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Abstract

Background: Decades of research point to cortisol insensitivity as a biomarker of depression.
Despite a vast literature on cortisol’s effects on memaory, the role of cortisol insensitivity in core
psychological features of depression, such as emotional memory biases, is unknown.

Methods: Sixty-five pre-menopausal women with varying levels of depression completed this
study involving an at-home low-dose dexamethasone suppression test (DST) and four
experimental sessions (i.e., two visits for memory encoding of emotional pictures, each of which
was followed 48 hours later by a recall test). Participants received 20 mg oral cortisol (CORT) or
placebo prior to encoding. We tested whether systemic cortisol insensitivity measured with the
DST predicted cognitive sensitivity to CORT, which was operationalized as change in negatively
biased memory formation for pictures encoded during CORT vs. placebo.

Results: Cortisol insensitivity was associated with more severe depression and flatter diurnal
cortisol. Cortisol insensitivity predicted negative memory bias for pictures encoded during placebo
and reduction in negative memory bias for pictures encoded during CORT (vs. placebo), even after
accounting for psychiatric symptomatology.

Conclusions: Our findings replicate research showing that cortisol insensitivity predicts
depression severity and flatter diurnal cortisol. The results further suggest that systemic cortisol
insensitivity is related to negative memory bias and its alleviation by acute cortisol administration.
These novel cognitive findings tie together knowledge regarding endocrine and psychological
dysfunction in depression, and suggest that boosting cortisol signal may be cognitively beneficial
in individuals with cortisol insensitivity.
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INTRODUCTION

Glucocorticoid (GC) insensitivity is a reproducible physiological alteration observed at
higher rates in depressed patients than healthy individuals (1,2). Alterations in neural
sensitivity to GCs are observed in depression (3,4), and animal models suggest that altered
GC effects on neuroplasticity are of utmost importance to depression (5). Despite vast
literatures on GCs’ effects on neuroplasticity and emotional memory (6-8), little is known
about the relevance of GC insensitivity for alterations in emotional memory in depression
(9,10).

GCs are released from the adrenal gland and bind to receptors expressed in the periphery
and brain: mineralocorticoid receptors (MR) and glucocorticoid receptors (GR) (11). GCs
(primarily cortisol in primates and corticosterone in rodents) regulate physiologic and
psychological processes, and have equally important functions during stress and in the
absence of stress (9,11,12). GC insensitivity, also referred to as GC resistance, refers to
decreases in sensitivity to GC signaling mechanisms across a variety of tissue types, and is
associated with a hypothalamic pituitary adrenal (HPA) negative feedback deficit, in which
cortisol or exogenous GCs are relatively ineffective in suppressing further HPA activation
(1,2,9,13).

GC insensitivity is conceptualized as an endocrine biomarker of depression and is reflected
at multiple levels of analysis, from systemic to genetic (1,9,14-16). Systemic GC sensitivity
can be indexed using /n vivo approaches including the dexamethasone suppression test
(DST) (17-19). The DST uses the synthetic GC dexamethasone, typically administered near
bedtime (e.g., 10pm or 11pm), to suppress endogenous cortisol release (20-22). To
determine amount of suppression, the endogenous cortisol level from the morning(s)
preceding dexamethasone administration is compared to the level from the morning
following administration (2,21,23). This comparison of pre- to post-dexamethasone cortisol
levels indexes HPA negative feedback viability (17,24). In the 1970s and 1980s the DST was
heavily investigated as a psychiatric diagnostic indicator (23,24). Subsequent research
demonstrated low diagnostic specificity and sensitivity, and the use of a categorical cut point
(suppression vs. non-suppression) limits the utility of the DST (2,23). Nonetheless, research
continued to indicate that a large percentage (30-70%) of patients with moderate-to-severe
depression show GC insensitivity on the DST or other measures (1,2,9,25). More recent
research with lower doses (0.25-0.50 mg) demonstrates that the DST can be analyzed
continuously (vs. categorically) (26,27) with individual differences in sensitivity related to
depression severity (21). It should be noted that bioavailability and rate of metabolism of
dexamethasone are factors in determining DST results (28-30), and lower plasma
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concentrations of dexamethasone have been observed in depressed subjects (30,31). Thus,
there may be a number of biologic alterations contributing to feedback insensitivity indexed
with the DST (22,26,31).

