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Background: Hair cortisol concentrations (HCC) provide a biomarker for stress adaptation, which has downstream
health consequences. Personality traits (e.g., neuroticism) and social processes (e.g., chronic interpersonal goals)
may confer risk or buffer against dysregulated cortisol secretion. However, few studies have examined person-
ality or interpersonal factors predicting hair cortisol, which estimates longer-term secretion and therefore pro-
vides a potential biomarker for studying trait-like psychological processes. The present study investigated effects
of personality traits and daily interpersonal goals during stressors on HCC.

Method: Participants (N = 90) reported Big Five traits at baseline, recorded interpersonal (self-image and
compassionate) goals pursued during their worst psychosocial stressors for 4-5 weeks (1,949 entries), then
provided a hair sample to estimate cortisol secretion over the past two months.

Results: As hypothesized, neuroticism predicted higher HCC, beyond other Big Five traits (b = 7.45, SE = 3.36, p
= .029). Moreover, this effect was greater for those chronically striving to promote/protect one’s self-image
during psychosocial stressors (b = 14.53, SE = 4.72, p = .003), and for those low in conscientiousness (b =
14.84, SE = 4.83, p = .003). Moderate extraversion was associated with higher HCC. Striving to support others
(compassionate goals) exerted no direct or interactive effect on HCC, contrary to hypotheses.

Conclusions: Results support the relevance of neuroticism and maladaptive interpersonal strivings to longer-term
neuroendocrine responses, suggesting hair cortisol as a potential method for studying links of trait-like psy-
chological and HPA processes.

The hypothalamic-pituitary-adrenal (HPA) axis releases cortisol in
response to stressors, shaping psychological and physiological adapta-
tion [1]. However, chronically high—and sometimes low—cortisol
poses risks for downstream health [2,3]. Cortisol measures in saliva,
blood, or urine provide snapshots of HPA activity for brief periods but
are less suited for studying chronic endocrine output [4]. In contrast,
cortisol in hair assesses longer-term, trait-like secretion [5]. Cortisol
accumulates as hair grows roughly 1 cm per month, indexing secretion
over that period [6]. Thus, hair cortisol concentration (HCC) provides a
potential biomarker for studying links of long-term HPA activity to in-
dividual differences in personality traits and chronic interpersonal
processes, which is the aim of this study.

1. Personality traits and cortisol

Personality encompasses chronic ways of adapting to one’s envi-
ronment. The Big Five [7] and Five Factor Model (FFM [8]) conceptu-
alize personality traits as individual differences in thinking, feeling, and
behavior [7,9]. These overlapping models derived from factor analyses
finding five higher-order factors that explain personality differences.
Neuroticism reflects proneness to negative emotions, vulnerability, and
self-consciousness. Conscientiousness measures self-control, organiza-
tion, perseverance, and perceived competence. Extraversion assesses
sociability, assertiveness, and energy. Agreeableness represents ten-
dencies toward kindness and desire to please others. Openness reflects
creativity and innovativeness. Each factor splits into multiple facets or
sub-scales, but here we emphasize higher-order traits.
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Personality traits capture styles of responding to situational demands
and therefore may shape stress responses. Studies have linked traits and
cortisol [10,11], most often in saliva or sometimes plasma. However,
findings have been mixed and few studies examined hair. Neuroticism, a
robust risk factor for illness [12], has most often correlated with cortisol.
For instance, neuroticism correlated with higher basal cortisol or area
under the curve for one or more days (e.g. [13-171), and greater cortisol
response to stressors (e.g., [18-21]). Such findings make sense given
that neuroticism involves chronic perceived uncontrollability and
self-consciousness [22]—parallel to the low control and social evalua-
tion that trigger cortisol secretion in the lab [23]. However, neuroticism
has also predicted lower cortisol awakening response (CAR [14,24]) or
task reactivity [25-27], warranting consideration of curvilinear re-
lationships with this trait [12].

Links between other traits and cortisol have similarly been incon-
sistent. Extraversion predicted higher resting cortisol [15] and reactivity
[18,19], consistent with extraversion involving tendencies to seek and
approach challenges-but also lower basal cortisol [14,24] and reactivity
(e.g., [28]). Conscientiousness was linked to lower basal cortisol [14]
and CAR [29], in line with this trait measuring regulation of oneself and
one’s environment [30], which might buffer against cortisol secretion.
However, effects of conscientiousness have also been mixed [19]. Few
studies have linked agreeableness and openness to cortisol.

