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Abstract

Physiological responses to threat occur through both the autonomic nervous system (ANS) and the 

hypothalamic pituitary adrenal (HPA) axis. Activity in these systems can be measured through 

salivary alpha-amylase (sAA) and salivary cortisol, respectively. Theoretical work and empirical 

studies have suggested the importance of examining the coordination of these systems in relation 

to cognitive functioning and behavior problems. Less is known, however, about whether these 

systems interactively predict more automatic aspects of attention processing such as attention 

toward emotionally salient threatening stimuli. We used a dot probe task to assess attention bias 

toward threatening stimuli in 347 kindergarten children. Cortisol and sAA were assayed from 

saliva samples collected prior to children’s participation in assessments on a subsequent day. 

Using regression analyses, we examined relations of sAA and cortisol to attention bias. Results 

indicate that cortisol and sAA interact in predicting attention bias. Higher levels of cortisol 

predicted greater bias toward threat for children who had high levels of sAA, but predicted greater 

bias away from threat for children who had low levels of sAA. These results suggest that greater 

symmetry in HPA and ANS functioning is associated with greater reliance on automatic attention 

processes in the face of threat.
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1. Introduction

Physiological responses to threat occur through two main pathways: the limbic 

hypothalamic–pituitary–adrenal (HPA) axis and the autonomic nervous system (ANS). 

Through a cascade of processes, the HPA axis controls the release of glucocorticoid 

hormones including cortisol, which has become a peripheral salivary marker of HPA activity 

[32]. The ANS pathway regulates the stress response through the release of catecholamines 

such as norepinephrine. Recently, salivary alpha-amylase (sAA) has been shown to be a 

reliable peripheral marker of ANS activity [15,26]. Levels of sAA increase during times of 

acute experiential stress [8,12,14] and are correlated with multiple indicators of ANS 
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activity, including plasma norepinephrine [30], preejection period [7,37], and skin 

conductance [11]. Higher sAA might indicate higher monoamine response to stress and 

higher regulation, leading to lower cortisol levels.

The relation of physiological stress processes to cognitive and behavioral outcomes is known 

to follow an inverted U shape pattern conforming to the Yerkes–Dodson principle [38]. Very 

high and very low levels of stress hormones are associated with poor performance on 

complex cognitive tasks whereas moderate levels are associated with more optimal levels of 

performance. As evidenced on a neurological level, moderate levels of norepinephrine are 

associated with increased synaptic activity in areas of prefrontal cortex that underlie working 

memory; at very high levels, however, synaptic activity in prefrontal cortex is suppressed 

and activity in subcortical areas is increased [29]. Processing in this instance reverts to 

subcortical brain areas, which underlie more automatic or reactive attentional and motoric 

responses to stimulation [2]. This shift to subcortical brain areas is also consistent with the 

less discussed portion of the Yerkes–Dodson Law, which describes a linear relation between 

arousal and more automatic attentional and fear conditioning processes. Thus, as arousal 

increases, activation in areas related to processes of focused attention is also increasing, 

whereas activation in areas related to the modulation of attention follows an inverted-U 

curve.

Evolutionarily, one important automatic attention process is bias toward threatening stimuli 

which forces attention to be automatically focused on or held by potential threats when 

arousal levels, reflective of potential danger, are high [16]. In line with the inverted-U 

relation of arousal to optimal functioning described above, attention bias toward threat is 

expected to be greatest under conditions of high or low arousal and lowest under conditions 

of moderate arousal. Moreover, attention bias can result from either greater facilitation of 

attention by threatening stimuli or from slower disengagement from threatening stimuli, or 

from a combination of both processes. More specifically, attention facilitation has to do with 

the speed at which orienting toward threatening stimuli takes place. Under conditions of 

higher arousal, individuals would be expected to exhibit greater facilitation because they 

more quickly orient toward threatening stimuli as these stimuli are more easily captured by 