The relevance of GC insensitivity for emotional memory biases in depression has received
little empirical investigation (1,9,10,32,33). This represents a huge gap in our knowledge
because GCs have potent yet variable effects on memory (6,7,34-38). GCs at times enhance
memory formation and impair working memory and retrieval of already stored memories
(8,39). Recent findings also show that stress — in part due to GC elevation — can enhance
memory of experiences that occur at the same time or within the same context as the
stressor, but can suppress memory for unrelated information (37,40). Relatedly, GC effects
on memory are often most prominent when associated with emotional arousal (41-45).

Effects of acute GCs on memory are typically studied in nonclinical populations, but there is
a growing body of evidence implicating altered effects of GCs in stress-related disorders
(PTSD and depression), sometimes with normalization of function with acute GC
administration (3,4,8,39,46,47). In young adult patients acute administration of
fludrocortisone (an MR agonist) (48) or two-day treatment with dexamethasone (a GR
agonist) (49) normalizes altered memory function in depression, which may be due to direct
corticosteroid receptor stimulation or to reduction of circulating cortisol, as both
dexamethasone and fludrocortisone suppress cortisol (48,49). Studies that administer
cortisol (i.e., hydrocortisone) can help disentangle these alternative interpretations given the
elevated circulating cortisol, and suggest that acutely heightened cortisol may normalize
emotional memory (3,4,8,39,50).

In addition, research in rodents has shown that prior history of the organism is a potent
factor in determining effects of stress and GCs on learning and neuroplasticity (51,52). For
instance, adult rats with history of low levels of maternal care have a bias toward learning in
contexts with GC elevation, whereas adult rats with history of high levels of maternal care
have a bias toward learning when GCs are not elevated (53). Moreover, history of lower
levels of maternal care is associated with impaired longterm potentiation (LTP) in
hippocampal slices from adult rodents, which is normalized by corticosterone (53,54).
Conversely, corticosterone reduces LTP in hippocampal slices from rodents with higher
levels of maternal care (53,54). These rodent data suggest that early adverse caregiving is
associated with a shifted dose-response curve, in which synaptic neuroplasticity is deficient
at baseline and normalized by GCs (52-54).

In addition to effects on plasticity, early aversive caregiving in rodents alters life-long HPA
axis functioning (55,56). Heim and colleagues found that depressed patients with history of
adversity are more likely to show HPA dysregulation than depressed patients without
adversity (57,58). In addition, childhood abuse (particularly emotional abuse) predicts
incidence of depression and negative cognitive bias (59-62), but the role of GC insensitivity
in these relationships is not established.

It is unknown whether GC insensitivity is associated with effects of acute manipulation of
GCs on negatively biased memory formation in depression (8,9). In the current study, we
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administered exogenous cortisol and placebo during memory formation for emotional
pictures, and operationalized “cognitive GC sensitivity” as magnitude of change in
negatively biased memory formation for pictures encoded during cortisol administration
(CORT) vs. placebo. Our goal was to determine whether individuals with systemic GC
insensitivity measured with the DST benefitted from the acute pharmacological boost in
cortisol as evidenced by reduction in negatively biased memory formation. We hypothesize
that exogenous cortisol administration overrides an endogenous GC insensitivity in neural
tissues, and thus transiently normalizes neurocognitive function. A secondary goal was to
investigate whether prior experience of adverse caregiving was associated with systemic and
cognitive GC sensitivity. Finally, the current study only recruited women. As cortisol’s
effects on cognition differ by sex (63,64), and women are twice as likely as men to suffer
from depression (65,66), it is essential to adequately power studies to investigate etiological
mechanisms of depression in women.

METHODS AND MATERIALS

Participants

Participants were a community-based sample of unmedicated premenopausal women aged
18-45 years old, who took part in an NIMH-funded study of cortisol-related neurocognition
(3). The current report includes 65 participants who adhered to the at-home cortisol protocol,
completed a DST, and were not taking psychotropic medication. See Supplemental Methods
for eligibility criteria. Participants provided written informed consent and were paid for
participation. The University of Wisconsin Health Sciences IRB approved study procedures.

