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Effects of estrogen and progesterone on neuroactive steroids
and cytokines in patients with suicidality

J.C. Barone?, Elizabeth Wenzel?, V. Alluri@, D. Moriarity?®, G. Pinna?, E. Walshd, D.R.
Rubinowd, A.L. Morrowd, T.A. Eisenlohr-Moul?
a University of lllinois at Chicago, Dept of Psychiatry; 912 S Wood St, Chicago IL 60612

b- University of California, Los Angeles, Department of Psychiatry and Biobehavioral Sciences;
757 Westwood Plaza #4, Los Angeles CA 90095

¢ Stanford University, Department of Genetics; 291 Campus Drive, Stanford CA 94305

d- University of North Carolina-Chapel Hill, Department of Psychiatry; 101 Manning Dr. #1, Chapel
Hill NC, 27514

Abstract

Background: In ovulating psychiatric patients experiencing suicidality, suicidal ideation (SI)
often peaks perimenstrually. Our recent double-blind, placebo-controlled, crossover randomized
clinical trial (RCT; NCT03720847) showed that perimenstrual administration of estradiol and
progesterone (EP) can prevent this peak in SI and depressed mood. In this pre-registered
follow-up analysis, we studied how the menstrual cycle and experimental manipulation affected
two neurobiological systems associated with the menstrual cycle and suicide risk: GABAergic
neuroactive steroids (NAS) and peripheral cytokines.

Methods: In 26 psychiatric outpatients with natural menstrual cycles and past-month

Sl, we analyzed serum samples from three blood draws (midluteal, perimenstrual,

midfollicular) per experimental condition (EP vs placebo) timed to a luteinizing hormone-

surge ovulation test. Using gas chromatography/mass spectrometry (GC/MS), we measured

the progesterone (P4)-derived pregnane NAS (3a,5a)-3-hydroxypregnan20-one (3a.,5a-

THP), (3a,5p)-3-hydroxypregnan-20-one (3a,58-THP), (3a,5a)-3,21-dihydroxypregnan-20-one
(3a,5a-THDOC), (3a,5a)-3-hydroxyandrostan-17-one (3a.,5a-A), the androstane NAS
(3a,5B)-3-hydroxyandrostan-17-one (3a,5p-A), (3a,5a,17p)-androstane-3,17-diol (3a,5a-A-
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diol), (3a,5B,17p)-androstane-3,17-diol (3a,5p-A-diol), and their precursor pregnenolone. High
sensitivity multiplex assay kits quantified peripheral cytokines IL-1p, IL-6, and TNF-a..

Results: P4-derived NAS fluctuated in parallel with P4 and increased with exogenous
perimenstrual administration of EP. Conversely, androstane NAS either did not fluctuate or
fluctuated inversely from P4, and these NAS decreased with exogenous EP. Peripheral cytokines
did not show cyclical patterns, but each significantly predicted Sl, depressed mood, or
anxiousness. Concomitant SSRI medication use predicted lower androstane NAS.

Conclusions: While preliminary and exploratory, our findings provide critical descriptive
context for future studies. Further, our work presents menstrual cycle-related patterns for ten
frequently-studied biomarkers, allowing for improved quality of comparisons involving naturally-
cycling populations in research.

Keywords

Neuroactive steroids; Menstrual Cycle; Premenstrual Mood Disorders; Suicidal Ideation;
Cytokines; Clinical Trial

Introduction

Many prior cross-sectional and observational studies of ovulating psychiatric outpatients
with chronic suicidal ideation (SI) have shown that on average, SI and suicide attempts
increase proximal to menses (Saunders & Hawton, 2006). Cyclical mood changes are
associated with suicidality, with high rates of Sl and attempts in patients with Premenstrual
Dysphoric Disorder (PMDD; Eisenlohr-Moul et al., 2022), and high rates of premenstrual
exacerbation (PME) of psychiatric symptoms among those with SI (Owens et al., 2023).
Further, PME of psychiatric symptoms is transdiagnostic, such that exacerbation can occur
for any symptom and has been observed in many psychiatric disorders (Kuehner & Nayman,
2021; Nolan & Hughes, 2022). Sl is similarly transdiagnostic: while Sl is most commonly
linked to depressive disorders, disorders characterized by anxiety, agitation, impulse control,
and substance use also contribute to suicide-related symptoms (Nock et al., 2010). Thus,
both cyclical mood symptoms and SI are transdiagnostic phenomena, and recent work
suggests that comorbidity of these outcomes with other psychiatric diagnoses is the norm.
Our recent randomized controlled trial (RCT) aimed to identify if the abrupt withdrawal
from estradiol (E2) and progesterone (P4) that precedes menses causes PME of Sl in
patients who are already experiencing chronic Sl. Indeed, this trial showed that preventing
this ovarian hormone withdrawal (via two weeks of stable, low-dose exogenous E2 and

P4 starting one week post-ovulation) prevented PME of SI, while PME of SI was present
during natural, unmanipulated cycles (Eisenlohr-Moul, Bowers, et al., 2022). We propose
the menstrual cycle may contribute to PME of Sl through two candidate neurobiological
systems: (1) withdrawal from GABAergic neuroactive steroids (NAS), which are linked to
reproductive state (Backstrom et al., 2011) and chronic affective symptoms (Locci & Pinna,
2017), and (2) increases in inflammatory cytokines, which are linked to depression and
suicidality (Brundin et al., 2017). This paper describes pre-registered secondary analyses
of serum from the parent RCT (NCT03720847; Eisenlohr-Moul et al., 2022) to explore
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relationships between the menstrual cycle and these neurobiological systems that may
underlie our clinical findings.

1.1. Relevant menstrual cycle physiology.

The prototypical 28-day menstrual cycle starts with menses (day 1), then is roughly divided
into the follicular and luteal phases bisected by ovulation (~day 14). Follicular phase E2
starts low, steadily rises, then sharply peaks preceding ovulation, followed by a secondary,
less abrupt midluteal peak. Follicular phase P4 is low and stable, then rises from ovulation
until subsequent menses. The perimenstrual phase, defined as the days before and during
menses (Schmalenberger et al., 2021), is characterized by acute withdrawal from E2 and

P4 (see Supplementary Figure 1 for diagram). P4 metabolizes into NAS that modulate type
A gamma-aminobutyric acid receptors (GABAAR) (Nutt, 2006); see Supplementary Figure
2 for overview of metabolic pathway. Select NAS (i.e., 3a5a-tetrahydroprogesterone/3a5a.-
THP/allopregnanolone) parallel P4 flux, with a midluteal peak and abrupt perimenstrual
withdrawal (Schmidt et al., 1994). Levels of hormones or NAS and their cyclical patterns
have not been shown to differ between patients with cyclical mood changes (such as PMDD)
and non-psychiatric controls (Nguyen et al., 2017; Thys-Jacobs et al., 2008). 3a.5a-THP
positively modulates the GABAAR, augmenting inhibitory neurotransmission with sedative,
anxiolytic, or analgesic effects (Backstrom et al., 2011). P4 has well-established anti-
inflammatory properties (Zwahlen & Stute, 2023), while E2 is potentially anti-inflammatory
(Gaskins et al., 2012); urinary inflammatory markers peak perimenstrually, alongside P4 and
E2 withdrawal (Whitcomb et al., 2014).

