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Abstract

Extant research is mixed regarding the relations between lifetime exposure to stressors,
adrenocortical activity, and executive function (EF), particularly in children. Aggregate measures
of adrenocortical activity like hair cortisol concentration (HCC), timing of stress exposure, and age
at assessment may clarify these associations. This cross-sectional study examined the association
between parent-reported exposure to stressors, hair cortisol concentration (HCC), and children’s
executive function via a tablet task in a community sample (/7= 318, 52.5% female) of children
across a wide age range (4-13 years, M=9.4, SD = 2.3). Path analyses revealed that parent-
reported child lifetime exposure to stressors, but not past-year stressful life events, negatively
predicted HCC. There was also a marginally significant moderation by age such that HCC was
associated negatively with EF for younger children (age < 9.7 years) but not older children.

HCC did not significantly mediate the association between lifetime exposure to stressors and

EF. Findings are consistent with the proposition that chronically high cortisol production has a
neurotoxic effect on brain regions supporting EF. However, lifetime exposure to stressors predicted
relatively Jower cumulative cortisol production, consistent with a stress inoculation effect in this
normative-risk sample.
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Introduction

The hypothalamic-pituitary-adrenocortical (HPA) axis and its end-product, cortisol, are

key components of the stress response. While stress increases cortisol production, this
glucocorticoid also performs essential physiological and psychosocial functions (Gunnar &
Vazquez, 2006). Acute, brief elevations in cortisol upon awakening and in response to stress
are considered evidence of a well-regulated HPA axis (McEwen, 2019). However, chronic
cortisol elevations that do not promptly return to baseline levels can be harmful, altering
HPA axis setpoints (McEwen, 2006) that impact downstream biological and psychological
functioning (Juster, McEwen, & Lupien, 2010; Striiber, Striber, & Roth, 2014).

Chronically high cortisol production due to stress can harm cognitive and self-regulatory
building blocks like executive function (EF; Shields, Sazma, & Yonelinas, 2016). Cortisol,
like other steroid hormones, can easily cross the blood-brain barrier (Banks, 2012), raising
concerns that excessive cortisol could have a neurotoxic effect on sensitive brain regions
implicated in EF (e.g., prefrontal cortex and hippocampus; Merz et al., 2019; Porcelli

et al., 2008; Vogel, Fernandez, Joéls, & Schwabe, 2016). This neurotoxicity could be
particularly detrimental for young children, when both their prefrontal cortex and EF skills
are developing rapidly (Barrasso-Catanzaro & Eslinger, 2016). Indeed, higher morning
cortisol (Wagner et al., 2016) and lower basal cortisol (Blair et al., 2011; Cutuli, 2011)
both predict better EF in young children. Moderate cortisol reactivity followed by adequate
recovery is also associated with better EF and self-regulation and less aggressive behavior
(Blair, Granger, & Razza, 2005). However, the impact of stress exposure on HPA activity
may vary by age (Ursache, Noble, & Blair, 2015).

To determine the cumulative level of cortisol that has crossed the blood-brain barrier over
time and understand its relation to children’s EF, aggregate rather than acute measures of
HPA activity are needed. Hair cortisol concentration (HCC) is a biomarker of cumulative
HPA activity over several months. As hair grows, cortisol is incorporated into the hair at
the scalp proportional to the amount in the bloodstream at that time (Stalder & Kirschbaum,
2012). HCC is moderately associated with other aspects of HPA activity including diurnal
slope, cortisol awakening response, and 24-hour urinary cortisol (Stalder & Kirschbaum,
2012), yet many view HCC as an indicator of more global levels of activation (Bates,
Salsberry, & Ford, 2017; Stalder et al., 2012a). Thus, HCC may represent the average level
of cortisol in circulation at a given time and may be an important predictor of children’s EF.
Unfortunately, there is little to no research on this association.