It remains challenging to integrate existing findings given that
different methods of cortisol assessment capture distinct aspects of HPA
activation and regulation. Short-term cortisol measures (e.g., saliva)
entangle between- and within-person variability. HCC better estimates
longer-term secretion. In one large-scale study of older adults, consci-
entiousness predicted lower hair cortisol [31], but no other studies have
examined Big Five traits and HCC. It remains possible that HCC may
provide a better means to estimate links between psychological traits
and trait-like HPA activity.

2. Interpersonal goals and cortisol

Beyond traits, interpersonal goals (self-image and compassionate
goals) represent processes that may increase or decrease stress, respec-
tively [32,33]. Self-image goals involve striving to promote and protect
desired self-images (i.e., being seen as competent [34]). Chronic
self-image goals prospectively predicted decreased support and higher
distress and belief in competition in nonclinical and clinical samples [32,
33,35]. Moreover, stressors involving social evaluation (i.e., self-image)
reliably trigger cortisol secretion [23]. In contrast, compassionate goals
involve striving to help others, and have prospectively predicted
increased support, belief in cooperation, and lower distress, and
moderated effects of self-image goals [32,33].

However, despite relevance of interpersonal goals to processes that
influence stress and HPA responses, less is known about their use in
coping with stressors. Coaching individuals to pursue compassionate
goals in a lab social stressor reduced HPA responses [36,37], and pur-
suing compassionate goals after the stressor of a college shooting (e.g.,
supporting traumatized peers) indirectly predicted lower posttraumatic
symptoms [38], implying relevance of these goals to coping with
stressors. Just as individuals can cope with stressors by strategies such as
rumination (e.g. [39,40]), people may cope by self-protective or pro-
social goals. Studies have not examined these goals as ways individuals
can respond to stressors in daily life, a focus of this study. Furthermore,
traits are theorized to interact with situational states or stressors [41,
42]. Indeed, traits such as neuroticism are thought to interact with
situational stressors and social processes [12]. Regularly pursuing
self-image goals in the context of psychosocial stressors might amplify
the effect of neuroticism on HCC, whereas striving for compassionate
goals as a response to stressors might blunt that effect.
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3. Current study and hypotheses

This study investigated direct and interactive effects of Big Five traits
and interpersonal goals during stressors on hair cortisol in naturalistic
psychosocial stressors over 4-5 weeks. Given that neuroticism is a risk
factor for stress [12,30] and meta-analytic findings linking current stress
exposure to higher HCC [43], we hypothesized that neuroticism would
predict higher HCC. Given the formulation of conscientiousness as
adaptive self-regulation and control that promotes health [30], we ex-
pected it to predict lower cortisol and moderate (buffer) effects of
neuroticism. We planned exploratory tests of linear effects of extraver-
sion, agreeableness, and openness on HCC. Also, given inconsistent past
findings and the theory that both high and low cortisol in general [2]
and in HCC [43] may be problematic, we also tested for curvilinear
effects.

For interpersonal goals, we hypothesized that chronic self-image goals
during stressors would predict higher HCC given that laboratory threats
to the “social self” have elicited cortisol [23]. Based on the theory of
neuroticism as a risk factor and amplifier for stress responses [12],
self-image goals were likewise expected to amplify the relationship of
neuroticism with HCC. Conversely, we expected compassionate goals
during stressors to predict lower HCC and buffer neuroticism given direct
and buffering effects of these goals in studies not specifically examining
responses to stressors (e.g., [32]).

4. Method
4.1. Participants

Participants included 90 individuals (86% female) in psychology
courses at a private university in the Pacific Northwest. They partici-
pated for course credit and received $15 for providing a hair sample. We
included individuals who provided a hair sample and completed a
minimum of three daily surveys. Participants ranged in age from 18 to
29 years (M = 19.37, SD = 1.96) and were moderately ethnically diverse
(58.9% White, 20.0% Asian American, 6.7% Multiracial, 8.9% Latinx,
3.3% African American/Black, 1.1% Middle Eastern, and 1.1% Other).

