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Abstract 

Anxiety in children, including excessive fear or worry, trouble sleeping, fatigue, and 

irritability, can be distressing for children and families and contribute to impairment throughout 

the lifespan. Up to one in five preschool-aged children meet criteria for anxiety disorders, and 

these disorders may predict continued anxiety and other symptoms over time. However, the 

psychobiology associated with early childhood anxiety has received little empirical investigation. 

Cortisol, the end product of the hypothalamic-pituitary-adrenocortical (HPA) axis, may be 

associated with risk for anxiety in children. Additionally, stress can impact the HPA axis, and 

increased stress may sensitize an individual’s stress response system. Identifying associations 

between different methods of cortisol measurement and anxiety in preschoolers can clarify 

methodological discrepancies and further understanding of the relation between stress reactivity 

and anxiety. This study compared methods of assessing cortisol and anxiety by examining acute 

(salivary) and long-term (hair) HPA axis functioning in association with risk for anxiety in 

preschool-aged children. Children’s anxiety was assessed via parent-reported questionnaire. In 

addition, children’s fear and inhibition was observed and coded during a structured laboratory 

stress task. Parents also reported the frequency of recent stressful events for the child/family. 

Finally, children’s acute cortisol reactivity was assessed using 4 saliva samples timed around the 

laboratory stress task; children’s chronic cortisol concentrations was assessed through children’s 

hair samples. Findings demonstrated that children showing higher levels of fear/inhibition during 

a laboratory stress task showed a steeper elevated change (slope) in salivary cortisol in response 

to the task, but was there was no association with total cortisol output (area under the curve). 

Children’s parent-reported anxiety was not significantly associated with acute cortisol reactivity 

or hair cortisol concentrations (HCC). Parent-reported separation anxiety was higher among non-
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white participants and parent-reported social anxiety was higher among families with higher 

annual income.  HCC was also not associated with fear in the laboratory stressor task. However, 

HCC was higher among males and white participants.  In addition, life stress was not 

significantly related to acute cortisol reactivity or long-term cortisol activity in hair and did not 

significantly moderate any of the anxiety-cortisol relations. However, life stress was higher for 

non-white participants and those with more educated parents. Thus, when comparing both 

cortisol assessments, this study suggests that change in salivary cortisol in response to an acute 

stressor may best predict behavior relevant to anxiety. If results are replicated in future research, 

these data could distinguish objective biological assessments that can aide in identifying children 

at risk for anxiety. Given the other nonsignificant results, replication is needed to confirm the 

lack of associations or to determine if there are associations between anxiety and cortisol not 

identified in the present study.   
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Comparing Acute and Long-Term Cortisol Measurements and Anxiety in Preschoolers 

Anxiety is a common and often impairing problem that can begin in early childhood and 

may persist over time (Bufferd, Dougherty, Carlson, Rose, & Klein, 2012; Bufferd, Dyson, 

Hernandez, & Wakschlag, 2016; Dougherty et al., 2013; Egger & Angold, 2006; Franz, Angold, 

Copeland, Costello, Towe-Goodman, & Egger, 2013; Hudson & Rapee, 2000). It is estimated 

that up to one in five preschoolers meets diagnostic criteria for anxiety diagnoses (Bufferd, 

Dougherty, Carlson, Rose & Klein, 2011; Egger and Angold, 2006); many more children 

experience symptoms related to anxiety but do not meet diagnostic criteria (Beesdo, Knappe, & 

Pine, 2009). The diagnostic criteria, however, only capture the more extreme forms of behavior 

relevant to anxiety in young children; children are required to have persistent and excessive 

symptoms for at least 4 weeks (DSM-5; American Psychiatric Association, 2013). However, it is 

common for children to show a variety of anxious emotions and behaviors (e.g., shyness around 

peers and new people; Bufferd, Dougherty & Olino, 2019) in early development, making it 

difficult to identify the level at which behaviors related to anxiety in young children may be 

problematic (Bufferd et al., 2016). Therefore, it can be challenging to identify early development 

of anxiety. Identifying more objective measures, such as biological assessments, associated with 

anxiety may aide in identifying those at risk for anxiety.  

Anxiety is well studied in older children (Costello, Mustillo, Erkanli, Keeler, & Angold, 

2003, MacPherson & Fristad, 2014), but much less is understood about anxiety in the preschool 

period (Egger & Angold, 2006). Because earlier onset of anxiety may contribute to the 

persistence and long-term impairment associated with anxiety compared to the later onset of 

anxiety in adolescence or adulthood, it is important to understand more about onset anxiety 

earlier in development (Franz et al., 2013). Early childhood also offers a window for prevention 
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and early intervention, and earlier interventions may be more effective than later interventions 

(Dodge et al., 2015; Rapee, Kennedy, Ingram, Edwards, & Sweeny, 2005). More specific, 

precise, and objective measurements of anxiety may increase accuracy of identifying young 

children at risk for anxiety and associated impairment.  

 Given that anxiety is common and impairing, effective identification is crucial (Cooper-

Vince, Emmert-Aronson, Pincus, & Comer, 2014). Although researchers are working to identify 

behavioral phenotypes of anxiety in preschool-aged children, the psychobiology associated with 

childhood anxiety has received less empirical investigation. Cortisol, a hormone released through 

activation of the hypothalamic-pituitary-adrenocortical (HPA) axis, may be associated with risk 

for anxiety in children. Associations between anxiety and HPA axis activity have been well-

studied in adults (Hek et al., 2013; Van Der Vegt, Van Der Ende, Huizink, Verhulst, & Tiemeier, 

2010; Vreeburg et al., 2010) but less in children (Badanes, Watamura, & Hankin, 2011; Poole, 

Van Lieshout, McHolm, Cunningham, & Schmidt, 2017; Van Den Bos, Tops, & Westernberg, 

2017), especially young children under age 6. The HPA axis is activated in response to acute 

stressors. Acute/short term HPA axis functioning can be measured through saliva samples taken 

around the time of a stressor (Russell, Koren, Rieder, & Van Uum, 2012), and chronic/long term 

HPA functioning (typically over the past three months) can be assessed through the measurement 

of cortisol levels in hair (Wennig, 2000). However, it is unclear how the two methods (saliva and 

hair) compare in assessing cortisol as it relates to anxiety in preschoolers and whether one 

method is more informative than the other, or if they offer complementary information.  

 The primary goal of the proposed study is to compare two measurements of cortisol in 

relation to anxious behavior. The proposed study will examine cortisol via both acute and long-

term HPA axis function to assess whether this stress-related biomarker is associated with anxiety 
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in preschool-aged children. The current cortisol literature is limited and reports mixed findings 

when examining the relation between cortisol and anxiety in young children; the mixed findings 

may be due to the inconsistencies in cortisol measurements. Using these two methods, hair and 

saliva, the study aims to identify potential differences and/or benefits of each cortisol assessment 

as they relate to anxiety in preschoolers. Comparing different methods of cortisol measurement 

and anxiety in preschoolers can clarify methodological discrepancies and is crucial in furthering 

our understanding of how stress reactivity and anxiety are related early in development. This 

study will help to distinguish biological assessments that may aide in clarifying the relation 

between psychophysiology and anxiety in young children and refine efforts to identify children 

at risk for anxiety and related impairment.  

Anxiety 

Anxiety in children can be distressing, persist over time, and cause impairment 

throughout the lifespan. In general, symptoms of anxiety include excessive fear or worry, trouble 

sleeping, fatigue, and irritability (Egger & Angold, 2006). Up to one in five preschool-aged 

children meet criteria for anxiety disorders, and these disorders may predict continued symptoms 

over time (Bufferd et al., 2011; Egger & Angold, 2006; Franz, et al., 2013). Bufferd and 

colleagues (2012) examined the continuity of psychiatric disorders in preschool-aged children 

from age three to age six. They found that anxiety at age 3 significantly positively predicted 

anxiety at age 6 such that children who met criteria for an anxiety disorder at age 3 were four 

times more likely to meet criteria again at age 6 compared to children who did not meet criteria 

for an anxiety disorder at age 3. These findings highlight the continuity of anxiety in childhood 

and the importance of early identification to prevent recurrence and the associated negative 

developmental outcomes. In studies with older children and adolescents, anxiety has been found 
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to predict anxiety later in life (Copeland, Angold, Shanahan, & Costello, 2014) as well as 

depression and conduct disorder (Bittner et al., 2007). Additionally, Kessler, Chiu, Demler, and 

Walters (2005) found that when asked to retrospectively report on their symptoms, most socially 

anxious adults reported that their symptoms began prior to age ten. In another study by 

Copeland, Angold, Shanahan, and Costello (2014) researchers followed a group of children from 

ages 9-26 using the Child and Adolescent Pysciatric Assessment (CAPA, Angold et al., 2002) 

and found that childhood separation anxiety was the most common form of anxiety in childhood.  

Therefore, anxiety can emerge early in development and evidence suggests that social anxiety 

and separation anxiety appear to be more common in young children than other types of anxiety. 

Social Anxiety 

Social anxiety and separation anxiety are common forms of early emerging anxiety 

(Angold & Costello, 2009; Bufferd et al., 2011; Egger & Angold, 2006). In the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association, 2013), social 

anxiety is characterized by fear of social situations in which someone is exposed to new peers 

and adults, situations, and objects. Further, social anxiety involves discomfort in social situations 

and discomfort about being embarrassed and judged by others (American Psychiatric 

Association, 2013). Such situations often increase distress in those prone to social anxiety, and 

these individuals may often try to avoid social situations. In addition, although some individuals 

with social anxiety may not have difficulty communicating with familiar individuals with whom 

they are comfortable, they may feel anxious when interacting in unfamiliar situations or with 

unfamiliar people and limit contact (Stein & Stein, 2008). Social anxiety is associated with 

impairment in a variety of different areas. For example, social anxiety may predict impaired 

social behavior, such as difficulty forming friendships. Additionally, social anxiety disorder is a 
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common reason children refuse to go to school (Knappe, Beesdo-Baum, & Wittchen, 2010; Stein 

& Stein, 2008; Towe-Goodman, Franz, Copeland, Angold, & Egger, 2014). Therefore, social 

anxiety disorder can be very impairing for children and their families.  

Separation Anxiety 

Separation anxiety is described as fear or anxiety in response to actual or anticipated 

separation from home or attachment figures (American Psychiatric Association, 2013). Children 

displaying separation anxiety behaviors may experience excessive distress when separating from 

home or from caregivers. Some common symptoms include a fear/reluctance to be alone without 

major attachment figures nearby, worry about losing attachment figures, worry about being 

kidnapped or lost, and a fear/reluctance to sleep without major attachment figures nearby 

(American Psychiatric Association, 2013; Nguyen & McAloon, 2018). Younger children with 

separation anxiety may also refuse to go to school, which may contribute to distress for family 

members and negatively impact family relations (Egger & Angold, 2006; Towe-Goodman et al., 

2014).  

