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Abstract
Objectives: Emotion dysregulation is a core component of bipolar disorder (BD). However, there
is a critical gap concerning the measurement of emotion-relevant neuroendocrine processes in
this population.
Methods: The present investigation examined neuroendocrine profiles (i.e., cortisol and
testosterone) alongside emotional experiences across three consecutive days in naturalistic
settings among adults with bipolar I disorder (n = 28) compared to a clinical comparison group
of adults with a history of major depressive disorder (MDD; n = 28) and healthy non-psychiatric
controls (n =27).
Results: The BD group exhibited decreased cortisol concentrations throughout the day, lower
overall hormone output, and smaller awakening responses when compared to MDD, and flatter
slopes compared to both MDD and control groups. The BD group did not differ from either
group in any diurnal testosterone measures. Groups did not differ in mean positive and negative
daily emotion ratings, but the BD group reported greater positive and negative variability, and
the and MDD group greater NA variability, than the control group.
Conclusions: Despite similar emotion experiences during daily living, participants with BD
exhibited decreased cortisol slopes relative to those with depression and controls. Cortisol levels
across all measures in MDD were comparable to controls. Findings suggest the link between
cortisol and mood is complex, and decreased cortisol profiles may be a marker of bipolar mood

disorders.
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An Experience-Sampling Approach to Examining Cortisol and Testosterone Profiles in
Bipolar and Depressive Mood Disorders
Bipolar disorder (BD) is a chronic and severe psychiatric illness, ranked as one of the
leading causes of disability worldwide (Ferrari et al., 2016). Despite robust support that emotion
difficulties are a core component of BD (e.g., Gruber, 201 1b; Johnson, 2005), less is known
about the underlying psychophysiological processes of emotion difficulties in BD. Identifying
specific markers of emotion-relevant disturbance may help inform explanations for both disorder
specific and transdiagnostic processes. The present investigation adopted an affective
neuroendocrine approach (e.g., Welker, Gruber, & Mehta, 2015) by examining two theoretically
relevant hormone profiles (i.e., cortisol and testosterone) across a three-day naturalistic sampling
period among individuals with BD compared to those with major depressive disorder and healthy
non-psychiatric controls.
Emotion Disturbance in Bipolar Disorder: Considering a Neuroendocrine Approach
Recent psychosocial models suggest that individuals with BD experience persistent

elevations in positive emotional states across different contexts (Gruber, 2011a), consistent with
psychosocial models implicating heightened reward seeking and goal striving in the etiology of
BD (e.g., Alloy et al., 2012, Johnson, 2005; Gruber, Johnson, Oveis, & Keltner, 2008). Specific
positive emotions ratings have also been found to predict manic and depressive symptom
severity in BD (Gruber et al., 2009). Abnormalities in negative emotionality in BD are mixed.
On the one hand, people diagnosed with or at risk for BD do not differ from healthy controls in
self-reported emotional responses to negative feedback (e.g., Ruggero & Johnson, 2006) or
interpersonal criticism (Cuellar, Johnson, & Ruggero, 2009). Other studies suggest that BD is

associated with increased negative emotionality in everyday life (e.g., Gruber, Kogan, Mennin,
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& Murray, 2013; Myin-Germeys et al., 2003), a finding similar to people with depression
(Byslma, Taylor-Clift & Rottenberg, 2011; Myin-Germeys et al., 2003).

One window into better understanding emotion disturbance in BD is through the
examination of neuroendocrine function. Neuroendocrine function plays a critical role in
regulating affect and behavior (e.g., Josephs, Sellers, Newman, & Mehta, 2006; Schultheiss,
Wirth, Torges, Pang, Villacorta, & Welsh, 2005). Two neuroendocrine axes related to affective
processes are the hypothalamic-pituitary-adrenal axis, which produces the hormone cortisol and
the hypothalamic-pituitary-gonadal axis, which produces the steroid sex hormone testosterone
(Welker, Gruber, & Mehta, 2015). Given the involvement of testosterone and cortisol in
affective systems (e.g., Kalin et al., 1998), activity in these neuroendocrine systems may help
characterize BD (e.g., Daban et al., 2005).

Research investigating cortisol function in BD has been inconsistent. For instance, some
studies do not report differences between remitted BD and healthy controls (e.g., Deshauer et al.,
2006; Spijker et al., 2014) whereas other studies report decreased basal cortisol in manic BD
versus remitted BD samples (Cassidy, Ritchie, & Carroll, 1998) and others report increased
cortisol levels in response to negative life events in BD (e.g., Staufenbiel et al., 2014).
Furthermore, men with BD have been found to exhibit blunted cortisol responses in the context
of mental challenge tasks compared to healthy controls that, in turn, are associated with
increased frequency of psychotic symptoms within the BD group (Steen et al., 2011). One recent
meta-analysis among a heterogeneous BD group (i.e. intra- and inter-episode) found increased
morning levels of cortisol in BD compared to healthy controls (Girshkin et al., 2014); this meta-
analysis did not differentiate between mood state, leaving it unclear whether cortisol function in

BD varied depending on current mood symptom levels or whether the observed effects
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generalized across distinct facets of cortisol function (e.g., morning rises in cortisol, average trait
levels of cortisol, acute fluctuations, declines throughout the day, and overall cortisol
production). No differences in diurnal cortisol slopes were found in the offspring of parents with
BD, with increased cortisol levels only found in the afternoon (Ellenbogen, Santo, Linnen,
Walker, & Hodgins, 2010). These inconsistent results suggest additional research is warranted in
BD and differentiates distinct facets of cortisol functioning across the day.

With respect to testosterone, both stable profiles and dynamic changes in testosterone are
thought to be associated with positive affectivity and increased appetitive behavior (e.g., Mazur
& Booth, 1998; Schipper, 2012; Stanton et al., 2011). Animal research suggests that testosterone
causally modulates dopaminergic activity in the nucleus accumbens and ventral tegmental area
(see Welker et al., 2015 for a review)—two putative regions linked to processing reward.
Additionally, exogenous testosterone administration in humans can increase sensitivity to
rewards (van Honk et al., 2004) and ventral striatal activity in response to monetary reward cues
(Hermans et al., 2010; Op de Macks et al., 2011). Though in its infancy, emerging work in BD
reveals that elevated testosterone levels are also associated with significant increases in mania
symptoms and severity in BD (e.g., Sher et al., 2012). Oral administration of testosterone has
been causally linked to the onset of manic symptoms (Pope, Kouri, & Hudson, 2000). Taken
together, this work suggests that both cortisol and testosterone profiles may provide important
clues into understanding emotion disturbance in BD.

