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ORIGINAL ARTICLE

Salivary cortisol reactivity in preschoolers is associated with hair cortisol and
behavioral problems

Katie Kaoa, Stacey N. Doanb, Ashley M. St. Johna, Jerrold S. Meyerc and Amanda R. Tarulloa

aDepartment of Psychological and Brain Sciences, Boston University, Boston, MA, USA; bClaremont McKenna College, Claremont, CA, USA;
cPsychology, University of Massachusetts, Amherst, MA, USA

ABSTRACT
The interplay between children’s cortisol reactivity to challenge and cumulative cortisol exposure is not
well understood. Examining the role of cortisol reactivity in early childhood may elucidate biological
mechanisms that contribute to children’s chronic physiological stress and behavioral dysregulation. In a
sample of 65 preschool-aged children, we examined the relation between children’s salivary cortisol
reactivity to challenging tasks and their hair cortisol concentration (HCC). While both are biomarkers of
the hypothalamic-pituitary-adrenal (HPA) axis, salivary cortisol reactivity reflects an acute cortisol
response to a stressor and HCC reflects cumulative cortisol exposure. In addition, we examined the rela-
tions of these stress biomarkers with internalizing and externalizing problems. Salivary cortisol reactivity
was associated with higher HCC and with increased externalizing behaviors. Child HCC also was posi-
tively correlated with parent HCC. Results highlight the contributions of salivary cortisol reactivity to
children’s cumulative cortisol exposure, which may add to their biological risk for health problems later.
The observed association between externalizing problems and salivary cortisol reactivity indicates con-
cordances between dysregulated behavioral reactions and dysregulated cortisol responses to chal-
lenges. The finding that salivary cortisol reactivity to challenge in early childhood plays a role in
children’s cumulative cortisol exposure and behavioral development suggests pathways through which
cortisol reactivity may influence long-term physical and mental health.
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Introduction

Cortisol dysregulation is a key biological mechanism through
which early life stress leads to detrimental long-term health
outcomes (McEwen, 2006). Cortisol, an indicator of biological
stress and the end product of the hypothalamic–pituitary–a-
drenal (HPA) axis, can be measured in response to a stressor
(McEwen, 1998) or as cumulative exposure across a period of
time (Davenport, Tiefenbacher, Lutz, Novak, & Meyer, 2006).
Children who experience repeated psychosocial stressors
often show an atypical cortisol response (Lupien, King,
Meaney, & McEwen, 2000) and individual differences in
reactivity threshold, and efficiency of recovery from stressors
may contribute to overall cumulative cortisol exposure.

Stress reactivity is typically assessed with salivary cortisol,
indexing acute HPA axis activity (Kirschbaum & Hellhammer,
1994). Acute HPA axis activation allows children to mobilize
physiological resources to face environmental challenges, but
repeated elevations may lead to physiological dysregulation
and increased risk for poor health outcomes (Gunnar &
Quevedo, 2007). Hair cortisol concentration (HCC) is a bio-
logical index of cumulative cortisol exposure and is a reliable
marker of overall HPA activity (see for review Staufenbiel,
Penninx, Spijker, Elzinga, & van Rossum, 2013). Cortisol is
deposited in the hair shaft as hair grows and one sample pro-
vides a timeline of long-term physiological responses to stress

(Meyer & Novak, 2012). Salivary cortisol reactivity and HCC
thus provide different information on HPA axis activation.
However, little is known about the interplay of these indices
in early childhood. Prior studies have found associations
between parent and child HCC in infants and older children
(Flom, St John, Meyer, & Tarullo, 2017; Ouellette et al., 2015),
but the relationship between parent and child HCC in a pre-
school population is unexplored.

Examining how cortisol reactivity and cumulative cortisol
exposure relate to behavioral outcomes, such as externalizing
and internalizing problems, could help inform the use of bio-
markers to identify at-risk children. A meta-analysis showed
children who experience high environmental stress during
development show more externalizing behaviors and ele-
vated basal cortisol (Alink et al., 2008). For internalizing prob-
lems, higher cortisol reactivity related to more social
withdrawal and anxiety (Granger, Weisz, McCracken, Ikeda, &
Douglas, 1996). To our knowledge, no study has examined
how children’s HCC relates to internalizing or externalizing
problems. Including measures of both salivary cortisol reactiv-
ity and HCC would further give an understanding of how dif-
ferent stress biomarkers relate to children’s socio-emotional
well-being.