Measurement of Anxiety in Preschoolers 

Anxiety in young children is measured using a variety of methods. One way anxiety is 

measured in young children is through parent report questionnaires (e.g., Child Behavior 

Checklist, CBCL, Achenbach 1991; Achenbach and Rescorla 2001; Preschool Anxiety Scale, 

Spence, Rapee, McDonald, & Ingram, 2001). Questionnaires have the advantage of reflecting 

typical information about the child’s behavior over a specific period of time from the parents’ 

perspective. In addition, interviews (e.g., Preschool Aged Psychiatric Assessment, Egger, 

Ascher, & Angold, 1999) gather more detailed information about children’s behavior and assess 

whether a child meets criteria for diagnosis of an anxiety disorder. Interviews are beneficial 
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because they provide specific information about the child’s functioning and allow the interviewer 

to clarify questions about the child’s behavior with the parent. Both questionnaires and 

interviews rely on parent report to assess anxious behaviors. Although parent-reported measures 

provide a lot of information about the child’s typical behavior, these measures may be subject to 

biases related to parent report, including retrospective recall bias, limitations in parents’ 

opportunities to witness behavior, and variations in the way in which parents interpret their 

children’s behavior. To offset these limitations, structured laboratory observation can be used as 

an additional method for assessing behaviors relevant to anxiety in children. This method has the 

advantage of being standardized across children so that any differences observed between 

children should be due to actual individual differences, rather than differences in which parents 

recall and interpret children’s behavior. Additionally, these tasks provide an opportunity to 

assess whether physiological markers, such as cortisol, are related to anxious responses by 

administering stressful tasks to induce a physiological response.  

Although anxiety dissipates for some children over time, for other children, persistent 

anxiety that is left untreated can lead to continued symptoms and impairment and negatively 

impact children’s and families’ daily functioning. Such symptoms can impair functioning in 

children’s daily activities, such as sleeping and going to daycare or preschool, in parents’ daily 

activities, such as going to work or running errands, and cause distress and discord in the family. 

Therefore, it is vital to identify correlates associated with anxiety in young children. 

Cortisol 

Hypothalamic-Pituitary-Adrenocortical Axis 

Cortisol is a hormone and is the end product of the HPA axis (Essex, Klein, Cho, & 

Kalin, 2002; Teicher, Anderson, Polcari, Anderson, & Navalta, 2002). The HPA axis is involved 
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in allostasis, which enables the body to regain homeostasis, or stability, following changes in the 

environment (McEwen & Seeman, 1999). The HPA-axis is activated in response to stress and 

releases a hormone, cortisol, into the body (Essex et al., 2002, Teicher et al., 2002). When the 

HPA axis is activated, the paraventricular nucleus in the hypothalamus secretes corticotropin 

releasing hormone (CRH). In response, the anterior pituitary gland then secretes 

adrenocorticotropic hormone (ACTH), which signals the adrenal cortex to release cortisol. The 

hypothalamus (and other regions such as the hippocampus) then responds to the levels of cortisol 

in the body and can reduce the release of cortisol, thus creating a negative feedback loop. 

(Kryski, Smith, Sheikh, Singh, Hayden, 2011; Teicher et al., 2002). Although some cortisol is 

necessary for survival (Dickerson & Kemeny, 2004) and maintaining homeostasis (McEwen & 

Seeman, 1999), excessive cortisol or blunted cortisol responses may be associated with risk for 

psychopathology.  

HPA axis dysregulation has been found to be associated with anxiety; however, the 

current literature has yielded mixed findings and is lacking clear characterizations of the nature 

of the dysregulation. Studies have reported dysregulation as reflecting either high or low levels 

of cortisol during certain times of the day, during and after acute stress, and across many days 

(Laurent, Gilliam, Wright, & Fisher, 2015). Further, studies assessing cortisol and anxiety in 

children show mixed patterns of acute and long-term HPA axis activity. There is support for 

hypercortisolism, an upregulation or hyperactivity of daily and acute HPA activity, in anxious 

children (Greaves-Lord et al., 2009; Laurent et al., 2015; Van Den Bos, Tops, & Westenberg, 

2017). There is also evidence for HPA axis hyporeactivity, or an attenuated cortisol response in 

young children, in response to acute stressors, but this pattern has primarily been seen in children 

with depressive symptoms (Hankin, Badanes, Abela, & Watamura, 2010; Suzuki, Belden, 
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Spitznagel, Dietrich, & Luby, 2013) and anxious adolescents (Van Den Bos et al., 2017). Finally, 

there is also evidence to support a developmental change in those with dysregulated acute stress 

responses, from hypercortisolism in young childhood to attenuated responses in adolescents and 

adulthood (Siess, Blechert, & Schmitz, 2014; Van Den Bos et al., 2017).  

Salivary Cortisol  

As cortisol is found throughout the body, specifically in blood, urine, and saliva, cortisol 

can be assessed using different methods. In children, cortisol has typically been assessed via 

saliva; more recently, cortisol has also been investigated via hair. Saliva samples are often used 

as a noninvasive method to measure current, free cortisol levels (Ida et al., 2013); free cortisol 

assessed via saliva accounts for the total cortisol levels in the body. Salivary free cortisol is 

correlated with serum (blood) cortisol, but due to its non-invasive measurement technique, 

assessing cortisol via saliva in young children is recommended (Druzhkova, Pochigaeva, Guekht, 

& Gulyaeva, 2015). Salivary cortisol is also often used to examine diurnal (daily) HPA activity 

and HPA activity in response to an acute stressor.  

Diurnal cortisol rhythms. Diurnal, or daily cortisol, is measure of free cortisol during 

waking hours and is typically measured through salivary samples. Daily cortisol levels follow a 

circadian rhythm. A typical diurnal cortisol rhythm is associated with a peak 30 minutes after 

waking followed by a decline gradually throughout the day. However, the literature is mixed 

regarding how diurnal cortisol patterns are related to anxiety. Elevated morning cortisol levels 

have been associated with higher levels of anxiety in children (Greaves-Lord et al., 2009; 

Laurent et al., 2015). Greaves-Lord et al. (2009) examined salivary cortisol levels in older 

children (ages 10-12) at two time points, two years apart. They found that heightened anxiety 

levels were associated with significantly high morning cortisol levels. Similarly, Laurent and 
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colleagues (2015) collected salivary cortisol as a measure of children’s diurnal HPA activity 

across 29 assessments over six years and during laboratory stressors, beginning with children 

ages 3-6. Anxiety was examined at age ten using a standard diagnostic tool (Child Symptom 

Inventory, Gadow & Sprafkin, 1994). Higher morning cortisol levels across assessments 

predicted less of a cortisol decline following interpersonal stress at age nine, and higher anxiety 

and cortisol levels during performance stress at age ten. The results of these studies may suggest 

that rising morning cortisol and hyperactivation during acute stress exposure may identify 

children at risk for anxiety. However, there has also been some evidence that low diurnal cortisol 

levels may serve as a risk factor for later internalizing (i.e., anxiety and mood) difficulties 

(Badanes et al., 2011). Badanes and colleagues (2011) assessed diurnal and acute reactivity 

cortisol levels of preschoolers’ living in stressful environments. They found that serious financial 

strain was related to blunted baseline cortisol and attenuated cortisol reactivity in preschoolers. 

Taken together, anxiety is associated with dysregulation of the HPA axis, but the possible 

specific directional relationship is still unclear. Although diurnal cortisol levels account for HPA 

axis function and cortisol output throughout the day, the effects of acute stress reactivity can be 

observed by obtaining salivary cortisol samples before and after a stressful event.  

Acute cortisol reactivity. In adults, cortisol levels typically peak about 20 minutes after 

being exposed to a stressor and then return to baseline after another 20 minutes (via the HPA 

negative feedback loop). When examining acute cortisol patterns, multiple saliva samples are 

typically taken at different time points prior to and following a stressful event. This method is 

used to identify the peak and decline of free cortisol levels in the body to chart the cortisol 

response. Additionally, taking multiple samples allows researchers to examine both the total 

cortisol output and also the change in cortisol across times.  
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Research has found heightened acute cortisol reactivity in children showing more anxious 

symptoms. Laurent and colleagues (2015) examined cortisol in response to an acute psychosocial 

stressor, in which participants were asked to deliver a speech. They found that high cortisol 

elevation during psychosocial stress was associated with child anxiety symptoms. Tolep and 

Dougherty (2014) examined changes in cortisol output following a stressful laboratory task. 

They found that when taking into account children’s individual differences there was an increase 

in cortisol from children’s baseline sample to their peak post-stressor sample. Additionally, when 

examining total cortisol output, Slattery, Grieve, Paletz, and Kalin (2012) found that increased 

anxiety symptom severity was associated with greater cortisol reactivity in response to acute 

stress in preadolescent children. Van Den Bos and colleagues (2017) found that socially anxious 

youth showed higher cortisol peaks at low levels of pubertal development and lower responses at 

high levels of pubertal development. An increase in social anxiety over time was associated with 

a lower acute cortisol response. Therefore, according to this study, cortisol reactivity of socially 

anxious individuals is heightened in childhood and may attenuate in adolescence and adulthood. 

Attenuated cortisol response has been theorized to reflect adaptation to a history of stressful 

events (Fries, Hesse, Hellhammer, & Hellhammer, 2005): the HPA axis may overcompensate for 

the high cortisol levels following stressors and begin reducing the amount of cortisol released. 

Therefore, elevated cortisol in response to an acute stressor in early childhood may indicate 

which children are at risk for further HPA axis dysregulation later in life.  

Inconsistencies in the literature. There are a few possible explanations of the 

heterogeneity in the research on cortisol and anxiety. Gunnar, Talge, and Herrera (2009) 

reviewed reasons why current stress paradigms may not accurately capture HPA activity in 

children. First, during laboratory stressors, children are often within proximity to their parents; 
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such proximity decreases the stress response in the child, but is often necessary for young 

children who may not be as accustomed to separation as older children (Nachmias, Gunnar, 

Mangelsdorf, Parritz, & Buss, 1996). Second, and relatedly, many studies examining acute 

cortisol responses in children use paradigms that do not evoke sufficient stress in the participant, 

thus failing to produce elevations in cortisol. For example, Schmidt, Fox, Schulkin, and Gold 

(1999) told seven-year-old children they would be giving a speech on their most embarrassing 

moment to induce stress, but the children did not actually give the speech, thus likely reducing 

the actual stress response. Additionally, anger and frustration tasks are often used to evoke HPA 

reactivity in school-aged children and older but can be ineffective in elevating cortisol, unless the 

tasks include negative self-reverent emotions. On the other hand, the task may only be stressful 

for a few children, but not across children. Regardless, ethical considerations require that 

researchers do not unduly stress children, who are considered a vulnerable population. Thus, 

creating a stress paradigm requires a balance between keeping child participants comfortable and 

using a task that is sufficiently stressful to activate an accurate stress response.  

Finally, and perhaps most importantly, Gunnar and colleagues (2009) explain that timing 

in relation to cortisol assessment is of utmost importance. Timing, which refers to time of day, 

time of sampling, and time of stressors, is an additional potential explanation of the discrepancies 

in the cortisol literature. Because there is a diurnal rhythm associated with cortisol, baseline 

measurements may depend on the time of day participants were sampled. Those who are 

sampled in the morning may have higher baseline measurements than those who are sampled 

later in the day. However, due to the schedules of the populations assessed, it is not always 

possible to get families to visit laboratories at times that could provide the most accurate 

assessment of salivary cortisol. Not all studies have accounted for these changes in the analyses. 
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Therefore, as time of day is not always covaried, can be a limitation of sampling free cortisol, 

and may not be consistent across studies, this issue may be contributing to conflicting results. 

Additionally, because little is known about the exact timing of the peak and decline of cortisol 

following stressors for a particular individual, researchers must take many samples at different 

time points following stressors to ensure they are gathering enough information to capture the 

patterns of acute cortisol responses. For example, Quas, Bauer, and Boyce (2004) used a 

fear/inhibition paradigm to elicit a cortisol stress response in 4-6-year-olds, but did not identify 

any (expected) elevations in cortisol; as they only took two samples of cortisol, one at the 

beginning of the stressor and one 50 minutes after the stressor, the large gap between 

assessments may explain why there was no cortisol elevation captured in these children. 