1.2. The menstrual cycle and suicide risk: neuroactive steroids

GABAergic NAS play diverse roles in the pathophysiology of affective disorders (Eisenlohr-
Moul & Barone, 2023) including Major Depressive Disorder (MDD) and PMDD; however,
no work to date analyzes NAS in patients with PME, in which chronic psychiatric symptoms
(e.g., depression) worsen cyclically alongside hormone fluctuations. Patients with “pure”
PMDD (in which symptoms are confined to the luteal phase) do not demonstrate NAS
deficits compared to controls (Nguyen et al., 2017; Schmidt et al., 1994). However, PMDD
patients do appear to have a neurobiological sensitivity to normal NAS flux (see Hantsoo &
Epperson, 2020) for review), as blocking the luteal phase increase in 3a5a-THP prevents
symptom emergence (Bixo et al., 2017; Martinez et al., 2016). In contrast, between-person
3a5a-THP deficits compared to controls do appear in non-reproductive mood disorders with
high suicide rates including MDD (Uzunova et al., 1998), Post-Traumatic Stress Disorder
(Rasmusson et al., 2006), and anorexia nervosa (Dichtel et al., 2018). One study shows
decreased NAS in post-mortem brain of individuals who died by suicide (Youssef et al.,
2015); no studies to our knowledge examine peripheral NAS and suicidality.

Three primary gaps exist in this literature: (1) It is unknown if the proposed affective risk of
decreased 3a5a-THP translates to other NAS with similar pharmacological properties. (2)
We lack descriptive data relating NAS to suicidality. Sl is a distinct, transdiagnostic entity
with unique predictors than that of depression or anxiety alone, and therefore our data from
a transdiagnostic sample provides rare opportunities to examine NAS longitudinally across
the cycle in participants exhibiting SlI. (3) While there is a substantial literature of NAS in
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reproductive and chronic mood disorders (Locci & Pinna, 2017; Wenzel et al., 2021), it is
unknown how these two bodies of work apply to PME of chronic psychiatric conditions,
despite evidence that PME is up to ten times more common than PMDD (Hartlage et

al., 2004). Overall, translational, transdiagnostic evidence suggests that NAS (particularly
3a5a-THP) relate to psychiatric symptoms that contribute to suicide risk, and that certain
individuals are neurobiologically sensitive to normal NAS fluctuations across the cycle.

1.3. The menstrual cycle and suicide risk: inflammatory proteins

Longstanding evidence suggests inflammation relates to risk for MDD and suicidality.
Meta-analytic work shows increased peripheral cytokines (e.g., IL-6, TNF-a) in patients
with MDD versus controls (Kohler et al., 2017), and within-person changes in TNF-a have
been shown to predict depressive symptoms (Moriarity et al., 2020). Positron Emission
Tomography shows upregulation of translocator protein (TSPO; a spatial correlate of
neuroinflammation) in brain regions of patients with SI (Holmes et al., 2018), while
individuals with suicidal behaviors or attempts demonstrate increased IL-6, TNF-a, and
IL-1p in peripheral blood (Janelidze et al., 2011; Vasupanrajit et al., 2022). No studies to
date examine the role of the menstrual cycle in inflammation-mediated risk for suicidality,
despite known or suspected anti-inflammatory properties of E2, P4, and NAS (Balan et al.,
2022; Gaskins et al., 2012; Zwahlen & Stute, 2023).

1.4. Current Study

We present preregistered secondary analyses from NCT03720847, a double-blind, placebo-
controlled, crossover RCT testing the hypothesis that perimenstrual withdrawal from E2
and P4 contributes to PME of Sl in naturally cycling individuals with past-month SI.
Primary results showed that acute perimenstrual administration of E2 and P4 (“EP”) reduced
PME of Sl and depressed mood versus placebo (“PBO”) (Eisenlohr-Moul, Bowers, et al.,
2022). We now evaluate banked serum to explore relationships between the cycle and

two candidate neurobiological pathways for suicidality (NAS, cytokines). We hypothesized
that decreased GABAergic NAS (section 1.2) and increased inflammation-related cytokines
(section 1.3) would each predict increased SI. Across the natural cycle, we hypothesized

a midluteal peak in P4-derived GABAergic NAS (Nguyen et al., 2017; Schmidt et al.,
1994), and a perimenstrual peak in inflammatory cytokines (Gaskins et al., 2012; Whitcomb
et al., 2014). We explored the experimental effects of EP vs. placebo: we predicted that
acute perimenstrual EP would increase NAS and decrease cytokines to match baseline
midluteal levels, respectively. To our knowledge, we provide the first study of suicide-
related candidate biomarkers across the cycle, and the first experimental data to show how
perimenstrual EP administration alters NAS and cytokines in patients with suicidality.

2. Methods and Materials

2.1.

Pre-registration

Hypotheses and analytic plan were pre-registered on the Open Science Framework (https://
osf.io/crgaj).

Psychoneuroendocrinology. Author manuscript; available in PMC 2024 November 01.


https://clinicaltrials.gov/ct2/show/NCT03720847
https://osf.io/crgaj
https://osf.io/crgaj

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barone et al. Page 5

2.2. Participants and Experimental Design.

Twenty-nine individuals were randomized in the parent placebo-controlled, triple-blind
(investigator, participant, assessor), crossover RCT; experimental design can be found

in Supplementary Figure 1 and is previously described in full with eligibility criteria
(Eisenlohr-Moul, Bowers, et al., 2022). Briefly, participants attended an enrollment visit
including a Structured Clinical Interview for DSM-5 (SCID-5; First et al., 2015), Columbia
Suicide Severity Rating Scale (C-SSRS; Posner et al., 2011), eligibility review, and informed
consent. Participants then completed a baseline cycle (=28 days) of daily surveys measuring
affective and suicide-related symptoms (sent at 5pm via text message). After the baseline
cycle, participants were randomized to two subsequent experimental intervals of EP or
PBO, bisected by a washout cycle (=28 days), with each interval timed to days +7 to

+20 following a positive 40mIU/ml urine luteinizing hormone (LH) test. The EP interval
included transdermal E2 patches (Climara™; 0.1mg/day) and twice-daily oral micronized
P4 (Prometrium™; 100mg per pill) to buffer the abrupt withdrawal from E2 and P4 that
occurs just prior menses onset; the PBO interval included identical patches and pills. Blood
was collected three times per condition: a midluteal visit (LH+7), a perimenstrual visit
(LH+14), and a midfollicular visit (LH+22). Study protocol was approved by the University
of North Carolina-Chapel Hill Institutional Review Board; all procedures were performed in
accordance with relevant guidelines and regulations.

