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Abstract

Glucocorticoids exert profound effects on the brain and behavior, but cortisol concentrations are
rarely linked to subjectively reported emotional states in humans. This study examined whether the
link between cortisol and subjective anxiety varied by childhood maltreatment history. To do this,
97 individuals (60.8% female) participated in a standardized stress task in the laboratory (Trier
Social Stress Test, TSST) while providing serial ratings of their feelings of anxiety as well as
cortisol samples in blood. These measurements were collected nine times across the laboratory
visit, from immediately before the TSST to 65 minutes after stress initiation. We estimated the
within-person association between cortisol concentrations and momentary feelings of anxiety for
individuals with and without exposure to childhood maltreatment, measured via self-report on the
Childhood Trauma Questionnaire (CTQ). Individuals exposed to maltreatment during childhood
reported the greatest feelings of anxiety when cortisol concentrations were lowest. This pattern
was exaggerated among female participants, those with posttraumatic stress disorder (PTSD), and
those exposed to emotional neglect relative to other forms of maltreatment. Early life adversity,
such as parental maltreatment, may alter the role of cortisol in affective experiences. This
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observation may provide preliminary, translational evidence of a novel pathway through which
stress may lead to and maintain internalizing symptoms in humans. More studies accounting for
the moderating role of childhood maltreatment in biobehavioral pathways are needed.
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Introduction

Almost half of all psychiatric disorders that begin in childhood, and nearly one third of those
beginning in adulthood, can be attributed to childhood adversity (Green et al., 2010). One of
the most pernicious forms of childhood adversity is maltreatment by a caregiver. Individuals
exposed to childhood maltreatment are 50-110% more likely to have a mood disorder and
60-90% more likely to have an anxiety disorder (Green et al., 2010). Yet, how childhood
maltreatment leads to internalizing psychiatric disorders remains largely unknown.

The aim of the present study was to determine whether the association between

cortisol concentrations and subjectively reported affective experience differed by childhood
maltreatment exposure. One of the putative neurobiological mechanisms involved in
internalizing psychopathology is hypothalamic-pituitary-adrenal (HPA) axis dysregulation
(Baumeister et al., 2014; Pariante & Lightman, 2008). Indeed, stress-induced endogenous as
well as exogenously administered glucocorticoids (GCs), cortisol in humans, lead to striking
changes in neurotransmission, neural functioning, and cognition (Erickson et al., 2003;
Harrewijn et al., 2020; Joéls et al., 2008; Lupien et al., 2009), which can lead to changes in
behavior and mood. Yet, cortisol and affective responses to acute psychosocial stress in the
laboratory only correlate 25% of the time (Campbell & Ehlert, 2012). Understanding of the
links between these constructs may be obscured by extensive, unsuccessful efforts to directly
link cortisol concentrations to affect without taking into account individual differences in
glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) distribution, density, and
sensitivity as shaped by earlier experience.

Childhood maltreatment may alter the effect GCs have on the rest of the body via
differential expression of the receptors to which they bind. Anxiety-like behavior occurs
as a function of cortisol binding to MRs while termination of the acute stress response
occurs via GRs (Joéls et al., 2008). Chronic adversity in childhood, like maltreatment,
could decrease the number, density, sensitivity of MRs in particular brain regions, and thus
create a tendency to experience negative affect whenever GCs are released in response to
a later stressor. Experimental studies with animals have indeed shown that chronic stress
(e.g. repeated social defeat) does alter expression and function of both MRs and GRs
(Buwalda et al., 1999), that reduced hippocampal MRs and GRs are lasting indicators of
early life stress (ELS) exposure (Arabadzisz et al., 2010), and that ELS-related reduction
in MR expression is linked to later potentiation of anxiety-like behavior (Bonapersona
et al., 2019). Additionally, childhood abuse is associated with epigenetic regulation of
hippocampal glucocorticoid receptors in postmortem studies with humans (McGowan et
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al., 2009). Despite this intriguing evidence, our understanding of whether chronic social
stressors, such as childhood maltreatment, alter the impact of GCs on affective experience in
adult humans remains limited.