Additionally, Tolep and Dougherty (2014) examined peaks in cortisol following a laboratory 

stress task and found that there were individual differences in children’s cortisol responses to a 

stress task that predicted a significant increase in cortisol from baseline. This highlights the 

importance of taking multiple saliva samples following a stress task to ensure that the peak 

amount of cortisol is sufficiently captured.  

Hair Cortisol 

In addition to saliva, another non-invasive measure of HPA axis functioning is through 

hair cortisol measurement. Hair cortisol measurement is a novel approach which represents 

cumulative cortisol exposure (Bates, Salsberry, & Ford, 2017). Typically, one centimeter of hair 

corresponds to HPA axis functioning for one month (Kirschbaum, Tietze, Skoluda, and 

Detternborn, 2009). Hair cortisol is different from salivary cortisol in that it assesses 

chronic/long-term total cortisol release rather than acute/short-term cortisol response. Hair 

cortisol concentrations (HCC) are found reliably in human hair (Raul, Cirimele, Ludes, & Kintz, 
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2004) and hair cortisol levels positively correlate with salivary cortisol levels (D’Anna 

Hernandez, Ross, Natvig, & Laudenslager, 2011; Xie et al., 2011). However, unlike salivary-

assessed cortisol, hair-assessed cortisol indexes total cortisol release without the limitations 

associated with errors made while obtaining samples described above, such as issues related to 

the nature of the stressors and the timing of the samples (Gunnar et al., 2009). 

The mechanism by which cortisol is incorporated into hair is still unknown (Meyer & 

Novak, 2012). One possibility is that cortisol measured in hair has come from the bloodstream. 

There has been some evidence for this prospect, as hair cortisol is elevated during the third 

trimester of pregnancy (D’Anna-Hernandez et al., 2011), suggesting that conditions that elevate 

circulating/plasma cortisol are reflected in hair. Additionally, Davenport, Lutz, Tiefenbacher, 

Novak, and Meyer (2008) found that after relocation, rhesus macaques showed heightened 

cortisol levels in saliva, serum, and hair, illustrating that hair cortisol levels relate to changes is 

free cortisol levels. Another potential mechanism by which cortisol is incorporated into hair is 

through the sebaceous gland, it is thought that cortisol is synthesized by the pilosebaceous unit in 

the hair follicles in response to adrenocorticotropic hormone (D’Anna-Hernanzez et al., 2011; Ito 

et al., 2005).  

There have been few studies examining hair cortisol in children. Ursache, Merz, Melvin, 

Meyer, and Noble (2017) examined the relations between socioeconomic status and parents’ and 

children’s HCC. They found that lower family income was associated with higher parent HCC 

but not child HCC, and that lower parental education was associated with heightened HCC in 

both parents and children. Additionally, Karlen et al. (2015) examined the relationship between 

HCC and psychosocial vulnerability (e.g., parent education, type of child care, health care) in 12-

month-old children. They found a positive relation between HCC and psychosocial vulnerability.  
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Of the studies that have examined HCC in children, few have included direct 

measurements of anxiety in children and it is unclear how hair cortisol compares to salivary 

cortisol in children as a means of assessing the cortisol response in relation to anxiety. 

Nevertheless, some studies have investigated HCC in constructs related to anxiety (e.g., 

temperamental fear; stress). Groeneveld et al. (2013) examined HCC in children when first 

entering elementary school. Two-centimeter hair samples were collected 2 months after school 

entry; the 2-cm reflected the first 2 months of school attendance. HCC were higher after school 

entry, especially for temperamentally fearful children. These results indicate higher cortisol 

levels in fearful children, which is consistent with previous literature on anxiety and salivary 

cortisol in children. Additionally, Ouellette et al. (2015) examined hair cortisol responses in 

association with chronic stress and psychological constructs relevant to stress reactivity in 

mother-daughter dyads when children were age 7. The researchers found that higher-stress 

mothers had lower HCC than their lower-stress counterparts. This HCC profile is consistent with 

literature reporting a blunted pattern of HPA axis response following severe repeated or chronic 

activation of the HPA axis, often because of prolonged exposure to chronic stress (Ouellette et 

al., 2015). The blunting pattern was not identified in daughters with higher stress, which is 

consistent with previous research stating that high stress children have heightened cortisol 

responses. In the same study, Ouellette and colleagues also examined children’s symptoms of 

anxiety and depression and found no association between children’s HCC and their symptoms of 

anxiety or depression (r = .14); however, given the very small sample size (N = 30) in this study, 

there may not have been sufficient power to detect a significant effect.  

Therefore, the literature investigating hair HCC and anxiety in children is limited. There 

have, however, been some studies examining HCC and anxiety in adults. Steudte et al. (2011) 
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found lower HCC in adults with generalized anxiety disorder (GAD). While the hypocortisolism 

associated with HCC in this study is inconsistent with salivary measurements in previous 

research identifying hypercortisolism (Mantella et al., 2008), it may represent compensatory 

mechanisms in response to chronic hypercortisolism. This study also focused on adults, and it is 

more common to see compensatory mechanisms that attenuate HPA axis dysregulation in 

adulthood, compared to childhood (Siess et al., 2014). Due to the very limited research on HCC 

and internalizing behaviors, conclusions cannot be made with regard to HCC and anxiety in 

children.  

Hair and Saliva Cortisol Measurements  

Few studies have examined how cortisol measured by saliva and by hair are related. Kao, 

Doan, St. John, Meyer, and Tarullo (2018) examined the relation between children’s salivary 

cortisol reactivity in response to an acute stress task and their HCC; they found that increases in 

salivary cortisol reactivity was associated with higher HCC. D’Anna-Hernandez and colleagues 

(2011) examined HCC and diurnal salivary cortisol in pregnant women and found that both HCC 

and diurnal salivary cortisol levels were correlated throughout pregnancy. Additionally, Steudte 

et al. (2011) examined both hair and salivary cortisol concentrations and anxiety in adults. The 

researchers examined people with GAD and controls (people with no psychiatric lifetime 

disorder). They collected hair samples and six saliva samples on two consecutive weekdays to 

assess diurnal cortisol profiles. There were no differences in saliva cortisol concentrations 

between people with GAD and controls: both groups showed elevated cortisol concentrations in 

the morning and a decreasing pattern throughout the day, which is the typical diurnal cortisol 

profile. However, the hair analyses revealed that people with GAD exhibited significantly lower 

HCC than controls. Further, there was not a significant association between the diurnal cortisol 

levels and hair segments. However, the GAD sample consisted of people with multiple 
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psychiatric conditions which may have impacted the results of the study, as psychiatric 

conditions such as depression may have different HPA mechanisms than anxiety. However, 

because there are few studies examining these relations, the findings should be interpreted 

cautiously until more research investigates the associations between anxiety and HCC and 

between HCC and salivary cortisol samples.  

Stress Sensitization Hypothesis 

Understanding how environmental factors, such as stress, impacts the HPA axis is 

important in distinguishing children who may be at risk for anxiety. Attenuated cortisol 

responses may be seen later in life as people are exposed to more stress compared to earlier in 

life. It is theorized that this response may represent a general dysfunction of the HPA negative 

feedback system or may happen as a way to compensate for the high amount of cortisol released 

in response to stress. However, another hypothesis that may be seen more often in childhood, and 

also may extend to later in life, is the stress sensitization hypothesis.  

The stress sensitization hypothesis states that adverse experiences sensitize an 

individual’s stress response system (including the HPA axis) which heightens reactivity to stress 

(Heim & Nemeroff, 2001). This theory was originally presented to explain HPA function and 

depression, but has recently been extended to anxiety (Mclaughlin, Conron, Koenen, & Gilman, 

2010). Laurent and colleagues (2015) found that participants with low morning HPA activity that 

increased over time were more likely to have heightened and extended cortisol levels in response 

to an acute, low-level stressor. These patterns were associated with anxiety symptoms in late 

childhood. This is a sample of children who likely faced adversity early in life given that they 

were recruited from public welfare agency. In a review of HCC literature, Bates and colleagues 

(2017) found that HCC in young children is generally elevated when there is persistent stress, 
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such as low socioeconomic status (SES) and maternal distress, in the child’s life. In addition, 

Dettmer, Novack, Suomi, and Meyer (2012) found that hair cortisol positively correlated with 

anxiety scores for rhesus monkeys exposed to a major early life stressor; this is the first study to 

show that elevated hair cortisol levels early in life may be a biomarker for later development of 

anxious behavior when faced with a major early life stressor.  

Understanding dysregulation of the HPA axis in young childhood may help distinguish 

children at risk for anxiety. Dougherty and colleagues (2013) examined correlates of the children 

with anxiety disorders, including familial and life stress. They found that children with anxiety 

disorders experienced greater amounts of stressful life events. Additionally, negative life events 

may serve as a risk factor predicting anxiety in young children (Edwards, Rapee, & Kennedy, 

2010; Murray, Creswell, & Cooper, 2009). As stressful life events and chronic adversities are 

associated with symptoms of anxiety in children (Allen, Rapee, & Sandberg, 2008), 

understanding how biology and the environment interact to alter regulation of the HPA axis is 

useful in identifying those at an even greater risk.  

The Current Study 

 Given that social and separation anxiety can be common in early childhood, persist, and 

contribute to distress and impairment for children and families, effective identification is crucial 

(Cooper-Vince et al., 2014). Although research is being done to clarify behavioral phenotypes of 

anxiety in preschool-aged children, much remains unknown. In particular, physiology associated 

with early childhood anxiety has received little empirical investigation. Additionally, there is 

individual variation in the interactions between biology and the environment (Bates, et al., 2017; 

Shonkoff et al., 2012). Therefore, a reliable, objective assessment of children’s stress response is 

needed to help identify children at risk for anxiety. Dysregulation of the glucocorticoid cortisol 

may predict the development of anxiety in both children and adults (Dougherty et al. 2013). 
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However, effective methodological assessment of stress physiology in young children that yields 

consistent results has not been established. Therefore, it is important to gain insight into how 

each method indexes cortisol in association with anxiety in young children. To gain a full 

understanding of clinically significant boundaries of preschool anxiety, it is important to connect 

biology and behavior to identify which children may be at risk for developing impairing 

symptoms. 

The proposed study compares two methods of assessing acute (saliva) and long-term 

(hair) HPA axis functioning by examining the relation between cortisol and anxiety in preschool-

aged children. Using two methods, hair and saliva, the study aims to identify differences (i.e., 

does hair or saliva better correlate with parent reported and observed anxiety) of two cortisol 

assessments and anxiety behavior as they relate to risk for anxiety in preschoolers. Identifying 

how different methods of cortisol measurement are associated with anxiety in preschoolers is 

crucial in furthering understanding of the relation between stress reactivity and anxiety. 

Additionally, by identifying how cortisol is related to anxiety in young children, this study will 

help to distinguish biological assessments that may refine efforts to identify children at risk for 

anxiety and related impairment.  

Hypotheses and Research Questions  

Hypothesis 1: It is hypothesized that children showing higher levels of fear/inhibition (behaviors 

relevant to anxiety) during a laboratory stress task will show higher acute cortisol levels from 

baseline through 40 minutes following the laboratory task than children who do not show 

heightened fear/inhibition during the laboratory task. Although the literature is mixed with 

regard to the direction of cortisol dysregulation (i.e., elevated or blunted) the majority of studies 

in young children show an elevated response to stressors. 
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Hypothesis 2: It is hypothesized that children with higher levels of parent-reported anxiety will 

show increased levels of long-term cortisol activity, as measured by hair (HCC), than children 

with lower levels of parent-reported anxiety.  