Examining cortisol reactivity and HCC in young children
can also help elucidate how repeated or prolonged cortisol
responses to stressors contribute to long-term HPA axis
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dysregulation and to behavioral dysregulation. The current
study focuses on the preschool period when the HPA axis is
rapidly developing and behavioral problems may emerge.
The first goal was to examine the association between child-
ren’s salivary cortisol reactivity and HCC. We expected that
higher salivary cortisol reactivity would relate to increased
HCC. Additionally, we wanted to explore the relationship
between child and parent HCC in a preschool-aged sample as
we expected them to be related. The second goal was to
investigate associations of these two HPA biomarkers with
behavioral problems. We expected higher salivary cortisol
reactivity and HCC would relate to more internalizing and
externalizing problems.

Methods

Participants

The sample for these analyses included 63 children aged
3.5 to 4.5 years old (M¼ 4.19 years, SD¼ 3.10months) who
participated in two separate laboratory visits. All were full
term singletons who had no known auditory, visual, neuro-
logical, or developmental disorders (see Table 1 for
demographics).

The primary goal was to examine how preschoolers saliv-
ary cortisol reactivity, assessed in the first visit is related to
long-term cortisol exposure and behavioral problems,
assessed in the second visit.

Procedure

Participants were recruited from a department-maintained
database of families who had expressed interest in
participating in the research, from online advertising, and
from community recruitment events. Two laboratory visits
were scheduled within a few months of each other
(M¼ 1.46months, SD¼ 1.35months). At the first visit, children
arrived at the laboratory in the afternoon (between 1:00 and
5:00 pm) and were not allowed to eat or drink during the
visit. The parent and child first completed a quiet free play
for 20min to make sure the child was comfortable in the
laboratory. Next, the child completed a set of stress-inducing
tasks while an experimenter collected three saliva
samples. First, the child completed a stress paradigm that
took 20min and the first salivary sample was collected
(between 1:30–3:30 pm), indicating children’s salivary cortisol

baseline levels before the stressor and after the free play.
Next, the child was again engaged in behavioral tasks (not
included in current analyses) with the experimenter for
20min and the second saliva sample was collected, indicat-
ing children’s salivary cortisol reactivity to the stressor.
Finally, after another 20minutes of quiet play, a third saliv-
ary sample was collected, indicating children’s salivary corti-
sol recovery levels after the stressor (see Figure 1 for
collection timeline). During a separate visit, hair cortisol
samples were collected from both the child and parent
(M¼ 40.81 days between visits, SD¼ 41.06 days) and parents
filled out questionnaires on hair care habits and children’s
behavioral problems.

Measures

Stress paradigm
Children were asked to sit in a room with an unfamiliar,
stern stranger while listening to a three minute audio
recording of an argument between two adults. This proced-
ure has demonstrated effectiveness in evoking emotional
and behavioral distress responses in children in previous
studies (e.g. El-Sheikh, 1994). Children also engaged in the
Behavior Indicator of Resiliency to Distress (BIRD; Lejuez,
Daughters, Danielson, & Ruggiero, 2006) task, a psycho-
logical stress task which has demonstrated effectiveness in
increasing stress and negative affect (Daughters et al.,
2009). In the BIRD task, children were told to select cor-
rectly numbered boxes at an increasingly difficult speed in
order to free a bird from its cage. When the child success-
fully clicked on the correct box, indicated by a dot, a bird
was released from its cage and they earn one point. If the
child was unsuccessful (i.e. too slow or clicked the wrong
box), they did not earn a point, the bird remained in its
cage, and they heard an aversive loud noise. The
BIRD became increasingly more difficult and the average
latency between dot presentations was reduced beyond
the child’s individual skill level, which resulted in constant
forced failure and aversive noise (Daughters, Gorka,
Matusiewicz, & Anderson, 2013). After the stress paradigm,
children listened to a 20 s resolution to the adult argument
(e.g. El-Sheikh, Cummings, & Reiter, 1996), were told
that the BIRD game was broken, and received a prize for
doing well.