In adults, studies show positive (Pulopulos et al., 2014), negative (Assayag et al., 2017),
and null (McLennan, Ihle, Steudte-Schmiedgen, Kirschbaum, & Kliegel, 2016) associations
between HCC and cognitive functioning. In children, HCC is associated with related
constructs; higher HCC predicts fewer ADHD symptoms (Pauli-Pott, Schlop, Skoluda,
Nater, & Becker, 2019; Schlop et al., 2018) but also more behavior problems (Golub et al.,
2019). A recent study of Pakistani preschoolers found a negative association between HCC
and cognitive skills including EF, but only for girls with higher family wealth (Armstrong-
Carter, Finch, Siyal, Yousafzai, & Obradovi¢, 2020). Generally, lower socioeconomic status
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and exposure to more poverty-related stressors like household chaos, maternal distress, and
overall perceived stress are associated with increased HCC in adults (O’Brien, Tronick, &
Moore, 2013) and children (Andrews, 2020; Vliegenthart et al., 2016), although some results
have been mixed (Gray et al., 2018). Childhood trauma predicts both higher (Karlén et al.,
2015; Palmer et al., 2013; Simmons et al., 2016; Slopen et al., 2018) and lower (Grunau et
al., 2013) levels of later HCC. Studies in late childhood and adolescence show a negative
association between maltreatment exposure and HCC (White et al., 2017) but no significant
association with perceived stress (Prado-Gascé et al., 2019). These mixed results may be
due to differences in the nature of the stressor, the timing of stress exposure, and the child’s
age at the time of HCC measurement. Specifically, acute, circumscribed, and recent stressful
events vs. more global, chronic, and persistent stressors may show different relations with,
or at least explain different portions of the variance in, HCC. Thus, cumulative cortisol
production could be a key mechanism through which childhood stress affects EF. However,
little to no research has examined associations between HCC and EF in childhood, which
may limit service providers’ ability to support children’s healthy development (Barnes et al.,
2020). Due to the inconsistency of previous findings, no directional hypotheses were posited
regarding the association between stress exposure and HCC or HCC and EF.

Participants were 318 children (52.5% female) aged 4-13 years old (M=9.4, SD=2.3)
and their primary caregivers (68.3% biological mothers, 26.3% biological fathers, 5.4%
other relatives). Caregivers ranged in age from 24-66 years (M= 41.3, SD = 6.6) and
reported a median education level of a four-year college degree. Most children (88.3%)
and caregivers (92.1%) were White. Most caregivers were married (83.5%) and employed
(89.1%). Median annual household income was $100,000-124,999. See Table 1 for more
detailed demographic information.

Prior to participation, individuals were excluded if they were not sufficiently fluent in
English to complete the tasks or had a developmental delay that interfered with study
completion. Caregivers provided written informed consent and children provided verbal
assent. Child participants 8 years of age or older also provided written assent. All study
procedures were approved by the Institutional Review Board (IRB) at the participating
University.

Participants were recruited at a Midwestern U.S. State Fair research booth. Caregivers
completed questionnaires and children completed an EF task on tablet computers. A trained
researcher collected a hair sample from each child at the base of the scalp to be assayed for
cortisol.

Hair Cortisol Concentration (HCC).—A 3-cm, approximately 7.5-mg segment of hair
(2-3 small bundles) was cut from the occipital ridge. Samples were stored in foil at room
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temperature before being sent to the University of Trier, Germany for assay (Stalder et al.,
2012b). Cortisol was extracted from all samples on the same assay. Given an average growth
rate of approximately 1 cm per month (Stalder & Kirschbaum, 2012), 3 cm represents
cumulative cortisol production over the 3 months preceding sample collection. HCC values
were logyg-transformed prior to analysis to resolve positive skew. HCC was not significantly
associated with child body mass index, p= .78, or hair washing frequency, p = .14, though
females showed significantly lower HCC than males, r=-.22, p=.01. HCC data were
available for 172 (54.1%) children in this sample. Missingness is largely due to individuals
declining to participate in this portion of the study or having hair that was too short. Besides
age, r=-.18, p< .01, sex, r=-.45, p< .01, and EF, r=-.18, p< .01, missing analyses
revealed no significant differences in study variables for children with and without HCC
data. Younger children, males, and children with lower EF scores were more likely to have
missing HCC data.