One potential explanation for this gap in the literature is that affect is not consistently
measured or reported in studies of biological responses to acute laboratory stress; one
systematic review found that more than one third do not report affective responses
(Campbell & Ehlert, 2012). Among those that do, biological responses to acute psychosocial
stress in the laboratory only correspond with subjective experience about 25% of the time
(Campbell & Ehlert, 2012). Of course, some exceptions have been observed, such that
cortisol and affective ratings correlate during TSST administration among healthy men
(Hellhammer & Schubert, 2012), and that cortisol may protect women from the effect of
stress on negative mood (Het & Wolf, 2007). This is consistent with the broader literature
on emotional experiences which finds little concordance between biological and subjective
measures of emotional experience (Mauss et al., 2005). Importantly, concordance between
HPA and affective responses to stress in the laboratory appear to be observed more often in
samples exposed to chronic stress (Campbell & Ehlert, 2012), suggesting that environmental
experience may contribute to whether and in what ways cortisol responses to stress shape
subjective affective experience of that stress.

The present study used intensive, repeated measures of cortisol and affective ratings
throughout participation in the Trier Social Stress Test (TSST). This protocol provided an
ideal context in which to interrogate the association between GCs and affective experience
because both cortisol and affect exhibit large within- and between-person variability across
the session. The extant literature linking biological and psychological responses to stress
has focused on between-person associations (i.e. is anxiety highest among the individuals
with the highest concentrations of cortisol during the laboratory protocol?). However,
between-person analytic approaches neglect to address the role of change within people
(i.e. do individuals’ anxiety ratings increase when cortisol increases?). This approach also
allowed us to analytically overcome the threat to group-to-individual generalizability crisis
that currently plagues translational human subjects research (Fisher et al., 2018). Here,

we focused on within-person variability, examining the role of maltreatment in explaining
whether within-person changes in anxiety vary as a function of within-person changes in
cortisol across the session.

Materials and methods

Participants

Participants were recruited from the community (using online advertisements and flyers in
local businesses, including outpatient mental health service providers) as part of a larger
study designed to disentangle the role of trauma timing (childhood vs adulthood) and
comorbid PTSD in the HPA axis dysregulation observed in depression. For this reason,
participants were recruited into five groups based upon current psychiatric status: major
depressive disorder (MDD), comorbid MDD with posttraumatic stress disorder (PTSD)
related to an adult trauma, comorbid MDD with PTSD related to childhood trauma,
comorbid MDD and social anxiety disorder (SAD) with childhood onset, and sex- and
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age-matched healthy controls. For more information on the parent study, see Mayer and
colleagues (2020).

Exclusion criteria included serious medical illness, history of psychosis, history of DSM-1V
alcohol or drug dependence, drug or alcohol abuse in the past 2 years, regular alcohol

use during the past 6 months of >7 cans of beer per week or equivalent, any use

of street drugs during the past 2 years, positive urine drug screen at enroliment visit,

daily consumption of >500 mg of caffeine, daily tobacco use, active suicidal ideation,

or past month major chronobiological disruption or phase shift, or were completely
sedentary or vigorously athletic, or recently taking medications that alter HPA axis function
(including oral contraceptives or any past month use of topical or inhaled steroids or herbal
antidepressants). Participants were free of psychotropic drugs including antidepressants for
at least 2 weeks, with no use of fluoxetine for 6 weeks. Healthy controls were additionally
excluded if they had any history of prescribed psychiatric medications.

All procedures were approved by the University of Michigan Institutional Review Board.
Participants provided informed consent prior to any research procedures. Participants
reported to an outpatient neuroendocrine study suite first for a clinical diagnostic
assessment, and again for the laboratory stress procedure.

Acute psychosocial stress was administered using the Trier Social Stress Test (TSST)
(Birkett, 2011; Kirschbaum et al., 1993; Kudielka et al., 2007), a standard approach
designed specifically to activate the HPA axis (Dickerson & Kemeny, 2004), but also
activating the sympathetic nervous system (Nater et al., 2006) and the innate immune system
(Steptoe et al., 2007). The TSST yields robust, short-term increases in cortisol and anxiety
(Campbell & Ehlert, 2012; Kirschbaum et al., 1993; Kudielka et al., 2007). It involves
public speaking and mental arithmetic tasks performed in front of judges (1 male, 1 female),
trained to appear highly evaluative but studiously non-disclosing. First, participants were
given 3 min to prepare for a mock job interview (to promote their candidacy for a job
tailored to their interests), presented remarks for 5 min, with structured interrogation by the
panel if they did not fill the time. This was followed by a 5-min mental arithmetic task,
asking them to serially subtract 13 from 1022, while being told to stop and begin again

after any error. To further intensity social-evaluative threat, the procedure was videotaped,
and participants were told their performance would be evaluated by experts in non-verbal
communication.