Salivary cortisol collection
Trained research assistants placed a synthetic cotton swab
(Salimetrics, State College, PA) in the child’s mouth for 60 s to
collect saliva samples. Samples were kept frozen at �20� C
until they were sent to Trier Laboratories in Germany to be
assayed for cortisol. Salivary cortisol concentrations were
determined by employing a competitive solid phase time-
resolved fluorescence immunoassay with fluorometric end
point detection (DELFIA; Dressend€orfer, Kirschbaum, Rohde,
Stahl, & Strasburger, 1992). The intra- and inter-assay vari-
ation coefficients computed for the mean of average dupli-
cates was less than 6%.

Table 1. Demographic Information.

Child age (months)
M (SD) 50.28 (3.10)

Child ethnicity
Caucasian 51.5%
Black 3.0%
Asian 18.2%
Hispanic 6.1%
Middle Eastern 1.5%
Multiracial 19.7%

Maternal education (% with at least a four year college degree) 83.3%
Paternal education (% with at least a four year college degree) 75.8%
Annual Income (% household income over $60,000) 77.2%
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Child behavior checklist for ages 1.5–5 (CBCL)
The CBCL (Achenbach & Rescorla, 2000) is a widely-used
100-item questionnaire in which parents classify statements
about their children’s behavioral and emotional problems.
It includes two broad groupings, internalizing and external-
izing problems. Internalizing problems are mainly within
the self, including emotional reactivity, anxiety, and depres-
sion. Externalizing problems involve conflicts with others,
including attention problems and aggression. The primary
caregiver (57 mothers and six fathers) rated how well each
item describes the child within the last two months, from
0 (not true at all) to 2 (very true/often true). The items of
the CBCL had an internal consistency coefficient of 0.94.
The CBCL yields standardized T scores for internalizing
(M¼ 44.33; SD¼ 9.06; actual range¼ 29–66; a¼ 0.84)
and externalizing scales (M¼ 45.19; SD¼ 10.32; actual
range¼ 28–65; a¼ 0.92).

Hair cortisol
Hair cortisol measurement procedures followed our validated
methods (Davenport et al., 2006; Meyer, Novak, Hamel, &
Rosenberg, 2014). We collected hair samples, which were
then assayed to determine HCC, from both the parent and
child based on past work finding a positive correlation
between maternal and child HCC (Flom et al., 2017; Ouellette
et al., 2015). A small amount (15–30mg) of hair from the pos-
terior vertex of the head was collected representing the 3 cm
closest to the scalp. Because washing, hair straightening or
dying, and styling products may affect HCC (Hoffman, Karban,
Benitez, Goodteacher, & Laudenslager, 2014), parents were
asked about their own and their child’s hair histories includ-
ing the frequency that the hair got wet. Human scalp hair
grows at approximately 1 cm per month (LeBeau,
Montgomery, & Brewer, 2011), so the 3 cm sample indexed
cortisol output was of over the past three months. Hair sam-
ples were stored in plastic tubes labeled with subject ID and
were frozen at �20� C until cortisol analysis. Hair samples
were weighed, washed twice with isopropanol to remove
contaminants, dried, and ground into a fine powder. Cortisol
was extracted into methanol, which was then evaporated,
and the residue was reconstituted in assay buffer.
Reconstituted extracts were analyzed for cortisol using a sen-
sitive and selective commercially available enzyme immuno-
assay (Salimetrics, LLC; Carlsbad, CA). Assay readout was
converted to pg cortisol per mg of dry hair weight. Intra- and
inter-assay CVs for children were less than 13% and for
parents were less than 14 %, respectively.

Data management
Missing data. Of the 77 children who participated in both
visits, 11 were excluded from the current analyses due to the
misplacement of one or more saliva samples, two were
excluded due to steroid use and one was excluded due to
biologically implausible salivary cortisol values (raw baseline
salivary cortisol sample¼ 7.06mg/dl). This resulted in a final
sample of 63 children (34 male).

Normalization of salivary cortisol and hair cortisol varia-
bles. Statistically extreme salivary cortisol values for area
under the curve with respect to ground (AUCg) and area
under the curve with respect to increase (AUCi) were winsor-
ized to three standard deviations from the mean (Brummelte
et al., 2011). Five children required winsorizing of AUCg, AUCi
or both values (AUCg¼ 4; AUCi¼ 2) to restore normality of
distribution. Salivary cortisol values were log-transformed as
necessary to meet the assumptions of normality (Brummelte
et al., 2015).