Consistent with the NIH Research Domain Criteria initiative, depression was investigated
along a continuum of severity (67). Depression severity was indexed by averaging Beck
Depression Inventory 11 (BDI-11) scores taken prior to drug administration during encoding
sessions (68). Psychiatric diagnoses were determined using the SCID-I/P for DSM-IV-TR
with additional questions for DSM-5 to identify women meeting criteria for depressive
disorders (/7=39) and never-depressed controls (/7=26) (69). Depression diagnoses were
further categorized as current major depressive disorder (MDD; 7=15) or other depression
(=24, i.e., depressive disorders other than MDD and/or past MDD). See Supplemental
Table S1 for a complete list of diagnoses.

Childhood emotional abuse

We assessed severity of childhood emotional abuse (EA) with the Emotional Abuse subscale
of the Childhood Trauma Questionnaire (CTQ) (70). Of the final sample, 13 women
experienced moderate-to-extreme (“severe”), 9 experienced low-to-moderate (“moderate”),
and 43 experienced none-to-minimal (“minimal””) EA. Consistent with the close association
between EA and adult depression (59-62), our sample does not fully disentangle variation in
EA and depression, although we intentionally recruited a sample in which they were not
entirely overlapping (Table 1); correlation between EA and depression severity is
164)=0.36, p<.01.
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At-home saliva collection and DST—Participants collected saliva at home on 4 days
(Monday through Thursday) during a typical week to assess cortisol concentrations (71).
Participants were instructed to abstain from the following activities for 60 minutes prior to
sample collection: oral hygiene; strenuous activities/exercise; nicotine use; eating or
drinking (anything other than water, which could not be consumed within 20 minutes of
sample collection). Participants used Salivettes (Sarstedt, Nimbrecht, Germany) to provide
one sample upon awakening, 40 minutes post-awakening (“morning peak’™), and in the
evening at 10pm. See Supplemental Methods for additional procedures.

Participants took a pill containing a low dose of dexamethasone (0.25 mg) immediately
following their 10pm sample on Day 3, and the cortisol response to dexamethasone was
assessed on Day 4. This dexamethasone dose is lower than the common dose range of 0.5-1
mg (72-74), although 0.25 mg has revealed heightened GC sensitivity in studies of PTSD
(75). We used a low dose with the goal of obtaining a broad range of responses to
dexamethasone.

Experimental manipulation of cortisol during memory formation—Cortisol was
pharmacologically manipulated during memory formation with oral administration of 20 mg
encapsulated cortisol (i.e., hydrocortisone; CORT) vs. an identically appearing placebo
capsule. Twenty mg oral cortisol causes significant cortisol elevations (i.e., commensurate
with vigorous exercise or moderate-to-extreme stress). Participation included two memory
encoding visits, which also included MRI (data published elsewhere (3,76)), and two recall
test sessions (see Figure 1 for study timeline). During encoding sessions, study drug (i.e.,
CORT or placebo) was administered 90 minutes before the encoding task. Drug order was
randomized and double-blinded. The University of Wisconsin Pharmaceutical Research
Center prepared and randomized study drugs. Both encoding sessions began at “4:15pm
(earliest start time was 4:03pm and latest was 4:43pm) and were typically separated by 1
week, with a minimum separation of 5 days. During memory encoding, 84 pictures from the
International Affective Picture System (IAPS) (77) were presented for 5 seconds each. Two
sets of pictures that were unique yet psychometrically-matched on normative ratings of
affective valence (i.e., pleasantness) and arousal were presented during CORT and placebo
(see Supplemental Table S2 for IAPS picture numbers). Free recall tests were conducted 48
hours after each encoding session. Participants had 10 minutes to provide written
descriptions of as many pictures as they could recall. If participants had not exhausted recall
by 10 minutes, they were given additional time. Scoring was conducted blind to drug
condition, depression, and EA. Two scorers coded the recall descriptions. Discrepancies
between scorers were rectified by a third individual (RMH).