attention than are other neutral stimuli. In line with the linear relation of arousal to automatic 

attention processes, however, we would not expect greater attention facilitation under 

conditions of low arousal. Attention disengagement on the other hand, has to do with the 

ability to redirect attention toward an alternate location after attention has already been 

focused on a threatening stimulus. To the extent that attention disengagement is a somewhat 

volitional process requiring active manipulation of attention, we may expect to find an 

inverted-U relation such that both low and high levels of arousal are associated with slower 

disengagement. This slower disengagement would be expected because, according to the 

inverted-U, both low and high levels of arousal are associated with difficulty performing 

more complex attentional tasks.

Considering both facilitation and disengagement further helps to explain the hypothesized 

inverted-U relation of arousal to attention bias. For those at high levels of arousal, the 

hypothesis of faster facilitation and slower disengagement would lead us to predict greater 

attention bias toward threat compared to those with more moderate levels of arousal. For 
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those with low levels of arousal, attention bias might not be augmented since processes of 

both facilitation and disengagement are expected to be slower. If, however, low levels of 

arousal are associated with greater slowing of disengagement than slowing of facilitation, as 

might be expected given that disengagement is typically a slower more effortful process, 

then individuals with low arousal might also exhibit greater attention biases to threat, but for 

different reasons than those who have high levels of arousal.

1.1. Attention bias and stress physiology

There is increasing interest in understanding the physiological processes underlying 

attention bias because of its robust associations with fearful emotionality as evidenced by 

measures of anxiety. Extensive work has demonstrated that adults and children with high 

levels of anxiety show biases toward threatening stimuli (see Ref. [31] for a review). A 

recent meta-analysis of anxiety related attentional bias, as assessed by a number of different 

tasks, concluded that anxious individuals robustly exhibit a threat-related bias whereas 

nonanxious individuals do not [4]. Similarly, attention orienting toward threat has been 

shown to be related to the stability of anxious behavior across childhood development [31]. 

For example, behavioral inhibition, or fearful temperament in childhood is a risk factor for 

social withdrawal in adolescence when children also exhibit greater orienting to threat [27]. 

Although these studies have demonstrated relations between psychological measures of 

fearful emotionality and attention bias toward threat, less work has examined relations of 

physiological markers of arousal and attention bias.

Prior research linking stress physiology to attention biases toward negative stimuli has been 

largely mixed, and no studies to our knowledge have examined these relations in young 

children. In a study of 65 healthy young men, participants administered hydrocortisone 60 

min prior to an emotional interference task showed greater interference such that they made 

more errors when naming the colors of aversive words than when naming the colors of 

neutral words as compared with those who were administered a placebo [17]. Moreover, the 

authors found evidence that this increased attention to negative stimuli resulted from reduced 

inhibition of the amygdala. Along similar lines, greater pre- to post-task increases in cortisol 

were associated with greater attentional bias toward negative stimuli (angry faces) in as 

sample of 40 male university students (ages 19–26), [34] and shifting attention away from 

negative words was associated with lower cortisol levels during a recovery period following 

a stressor in a sample of 135 college student (mean age = 23.8) [10]. In contrast, however, 

two other studies, one in a mixed gender sample of 28 university students and the other with 

a sample of only male university students, offered some indication that higher baseline 

cortisol was related to greater bias away from negative stimuli [33,34]. Furthermore, 

Ellenbogen et al. [10] also found that neither baseline cortisol levels nor increases in cortisol 

in response to a stress-inducing task were related to selective attention for emotional words. 

Thus, it is difficult to draw any firm conclusions from this research linking cortisol to 

attention bias for negative stimuli.