The Present Investigation

In the present investigation, we focus on cortisol and testosterone among inter-episode

(i.e., not currently in a manic, depressed, or mixed mood in the past month) adults with BD

compared to both interepisode adults with major depressive disorder (MDD) and non-psychiatric
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controls. Although we primarily focus on BD, we include two comparison groups from which to
compare our findings including a clinical comparison group of remitted individuals with a
history of major depressive disorder (MDD) and a group of healthy controls with normative
affective profiles. This work is an important contribution by examining neuroendocrine function
in interepisode BD (and MDD) samples to examine neuroendocrine profiles not driven by
current mood symptom severity. Drawing from the literature on hormonal mechanisms of reward
dysregulation and heightened reward sensitivity and positive affectivity in BD (e.g., Gruber,
2011b; Johnson, 2005; Mehta & Prasad, 2015; Welker et al., 2015), we predicted that the BD
group would be characterized by blunted cortisol and elevated testosterone profiles as compared
to both MDD and healthy control groups and that this pattern would remain robust across
multiple hormonal parameters sampled across several days naturalistically. We examined distinct
hormone parameters to capture comprehensive features of the hormonal response in a naturalistic
environment for bipolar mood disordered individuals.
Methods

Participants

Participants between the ages of 18-45 were recruited as part of a broader study on
emotion and mood (Yale University IRB HIC #1309012679; University of Colorado Boulder
IRB #14-0390) using posted flyers, online advertisements, and referrals from outpatient mental
health centers and hospitals. Interested participants completed a brief phone screen, and those
deemed potentially eligible were invited to the laboratory to determine final study eligibility. 89
were eligible for the broader protocol, and 88 completed the study procedures. Of these, 5
participants (1 BD, 2 MDD, and 2 Controls) were excluded for insufficient hormone and daily

experience-sampling methodological (ESM) data, leaving the final participant size of §3.
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Of the final 83 study participants, 28 were diagnosed with BD type I in interepisode
status (i.e., not currently manic, depressed, or mixed mood in the past month, //=24.55 months,
SD=25.44), 28 participants with MDD currently interepisode (i.e., not currently depressed
M=34.15 months, SD=34.06), and 27 healthy non-psychiatric controls (i.e., CTL) who did not
meet current or past criteria for any DSM-IV-TR Axis I disorder. See Table 1 for participant
characteristics and supplementary materials for details on clinical measures, cognitive
functioning, and exclusion criteria.

Saliva Collection

To assess diurnal hormone fluctuations, participants provided six saliva samples each day
(i.e., at wake, wake + 30 minutes, 11am, 3pm, 8pm, and at bedtime) for three consecutive
weekdays (i.e., between Monday-Friday) for a total of 18 saliva samples.! Prior to sample
collection, participants were instructed to abstain from eating, drinking, smoking, chewing
tobacco, brushing teeth, and chewing gum for at least 1 hour and were asked to not consume
alcohol or take naps during this period (Schultheiss & Stanton, 2009). Participants passively
drooled approximately 2 mL of saliva into polypropylene tubes. Participants were thoroughly
trained to store saliva samples in home freezers or in lunch boxes with ice packs during transit
and when a freezer was not immediately available (consistent with recommendations for
naturalistic collection; Granger et al., 2004; Schultheiss & Stanton, 2009). Several additional
actions were taken to ensure compliance in at-home saliva collection procedures following
previously published guidelines (Prasad et al., 2021). Specifically, participants were provided

with detailed written instructions and verbally reviewed them with the experimenter and

1 Participants also provided a baseline saliva sample during the initial laboratory visit though the time of the collection for this
sample varied considerably (i.e., 10:46-15:26 h) and so it was not included in the main analyses given the diurnal saliva samples
are a more reliable index of hormonal profiles (Al-Dujaili & Sharp, 2012).
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confirmed they understood, used a Dymo time stamper (Dymo Corporation, Stamford,
Connecticut) to ensure compliance for saliva sample times, and received reminder text messages
5-10 minutes prior to 11am, 3pm, and 8pm saliva sample times as a reminder. Saliva samples
were frozen at -80° C at Yale University? until they were shipped overnight on dry ice for
subsequent assays where they were frozen at -35°C until assayed using commercially available
enzyme-linked immunoassay kits from IBL International (cortisol) and Salimetrics
(testosterone). All assays were performed in duplicate over an average of 45 days (SD=30)
following storage at the University of Oregon. The average intra-assay coefficients of variation
(CVs) were acceptable for testosterone (M=7.30%) and cortisol (M=6.16%), as were the inter-
assay CVs (36.96% and 21.87%, respectively).?
Daily ESM Event Ratings

Participants provided five daily ESM event ratings each day for three consecutive days,
totaling in 15 ratings (i.e., wake up + 30 minutes, 11:00am, 3:00pm, 8:00pm, and 10:00pm each
day). Each event rating sampled four broad domains, including self-reported positive affect (PA),
negative affect (NA), arousal, social context, and activity type (described below). Using these
measures, we followed previously validated approaches for computing measures of intra-
individual variability calculated offline by taking the standard deviation of all daily ESM
emotion self-reports. This approach has been used previously in examining emotional variability
and has been found to suggest that excessive variability in positive emotion is linked to poorer

psychological health (Gruber et al., 2013).

2 Samples were temporarily stored in a -40°C freezer at Yale University until being relocated (which took place approximately
once a week) to a -80°C freezer at a different lab site. After being shipped to the University of Oregon for long-term storage they
were stored at -80°C until being assayed.

3 These CVs are consistent with other assays performed in our lab using the same manufacturers (see Welker et al., 2016), as well
as those reported in the extant literature (e.g., Granger et al., 2004).
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Specifically, participants completed two self-report items for current level of PA or NA
(i.e., “how are you feeling right now?”’) on a 5-point Likert scale from 1 (not positive/negative)
to 5 (very positive/negative). Participants reported their level of arousal in response to a 5-point
Likert scale item “How active or physically aroused are you feeling right now?” from 1 (not at
all) to 5 (extremely). Participants indicated details of other people in their vicinity through a
multiple-choice question asking them “Who are you with?”” with seven non mutually exclusive

99 ¢ 99 ¢¢

response options: “alone,” “family,” “friends,” “peers,” “co-workers,

9 <6

strangers,” or “other.”
Finally, participants also reported their current activities in response to an open-ended question
asking, “What are you doing?”. Example responses included “working on school project,”