Stressful Life Events.—Caregivers reported on their children’s general lifetime exposure
to stressors (Child Life Challenges Scale; CLCS; Merrick et al., 2020) and the number

of potentially stressful life events children encountered over the past year (Life Events
Questionnaire; LEQ; Masten, Neeman, & Andenas, 1994). Caregivers also reported the
number of life events over the past three months to parallel the approximate amount of time
represented by the hair sample, but the base rate of events experienced was too low to be
used for analyses (66% reported no events in the past three months).

The CLCS is a one-item continuous measure where caregivers report their child’s global
lifetime exposure to stressors on a sliding scale from 0 (Mildly challenging experiences)

to 100 (Extremely challenging experiences). This measure was validated with a long-form
caregiver-report of the number of lifetime stressors to which the child has been exposed
(Merrick et al., 2020). Unlike other cumulative risk approaches, this measure incorporates
both number and severity of stressors in one global metric. Therefore, the CLCS shows
potential as a brief, low-burden measure of chronic exposure to stressors that could be easily
implemented in health care and other community settings. Two parents declined to complete
this measure.

The LEQ is a checklist of life events that a child may have experienced over the past year,
including a mixture of acute and chronic events that vary in valence and whether or not they
likely were influenced by the youth (e.g., winning an award versus a parent’s death; Masten
et al., 1994). We shortened the LEQ to include acute and chronic but only independent
negative events (e.g., “A close family member died”; “There were many arguments between
adults living in the house) and ambiguous events (e.g., “My child has a new brother or
sister”) that are typically included in composite LEQ scores, plus the positive items (e.g.,
“My child received a special award...”) to balance the tone of the measure. At the request
of the IRB, we removed potentially distressing items (e.g., child abuse, suicide) for the State
Fair context. Negative and ambiguous items were summed as an index of past-year exposure
to potential stressors (maximum score = 22). Twenty-four parents declined to complete this
measure.
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Executive Function (EF).—Using a “planned missingness” approach to reduce
participant burden (Little & Rhemtulla, 2013), children randomly completed one of two
tasks designed to assess EF: the Dimensional Change Card Sort (DCCS) or the Flanker
task from the National Institutes of Health (NIH) Toolbox, both of which are computer-
adaptive tasks validated for assessing EF in this age group (Weintraub et al., 2013). With the
developmental extension (DEXT) that is designed to lower the floor of the tasks (Anderson
et al., 2015; Carlson et al., 2015), possible scores ranged from =5 to 10, with higher scores
indicating better EF performance. The score from either the DCCS (7= 155, 49.5%) or
Flanker (n7= 158, 50.5%) was used as an index of EF ability. Only 17 participants (5.4%)
required the easier DEXT levels for either task. Five children declined to complete this
assessment.

The DCCS and Flanker tasks assess different components of EF, which gradually
differentiate across childhood (Akshoomoff, Brown, Bakeman, & Hagler, 2018; Best &
Miller, 2010). However, task performance is highly correlated across tasks throughout
development and there is little evidence to suggest that the different components of EF
should have differing associations with life stress or HCC, especially in early childhood.
Thus, the planned missingness approach should not affect the goals of the current analysis.
The specific task completed was not significantly associated with child age, sex, race, family
income, lifetime exposure to stressors, or past-year life events, p’s > .32,

Data Analytic Plan.

Analyses were completed in Mplus 7.4 (Muthén & Muthén, 1998-2012) with full
information maximum likelihood to use all available data. First, descriptives and correlations
were computed for all variables. Second, a mediated path model evaluated the indirect
effects of lifetime exposure to stressors and past-year stressful life events on EF via HCC.
Given our interest in the timing of stress exposure, both lifetime exposure to stressors

and past-year life events were included in the model but were allowed to covary. Child
gender, age, and household income were included as covariates for HCC and EF. Although
previous studies have found that BMI was positively associated with HCC (Stalder et al.,
2012b), BMI was excluded from our analysis because it was not significantly correlated with
HCC. As a sensitivity analysis, EF task (Flanker vs. DCCS) was investigated as a potential
covariate but did not substantively change the results, and so was not included in analyses.