Quantification of DST feedback sensitivity and diurnal cortisol slope—Saliva
samples were stored in participants’ refrigerators and at —80°C when returned to the lab until
they were shipped to Technische Universitat Dresden for analysis. Cortisol concentrations
were measured with a high sensitivity chemiluminescence immunoassay (IBL International,
Hamburg, Germany). Intra- and inter-assay CVs were below 8%. Salivary data were cleaned
by inspecting collection times for sampling accuracy. Samples collected 30-60 minutes after
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awakening were used as the morning peak sample. Samples collected outside of this
timeframe were excluded. DST feedback sensitivity was indexed as the difference between
pre-dexamethasone cortisol levels for the morning peak sample (averaged across Days 1-3)
and the post-dexamethasone morning peak sample from Day 4 (see Supplemental Table S3
for raw cortisol levels). Suppression was scored continuously, and higher numbers refer to
greater DST feedback sensitivity (i.e., greater suppression of cortisol on Day 4 compared to
the average of Days 1-3). Computation of diurnal cortisol slope was modeled after Jarcho et
al. (21) by indexing diurnal cortisol slope as the absolute value of the change in cortisol
levels from the morning peak sample to the 10pm sample divided by the time between the
two samples, averaged across Days 1-3. Higher numbers indicate a steeper diurnal cortisol
slope. As described by Tukey (78), and used in previous research examining cortisol (79,80),
we winsorized one value >2 SD above the mean to the 2 SD value.

Computation of memory bias and data analysis

Memory bias is expressed as a ratio (i.e., the difference between pleasant and unpleasant
pictures recalled divided by the total number of pleasant and unpleasant pictures recalled),
which adjusts for variation in overall recall performance. Memory bias was calculated
separately for CORT and placebo sessions, and higher numbers reflect more negatively
biased memory formation (see Table 2 and Figures 3A & 3B for values). Change in memory
bias values (i.e., cognitive GC sensitivity) reflects the difference for CORT minus placebo,
i.e., bias for pictures encoded during CORT minus bias for pictures encoded during placebo;
lower numbers reflect a greater reduction in negative memory bias for pictures encoded
during CORT compared to placebo (see Figure 3C).

Analyses were conducted in SAS Enterprise Guide 7.1. ANCOVA and zero-order
correlations were used to test relations among continuous measures of depression and/or EA
severity and measures of GC sensitivity, including DST feedback sensitivity and cognitive
sensitivity to CORT (i.e., memory bias for pictures encoded during CORT vs. placebo). We
used ANOVA to evaluate how GC sensitivity varied by depression group. To test the relation
between DST feedback sensitivity and cognitive sensitivity to CORT, we used repeated
measures ANCOVA with negative memory bias as the dependent variable and the following
predictors: Drug (CORT vs. placebo), DST feedback sensitivity, depression severity, and EA
severity. We also estimated menstrual phase for each segment of the study using dates of
first day of last period for 2-to-3 cycles, and tested whether it moderated effects (see
Supplement for null results for menstrual phase).

RESULTS

DST feedback sensitivity and diurnal cortisol slope

DST feedback sensitivity was inversely correlated with depression severity, 1(64)=-0.27, p=.
03 (Figure 2A), such that lower DST feedback sensitivity (i.e., less suppression of morning
peak cortisol reflecting GC insensitivity) was associated with greater depression severity.
The association between depression severity and DST feedback sensitivity remained when
EA was added to the model, A1,59)=6.62, p=.01. There was also a marginal association
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between EA and DST feedback sensitivity, A/2,59)=2.84, p=.07, but no interaction between
EA and depression severity, A2,59)=0.63, n.s. (see Supplemental Figure S1).

Consistent with findings using a continuous measure of depression, depressive disorder
diagnosis (“Group”) was also related to feedback sensitivity, A2,62)=3.10, p=.05. Women
with MDD, compared to never-depressed controls, showed impairment in DST feedback
sensitivity, A1,40)=3.96, p=.05 (Table 2 & Figure 2B). DST feedback sensitivity was not
impaired for women with depressive disorders other than current MDD, A1,47)=0.18, n.s.
(Table 2 & Figure 2B). Depression groups did not differ on absolute cortisol levels assessed
on days before or after dexamethasone administration, p’s>.29 (Table 2).

Diurnal cortisol slope and DST feedback sensitivity were positively correlated, /(64)=0.32,
p=.01 (see Supplemental Figure S2), such that steeper decline of cortisol throughout the day
was related to greater feedback sensitivity (i.e., more DST suppression). When including EA
and depression severity in the model, diurnal cortisol slope remained a significant predictor
of DST feedback sensitivity, A1,53)=7.87, p=.007 and did not interact with either EA or
depression severity, p’s>.12. Diurnal cortisol slope was unrelated to EA or depression
severity, p's>.54.