4.2. Procedure and design

This study, part of a larger investigation on personality and stress,
involved three phases. Following informed consent, participants
completed baseline assessments of traits online (via Qualtrics). Next,
they completed online/smartphone diaries about interpersonal goals in
the context of daily stressors. They received surveys at noon and were
asked to consider and report on the most stressful social event in the past
day or two, three times weekly, for five weeks. For each stressor, they
first responded to open-ended prompts and described (1) the nature of
the stressor and (2) why they viewed it as stressful, to focus attention on
concrete situational details. Participants were contacted with reminders
to complete surveys upon missing a diary. Lastly, after five weeks of
diaries, participants visited the lab to provide a hair sample. Participants
also completed a short set of online health questions (to assess for factors
previously shown to impact cortisol, such as oral contraceptives and
recreational substance use [43]).

4.3. Measures

4.3.1. Big Five inventory

The Big Five Inventory (BFI [44]) is a 44-item measure of Big Five
trait dimensions on a 1 (disagree strongly) to 5 (agree strongly) scale. Items
refer to the prompt, “I see myself as someone who...,” followed by de-
scriptors of neuroticism (e.g., Worries a lot”), extraversion (“Is outgoing,
sociable”), openness to experience (e.g., “Has an active imagination”),
agreeableness (“Likes to cooperate with others™”), and conscientiousness
(“Does a thorough job”). After reverse-scoring 16 items, items were
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averaged to create totals with higher scores indicating higher levels of
each trait. Internal consistency was calculated in our sample for
Neuroticism (0.84), Extraversion (0.89), Conscientiousness (0.85),
Openness (0.74), and Agreeableness (0.63).

4.3.2. Diary ratings of interpersonal goals

We assessed interpersonal goals using six items from a larger set
developed by Crocker and Canevello ([34]; study 1). Participants rated
during the stressor, “... to what extent did you want or try to [engage in
each goal]” on a 5-point scale from 1 (not at all) to 5 (extremely).
Adapting the items to a stress context was based on studies anchoring
diary assessments to stressors [39,40] and event-contingent assessment
[45]. Three items assessed compassionate goals (“Be supportive of the
other person,” “Avoid being selfish or self-centered,” and “Make a pos-
itive difference in the life of the other person”) and self-image goals
(“Convince the other person that you were right,” “Avoid showing your
weaknesses,” and “Get the other person to recognize or identify your
positive qualities”) Crocker and Canevello [34] reported factor struc-
ture, reliability, and construct validity of the diary items, and Erickson
and colleagues [33] demonstrated utility in a clinical sample. Given our
focus on between-person individual differences in personality and HCC,
we averaged diary goals to create aggregated scores. Intraclass corre-
lation correlations (ICC = .39 for compassionate and .45 for self-image
goals) suggested substantial between-person variability. Variance com-
ponents analysis of multilevel data [46] suggested reliability of the
aggregate scores for self-image (0.95) and compassionate goals (0.87).
Positive associations of self-image goals with neuroticism and compas-
sionate goals with openness to experience (see Table 1) replicate past
interpersonal goals research that did not specifically examine stress
contexts [34], suggesting preliminary evidence of reliability and validity
for this methodological adaptation.

4.3.3. Hair cortisol

Participants were asked to provide a hair sample during the labo-
ratory visit. A trained research assistant in sterile gloves gently twisted a
strand of hair to a thickness of 2-3 mm and cut a 2-3 cm sample with
sterilized scissors, capturing cortisol secretion over the past two months.
Assistants cut samples as close to the scalp as possible at the posterior
vertex of the skull, in line with standard recommendations and because
recent growth is less vulnerable to decline related to repeated washing
and hair product usage. Samples were placed in aluminum foil and
stored at -20° Celsius in a University of Washington laboratory until
assay. Hair samples were subsequently minced and dissolved in assay
buffer to extract cortisol (protocol in [47]) prior to colorimetric assay
(Salimetrics high-sensitivity cortisol assay kits). The coefficient of
variation for duplicate assays was 3.61%.
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tested for curvilinear effects. To avoid being overly conservative, we
tested predictors serially, with each model testing a quadratic effect
after controlling for linear effects. Lastly, we tested moderation effects
for neuroticism interacting individually with conscientiousness, self-
image goals, and compassionate goals. Power analyses in R via the
pwr2ppl package [48] suggested that medium-sized multiple regression
effects (including main, quadratic, and moderation effects) would have
over 80% power.