Good model fit was evaluated using multiple indices: a nonsignificant chi-square statistic
(Satorra, 2000) and several practical fit indices, including the Tucker Lewis Index (TLI

> .95; Tucker & Lewis, 1973), comparative fit index (CFI > .95; Bentler, 1990), root
mean square error of approximation (RMSEA < .05; MacCallum, Browne, & Sugawara,
1996), and standardized root mean square residual (SRMR < .08; Hu & Bentler, 1999). A
bootstrapping procedure with 5000 resamples (Preacher & Hayes, 2008; Shrout & Bolger,
2002) was used to estimate the 95% confidence intervals for the indirect effect of HCC
through the pathways from lifetime exposure to stressors and past-year life events to EF.

Finally, multigroup analyses examined whether these associations were moderated by age,
split at the median age of the sample. Unconstrained models that allow the associations to
differ across age groups were compared to constrained models that fixed all or specific
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associations to be equal across age groups. For our analyses, we compared a fully
unconstrained model to a constrained model that fixed all paths to be equal across age
groups as well as a constrained model that tested whether the specific path from HC to

EF was similar across age groups given theoretical evidence to support developmental
differences. The chi-square likelihood ratio difference test (Satorra, 2000) was used to
evaluate the comparative fit across these nested models. A significant chi square indicates
that there are differences between models and provides support for the unconstrained model,
while a nonsignificant chi square supports the constrained model.

Descriptives and correlations for all variables are provided in Table 2. HCC was associated
negatively with child’s age, male sex, lifetime exposure to stressors, and EF, but was not
associated significantly with household income or past-year life events. EF was associated
positively with age and female sex, but was not associated significantly with household
income, lifetime exposure to stressors, and past-year life events. Lifetime exposure to
stressors and past-year life events were associated positively. Finally, household income
was associated negatively with both lifetime exposure to stressors and past-year life events.

A mediated path model evaluated the indirect effects of lifetime stressors and past-year life
events on EF via HCC (see Figure 1). This model fit the data well, x%(7) = 7.84, p = .35;
RMSEA = .02, 95% CI [.00, .07]; CFI = 1.00; TLI = .99; SRMR = .03. Results indicated
that lifetime stressors and female sex were associated negatively with HCC. Child’s age was
associated positively with EF. HCC was associated negatively, though marginally, with EF,
p=.068. Neither household income nor past-year life events were associated significantly
with HCC or EF. Finally, a test of the indirect effect of HCC via the pathways from lifetime
stressors, = .02, p=.16; [-.00, .06] and past-year life events, g=.00, p=.75; [-.02, .03]
to EF revealed no significant mediation.

Multigroup analyses tested whether these associations varied by child’s age. Chi-square tests
and t-tests indicated that the children in each age group did not differ by sex, income
category, which EF task they completed, or either measure of stress exposure (o’s >

.22). A chi square difference test that compared the fully unconstrained model with the
fully constrained model was not significant, A;(Z(17) =16.38, p=.50. Although the chi
square test was not significant, the chi square value indicate some degree of misfit. Given
theoretical evidence indicating that HCC may have differential impact on children, the
unconstrained model was then compared to a partially-constrained model that fixed the path
from HCC to EF to be equal across age groups. Isolation of this path lead to a marginally
significant difference, A)(Z(l) = 3.64, p=.056. Results indicated that HCC was associated
negatively with EF in younger children, g=-.30, p=.04; [-.59, —.02], but not among older
children, 8= -.08, p=.49; [-.31, .15].

Given that past-year life events and household income were not correlated significantly
with HCC or EF, a mediated path model that excluded these variables was evaluated
(Figure 2). Results from this model remained consistent with the initial model. Similar
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findings emerged with only the 172 participants that provided HCC data (see Supplementary
Material, Figures S1 and S2).

