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ABSTRACT

Background: Efficient prevention of posttraumatic stress disorder (PTSD) needs to target
individuals with an increased risk for adverse outcome after trauma. Prognostic or prescrip-
tive biological markers assessed early posttrauma may inform personalized treatment
recommendations.

Objective: To test prognostic and prescriptive effects of early (posttraumatic) autonomic
and endocrine markers on PTSD symptom development.

Method: Autonomic and endocrine markers were assessed within 12 days posttrauma and
before treatment initiation within a randomized placebo-controlled trial investigating
repeated oxytocin administration as preventive intervention for PTSD. Linear mixed effects
models were used to test the effects of heart rate (variability), resting cortisol, morning
cortisol and cortisol awakening response (CAR), cortisol suppression by dexamethasone and
resting oxytocin on PTSD symptoms 1.5, 3 and 6 months posttrauma in men (n = 54),
women using hormonal contraception (n = 27) and cycling women (n = 19).

Results: We found significant prognostic effects of resting oxytocin and cortisol suppression.
In women using hormonal contraception, higher oxytocin was associated with higher PTSD
symptoms across follow-up. Stronger cortisol suppression by dexamethasone, reflecting
increased glucocorticoid receptor feedback sensitivity, was associated with lower PTSD
symptoms across follow-up in men, but with higher symptoms at 1.5 months in women
using hormonal contraception. These effects were independent of treatment condition. No
further significant prognostic or prescriptive effects were detected.

Conclusion: Our exploratory study indicates that resting oxytocin and glucocorticoid recep-
tor feedback sensitivity early posttrauma are associated with subsequent PTSD symptom
severity. Notably, prognostic effects depended on sex and hormonal contraception use,
emphasizing the necessity to consider these factors in biomedical PTSD research.

Marcadores postraumaticos tempranos endocrinos y autonémicos
para predecir los sintomas de estrés postraumatico después de una
intervencion preventina con oxitocina

Antecedentes: La prevencion eficiente del trastorno de estrés postraumatico (TEPT) necesita
dirigirse a personas con un mayor riesgo de consecuencias adversas después de un trauma.
Los marcadores biolégicos prondsticos o preceptivos evaluados tempranamente luego del
trauma pueden informar recomendaciones de tratamiento personalizadas.

Objetivo: Evaluar los efectos prondsticos y preceptivos de los marcadores tempranos
(postraumaticos) autonémicos y endocrinos sobre el desarrollo de sintomas de TEPT.
Método: Fueron evaluados marcadores autonédmicos y endocrinos dentro de los 12 dias
postrauma y antes de la iniciacion del tratamiento dentro de un estudio aleatorio placebo-
control, investigando la administracién repetida de oxitocina como intervencion preventiva
para TEPT. Se utilizaron modelos lineales de efectos mixtos para evaluar los efectos de la
frecuencia cardiaca (variabilidad), cortisol en reposo, cortisol matutino y respuesta al des-
pertar de cortisol (CAR por sus siglas en inglés), supresion del cortisol por dexametasona
y oxitocina en reposo sobre los sintomas de TEPT a los 1.5, 3 y 6 meses postrauma en
hombres (N=54), mujeres que usaban contracepcién hormonal (N=27) y mujeres ciclantes
(N=19).
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HIGHLIGHTS

- Biological markers can
inform clinicians about an
individual’s PTSD risk after
recent trauma.

- Biological markers
predicting PTSD risk differed
for men, cycling women and
women on hormonal
contraception.

« Biological markers did not
predict the effects of nasal
spray with oxytocin as
preventive intervention for
PTSD.
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Resultados: Encontramos efectos prondsticos significativos de la oxitocina en reposo y de la
supresion de cortisol. En las mujeres que usaban contracepcion hormonal, los niveles de
oxitocina mas altos se asociaron con mas sintomas de TEPT a lo largo del seguimiento. La
supresién mayor del cortisol por dexametasona, que refleja una mayor sensibilidad a la
retroalimentacién del receptor de glucocorticoides, se asocié con menos sintomas de TEPT
a lo largo del seguimiento en los hombres, pero con mayores sintomas a los 1.5 meses en las
mujeres que usaban contracepcion hormonal. Estos efectos fueron independientes de la
condicion de tratamiento. No se detectaron mas efectos prondsticos o preceptivos
significativos.