Research Question 1: Which measure of cortisol is most strongly associated with each measure 

of anxiety? (Figure 1) 

Hypothesis 3: It is hypothesized that higher levels of recent life stress will be related to both 

acute cortisol reactivity and long-term cortisol activity, relative to lower levels of recent stress. 

Research Question 2: Will there be an interaction between life stress and anxiety that predicts 

elevated levels of cortisol in either acute reactivity or long-term cortisol levels? (Figure 2) 

Method 

Participants 

 Participants included 141 parents and their 3-5-year-old children (45.8% 3-years, 35.9% 

4-years, 17.6% 5-years; 55.6% male; 56.74% Caucasian/White, 31.91% Hispanic, 5.67% multi-

ethic/other, 4.96% Asian, <1% African-American/Black). Parents reported their level of 

education (67.6%: 4-year college degree or higher) and family income (66.9%: $70,000 or 

higher). To be included in the study, children must have had no major medical or developmental 

disabilities, such as autism or epilepsy, as such disabilities may be linked to less developmentally 

typical emotional and behavioral experiences. In addition, parents must have been at least 18 

years of age, have at least 50% legal custody of their child, have internet access to complete 

questionnaires, and due to the nature of the measures and language of the study staff, parents 

must be able to read, write, and speak English. Participants were recruited through flyers posted 

in local preschools, daycares, libraries, doctors’ offices, and community centers. These flyers 
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were mailed, and/or e-mailed to these sites and posted in view of potential participants. 

Advertisements were also posted on the social media site, Facebook. 

Measures   

Parent-Reported Child Anxiety. Parents reported on their children’s anxious behaviors 

using the Preschool Anxiety Scale (PAS; Spence, Rapee, McDonald, & Ingram, 2001; Edwards, 

Rapee, Kennedy, Spence, 2010), which assesses symptoms of anxiety and can be used to identify 

children who are at risk for anxiety disorders. Twenty-eight items cover a spectrum of anxiety 

symptoms in preschoolers; in the present study, 12 questions across two subscales assessing 

dimensions of social anxiety and separation anxiety were used. Each item used a 5-point scale (1 

= not at all true, 5 = very often true). Example items include “Worries that he/she will do 

something embarrassing in front of other people” and “Has difficulty stopping him/herself from 

worrying” (see Appendix A). To establish construct validity, PAS scores were compared with 

Child Behavior Checklist (CBCL; Achenbach, 1992) scores. The Pearson product-moment 

correlation demonstrated construct validity between mothers’ PAS total scores and CBCL 

Internalizing total scores (r = .68, p < .001). Each PAS subscale also correlated significantly with 

the CBCL Internalizing subscale scores (Social Anxiety r = 0.57; Separation Anxiety r = 0.50; 

Spence et al., 2001). The PAS was sent to the parents electronically in survey form. Parent-

reported anxiety was computed by creating two mean variables of the separation (M = 2.02, SD = 

0.80, Min = 1.00, Max = 4.40, α = .77) and social anxiety (M = 2.02, SD = 0.74, Min = 1.00, Max 

= 4.43, α = .83) scales in the PAS. 

 Laboratory Stressor and Observed Fear/Inhibition. Observable indicators of 

fear/inhibition (behaviors relevant to risk for anxiety) were assessed in the laboratory using the 

Stranger Approach task from the Laboratory Temperament Assessment Battery (Lab-TAB; 
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Goldsmith et al., 1995), a standardized laboratory observational assessment designed to elicit a 

range of behaviors and emotional reactivity. This task was used to elicit children’s biological 

stress response, as this is the most stressful episode of the Lab-TAB (Barrios, Bufferd, Klein, & 

Dougherty, 2017). The salivary assessments of cortisol were timed around this task (see below). 

In this task, children were asked to wait in a room alone while the researcher purportedly 

goes to get a toy. While the researcher was gone, a “stranger” (research assistant accomplice) 

entered the room maintaining neutral facial expressions through the episode and asked the child 

“Have you ever been here before?”; after ten seconds, the stranger walked toward the child and 

stood in front of a chair. The stranger then asked the child “Are you having a good time here 

today?” and waited another ten seconds until sitting in the chair next to the child. The stranger 

then asked “Are you playing with lots of toys?” and waited twenty seconds. The stranger then 

told the child that he/she was looking for some papers. After the stranger left, the researcher then 

entered the room again and debriefed the child on what the stranger was doing (looking for 

papers) and introduced the “stranger” to the child, telling the child that the stranger is actually 

their friend (see Appendix B).  

This task was video recorded and later coded to assess the fearful affect and 

fearful/inhibited behavior displayed by the child. During the Stranger task, each instance of 

children’s facial, bodily, and vocal expressions of fear was coded on a three-point intensity scale 

(low fear, moderate fear, high fear) according to operational definitions (Durbin, Klein, Hayden, 

Buckley, & Moerk, 2005; Appendix D). The average total number of fearful displays was 31.52 

(SD = 11.11, Min = 1.00, Max = 64.00). Displays were weighted according to their intensity 

(low, moderate, or high) and standardized to compute a fear affect score. In addition, coders also 

made global ratings for specific behaviors relevant to fear/inhibition (Appendix C). Behavioral 
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ratings relevant to anxiety included: initiative (reverse scored; M = 2.21, SD = .75), 

sociability(reverse scored; M = 1.38, SD = .77), affiliativeness (reverse scored; M = 2.23, SD = 

.87), avoidance (M = 1.34, SD =.89), and socially anxious/meek (M = 2.07, SD = 1.00) 

behaviors. As the response scales varied (i.e., four- and five-point scales were used for the 

behavioral ratings), ratings were standardized. Standardized fearful affect ratings and 

standardized behavioral ratings were averaged to create one composite variable indicating the 

average amount of fearful behavior displayed by children during the laboratory task.   

Research staff were trained to code by an expert coder and were required to meet at least 

80% agreement with the expert coder before coding independently. To ensure interrater 

reliability, one expert coder recoded a subset (n = 15; 10.6%) of randomly selected videos. An 

intraclass correlation coefficient (ICC) was computed on a standardized variable averaging all of 

the fear related behavior coded in the Stranger Approach task (composite variable of fearful 

affect and behavioral ratings). Interrater reliability was excellent (ICC= .91).  

 Short-term HPA-axis cortisol activity. Parents were asked to keep their child from 

eating and drinking at least one hour prior to data collection (small sips of water are acceptable). 

To obtain salivary samples in children, the Salimetrics Oral Swab (10 mm x 30 mm) were used. 

The swabs are made of a polymer similar to a dental roll, and the volume of sample recovered is 

typically in the range of 200-1000 µL (Salimetrics, LLC). The researcher inserted the swab into 

the child’s mouth while seated and swab the child’s mouth for 1-3 minutes. The researcher 

collected a baseline measurement after the child arrives at the lab and had sufficient time to 

warm up to the lab environment (approximately 30-40 minutes after arrival). The Stranger task 

was then administered, which served as the stressor for the children. Because cortisol typically 

peaks approximately 20 minutes after a stressor, a second saliva sample was taken 20 minutes 
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post-stressor. To capture the decline of cortisol and individual differences in peaks, two more 

saliva samples were taken at 30 minutes post-stressor and 40 minutes post-stressor as the 

particular timing of decline varies among individuals (Barrios et al., 2017; Dickerson & Kemeny, 

2004).  

 After saliva collection, swabs were inserted into storage tubes and immediately 

refrigerated at 2-8°C for no more than 4 hours. These swabs were then be spun at 24 rpm for 20 

min, and frozen at -80°C in the study’s physiological consultant’s (D’Anna-Hernandez) 

laboratory until analysis. Cortisol is stable at 2-8°C for up to 4 hours and can be stored long-term 

at 20°C or below (Salimetrics, LLC). ELISA kits from Salimetrics will be used for all assays. 

This kit shoes minimal cross reactivity (4% or less) with other steroids found in saliva. For 

determination of inter-assay coefficients, controls consisting of a large pool of saliva will be 

extracted and run on each plate. It is recommended to have inter-assay CVs under 20, thus only 

samples yielding CVs under 20 were used for analyses.  

Salivary cortisol will be analyzed by computing both the area under the curve (AUC)  

and slope for each child. AUC represents the total amount of cortisol released from baseline to 

40 minutes after the Stranger task. AUC was not normally distributed and was therefore natural 

log transformed (LN) to meet the assumption of normality transformed (M = 1.22nmL, SD = 

0.62nmL, Min = -.22nmL, Max = 3.07nmL). Slope represents the change in cortisol across all 4 

time points. Slope was calculated by restructuring the data to long format and creating time and 

sample number variables. Regressions were run for each participant to determine the slope for 

each participant’s cortisol reactivity, slope was not normally distributed and was therefore 

natural log transformed (LN) (M = .08nmL, SD = 0.63nmL, Min = -1.23nmL, Max = 2.12nmL).  
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 Long-term HPA-axis cortisol activity. A sample of 80-100 strands of the children’s hair 

was collected from the posterior vertex region of the scalp as close to the scalp as possible. 

Strands were either cut with haircutting scissors or thinning shears, depending on the 

participant’s parent’s preference. One cm of hair typically reflects 1 month of cortisol reactivity 

(Russell et al., 2012). We aimed to collect at least 3cm strands of hair per child to assess cortisol 

activity over the previous three months. However, because not all children had 3cm of hair 

available to cut, hair that was not 3 cm was converted to a 3 cm estimate by averaging the 

amount of cortisol per millimeter (n = 14; 9.93% of the sample). 

Hair samples were wrapped in foil for storage (Wenning, 2000). Hair was washed twice 

in isopropanol and dried for 7 days. The hair was then ground to a powder using a Retsch ball 

mill for 10 minutes at 25Hz. The powdered hair (~20-50 mg) was weighed and extracted in 

HPLC-grade methanol at room temperature for 24 hours with slow rotation. After being 

extracted, the solution was transferred to a 2ml microcentrifuge tube and spun for 120s in a 

microcentrifuge at approximately 20,000g. Supernatant was removed, placed into a new 

microcentrifuge tube, and dried in a fume hood for 4 days. Extracts were reconstituted with assay 

buffer based on the amount of supernatant recovered, and cortisol levels determined using a 

commercial high sensitivity EIA kit according to manufacturer’s directions (Salimetrics, LLC). 

An internal control consisting of a large pool of previously ground mixed hair was extracted and 

run on each plate for determination of inter-assay coefficients of variation (CV).  It is 

recommended to have inter-assay CVs under 20, thus only samples yielding CVs under 20 were 

used for analyses. Hair cortisol levels were obtained as pictogram/milligram (pg/mg) and were 

log transformed to meet the assumption of normality (M = 2.34 pg/mg, SD = 1.00 pg/mg, Min = 

.18 pg/mg, Max = 6.91 pg/mg). 
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Stressful Life Events. The stressful life events scale included 31 items from the 

Preschool Age Psychiatric Assessment (PAPA) (Egger, Ascher, & Angold, 1999; Egger & 

Angold, 2004). The PAPA has been found to be a valid and reliable measure of psychopathology 

and stressful life events in preschool-aged children (Dougherty et al., 2013; Egger et al, 1999; 

Egger & Angold, 2006; Egger et al., 2006). The current study uses the life events items from the 

PAPA. Parents reported the frequency of specific stressful events their child/family experienced 

in the past 6 months (e.g., parental separation, moving homes, changing schools; See Appendix 

D). The questionnaire was sent to the parents electronically in survey form. A score representing 

the total number of stressful life events reported was computed (M = 1.61, SD = 1.71, Min = 

0.00, Max = 8.00). 