2 ¢

“sleeping, showering,” “reading,” “Watching TV,” and “stocking products/talking to customers.”
These activities were classified into ten different context categories by a research assistant
(recreation, working, errands, eating, socializing, resting, exercising, shopping, bathing, and
other; Gruber et al., 2013). To confirm reliability of the context activities, a separate researcher
independently coded and categorized them, demonstrating good reliability (average x=0.75).
Descriptive information is presented in supplementary materials.
Daily ESM Beginning and End of Day Ratings

Participants provided two daily ESM reports at the beginning and end of each day. The
first asked participants how many hours of sleep they had the previous night and what time they
awoke. The second, at bedtime, asked if participants exercised or consumed caffeine or alcohol
(yes or no) at any point in the day. If participants exercised, they listed the time, activity,

duration, and described the activity on a 7-point Likert scale from 1 (not strenuous) to 7

(extremely strenuous). If participants consumed caffeine or alcohol, they indicated the time of
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consumption and amount (e.g., "2 small cups of coffee"; "1 glass of wine"). Descriptive statistics
of this ESM data are presented in the Supplementary Materials*.
Procedure

The current study procedure had three stages. First, participants arrived at the laboratory,
provided informed consent, and completed diagnostic and cognitive assessments (see
supplementary materials). They next completed an unrelated set of laboratory tasks> and
participated in a ~20-minute comprehensive training and acclimatization session with a senior
research assistant (Day 0) including review of the Dymo (Dymo Corporation, Stamford, CT)
time stamper to synchronize saliva sampling with time of day, daily ESM items, and a full
practice trial including proper saliva sample provision technique (i.e., passive drooling).
Participants were encouraged to contact the experimenter with questions during practice trials
outside the lab on Day 0. Participants were provided with a daily ESM packet of 15 daily
reports,® 18 vials for salivary data collection, ice packs and a lunch box, and an iPod Touch.’
Second, participants completed three consecutive weekdays of the experience sampling method
(ESM) study protocol (Days 1-3). Third, participants came back to the lab to return equipment,
be reassessed for mood status during the ESM study period, and review diaries with the
experimenter to confirm authentic data reporting and identifying any flaws/debris in saliva
samples (e.g., discoloration, food particles). After completing an experimental task and

questionnaires unrelated to the present study, participants were compensated and debriefed.

“We note that testosterone and cortisol were not associated with caffeine use, alcohol use, or exercise on any day of the study (ps
from .062 to .959). As such, we did not include them as additional covariates in our main analyses.

5 This included a baseline measure of physiological signals (unpublished), an emotional EEG task (unpublished), and a task
studying cooperative behavior (e.g., Ong et al., 2017).

¢ Only the wake-up saliva samples lack corresponding ESM entries, as participants were not yet engaged in daily activity.

7 Although unrelated to the current study, the iPod touch was used to record audio files of ambient interactions and events for an
interval of 30 seconds every 12 minutes.
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Results

Data Analytic Approach

Multilevel models were used to examine group differences in cortisol and testosterone
concentrations throughout the day, along with overall cortisol output across the day and
hormonal awakening response. Three-level multilevel models were used to examine testosterone
and cortisol concentrations, with sampling time (level 1) nested in each day (level 2), which was
in turn nested in the person (level 3). Analyses predicting overall output and awakening
responses used two-level models, with days (level 1) nested within person (level 2). Multilevel
models were conducted using the /me4 package in R (Bates & Maecheler, 2010). To account for
all possible comparisons of diurnal hormone profiles between groups, we conducted two models
for each analysis, using the BD (due to our research question emphasis) and CTL groups as the
reference group in each. This approach allowed us to examine interactions between group and
time (mean centered), as well as interactions between group and a quadratic time variable
(referred to as Time 2), which were used to reveal group differences in hormone changes across
time.® The two-level models were analyzed with group coded as a factor, which allowed for least
square means comparisons (similar to an ANOVA) between daily hormone output and
awakening responses of each group. Simple slopes tests were conducted using the reghelper
package in R (Hughes, 2017). Cortisol and testosterone outputs throughout the day were
calculated using the area under the curve to ground (AUC-G) calculations provided by Pruessner
and colleagues (Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003). Cortisol
awakening responses (CAR) were calculated by regressing the cortisol concentrations from 30

minutes after waking on concentrations at wake and saving the unstandardized residuals for each

8 The results converged and did not vary in statistical significance depending on whether time was a fixed or random variable.



NEUROENDOCRINOLOGY MOOD DISORDERS 12

day, similar to other studies assessing hormonal responses (e.g., Carré, Campbell, Lozoya,
Goetz, & Welker, 2013)°
Demographic and Clinical Characteristics

As seen in Table 1, BD, MDD, and CTL participants did not differ significantly in age,
gender, ethnicity, or mania symptoms in the last week. BD and MDD groups scored higher than
CTLs on depressive symptoms in the last week, but not each other!®. The BD group scored lower
on global functioning (GAF) than MDD and CTL groups, and the MDD group scored lower than
CTLs. BD and MDD groups did not differ in illness duration, though the MDD group had an
earlier average age of onset compared to the BD group.
Preliminary Analyses

Preliminary analyses investigated missing data, distributions of hormonal data, and self-
reported measures of PA (ICC = .42), NA (ICC = .36), and Arousal (ICC = .37). First, missing
data for testosterone and cortisol was minimal (M=2.38%, SD=5.30%), and there were no
differences in missing data between the BD (M=1.79%, SD=3.40%), MDD (M=1.98%,
SD=3.28%), and CTL groups (M=3.40%, SD=7.98%) [F(2,80)=.75, p=.478, 1,*=.02]. For the
analyzed daily ESM data (PA, NA, and Arousal), there were no differences in missing data
between the BD (M=1.03%, SD=2.38%), MDD (M=2.70%, SD=5.49%), and CTL groups
(M=3.95%, SD=10.66%) [F(2,80)=1.21, p=.305, ,°=.03] with minimal missing data across all

participants (M=2.54%, SD=7.02%).

% For the AUC-G and CAR, missing saliva samples and concentrations prevented calculation of these metrics on some days,
although this was relatively minimal for testosterone AUC-G (Muays=.42, SD=.78), cortisol AUC-G (Myays=.37, SD=.79), and the
CAR (Myays=.05, SD=.22). Moreover, most participants had CAR estimates available from all days (95.18%), but no participants
had missing data for more than one day. Three participants could not have cortisol AUC-G estimated from any days, seven had
two days with missing AUC-G, and eight had one day of missing cortisol AUC-G. Testosterone AUC-G estimates were missing
on all days for three participants, missing on two days for six participants, and missing one day for fourteen participants.