HPA axis reactivity—The session began at 2:30 PM or later to control for circadian
influence on HPA axis function, and serial blood collection via intravenous catheter began
only after 60 min of accommodation. Blood was collected at 0, 5, 10, 15, 25, 35, 45,

55, and 65 min after the start of the TSST. Samples were placed on ice immediately and
then centrifuged for 10 minutes at 4 °C to separate plasma. Plasma was stored at —80

°C until assayed for ACTH and cortisol. A rapid, sensitive, and precise semi-automated
chemiluminescent assay was conducted using Immulite, per manufacturer’s directions
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(Siemens Healthcare Diagnostics, Tarrytown, NY). Intra-assay variability was <5%, and
inter-assay variability was 5-7% for both cortisol and ACTH.

Anxiety ratings—~Participants rated subjective anxiety using a visual analog scale (VAS)
nine times throughout the visit, responding to the question “How anxious do you feel right
now?” on a 100-mm scale (“calm” to “anxious”). Assessments occurred at 0, 5, 10, 15,

25, 35, 45, 55, and 65 min after the start of the TSST and correspond to the serial blood
collection. The VAS is a valid, reliable, and commonly used measure of state anxiety (Rossi
& Pourtois, 2012).

Childhood maltreatment—~Participants completed the Childhood Trauma Questionnaire-
Short Form (CTQ) (Bernstein et al., 2003; Bernstein & Fink, 1998). The CTQ has 28 items
assessing self-reported childhood exposure to abuse and neglect. Each item begins with
“When | was growing up ... ” and then lists various childhood experiences, such as: “I

was punished with a belt/board/cord/other hard object,” “People in my family said hurtful
or insulting things to me,” and “My parents were too drunk or high to take care of the
family.” Participants recorded the frequency of each experience on a six-point Likert-type
scale ranging from 0 “never true” to 5 “very often true”. Higher scores indicate more severe
and frequent maltreatment experiences. Participants were categorized into two mutually
exclusive groups (maltreatment exposed or no maltreatment) using established cut-points
(Walker et al., 1999): emaotional abuse = 10, emotional neglect > 15, physical abuse =

8, physical neglect = 8, or sexual abuse = 8. These thresholds have > .85 sensitivity and
specificity compared to clinical interviews identifying maltreatment (Bernstein & Fink,
1998).

Psychiatric morbidity—Diagnoses of Major Depressive Disorder and Social Anxiety
Disorder were determined using the Structured Clinical Interview for DSM-1V Disorders
(SCID) (First & Gibbon, 2004). Presence of active depression was further verified by a score
>14 on the Hamilton Depression Rating Scale (HAM-D). PTSD was diagnosed using the
Clinician-Administered PTSD Scale for DSM-IV (CAPS) (Blake et al., 1995). Depressive
and anxiety symptom severity were also assessed via the Brief Symptom Inventory (BSI)
with separate subscales (Derogatis & Melisaratos, 1983).

Data analysis—All variables were examined for normality and heteroscedasticity. Cortisol
was transformed using the natural log to adjust for skew and kurtosis. All continuous
variables were mean-centered.

Analyses were conducted using mixed linear models predicting ratings of anxiety as a
function of minutes since stress onset, between-person cortisol concentrations, within-person
cortisol reactivity, childhood maltreatment, the interaction between within-person cortisol
and maltreatment. All data were nested within time points within individuals, and all models
included random slopes and intercepts with an unstructured covariance matrix.

Between-person cortisol concentrations reflect the degree to which an individual’s cortisol
concentrations varied from the rest of the sample. Within-person cortisol reactivity was
computed by calculating a mean cortisol concentration for each participant using all of
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their available samples, then subtracting that individual mean from each of their cortisol
observations. This within-person variable reflects the degree to which an individual varied
from their own average cortisol concentration across the visit. Thus, models including both
of these terms can simultaneously estimate whether anxiety ratings vary as a function of how
high or low cortisol concentrations are relative to other people oras a function of how high
or low cortisol concentrations are relative to themselves at other measurement points.