Cognitive sensitivity to CORT

There was a main effect of depression severity for memory bias, A1,63)=7.84, p=.007, such
that greater depression severity was associated with greater negative memory bias. There
was also a Drug (CORT vs. placebo) X Depression Severity interaction for memory bias,
H1,63)=5.93, p=.02, reflecting normalization of depression-related memory bias for pictures
encoded during CORT compared to placebo. See Table 2 for means by depression group.

When DST feedback sensitivity was included in the model predicting negative memory bias,
there was a main effect of Drug (CORT vs. placebo), A1,57)=4.37, p=.04, which was
qualified by a Drug X DST interaction, A1,57)=5.2, p=.03, such that individuals with lower
DST feedback sensitivity showed greater reduction in negative memory bias with CORT
administration, even with EA and depression severity in the model.1 Within this model, none
of the interactions with EA or depression severity reached significance, p’s>.09. The Drug X
DST interaction is illustrated by the zero-order correlations: For pictures encoded during
placebo, feedback sensitivity was inversely correlated with memory bias, /(64)=-0.25, o=.
05, as lower feedback sensitivity was associated with more negatively biased memory
(Figure 3A). For pictures encoded during CORT, feedback sensitivity and memory bias were
unrelated, /(64)=0.12, n.s. (Figure 3B). Most importantly, feedback sensitivity predicted
change in memory bias for pictures encoded during CORT compared to placebo, /(64)=0.32,
£~.009, such that women showing lower feedback sensitivity exhibited greater reduction in
negative memory bias for pictures encoded during CORT compared to placebo (Figure 3C).

1We confirmed that the Drug X DST feedback sensitivity interaction was a significant predictor of negative memory bias when
depression severity and EA severity were not included in the model, A1,63)=7.24, p=.01. Removal of three women who used nicotine
during the study does not change findings, e.g., for this Drug X DST interaction, A1,54)=4.82, p=.03. When accounting for racial and
ethnic background in the analyses, results are unchanged except for this major finding, which holds for non- Hispanic white
participants, A1,40)=4.56, p=.04. However, when tested separately in the subset of 17 participants from racial and ethnic minorities,
variation in DST feedback sensitivity does not predict the effects of CORT on negative memory bias, A1,9)=0.32, n.s., which may be
due to low statistical power rather than a true difference related to racial and ethnic background.
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Diurnal cortisol slope did not predict memory bias for pictures encoded in either drug
condition, p’'s>.44.

DISCUSSION

We investigated associations among systemic and cognitive GC sensitivity in premenopausal
women. We replicated findings showing that lower DST feedback sensitivity (reflecting GC
insensitivity) was associated with: 1) greater depression severity (1,2,13,21); and 2) flatter
decline in diurnal cortisol, suggesting that variation in GC sensitivity is associated with
systemic HPA regulation as indexed by diurnal cortisol slope (21). We extended these
findings by examining relations between systemic GC sensitivity and negatively biased
memory formation. Lower DST feedback sensitivity (GC insensitivity) was associated with
more negatively biased memory for pictures encoded during placebo (when cortisol levels
were not manipulated). This finding extends prior research suggesting that peripheral GC
sensitivity is related to emotional memory in healthy adults (9,81). Furthermore, lower DST
feedback sensitivity was associated with greater reductions in negative memory bias for
pictures encoded during CORT (compared to placebo), even after statistically adjusting for
severity of psychiatric symptomatology. That is, women with systemic GC insensitivity
showed the greatest cognitive sensitivity to CORT, and appeared to benefit from acute
cortisol administration as evidenced by a cortisol-related reduction in negatively biased
memory formation. These findings suggest that GC insensitivity may be involved in
depression-related emotional cognition. Acutely boosting the cortisol signal may ameliorate
this cognitive alteration in those with systemic GC insensitivity.

As a secondary goal, we tested whether prior experience of adverse childhood caregiving
was associated with feedback sensitivity (57). In our study, severity of EA was marginally
related to DST feedback sensitivity and did not explain the relation between depression and
DST feedback sensitivity. However, prior research has shown that HPA alterations occur
more frequently in depressed individuals with (vs. without) history of early adversity.
Although our current findings are marginally significant, they align with prior findings
suggesting that measures of early adversity explain unique variance above depression. In our
study, women with severe EA showed marginally impaired DST feedback sensitivity, but
women with moderate EA showed relatively greater feedback sensitivity, which has been
previously found in PTSD (27) and in non-human primates following moderate early
adversity (82,83). These results warrant future investigation, as early adverse caregiving
causes life-long changes in GC cellular signaling in non-human animals (53,84,85).