2.3. Daily symptoms.

Participants completed adapted versions of the Adult Suicidal Ideation Questionnaire

(ASIQ; Reynolds, 1991) and the Daily Rating of Severity of Problems (DRSP; (Endicott

et al., 2006). ASIQ and DRSP items were rated on 5- and 6-point Likert scales, respectively,
ranging from “Not at All” to “Extremely” within the past 24 hours. Daily SI was an average
of ideation-related ASIQ items (e.g., “I wished | were dead,” “I felt that life was not worth
living”). We used DRSP Item #1 for depressed mood (“I felt depressed, down, or blue”) and
DRSP Item #4 for anxiousness (“I felt anxious, keyed up, or on edge”). For each symptom
(mean SI, depressed mood, anxiousness), a three-day composite score was calculated as that
symptom’s mean rating from the evening of the blood draw through the subsequent two days
(e.g., symptom ratings 72 hours after blood collection).

2.4. Serum samples and assays.

Blood was sampled between 7:00AM and 8:00PM based on participant availability

and varied between participant (consistent within participant). Thirty minutes after

blood collection, serum was centrifuged, aliquoted, and stored at —80°C. 3500 pL of

serum were available from each of six lab visits (three visits per condition). Using a

highly sensitive and specific gas chromatography-mass spectrometry (GC/MS) method
developed and validated by consultants (Porcu et al., 2009), we quantified (from 1500 pL
banked serum) the following GABAergic NAS: 3a,5a-THP (allopregnanolone), (3a,5p)-3-
hydroxypregnan-20-one (3a,58-THP; pregnanolone), (3a,5a)-3,21-dihydroxypregnan-20-
one (3a,5a-THDOC; THDOC), (3a,5a)-3-hydroxyandrostan-17-one (3a,5a-A;
androsterone), (3a,5p)-3-hydroxyandrostan-17-one (3a,5p-A; etiocholanone), (3a,5a,17p)-
androstane-3,17-diol (3a,5a.-A-diol; androstanediol), (3a.,5p,17p)-androstane-3,17-diol

Psychoneuroendocrinology. Author manuscript; available in PMC 2024 November 01.
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(3a,5p-A-diol; etiocholanediol) and their precursor pregnenolone (see Supplementary
Figure 2). Using Quantikine High Sensitivity ELISA assay Kits for each cytokine (R&D
Systems, Bio-Techne, Minneapolis, MN), we conducted assays (from 2000 pL serum) of
IL-6, TNF-a, and IL-1p. Radioimmunoassay (RIA) was completed for E2 and P4 at each
visit, which is used as reference to identify potentially anovulatory cycles.

2.5. Analytic plan.

General Approach.—Analyses were conducted in R (v4.0.2) using ‘nlme’ and ‘Ime4’

for linear and logistic models, respectively (Bates et al., 2015; Pinheiro et al., 2021).
Biomarkers were log-transformed to improve normality of residuals (White, 2019). Age

and BMI were sample-standardized. All multilevel models predicting biomarkers from cycle
phase covaried SSRI usage, age, and BMI, and included random intercepts (sample nested
within person). Participants were asked to report each day if they experienced any new
illnesses (e.g., upper respiratory infections, cold or flu symptoms), given that an acute
infection could directly affect inflammatory pathways of interest. For NAS outcome models,
we covaried self-reported illness on day of sample (0 = No IlIness Reported, 1 = Iliness)
given the possible, hypothesized relationships between NAS and inflammation. For cytokine
models, we omitted data from blood draws with simultaneous self-reported acute illness
rather than covarying, since the cytokines of interest are directly upregulated by acute
infection or illness (N=2 lab visits with symptoms consistent with cold, flu, or upper
respiratory infection). Cycle phase is a dummy-coded predictor, and we ran each model
twice to rotate the reference group and capture all pairwise comparisons (model 1: midluteal
reference versus perimenstrual and midfollicular contrasts; model 2: perimenstrual reference
versus midluteal and midfollicular contrasts). Because the present analyses are exploratory,
pre-registered, and intended to serve as hypothesis-generation for future work, our analytic
plan does not control for multiple comparisons due to our greater concern for control of
Type Il error (false negatives) in this context.

Exploratory and descriptive tests.—To determine potential covariates, we ran
exploratory models to predict biomarkers from 1) time of day (linear and quadratic) and

2) SSRI usage. We first tested for relationships with time of day based on possible circadian
effects on NAS or cytokines; time was rounded to the nearest hour. We next hypothesized
SSRI usage would positively correlate to 3a-reduced NAS, as prior literature suggests
SSRIs increase neurosteroidogenesis (Pinna et al., 2009). To test for associations between
our biomarker systems, we ran individual linear multilevel models predicting IL-6, TNFa,
and IL-1p, from 3a,5a-THP or 3a,5a-A, respectively. We hypothesized higher NAS would
be associated with lower cytokines given prior evidence for anti-inflammatory effects of
3a,5a-THP (Balan et al., 2022). For NAS that were undetectable in at least 50% of samples
(3a,5B-A, 3a,5p-A-diol), we explored likelihood of missingness (logistic) based on cycle
phase, SSRI usage, BMI, and age. All exploratory and descriptive tests can be found in
Section 3.2.

Primary Analyses.

Biomarkers and symptoms.—Within the placebo condition, between-person means
(trait variance) for each biomarker were calculated as each person’s mean across the
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three placebo samples (e.g., unmedicated). Within-person deviations (state variance) for
each placebo observation were calculated per sample by subtracting the person’s placebo
mean from that visit’s value. To test hypotheses relating between- and within-person
biomarker concentrations to symptoms in the natural menstrual cycle (placebo condition),
we ran multilevel linear models where symptom was the outcome (SI, depressed mood,

or anxiousness) and predictors included both between-person mean and within-person
deviation of each biomarker. For example, we predicted Sl, depressed mood, and
anxiousness in separate models from the between-person mean and within-person deviations
in 3a,5a-THP; this was repeated for each biomarker. Models were adjusted for SSRI use,
cycle phase (midluteal, perimenstrual, midfollicular), age, and BMI. These between-person
associations, without experimental EP, can be found in Section 3.3.

Biomarkers across menstrual cycle.—Under placebo (natural cycle), multilevel
models predicted each biomarker from cycle phase (midluteal, perimenstrual, midfollicular).
We hypothesized that midluteal P4-derived NAS (3a,5a-THP, 3a,5B-THP, 3a,5a-THDOC)
would be greater than perimenstrual or midfollicular (midluteal > perimenstrual =
midfollicular). The relationships of biomarkers across menstrual cycle phase, without
experimental EP, can be found in Section 3.4.

Biomarkers under experimental EP.—Finally, we tested how experimental EP altered
cyclical trajectories described in the prior hypothesis. Multilevel linear models predicted
each biomarker from condition (EP vs. placebo), cycle phase (midluteal, perimenstrual,
midfollicular), and their interaction (condition X cycle phase). The results of the full
crossover experiment can be found in Section 3.5.