All models were computed unadjusted and then adjusted for several covariates known to
impact the HPA axis or affective ratings: BMI, age, female sex, depressive symptoms,
anxiety symptoms, and ethnic minority status (non-Hispanic white vs other). Cortisol and
ACTH responses to acute laboratory stress measured in blood do not vary by menstrual
phase as they do when measured in saliva (Kirschbaum et al., 1999). Using day 14 of

their cycle as a cut-point, 26.8% (/7=15) of the women were in the follicular phase of

their cycle on the day of the TSST and 73.2% (/7=41) were in the luteal phase. There

were no differences between women in these two phases of their cycle in the percent who
showed an HPA axis response to the TSST, ;(2:0.08, p=.78, nor did they differ in cortisol
concentrations at baseline, A1,52) = 0.03, p= .86, or their peak following the TSST, A1,52)
=0.10, p=.76.

In models where the hypothesized interaction was significant, p < .05, we then computed

the conditional effects of within-person cortisol on anxiety at each value of the moderator
(i.e. childhood maltreatment). Finally, we conducted a series of theoretically-driven post-hoc
analyses to determine the role of maltreatment type, sex, physiological state of the HPA axis,
and psychiatric morbidity in our observations (see Kuhlman et al., 2017 for review).

Childhood maltreatment was prevalent, with nearly half (42.3%) of this sample reporting
considerable exposure to abuse or neglect (see Table 1 for demographics).

Affective and HPA-axis responses to acute stress

See Figure 1(a) for anxiety and Figure 1(b) for cortisol and ACTH responses to the TSST.
Ratings of anxiety were highest during the TSST (at 5, 10, and 15 min) and returned to
baseline by 25 minutes after stress-onset. A cubic model was the best fit to ratings of

feeling anxious across the visit (AIC cubic = 6938.37, AIC quadratic = 6953.62, AIC linear
=6958.01). Feelings of anxiety were already elevated upon stress initiation and increased
somewhat during the TSST, then recovered throughout the rest of the visit, minutes from
stress b= .09, SE= .17, p= .60, minutes from stress? b= -0.02, SE=.006, p< .001,
minutes from stress3 /= .0003, SF=6.32E-5, p < .001. Participants exhibited a robust,
nonlinear HPA axis response (both ACTH and cortisol). ACTH reached a post-stress peak

at 10 min, that was sustained at 15 min, and concentrations returned to baseline by 55 min.
ACTH increased significantly after stress initiation, =.002, SE=.001, p<.001, and

began to decline significantly at 15-min post-stress initiation, 6= —6.97E-5, SE=7.91E-6, p
<.001. Cortisol concentrations reached a post-stress peak at 15 min, that was sustained at 25
min, and concentrations returned to baseline by 55 min. Cortisol increased significantly after
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stress initiation, 6=.007, SE=.001, p<.001, and began to decline at 25 min post-stress
initiation, 6=-0.0001, SE = -7.40E-6, p< .001.

Variability in cortisol across the visit, maltreatment, and their interaction accounted for 2.0%
of variance in ratings of anxiety (AIC = 6798.18). In this model, childhood maltreatment
moderated the association between within-person variability in cortisol and feelings of
anxiety, b=-27.89, S£-9.81, p=.005. This interaction remained after accounting for

BMI, ethnic minority status, depressive symptoms, and anxiety symptoms, 6= —-22.04,
SE=9.89, p=.026. See Table 2 for adjusted coefficient estimates. Specifically, within-person
variability in cortisol was not associated with feelings of anxiety for participants without
childhood maltreatment, 6= -2.00, S£=5.22, p= .70 (see Figure 2). Meanwhile, there was
a negative association between cortisol and anxiety ratings among participants with a history
of childhood maltreatment reported, b= -21.84, SE=9.42, p=.021, such that their highest
ratings of anxiety occurred when their cortisol was lowest relative to their other assessments.

Post hoc analyses

We unpacked this observation—that individuals with a history of childhood maltreatment
reported the highest anxiety when their cortisol has shown the greatest decreases relative
to other assessments—in post hoc analyses. First we examined whether moderation

by maltreatment exposure occurred throughout the visit, or at specific time points, by
computing the coefficient estimate of anxiety as a function of within-person cortisol

for individuals with and without childhood maltreatment separately at each assessment.
Maltreatment exposed individuals exhibited a negative association between cortisol and
anxiety that was non-significant at baseline, 6= -61.98, S£=33.81, p= .07, and significant
at 65 min post-stress onset, b =-113.39, S£=52.32, p = .03. This association was non-
significant at all other assessments for participants with maltreatment exposure, all ps >
.22, and at all assessments among participants not exposed to maltreatment, all ps > 13.
Qualitatively, the coefficient was negative for individuals exposed to maltreatment for 7 of
the 9 assessments across the visit, increasing in magnitude from 35 to 65 min post-stress
onset (Figure 3(a)).