Discussion

This study investigated associations between children’s exposure to stressors (lifetime and in
the past year), HCC, and EF in a Midwestern U.S. community sample. EF was measured in
a real-world setting as opposed to a controlled laboratory setting, increasing the ecological
validity of this assessment. Overall, parents’ ratings of children’s lifetime exposure to
stressors, but not past-year life events, was associated negatively with HCC, and HCC in
turn was associated negatively, but marginally, with EF (Figure 2). Neither measure of stress
exposure was directly associated with EF. HCC did not mediate the association between
lifetime stressors and EF. This study is one of the first to demonstrate an association between
children’s HCC and EF, in a sample of participants ranging from early to middle childhood
(4-13 years). Though only marginally significant, this association varied by age: HCC was
associated negatively with EF in younger, but not older, children.

The negative association between child lifetime stressors and HCC is not surprising and
may clarify inconsistencies in the literature regarding associations between stress exposure
and cumulative HPA activity (Grunau et al., 2013; Karlén et al., 2015; Palmer et al., 2013;
Prado-Gasco et al., 2019; Slopen et al., 2018; White et al., 2017). For children who have
experienced high levels of chronic stress or trauma, stress exposure may predict an initial
increase in HPA activity, followed by a gradual downregulation that ultimately results in a
negative association between stress exposure and HPA activity over time (McEwen, 2006;
Rich & Romero, 2005). However, the current sample reported relatively high socioeconomic
status and, on average, did not report high levels of lifetime exposure to stressors or past-
year life events (Table 2). For this normative-risk sample, a negative association between
lifetime exposure to stressors and HCC might be indicative of stress inoculation, where
exposure to mild stress promotes “resistance” to subsequent stressors (Lyons, Parker, Katz,
& Schatzberg, 2009; Romeo, 2015).

Still, others have found a positive association between chronic stress and children’s HCC
(Slopen et al., 2018; Vliegenthart et al., 2016) as well as short-term changes in HCC in
response to acute trauma/stressors (Dajani, Hadfield, Uum, Greff, & Panter-Brick, 2018;
Etwel, Russell, Rieder, Van Uum, & Koren, 2014; Groeneveld et al., 2013). These studies
typically, though not always, used samples exposed to more severe stress and trauma. More
nuanced research is needed to examine the impact of timing, duration, and intensity of stress
exposure on adrenocortical activity, EF, and other domains negatively affected by stress
and trauma. The current study begins to address these open questions by demonstrating
that parents’ reports of children’s lifetime stress exposure were more strongly associated
with children’s HCC than the number of potentially-stressful life events in the past

year. It is possible that differences between the measures of stressor exposure influenced
this discrepancy. For example, recall bias may differentially influence reports of global
stress exposure over the lifetime and more explicit stressors over a shorter time period.
Alternatively, it may be that chronic lifetime stress is truly a better predictor of children’s
HCC than more recent, specific stressors. However, measures of chronic lifetime stress are
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associated with measures of more recent stress, so these two influences are difficult to tease
apart.

Surprisingly, neither measure of stress exposure was directly related to EF, and therefore
HCC was not a significant mediator of this association. This is inconsistent with prior
research suggesting that increased exposure to stressors like poverty, parental stress, and less
supportive parenting behaviors all negatively impact developing EF skills, especially in early
childhood (Blair & Raver, 2016; Finegood & Blair, 2017; Hackman & Farah, 2009). Further,
the effects of stressors on EF have been shown to be mediated by salivary cortisol levels
(Blair et al., 2011). However, the association between stress exposure and EF has been based
primarily on studies that measure EF in controlled settings that minimize distractions. Even
in-home assessments, as were used in the Family Life Project (e.g., Blair et al., 2011), are
conducted in an environment that is familiar to the child where the parent and experimenter
have reasonable control over the context in which EF is measured. In contrast, the state

fair setting of the current study is novel, exciting, and possibly overstimulating in ways the
parent and experimenter have less control over.