Data Analysis 

There is only one study (Kao et al, 2016), to my knowledge, that has assessed salivary 

and hair cortisol measurements in relation to anxiety in young children. Therefore, studies that 

had generally similar aims, and methodologies were used to compute power (D’Anna-Hernandez 

et al., 2011; Kao et al., 2018; Short et al., 2016). The average effect size of the three studies (r = 

.46) suggest that the current study should yield a medium to large effect size. Due to the lack of 

similar research, the current power analysis yielded a more conservative effect size by going one 

standard deviation lower (r = .32). G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) suggests 

that to achieve the expected effect size (r = .32) a sample size of N = 121 would yield sufficient 

power for this study.  

Associations between demographic variables and study variables were first computed to 

examine any significant relations and determine any potential covariates. To test the first 

hypothesis that children who show high levels of fear/inhibition during the Stranger task will 
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show elevated cortisol reactivity (AUC and slope) two simple linear regressions were computed 

with fear/inhibition during the Stranger task as the independent variable (IV) and cortisol 

reactivity (AUC and slope) as the dependent variables (DV).   

To test the second hypothesis that children with high levels of parent-reported anxiety 

will show higher levels of HCC two block sequential regressions were computed with parent-

reported anxiety from the PAS (separation anxiety and social anxiety) as the independent 

variable (IV) and cortisol reactivity (HCC) as the dependent variable (DV).  

To answer the first research question to evaluate which measure of cortisol is most 

strongly associated with each measure of anxiety, four Pearson correlations were conducted: (1) 

between parent-reported anxiety and AUC, (2) anxiety during the stranger task and AUC, (3) 

between parent-reported anxiety and HCC, and (4) anxiety during the stranger task and HCC. 

Next, Fisher r-to-z transformations were conducted to compare the magnitude of correlations 

between pairs of variables to determine which measurements yield stronger associations. The 

results provide a Fisher’s z test statistic and direction of the effect to determine whether the 

magnitude(s) of certain correlations are stronger than others.  

To test the third hypothesis that higher levels of life stress will be related to acute cortisol 

reactivity and long-term cortisol activity, three two block sequential linear regressions were 

conducted. The first two analyses included life stress as the IV and cortisol reactivity (AUC and 

slope) as the DV.  The third included life stress as the IV and HCC as the DV.  

To test the second research question to evaluate whether there will be an interaction 

between life stress and anxiety that predicts elevated levels of cortisol, four moderation analyses 

were performed using the PROCESS bootstrapping plugin (Model 1; Hayes, 2019) for SPSS; 

five-thousand resamples with 95% bias corrected standardized bootstrap confidence intervals 
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were simulated for the models. Bootstrapping is a technique which estimates the sampling 

distribution of a statistic by taking repeated sub-samples from the existing data. The first 

moderation examines whether life stress moderates the relation between observed fear/inhibition 

during the Stranger task and AUC. The second examines whether life stress moderates the 

relation between observed fear/inhibition during the Stranger task and cortisol slope. The third 

examines whether life stress moderates the relation between parent-reported separation anxiety 

behavior and HCC. The fourth examines whether life stress moderates the relation between 

parent-reported social anxiety behavior and HCC. For all significant moderations, an analysis of 

simple slopes was conducted to examine whether anxious/fear/inhibition behavior (IV) predicts 

cortisol (DV) at different levels of stress (MV).  

Results 

Associations between demographic variables and study variables were computed to 

determine any potential covariates (Table 1). Several significant associations were found. HCC 

was higher among males and among white (cxcompared to non-white) participants. Parent-

reported separation anxiety was higher among non-white participants, whereas parent-reported 

social anxiety was higher among families with higher annual income. Finally, life stress was 

higher for non-white participants and those with more educated parents. All other associations 

were non-significant.  These variables were included as covariates by entering them into the first 

block of the model in data analyses for the variables in which the significant associations were 

relevant.  

Associations between fear/inhibition and salivary cortisol 

To determine whether children who show high levels of fear/inhibition during the 

Stranger task will show elevated cortisol reactivity (AUC), a simple linear regression was 
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computed with fear/inhibition during the Stranger task as the independent variable (IV) and 

cortisol reactivity (AUC) as the dependent variable (DV). Fear/inhibition during the stranger task 

was not significantly associated with AUC cortisol reactivity (F (1, 138) = 1.28, p = .26; Table 

2). 

To determine whether children who show high levels of fear/inhibition during the 

Stranger task will show a significant change across samples (slope), a simple linear regression 

was computed with fear/inhibition during the Stranger task as the IV and cortisol reactivity 

(slope) as the DV. Fear/inhibition during the stranger task significantly associated with cortisol 

reactivity using slope (F (1, 139) = 7.38, p = .007, R2 = .05). Specifically, higher levels of 

fear/inhibition during the stranger task was associated with a more positive cortisol slope across 

the four timepoints (b = .28, SE = .10, t(139) = 2.72, p = .007, 95% CI = [.08, .49]). To examine 

this relation further, a mean split of fear in the laboratory was computed to compare the salivary 

cortisol slopes of children with high and low fear (Figure 3). The slopes of the high and low fear 

groups were significantly different (t(139) = 2.51, p = .013). Specifically, those with more fear in 

the laboratory task showed a steeper, positive slope across time. Those who displayed lower fear 

in the laboratory showed little change from baseline through the third sample and a decrease in 

cortisol in the last sample.  

Associations between anxiety and hair cortisol 

To test the second hypothesis that children with high levels of parent-reported anxiety 

will show higher levels of HCC, 2-block sequential linear regressions were computed with 

parent-reported anxiety on the PAS (separation anxiety and social anxiety) as the IV, HPA 

activity (HCC) as the DV, and covariates (Sep: sex, ethnicity; Soc: sex, ethnicity, income) into 

the first block of the model.  
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The overall model examining the effect of sex, ethnicity, and parent reported separation 

anxiety on children’s HCC was significant (F (3, 136) = 3.19, p = .026). Consistent with the 

bivariate associations reported above, sex and ethnicity were both significantly associated with 

HCC (Table 3) such that males had significantly higher HCC and white (compared to non-white) 

participants had significantly higher HCC. However, when controlling for sex and ethnicity, 

parent reported separation anxiety was not significantly associated with HCC (b = 0.04, SE = .10, 

t(136) = .42, p = .657, 95% CI = [-.23, .15]).  

The overall model examining the effect of sex, ethnicity, income, and parent reported 

social anxiety on children’s HCC was significant (F (4, 135) = 2.91, p = .024). Consistent with 

the bivariate associations reported above, sex and ethnicity were both significantly associated 

with HCC (Table 4) such that males had significantly higher HCC and white participants had 

significantly higher HCC. However, when controlling for sex, ethnicity, and income, parent 

reported social anxiety was not significantly associated with HCC (b = -.15, SE = .11, t(135) = -

1.44, p = .153, 95% CI = [-.36, .06]).  

Correlations between different measures of cortisol and anxiety 

To evaluate which measure of cortisol is most strongly associated with each measure of 

anxiety, Pearson correlations were conducted (1) between parent-reported anxiety and AUC and 

slope, (2) anxiety during the stranger task and AUC and slope, (3) between parent-reported 

anxiety and HCC, and (4) anxiety during the stranger task and HCC. (1) Parent reported anxiety 

was not significantly related to AUC (r = -.01, p = .891). Parent reported anxiety was not 

significantly related to slope (r = -.02, p = .849). (2) Anxiety during the stranger task was not 

significantly related to AUC (r = -.10, p = .260), but anxiety during the stranger task was 

significantly positively related to increasing cortisol slope, (r = .23, p = .007). (3) Parent reported 
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anxiety was not significantly related to HCC (r = -.05, p = .566). (4) Anxiety during the stranger 

task was not significantly related to HCC (r = -.08, p = .373). Therefore, the only significantly 

association was between laboratory observed fear/inhibition and the slope of the acute salivary 

cortisol response.  

Fisher r-to-z transformations were conducted to compare the magnitude of these 

associations (Table 5). The correlation between salivary slope and fear in the laboratory was 

significantly stronger than any other correlations between anxiety and cortisol (Figure 4). 

Additionally, the association between parent-reported anxiety and HCC was significantly 

stronger than the associations between parent-reported anxiety and salivary cortisol (Figure 5). 

However, these analyses were comparing mostly non-significant correlations and should be 

interpreted with caution.  

Associations between cortisol and life stress 

To test the third hypothesis that higher levels of life stress will be related to acute cortisol 

reactivity and long-term cortisol activity, three 2-block sequential linear regressions were 

conducted. The first two analyses include life stress as the IV, cortisol reactivity (AUC and 

slope) as the DV, and education level and ethnicity loaded into the first block of the model. 

Parent-reported stressful life events were not significantly associated with children’s AUC (F (3, 

136) = .67, p = .574). Ethnicity and education level were not significantly associated with AUC 

(Table 6). In addition, parent-reported stressful life events were not significantly associated with 

children’s cortisol slope (F (3, 137) = 1.25, p = .295). Ethnicity and education were not 

significantly associated with slope (Table 7). The third analysis included life stress as the IV and 

HCC as the DV, and ethnicity, parent education level, and child sex in the first block of the 

model. The overall model examining the association between parent-reported stressful life events 
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and children’s HCC was significant (F (4, 135) = 2.53, p = .044). However, when controlling for 

education level, sex, and ethnicity, stressful life events were not significantly correlated with 

children’s HCC (b = -.04, SE = .05, t(135) = -.81, p = .415, 95% CI = [-.14, .06]).  

Interactions between life stress, anxiety, and cortisol 

To test the second research question, whether there will be an interaction between life 

stress and anxiety that predicts elevated levels of cortisol, four moderation analyses were 

performed using the PROCESS bootstrapping plugin (Model 1; Hayes, 2016) for SPSS; five-

thousand resamples with 95% bias corrected standardized bootstrap confidence intervals were 

simulated for the model. Bootstrapping is a technique which estimates the sampling distribution 

of a statistic by taking repeated sub-samples from the existing data.  

The first moderation examined whether life stress moderates the relation between 

observed fear/inhibition during the Stranger task and AUC: life stress did not significantly 

moderate the relation between fear during the Stranger task and AUC (b = -.01, SE = .07, p = 

.865; Table 9). The second moderation examined whether life stress moderates the relation 

between observed fear/inhibition during the Stranger task and cortisol slope: life stress did not 

significantly moderate the relation between fear during the Stranger task and cortisol slope (b = -

.06, SE = .07, p = .408; Table 10). The third examined whether life stress moderates the relation 

between parent-reported separation anxiety behavior and HCC: life stress did not significantly 

moderate the relation between parent reported separation anxiety and HCC (b = .02, SE = .06, p 

= .75; Table 11). The fourth examined whether life stress moderates the relation between parent-

reported social anxiety behavior and HCC: life stress did not significantly moderate the relation 

between parent reported social anxiety and HCC (b = .09, SE = .07, p = .222; Table 12).  