Conclusion: Nuestro estudio exploratorio indica que la oxitocina en reposo y la sensibilidad
a la retroalimentacién del receptor de glucocorticoides tempranamente luego del trauma se
asocian con la subsecuente severidad de los sintomas de TEPT. Notablemente, los efectos
prondsticos dependen del sexo y del uso de contracepcién hormonal, lo que enfatiza la
necesidad de considerar estos factores en la investigacién biomédica en TEPT.
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1. Introduction

Traumatic events, i.e. exposure to actual or threa-
tened death, serious injury or sexual violence
(American Psychiatric Association, 2013) are experi-
enced by over 70% of the general population (Benjet
et al., 2016; Kessler et al., 2017). A considerable pro-
portion of traumatized individuals subsequently
develop posttraumatic distress disorder (PTSD).
A meta-analysis showed that 27.0% of individuals
develop initial PTSD symptoms but then recover,
10.3% develop chronic and 6.4% delayed PTSD
(Galatzer-Levy, Huang, & Bonanno, 2018). In addi-
tion to treating PTSD, over the past years, efforts
have increased to prevent its development in the
first place (see Dunlop, Mansson, & Gerardi, 2012;
Horn, Charney, & Feder, 2016; Sijbrandij, Kleiboer,
Bisson, Barbui, & Cuijpers, 2015). Recently, we
reported the results of a randomized controlled trial
(RCT) evaluating the potential preventive effects of
intranasal oxytocin administration early posttrauma
on PTSD symptom development (Frijling et al., 2014;
van Zuiden et al., 2017). Beneficial effects were found
in individuals with high acute PTSD symptoms. This
supports the growing notion that instead of offering
preventive interventions to all traumatized indivi-
duals, targeted interventions should be offered only

to those who are at increased risk for adverse out-
comes and most likely to benefit from the interven-
tions. At the same time, interventions should not
interfere with the adaptive recovery observed in the
majority of traumatized individuals (Shalev &
Barbano, 2019). Such targeted preventive interven-
tions could be informed by prognostic markers, pre-
dicting PTSD symptom development irrespective of
treatment, and prescriptive markers, moderating an
intervention’s effectiveness (Garcia & Delahanty,
2017; National Institute of Clinical Excellence, 2018).

A variety of biological systems associated with
perceiving, reacting to, and recovering from (trau-
matic) stress appear to be involved in PTSD symptom
development, including the autonomic nervous sys-
tem (ANS) and the hypothalamic-pituitary-adrenal
(HPA) axis (Heim & Nemeroff, 2016; Olff & van
Zuiden, 2017). During acute stress, the sympathetic
branch of the ANS provides a rapid response,
amongst others increasing heart rate (HR), peripheral
vasoconstriction and energy mobilization. During
recovery, the parasympathetic branch’s activity
increases, exerting opposing effects on the ANS’s
target organs (Andrews, Ali, & Pruessner, 2013;
Chrousos & Gold, 1992). The interplay of sympa-
thetic and parasympathetic activity determines heart



rate variability (HRV), i.e. the beat-to-beat variation
in heart rate over time. HRV represents an index for
the ANS’s ability to respond appropriately to envir-
onmental challenges (Thayer, Ahs, Fredrikson,
Sollers, & Wager, 2012). A meta-analysis summariz-
ing prognostic studies reported that PTSD develop-
ment was associated with high resting HR, assessed
within 72 hours posttrauma (Morris, Hellman,
Abelson, & Rao, 2016).