3. Results

3.1.

3.2.

Participants and data.

Table 1 presents demographics. For any cycle where midluteal P4 < 3ng/ml (suggesting
anovulation; (Speroff & Fritz, 2005), we removed that condition from analyses (N=1,
placebo). Cytokine outliers were defined as greater than three standard deviations above the
mean and winsorized (Ghosh & Vogt, 2012). Three participants were excluded in entirety:
N=1 with inaccurate LH test; N=1 with anovulatory P4 levels in both conditions, despite
positive LH test; and N=1 who completed the full experiment but refused blood draw. Our
final dataset included 144 observations in 26 participants; the placebo-only dataset included
73 observations in 25 participants.

Descriptive analyses: covariates, biomarker associations, detectability.

Our descriptive analyses probed for confounding variables that could account for effects in
our primary models. In multilevel models predicting biomarker from time of day, there was
no significant linear or quadratic effect of hourly time on any biomarker (all p’s > 0.05;

see Supplementary Table 1). We thus did not include time of day as a covariate. We tested
SSRI usage (between-person) predicting biomarkers; we found that SSRI usage predicted
lower 3a.,53-A-diol levels (Es=-0.64, SE= 0.24, p<0.05), and 3a.,5p-A was marginally
lower in participants taking SSRIs (£st=—0.34, SE= 0.20, p=0.1). SSRI relationships can

Psychoneuroendocrinology. Author manuscript; available in PMC 2024 November 01.
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be found in Supplementary Figure 3. Based on this unexpected relationship and prior
experimental work (Pinna et al., 2009), we included SSRI usage as a covariate. There

was substantial missingness of the 3a.,53-reduced NAS, 3a.,5p-A (48% undetectable) and
3a,5p-A-diol (57.8% undetectable). In individuals taking SSRIs, 3a,5p-A was undetectable
in 70% of visits (vs 31% in those not taking SSRIs), and 3a,5B-A-diol was undetectable in
66% of visits (vs. 50% in those not taking SSRIS). A cross-tabulation of SSRI usage and
detectability of 3a.,5p-reduced NAS can be found in Supplementary Table 3.

We tested for associations between NAS and cytokines by predicting each inflammatory
cytokine (TNF-a, IL-1pB, and IL-6) from between- and within-person levels of one pregnane-
derived NAS (3a,5a-THP) and one androstane-derived NAS (3a,5a-A), respectively. There
were no significant associations of between- or within-person 3a,5a-THP or 3a,5a-A levels
with TNF-a, IL-1, or IL-6 (all p’s > 0.05; see Supplementary Table 2).

3.3. Non-menstrual cycle associations between biomarkers and symptoms.

Results can be found in Table 2; Figure 1 depicts between-person associations, in the
placebo (unmedicated) visits only (Level 1 N=73, Level 2 N=25). Counter to hypotheses,
higher mean 3a,5a-THP predicted higher trait SI, and higher 3a.,58-THP at a given visit
predicted higher depressed mood at that visit. We found no other significant relationships
of NAS with symptoms. Supporting our hypotheses, higher mean IL-1p predicted greater
mean Sl and depressed mood, while higher mean 1L-6 was associated with greater mean
anxiousness. At the within person level, a visit’s TNF-a level predicted depressed mood at
that visit, while IL-1p predicted anxiousness at that visit.

3.4. Biomarkers across the cycle (placebo).

Results in Table 3 and Figure 2 (solid lines) depict within-person patterns of biomarker

flux across the menstrual cycle in the placebo condition only (Level 1 N=73, Level 2

N=25). As expected, P4 was higher in the midluteal (LH +7) compared to perimenstrual

(LH +14) or midfollicular (LH +22) phases; perimenstrual P4 was greater than midfollicular
P4. Pregnane NAS 3a,5a-THP, 3a,5p-THP, and 3a,5a-THDOC fluctuated parallel to P4.
Counter to hypotheses, androstane-derived 3a-reduced NAS also fluctuated across the cycle,
albeit with a different pattern than P4. First, 3a,5a-A was higher in the midfollicular than
midluteal phase. Second, 3a,,5a-A-diol was lower in the midluteal versus perimenstrual

and midfollicular phases. Third, there were no significant cyclical changes in 3a,5p-A or
3a,5p-A-diol. Age, BMI, and acute illness were not significant predictors of any biomarker.
In models predicting both 3a-reduced diols (3a,5a-A-diol, 3a,5p-A-diol), SSRI medication
usage significantly predicted lower levels of 3a,,5a-A-diol and 3a.,53-A-diol (as seen in
descriptive models, Section 3.2).

Counter to our hypotheses, we found no cyclical patterns in peripheral TNF-a, IL-18, or
IL-6 (Figure 2, green solid lines).

3.5. Biomarkers under exogenous EP administration (full crossover design).

We finally examined the effects of exogenous perimenstrual EP administration on each
biomarker by adding an interaction term between condition and cycle phase to understand

Psychoneuroendocrinology. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barone et al.

Page 9

how EP alters each biomarker trajectory across the cycle, where, in the EP condition, the
midluteal visit (LH+7) was unmedicated, the perimenstrual visit (LH+14) was medicated,
and the midfollicular visit (LH+22) took place during EP withdrawal (+1 day after
completion of P4 pills/removal of E2 patch). Results are shown in Table 4 and Figure 2
(dashed lines; Level 1 N=144, Level 2 N=26). For P4 and pregnane NAS 3a,5a-THP,
3a,5B-THP, and 3a.,5a-THDOC, there were significant interactions between condition

and the midluteal-versus-perimenstrual and midluteal-versus-midfollicular contrasts. We
found significant interactions between condition and the midfollicular vs perimenstrual
contrast for 3a.,5a-THP, 3a,5p-THP, and 3a,5a-THDOC, but this was non-significant for
P4. For androstane-derived NAS, there was a significant main effect of condition (EP <
PBO) for 3a,5p-A-diol; this was non-significant for 3a,5a-A, 3a,5a-A-diol, and 3a,5p-A.
The nature of the interaction between condition and cycle phase differed by outcome:

for 3a,5a-A, the interaction of condition with the perimenstrual vs midluteal contrast

was significant, such that there were no significant effects in the PBO condition, but
perimenstrual 3a,5a-A was significantly lower than midluteal 3a.,5a.-A in the EP condition.
For 3a.,5a-A-diol, condition interacted with cycle phase in all three contrasts: under PBO,
3a,5a-A-diol increased from the midluteal to perimenstrual phase then remained elevated
in the midfollicular phase, while under EP, 3a.,5a.-A-diol decreased from the midluteal to
perimenstrual phase, then increased from the perimenstrual to midfollicular phases. There
were no significant interactions for 3a.,5-A. While 3a,5-A-diol did not change across the
cycle in the PBO condition, there was a significant decrease under EP from the midluteal

to perimenstrual phase, then a significant increase under EP from the perimenstrual to
midfollicular phase. Counter to hypotheses, condition did not interact with cycle phase
predicting TNF-a or IL-1p. For IL-6, there was a significant interaction between condition
and the perimenstrual vs midluteal contrast, such that IL-6 decreased from the midluteal to
the perimenstrual phase in the EP condition only.