Clinical implications

The use of the DST in clinical psychiatry has fallen out of favor (20). Dexamethasone is
primarily a GR agonist with little to no action at mineralocorticoid receptors (MRs), and the
blood-brain barrier is relatively impermeable to a one-time dose of dexamethasone (though
permeability increases with repeated doses) (2,13,86). Few individuals fail to suppress
cortisol with typical doses (e.g., 1 mg) (2,21,87). However, DSTs using lower doses (e.g.,
0.25 and 0.5 mg) suppress cortisol yet leave more room for variability in the cortisol
response (21,88,89). Research into standardization of the low dose DST is warranted, which
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would allow use across research and clinical settings. Rather than as a proxy for clinical
diagnosis, the value of the DST is likely in its ability to identify individuals in whom altered
cortisol signaling plays a role in their depressive illness. The current study and prior research
suggest that GC sensitivity and early adversity should be investigated as relevant indices for
personalization of depression treatment (57,86,90-92).

Relatedly, the evidence reported herein supports research suggesting that therapeutics
targeting cortisol signaling hold promise as antidepressant treatments (48,90,91,93,94).
Unfortunately, it ineffective to boost the cortisol signal chronically by administering the
steroid cortisol itself, for a variety of reasons including deleterious effects of chronically
high levels of circulating cortisol (11). However, brief treatment with cortisol and
corticosteroid agonists have shown beneficial effects in depression and PTSD (39,48,50,93).
Especially promising may be therapeutics that target mechanisms underlying altered cellular
response to cortisol, such as expression of the FKBP5 gene, which codes a protein that
regulates GR function (91,94). Future research on therapeutics targeting cortisol signaling
should identify individuals with GC insensitivity, who may respond differently to these
therapeutics than patients without GC insensitivity (90).

Limitations and future directions

Previous research has shown that dexamethasone bioavailability is a key factor determining
DST results. There is interindividual variability in rates of dexamethasone metabolism
(28-30), which may present differently according to one’s history of depression (95). For
example, lower plasma dexamethasone concentrations have been found in depressed patients
and is shown to explain significant variance in DST results (31). Plasma dexamethasone
concentrations should be measured and incorporated into analyses to improve the
assessment of HPA dysfunction (26,31).

This data set includes relatively few women with EA. With greater power the study could
have potentially replicated prior research suggesting that history of early adversity accounts
for HPA alterations in depression. There is also potential bias inherent in retrospective
reports of adverse childhood experiences and thus conclusions regarding EA can only be
drawn tentatively (96). Our study was conducted only in younger pre-menopausal women
and findings may differ for men or an older sample of women (64,97,98). In addition, results
may differ in psychotic depression or depression associated with gross memory deficits (99),
or with cortisol administration at a different time of day (36). Furthermore, cortisol
dynamics might differ between non-Hispanic whites and other ethnic groups (100,101).
Future research is required to assess whether racial and ethnic background moderates
cognitive and systemic GC sensitivity.

Results may have differed if cortisol had been manipulated with an acute stressor rather than
hydrocortisone administration. Acute effects of hydrocortisone administration in our study
could be due to either MR and/or GR activation given that the experiment occurred in the
evening when neither receptor type tends to be fully occupied. A benefit of using
hydrocortisone is its identity with the endogenous hormone cortisol and consequent potential
to reveal alterations in signaling of the endogenous hormone. Our goal was not to determine
whether MR or GR are key, but to make inferences about depression-related cortisol
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signaling alterations. Future research is needed to determine whether alterations in cortisol
signaling in depression are due to alterations of MR, GR, or activity at both receptor types.

The current report uses behavioral measures of memory function as an index of
neurocognitive function. Our prior research in depressed samples has shown wide variation
in the effects of cortisol on neural function (3,4). Future research should determine whether
this variation is explained by differences in systemic GC sensitivity. However, to investigate
this association, large samples will be required to adequately power neuroimaging
investigations of depressed samples stratified by variation in GC sensitivity. Concurrent
measurement of cortisol’s effects on cognition, neural function, and HPA feedback are
highly needed.