1.2. A multiple systems approach

Recent work has suggested that examining coordination of the ANS and HPA axis responses 

to stress may provide important insight into the way these systems are related to cognitive 
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functioning [5]. According to the additive model of Bauer et al. [5], which is actually a 

multiplicative model, HPA and ANS activity may interact such that having high or low 

levels of activity in both systems may indicate an overall hyper or hypo responsiveness to 

stress, respectively. Both the hyper and the hypo responsive patterns are thought to be 

associated with greater risk because they reflect dysregulation. Having low activity in one 

system paired with high activity in the other system, however, may suggest overall moderate 

levels of stress arousal which are associated with peak use of complex cognition and thus 

lower risk.

Consistent with the idea of coordinated systems, in a sample of 1292 predominantly low-

income European-American and African-American children, lower levels of cortisol at 7, 

15, and 24 months of age among children with concurrently higher levels of sAA have been 

predictive of higher executive functioning at 36 months of age and academic skills at pre-

kindergarten [6]. Similarly, in a socioeconomically diverse sample of 64 8–9 year old 

European-American and African-American children, higher basal levels of cortisol among 

children with higher as compared to lower levels of sAA, were associated with higher levels 

of externalizing and internalizing behaviors [11]. Similarly, in a sample of maltreated and 

non-maltreated ethnically diverse adolescents (ages 10–14) from low to middle SES 

backgrounds, among individuals with low sAA reactivity in response to a stress-inducing 

task, lower cortisol reactivity was related to higher aggression [14]. In contrast, however, 

higher cortisol reactivity among those with low sAA reactivity was related to greater parent-

reported adjustment problems in a sample of 7–16 year old, primarily Caucasian, children 

from families with average incomes of $60,000 to $80,000 [1]. Lower resting afternoon 

levels of cortisol paired with higher levels sAA has also been associated with greater 

intellectual and reading abilities than lower cortisol paired with lower sAA in a sample of 

socioeconomically diverse European American and African American 8–9 year old children, 

although this study differed in that relations were primarily observed for curvilinear and 

quadratic effects of cortisol and sAA [19]. Although these studies did not necessarily detect 

the full cross over interaction expected by the multiplicative model, the findings largely 

support the hypothesis that asymmetries in cortisol and sAA are associated with lower risk 

for behavioral and cognitive problems whereas symmetries are associated with higher risk.

Few studies have simultaneously examined ANS and HPA in relation to emotional attention 

biases, and none to our knowledge have examined these relations in young children. One 

neuroimaging study of 62 healthy young university students found that participants 

administered high doses of both norepinephrine and cortisol showed increased amygdala 

activation to faces displaying negative emotions [24]. Similarly, 18–28 year old participants 

with higher endogenous cortisol levels showed greater amygdala activation to viewing 

emotional images when noradrenaline was also presumably heightened, but not when 

noradenaline was presumably low due to administration of a betablocker [35]. Another study 

examining endogenous cortisol and sAA levels in adult female, primarily White, university 

students found that when sAA levels were high, higher cortisol was related to greater 

implicit negative bias on a masked affective priming task [22]. Notably, given an emerging 

pattern of consistent results across studies, further research is needed to examine relations 

between sAA and cortisol and, importantly, whether this pattern is present in childhood. 

Furthermore, research is needed to disentangle the pattern of attention deployment that may 
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underlie the attention bias to negative stimuli. For example, attention bias can be caused 

either by faster orienting of attention (attention facilitation) or by slower disengagement of 

attention (attention disengagement) [9], and investigation of these two processes separately 

may provide further insight into how stress physiology is related to attention bias.

1.3. The current study

The current study examines relations of baseline cortisol and sAA to attention bias to threat 

using a dot probe task. We hypothesize that greater symmetries as compared to asymmetries 

in cortisol and sAA levels will be associated with greater attention bias toward threat 

because these symmetries will be indicative of levels of arousal that promote enhanced 

attention to threatening stimuli. Moreover, the structure of the attention task allows for 

investigation of attention facilitation and attention disengagement, two distinct processes 

that may underlie attention bias to threat. We hypothesize that having higher levels of both 

sAA and cortisol will be associated with greater attention facilitation. With regard to 

disengagement, however, we hypothesize that having low levels of both sAA and cortisol 

may be related to slower disengagement in that this pattern reflects low levels of arousal. It 

is also possible, however, that disengagement would be slower for individuals with high 

levels of both sAA and cortisol because disengagement likely requires some volitional 

modulation of attention.