10°All between-group models for our main outcomes were run with YMRS or IDS-C scores as covariates and no theoretically
meaningful pattern of changes resulted.
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Second, we visually inspected histograms of testosterone and cortisol for skewness. Both
were substantially positively skewed and were thus transformed using a natural log
transformation (e.g., Denson et al., 2013), and a constant of + 1 to cortisol concentrations prior to
the log transformation due to their low absolute values. At each time of day, we examined the
ICCs of all testosterone and cortisol concentrations at the same time points across the three days
(e.g., Ross, Murphy, Adam, Chen, & Miller, 2014). Consistency among testosterone
concentrations (average ICC=0.78, SD=0.03) and cortisol concentrations (average ICC=0.44,
SD=0.09) were generally good.

Third, consistent with previous experience-sampling work investigating positive and
negative emotionality in daily life among adults with BD and MDD (Gruber et al., 2013), we
examined potential group differences in our single item assessments of PA, NA, and Arousal.
These group differences consisted of averages across all time-points across the study and
variability across these time-points (SD).

For mean PA and NA, we note that the Group main effect for mean NA was significant
[F(2, 80)=5.79, p=.004, n,°=.06], with follow-up pairwise comparisons indicating that MDD
(M=1.97, §D=0.59) and BD (M=1.80, SD=0.60) groups reported increased NA relative to CTLs
(M=1.47, SD=.47) (ps=.001 and .030, respectively). However, BD and MDD groups did not
differ in NA (p=.256). For mean PA, there was a similar trend toward a significant overall Group
main effect [F(2,83)=2.49, p=.089, 1,>=.06], whereby the MDD group reported lower PA
(M=3.26, SD=.58) compared to CTLs (M=3.65, SD=.68; p=.029), but no other group differences
were significant (ps>.196).

For PA and NA variability, we note that PA variability (i.e., intra-individual standard

deviation over the three-day period), there was an overall Group main effect [F(2,83)=5.05,
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p=.009, 57,>=.11] characterized by elevated PA variability in the BD group (M=.85, SD=.32)
compared to CTLs (M=.62, SD=.24; p=.002). The MDD group (M=.72, SD=.24) did not differ in
PA variability compared to the BD (p=.087) or the CTL (p=.150) groups. Groups also differed in
NA variability [F(2,83)=3.24, p=.044, n,>=.07], with CTLs (M=.53, SD=.36) reporting
significantly less NA variability than BD (M=.75, SD=.40, p=.029) and MDD (M=.75, SD=.31;
p=.031) groups. BD and MDD groups did not differ in NA variability (p=.978). We noted no
group differences in mean Arousal (F(2,83)=.190, p=.827, 1,°=.00) or Arousal variability
[F(2,83)=0.38, p=.685, 1,>=.01].
Group Differences in Diurnal Cortisol and Testosterone Profiles

We first examined differences in diurnal profiles of testosterone and cortisol between
groups (see Table 2). To illustrate differences in diurnal profiles of hormones within groups, we
conducted quadratic growth models within each group (Figure 1). The full results of these
within group models are presented in supplemental analyses, along with quadratic and linear
plots of the hormonal profiles across groups. For main effects of clinical groups, we compared
hormone concentrations of least squares means. For cortisol, our analyses indicated a significant
contrast between BD and MDD groups, reflecting elevated mean cortisol in MDD (M=.50,
SE=.02) compared to BD (M=.42, SE=.02; B=-.11, #(80)=-3.21, p=.002). There was also a
significant linear Time x MDD vs. BD interaction (B=-.03, #1206)=-4.38, p<.001), and a linear
Time x CTL vs. BD interaction (B=.03, #(1206)=4.26, p<.001), indicating the linear cortisol
slope of the BD group significantly differed from MDD and CTL groups. Simple slopes analysis
revealed the BD group experienced a less pronounced decline in cortisol (B=-.09, #(1206)=-
17.18, p<.001) compared to CTL (B=-.12, #(1206)=-22.75, p<.001) and MDD groups (B=-.12,

#(1206)=-23.36, p <.001). However, CTL vs. BD between-group comparison did not reveal
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differences in overall cortisol concentrations (B=.05, #80)=1.54, p=.127). Results also revealed a
significant quadratic Time x MDD vs. BD interaction (B=-.01, #1206)=-1.98, p=.048). Simple
slopes indicated the presence of a quadratic effect that followed a negative decelerating pattern in
the BD (B=.01, #(1206)=2.36 p=.018), but not MDD group (B=.00, #1206)=-.44, p=.659). The
quadratic Time x BD vs. CTL interaction was nonsignificant (p=.708). The CTL vs. MDD group
comparison was not significant (p=.108), nor did it interact with linear or quadratic Time
(ps=.115).

Our analyses with testosterone concentrations indicated elevated testosterone in the MDD
(M=4.59, SE=.07) relative to CTL group (M=4.42, SE=.07; B=.22, (79)=2.02, p=.046).
Although Group did not interact with linear time, there was a significant quadratic Time x MDD
vs. CTL interaction (B=.02, #(1200)=2.46, p=.014), indicating a difference in the quadratic
testosterone declines (the diurnal slope curvature). Specifically, simple slopes analysis revealed
there was a pronounced decelerating quadratic decline in the CTL (B=.02, #1200)=4.31, p
<.001) but not MDD group (B=.00, #1200)=.88, p=377).

Group Differences in Cortisol Awakening Responses

Next, we examined group differences in the cortisol awakening response. Two-level
multilevel models revealed an overall main effect for group (£(1,80)=6.34, p=.003; Figure 2).
Contrast comparisons revealed significantly lower cortisol awakening responses for the BD (M=-
.18, SE=.08) compared to MDD group (M=.16, SE=.07; t(79)=3.18, p=.006). CTLs (M=.03,
SE=.08) did not significantly differ from BD or MDD groups (#79)=1.94, p=.135 and #(79)=-
1.24, p=.434, respectively).