4. Discussion

Ovulating individuals between puberty and menopause are at notably greater risk than their
male counterparts for Sl or suicide attempt, especially during the perimenstrual frame.

This is the first known study of GABAergic NAS and inflammatory cytokines — two
systems of neurobiological relevance to suicide — across the menstrual cycle in patients
with SI. Our novel descriptive study, using gold-standard LH surge testing to objectively
confirm ovulation and GC/MS to assay NAS provides preliminary data with two major
implications. First, our data guides future clinical research studying the pathophysiology

of female suicide risk and PME of Sl. Specifically, findings from the present manuscript
drove our laboratory’s subsequent two RCTs (NCT03498313: in preparation for publication;
NCTO04112368: currently active) utilizing similar study designs. Based on the present
findings, our future work will test unique (rather than combined) experimental E2 and

P4 effects on neurosteroidogenic enzymes, add measures of GABAAR subunit expression,
and compare group-level differences between those with PME of SI and non-psychiatric
controls. Second, in line with the NIH commitment to inclusion of both male and female
participants (sex as a biological variable) in clinical trials, our findings demonstrate
menstrual cycle phase associations with frequently-studied NAS and inflammatory markers,
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offering context for when the menstrual cycle may be a confounding variable in biological
psychiatry research. We implore researchers studying GABAergic NAS to track menstrual
cycle phase and/or reproductive status in female participants, and to covary cycle phase
where possible, given our findings that P4-derived and androstane NAS fluctuate across the
cycle (see Schmalenberger et al., 2021 for a practical guide).

4.1. Do GABAergic NAS or inflammatory cytokines predict psychiatric symptoms?

Within this high-severity sample, we found few trait or state associations of GABAergic
NAS with SI, depressed mood, or anxiousness. Although prior literature suggests low
GABAergic NAS predict chronic psychiatric symptoms (Strohle et al., 1999; Uzunova et
al., 1998), we found that //jgher 3a.,5a-THP (between-person) and /ncreased 3a.,53-THP
(within-person) predicted higher SI and depressed mood, respectively. This suggests that
individuals with PME of SI, similar to PMDD, have a neurobiological sensitivity to
GABAergic NAS flux (Hantsoo & Epperson, 2020). As sensitivity of the GABAAR’s
response to NAS is determined by its subunit composition (Shen et al., 2007; Smith,
2013; Smith et al., 2007), future research should consider plasticity in the GABAAR
itself as a possible transdiagnostic mechanism underlying neuropsychiatric sensitivity to
hormone flux (Hantsoo & Epperson, 2020; Locci & Pinna, 2017). We found no relationship
between symptoms and between-person orwithin-person changes in 3a.,5a-THDOC,
3a,5a-A, 3a,5a-A-diol, 3a,5B-A, or 3a,5p-A-diol. These null findings are notable, as
many GABAergic NAS have similar structure and allosteric function at the GABAAR,
yet few studies examine other 3a.-reduced GABAergic NAS beyond 3a,5a-THP. In sum,
we provide preliminary evidence that hypothesized neurosteroidogenic deficits causing
depressive symptoms may not translate to prediction of symptom severity in patients
with suicidality, and our findings suggest little to no evidence for a relationship between
peripheral GABAergic NAS and symptom severity in this high-risk sample.

We measured three inflammation-related cytokines in association with Sl, depressed mood,
and anxiousness. Between-person IL-1p predicted Sl and depressed mood, and IL-6
predicted anxiousness, while higher within-person TNF-a and IL-1p were associated with
increased depressed mood and anxiousness, respectively. This demonstrates consistent
evidence of cytokines predicting psychiatric symptoms, although the between- or within-
person patterns differed by immune protein. Prior mixed-design studies associate between-
person IL-6 with depressed mood, and within-person IL-6 illness course severity in female
but not male patients (Lamers et al., 2019). IL-6 predicted increased anxiousnessin

our sample, suggesting IL-6 may be a transdiagnostic marker of internalizing affective
symptom severity. TNF-a predicted depressed mood within-person, replicating prior work
in adolescents (Moriarity et al., 2020); interestingly, TNF-a is most often associated

with depressed mood and suicide symptom severity cross-sectionally in meta-analyses
(Vasupanrajit et al., 2022). A broad body of literature suggests inflammation is associated
with psychiatric phenotypes; our work adds distinction between trait and state variance in
these relationships, which can aid future work in understanding how overall levels versus
acute changes in inflammation-related cytokines predict chronic or acute affective risk.
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4.2. How do GABAergic NAS and inflammatory cytokines fluctuate across the menstrual

cycle?
We characterized GABAergic NAS and inflammatory cytokines at three cycle phase
timepoints, which has never been done in a sample with SI. We demonstrated that pregnane
NAS (3a,5a-THP, 3a,5p-THP, and 3a,5a-THDOC) fluctuate cyclically with the precursor
P4, and are supraphysiologically increased with exogenous perimenstrual EP. The increases
in 3a,5a-THP under EP replicate work in PMDD showing the relationship between P4 and
NAS (Klatzkin et al., 2006); we extend these known patterns by 1) showing a similar pattern
of flux with 3a,58-THP and 3a,5a-THDOC, less-studied NAS with similar structures
and pharmacologic profiles, and 2) validating that the cyclical pattern of P4-derived
NAS is not aberrant in individuals with PME of Sl (suggesting that, similar to PMDD,
symptoms arise due to an abnormal sensitivity to normal hormone flux). We did not expect
androstane NAS to fluctuate cyclically as they are not direct metabolites of P4, which
was supported by non-significant cycle phase differences for 3a,5p-A, and 3a,5p-A-diol;
however, 3a,5a-A, 3a,5a-A-diol fluctuated /nversely from P4, with midfollicular peaks
and midluteal troughs. Surprisingly, exogenous perimenstrual EP decreased androstane
NAS. To our knowledge, there are no studies characterizing androstane-derived NAS
longitudinally across the menstrual cycle. One prior study showed that P4 administration
decreases the sulfated form of DHEA, a precursor to many androstane NAS, in PMDD
patients but not controls (Nguyen et al., 2017); our findings extend this work to a PME
sample, showing that P4 decreases perimenstrual 3a.,5a-A, 3a,5a-A-diol, 3a,58-A, and
3a,5B-A-diol (downstream metabolites of DHEA). Together, there is evidence for an inverse
relationship between P4 and DHEA-derived NAS in patients with cyclical mood changes.
We raise the possibility that patients with cyclical changes in mood symptoms (PME or
PMDD) could have a relative deficit in 3a-HSD, shunting 3a-HSD activity to favor P4
catabolism over testosterone or DHEA catabolism in the presence of enzyme saturation
by P4. This hypothesis should be tested to identify the mechanistic pathway by which P4
fluctuations affect 3a.-reduced NAS that are not direct metabolites of P4.