  



COMPARING CORTISOL MEASUREMENTS AND ANXIETY  37 
 

Discussion 

 The current study sought to compare acute and long-term measurements of cortisol in 

relation to anxiety in preschool-aged children. As separation and social anxiety are common in 

early childhood, effective identification is crucial. A reliable, objective assessment of children’s 

physiological stress response may help to elucidate which children are at risk for developing 

anxiety. By examining how different methods of cortisol and anxiety are related, these data 

sought to distinguish biological assessments that may help in identifying children at risk for 

anxiety. Overall, the study found that higher levels of fear shown in the laboratory was 

significantly associated with a positive salivary cortisol slope. In addition, HCC was higher 

among males and among white (compared to non-white) participants. Parent-reported separation 

anxiety was higher among non-white participants, whereas parent-reported social anxiety was 

higher among families with higher annual income. Finally, life stress was higher for non-white 

participants and those with more educated parents. None of the other associations between 

anxiety, cortisol, and stress were significant.  

 It was hypothesized that children who show higher levels of fear/inhibition during the 

laboratory stressor task would show elevated cortisol reactivity. Fearful affect displayed during 

the task is a measure of how children respond to a stressor that triggers the HPA axis to release 

cortisol; thus, it was hypothesized that fear would be related to cortisol reactivity. Cortisol 

reactivity was measured by examining total cortisol output (AUC) and the change in amount of 

cortisol across time (slope). The findings did not support this hypothesis when examining AUC. 

However, when examining slope, higher levels of fear/inhibition displayed during the laboratory 

task demonstrated was associated with a higher positive cortisol slope from baseline through 40 

minutes post-stressor. This association is consistent with previous research suggests that children 
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with anxiety showed elevated cortisol responses to a stressor task (Laurent et al., 2015; van 

West, Claes, Sulon, & Deboutte, 2008). However, previous research suggests that we would also 

expect to see an association with total cortisol output (AUC). There are several possible reasons 

to explain why findings were only significant when examining the change in cortisol (slope) and 

not the total cortisol output (AUC). First, there are individual differences in the manner in which 

children respond to stress. Research has shown that accounting for the specific peaks in cortisol 

(via the slope) is important in understanding how children respond to stress (Tolep & Dougherty, 

2014). For example, children with low baseline samples and high peak samples may not be 

detected as having high cortisol output by AUC. Instead, the increase of cortisol in response to 

stress rather than the total output may be more indicative of children’s actual response to stress. 

Second, using slope to understand cortisol responses to stress may be a more accurate method of 

assessing cortisol reactivity in young children compared to total cortisol output. A study by 

Slattery and colleagues (2012) examined both AUC and peak response (a measure relevant to 

slope) and found that children’s anxiety was only associated to the measure of peak cortisol 

response. It is possible that the way in which children respond to stress (slope) is more important 

to understanding HPA axis dysregulation than total cortisol output (AUC). Therefore, using 

slope to examine cortisol reactivity may be a more accurate way of identifying which children 

may be at risk for developing anxiety compared to total cortisol output.  

 It was also hypothesized that children with high levels of parent-reported anxiety would 

show higher levels of HCC. Parent-reported anxiety was not significantly associated with levels 

of HCC. HCC is a measurement of long-term cortisol activity (in contrast to the acute reactivity 

measured in saliva), and parents reported on their children’s behavior across a period of time in a 

questionnaire. Given research linking anxiety and higher HCC (e.g. Groenevelde al., 2013; 
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Steudte et al., 2011), it was expected that these two long-term measures would be correlated, 

however, they were not correlated in the present study. There are a few possible reasons for this 

null finding. First, a review of the HCC literature in children found sex to be a significant 

covariate in HCC (Gray et al., 2018). Therefore, sex should be considered as a possible covariate 

in hair analyses. The current study accounted for sex, and it was found that sex was a significant 

predictor of HCC, such that males had higher HCC than females. Given this association, 

controlling for sex in the present study may explain why a unique relation between anxiety and 

HCC was not identified. Some research has found that sex is not a significant covariate of HCC 

in children (Groenvelde et al., 2013; Raul et al., 2004), but other studies with young children 

have found that males do have significantly higher HCC than females (Dettenborn, Tietze, 

Kirschbaum, & Stalder, 2012; Gerber et al., 2017; Rippe et al., 2016). The findings of the current 

study suggest that males may be more susceptible to having higher HCC than females, but it is 

unclear whether this relatively elevated HCC would contribute to meaningful differences in 

behavior and stress response. Further, sex may interact with anxiety to predict HCC. Future 

research should examine the possible moderating role of sex on the relation between anxiety and 

HCC.  

Second, the literature relating HCC and anxiety in children is very limited and published 

studies may not be generalizable. For example, Groeneveld and colleagues (2015) found higher 

levels of HCC in fearful children as measured by the fearfulness subscale from the Child 

Behavior Questionnaire (CBQ) short form (Ahadi, Rothbart, & Ye, 1993), however, the sample 

was small (N = 42) so it is possible these findings are not generalizable. Finally, it is possible 

that the association between HCC and anxiety is not as readily detected in children as in adults. 

For example, consistent with the present study, Ouellette and colleagues (2015) did not find an 
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association between children’s HCC and their symptoms of anxiety. Aside from this work, 

studies linking anxiety and HCC are very limited in children. Studete and colleagues (2011) 

found associations between anxiety in HCC but in adults, these patterns may not be the same in 

young children. Additionally, the mechanism by which cortisol in incorporated into hair is still 

unknown. Although research has linked HCC and salivary cortisol (Davenport et al., 2008), it is 

possible that the mechanism by which cortisol is incorporated into hair is different than that of 

saliva, of which most of the relevant research has studied. One potential mechanism by which 

cortisol is incorporated into hair is through the sebaceous gland. It is thought that cortisol is 

synthesized by the pilosebaceous unit in the hair follicles in response to adrenocorticotropic 

hormone (D’Anna-Hernanzez et al., 2011; Ito et al., 2005). Additionally, unbound cortisol may 

be secreted from nearby capillaries into the cells of the hair follicle and become deposited in the 

hair shaft (Cone, 2006; D’Anna-Hernanzez et al., 2011). However, these mechanisms have not 

been studied in young children and it is unclear if they would apply to young children.  

 The first research question evaluated whether one measure of cortisol was more strongly 

associated with a particular measure of anxiety. The aim of this question was to compare the 

degree of associations between salivary and hair cortisol and both measures of anxiety to 

examine whether differential relations could be identified. Such associations would indicate 

whether salivary or hair cortisol were more strongly associated with laboratory-assessed or 

parent-reported child anxiety and inform which measures best capture these relations. However, 

the only significant association was between salivary cortisol change (slope) and fear displayed 

the laboratory task. This association was significantly stronger than any other association 

between anxiety and cortisol. As described above, the association between salivary cortisol slope 

and laboratory fear was expected given that salivary cortisol changes in response to stressors 
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such as a stress-inducing laboratory task like the one used in this study. HCC did not correlate 

with laboratory-assessed fear, and salivary cortisol (both AUC and slope) did not correlate with 

parent-reported anxiety. This question was exploratory in nature and the findings were expected 

to some extent, as it was expected that salivary cortisol reactivity would be associated with the 

acute stress of the task that was meant to elicit an HPA axis response, and we expected long term 

measurement of cortisol (HCC) to associate with parent-reported anxiety on the questionnaire 

which reflects children’s typical behavior over a longer period of time compared to the 

laboratory task. Although salivary slope correlated with fear/inhibition in the laboratory task, 

there was no association between salivary cortisol slope and parent-reported anxiety. Although 

laboratory-assessed fear/inhibition has been found to be related to anxiety (Bufferd, Dougherty, 

Olino, Dyson, Carlson, & Klein, 2018; Dougherty et al., 2011; 2013) it may not capture all 

aspects of anxiety. To examine the association between laboratory-assessed fear/inhibition and 

parent-reported anxiety in the current study, correlations were examined. Fear/inhibition during 

the laboratory task was significantly correlated with both parent-reported separation (r = .22, p = 

.007) and social anxiety (r = .23, p = .007) on the questionnaires. The magnitudes of these 

associations appear to indicate that fear displayed in the laboratory is related to children’s 

separation and social anxiety as rated by parents, and that each measure may be capturing 

different aspects of children’s behavior relevant to anxiety. Additionally, if fear were assessed 

across all of the laboratory tasks rather than only with the Stranger task, it is possible a broader 

spectrum of anxious behaviors would have been captured and linked to HCC. In addition, the 

relation between HCC and parent-reported anxiety (PAS) was stronger than the relation between 

parent-reported anxiety and salivary cortisol. This finding was expected, given that HCC indexes 

long-term cortisol and parents reported on the children’s typical behavior over time. However, 
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although the correlations were stronger between PAS and HCC, none of the PAS correlations 

were significant and should be interpreted with caution. Given associations were only found 

between laboratory-assessed fear and cortisol reactivity, it is possible that increases in cortisol in 

response to an acute stressor simply identify children who were more stressed during the task 

and not necessarily children who show more anxiety symptoms in general as rated by parents. 

Nevertheless, given known links between laboratory-assessed fear and children’s anxiety, this 

relation is likely meaningful. 

 It was also hypothesized that higher levels of life stress would be related to both acute 

cortisol reactivity and long-term cortisol activity. However, the results from these data were 

nonsignificant. In addition, life stress did not significantly moderate any of the proposed anxiety-

cortisol relations. These null findings may be explained by the relatively low average number of 

stressors in this sample. Excessive stress exposure may lead to dysregulation of the HPA axis 

and may manifest in dysregulated cortisol responses. Research shows that across time, children 

show increases in cortisol elevation during stress, suggesting that the more stress someone is 

exposed to the more sensitized the HPA axis becomes (Laurent et al., 2015). Additionally, 

Dougherty and colleagues (2011), found that preschoolers with high cortisol levels had parents 

that had a history of depression and demonstrated hostility toward their child. Stressors related to 

parent psychopathology were not evaluated in the current study; given that young children 

typically spend a lot of time with their parents, stressors related to parental behavior and 

psychopathology may be important in understanding the stress sensitization process. Future work 

should examine the impact that parent behaviors and psychopathology may have on children’s 

cortisol. In addition, a recent review demonstrated that although higher levels of HCC are 

considered a biomarker for stress, research shows that the results are heterogenous; specifically, 
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repeated traumatic events may actually lead to a lowering of HCC (Gray, Dhana, Van Der 

Vyver, Wyk, Khumalo, & Stein, 2018). These findings could mean that there are participants 

exposed to more stressors that may respond with blunted and heightened cortisol levels, thus 

making it challenging to detect a significant pattern of cortisol output.  

 Overall, the majority of the findings from this study showed no associations between 

anxiety and cortisol. However, anxiety was related to cortisol when examining fear during the 

laboratory task and change in salivary cortisol. This finding is important and consistent with the 

literature (Laurent et al., 2015; van West, 2008). This finding may indicate that change in 

cortisol is a particularly strong correlate of anxiety. If replicated, information about change in 

cortisol following an acute stressor could provide an objective method to help identify children at 

risk for anxiety. Further, the change in cortisol levels after the laboratory stress task may have 

been detectable because, unlike some studies, cortisol was measured frequently (every ten 

minutes following the task) (Gunnar et al., 2009). Therefore, these findings add to the existing 

literature that children’s peak responses can vary by time, and multiple samples should be taken 

to ensure accurate measurement of cortisol reactivity (Tolep & Dougherty, 2014).  