2. Method

2.1. Participants

Participants were kindergarten children in 28 schools in Massachusetts who were recruited 

from classrooms participating in a larger curriculum intervention study. Data for the current 

study come from 411 children who participated in the Dot Probe task during the baseline 

data collection conducted in the fall of the kindergarten year. Parents provided written 

consent prior to the assessment and children provided verbal assent at the beginning of the 

assessment.

2.2. Procedures

Participants were seen individually during two regular school days. On the first day, 

participants were administered a battery of executive functioning tasks as well as the dot 

probe task. Here we use data from the dot probe task, which was designed to measure 

attention bias to threatening stimuli. On the second day of assessment, participants provided 

saliva samples at three time points during the assessment: immediately after obtaining child 

assent, 20 min after meeting the child, and 40 min after meeting the child. In between saliva 

collections, participants completed standardized assessments of reading and literacy skills, 

math skills, reasoning ability, and processing speed. After collection of the final saliva 

sample, they also participated in a delay of gratification task. Although we collected 3 

cortisol samples, we decided to use the first sample for these analyses because it was the 

best measure of baseline resting cortisol and sAA levels. Because it was collected 

immediately following child assent, the first saliva sample captures children’s sAA and 

cortisol levels when they were going about their normal school day.
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2.3. Measures

2.3.1. Dot probe—The dot probe task has been widely used to measure attention biases to 

emotionally valenced stimuli [13,20,23,36]. Our version of the task begins with 5 neutral 

control practice trials. Forty test trials are then presented in a semi-random order that is the 

same across all participants. A trial begins with a fixation cross presented in the center of the 

screen for 750 ms. Two pictures are then simultaneously presented for 750 ms on the left- 

and right-hand sides of a computer screen. Picture pairs included images drawn from the 

International Affective Picture database. For each pair of pictures, a neutral picture (ex. 

chair, lamp, cup) was paired with either another neutral picture or with a threatening picture 

(ex. snakes, wolves, car crash). Following the picture presentation, a dot either appears in the 

same location as the threatening image (congruent trials), in the location opposite the 

threatening image (incongruent trials), or on either side of the neutral/neutral display 

(neutral control). The dot remains on the screen for 5000 ms or until the participant 

responds. Respondents use the keyboard to indicate the location of the dot. The next fixation 

cross then appears after 2000 ms.

Trials with latencies less than 100 ms or greater than 3 standard deviations above the mean 

and trials with incorrect responses were excluded from analyses. Mean response latencies 

were calculated for each trial type if at least 60% of trials were valid. Participants were 

excluded from analysis if they responded correctly to less than 60% of all trials [39]. We 

then calculated scores of bias, facilitation, and disengagement. All aggregates were first 

calculated separately for responses to the left and right sides of the screen and then averaged 

to create the final aggregate.

Bias was calculated by subtracting the mean latency to respond to congruent trials from the 

mean latency to respond to incongruent trials. If participants attend to the emotion image, 

latencies will be shorter for congruent displays compared to incongruent displays and bias 

scores will be positive. Conversely, if participants avoid the emotion image, latencies will be 

shorter for incongruent displays compared to congruent displays and bias scores will be 

negative.

Facilitation was calculated by subtracting mean latency to respond to congruent trials from 

mean latency to respond to neutral–neutral trials. If participants are vigilant to the emotion 

image, latencies will be shorter for congruent displays compared to neutral–neutral displays 

and facilitation scores will be positive.