Raw HCC levels were log transformed because the data
were not normally distributed. Two children’s HCC values
were statistical outliers; these values were winsorized to
within three SDs of the mean so that they would not have
undue influence on the analyses. Of the 63 parent-child
dyads in our sample, 10 hair samples (eight due to collection
error, two due to medication) from children and 11 hair sam-
ples from parents (10 due to collection error, one due to
medication) were excluded. This resulted in 53 children and
52 parents with usable hair samples. Parent’s HCC was unre-
lated to color treatment of hair and there was no evidence
that more frequently washed hair was related to lower hair
cortisol in either parent or child.

Determination of salivary cortisol biomarkers. Cortisol
reactivity was measured by calculating two variables, using
previously validated formulas (Pruessner, Kirschbaum,
Meinlschmid, & Hellhammer, 2003). AUCg takes into
account the distance from zero and reflects the total area
under the curve of all cortisol measurements (baseline, 20-
min post-stressor, and 40-min post-stressor). AUCg reflects
both sensitivity (the difference between the single measure-
ments from each other) and intensity (the distance of these
measures from ground). AUCi is computed with reference
to the baseline measurement and does not take into
account the distance from zero for all measurements. While
AUCg is often used as a measure more related to total
hormonal output, AUCi emphasizes the changes over time
and is more related to sensitivity of the system
(Fekedulegn et al., 2007).

Figure 1. Upon arrival, the mother and child engaged in a free play to familiarize the child with the lab before the stressor. The first saliva sample was collected
after the stress paradigm which took 20min, reflecting salivary cortisol baseline levels before the stressor. The second sample was collected 20min after the first col-
lection, indicating peak salivary cortisol levels immediately following the stressor. The third sample was collected 40min after the first collection, indicating children’s
salivary cortisol levels after the stressor.
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Analysis plan

In preliminary analyses, we first tested parent education,
household income, age, and gender as potential covariates.
Pearson correlations examined parent education, household
income, and child age in relation to salivary cortisol varia-
bles, HCC, internalizing, and externalizing problems. Group
differences between male and female children in HCC, sal-
ivary cortisol, or behavioral problems were assessed using
independent samples t-test. Group differences between
male and female parents in HCC were also assessed using
independent samples t-tests. Any demographic variable that
related to cortisol or behavioral variables of interest would
be included as a covariate in subsequent analyses with
that variable. Because some HCC differences by ethnicity
have been reported (Rippe et al., 2016), perhaps reflecting
ethnic variation in hair growth rates, we next examined
whether there were ethnicity differences in HCC. Separate
independent samples t-tests were conducted comparing
HCC levels between Caucasian participants and non-
Caucasian participants; African American participants and
non-African-American participants; Asian participants and
non-Asian participants.

In the main analyses, to assess whether children showed
an HPA response to the stressor, we followed common
practice in the field and used paired t tests (Allwood,
Handwerger, Kivlighan, Granger, & Stroud, 2011; Blair,
Granger, Willoughby, & Kivlighan, 2008; Blair et al., 2006;
Epel et al., 2000; Quirin, Pruessner, & Kuhl, 2008) to exam-
ine changes in salivary cortisol over the course of the
stressor task. Next, to examine how children’s salivary corti-
sol reactivity and total salivary cortisol output related to
children’s long-term cortisol exposure, we used Pearson
correlations to test the relationship between AUCg and
child HCC, as well as AUCi and child HCC. In addition, to
explore the relationship between parent and preschool
children’s long-term cortisol exposure, we used Pearson
correlations to test the association between parent and
child HCC. Finally, in order to investigate how salivary corti-
sol reactivity, total salivary cortisol output, and long-term
cortisol exposure are related to behavioral problems in
children, we used Pearson correlations to test the relation-
ships between salivary and hair cortisol indicators with
internalizing and externalizing problems.