Group Differences in Overall Cortisol and Testosterone Production
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Hormonal output throughout the day (AUC-G) between groups were examined. For
cortisol, there was an overall effect of group (F(2,77)=4.49, p=.014, 1,>.99 (Figure 2).
Contrasts revealed significantly more cortisol output in the MDD (M=35430.85, SE=2109.08)
compared to BD group (M=26585.66, SE=2072.563, 1(77)=2.99, p=.010).!! CTLs (M=30475.64,
SE=2191.35) did not significantly differ from MDD and BD groups (#77)=-1.63, p=.240 and
t(77)=1.29, p=.405, respectively). There were no significant group differences in testosterone
overall output (F(2,76)=2.27, p=.110, see Figure 2).!2

Discussion

The present investigation examined cortisol and testosterone profiles across three
consecutive days in everyday life among adults with BD, MDD, and no psychiatric history.
Partially consistent with our prediction, adults with BD exhibited flatter cortisol slopes compared
to MDD and CTL groups. However, BD subjects only differed from our MDD group across
cortisol concentrations throughout the day, overall cortisol hormone output, and cortisol
awakening response, but did not differ from the CTL group. Overall, these findings are
consistent with previous work documenting dampened cortisol diurnal slopes in men and women
with BD (Havermans, Nicolson, Berkhof, & deVries, 2011). However, the design of the current
study afforded the ability to assess diurnal rhythms in cortisol, shedding light on how cortisol
function over extended periods is characterized in BD. Yet, these findings were not consistent

with a recent meta-analysis suggesting that individuals with BD have elevated, rather than

! After controlling for SES and hormonal medication usage, the difference in testosterone AUC between the BD and MDD
groups became nonsignificant (p=.065).

12 Because our affect and arousal experience-sampling reports invite examining the associations between hormones and daily
affectivity, we used multilevel modeling and regression analyses to explore these associations, which are presented in the
Supplemental Materials. Of note, the supplemental analyses found that moment-to-moment cortisol concentrations were
negatively associated with positive affect across all participants. Additionally, several of our participants (23.6%) were using
medications known to affect hormones (e.g., thyroid medication, birth control). Therefore, we conducted follow-up analyses in
all models with hormones controlling for SES and hormone-relevant medication usage. Unless otherwise specified above, doing
so did not change the significance of any results.
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flattened cortisol awakening responses (Girshkin et al., 2014). As negative life events have been
linked to mood episode onset and recovery in BD (Urosevi¢, Abramson, Harmon-Jones, &
Alloy, 2008), future work should test whether cortisol may covary such events to examine
whether dampened cortisol levels sustain during the presence of discrete negative stimuli.
Contrary to our hypotheses, we did not find testosterone concentrations differences
between the BD and other groups. This is somewhat surprising given heightened testosterone
levels have been associated with increased mania symptoms (Sher et al., 2012) and studies
causally linking oral testosterone administration to the onset of mild to moderate hypomanic
symptoms (Pope, Kouri, & Hudson, 2000). Additionally, lack of elevated testosterone is
inconsistent with previous theorizing linking elevated testosterone with appetitive and reward
seeking behavior (Welker, Gruber, & Mehta, 2015) that is common to models of BD (Alloy &
Abramson, 2010; Johnson, 2005). It is possible that elevated testosterone may be closely tied
with manic symptom severity and hence not detectable in the current study which ensured
interepisode mood status. Unexpectedly, the MDD group showed elevated testosterone compared
to the healthy controls. This finding is somewhat unexpected given the rising prevalence of
testosterone replacement therapy as a solution to MDD (Zarrouf, Artz, Griffith, et al., 2009),
suggesting that further research may be needed on depression and diurnal testosterone function.
Although not part of our central aims, BD participants did not report increased levels of
positive emotionality compared to controls. This is consistent with recent experience-sampling
finds of increased positive affectivity in remitted BD compared to remitted major depressive
disorder, but no differences from controls (Gruber et al., 2013). However, the present study
utilized a statistically weak single-item assessment of positive affect whereas previous research

has used multi-item composites of positive affect and/or looked at more specific or discrete types
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of positive affectivity (Gruber & Johnson, 2009; Gruber et al., 2008). Thus, it remains a viable
possibility that people with BD may have a propensity toward heightened positive emotionality
compared with healthy adults, all else being equal (Gruber, 2011a). Future research could
usefully explore the hypothesis that laboratory studies control for stressful stimuli, thereby
masking a tendency toward negative affect in BD and exposing elevated propensity for positive
affect relative to the general population.

Limitations and Future Directions

Our findings should be interpreted within the confines of several limitations. First, the
present study did not explicitly assess the role of contextual factors and as such future studies are
thus warranted to investigate these critical interactions between context and neuroendocrine-
related functioning including contexts known to alter hormonal reactivity of both testosterone
and cortisol hormone profiles, such as stressors, competition, and aggressive provocation (Carre¢,
et al., 2013; Carré, Iselin, Welker, Hariri, & Dodge, 2014).

Second, although the present sample sizes are commendable given the severe nature of the
psychiatric groups recruited and intensive within-subjects experience sampling study design,
there is low statistical power to assess smaller effect sizes that may have captured more nuanced
associations between self-reported affect and hormone profiles. Future studies replicating these
results in larger samples are warranted. Moreover, the fact that the present study included a third
clinical comparison group to examine emotion difficulties within the mood disorder family
represents a strength and an important first step in this trans-diagnostic mission to identify shared
and dimensional features across individuals (Insel et al., 2010).

Third, we note that the self-report ESM data was not time-stamped in parallel manner to

the saliva data. As such, it is possible that the accuracy of the self-report emotion data could be
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raised as compared to more electronic methods of collecting this information. We note that
future studies would be well-advised to use innovative developments in ESM data acquisition.
Fourth, given the challenges of accessing an unmedicated clinical sample, we were unable
to investigate the influence of medication effects on results. Indeed, future studies with larger
sample sizes, assessment of blood serum levels for psychotropic medications, and random
assignment of individuals on different medication classes are warranted. Given that our sample
was predominantly female (66.27%), using more accurate hormone assessment methods than
enzyme-linked immunoassays such as mass spectrometry may have yielded more valid
testosterone measurements of female’s testosterone (Welker et al., 2016), and consequently,
more conclusive differences in neuroendocrine profiles. Despite these limitations, the present
research underscored the importance of adopting a neuroendocrinology approach and framework

to provide insights into mood disturbances in everyday life.
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Table 1. Demographic and Clinical Characteristics by Diagnostic Group
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BD MDD CTL Statistic
Demographic

Age (Yrs) 29.93 (6.81) 27.82(6.48) 28.37 (6.54) F=0.76
Female (%) 64.29% 75.0% 59.26%  4=1.60
Caucasian (%) 75.0% 75.0% 77.78%  =0.08
Education (Yrs) 1423 (2.02) 1591(1.85) 15.96(2.20) F=6.55%*ab
Employed (%) 53.6% 71.4% 70.4% 7’=2.46
Partnered (%) 42.9% 60.7% 63.0% =273
Number Children 0.46 (0.69) 0.11 (0.42) 0.33(0.73) F=2.31
Annual Income F=3.5]*ab