Finally, given the literature is mixed on the association between anxiety and cortisol 

(Belden et al., 2013; Greaves-Lord et al, 2009; Groeneveld et al., 2013; Hankin et al., 2010;Van 

Den Bos et al., 2017; van West, et al., 2008) the nonsignificant findings in this study may 

indicate that there is less of a relation than published research appears to demonstrate. The 

longstanding “publication bias” (or “file drawer problem”) in academia in which more 

manuscripts with significant findings are accepted for publication may contribute to the lack of 

clarity in findings in the cortisol/anxiety literature. It is possible that there are more findings 

indicating no significant relation between anxiety and cortisol that have not yet been published; 
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in this case, perhaps there is not a strong or consistent relation to be identified between anxiety 

and cortisol in young children.  

Strengths  

 This study had several strengths associated with the measurement of anxiety and cortisol. 

First, this study was a multi-method study and used a questionnaire and a structured behavioral 

observation in the laboratory to assess children’s anxiety, and two physiological measures to 

assess cortisol. Additionally, it was a multi-informant study which included reports from parents 

as well as a researcher-administered laboratory task and coded data of child behavior. Using 

multi-method and multi-informant data allows for a broad understanding of children’s behavior 

across different environments and using multiple methods allows researchers to account for 

behavior that may not be captured in only one measure. For example, parent-reported 

questionnaires have the advantage of reflecting the child’s typical behavior over time, but may 

be subject to bias related to parent report. A laboratory observation standardizes measurement 

across children so that differences observed between children are presumably due to actual 

differences, rather than differences or biases in parent report. Additionally, it was valuable that 

saliva was assessed at 4 different timepoints: baseline, 20, 30, and 40 minutes past the stressor. 

Capturing the peak and decline of cortisol is important in identifying children at risk for anxiety 

as there are individual differences in the time at which children peak following an acute stressor 

(McEwen & Seeman, 1999; Tolep & Dougherty, 2014). Finally, another strength of the study 

was that there were two types of measurements of cortisol. Very few studies have compared 

HCC to salivary cortisol and this study elucidated how these two measures are related to anxiety 

in young children.  
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Limitations  

 The study also had several limitations. When examining slope of cortisol, the total 

change across all four timepoints was examined. Future investigation should examine the 

difference between each time points using multilevel modeling. This approach could elucidate 

when exactly children are responding and allow examination of whether peak responses at 

specific times are more strongly associated with anxiety than other times. Additionally, this 

study was part of a larger study, and children engaged in other laboratory tasks between saliva 

samples. While the tasks were ordered and standardized across participants, some participants 

took longer between tasks and may have gone through fewer tasks than others and were thus 

exposed to different emotionally-eliciting experiences. This difference could contribute to 

difficulties identifying associations if some children were exposed to tasks that elicited a stress 

response and others were not. Despite this limitation, we found that more fearful children had 

significant cortisol changes, further solidifying the finding. However, future research should 

have children engage in relaxing activities between saliva samples to avoid any potential changes 

in cortisol to attempt to isolate the reaction to the stressful task only to ensure that the response 

was not seen because emotions elicited in tasks following the stressor. Finally, the majority of 

the sample included parents who were highly educated (a majority had at least a 4-year degree) 

and at least middle class; there was also a low average number of life stressors reported by 

parents. It is possible that associations between cortisol and stress were not identified because the 

children from this sample had not experienced sufficient life stress to sensitize the HPA system.  
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Conclusion 

 Anxiety is a common and impairing problem that can being during the preschool period 

and persist over time (Bufferd et al., 2012). However, because the symptoms are 

developmentally normative, anxiety can be difficult to identify in a young population. This study 

aimed to distinguish biological assessments that may refine efforts to identify children at risk for 

anxiety and related impairment. Cortisol measurement via saliva and hair are non-invasive 

methods in which biological assessments can be tested in a preschool population. This study 

examined different measurements of cortisol and their relation to anxiety in preschool-aged 

children. Results supported the hypothesis that change in cortisol, as reflected by slope, was 

associated with more fear/inhibition (behaviors relevant to anxiety) during the laboratory task. 

Contrary to study hypotheses, total cortisol output (AUC) was not related to fear shown during 

the task, and neither slope nor AUC were related to parent-reported anxiety. When assessing 

relations between demographic variables and study variables, the study found that parent-

reported separation anxiety was higher among non-white participants and parent-reported social 

anxiety was higher among families with higher incomes. Additionally, HCC was not related to 

parent-reported anxiety or fear shown during the laboratory task. However, HCC was higher 

among males and white participants. Given that chronic exposure to stressful life events could 

sensitize the HPA axis, stressful life events were examined in relation to anxiety and cortisol. 

Contrary to hypotheses, life stress was also not significantly associated with acute or long-term 

cortisol. Life stress was, however, higher for non-white participants and those with more 

educated parents. Examining the change in cortisol in response to an acute stressor may be the 

most predictive when delineating how anxiety is related to cortisol (compared to AUC or HCC). 

There are different patterns associated with cortisol output, and measuring the change in cortisol 
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in response to an acute stressor may help to identify children at risk for anxiety. If replicated, 

these results could provide an objective measure of anxiety that could help identify children at 

risk. By identifying young children at risk, intervention efforts could be made at a young age to 

decrease current and future impairment related to anxiety.  
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Figure 1. Research question 1 model: Associations between different cortisol and anxiety 

measurements Model for research question 1.  
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Figure 2. Research question 2 model: Does life stress moderate the relation between anxiety and 

cortisol? 
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Figure 3. Average amount of cortisol released at each time point for children with high and low 

fear during the laboratory task. 

  



COMPARING CORTISOL MEASUREMENTS AND ANXIETY  64 
 

Figure 4. Fisher’s r to z transformations; the salivary slope/fear correlation (solid bars) was 

stronger than all other cortisol/anxiety correlations (striped bars). 
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Figure 5. Fisher’s r to z transformations; the PAS/HCC correlation (striped bars) was stronger 

than the PAS/Saliva correlations (solid bars). 
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Table 1. 

Associations between study variables and demographic variables 

 Sex Age Ethnicity Education Income 

Predictor b SE(b) b SE(b) b SE(b) b SE(b) b SE(b) 

AUC -.01 .11 -.08 .07 .01 .11 .15 .11 .04 .11 

Slope -.05 .11 -.08 .07 -.19 .11 -.01 .11 -.06 .11 

HCC .31* .16 -.17 .10 .32* .16 -.10 .17 -.03 .17 

Fear/Inhibition -.05 .09 -.07 .06 -.11 .09 .04 .09 -.02 .09 

PAS Separation -.11 .14 .05 .09 -.27* .14 -.002 .15 .03 .15 

PAS Social -.06 .13 -.08 .08 -.01 .13 .11 .13 .27* .13 

Life Stress .11 .29 .34 .19 -.63* .29 .77* .30 .07 .31 
*p < .01. Note. AUC = Area under the curve; HCC = hair cortisol concentration; PAS = 

Preschool Anxiety Scale. Variables were dummy coded as follows: Sex, 0 = female, 1 = male; 

Ethnicity, 0 = non-White/Caucasian, 1 = White/Caucasian; Education, 0 = less than a 4-year 

degree, 1 = 4-year degree or higher; Income, 0 = less than $70,000, 1 = $ 70,000 or more.  
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Table 2. 

Association between AUC and Fear in the Laboratory 

Predictor b SE(b) t p 95% CI 

Fear -.12 .11 -1.13 .260 -.33, .09 
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Table 3. 

Association between HCC and PAS Separation Anxiety 

Predictor b SE(b) t p 95% CI 

Sex .35 .16 2.26 .026 .04, .66 

Ethnicity -.37 .16 -2.34 .021 -.68, -.06 

PAS Sep -.04 .10 -.42 .675 -.23, .15 
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Table 4. 

Association between HCC and PAS Social Anxiety 

Predictor b SE(b) t p 95% CI 

Sex .35 .16 2.25 .026 .04, .66 

Ethnicity -.38 .16 -2.37 .019 -.69, -.06 

Income .10 .17 .57 .567 -.24, .43 

PAS Soc -.15 .11 -1.44 .153 -.36, .06 
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Table 5. 

Fisher’s r to z transformations compare the magnitude of correlations 

 AUC & 

Lab 

Slope & 

Lab 

AUC & 

PAS 

Slope & 

PAS 

HCC & 

PAS 

HCC & 

Lab 

AUC & 

Lab 

  z = -.82 

p = .414 

 z = -1.41 

p = .158 

z = -1.67 

p = .095 

Slope & 

Lab 

   z = 2.38 

p = .018 

z = 2.97 

p = .003 

z = 22.73 

p < .001 

AUC & 

PAS 

z = -.82 

p = .414 

   z = 3.08 

p = .002 

z = .62 

p = .534 

Slope & 

PAS 

 z = 2.38 

p = .018 

  z = 4.99 

p < .001 

z = .32 

p = .749 

HCC & 

PAS 

z = -1.41 

p = .158 

z = 2.97 

p = .003 

z = 3.08 

p = .002 

z = 4.99 

p < .001 

 z = .26 

p = .534 

HCC & 

Lab 

z = -1.67 

p = .095 

z = 22.73 

p < .001 

z = .62 

p = .534 

z = .32 

p = .749 

z = .26 

p = .534 
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Table 6. 

Association between Stressors and AUC 

Predictor b SE(b) t p 95% CI 

Ethnicity -.01 .11 -.08 .939 -.22, .21 

Education .15 .12 1.26 .210 -.08, .38 

Stressors .01 .03 .33 .742 -.05, .07 
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Table 7. 

Association between Stressors and Slope 

Predictor b SE(b) t p 95% CI 

Ethnicity -.17 .11 -1.54 .125 -.39, .05 

Education -.01 .12 -.05 .959 -.24, .23 

Stressors .03 .03 .80 .426 -.04, .09 
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Table 8. 

Association between Stressors and HCC 

Predictor b SE(b) t p 95% CI 

Ethnicity -.38 .16 -2.35 .020 -.70, -.06 

Education -.02 .17 -.10 .921 -.36, .32 

Sex .36 .16 2.33 .021 .06, .67 

Stressors -.04 .05 -.81 .419 -.14, .06 
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Table 9. 

Stressors do not Moderate the Association Between AUC and Fear/Inhibition During the Stress 

Task 

Predictor b SE(b) t p 95% CI 

Fear/Inhibition -.11 .05 -1.06 .292 -.33, .10 

Stressors .02 .03 .59 .557 -.04, .08 

Fear/Inhibition 

x Stressors 

-.01 .07 -.17 .865 -.15, .13 
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Table 10. 

Stressors do not Moderate the Association Between Slope and Fear/Inhibition During the Stress 

Task 

Predictor b SE(b) t p 95% CI 

Fear/Inhibition .30 .11 2.82 .005 .09, .50 

Stressors .04 .03 1.27 .205 -.02, .10 

Fear/Inhibition 

x Stressors 

-.06 .07 -.83 .108 -.19, .08 
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Table 11. 

Stressors do not Moderate the Association Between HCC and Parent Reported Separation 

Anxiety 

Predictor b SE(b) t p 95% CI 

Sep Anxiety -.02 .10 -.15 .880 -.21, .18 

Stressors -.02 .05 .36 .720 -.12, .08 

Sep Anxiety x 

Stressors 

.02 .06 .32 .751 -.09, .13 
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Table 12. 

Stressors do not Moderate the Association Between HCC and Parent Reported Social Anxiety 

Predictor b SE(b) t p 95% CI 

Soc Anxiety -.14 .11 -1.34 .184 -.35, .07 

Stressors -.01 .05 -.15 .882 -.10, .09 

Soc Anxiety x 

Stressors 

.09 .08 1.23 .222 -.06, .24 
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Appendix A 

Preschool Anxiety Scale 

Instructions: Below is a list of items that describe children. For each item pleas select the 

response that best describes your child. Use the scale below (not at all true, seldom true, 

sometimes true, quite often true, very often true). Please answer all the items as well as you can, 

even if some do not seem to apply to your child. 