To date, three prospective studies investigated pre-
trauma HRV. These reported that pretrauma lower
resting HRV was associated with higher posttrauma
PTSD symptoms in male military personnel
(Minassian et al., 2015) and a mixed-sex sample of
children (Mikolajewski & Scheeringa, 2018). The
third study, again in a predominantly male, military
personnel sample, found this association was specific
to the context of high pretrauma symptoms (Pyne
et al,, 2016). Further, lower 24 hours HRV 2 days
posttrauma (Shaikh Al Arab et al., 2012) as well as
during rapid eye movement sleep at 5 to 30 days
posttrauma (Mellman, Knorr, Pigeon, Leiter, &
Akay, 2004) were associated with subsequent PTSD
development in mixed-sex samples. Thus, evidence
indicates that autonomic dysregulation before,
acutely and early after trauma is associated with
increased PTSD risk.

The HPA axis response is part of the compara-
tively slower, neuroendocrine stress response. Acute
stress recovery is crucially modulated by HPA axis’s
end product cortisol, via glucocorticoid receptor
(GR)-induced inhibition of the HPA axis (Andrews
et al., 2013; Chrousos & Gold, 1992). Most studies
that tested prognostic effects of posttrauma cortisol
used a single cortisol measurement and included
mixed-sex samples (Bonne et al., 2003; McFarlane,
Atchison, & Yehuda, 1997; Mouthaan et al., 2014;
Price, Kearns, Houry, & Rothbaum, 2014; Resnick,
Yehuda, Pitman, & Foy, 1995; Walsh et al., 2013).
Assessment times varied from within the first hours
to weeks posttrauma. Not surprisingly, given the
methodological variability between studies, a meta-
analysis showed that cortisol concentrations, assessed
within 72 hours posttrauma, did not predict subse-
quent PTSD (Morris et al., 2016). Prospective studies
assessing pretrauma hair cortisol concentrations in
male military populations found negative associations
with subsequent PTSD development when intermit-
tent trauma exposure was adequately accounted for
(Steudte-Schmiedgen et al., 2015).

High pretrauma GR function and GR-sensitivity to
inhibitory effects of glucocorticoids in immune cells
predicted subsequent PTSD symptoms in male, mili-
tary populations (van Zuiden et al., 2012, 2011, 2012;
van Zuiden, Kavelaars, Geuze, Olff, & Heijnen, 2013).
One study reported a trend towards stronger cortisol
suppression by the synthetic glucocorticoid
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dexamethasone, indicating higher GR sensitivity at
the level of hypothalamus and pituitary, 2 days post-
trauma in male and female emergency care patients
with subsequent PTSD diagnosis (McFarlane, Barton,
Yehuda, & Wittert, 2011), but the sample was rather
small and findings have not been replicated yet. Thus,
despite substantial methodological heterogeneity, pre-
liminary evidence indicates that high GR feedback
sensitivity and, potentially as a consequence, low long-
term cumulative cortisol output might predict PTSD
risk.

The neuropeptide oxytocin is a well-known
modulator of the HPA axis, such that stress-
induced oxytocin release dampens HPA axis reac-
tivity (Alley, Diamond, Lipschitz, & Grewen, 2019;
Engelmann, Landgraf, & Wotjak, 2004; Winter &
Jurek, 2019). Moreover, oxytocin has anxiolytic
effects (Jurek & Neumann, 2018), and promotes
various aspects of prosocial behaviour (Heinrichs,
von Dawans, & Domes, 2009) but these effects
strongly depend on individual factors (e.g. secure
vs. insecure attachment style; presence vs. absence
of psychopathology) and on contextual factors (e.g.
environment perceived as safe vs. as unsafe (Olff
et al, 2013)). A recent meta-analysis showed
increased expression of oxytocin pathway genes
within functional brain networks associated with
stress, fear, anxiety and cognitive processes relevant
for social behaviours, such as reward and motiva-
tion (Quintana et al., 2019). As these processes
presumably underlie vulnerability to PTSD after
trauma, these findings provided the rationale to
investigate intranasal oxytocin as candidate preven-
tive intervention for PTSD (Frijling et al., 2014).
They also suggest that blood oxytocin concentra-
tions early posttrauma may impact PTSD risk or
preventive treatment effectiveness. To date, two
studies assessed blood oxytocin concentrations and
PTSD symptoms prospectively. In a male, military
sample, no impact of oxytocin concentrations,
assessed before, 1 and 6 months post-deployment,
on PTSD symptoms up to 5 years post-deployment
was found (Reijnen, Geuze, & Vermetten, 2017).
Likewise, in male and female emergency care
patients, no significant association between oxyto-
cin concentrations upon hospital admittance and
PTSD symptoms 1 month later was found (Nishi,
Hashimoto, Noguchi, Kim, & Matsuoka, 2015).
Prescriptive effects of oxytocin concentrations
have not been investigated yet.