Altogether, these findings suggest that GC insensitivity is not merely an endocrine
biomarker of depression, but also related to a core psychological feature of depression (i.e.,
negative memory bias). Pharmacologically-induced cortisol elevation alleviated negative
bias particularly in individuals exhibiting systemic GC insensitivity, suggesting that boosting
the cortisol signal may override neurocognitive alterations related to GC insensitivity. The
results suggest that GC insensitivity plays a role in negative memory bias in depression and
suggest that treatments aimed at cortisol signaling may be beneficial. These findings add
relevance to prior research suggesting that measures of GC sensitivity are important indices
in the personalization of psychiatric treatment, and suggest that research on novel
therapeutics for depression should index GC sensitivity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Experimental Procedures in Late Afternoon

Screening Encoding Recall Encoding At-Home
Procedures Unpleasant Test #1 Unpleasant Test #2 .25 mg DST
- | |vs. Pleasant | (48 hours later) hs Pleasant |[48 hours later) (Mon-Thurs)

e
i Placebo
Hyd Counterbalanced

Figure 1. Study Timeline.
Participant eligibility was determined by conducting screening interviews over the phone

and in person. Study participation consisted of two memory encoding sessions and two
recall test sessions in the lab, in addition to a dexamethasone suppression test (DST) at
home. During encoding sessions, which typically occurred 1 week apart, participants
completed an emotional memory encoding task approximately 90 minutes after taking a pill
containing either 20 mg cortisol (CORT) or placebo. Drug order was randomized across the
two sessions and double-blinded. Memory recall for the pictures was tested 48 hours later.
All experimental sessions were conducted late in the day when endogenous cortisol levels
are relatively low. Participants also completed a DST, which included saliva sampling at
home for 4 days (Monday through Thursday). Immediately after collecting the 10pm sample
on Day 3, participants took a pill containing a low dose of dexamethasone (0.25 mg).
Cortisol response to dexamethasone was measured on Day 4. The majority of DSTs were
completed within 10 days of memory testing.
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Figure 2. Associations between Dexamethasone Suppression Test (DST) Feedback Sensitivity and
Depression.
DST feedback sensitivity values reflect the difference between pre- and post-dexamethasone

morning cortisol levels in pug/dL, with higher values representing greater DST feedback
sensitivity (i.e., greater post-dexamethasone cortisol suppression). A) DST feedback
sensitivity was inversely correlated with depression severity indexed with the Beck
Depression Inventory 1l (BDI-II), (64)=-0.27, p=.03, reflecting lower (impaired) DST
feedback sensitivity associated with greater depression. B) Depressive disorder diagnosis
(“Group”) was related to feedback sensitivity, A2,62)=3.10, p=.05, reflecting lower
(impaired) DST feedback sensitivity in women with current Major Depressive Disorder
(MDD) compared to never-depressed controls, A1,40)=3.96, p=.05. Feedback sensitivity
was not significantly impaired for women with mild depressive disorders other than current
MDD, A1,47)=0.18, n.s.
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Figure 3. Dexamethasone Suppression Test (DST) Feedback Sensitivity and Memory Bias.
Scatter plots show how variation in DST feedback sensitivity predicts memory bias. For

DST feedback sensitivity, higher values reflect greater feedback sensitivity (i.e., greater
post-dexamethasone cortisol suppression). For memory bias in panels A & B, higher values
reflect more negatively biased memory formation. A) Lower DST feedback sensitivity was
associated with more negatively biased memory for pictures encoded during placebo, 164)=
-0.25, p=.05. B) Feedback sensitivity and memory bias were unrelated for pictures encoded
during CORT, /(64)=0.12, n.s. C) Panel C illustrates change in memory bias (CORT minus
placebo), with lower numbers representing a greater reduction in negative bias for pictures
encoded during CORT compared to placebo (reflected on Y-axis). Lower feedback
sensitivity was associated with greater reduction in negative memory bias for pictures
encoded during CORT compared to placebo, /(64)=0.32, p=.009. Depression groups are
differentiated with symbols in the plots (see legends), which show the wide variability in
DST feedback sensitivity within and across groups. The symbols are provided merely for
illustration purposes, as DST feedback sensitivity interacted with effects of CORT on
memory bias even after controlling for depression severity (see text for detail).
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Demographic Characteristics

Table 1.