A growing body of evidence that contradicts the deficit-based approach to stress and EF
suggests that both rodents and humans raised in unpredictable or stressful environments
may actually perform betteron learning and EF tasks in these less-controlled environments
(Champagne et al., 2008; Ellis & Del Guidice, 2019; Mittal, Griskevicius, Simpson, Sung,
& Young, 2015). In the present study, youth who experienced more life stressors may have
performed better on the EF task in the state fair context while youth who experienced fewer
stressors performed worse than they would have in a more controlled setting. If so, the
direct association between stressor exposure and EF may be masked by youths’ differing
contextual adaptations. This may also explain the lack of mediation by HCC; it is possible
that HCC mediates the association between stress and EF for some individuals and not
others, or only in relation to certain types of stressors (e.g., chronic poverty-related stressors
vs. acute trauma). Future studies should examine child HCC in relation to a more detailed
characterization of the type, timing, and severity of stressor exposure to better understand
these processes.

HCC, however, was significantly negatively related to EF, consistent with studies of adults
where acute and cumulative measures of cortisol were negatively related to EF (Assayag et
al., 2017; Shields et al., 2016). In children, the direction of associations between HCC and
EF-related constructs like ADHD symptoms, behavior problems, and cognitive skills have
been mixed (e.g., Armstrong-Carter et al., 2020; Golub et al., 2019; Pauli-Pott et al., 2019;
Schlop et al., 2018). Here, we found a marginal difference by age group such that higher
HCC predicted worse EF for younger (< 9.7 years) but not older children. Thus, at least
for younger children, stress inoculation may predict better self-regulation during a time of
increased brain plasticity and dynamic self-regulation development (Barrasso-Catanzaro &
Eslinger, 2016). These data come with the added strength that they were collected in an
unstructured, real-world setting. It is possible that previous mixed findings reflect the lack of
generalizability of EF measured in controlled laboratory settings.
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Alternatively, parents may know less about older children’s stress exposure, making parents’
reports at older ages less accurate. Younger children spend more time in the home and under
their parents’ supervision, while older children have an expanded environment that includes
their school, peers, and extracurricular teams/clubs, which are frequently encountered
without parents. This possibility highlights the importance of multiple informants when
assessing older children’s stress exposure, in particular child self-report, to strengthen the
quality of this measure. It is also possible that the nonsignificant association between HCC
and EF in later childhood reflects a ceiling effect of EF, with reduced variability to be
explained at this age. If these participants were followed longitudinally, those with higher
HCC may have lower EF initially, but eventually catch up to their lower HCC peers later

in childhood. Because few studies have examined HCC/EF associations in childhood, and
because this study found only a marginal difference in the strength of this association by
age, these findings will need to be replicated and extended in future longitudinal research.

Future research should also examine whether this age-dependent association represents a
transient disadvantage in EF for young children with high HCC, or if the effects of high
HCC in early childhood persist over time in other ways. If high HCC indicates risk for

a neurotoxic effect on brain development during early childhood (Barrasso-Catanzaro &
Eslinger, 2016; Porcelli et al., 2008; Vogel et al., 2016), there may be downstream effects on
other functional outcomes like general cognitive processing and mental health beyond early
childhood (Vogel et al., 2016). Future research should examine longitudinal associations
between HCC and EF across childhood, as well as their relations with brain development
and other domains of functioning over time, to more fully understand the mechanisms
through which these associations arise and persist (Vogel et al., 2016). Family and parental
influences should also be considered, particularly for younger children where the home
environment is more central to their daily experiences. Parental EF and possible genetic
contributions to child self-regulation (Polderman et al., 2007) as well as parenting behaviors,
household chaos, emotion expression, and conflict management (e.g., Bernier, Carlson,
Deschénes, & Matte-Gagné, 2012; Sarsour et al., 2011) among other factors likely influence
child HCC, EF, and the relations between the two.