One aspect that has largely been neglected is the
impact of participants’ sex and, accordingly, gonadal
steroid-related status on the prognostic value of bio-
logical markers for PTSD symptom development.
There is accumulating evidence that cross-sectional
associations between PTSD symptoms and HRV
(Kamkwalala et al., 2012), as well as diurnal cortisol
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output (Nicolson & Ponnamperuma, 2019), are sex-
dependent. Furthermore, HPA axis function and oxy-
tocin concentrations differ between men and women,
and, within women, are additionally influenced by
hormonal contraception use and menstrual cycle
phase (Engel, Klusmann, Ditzen, Knaevelsrud, &
Schumacher, 2019; Kirschbaum, Kudielka, Gaab,
Schommer, & Hellhammer, 1999; Stock, Karlsson, &
von Schoultz, 1994). We also previously reported that
hormonal contraception use promoted mid- to long-
term recovery of early PTSD symptoms (Engel et al.,
2019). However, to date, most published studies on
biological prognostic markers for PTSD risk relied on
single-sex, most commonly all-male samples. Even if
studies included both men and women, sex has sel-
domly been taken into account adequately. Moreover,
gonadal steroid-related statuses, such as menstrual
cycle phase or hormonal contraception use, have
rarely been considered as factors of influence in this
line of research. In this context, it seems important to
stress out that even statistically controlling for these
factors impedes a precise estimation of the specific
prognostic effects within the specific group partici-
pants (i.e. within men vs. within cycling women).
This can only be achieved by stratifying analyses for
sex and gonadal steroid-related statuses.

To sum up, a variety of autonomic and endocrine
systems respond to traumatic events and might pre-
dict subsequent PTSD symptoms, although their pre-
dictive value may be dependent on sex and hormonal
contraception use. It seems promising to concomi-
tantly explore ANS functioning, HPA axis activity
and oxytocin concentrations early posttrauma as dys-
regulations in these systems may be biological under-
pinnings of PTSD development. However, studies
examining this broader range of stress response sys-
tems parameters early posttrauma are still sparse and
to date no study comprehensively assessed all these
systems within the same design, nor were previous
analyses stratified for sex and hormonal contracep-
tion use. Moreover, biological prescriptive factors for
preventive, pharmacological interventions for PTSD
remain understudied to date, let alone whether these
effects may be dependent on sex and hormonal con-
traception use. Therefore, the present study explored
prognostic and prescriptive effects of ANS and HPA
axis markers and oxytocin concentrations, all
assessed early posttrauma, on PTSD symptom devel-
opment, while stratifying for sex and hormonal con-
traception use. This was a secondary analysis of a trial
studying the potential of oxytocin administration to
prevent PTSD development (van Zuiden et al., 2017).

2. Methods and materials

This study encompasses follow-up analyses of
a double-blind, placebo-controlled, multicenter RCT

evaluating the effects of repeated intranasal oxytocin
administration on PTSD symptom development (see
(Frijling et al., 2014) for study protocol). Results of
the main analyses of the RCT have been published
elsewhere (van Zuiden et al., 2017).