Disengagement scores were calculated by subtracting mean latency to respond to 

incongruent trials from mean latency to respond to neutral–neutral trials. If individuals have 

difficulty disengaging their attention from negative stimuli, response times to incongruent 

trials should be longer than response times to neutral–neutral trials and disengagement 

scores would be negative [21].

2.3.2. Salivary cortisol—Saliva samples were collected using Salimetrics Children’s 

Swabs, were immediately stored on ice, and were then frozen before being shipped to Johns 

Hopkins University for assay. Samples were assayed for salivary cortisol using a highly 

sensitive enzyme immunoassay US FDA 510 k cleared for use as an in vitro diagnostic 
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measure of adrenal function. The samples were assayed in duplicate. The criterion for 

repeated testing was variation between duplicates greater than 20%, and the average of the 

duplicates was used in all analyses. Average intra-and interassay coefficients of variation 

were less than 10% and 15% respectively. The cortisol distributions were subject to natural 

log transformation to correct positive skew and values greater than 3 standard deviations 

above or below the mean were removed prior to analysis.

2.3.3. Salivary alpha-amylase—Samples were assayed for sAA by kinetic reaction 

assay. The assay employs a chromogenic substrate, 2-chloro-p-nitrophenol, linked to 

maltotriose. The enzymatic action of sAA on this substrate yields 2-chloro-p-nitrophenol, 

which can be spectrophotometrically measured at 405 nm using a standard laboratory plate 

reader. The amount of sAA activity present in the sample is directly proportional to the 

increase (over a 2 minute period) in absorbance at 405 nm. Average intra- and inter-assay 

coefficients of variation were less than 10% and 15%. The sAA distributions were subject to 

square root transformation to correct positive skew and values greater than 3 standard 

deviations above or below the mean were removed prior to analysis.

2.3.4. Demographic information—Parents completed a questionnaire in which they 

provided information about their own level of education as well as their child’s race, birth 

date, and sex. Parental education was categorized on a 4-point scale: 0 = high school 

education or less, 1 = associate’s degree or some college; 2 = college degree; 3 = graduate 

degree. Race was categorized as 1 = white; 0 = other.

2.4. Missing data and analytic plan

The sample was limited to the 347 participants for whom we were able to calculate bias 

scores on the dot probe. Preliminary analyses examined demographic differences between 

those who did and did not have bias scores on the dot probe task. Participants who did not 

complete the task tended to be younger (t(385) = −3.14, p = .0002) and were marginally 

more likely to be male (t(90.40) = 1.93, p = .057). There were no differences in parental 

education level or child race. Thus, it seems that younger children had difficulty with the 

task. For analyses predicting facilitation and disengagement on the dot probe, the sample 

was further limited to the 344 participants who had scores for these measures.

Using regression analyses, we first investigated whether there were any main effects of 

cortisol or sAA on attention bias to threat and then examined the interaction of cortisol and 

sAA in predicting attention bias. Analyses controlled for child age, sex, race, parent 

education, and time of day. To determine whether the associations with attention bias stem 

from enhanced attention capture or impaired attention disengagement, we conducted the 

analyses again, this time predicting attention disengagement and attention facilitation. 

Interaction terms were computed as the product of mean-centered cortisol and sAA. Simple 

slopes of interactions were probed by recentering the sAA variable at 1 SD below or above 

the mean, creating a new interaction term, conducting the analysis described above again, 

and then evaluating the conditional main effect of cortisol [40]. Models were estimated using 

TYPE = COMPLEX in MPLUS 6.12 to account for clustering of students in schools. Full 
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information maximum likelihood was used to deal with missing values for independent 

variables.