5. Results
5.1. Preliminary analyses

Data screening (see Table 1 for descriptive statistics and correlations
between variables) suggested no substantial skew or kurtosis in study
variables. Participants completed an average of 13.87 diary records (SD
= 1.94; total of 1,923 diaries). Among participants who met inclusion
criteria (i.e., provided hair sample), no data were missing. Hair cortisol
concentrations ranged 2.25-111.49 pg per milligrams of hair (M =
28.71 pg/mg, SD = 23.87), suggesting a broad range of levels from very
low to relatively high concentrations.

None of the potential covariates that impact cortisol correlated with
HCC, including female gender (r = .10, p = .347), BMI (r = .02, p =.875),
oral contraceptives in past two months (r = .08, p = .450), smoking (r =
-.07, p = .490), alcohol consumption (r = .01, p = .904), or recreational
drug use in the past two months (r = -.07, p = .503). Given the lack of
associations, we did not control for these variables. Only one participant
reported pregnancy and lactation in the past two months, and results
were similar with and without her data, so we included her data.

5.2. Core analyses

5.2.1. Unique effects of traits

Multiple regression analyses tested for unique effects of each Big Five
trait predicting hair cortisol. As hypothesized, neuroticism uniquely
predicted higher HCC even after controlling for other traits (see Table 2
and Fig. 1). Contrary to hypotheses, extraversion, agreeableness,
conscientiousness, and openness had no linear relationship to HCC.

5.2.2. Unique effects of interpersonal goals

Neither mean compassionate goals in daily life (b = -2.35, SE = 4.05,
95%CI [-10.40, 5.70], p = .563, pr = -.06) nor self-image goals (b = 2.96,
SE = 3.91, 95%CI [-4.82, 10.74], p = .451, pr = .08) predicted unique

Table 2
Multiple regression testing unique effects of big five traits on hair cortisol.

4.3.4. Analysis plan Predictor b SE 95% CI P partial r
After data screening, multiple regression analyses were conducted. Neuroticism 7.45 3.36 [.76,14.13] .029 .22

All predictor variables were grand-mean-centered. First, we simulta- Extraversion 3.24 2.75 [-2.22, 8.70] 241 13
neously estimated effects of all Big Five traits in predicting HCC, Openness 1.36 4.07 [-6.73, 9.44] 739 04
examining unique effects in a conversative model. We also estimated the Agreeableness —224 4.73 [-11.65, 7.18] 638 ~05

’ guniq ' - Conscientiousness ~ —2.27 373 [-9.68, 5.14] 544 07
simultaneous effects of self-image and compassionate goals. Next, we
Table 1
Descriptive statistics and correlations between study variables.

Variable M SD 1 2 3 4 5 6 7

1. Hair cortisol (pg/mg) 28.71 23.87

2. Neuroticism 3.13 0.81 .22%

3. Extraversion 3.00 0.98 .04 -.33%*

4. Openness 3.45 0.64 .00 -.15 12

5. Agreeableness 4.03 0.55 -.09 -18 .03 .20

6. Conscientiousness 3.72 0.68 -.08 -13 12 .44 .08

7. Self-image goals 2.44 0.74 .06 33k -.04 .26 -11 -.05

8. Compassionate goals 2.42 0.76 -.02 17 .07 .33%* 17 -.03 52k

Note. *p <.05, **p <.01, ***p <.001.
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Fig. 1. Bivariate scatterplot of neuroticism and hair cortisol concentration.

variance in HCC, unexpectedly.