Results

Preliminary analyses

Log transformed values of AUCg, AUCi, and HCC were
used in all analyses, but for ease of interpretation,
untransformed means are presented in tables with descrip-
tive statistics (see Table 2). Household income, parental
education, children’s age, gender, and ethnicity were not
associated with any of the salivary cortisol, HCC, or behav-
ioral problem variables, thus they were not included as
covariates in further analyses. Parent’s gender was also
not associated with their HCC levels and was not included
as a covariate.

Children’s salivary cortisol reactivity

Across all participants, paired t tests indicated that children
had significantly higher salivary cortisol levels 20-min post-
stressor than at baseline, t(62)¼�2.39, p¼ 0.020, d¼ 0.29
(see Figure 2). Consistent with previous findings (Blair et al.,
2008; Glenn et al., 2015), our sample as a whole did not
exhibit a significant decline 40-min post-stressor for salivary
cortisol. This might be because children may still have been
reacting to the stressor and we did not have a long time
period to capture the full recovery in this particular age
group.

Salivary cortisol and HCC

Correlations among all study variables can be found
in Table 3. We examined how children’s salivary cortisol
AUCg and AUCi related to their cumulative cortisol expos-
ure, as indexed by HCC. Salivary cortisol AUCg was corre-
lated with children’s HCC (r(53)¼ 0.32, p¼ 0.021; see Figure
3(a)), such that children with higher total salivary cortisol
output during the laboratory visit had higher levels of
cumulative cortisol exposure. Salivary cortisol AUCi was also
correlated with children’s HCC (r(53)¼ 0.29, p¼ 0.037, see
Figure 3(b)) indicating that children who had a stronger
biological reaction to the stressor also had higher cumula-
tive cortisol exposure. Additionally, we found that parent
and child HCC were positively correlated (r(51)¼ 0.32,
p¼ 0.022).

Table 2. Raw salivary cortisol and hair cortisol
concentration values.

M (SD)

Child salivary cortisol (mg/dl)
Baseline 0.11 (0.08)
20-min post-stressor 0.13 (0.11)
40-min post-stressor 0.14 (0.12)

Child HCC (pg/mg) 55.43 (68.94)
Parent HCC (pg/mg) 27.23 (11.53)

Figure 2. Preschool children’s salivary cortisol reactivity in response to a chal-
lenging task. Salivary cortisol levels increased significantly from baseline to 20-
min post- stressor (t¼�2.39, p¼ 0.020), indicating reactivity to the paradigm.
Salivary cortisol levels were not significantly different from 20-min to 40-min
post-stressor, indicating children did not show recovery within the same time
frame. Error bars represent ±1 SE.
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Salivary cortisol, HCC, and behavioral problems

Salivary cortisol AUCi was positively correlated with external-
izing problems, r(58)¼ 0.27, p¼ 0.045) such that children with
greater reactivity to the stressor had more parent-reported
externalizing behaviors. Salivary cortisol AUCi was not related
to internalizing problems. Salivary cortisol AUCg and HCC
were not associated with internalizing or externalizing
problems.

Discussion

We examined preschool children’s salivary cortisol reactivity
in relation to HCC, a marker of cumulative cortisol exposure,
and the association of these HPA markers with behavioral
problems. Children who had high cortisol reactivity to chal-
lenge had higher levels of cumulative cortisol exposure.
Salivary cortisol reactivity was also related to behavioral prob-
lems, such that children with a greater salivary cortisol
response to challenge were reported to have more externaliz-
ing problems. Findings have implications for children who
have high stress reactivity, hence physiological dysregulation
in early childhood can be a marker both of risk for chronically
elevated cortisol and for externalizing problems. Results sup-
port the value in measuring both acute and long term levels
of cortisol to better understand the interplay of how cortisol
reacts to a specific stressor and long-term cumulative cortisol
exposure could contribute to an understanding of the devel-
opment of the HPA axis with implications for children's later
outcomes.

