appraisal to the TSST were differentially associated with unique cytokine profiles

(Wirtz et al., 2007).

There are several clinical and research implications to this study. First, findings support the

consideration of memory function as a potential variable in research studies investigating

inter-individual differences in cortisol acute stress reactivity. Second, future investigation of

trait neurocognitive function and cortisol reactivity in children and adolescents of different

ages will be important to assess potential developmental distinctions in this relationship,

given known differences in HPA activity (Gunnar and Quevedo, 2007) and cognitive

abilities (Casey et al., 2000) in younger children compared to adolescents. Finally, if

findings are replicated in larger studies, identification of youth at risk for decreased HPA

function related to chronic neurocognitive-related stress experiences could open new doors

to the development of early stress-focused treatments and prevention interventions to

decrease repeated experiences of perceived stress. More specifically, interventions might

expand neurocognitive adapational abilities commonly needed for successful navigation of

day-to-day demands, while also emphasizing cognitive behavioral components to enhance

positive self-esteem, self-efficacy, locus of control, and cognitive appraisal of stress in youth

identified as having lower neurocognitive, including memory, abilities. Such interventions

may importantly prevent chronic alterations in HPA function, thereby also potentially

preventing the development of stress-related mental and physical health problems among

youth.

Limitations of this study include the use of single measures of verbal and nonverbal tasks of

each of the three neurocognitive domains assessed. Moreover, the limited unique number of

anxiety and depressive disorders required combined categorization into internalizing

disorders. This approach prevented investigation of the relationship of neurocognition and

acute stress reactivity separately in youth with anxiety and depressive disorders, and is an

important consideration in light of existing reports of differences in cortisol reactivity in

studies of anxiety and depressive disorders (Burke et al., 2005; Duncko et al., 2006). The

use of lifetime history of internalizing disorders was chosen as a trait-like diagnostic

variable given the use of trait neurocognitive function measures administered earlier in the

longitudinal study. Larger studies that include subgroups of current and past history of

specific anxiety and depressive disorders would further clarify the temporal influence of

each of these disorders on neurocognition. Finally, the neurocognitive domains included in

this study were only assessed at mean age 14.8 years. While existing studies strongly

suggest stability in all measures during the approximate 3 year period during mid to late

adolescence between our study points (Wilkinson, 1993; Wechsler, 1999; Sheslow and

Adams, 2003), longitudinal concurrent assessment of neurocognitive abilities and HPA

function over time would permit more precise assessment of this relationship.

There are several strengths of the current investigation including the novel design and

research questions linking neurocognitive function, acute cortisol reactivity to stress, and

influence of internalizing psychiatric disorders and acute cognitive appraisal of stress in

adolescents. Methodological strengths include the longitudinal community design, rigorous

adminstration of the TSST, and use of standardized measures of internalizing disorders and

cognition. All subjects were assessed with three standardized neurocognitive measures
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commonly used in clinic and school settings, thus providing an initial gauge of the use of

these instruments as potential probes for identified areas of risk associated with stress and

alterations in HPA function. All subjects were near the same age, level of education, and

SES thereby minimizing these potential confounds in assessing the underlying relationship

between neurocognition and cortisol reactivity (Fiocco et al., 2007; Hackman et al., 2010).

Lastly, results of this study were found in the context of normative neurocognitive

performance scores in a community sample, thus suggesting the strength of these

associations amidst a large range of youth. Future studies should include assessment of

youth with established neurocognitive deficits to determine whether findings are similar or

unique for these groups.
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Figure 1.
Conceptual model of trait neurocognitive abilities and cognitive appraisal predicting acute

cortisol reactivity

Note: The letters [a, b, c, c’] correspond to analyses in Results.
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Figure 2.
Association of the main effect of Design Memory, and interaction effect of Story Memory

with internalizing diagnosis in predicting cortisol AUCi
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Figure 3.
Association between Secondary Appraisal and cortisol AUCi
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Table 2

Regression models predicting Cortisol (AUCi) response to TSST

Predictor Variables
β

p Model Summary

R2 p Δ R2 p

Design Memory .285 .018 .150 .013 .076 .018

Design Memory .276 .023 .158 .023 .008 .441

Internalizing Diagnosis .090 .441

Design Memory .270 .021 .227 .005 .070 .019

Internalizing Diagnosis .089 .427

Story Memory × Internalizing Diagnosis −.265 .019

Design Memory .267 .027 .228 .010 <.001 .881

Internalizing Diagnosis .089 .435

Story Memory × Internalizing Diagnosis −.267 .020

Story Memory
a .018 .881

Design Memory .238 .031 .333 <.001 .106 .002

Internalizing Diagnosis .025 .818

Story Memory × Internalizing Diagnosis −.246 .020

Secondary Appraisal
b .337 .002

Note. All steps included entry of oral contraceptive use and gender as a control variable.

a
Post hoc entry to confirm significance of interaction term.

b
Entered following mediation analyses
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