5.2.3. Quadratic effects

To test curvilinear effects on hair cortisol, we conducted regressions
including each trait or goal as well as a squared quadratic term.
Quadratic effects did not attain statistical significance for neuroticism (b
=4.10, SE = 3.52, 95%CI [-2.90, 11.09], p = .247, pr = .12). However,
controlling for the non-significant linear effect (b = 1.87, SE = 2.54, 95%
CI [-3.18, 6.92], p = .464, pr = .08), the quadratic effect of extraversion
was significant (b =-7.03, SE = 2.69, 95%CI [-12.38, -1.68],p = .011, pr
= -.27), suggesting that as levels of extraversion rose from low to
moderate levels, HCC increased; however, moderate to high levels of
extraversion were associated with decreasing HCC (see Fig. 2). In
exploratory analyses, we found no quadratic effects for openness (b =
5.57, SE = 4.95, 95%CI [-4.28, 15.38], p = .265, pr = .12), agreeableness
(b = 791, SE = 6.64, 95%CI [-5.29, 21.11], p = .632, pr = .05),

120.00

100.00

80.00

60.00

Cortisol

40.00

20.00

00

1.00 2.00

conscientiousness (b = 1.80, SE = 3.76, 95%CI [-5.66, 9.27], p = .632,
pr = .05), or chronic self-image (b = -.84, SE = 3.47, 95%CI [-7.74,
6.06], p = .810, pr = -.03) or compassionate goals (b = -2.06, SE = 3.65,
95%CI [-9.31, 5.20], p = .575, pr = -.06).

5.2.4. Moderation effects

We tested the hypothesis that compassionate goals would buffer, and
self-image goals would amplify, effects of neuroticism on HCC. As hy-
pothesized, self-image goals moderated effects of neuroticism (RZ = .06;
see Fig. 3 and Table 3). Simple slopes analyses showed that neuroticism
most strongly predicted higher cortisol at high (+1 SD) levels of chronic
self-image goals (b = 14.53, SE = 4.72, 95%CI [5.16, 23.91], p = .003).
In contrast, neuroticism did not predict cortisol for individuals at low (-1
SD) levels of self-image goals (b = -1.96, SE = 4.73, 95%CI [-11.37,
7.45], p = .680). In other words, neuroticism was associated with risk for
higher hair cortisol only in individuals who chronically strove to

3.00 4.00 5.00

Extraversion

Fig. 2. Bivariate scatterplot of extraversion and hair cortisol concentration.
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Fig. 3. Interaction of neuroticism with self-image goals and conscientiousness predicting hair cortisol.

Table 3
Multiple regression for interaction of neuroticism and interpersonal goals pre-
dicting cortisol.

Predictor b SE 95% CI P

Neuroticism 6.37 3.21 [-0.10, 12.74] .050
Self-Image Goals 0.51 3.91 [-7.27, 8.28] .897
Compassionate Goals —-2.61 3.88 [-10.33, 5.12] .503
Neuroticism*Self-Image Goals 10.78 4.53 [1.78, 19.79] .020
Neuroticism*Compassionate Goals —1.98 5.19 [-12.31, 8.35] 704

promote and defend desired self-images in stressful interaction. Con-
trary to hypotheses, compassionate goals did not interact with
neuroticism.

With regard to interactions between Big Five traits, conscientious-
ness moderated (blunted) the positive effect of neuroticism on hair
cortisol as expected. Namely, despite no direct effect of conscientious-
ness (b = -.77, SE = 3.72, 95%CI [-8.18, 6.64], p = .837) and a direct
effect of neuroticism (b = 7.79, SE = 3.30, 95%CI [1.23, 14.35], p =
.021), conscientiousness blunted (moderated) the effect of neuroticism
on cortisol (b = -10.33, SE = 4.94, 95%CI [-20.14, -.51], p = .040, See
Fig. 3). Simple slopes tests showed that neuroticism predicted much

higher HCC at low levels of conscientiousness (b = 14.84, SE = 4.83 95%
CI [5.23, 24.46], p = .003), but did not predict HCC for participants high
in conscientiousness (b = .74, SE = 4.60. 95%CI [-8.41, 9.88], p = .873).

6. Discussion

Few studies have investigated links between personality and hair
cortisol, but the present study supports the idea that trait-like psycho-
logical phenomena (personality dispositions and chronic goals during
stressors) may have downstream effects on long-term HPA activity over
several months. Specifically, even after controlling for other traits,
neuroticism demonstrated specificity in predicting higher HCC; this
association was amplified in individuals who endorsed chronically
responding to stressors with self-image goals but was blunted in in-
dividuals high in conscientiousness. These effects supported hypotheses
and provided novel evidence linking psychological phenomena to HCC.