3. Results

3.1. Descriptive analyses

Participants came from diverse socio-economic backgrounds as indicated by variation in 

parental education levels. Thirty-five participants’ parents had a high school education or 

less, seventy-eight had some college or an associate’s degree, seventy-nine had college 

degrees, and ninety-four had graduate degrees. The majority of participants were White (n = 

219), but the other racial backgrounds were somewhat diverse with 1 American Indian/

Alaskan Native participant, 17 Hispanic participants, 10 Asian/Pacific Islander participants, 

2 South Asian/Indian participants, 7 Black participants, 32 multi-racial participants, and 5 

self-identified as ‘other’. Descriptive statistics for the other variables of interest can be found 

in Table 1. As indicated by the sample sizes for each variable, we did have some missing 

demographic data because parents either did not return the demographic questionnaire or 

chose to not respond to certain questions. In regression analyses, missing demographic 

information was dealt with using full information maximum likelihood as described in 

Section 2.4.

3.2. Regression analyses

Results indicated that there were no significant main effect associations of cortisol or sAA 

with attention bias to threat. The interaction of cortisol and sAA, however, was a significant 

predictor (B = 10.80, S.E. = 4.50, p = .02) of attention bias to threat (Table 2). As shown in 

Fig. 1, for children with lower sAA, higher cortisol was associated with less attention bias 

toward threat (simple slope for sAA levels 1 SD below the mean: B = −27.44, S.E. = 16.24, 

p = .09). Conversely, for children with higher sAA, higher cortisol was associated with 

greater bias toward threat (simple slope for sAA levels 1 SD above the mean: (B = 37.96, 

S.E. = 20.97, p = .07). Parental education also predicted bias such that higher parental 

education was related to less bias toward threat (B = −17.37, S.E. = 9.02, p = .05). Time of 

day, child sex, child age, and child race were unrelated to attention bias to threat.

We then examined whether the relations with bias might be a result of slower disengagement 

from threat or faster orientation to threat. Neither the main effects nor the interaction of 

cortisol and sAA were associated with disengagement of attention from threatening stimuli. 

There were also no main effects of cortisol or sAA on facilitation of attention. Cortisol and 

sAA did interact, however, to predict attention facilitation in a way that was largely 

consistent with findings for attention bias (B = 10.60, S.E. = 5.28, p = .05). As shown in Fig. 

2, for children with higher levels of sAA, higher cortisol was associated with greater 

facilitation to threat (simple slope for sAA levels 1 SD above the mean: B = 46.40, S.E. = 

21.17, p = .03). Conversely, for children with lower sAA, higher cortisol was descriptively 

associated with less facilitation to threat, but the simple slope of cortisol for children with 

low sAA (1 SD below the mean) was not significant. Parental education also marginally 

predicted attention facilitation (B = −14.20, S.E. = 7.79, p = .07) such that children whose 
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parents had higher education showed less attention facilitation to threat. No other covariates 

were significantly related to attention facilitation.

4. Discussion

Our main results indicated that cortisol and sAA interacted to predict attention bias to threat. 

For children with higher levels of sAA, higher cortisol was associated with greater attention 

bias to threat. For children with lower levels of sAA, however, lower cortisol was associated 

with greater attention bias to threat. These results add to a growing literature demonstrating 

that cortisol and sAA interact to predict a variety of outcomes including executive 

functioning and academic skills [6] as well as internalizing and externalizing behaviors [11]. 

Broadly, this literature demonstrates that using information about both cortisol and sAA to 

predict outcomes is better than using information about only one of them. Generally, having 

high levels of either cortisol or sAA in combination with low levels of the other has been 

described as reflecting an asymmetrical physiological profile and is thought to reflect 

moderate levels of arousal. High levels of both cortisol and sAA or low levels of both 

cortisol and sAA, however, are described as symmetrical profiles which likely reflect hyper- 

and hypo-arousal, respectively. As such, our results are consistent with the findings for other 

developmental outcomes in that greater asymmetry has been generally associated with 

greater use of cognitive and behavioral self-regulation, whereas greater symmetry has been 

generally associated with more reactive behaviors that are often associated with 

developmental risk. Moreover these results are consistent with one previous study which 

specifically found that symmetries in cortisol and sAA are associated with greater attention 

bias to threat [22]. The current study extends this past work by demonstrating that the same 

pattern of results holds for a sample of young children that includes both boys and girls. 