<$10K 17.9% 7.1% 25.9%

$10K-$25K 46.4% 32.1% 3.7%

$26K-$50K 28.6% 25.0% 33.3%

$51K-$75K 0.0% 7.1% 11.1%

$76K-$100K 3.6% 21.4% 0.0%

>$100K 3.6% 7.1% 25.9%

Cognitive and Clinical

MMSE 28.96 (1.67)  28.32(1.76) 29.15(1.37) F=2.00
YMRS 1.32 (1.49) 1.00 (1.09) 0.56 (0.97) F=2.78
IDS-C 3.43 (2.33) 4.61 (3.07) 241 (2.06) F=5.21%%*
GAF 78.11 (8.84)  79.11(5.39) 86.07 (6.08) F=10.69***ac
Age at Onset (Yrs) 15.17 (3.36)  18.52 (6.94) - F=5.29"
Illness Duration (Yrs) 11.41 (5.77)  12.65(5.72) -- F=0.66
# Comorbid Disorders 0.14 (0.36) 0.39 (.63) 0.00 (0.00)  F=6.19%*bc
# Psychotropic Medications 1.57 (1.35) 0.75 (1.29) 0.00 (0.00)  F=14.45%**abc
# Depressive Episodes 15.10 (17.90) 15.39 (23.63) -- F=0.00

# Manic and Hypomanic

Episodes

13.63 (21.53)

Note: BD=Bipolar I disorder group (currently inter-episode); MDD=Major depressive disorder

group (currently inter-episode); CTL=Healthy control group; Employed=Employed full-time or

part-time; Partnered=Married or in a relationship; MMSE=Mini Mental State Examination;

YMRS=Young Mania Rating Scale; IDS-C=Inventory to Diagnose Depression; GAF=Global

Assessment of Functioning; Age at Onset=Age of first depressive or manic episode; # Comorbid

Disorders=the number of current DSM-IV-TR Axis I comorbidities. # Medications=the number of

psychotropic medications currently taken (including anticonvulsants, lithium, neuroleptics,
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anxiolytics, stimulants, antidepressants, and sedative-hypnotics); Mean values are displayed with
standard deviations in parentheses where applicable. p<0.05 for BD and CTL, °p<0.05 for BD and
MDD, “p<0.05 for MDD and CTL; *p<.05, **p<.01, ***p<.001. See supplementary materials for

details on clinical and cognitive functioning measures and scoring.
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Table 2. Multilevel Growth Curve Models Predicting Cortisol and Testosterone profiles between Groups.

30

Models Predicting Cortisol

BD group as the reference group

CTL group as the reference group

Effect B df t p Effect B df t p
Intercept 39 1206 1649 <.001 Intercept 45 1206 18.24 <.001
Time -09 1206 -17.18 <.001 Time -12 1206 -22.75 <.001
Time? 01 1206 237 018 Time? .01 1206 1.77 .076
MDD vs. BD q1 80 3.21 .002 BD vs. CTL -.05 80 -1.54 127
CTL vs. BD .05 80 1.54 127 MDD vs. CTL .06 80 1.63 .108
Time X (MDD vs. BD) -03 1206 -4.38 <.001 Time X (BD vs. CTL) .03 1206 4.26 <.001
Time X (CTL vs. BD) -03 1206 -4.26 <.001 Time X (MDD vs. CTL) -.00 1206 -.06 950
Time?’X (MDD vs. BD) -01 1206 -1.98 .048 Time?X (BD vs. CTL) .00 1206 37 708
Time’X (CTL vs. BD) -00 1206 -37 .708 Time*X (MDD vs. CTL) -.01 1206 -1.58 115
Models Predicting Testosterone
BD group as the reference group CTL group as the reference group

Effect B df t p Effect B df t p
Intercept 419 1200 51.53  <.001 Intercept 4.14 1200  49.00 <.001
Time -12 1200 -17.86  <.001 Time -12 1200 -18.57 <.001
Time? 01 1200 241 .016 Time? .02 1200 431 <.001
Gender .66 79 7.27 <.001 Gender .66 79 727  <.001
MDD vs. BD 17 79 1.61 A11 BD vs. CTL .05 79 44 .663
CTL vs. BD -.05 79 -.44 .663 MDD vs. CTL 22 79 2.02 .046
Time X (MDD vs. BD) -00 1200 -25 .806 Time X (BD vs. CTL) .01 1200 .79 431
Time X (CTL vs. BD) -01 1200 -.79 431 Time X (MDD vs. CTL) .01 1200 .54 588
Time’X (MDD vs. BD) -01 1200 -1.07 .286 Time?X (BD vs. CTL) -.01 1200  -1.42 155
Time’X (CTL vs. BD) 01 1200 1.42 155 Time’X (MDD vs. CTL) -.02 1200  -2.46 014

Note: BD=Bipolar I disorder group (currently inter-episode); MDD=Major depressive disorder group (currently inter-episode);

CTL=Healthy control group.
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Figure 1. Quadratic Diurnal Changes in Cortisol and Testosterone by Diagnostic Group.
Log-transformed hormone concentrations are plotted as quadratic slopes across time.
MDD=Major depressive disorder group. BD=Bipolar disorder group, Control=Healthy control
group. The bottom panel reports results for Testosterone controlling for gender and error bars

represent standard errors around the points of prediction.
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Figure 2. Cortisol Awakening Responses, Cortisol Output, and Testosterone Output by Diagnostic Group. Plotted bars

represent the least squares means of daily output of hormones from multilevel models, and error bars represent standard errors of least

squares means. *p<.05, **p<.01, BD=Bipolar disorder type I group (currently inter-episode), MDD=Major depressive disorder group

(currently inter-episode), CTL=Healthy Control Group, AUC-G=Area under the curve with respect to ground. Analyses with

testosterone control for gender.
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Measures of Clinical and Cognitive Functioning

Diagnostic Evaluation. Diagnoses were confirmed using the Structured Clinical
Interview for DSM-IV (SCID-1V; First, Spitzer, Gibbon, & Williams, 2007). Interviews were
administered by a trained post-baccalaureate research assistant (Author JP). Following accepted
practices in inter-rater reliability (e.g., Gruber & Weinstock, 2018), a subset of participants from
the broader study protocol were rated by a second reviewer to establish inter-rater reliability. The
clinical characteristics reported reflect the interviewer’s scores after consensus meetings in
which raters discussed discrepancies, corrected errors that arose, and solidified training during
informal consensus meetings. (See Ong, Zaki, & Gruber, 2017 for inter-rater reliability values
and details from the broader study protocol). During the SCID-IV, illness duration and lifetime
number of mood episodes were also collected (See Table 1).