The relationship of neuroticism to HCC is a novel finding. It may fit
with studies in which neuroticism correlated with higher basal cortisol
or total secretion in saliva or plasma prior to or outside of lab stressors
(e.g. [13-171), and greater secretion following stressors (e.g., [18-211).
However, because various cortisol measurement methods index
different aspects of the HPA system, findings from one method (e.g.,
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saliva) may not generalize to HCC. Thus, it is useful to find that a trait
involving chronically interpreting experiences as stressful was associ-
ated with higher “chronic” (over two months) cortisol secretion. It re-
mains an open question what pathways or mechanisms might account
for this link. Neuroticism is thought to measure a neurobehavioral
threat-detection system responsive to cues of uncontrollability [22],
uncertainty, and punishment [30]. Given that perceived lack of control
has been established as a key psychological input for cortisol release [23,
49], chronic perceptions of low control might underlie our findings.
Alternative pathways might include paying disproportionate attention
to threats or proneness to generating new stressors. Future studies
should test these possibilities directly.

Two moderation effects of neuroticism might also speak to mecha-
nisms. As hypothesized, conscientiousness blunted the positive associ-
ation with HCC; the neuroticism-HCC link disappeared in high-
conscientiousness individuals. Conscientiousness reflects a suite of
self-regulation abilities including self-control [30], so chronic percep-
tions of self-control might translate into HPA modulation akin to effects
of perceived control [23]. Trait resilience, which features ability to
persist or persevere over time, correlated negatively with hair cortisol
[50]. Alternatively, conscientious individuals’ self-control might simply
lead them to select or create lower-stress environments, consistent with
their preventive health behavior and avoidance of risky situations [30].
This buffering role for the trait was consistent with the only extant Big
Five/FFM study of hair cortisol [31], which reported negative correla-
tion between conscientiousness and HCC. In the other hypothesized
moderation, chronic self-image goals pursued during naturalistic
stressors amplified the effect of neuroticism on HCC. Neuroticism pre-
dicted HCC more strongly in individuals who reported regularly trying
to promote/defend desired self-images (e.g., being intelligent) in the
context of stressors. Although self-image goals by themselves did not
predict cortisol, their interaction with neuroticism fits with lab studies
finding perceived evaluation of the “social self” as a key psychological
mechanism for cortisol responses [23]. In those studies, social evalua-
tion was a key feature of the experimental environment; our findings
show that one’s internal sense of striving to protect self-image during
naturalistic stressors may be important for HPA activity for stressors
beyond the lab. However, establishing mechanisms goes beyond the
present study.

Compassionate goals did not predict HCC or blunt effects of
neuroticism, contrary to hypotheses and previous studies linking
compassionate goals experimentally to lower cortisol response to
stressors [36,37]. Sampling method (e.g., hair versus plasma), design
(naturalistic versus lab stressors), and population (unselected young
adults versus healthy controls) might account for null findings. Although
past research detected effects of compassionate goals pursued following
stressors [36,38], not enough is known about how measurement in
stressor-contexts might change the goals’ effects. Perhaps
stress-buffering properties of compassionate goals are stronger when
pursued in non-stressor situations. Nonetheless, links of compassionate
goals to adaptive social and mental health outcomes [33,34] warrant
further research on their stress-buffering properties and whether these
effects are stronger in non-stressor versus stressor contexts.