To explore whether types of maltreatment differentially accounted for the observed
moderation, we next conducted a single mixed model predicting feelings of anxiety as

a function of within-person cortisol variability and exposure to physical abuse, physical
neglect, emotional abuse, emotional neglect, or sexual abuse, and the interaction of each
of these maltreatment subtypes with within-person cortisol variability. Emotional neglect
moderated the association between within-person cortisol and feeling anxious, 6= —3.96,
SE=1.91, p=.038, with a significant negative link for participants exposed to emotional
neglect, b= -25.41, S£=9.60, p=.009, and a non-significant link for participants exposed
to little to no emotional neglect, 6=1.77, SE=4.90, p=.72. No other maltreatment subtype
moderated the association between cortisol variability and feeling anxious, physical abuse
b=3.86 (SE=2.61), p= .14, physical neglect b= -1.46 (S£=3.06), p= .63, emotional abuse 6
=-2.41 (SE=1.97), p= .22, and sexual abuse 6=3.44 (S£=3.06), p=.26.

We then examined the observed moderation by re-running the primary moderation analysis
stratified by sex. There was a significant interaction between maltreatment and cortisol
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among female participants, = -30.08, S£=13.79, p= .03, but not for males, 6= -12.52,
SE=13.80, p=.37. The association between within-person cortisol and anxiety was negative
and significant for females with a maltreatment history, b= -32.05, S£=13.49, p=.019,

but non-significant for males with a maltreatment history, b= -9.79, SE=12.57, p= .44,

and females and males without maltreatment, 6= -3.28, SE=7.06, p= .64 and b= —0.56,
SE=7.76, p= .94 respectively (Figure 3(b)).

Current PTSD also moderated the observed association. The three-way interaction between
within-person cortisol, childhood maltreatment, and PTSD was significant, 6= -76.47,
SE=24.52, p=.002. Specifically, the association between within-person cortisol variability
and feelings of anxiety was negative and significant for individuals with PTSD and a
childhood maltreatment history, b=-48.29, SF=14.97, p=.002, but was non-significant for
individuals with PTSD without childhood maltreatment, 6=13.08, S£=14.03, p= .36, as well
as controls with and without childhood maltreatment, 4=12.72, S£=10.23, p=.22 and b=
-3.48, SE=5.62, p = .54 respectively (Figure 3(c)).

Discussion

The purpose of this study was to determine whether the role of cortisol in affective

ratings of anxiety differed between individuals with and without a history of childhood
maltreatment. Individuals with a history of childhood maltreatment exhibited exaggerated
feelings of anxiety when cortisol concentrations were lowest relative to other assessments
throughout the laboratory stress protocol, while anxiety and cortisol were unrelated in the
absence of maltreatment. Sensitivity analyses indicated that this association was driven by
females, individuals with PTSD, and individuals exposed to emotional neglect in childhood.
Childhood maltreatment, and other forms of chronic stress during childhood, may alter
the association between GCs and affective experiences, with potential implications for
our theoretical and practical understanding of how childhood maltreatment may lead to
internalizing symptoms, and importantly how we develop interventions for this high-risk
population.

The majority of research on the role of childhood maltreatment in risk for psychiatric
diseases has focused on direct pathways through which early life experiences alter
functioning within physiological stress systems (i.e. HPA axis, inflammation) that then

lead to psychiatric symptoms. This study provides additional, preliminary evidence of an
alternate model in which the association between cortisol and affective experience is altered
among individuals with a history of maltreatment. This is consistent with emerging evidence
that cortisol may play a role in interfering with memory for negative-valenced information
under acute stress for youth exposed to adversity (Kuhlman et al., 2021), and that the role

of inflammation in affective and behavioral domains associated with depression also varies
by early life adversity (Kuhlman et al., 2020). This alternate model may inform targeted
interventions. For example, there is evidence that both behavioral and pharmacological
treatment effectiveness differs for individuals exposed to childhood maltreatment (e.g. Lewis
et al., 2010; Nanni et al., 2012; Nemeroff et al., 2003; Shamseddeen et al., 2011). It