Current Axis I comorbidities for the BD group included social phobia (n=1), specific
phobia (n=1), obsessive-compulsive disorder (n=1), and generalized anxiety disorder (n=1) and
for the MDD group included dysthymia (n=1), panic disorder (n=1), agoraphobia (n=1), social
phobia (n=1), specific phobia (n=1), obsessive-compulsive disorder (n=1), and generalized
anxiety disorder (n=1).

Mood Symptoms. Current symptoms of mania were measured using the Young Mania
Rating Scale (YMRS; Young, Biggs, Ziegler, & Meyer, 1978). Current symptoms of depression
were measured using the Inventory of Depressive Symptomatology (IDS-C; Trivedi et al., 2004).
The YMRS is an 11-item, clinician-rated measure of current manic symptoms with scores
ranging from 0 to 60, whereas the IDS-C is a 30-item, clinician-rated measure of current

depressive symptoms with scores ranging from 0 to 84. Current inter-episode mood status was
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verified according to both current SCID-IV criteria for the past month and cutoff scores on the
YMRS (< 7), and IDS-C (< 11) for the past week.

Global Functioning. The Global Assessment of Functioning (GAF; DSM-1V Axis V)
Scale was used to assess general functioning in the past week. The GAF assesses overall
psychological, social, and occupational functioning on a scale from 1 (lowest level of
functioning) to 100 (highest level of functioning).

Cognitive Functioning. Cognitive functioning was assessed using the Mini Mental
Status Examination, a brief objective measure of cognitive status and impairment (MMSE;
Folstein, Folstein, & McHugh, 1975) with scores calculated as the total number of trials correct.

All participants exceeded the eligibility cutoff score (> 24; Folstein et al., 1975).

Exclusion Criteria

Exclusion criteria for all groups included a self-reported history of severe head trauma,
stroke, neurological disease, brain tumors or surgery, severe medical illness (e.g., autoimmune
disorder, blindness, cardiovascular disease, HIV/AIDS), untreated endocrine-related disorders
(e.g., Cushing’s disease, Hypothyroidism, Thyroid Cancer, Hoshimoto’s Disease), currently
breastfeeding or pregnant, or current alcohol or substance abuse or dependence in the past six
months. BD and MDD participants were not excluded based on current comorbid Axis I
disorders in the past month (aside from current substance or alcohol use disorders) to ensure
ecological validity given that mood disorders are commonly comorbid with other disorders (e.g.,
Kessler, Chiu, Demler, & Walters, 2005).

Exploratory Associations Between Daily Hormones and Affectivity
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Our first set of supplemental analyses examined the effects of positive affectivity,
negative affectivity, and arousal on cortisol and testosterone function. To explore these effects,
we used a series of three-level multilevel models regressing cortisol and testosterone on positive
affect, negative affect, and arousal, as well as their interactions with linear and quadratic time.
These analyses tested whether self-reported affectivity in the daily ESM portion of the study was
associated with overall hormones as well as differences in diurnal hormone function. These
models were tested across all participants and within each group. When looking at cortisol
function (See Table S1), the only substantial effect was positive emotionality interacted with
time (linear) to predict cortisol (B = 0.02, #(936) = 3.18, p = .002). Simple slopes analyses
indicated that the linear diurnal decline of cortisol was greater when positive emotionality was
low (-1 SD; B =-0.19, #(936) = -28.55, p <.001) rather than high (+1 SD; B =-0.16, #936) = -
20.83, p <.001). This interactive pattern held in the BD group (B = .02, #313) =0 2.69, p = .008)
and MDD group (B = 0.03, #(309) = 3.24, p = .001), but not the healthy controls (B =-0.01,
#292) =-.61, p=.539).

For our analyses predicting testosterone (See Table S2), there was a significant positive
effect of arousal across all groups (B = 0.03, #929) = 2.81, p = .005), suggesting greater T was
linked to elevated emotional arousal. Analyses within the control group indicated a positive
association between negative emotionality and testosterone (B = 0.08, #289) = 2.55, p = .011).
There was also a linear time x negative emotionality interaction (B = 0.04, #289) =2.36, p =
.019), whereby the testosterone declines across the day were more pronounced when negative
emotionality was low (B =-0.18, #(189) = -10.57, p <.001), compared to high (B =-0.12, #289)
=-7.25, p <.001). In the MDD group, there was a significant effect of arousal similar to the

effect found across all groups (B = 0.04, #(305) = 2.25, p = .025). There was also a quadratic time
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x arousal interaction (B =-0.01, #305) = -2.04, p = .042). Simple slopes analysis indicated that
there was a quadratic pattern of testosterone when arousal was low (-1 SD, B =0.03, #305) =
3.65, p <.001), but not high (+1 SD, B =0.00, #305) = .33, p = .740). There were no significant

emotionality effects or interaction effects with time within the BD group.
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Table S1. Prediction of Cortisol from Affective ESM Reports

All Groups BD Group
B t p B t p
Intercept 0.40 29.84 <.001 0.35 16.91 <.001
Time -0.17 -37.00 <.001 -0.13 -16.29 <.001
Time? 0.05 15.03 <.001 0.04 7.70 <.001
Positivity -0.01 -1.01 0.312 -0.03 -1.96 0.051
Negativity 0.01 0.65 0.513 -0.03 -1.54 0.124
Arousal 0.00 0.08 0.934 0.00 0.03 0.976
Time x Positivity 0.02 3.18 0.002 0.02 2.69 0.008
Time x Negativity 0.00 0.69 0.488 0.01 1.07 0.286
Time x Arousal 0.01 1.54 0.124 0.00 0.43 0.669
Time? x Positivity 0.00 1.00 0.317 0.00 -0.61 0.542
Time? x Negativity 0.00 0.24 0.809 0.00 0.00 0.999
Time? x Arousal 0.00 -0.34 0.734 0.00 0.90 0.371
MDD Group CTL Group
B t p B t p
Intercept 0.44 17.39 <.001 0.40 19.78 <.001
Time -0.20 -26.68 <.001 -0.19 -23.80 <.001
Time? 0.05 9.87 <.001 0.05 9.41 <.001
Positivity 0.01 0.49 0.622 0.01 0.31 0.754
Negativity 0.03 1.73 0.084 0.04 1.83 0.068
Arousal 0.01 0.47 0.642 -0.01 -0.42 0.677
Time x Positivity 0.03 3.24 0.001 -0.01 -0.61 0.539
Time x Negativity 0.02 1.82 0.07 -0.02 -1.74 0.083
Time x Arousal 0.00 0.54 0.589 0.01 1.03 0.304
Time? x Positivity -0.01 -1.80 0.072 0.00 0.62 0.537
Time? x Negativity 0.00 -0.39 0.694 0.00 0.41 0.683
Time? x Arousal 0.00 -0.78 0.436 0.00 -0.42 0.675
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Table S2. Prediction of Testosterone from Time and Affective ESM Reports