Other studies have found a relationship between salivary
cortisol reactivity and HCC in a longitudinal sample of girls
(Ouellette et al., 2015) and between salivary AUCg and HCC
in a sample of obese girls (Papafotiou et al., 2017). In our
sample, children with higher salivary cortisol reactivity had
higher HCC. Specifically, children with greater salivary cortisol
reactivity when faced psychosocial stressors in a lab setting
(e.g. listening to adults quarrel, performing under difficult cir-
cumstances) also had higher levels of cumulative cortisol
exposure across several months. Not only can individual dif-
ferences in responsivity lead to more frequent activation and
higher cumulative exposure, but also different environmental
exposures can contribute to higher cumulative cortisol expos-
ure. Children face numerous challenges on a daily basis in
the classroom and in their home environments. How children
respond to those challenges, including their physiological
threshold for a stress response and the magnitude, and dur-
ation of their response to the stressor, may have a cumulative
impact on their overall physiological stress toll (McEwen,
2006). This has important implications for children growing
up in poverty who may face frequent stressors and subse-
quently endure repeated cortisol elevation, contributing to
chronic HPA dysregulation.

Preschoolers who had higher cumulative cortisol exposure
also had higher salivary cortisol AUCi, which indexes specific-
ally the change in cortisol over time in response to challenge
after controlling for baseline levels. Thus, it is not just that
reactive children generally have higher cortisol all the time.
One might imagine a compensatory mechanism where

Table 3. Correlations amongst Measures.

1 2 3 4 5 6

1. Salivary cortisol AUCg – 0.69�� 0.32� 0.28� 0.22 0.08
2. Salivary cortisol AUCi – 0.29� 0.25 0.27� 0.18
3. Child hair cortisol concentration (HCC) – 0.32� 0.14 0.21
4. Parent HCC – 0.14 0.26
5. Child externalizing – 0.69��
6. Child internalizing –
�p< 0.05.��p< 0.01.

Figure 3. Scatterplot showing (a) the relationship between children’s HCC and
salivary cortisol total output (AUCg) and (b) the relationship between children’s
HCC and salivary cortisol reactivity (AUCi).
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children who are more reactive have lower baseline levels
and more context-specific cortisol levels with no difference in
overall HCC exposure. However, our data show that was not
the case. The specific association of HCC with salivary cortisol
reactivity controlling for baseline salivary levels suggests that
a lower threshold for cortisol responses or a larger, or more
prolonged response may add up to higher cortisol exposure
across time. This has implications not only for children
exposed to frequent or intense stressors but also for children
who are more reactive to mild stressors. Thus, there could be
multiple risk factors for high cumulative cortisol exposure.
Our results are relevant for children experiencing adverse
environments as well as highly stress reactive children grow-
ing up in supportive environments who could still be prone
to high cumulative cortisol exposure due to their reactivity to
mild stressors.

This is the first study to report parent-child concordance
in HCC within a preschool population. Our finding is consist-
ent with patterns of mother-child HCC association reported in
12-month-old infants (Flom et al., 2017) and in older children
(Ouellette et al., 2015), but divergent from a study that found
no relation of mother-infant HCC at 9 or 12months of age
(Liu, Snidman, Leonard, Meyer, & Tronick, 2016). There are
several possible explanations for HCC synchrony between
preschool children and their parents. First, young children
rely on their caregivers for help in regulating emotions and
managing stress (Loman & Gunnar, 2010). Parents who them-
selves have difficulty regulating their own stress may in turn
be less able to help their child regulate their stress (Gunnar &
Talge, 2008). This explanation might lead one to anticipate
an association between parent HCC and children’s salivary
cortisol AUCi, which we did not find in the current study.
However, parents coping skills to long term stressors may be
different from their coping skills during acute stressors.
Therefore, to examine the possible implications of parents
daily biological stress regulation for their children’s capacity
to regulate biological stress, future studies should incorporate
a stress reactivity measure for parents in addition to measur-
ing their long term cortisol exposure. This would allow exam-
ination of the interplay of parent HCC and salivary cortisol
reactivity to a stressor with children’s HCC and salivary corti-
sol reactivity to a stressor. A second explanation of HCC par-
ent-child synchrony is that, parents and young children may
be exposed to similar environmental stressors, resulting in
more similar cumulative cortisol exposure (Stenius et al.,
2008). Finally, it is possible that parents and children have
related HCC because HCC is genetically influenced. Twin stud-
ies have demonstrated the heritability of basal salivary corti-
sol (Bartels, de Geus, Kirschbaum, Sluyter, & Boomsma, 2003;
Ouellet-Morin et al., 2008, 2009) and animal studies have indi-
cated the heritability of HCC in monkeys (Fairbanks et al.,
2011). Recently, the first genetic study examining the role of
genetic variation of long-term cortisol exposure revealed that
genetic factors accounted for about half the variation in HCC
(Tucker-Drob et al., 2017). Thus, the relation of parent and
child HCC may be due, in part, to shared genetic alleles.
While the mechanisms underlying the parent-child HCC asso-
ciation have not been determined, our results indicate that

young children whose parents have high biological stress are
themselves at risk for higher cumulative cortisol exposure.