Interestingly, our results appear to demonstrate the full cross over interaction whereas the 

previous study did not find any relation of cortisol to attention bias for those with low sAA. 

It is important to note, however, that the attention bias simple slopes for both low and high 

levels of sAA were only marginally significant, and thus the characterization of the 

interaction as a full cross-over should be interpreted with caution.

The full crossover interaction would be highly consistent with the multiplicative model [5] 

of coordination between the HPA and ANS systems. In the multiplicative model, 

symmetrically high or low activation in both systems is thought to be a marker of 

physiological dysregulation and thus a marker for risk whereas asymmetric combinations of 

high activity in one system paired with low activity in the other is thought to be indicative of 

well-regulated stress physiology and thus be associated with lower risk. This pattern of 

results is also consistent with what is known about the time course of activation in the HPA 

and sympathetic adrenal systems, including opposite patterns of diurnal change in which 

cortisol decreases and sAA increases throughout the day [25], and patterns of response to 

stress in which increases and decreases in sAA precede those in cortisol, leading to higher 

cortisol but lower sAA 10+ minutes post-stressor [12,14,28]. Furthermore, temporally linked 

patterns of activation in the sympathetic adrenal and HPA systems are central to 

understanding effects of stress on learning [18].
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The results indicating that higher levels of cortisol are associated with higher attention bias 

when sAA is also high are similarly consistent with the inverted-U model. This model 

describes high levels of arousal as being associated with less effortful processing and greater 

automatic, or reactive, processing of stimuli such as threatening pictures, which are 

evolutionarily salient. More specifically, the results for attention facilitation demonstrate that 

the higher bias may result from enhanced automatic attention capture by threatening stimuli 

when levels of sAA and cortisol are both high, rather than from impaired disengagement 

from threatening stimuli. This enhanced attention facilitation is consistent with the inverted 

U model and with the linear relation between arousal and automatic attention.

The results demonstrating that symmetrically low levels of sAA and cortisol were associated 

with higher attention bias, however, are slightly more complicated to explain. As 

symmetrically low-levels indicate hypo-activation of these threat response systems, it is 

unclear what attentional processes might lead to an overall bias. One possibility is that this 

hypo-responsiveness is a result of high allostatic load resulting from high levels of 

psychosocial stress. In this scenario, it is possible that greater attention bias to threat may 

have been tuned while arousal levels were high and may have then remained as a more 

permanent psychological phenomenon even after children developed a physiological profile 

of hypo-responsivity. Some research with high-risk children has suggested that 

hypocortisolism could be a marker of allostatic load in prepubertal children [3]. Moreover, 

in a diverse community-based sample, family adversity was found to be curvilinearly to 

kindergarten children’s cortisol levels such that both high and low levels of family adversity 

were associated with lower cortisol levels [41]. Thus, it is possible that a profile of hypo-

responsivity could be emerging even in early childhood as a result of allostatic load.

An alternative possibility is that because the profile of low sAA and low cortisol reflects 

lower arousal, these children would be generally slower to process and respond to the 

threatening stimuli. Consistent with our hypothesis that children with a profile of low 

cortisol and low sAA would not be expected to show faster deployment of attention, we 

found no relation of cortisol to attention facilitation for children with low sAA. Rather, we 

hypothesized that these children may be slower to disengage their attention either because 

their automatic attention processes are slower, making them less alert to the appearance of 

the dot on the screen or because their low levels of arousal make it more difficult to 

volitionally shift attention to the location of the dot. Unexpectedly, however, we did not find 

any evidence for an interaction of sAA and cortisol in relation to attention disengagement. 

Given the preliminary nature and somewhat inconclusive nature of these results, future work 

is needed to replicate and further examine the relation of this pattern of low cortisol and low 

sAA levels to attention bias.