We demonstrated that peripheral TNF-a., IL-1p, and IL-6 do not fluctuate across the

cycle; under EP, only IL-6 was affected, such that EP decreased perimenstrual I1L-6. While
prior studies showed that IL-6 and IL-1p do fluctuate across the menstrual cycle in urine
(Whitcomb et al., 2014) samples, we did not observe these relationships in peripheral

blood despite ovulation confirmation. We also demonstrate that preclinical NAS and
inflammation relationships, such that 3a,5a-THP has anti-inflammatory properties (Balan et
al., 2022), are not represented in human peripheral blood samples. Thus, despite the fact that
menstruation is an inherently inflammatory local process (Evans & Salamonsen, 2012), this
does not appear to be reflected in peripheral inflammation.

4.3. What is the role of potential confounding variables?

We showed that time of day does not predict peripheral GABAergic NAS or inflammatory
cytokines, countering diurnal variations found in urinary steroid metabolites (Jerjes et al.,

2006). It is crucial to replicate this null finding in larger samples. If replicated, this finding
can increase inclusivity of future studies focused on peripheral biomarkers, as current best
practice of scheduling participant blood draws at the same time of day is inherently biased
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towards participants with similar (or highly flexible) schedules. We additionally showed that
SSRI usage did not predict increased levels of 3a-reduced NAS, and in fact predicted lower
3a,5B-reduced NAS, which counters prior literature in samples with depression (Pinna et al.,
2009; Uzunova et al., 1998).

4.4. Limitations

The present study has many strengths, including gold-standard LH-surge urine test for
ovulation, daily symptoms, repeated blood sampling, a rarefied sample of outpatients

with Sl, a broad battery of NAS, and translation of basic science hypotheses into a

clinical sample, but is not without limitations. First, peripheral blood does not necessarily
correspond to CNS processes (Gigase et al., 2023), and we must therefore interpret findings
with caution. Second, we cannot infer causality from any of our correlations between
symptoms and biomarkers as we did not directly manipulate biomarkers of interest; future
work should consider direct manipulation of NAS and/or cytokines to determine causal
relationships. Third, SSRI usage was measured as a trait variable with no attention to dosage
or specific medication. Fourth, while this sample is intentionally transdiagnostic to focus on
the specific symptom construct of SI, we did not test if any of our findings differed between
subsets of participants based on psychiatric diagnoses (e.g., Major Depressive Disorder only,
anxiety disorders only, or specific combinations of comorbidities). Finally, we ran many
exploratory tests in a small sample, which increases Type | error and necessitates that these
findings serve as preliminary, hypothesis-driving data for future studies in larger samples.
We urge caution before over-interpreting or generalizing these findings.

4.5. Conclusions

We present a pre-registered secondary analysis of GABAergic NAS and inflammatory
cytokines across the menstrual cycle and under experimental EP from a parent RCT showing
EP supplementation reduces PME of SI (Eisenlohr-Moul, Bowers, et al., 2022). We provide
preliminary evidence that peripheral inflammatory biomarkers are positively correlated with
psychiatric symptom severity, while peripheral GABAergic NAS are either unrelated or
inversely related to symptom severity. We show that peripheral P4-derived GABAergic
NAS fluctuate in parallel with P4 and increase with exogenous EP, while androstane-
derived GABAergic NAS do not fluctuate or fluctuate inversely from P4 and decrease

with exogenous EP. While preliminary, our findings serve as important foundation for
future work into the pathophysiological mechanisms underlying suicide and perimenstrual
suicide risk. We describe how ten frequently studied peripheral biomarkers in biological
psychiatry do and do not fluctuate across the menstrual cycle, allowing for improved quality
of comparisons involving naturally-cycling female participants in research. In sum, our
work highlights relevance of the menstrual cycle to psychiatric biomarker research, and
provides clues about possible mechanisms by which normal ovarian hormone fluctuations
can contribute to perimenstrual suicide risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:
. There are no existing biomarkers for perimenstrual exacerbation of suicidality
. Neuroactive steroids do not correlate to suicidal ideation, depression, or
anxiety
. Higher cytokines generally correlate with higher suicide-related symptoms
. Neuroactive steroids fluctuate across the menstrual cycle
. Estrogen and progesterone increase some neuroactive steroids, but decrease
others
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Symptom

Person-Mean Biomarker, Log-Transformed (P4 in ng/mL; all others in pg/mL)

Figure 1.
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i *Depressed Mood
(p<0.01)
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Sl

Depressed Mood

Anxiousness

Symptoms (S, Depressed Mood, Anxiousness) predicted by biomarkers at the between-
person level (placebo condition only), with no attention to cycle phase. Y axis represents
mean symptom score across placebo visits, per person. Depressed Mood and Anxiousness
Likert scales ranged from 1-6 (Depressed Mood: Sample Mean (M)=2.46, Sample Standard

Deviation (SD)=0.90; Anxiousness: Sample M=2.47, Sample SD=0.74), and SI Likert

scale ranged from 1-5 (SI: Sample M=1.62, Sample SD=0.72). Lines represent regression
between biomarker predictor (panel title) and respective symptom outcome (line type and

color). Significant associations (p<0.05) are denoted with asterisks and text.
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3a,5a-A-diol

IL-1p

16
0.085
1.4+
0.080 -
124
0.075
: 1.0
0.070+ i i
MIDLUT PERIMENS MIDFOL MIDLUT PERIMENS MIDFOL MIDLUT PERIMENS MIDFOL
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Model-implied values of peripheral ovarian steroids E2 and P4 (black lines), GABAergic
NAS (blue) and cytokines (green) at three timepoints across the menstrual cycle. Natural
cycle (under placebo) shown with solid line; EP experimental condition shown with dotted
line. Error bars represent 95% confidence interval. Values have been back-transformed

from logarithmic scale (for model fitting) into raw scale for visualization. P4 measured in
nanograms per milliliter (ng/ml); all others measured in picograms per milliliter (pg/ml).
Abbreviations: MIDLUT = midluteal phase, PERIMENS = perimenstrual phase, MIDFOL =
midfollicular phase.
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Participant demographics and baseline clinical diagnoses, per SCID-5 interview.

Table 1.