2.1. Participants

Potential participants were eligible for inclusion in the
RCT if they were recently (<8 days) traumatized (fulfiling
DSM-1V PTSD Al criterion) adults (18-65 years) with
moderate to severe peritraumatic or acute posttrauma
distress (defined by cut-off scores 25 on the Trauma
Screening  Questionnaire  (Mouthaan,  Sijbrandij,
Reitsma, Gersons, & OIff, 2014; Walters, Bisson, &
Shepherd, 2007) or 217 on the Peritraumatic Distress
Inventory (Nishi et al, 2010). Exclusion criteria were
current PTSD or depression, psychotic, bipolar, sub-
stance-related (either reported by participants during
screening or objectified during the pre-treatment clinical
interview), and personality disorder (in case of a previous
formal diagnosis reported by participants), severe or
chronic systemic disease, mental retardation, neurologi-
cal or endocrine disorder, ongoing traumatization, use of
medications potentially interfering with oxytocin admin-
istration, oxytocin allergy, persistent impaired conscious-
ness or amnesia, pregnancy and breastfeeding at the pre-
treatment assessment. For an overview of the study
design, participants flow and availability of autonomic
and endocrine data, see Table 1.

2.2. Study design

Within 8 days after emergency department admission
due to acute exposure to various kinds of traumatic
events (most frequently: motor vehicle accidents),
participants were screened for eligibility for the RCT
via telephone or at the bedside if still hospital
admitted (TO, screening). Within 10 days posttrauma,
the remaining exclusion criteria were checked and
psychometric data gathered, by means of clinical
interviews and questionnaires (T1, pre-treatment
assessment). Subsequently, participants were enrolled
in the RCT. Within 12 days posttrauma, they admi-
nistered their first, randomly assigned dose of intra-
nasal oxytocin or placebo, under experimenter
supervision (T2, treatment initiation). If there was
sufficient time before initiation of the intervention
(within 12 days posttrauma), post-awakening cortisol
output, cortisol awakening response (CAR) and cor-
tisol suppression by dexamethasone were assessed at
home at two subsequent days between T1 and T2.
Furthermore, at T2, resting biological markers were
collected prior to the first administered dose. T2
assessments were scheduled in the afternoon or
early evening. Sixty-eight per cent of assessments
took place between 12:00pm and 18:00pm. On
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average, assessments began at 14:30pm. The earliest
assessment started at 9:33am and the latest at
20:51pm. Participants watched a nature documentary
depicting plants for 25 minutes while HR(V) was
recorded. Immediately afterwards, saliva was col-
lected in order to measure resting cortisol and there-
after blood was drawn in order to measure resting
oxytocin.

In all biological assessments, participants were
asked to record their behaviour with regard to poten-
tially confounding variables, that is, time of day, food,
caffeine and alcohol intake, smoking and sports.
Participants were asked to refrain from eating, drink-
ing (except water), smoking and sporting 2 hours
before T2 initiation. Compliance was inquired upon
arrival at T2. The potential covariates were consid-
ered in the statistical analyses.

For the following 7 days, participants administered
nasal spray twice daily at their homes. Participants
were instructed to maintain approximately 12 hours
between administrations. Adherence to the interven-
tion regimen and potential adverse events were regis-
tered in a diary on a daily basis (see van Zuiden et al,,
(2017) for more details and related findings). At T1,
as well as upon treatment completion at 1.5 (T4), 3
(T5) and 6 (T6) months posttrauma, participants’
PTSD symptoms were assessed with the Clinician-
Administered PTSD Scale (CAPS; Blake et al.,
1995). All interviewers had at least a Bachelor’s
degree in psychology or medicine and received stan-
dardized training in administering and scoring the
interview. There were no significant differences in
CAPS total scores from T1 to T6 between inter-
viewers (F(jo, 300) = 1.17, p = .29). For a graphical
representation of the study design see Table 1.
Further information concerning participants, study
design, psychometric instruments and pharmacologi-
cal details, including CONSORT flow diagram and
checklist is reported in our previous publication (van
Zuiden et al., 2017).