All Groups BD Group
B t p B t p
Intercept 4.22 80.49 <.001 4.20 45.90 <.001
Gender 0.62 6.96 <.001 0.56 3.72 <.001
Time -0.15 -21.48 <.001 -0.14 -10.52 <.001
Time? 0.03 5.99 <.001 0.03 3.42 <.001
Positivity 0.00 -0.03 0.974 -0.01 -0.20 0.846
Negativity 0.03 1.71 0.088 0.01 0.23 0.820
Arousal 0.03 2.81 0.005 0.03 1.51 0.131
Time x Positivity 0.01 1.24 0.215 0.00 -0.10 0.922
Time x Negativity 0.01 1.48 0.140 0.01 0.63 0.528
Time x Arousal 0.00 -0.59 0.559 0.00 -0.08 0.938
Time? x Positivity 0.00 -0.46 0.644 0.00 0.41 0.680
Time? x Negativity 0.01 -1.40 0.163 0.00 -0.36 0.720
Time? x Arousal 0.00 -1.05 0.296 0.00 0.25 0.805
MDD Group CTL Group
B t p B t p
Intercept 4.32 43.94 <.001 4.11 51.26 <.001
Gender 0.66 3.38 0.002 0.69 5.56 <.001
Time -0.14 -14.24 <.001 -0.15 -12.83 <.001
Time? 0.02 2.85 0.005 0.03 3.95 <.001
Positivity -0.03 -1.08 0.282 0.03 0.92 0.361
Negativity 0.00 0.12 0.902 0.08 2.55 0.011
Arousal 0.04 2.25 0.025 0.02 1.00 0.319
Time x Positivity 0.02 1.39 0.167 0.02 1.49 0.139
Time x Negativity 0.00 0.06 0.955 0.04 2.36 0.019
Time x Arousal 0.01 0.75 0.455 -0.02 -1.81 0.071
Time? x Positivity -0.01 -1.08 0.281 -0.01 -0.56 0.573
Time? x Negativity 0.00 -0.12 0.904 -0.02 -1.77 0.078
Time? x Arousal -0.01 -2.04 0.042 0.00 -0.15 0.883
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Affective Associations with Cortisol Awakening Response and Overall Hormonal Output
To examine how cortisol awakening responses and overall cortisol and testosterone
output were associated with PA, NA, and Arousal, we conducted a series of multilevel models
regressing each of these three daily affective reports on gender, time, a quadratic time term, the
cortisol awakening response, cortisol AUC, and testosterone AUC. These hormonal parameters
were used as predictors rather than outcomes because multilevel modeling does not allow for
outcomes that are not within Level 1. These models were conducted across all groups and within
specific clinical groups. Overall, the results did not reveal a consistent pattern. The results are
presented in Table S3. Of note, Testosterone AUC was positively associated with negative affect
within the entire sample (B= 1.00E-07, #(128) = 2.09, p = .039), whereas the CAR was
negatively associated with negative affect in the MDD group (B= -0.52, #40) =-2.84, p = .007)
and the AUC for cortisol was positively associated with negative affect in the CTL group (B =
2.49E-05, #(41) = 2.93, p =.006). In the CTL group, the cortisol awakening response was

positively associated with arousal (B = 0.45, #41) = 3.05, p=.004).
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Table S3. Positive Affect, Negative Affect, and Arousal ESM Reports by Day-level Hormone Parameters.

All Groups BD Group MDD Group CTL Group
Prediction of PA B t p B t p B t p B t p
Intercept 3.59 20.96  <.001 375 1280 <.001 3.17  12.02 <.001 4.02 11.13  <.001
Gender 0.29 1.60 0.114 0.80  2.63 0.014 -0.15 -0.54  0.597 -0.02 -0.06 0955
Time 0.14 6.95 <.001 0.14 329  0.001 0.15 427 <.001 0.15 482 <.001
Time? -0.06 -4.12  <.001 -0.06  -222  0.027 -0.05 -2.25  0.025 -0.06 -2.82  0.005
CAR -0.03 -0.38 0.702 -0.12  -0.84  0.404 0.06 -031 0.761 0.14 0.93 0.358
AUC Cortisol 0.00 -0.08 0.937 0.00 -0.68 0.501 0.00 074  0.464 0.00 -0.87  0.392
AUC Testosterone 0.00 -1.18 0.240 0.00 -1.36 0.180 0.00 -0.19 0.851 0.00 -0.11 0916

All Groups BD Group MDD Group CTL Group
Prediction of NA B t p B t p B t p B t p
Intercept 1.54 9.77 <.001 375 1280 <.001 1.97 745 <.001 0.56 2.19  0.029
Gender -0.44 -2.65 0.010 0.80  2.63 0.014 -0.02  -0.06  0.950 -0.11 -0.40  0.693
Time -0.04 -2.06 0.040 0.14 329  0.001 -0.03  -0.80 0.425 -0.05 -1.55  0.122
Time? 0.01 0.42 0.975 -0.06  -222  0.027 -0.01 -0.28  0.778 0.00 0.23 0.815
CAR -0.12 -1.51 0.133 -0.12  -0.84  0.404 -0.52  -2.84  0.007 -0.22 -1.99  0.054
AUC Cortisol 0.00 0.62 0.536 0.00 -0.68 0.501 0.00 034 0.733 2.49E-05 293 0.006
AUC Testosterone 1.00E-07 2.09 0.039 0.00 -1.36 0.180 0.00 029 0.774 0.00 0.75 0.455

All Groups BD Group MDD Group CTL Group
Prediction of
Arousal B t p B t p B t p B t p
Intercept 2.44 12.87 <.001 222 6.83  <.001 255 801 <.001 2.64 737  <.001
Gender -0.07 -0.32 0.750 -0.35  -1.00  0.328 -0.18 -048  0.632 -0.01 -0.03 0978
Time 0.12 5.04 <.001 0.00 0.00  0.997 021 524 <.001 0.15 3.77 <.001
Time? -0.19 -12.25 <.001 -0.13  -487 <.001 -0.24 927 <.001 -0.19 -742  <.001
CAR 0.01 0.11 0.909 -0.11  -0.76  0.452 -0.29 -134  0.189 0.46 3.05 0.004
AUC Cortisol 0.00 0.41 0.683 0.00 1.33 0.191 0.00 0.88  0.383 -2.17E-05  -1.90  0.065
AUC Testosterone 0.00 0.94 0.349 0.00 0.75 0.456 0.00 -0.23  0.821 1.00E-07 1.86  0.070
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