This study’s findings have implications for clinical practice, highlighting the potential utility
(and limitations) of assessments of childhood stress exposure and HCC for supporting

child developmental health. For example, the CLCS may be a low-burden, less intrusive,
and clinically-useful measure of overall childhood stress exposure (compared to a count

of recent stressful life events) that is associated with HCC. However, more research is
needed on normative and atypical levels of childhood HCC, and how they relate to the
developmental trajectory of regulatory outcomes like EF (or its subcomponents), before

it can be used as a biomarker of childhood stress. The sex differences in HCC and EF

found in this study highlight the need to better understand sex-specific processes and
whether this impacts clinical applications for males and females. More studies are also
needed that include both subjective reports of stress and physiological indicators of stress to
identify areas where they converge or diverge in predicting child developmental functioning.
Nevertheless, clinicians and other service providers may ultimately be able to use the CLCS
and HCC as part of a panel of psychosocial risk factors and biomarkers that informs
treatment and prevention of cognitive and behavioral problems (Barnes et al., 2020).
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An important limitation of this study is its lack of racial and economic diversity. These
findings may not generalize to populations of color and/or lower socioeconomic status. Also,
using parent-report of children’s lifetime stress exposure may not reflect the true extent of
children’s experiences, due to systematic under- or over-reporting based on certain family
and contextual factors. Even though the most distressing items were removed at the request
of the IRB, 24 parents declined to complete the LEQ. The families who declined may

have experienced the highest levels of stress exposure, limiting the generalizability of the
findings to trauma-exposed and otherwise high-risk children. However, given the paucity

of research on child lifetime stress, HCC, and EF, a homogeneous, normative-risk sample
may be a good starting point, illustrating how exposure to stressors impacts children’s HCC
and EF independent of confounding socioeconomic factors like poverty. Also, the tablet-
based EF tasks were completed at a state fair research booth, a potentially overstimulating
environment that may have negatively affected children’s performance. Alternatively, this
setting could increase the ecological validity of the measure. Similarly, the study design was
not conducive to completing an entire EF battery, which might have increased the reliability
of EF scores obtained (Willoughby & Blair, 2011). Finally, HCC data were only available
for 54% of participants. Younger children, males, and children with lower EF scores were
more likely to have missing HCC data, which may have impeded our ability to detect
associations with other study variables.

Conclusions

Findings from this cross-sectional study indicate potential age-dependent associations
between children’s hair cortisol concentration and executive function. A measure of chronic
lifetime stress exposure, but not past-year stressful life events, was significantly related to
lower hair cortisol concentration. Thus, HCC holds promise as a measure of children’s
biological responses to cumulative stress. Future longitudinal research is needed to examine
the role of timing, duration, and intensity of exposure to stress, as well as its impact on
adrenocortical regulation, executive function, and other long-term outcomes of early life
stress.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Standardized path coefficients from lifetime exposure to stressors to executive function via

hair cortisol concentration. 95% confidence intervals are provided in brackets. Sex: 1 =
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Table 1.

Sample demographic information (V= 318).

M (SD) or n (%)
Child age (years) 9.4 (2.3)
Child race

American Indian/Alaskan Native —

Asian/Pacific Islander 15 (4.8%)
Black 2 (0.6%)
White 256 (82.1%)
Multiracial/Other 39 (12.5%)
Caregiver age (years) 41.3 (6.6)
Caregiver race
American Indian/Alaskan Native 1(0.3%)
Asian/Pacific Islander 17 (5.4%)
Black —
White 286 (90.8%)
Multiracial/Other 11 (3.5%)
Caregiver marital status
Married 266 (84.4%)
Never married 29 (9.2%)
Separated/Divorced 18 (5.7%)
Widowed 2 (0.6%)
Caregiver education level
High School diploma, GED, or less 16 (5.1%)
Some college 74 (23.7%)
Bachelor’s degree 112 (35.9%)
Some Graduate/Professional school 20 (6.4%)
Graduate/Professional degree 90 (28.8%)
Annual household income
Less than $25,000 18 (6.3%)
$25,000-49,999 27 (9.4%)
$50,000-99,999 84 (29.2%)
$100,000-149,999 78 (27.1%)
$150,000-199,999 43 (14.9%)
$200,000 or more 38 (13.2%)
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