Timing may also be important for understanding HCC, how it differs
from other cortisol measures, and past mixed findings. Some studies
have reported negative associations between neuroticism and CAR [24,
51] or response to stress tasks [25-27]. Moreover, one study found lower
HCC in a small sample of individuals with generalized anxiety disorder
(which correlates with neuroticism), relative to healthy controls [52].
Similarly, despite some studies linking anxiety disorders to high cortisol
secretion, effects have been mixed [2], and disorders characterized by
longer-term chronic stress or trauma (e.g., posttraumatic stress disorder;
borderline personality disorder) appear to involve low cortisol output [3,
49,53]. Meta-analytic findings point to the timing and chronicity of
stress or trauma as influencing high versus low cortisol output. During
shorter-term stress, larger cortisol responses reflect healthy adaptation
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of the HPA axis, marshalling mind and body to cope; however, repeated
regular secretion associated with current, ongoing stressors may lead to
high cortisol [43,49]. Eventually, however, chronically high cortisol
may lead to downregulation of the HPA axis and blunted reactivity to
stressors (e.g., both lower basal levels and lower response curves; [54]).
However, although these ideas suggested a possible curvilinear associ-
ation linking both low and high HCC to high neuroticism, we detected no
quadratic effect. The present sample, given younger age, may have
included individuals prone to anxiety more than chronic stress or
trauma exposure that has been linked to HPA downregulation. Alter-
natively, future research might differentiate effects of neuroticism, acute
stressors, and developmental trauma on HCC, given that developmental
trauma may be associated with high distress but low HPA responses to
stressors [55].

We also conducted exploratory analyses for the remaining traits. The
trait of extraversion predicted unique variance in hair cortisol concen-
trations in a nonlinear pattern. Increasing extraversion predicted
increasing HCC up to a point, but above moderate levels of extraversion,
higher levels of this trait predicted lower HCC. Whereas neuroticism
represents a threat-detection system, trait extraversion indexes a neu-
robehavioral approach system that is sensitive to reward cues and mo-
tivates goal pursuit [30]. Positive correlation of extraversion with HCC
for participants with low-to-moderate extraversion might reflect higher
approach behavior and assertiveness, with concomitant HPA mobiliza-
tion to face challenges. Further extraversion above moderate levels may
confer adaptive benefits, as extraversion encompasses assertiveness,
social confidence, and resilience (i.e., functionally the opposite of the
low perceived control and evaluation sensitivity that elicit cortisol
secretion). Our curvilinear effect might also be taken as consistent with
studies reporting either negative or positive associations of extraversion
to cortisol [14,15,18,19,24,28]; however, none of those studies exam-
ined HCC, so the present finding is novel but warrants replication.
Lastly, the lack of findings for openness to experience and agreeableness
was not surprising given that those traits have less commonly demon-
strated HPA links. Additionally, openness captures
information-processing style and does not unambiguously predict psy-
chopathology [30]. One might theorize that agreeableness would pre-
dict lower cortisol given that it shapes social affiliation and bonding.
However, affiliation also involves vulnerability to people-pleasing and
conflict avoidance, suggesting mixed implications for well-being. Future
investigation of Big Five traits at the level of facets may help to clarify
which subcomponents have relevance for HPA responses.

7. Limitations and conclusion

Several study limitations warrant mention. First, although the study
included a larger range of participants than many HCC studies, even
larger samples would increase power for quadratic and moderation
hypotheses; replication is also warranted for those types of effects,
which were likely underpowered. Second, HCC provides an estimate of
chronic cortisol secretion more than other common measures, but truly
long-term assessment of cortisol may require longer hair samples to
assess secretion over longer time periods (e.g., 4-6 months). Third,
although hair cortisol provides a meaningful estimate of between-person
differences in HPA activity, it does not estimate within-person vari-
ability, which remains important given evidence that within-person
diurnal patterns (e.g., flatter curves) can be dysregulated. Fourth,
future studies should include greater age and gender diversity given our
predominantly young, female sample. Lastly, although HCC was not
related to covariates we assessed (e.g., smoking, BMI), other potential
confounds such as hair washing and treatment should be considered.
Given the history of difficulty replicating links between psychosocial
variables and biomarkers such as cortisol, as well as normal sampling
variability, the possibility of capitalization on chance warrants future
replication.

Few studies have examined personality and hair cortisol, and the
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present study, despite limitations, provides evidence of the relevance of
Big Five traits to HCC. Other contributions include investigation of
nonlinear and interactive effects, underscoring the need to better un-
derstand the conditions under which personality traits serve as risk
versus resilience factors, and under which high versus low cortisol
secretion might indicate dysregulation. Because hair provides a longer-
term measure of secretion that is not redundant with other cortisol
measures, further HCC investigation may yield greater understanding of
the pathways between trait-like psychological phenomena and biolog-
ical stress responses.
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