 

Social Anxiety 

2. Worries that he/she will do something to look stupid in front of other people 

5. Is scared to ask an adult for help (e.g., a preschool or school teacher) 

9. Is afraid of meeting or talking to unfamiliar people 

12. Is afraid of talking in front of the class (preschool group) (e.g., show & tell) 

15. Worries that he/she will do something embarrassing in front of other people 

18. Is afraid to go up to a group of children to join their activities 

25. Acts shy and quiet around new people 

Separation Anxiety 

7. Would be upset at sleeping away from home 

10. Worries that something bad will happen to his/her parents 

13. Worries that something bad might happen to him/her (e.g., getting lost or kidnapped), so 

he/she won’t be able to see you again 

17. Becomes distressed about your leaving him/her at preschool or with a babysitter 

28. Becomes distressed if separated from parents 
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Appendix B 

Episode 2: Stranger Approach Script (3 min) 

 

Materials Checklist: 

Hat 

Coat 

Adult chair 

Papers for Lead RA 

 

*Bring parent to control room before starting task and close their laptop* Briefly narrate task for 

them while they are in back 

 

Procedure 

 

Lead RA: You know what? It looks like the toy people forgot to get us a toy.  I need you to do 

me a favor. I’d like you to stand right here while I go get a toy.  

 

[Show them spot at edge of mat so the child knows where to stand].  

 

You wait for me right here and I will be right back with a toy! (If the child asks where his/her 

parent is, you can say that she is with the toy people). 

 

Lead RA exits 

 

10 sec pause  

 

The stranger knocks on the door three times, and then enters the room.  

 

During the following interaction, the stranger may respond to the child if s/he engages in 

conversation or verbalization. Responses should be short, and should not consist of questions. 

The stranger should maintain neutral affect (both facially and vocally) throughout.  

 

Stranger says: 

“Hi.”  

 

2 sec pause. 

 

“Have you ever been here before?” 

 

10 sec pause.  
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Stranger walks to the chair, stands in front of it and says: 

 

“Are you having a good time here today?” 

10 sec pause.  

 

Stranger sits in the chair and says:  

 

“Are you playing lots of toys?”. If child mentions a certain toy, the stranger says: “I like (toy 

name), too.”  

 

20 sec pause. 

 

“I came to pick up some papers. Was there a person here?” 

 

After the child responds (or not), the stranger says: 

 

“I’ll go look in the hall.” 

 

Stanger exits and waits outside in the hallway 

 

15 sec pause after stranger leaves [Lead RA Enter room with papers] 

 

Was there a person here? What were they like? Oh, that was my friend [RA name]. They were 

here looking for these papers. [Hold up several pieces of paper] Maybe they went into the hall. 

 

[Open door] 

 

Oh, Hi [Stranger RA name]! Here are the papers you wanted.  

 

Stranger RA: Great, thanks for my papers! (Stranger leaves hall) 

 

You know what, I talked to the toy people and they said they would put out new toys for us. 

Let’s go play across the hall while they put out toys for us! 
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Appendix C 

Stranger Approach  

Affect Coding: Observational definitions 

Fear Low Moderate High 

Facial Fear Brows slightly raised or 

eyes widened  

Brows definitely raised 

and drawn together, 

eyes definitely 

widened; mouth may be 

slightly agape  

Eyebrows definitely 

raised & tightened 

AND mouth corners 

definitely drown down 

& back 

Bodily Fear cautious or wary gait; 

slight muscular tension; 

nervous fidgeting, hand 

tapping, foot swinging; 

somewhat diminished 

activity level 

defensive body posture; 

significant muscular 

tension; definite 

diminished activity 

level; 

pronounced fidgeting 

definite defensive body 

posture; jumping back 

in 

fear; exaggerated startle 

response; clinging to 

parent; hiding eyes; 

freezing 

Vocal Fear whispering or cautious 

tone, slight quavering 

in 

voice; no overtly fearful 

content 

possible fearful/wary 

content; frightened 

“ooh”, 

“yikes” 

statement with definite 

fearful/wary content; 

yelp; 

“eek” 

 

Behavioral Ratings: 

 

Initiative vs. Passivity: 

Normative considerations: take into account behavior toward the stranger, as well as that toward 

the experimenter, weighing initiative toward the stranger more highly and passivity toward the 

stranger less than the same behaviors directed toward the experimenter. Initiative may include 

negotiating with the experimenter about leaving, giving a command to the experimenter or 

stranger, etc. DO NOT CONSIDER NONCOMPLIANCE AS EVIDENCE OF INITIATIVE. 

Initiative is distinguished from noncompliance by both the affective tone of the behavior (neutral 

or positive for initiative vs. negative for noncompliance), and by the quality of the behavior 

(reflecting plans/goals/intentions with clear content for initiative vs. simple 

refusal/oppositionality for noncompliance). 

 

0 = child exhibits a high degree of passivity - does not contest (even nonverbally) the 

experimenter’s instructions; does not make suggestions to the experimenter about play or assert 

him/herself 

1 = child shows some initiative - child may negotiate with the experimenter or otherwise display 

independence; may also appear passive at times 

2 = child shows a moderate amount of initiative - child negotiates multiple times or is quite 

assertive with the experimenter; typically not passive 
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3 = child exhibits high degree of initiative - child is consistently assertive with others; never 

passive; child makes suggestions or requests to the stranger or the experimenter 

 

Sociability: 

Normative considerations: most children will avoid initiating interaction with the stranger, but 

will respond (at least nonverbally) to some of their comments. Take into account the orientation 

of the child’s body and movement (toward or away from stranger), vocalizations, and nonverbal 

behavior (nodding, eye content or gaze aversion). Consider behavior towards the experimenter as 

well. 

 

0 = child does not initiate any interaction with or respond to overtures from the stranger; child 

avoids interacting with the stranger, and engages in gaze aversion; child is not particularly 

outgoing with the experimenter; child may be hostile or suspicious of the stranger 

1 = low sociability; child does not initiate interaction with the stranger, but responds in a mild 

way to the stranger’s comments (e.g., nods or looks at the stranger occasionally); child may do 

some combination of avoiding and slight approach toward the stranger; child may interact some 

with the experimenter 

2 = moderate sociability; child responds verbally to the stranger’s comments, or responds 

nonverbally with a high degree of positive affect; child approaches the stranger in at least body 

orientation or physical proximity; child engages in interaction with the experimenter. 

3 = high sociability; child initiates verbal interaction with the stranger and physically approaches 

the stranger; may expand upon the stranger’s comments; outgoing and friendly with the 

experimenter and stranger. 

Rate the degree to which the child exhibits each of the following social styles during the episode 

on this scale: 

0: None  

1: Slight 

2: Somewhat 

3: Quite a bit 

4: Very much 

 

1. Affiliative 

Behaviors: social reciprocity, eye contact, referencing, asking & answering questions, 

initiating interaction, invitations to play, giving praise 

 

2. Avoidant 

Behaviors: lack of eye contact, social referencing, little response to praise, no initiation of 

interaction & little social reciprocity 

 

3. Socially anxious/meek 

Behaviors: nervous smiling, sad response to criticism, submissive behavior 
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Appendix D 

Stressful Life Events  

Please indicate whether any of the following stressful life events occurred to your child/family in 

the past six months. If the event occurred more than once, please indicate the three most recent 

dates. 

 

1. New child(ren) living in home (may be newborn or adopted child, foster child, or 

child(ren) of a previous relationship). 

 

2. Parental figures have separated (split up) or divorced and one parental figure has moved 

out of the house. 

 

3. New parental figure moved into the child’s home due to remarriage or establishment of 

apparently permanent relationship. New parental figure has been present for at least 1 

month. 

 

4. The child moved to a new place, with or without change of family structure. 

 

5. Child changed school or childcare provider(s). Reasons for change include: Started 

school, return of primary parent to work, family choice, need for special class, expulsion 

from previous school, changing schools or classrooms in the middle of the year, as well 

as other reasons. 

 

6. Move by child or significant figure resulted in the end of a close relationship, with 

significant figure no longer available for friendship and companionship. Do not include 

friendships or relationships maintained after move through regular phone calls, letters, 

and/or visits 

 

7. Death of a pet to which the child was closely attached. 

 

8. Noticeable reductions of family standard of living as evidenced by inability to pay bills, 

need to sell things, need to move (including moving in with relatives), going on welfare 

or food stamps, inadequate food, clothing, heat. May be result of changes in household 

status and needs such as parental separation or divorce, death, taking in additional 

dependents, high medical bills or loss of household income due to cutback in hours, 

layoff or loss of job, inability to find employment, loss of employment benefits, depletion 

of savings, etc. 

 

9. Loss of home without separation from family. Child and family lost home because of 

eviction, end of lease, damage to home by a fire or natural disaster, or other reason and 

were not resettled in a home for at least one month. Do not include intentional moves to a 

new setting 

 

10. Parental arrest. 
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11.  Child’s parental figure was hospitalized for more than 24 hours. 

 

12. Separation from parent for week or more. 

 

13. Serious car accident. 

 

14. Child struck by moving vehicle or bicycle. 

 

15. Poisoning: Ingestion of an agent capable of producing an acute morbid, noxious, or 

deadly effect upon the child. 

 

16. Accidental burning: Accidentally, child suffers an injury by fire or excessive or intense 

heat. Exclude first-degree burns which are red, somewhat painful, similar to a sunburn, 

and non-blistering. 

 

17. Near drowning: To be nearly suffocated in water or other fluid; to come close to 

perishing in water or other fluid. The event must be a serious accident that had the 

potential to be life threatening. 

 

18. Accidental serious fall. 

 

19. Mauled and/or bitten by an animal. 

 

20. Fracture of child's bones. 

 

21. Diagnosis of an illness carrying current risk of death or chronic disability (e.g. cancer, 

AIDS, cystic fibrosis, diabetes). Include asthma if it requires more than 24-hour 

hospitalization. 

 

22. Child admitted to a medical or psychiatric hospital for more than 24 hours or spent more 

than 24 hours in a hospital emergency room. 

 

23. Death of someone close to the child: biological parent, sibling, peer, other parental figure, 

other relative with whom child has close ties, other adult who has played a significant 

role in the child’s life. 

 

24. Natural disaster: events not caused by intentional human actions (e.g. floods, hurricanes, 

tornadoes, earthquakes) in which people died or were badly injured or property was 

extensively damaged, or there was a risk of these outcomes. 

 

25. Fire, either accidentally or deliberately set, in which people actually died or were badly 

injured or property was extensively damaged, or there was a serious risk of these 

outcomes. 

 

26. Witness to event that caused, or had potential to cause death or severe injury. 
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27. Victim of physical violence by non-family member. Child has been the victim of physical 

violence, with one or more people using force against the child with the potential to cause 

death or serious injury. Force may have been used in order to get something (e.g. 

mugging, robbery), or to intimidate or frighten the children, or for its own sake (assault, 

fight, torture). Victim may have been threatened with a weapon. 

 

28. Removal from home because of physical abuse or neglect. 

 

29. High levels of parental stress (include relationship/marital problems, job-related 

problems, financial problems). 

 

30. Any other stressor that occurred to the child or family that was not listed here. 

 

31. Poor social support provided to caregiver. 
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