is plausible that underlying neurobiological processes that contribute to pathogenesis and
maintenance of internalizing disorders differ for individuals exposed to maltreatment.
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The HPA axis may be involved in the pathogenesis of internalizing psychiatric disorders via
the effects of cortisol on MRs (Derijk et al., 2008; ter Heegde et al., 2015; Von Werne Baes
et al., 2012). Indeed, the MR gene NR3C2 exerts pleiotropic effects on HPA axis stress-
reactivity and on risk for stress-related disorders (Gerritsen et al., 2017). The MR plays a
critical role in how the HPA axis enables an individual to appraise novel situations and select
responses to deal with the immediate circumstances (Joéls et al., 2008). Notably, studies

that have linked MR genotype and function to risk for psychiatric disorders have shown this
association to be more robust in individuals exposed to maltreatment in childhood (Derijk et
al., 2008; Gerritsen et al., 2017; Normann & Buttenschgn, 2020; ter Heegde et al., 2015; Von
Werne Baes et al., 2012). And the interaction between childhood maltreatment and NR3C2
predicts negative valence memory bias (Vrijsen et al., 2015), which may be involved in both
risk and maintenance of internalizing symptoms.

In this study, individuals with and without maltreatment reported similar levels of anxiety
when their cortisol was highest, but individuals with a history of maltreatment reported
increasing anxiety when their cortisol was lowest. In the context of a standardized laboratory
stress protocol, this difference between individuals with and without maltreatment emerges
when cortisol concentrations are lowest and is likely when the binding mechanism for
cortisol changes from GRs to MRs or vice versa (See Figure 3(a)). If anxiety-like behavior
occurs as a function of cortisol binding to MRs (Joéls et al., 2008), and ELS causes

lasting alterations to MR expression and function (Arabadzisz et al., 2010; Bonapersona
etal., 2019; Buwalda et al., 1999), one plausible explanation for the present findings is

that childhood maltreatment has changed the point during TSST recovery at which the
binding mechanism changes from GR to MR, thus leading to increasing reports of anxiety
despite declining cortisol concentrations. Our data cannot speak to the specific role of

MR or GR function or sensitivity. Environmental factors that affect the expression and
functioning of MRs may indirectly decrease the threshold at which cortisol potentiates
feelings of anxiety by altering the effect GCs have on the brain. Indeed, overexpression of
MRs in mice is associated with less anxiety-like behavior while over-expression of GRs

is associated with more (Rozeboom et al., 2007). Pharmacological-stimulation of MRs has
shown some promise as a treatment for depression (Otte et al., 2010). Yet, to our knowledge,
no study has explored whether MR stimulation improves treatment outcomes specifically
among individuals with a history of childhood maltreatment. One important implication

of alterations to glucocorticoid sensitivity in the brain may be impact on the time-course
through which cortisol exerts opposite and complementary effects on attention to valenced
information (Henckens et al., 2012). While these time-dependent effects are conserved

to allow individuals to adapt to changing environmental demands, sustained alterations

to this time-course may explain why the role of stress-induced cortisol on cognitive and
affective processes appears to differ for individuals varying in childhood adversity exposure
(Kuhlman et al., 2021).

It is important to note that the altered association between cortisol and anxiety was qualified
by several factors, including female sex, diagnosis with PTSD, and exposure to emotional
neglect. These observations reflect patterns that are consistent with previous research

and warrant further investigation. For example, gonadal hormones provide a context for
glucocorticoid signaling that render females more vulnerable to the effects of stress on
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the brain (Flugge, 1999; Karandrea et al., 2000; Kitraki et al., 2004), while cortisol has

also been identified as protective in the effects of stress on negative mood in healthy,

young women (Het & Wolf, 2007). The role of MRs in risk for depression appears to

be either greater in or specific to females (Endedijk et al., 2020; Vinkers et al., 2015).

Indeed, women with PTSD exhibit attenuated salivary cortisol responses but exaggerated
subjective perceived stress responses to the TSST relative to women without PTSD (Metz et
al., 2020). Our findings extend this observation by showing that this effect may be driven by
altered affective sensitivity to cortisol within women and those with PTSD, rather than group
differences in the magnitude of the HPA axis response to the TSST.