Total sample (N=26)

n %

Age, years, mean (SD) 28.7(7.1)
BMI at recruitment, mean (SD) 26.5(6.2)
Race

White/Caucasian 23 88.5

Asian 1 38

More than one race 1 3.8

Declined to answer 3 38
Education

<4 yr college degree 4 15.4

4 yr college degree 13 50.0

Post-graduate degree 9 34.6
Household income

Less than $25,000 7 26.9

$25,000 - $49,999 8 30.8

$50,000 - $99,999 7 26.9

$100,000 or more 4 15.4
Sexual orientation

Heterosexual 10 38.5

Bisexual 7 26.9

Leshian/Gay 3 115

Other Non-Heterosexual 6 231
Sex (Assigned Female at Birth) 26 100
Gender (Cisgender) 24 92.3
Cohabitation with Partner 18 69.2
Parity 9 34.6
Current SSRI use 11 42.3
Lifetime non-suicidal self-injury 15 57.7
Lifetime suicide attempt 15 57.7
Any Current Depressive Disorder 20 76.9
Any Current Anxiety Disorder 20 76.9
Any Current Substance Use Disorder 1 3.8
Any Current Obsessive-Compulsive Disorder 4 15.4
Any Current Eating Disorder 2 7.7
Current Attention Deficit/Hyperactivity Disorder 4 154
Current Posttraumatic Stress Disorder 7 26.7
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Table 2.

Results from models predicting associations between biomarkers and symptoms in non-experimentally treated
cycles (placebo; N=75 observations; N=25 participants). Models were adjusted for age, BMI, SSRI usage, and
cycle phase (all covariate p’s>0.05). Each biomarker was analyzed in three separate models to substitute
outcomes (S, depressed mood, anxiousness). Bolded estimates represent significant differences (p < 0.05).

SI Depressed Mood | Anxiousness

EST SE EST SE EST SE

3a, 5a-THP Intercept -4.02 | 2.40 -2.03 335 | -2.69 | 2.78
Participant mean (between) 1.09 | 043 0.79 0.61 0.94 | 0.50

Person-centered deviation (within) | -0.02 | 0.19 0.46 0.35 0.10 | 0.28

3a,5p-THP Intercept -0.02 | 1.55 0.05 1.97 174 | 1.73
Participant mean (between) 042 | 0.35 0.47 0.44 0.15 | 0.38

Person-centered deviation (within) 0.13 | 0.13 0.59 0.22 0.13 | 0.19

3a,5a-THDOC | /Intercept -0.33 | 2.12 -1.42 265 | -1.28 | 2.21
Participant mean (between) 0.66 | 0.63 1.18 0.79 1.16 | 0.65

Person-centered deviation (within) 0.10 | 0.26 0.15 0.45 | -0.27 | 0.36

3a,5a-A Intercept 0.04 | 1.93 1.25 2.46 3.97 | 2.09
Participant mean (between) 0.24 | 0.25 0.17 0.32 | -0.19 | 0.27

Person-centered deviation (within) 0.00 | 0.19 -0.25 0.34 0.11 | 0.27

3a,5a-A-diol Intercept 1.21 | 0.70 2.18 0.87 299 | 0.75
Participant mean (betweer) 0.20 | 0.18 0.14 0.23 | -0.13 | 0.20

Person-centered deviation (within) 0.05 | 0.29 0.45 0.50 0.35 | 0.39

3a,5B-A Intercept -0.77 | 3.12 2.62 4.20 7.83 | 3.10
Participant mean (between) 0.51 | 0.58 0.02 0.78 | -0.98 | 0.57

Person-centered deviation (within) | -0.76 | 0.57 -0.81 0.83 0.45 | 0.69

3a,5p-A-diol Intercept 131 | 2.30 0.21 2.50 1.28 | 1.30
Participant mean (betweer) 0.18 | 0.88 0.88 0.96 0.42 | 0.47

Person-centered deviation (within) | -0.88 | 0.42 -2.04 1.13 0.50 | 1.23

TNF-a Intercept 1.70 | 0.31 2.61 0.39 251 | 0.33
Participant mean (between) 1.08 | 0.89 -0.04 1.18 0.19 | 1.00

Person-centered deviation (within) 0.29 | 0.50 2.10 0.85 0.33 | 0.63

IL-1B Intercept 7.60 | 2.00 9.73 2.53 444 | 254
Participant mean (betweer) 2.28 | 0.80 2.86 1.00 0.76 | 1.01

Person-centered deviation (within) 0.04 | 0.41 0.58 0.74 1.24 | 047

IL-6 Intercept 194 | 0.28 2.56 0.35 231 | 0.26
Participant mean (between) -0.01 | 0.50 0.08 0.63 1.04 | 0.48

Person-centered deviation (within) 0.31 | 0.19 0.25 0.33 0.19 | 0.23

Abbreviations: EST=estimate, SE=standard error.
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Results from multilevel models predicting log-transformed biomarker levels from pairwise cycle phase

Table 3.

Page 22

contrasts in placebo (natural cycle) condition only. Bolded estimates represent significant differences between

phases (p < 0.05).
Progesterone 3a,5a-THP 3a,58-THP 3a,5a-THDOC
EST SE EST SE EST SE EST SE
Intercept (MIDLUT ref. group) 294 | 0.29 6.15 | 0.13 5.23 | 0.16 3.81 0.09
SSRI™ 0.11 | 0.43 0.11 | 0.19 | -0.01 | 0.24 -0.13 0.13
BMI™ -0.28 | 0.21 | -0.04 | 0.09 | -0.06 | 0.13 0.01 0.07
Age™ 0.25 | 0.24 0.06 | 0.10 | -0.02 | 0.13 | -0.08 | 0.07
liness ™ 0.12 | 0.62 0.30 | 0.27 | -0.21 | 0.40 -0.31 0.21
PERIMENS vs MIDLUT -2.79 | 0.22 | -0.81 | 0.09 | -0.95 | 0.14 -0.62 0.07
MIDFOL vs MIDLUT -4.64 | 022 | -1.14 | 0.09 | -1.49 | 0.14 -0.77 0.07
Intercept (PERIMENS ref. group) 0.14 | 0.29 534 | 0.13 428 | 0.16 3.19 0.09
MIDFOL vs PERIMENS -1.84 | 022 | -0.33 | 0.10 | -0.55 | 0.14 -0.16 0.08
3a,5a-A 3a,5a-A-diol 3a,58-A 3a,5p-A-diol
EST SE EST SE EST SE EST SE
Intercept (MIDLUT ref. group) 763 | 0.21 3.37 | 0.27 531 | 0.15 251 0.16
SSRI -0.66 | 0.33 | -0.94 | 0.45 | -0.30 | 0.24 -0.88 0.27
BMI 0.04 | 0.17 0.24 | 0.23 0.07 | 0.15 0.06 0.15
Age -0.25 | 0.18 | -0.44 | 0.25 0.05 | 0.13 -0.26 0.13
Iiness -0.07 | 0.29 | -0.40 | 0.19 0.14 | 0.33 -0.13 0.16
PERIMENS vs MIDLUT 0.03 | 0.10 0.19 | 0.06 0.02 | 0.11 -0.04 0.08
MIDFOL vs MIDLUT 0.21 | 0.10 0.30 | 0.06 0.12 | 0.10 0.08 0.08
Intercept (PERIMENS ref. group) | 7.67 | 021 | 357 | 027 | 533 | 0.15 247 | 015
MIDFOL vs PERIMENS 0.18 | 0.10 0.11 | 0.06 0.10 | 0.10 0.12 0.08
TNF-a IL-18 IL-6
EST SE EST SE EST SE
Intercept (MIDLUT ref. group) 0.19 | 0.06 | -2.50 | 0.06 0.19 | 0.12
SSRI 0.03 | 0.09 | -0.05 | 0.09 | -0.09 | 0.17
BMI 0.05 | 0.05 0.09 | 0.05 0.22 | 0.09
Age 0.01 | 0.05 | -0.06 | 0.05 | —0.02 | 0.09
PERIMENS vs MIDLUT 0.02 | 0.04 | -0.02 | 0.05 0.13 | 0.11
MIDFOL vs MIDLUT 0.03 | 0.04 | -0.01 | 0.04 0.01 | 0.10
Intercept (PERIMENS ref. group) 0.21 | 0.06 | -2.52 | 0.06 0.31 | 0.12
MIDFOL vs PERIMENS 0.01 | 0.04 0.01 | 0.05 | -0.11 | 0.11