We found that children with higher levels of salivary AUCi
had more parent-reported externalizing symptoms. This result
is consistent with a past study showing that higher cortisol
reactivity was related to mother’s report of behavioral prob-
lems in a 4.5 year old (Spinrad et al., 2009). One possibility for
this relation is that children who are emotionally dysregu-
lated tend to have both a dysregulated behavioral reaction
and high cortisol response to challenges. However, Spinrad
et al. (2009) did not find a relation between cortisol reactivity
and children’s behavioral maladjustment, measured by a
laboratory temperament battery. The literature on cortisol
reactivity and externalizing behaviors is quite complex. Some
researchers report an inverse relationship between cortisol
reactivity and externalizing behaviors (Lahey, McBurnnett,
Loeber, & Hart, 1995; Van Goozen, Fairchild, Snoek, & Harold,
2007). In a meta-analysis, Alink et al. (2008) offer many factors
that moderate the relationship between cortisol reactivity
and externalizing behaviors. For example, differences in
methodologies, such as observational measures or question-
naires, used to measure externalizing behaviors may contrib-
ute to different outcomes. Specifically, different methods may
capture different aspects of externalizing behavior (Karp,
Serbin, Stack, & Schwartzman, 2004; McEvoy, Estrem,
Rodriguez, & Olson, 2003) and may lead to differences in the
relation between cortisol and externalizing behavior (Alink
et al., 2008). We used parent-report to measure externalizing
behaviors and may have found a different relationship if we
had a laboratory-based measure of externalizing.

In our sample, children’s HCC was unrelated to parent-
report of children’s externalizing and internalizing symptoms.
This is consistent with adult research, which typically does
not find relations between HCC and questionnaire measures
assessing mental health such as depression and anxiety (see
for review Staufenbiel et al., 2013). It may be that long term
cortisol exposure does not capture the aspect of HPA func-
tion most relevant to behavior problems. Other indices of
HPA function, such as cortisol reactivity in the current study,
and also diurnal cortisol regulation across the day, may be
more associated with behavioral dysregulation. AUCi specific-
ally reflects the child’s response to the stressor and similarly,
externalizing problems often refer to children “acting out” or
reacting to an external stimuli in the environment. This paral-
lel may help explain why we observed a distinct relationship
of externalizing problems with AUCi but not with HCC. The
absence of an association between HCC and behavioral prob-
lems further emphasizes the need to include multiple meas-
ures of HPA function in future studies, as they may have
distinct implications for children’s behavioral development.

The current study was limited to the use of parent-report
measures on children’s externalizing and internalizing symp-
toms. Future studies should incorporate observational meas-
ures to fully capture children’s behavioral regulation. While
previous studies have shown that variables such as income,
ethnicity, and parent education are related to HCC in children
(Rippe et al., 2016; Vaghri et al., 2013), these variables were
not related in our sample. Our particular population was rela-
tively privileged and socioeconomically homogenous.
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Future studies should investigate current findings in a more
socio-economically diverse sample to explore whether find-
ings would generalize across different socioeconomic back-
grounds. Future work would also benefit using a longitudinal
design to help better understand the development trajectory
of early cumulative cortisol exposure and physiological
reactivity with later mental and physical health problems.
Longitudinal designs could also further explore how the HPA
axis changes with age and how this may influence relation-
ships with physical and mental health. In addition, studies
specifically examining HPA functioning with a high risk sam-
ple may help to clarify how these findings apply to young
children who face daily psychosocial stressors and what that
means for their physiological stress system. Although our
sample was predominantly low risk and well adjusted, we still
found a link between salivary cortisol reactivity and HCC. It is
striking that even in a low risk sample, higher cortisol reactiv-
ity contributed to chronic cortisol exposure. Among children
exposed to more frequent and intense stressors, those who
are stress reactive may be particularly prone to elevated HCC
with potential long term health implications.
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