Furthermore, an extensive literature demonstrates that cognitive bias toward threat is 

associated with mental health issues such as anxiety (see Bar-Haim et al. [4] for a review). 

Based on that literature, our results may suggest that having physiological profiles of high 

cortisol and high sAA or low cortisol and low sAA may be indicative of risk for developing 

mental health problems. Importantly, given that we find that the coordination of these threat 

response systems is already related to attention bias in early childhood, understanding the 
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long-term developmental outcomes associated with these patterns of stress physiology will 

be important.

4.1. Limitations and conclusion

The correlational design of this study does not allow us to determine whether differences in 

the levels of cortisol and sAA caused differences in attention bias to threat or whether 

differences in attention bias to threat instead caused differences in the levels of these stress 

hormones. Experimental manipulation of these stress hormones may help to clarify the 

directionality of these processes. Similarly, this study does not explain the physiological 

mechanisms by which these two systems are related to each other or by which they are 

interactively related to developmental outcomes, and much future work is needed in this 

area. Moreover, because saliva samples were collected during the regular school day and as 

such, we did not know the date or time of each assessment prior to its occurrence, it was not 

possible to control for factors such as medications or foods the child may have consumed 

prior to collection of the sample. As the collection of saliva samples outside of laboratory or 

home settings continues to become more widespread, investigating ways to control for 

potential confounds such as food or medication in these settings will be a productive avenue 

for future research. Similarly, because the collection of saliva samples took place in schools, 

it was not practical to collect repeated samples over a period of several days. Although 

multiple samples can help in attaining more precise measurements of baseline cortisol and 

sAA, past studies have successfully used a single cortisol sample [6]. Finally, given the 

limited number of studies examining relations of cortisol and sAA to developmental 

outcomes, future work should also be done to replicate these findings.

Despite these limitations, this study extends prior research to demonstrate that the 

interaction of sAA and cortisol is related to attention bias to threat in children. In doing so, it 

advances a growing body of literature indicating that taking a multiple systems approach to 

stress physiology is essential for understanding the relation of stress physiology to important 

developmental outcomes.
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HIGHLIGHTS

• We assess children’s attention bias to threat and markers 

of stress physiology.

• Salivary alpha-amylase (sAA) and cortisol interacted to 

predict attention bias.

• Higher cortisol predicted greater bias to threat when 

sAA was high.

• Higher cortisol predicted greater bias away from threat 

when sAA was low.
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Fig. 1. 
Fig. 1 depicts the relation of cortisol to attention bias to threat for children who have low 

sAA levels (1 SD below the mean) and for children who have high sAA levels (1 SD above 

the mean). All other predictors are mean centered.
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Fig. 2. 
Fig. 2 depicts the relation of cortisol to attention facilitation to threat for children who have 

low sAA levels (1 SD below the mean) and for children who have high sAA levels (1 SD 

above the mean). All other predictors are mean centered.
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Table 1

Descriptive statistics.

N Mean Std. Dev.

Attention bias (ms) 347 4.77 138.63

Attention disengagement (ms) 344 −48.73 118.42

Attention facilitation (ms) 344 −43.82 130.80

(ln) Cortisol time 1 (μg/dL) 295 −2.26 0.50

(ln) Cortisol time 2 (μg/dL) 292 −2.34 0.50

(ln) Cortisol time 3 (μg/dL) 291 −2.39 0.52

(sqrt) sAA time 1 (U/mL) 298 7.82 3.03

(sqrt) sAA time 2 (U/mL) 294 8.45 3.16

(sqrt) sAA time 3 (U/mL) 292 8.07 2.88

Time of day 312 10.11 1.67

Sex (male = 1) 347 47% –

Age (months) 327 68.52 4.18

Race (White = 1) 293 75% –

Parent education 286 1.81 1.03
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