Abbreviations: PERIMENS = perimenstrual phase, MIDLUT = midluteal phase, MIDFOL = midfollicular phase; EST= estimate, SE = standard

error.
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*
Covariates reported from models with MIDLUT as reference group; there were no notable differences in effect size and direction of each covariate
in PERIMENS as reference group model.
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Results from multilevel models predicting log-transformed biomarker levels from pairwise cycle phase
contrasts and interaction between pairwise cycle phase x condition (placebo or EP). Bolded estimates
represent significance (p < 0.05).

Table 4.

Progesterone 3a,5a-THP 3a,58-THP 3a,5a-THDOC
EST SE EST SE EST SE EST SE
Intercept (MIDLUT ref. group) 295 | 0.22 6.08 | 0.15 522 | 0.18 3.81 0.13
SSRI™ 0.10 | 0.28 0.24 | 0.19 0.00 | 0.23 -0.10 0.17
BMI™ -0.13 | 015 | -0.05 | 0.10 | -0.01 | 0.13 0.04 0.10
Age” 013|015 | 009|010 | 002 |013]| -011] o010
liness ™ -0.25 | 0.61 0.00 | 0.39 | -0.15 | 0.49 -059 | 034
Condition 0.14 | 0.24 0.04 | 0.15 | -0.04 | 0.19 0.05 0.13
PERIMENS vs MIDLUT -2.79 | 023 | -0.82 | 0.15 | -0.93 | 0.18 -0.62 0.13
MIDFOL vs MIDLUT -4.65 | 023 | -1.15 | 0.15 | -1.53 | 0.19 -0.79 0.12
Condition x (PERIMENS vs MIDLUT) 1.36 | 0.35 3.00 | 0.21 2.78 | 0.27 251 0.18
Condition x (MIDFOL vs MIDLUT) 1.14 | 0.33 155 | 0.21 1.78 | 0.26 1.09 0.18
Intercept (PERIMENS ref. group) 0.16 | 0.23 526 | 0.15 429 | 0.18 3.19 0.13
MIDFOL vs PERIMENS -1.86 | 0.23 | -0.34 | 0.15 | -0.60 | 0.19 -0.17 0.13
Condition x (MIDFOL vs PERIMENS) | -0.22 | 0.35 | -1.45 | 0.21 | -0.99 | 0.27 -1.42 0.18
3a,5a-A 3a,5a-A-diol 3a,58-A 3a,5B-A-diol
EST SE EST SE EST SE EST SE
Intercept (MIDLUT ref. group) 755 | 0.17 3.12 | 0.20 531 | 0.13 2.32 0.13
SSRI* -048 | 022 | -0.40 | 019 | -027 | 0.16 | -0.42 [ 0.3
BMI™ 0.01 | 0.15 0.12 | 0.21 | -0.04 | 0.12 -0.05 0.14
Age”™ -0.18 | 015 | -0.24 | 021 | 013 | 020 [ -013 [ 0.1
lliness ™ -0.01 | 029 | -0.22 | 0.20 0.14 | 0.35 -0.15 0.15
Condition 0.01 | 0.11 0.05 | 0.07 | -0.15 | 0.13 -0.32 0.09
PERIMENS vs MIDLUT 0.02 | 0.11 0.19 | 0.07 0.00 | 0.13 -0.03 0.08
MIDFOL vs MIDLUT 022 | 0.11 0.31 | 0.07 0.12 | 0.12 0.09 0.08
Condition x (PERIMENS vs MIDLUT) | -0.38 | 0.16 | -0.55 | 0.11 | -0.39 | 0.22 -0.53 0.13
Condition x (MIDFOL vs MIDLUT) -0.13 | 015 | -0.24 | 0.10 | -0.10 | 0.18 0.09 0.12
Intercept (PERIMENS ref. group) 7.56 | 0.17 331 | 0.20 530 | 0.13 2.29 0.12
MIDFOL vs PERIMENS 020 | 0.11 0.12 | 0.07 0.12 | 0.12 0.12 0.08
Condition x (MIDFOL vs PERIMENS) 0.25 | 0.16 032 | 0.11 0.29 | 0.23 0.62 0.13
TNF-a IL-1B IL-6
EST SE EST SE EST SE
Intercept (MIDLUT ref. group) 0.19 | 0.05 | -2.53 | 0.05 0.12 | 0.10
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Progesterone 3a.,5a-THP 3a,58-THP 3a.,5a-THDOC
EST SE EST SE EST SE EST SE

SSRI™ 0.04 | 0.07 0.00 | 0.07 0.03 | 0.13

BMI™ 0.04 | 0.04 0.07 | 0.04 0.24 | 0.07

Age * 0.02 | 0.04 | -0.05 | 0.04 0.02 | 0.07

Condition -0.03 | 0.04 0.00 | 0.04 0.14 | 0.10

PERIMENS vs MIDLUT 0.02 | 0.04 | -0.01 | 0.04 0.14 | 0.10

MIDFOL vs MIDLUT 0.03 | 0.04 | -0.01 | 0.04 0.02 | 0.10

Condition x (PERIMENS vs MIDLUT) | -0.01 | 0.06 | -0.03 | 0.06 | -0.31 | 0.15

Condition x (MIDFOL vs MIDLUT) 0.01 | 0.06 | -0.06 | 0.05 | -0.25 | 0.14

Intercept (PERIMENS ref. group) 0.21 | 0.05 | -2.53 | 0.05 0.26 | 0.10

MIDFOL vs PERIMENS 0.00 | 0.04 0.00 | 0.04 | -0.12 | 0.10

Condition x (MIDFOL vs PERIMENS) 0.02 | 0.06 | -0.03 | 0.06 0.06 | 0.15

Page 25

Abbreviations: PERIMENS = perimenstrual phase, MIDLUT = midluteal phase, MIDFOL = midfollicular phase, EST= estimate, SE = standard

error.

*

Covariates reported from models with MIDLUT as reference group; there were no notable differences in effect size and direction of each covariate

in PERIMENS as reference group model.
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