With respect to maltreatment type, relative to other forms of childhood maltreatment,
emotional neglect has previously been identified in the link between psychobiological
responses to stress and psychopathology. For example, exposure to emotional neglect is
associated with exaggerated threat-related amygdala reactivity, particularly among those
with the “more environmentally sensitive” Iso/Iso MR genotype (Bogdan et al., 2012).
Nonetheless, emotional neglect was also far more frequent than any other form of
maltreatment in this sample (52.6%), and a posthoc power analysis indicated that the present
study was under-powered to detect this moderation for the least frequent maltreatment
subtypes (e.g. 12.4% physical abuse and sexual abuse 15.5%). Replication of this finding

in a sample recruited specifically for less frequent maltreatment experiences is warranted.
Finally, low density or sensitivity of MRs has previously been linked to risk for PTSD

(ter Heegde et al., 2015). Taken together, these findings may help to reconcile the mixed
literature to date on the disproportionate risk for internalizing symptoms among those with a
history of maltreatment.

These results should be considered in the context of the study’s strengths and limitations.
One important strength of this study was the availability of intensive-repeated measures

of cortisol which enabled us to model within-person variability in cortisol across the
protocol in a clinical sample (Fisher et al., 2018). However, the parent study was

designed to understand the role of trauma timing (childhood vs adulthood) and comorbid
PTSD in HPA axis functioning among individuals with MDD (Mayer et al., 2020). This
may limit generalizability since exposure to childhood maltreatment and the presence of
psychopathology (i.e. MDD, PTSD, SAD) were over-represented relative to what would

be observed in the general population. Additionally, the relatively strict exclusion criteria
for patient groups with regard to medication may limit generalizability of our findings to
individuals with untreated symptoms. Given the aims of the parent study, a placebo TSST
or no stress control group were not included, so causal inferences cannot be made about the
role of the stressor itself in the within- and between-person variability observed across the
protocol. Attention in future research to whether and how stress alters individual differences
in affective sensitivity to cortisol is needed and may further elucidate the potential role of
GRs and MRs. Another limitation to the present study is that childhood maltreatment was
measured using retrospective self-report, which is prone to measurement error as a result of
age, memory and appraisal biases, and current distress (Epel et al., 2018; Monroe, 2008).
Another important limitation is that childhood maltreatment was the only measure of early
life adversity. There are many different types of early adversity that have shown differential
effects on brain development (Sheridan & McLaughlin, 2014) and physiological stress
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response systems (Kuhlman et al., 2017, 2015). Whether this pattern of results generalizes
to other forms of early adversity is unknown but warrants clarification, particularly if

this discourse translates to the development of targeted interventions for this high-risk
population.

One conclusion is clear — studies examining links between HPA axis activity and affective
experience as well as psychiatric symptoms need to account for and examine the moderating
role of childhood maltreatment in these relationships. Adversity in childhood not only
presages the development of psychiatric diseases, but is also a significant contributor to
years lived with disability, increased health care costs, and early mortality. Identification of
specific and potentially modifiable biobehavioral pathways of risk and disease pathogenesis
in this population are of great value to individuals and society.
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Table 1.

Participant demographics (7= 97).

M (SD) % (n)
Age 30.53 (12.33)
Female 60.8 (59)
Race/ethnicity *
Asian 6.2 (6)
African American 13.4 (13)
Caucasian 73.2 (71)
Latino/Hispanic 1(1)
Native American 1(1)
Multi-racial 6.2 (6)
BMI 25.02 (4.13)
Normal (18-<25) 58.8 (57)
Overweight (25 — <30) 30.9 (30)
Obese (>30) 10.3 (10)
Childhood maltreatment 42.3 (41)
Physical neglect 7.04 (2.87) 30.9 (30)
Emotional neglect 9.76 (4.59)  52.6 (51)
Physical abuse 6.42 (3.17) 12.4 (12)
Emotional abuse 9.11 (5.27) 34 (33)
Sexual abuse 5.88 (2.73) 15.5 (15)
Diagnostic status *
Healthy controls 42.2 (41)
Major depressive disorder 57.7 (56)
Post-traumatic stress disorder 30.9 (30)
Social anxiety disorder (SAD) 12.4 (12)
Depressive symptoms (BSI) 1.24 (1.26)
Anxiety Symptoms (BSI) 0.78 (0.93)

*
Groups not mutually exclusive.
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