Characteristics

Depression Groups

Never Other Current MDD
Depressed | Depression | (n=15)
(n=26) (n=24)

Age, Years

27.2£7.9 29.4 7.7 26.1+5.7

Education level

45+14 4713 45+12

Overall CTQ Score

30.6 £7.8 39.9 £16.5 475+15.3

CTQ Emotional Abuse Score

6.9+2.6 8.745.0 12.1+4.8

Number of participants with moderate-to-severe Emotional Abuse? | 5 (19) 8(33) 9 (60)
Race?
White 18 (69) 23 (96) 9 (60)
Asian 5 (19) 0 5 (33)
African American 3(12) 0 0
Unknown 0 1(4) 1(7)
Ethnicity
Hispanic/Latina 0 3(13) 1(7)
Not Hispanic/Latina 26 (100) 20 (83) 14 (93)
Unknown 0 1(4) 0

Values are mean +SD or 77 (%).

CTQ, Childhood Trauma Questionnaire; MDD, major depressive disorder.

Page 20

Education categories: 1 = Less than high school; 2 = High school diploma or equivalent (i.e., GED); 3 = Some college, no degree; 4 = Associate’s
degree; 5 = Bachelor’s degree; 6 = Master’s degree; 7 = Doctoral degree.

aGroups differed on childhood emotional abuse (Chi-Square=15.0, p<.01) and race (Chi-Square=13.5, p<.01, apparent in the lack of racial diversity

in the “Other Depression” group). Groups did not differ on demographic characteristics of age, education level, or ethnicity, p’s>.17.
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Table 2.

Cortisol Levels, Dexamethasone Suppression Test, and Memory for Pictures Encoded during Placebo and
Cortisol Administration

Depression Groups

Never Other Current Degression_Group
Depressed | Depression MDD omparisons
(n=26) (n=24) (n=15)

Cortisol levels, ug/dL

Morning peak cortisol 0.60 +0.24 | 0.58 £0.27 0.57 £0.26 | A2,62)=0.09, n.s.

Post-dexamethasone morning cortisol | 0.30 £0.25 | 0.29 +0.24 0.42 £0.33 | A2,62)=1.23, n.s.

DST feedback sensitivity? 0304019 [ 0.28+0.17 | 0.15+024 | A2,62)=3.10, p=.05

Memory biasb

Placebo 0.03+0.19 | 0.11+0.18 | 0.26+0.21 | A2,62)=6.91, p=.002

CORT 0.07+0.19 | 0.10+0.17 | 0.11£0.22 | A2,62)=0.23, n.s.

Total memoryc

Placebo 24.0 £9.6 22.7+6.9 20.0 +5.6 FR2,62)=1.22, n.s.

CORT 25.0+9.0 243 £7.6 215451 FA2,62)=1.05, n.s.

Values are mean +SD.

CORT, cortisol administration; DST, dexamethasone suppression test; MDD, major depressive disorder. International System of Units (SI)
conversion factors: To convert cortisol to nmol/L, multiply values by 27.588.

aDST feedback sensitivity is the difference between morning peak cortisol and post-dexamethasone morning cortisol, with higher numbers
reflecting greater DST feedback sensitivity (i.e., greater dexamethasone suppression of cortisol). Groups differed on DST feedback sensitivity,
A2,62)=3.10, p=.05, reflected in the lower feedback sensitivity in the MDD group. However, groups did not differ significantly on absolute
morning peak cortisol or post-dexamethasone morning cortisol, p’s>.29.

bMemory bias is expressed as a ratio, in which higher numbers reflect more negatively biased memory (see method section for detail). When DST
feedback sensitivity is not included in the model, there is a main effect of Group for memory bias, A2,62)=3.58, p=.03, such that depressed
subjects show greater negative memory bias, particularly in the MDD group for pictures encoded during placebo.

There is also a Group X Drug interaction for memory bias, A2,62)=3.61, p=.03, reflected in the normalization of memory bias in MDD
participants for pictures encoded during CORT. See text and Figure 3 for findings when DST Feedback Sensitivity is included in the model. Also
see text for analyses with depression treated as a continuous rather than categorical variable.

DTotaI memory refers to values for unpleasant plus pleasant pictures recalled. Effects of CORT (vs. placebo) trended toward facilitation of total free
recall, A1,62)=3.20, p=.078, across all levels of depression severity.
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