2.3. Assessment of biological parameters

2.3.1. Autonomic nervous system (ANS) markers

HR(V) was recorded using the Polar RS800CX (wrist-
watch and chest strap), during the 25 minutes resting
time participants spent at T2, watching a nature doc-
umentary depicting plants. Participants were placed in
a sitting position, while spontaneously breathing.
Five minute HR(V) samples were obtained from the
25 minutes measurements. All samples were obtained
after at least 10 minutes of recording, to ensure a mini-
mum consistent resting period (Shaffer & Ginsberg,
2017). The 5 minutes HR(V) samples were collected
approximately 40-45 minutes after start of the T2
assessment. The sampling rate of the device was
1000 Hz, which is sufficiently rapid for accurate HRV

measurements (Kuusela, 2013; Shaffer, McCraty, &
Zerr, 2014). Raw unfiltered interbeat intervals (RR-
intervals) were processed and analysed using the pro-
cess software Kubios HRV (Standard Software version
3.0.2; University of Eastern Finland). HRV indices were
computed with the power spectrum analysis using an
autoregressive model without factorization (Wahbeh &
Oken, 2013). For statistical analyses, three different
parameters were calculated. HR, defined as mean num-
ber of heartbeats per minute, was used as indicator of
autonomic, predominantly sympathetic activity.
Additionally, we investigated HRV, i.e. the beat-to-
beat variation in heart rate over time, as index of auto-
nomic regulation. We investigated high-frequency
HRV (HF-HRV) power (0.15 to <0.40 Hz frequency
band) and low-frequency HRV (LF-HRV) power (0.04
to <0.15 Hz frequency band (Malik et al, 1996;
Quintana, Alvares, & Heathers, 2016)). To facilitate
interpretation, we opted to report the normalized
instead of absolute power. To calculate the percentage
spent in each frequency band, we divided the absolute
power (in ms®/Hz) of the respective frequency band by
the summed absolute power of HF, LF and very-
LF bands and multiplied it by 100 (Burr, 2007). Trend
components were removed using a time-varying high
pass filter (smoothness priors) with a cut-off frequency
of 0.018 Hz (lambda 500; Tarvainen, Ranta-Aho, &
Karjalainen, 2002)

2.3.2. Hypothalamic-pituitary-adrenal (HPA) axis
markers

At T2, after HR(V) recording, participants provided
a single saliva sample for measuring resting cortisol
concentrations. To account for cortisol’s diurnal
rhythm, time of day was considered as a potential
covariate. Saliva was collected by Salivettes (Sarstedst,
Rommelsdorf, Germany). Samples were immediately
stored at —20°C until analysis. Free cortisol concen-
trations were determined by an enzyme immunoassay
(IBL, Hamburg, Germany). Samples were analysed in
duplicate, and all samples of the same participants
were run in a single assay. The mean intra-assay
coefficient of variation was 2%.

For measuring total morning cortisol output, CAR
and its suppression by the dexamethasone suppression
test (DST), participants collected saliva samples at home
on two subsequent days between T1 and T2.
Participants received precise instructions with regard
to the sampling protocol and reported sampling proto-
col adherence in a diary. Collection times were imme-
diately, 15, 30 and 60 min after awakening. At 11pm on
the first day, participants took a low dose (0.25 mg) of
dexamethasone, aimed to suppress cortisol production
on the second day. We decided to use this low dose of
dexamethasone instead of the more commonly used
0.5 mg because of previous findings of high prevalence
of super-suppression early posttrauma (McFarlane



et al,, 2011). Participants stored saliva samples in their
refrigerators and brought them back to the laboratory
for the T2 assessment, where they remained stored at
—20°C until further analysis by the same assay as the
resting cortisol samples. Although our data collection
started prior to publication of expert consensus guide-
lines for CAR assessments (Stalder et al., 2016), our
procedures follow the guidelines’ recommendations,
except that waking times were not objectively moni-
tored. For statistical analyses, four different indicators
of HPA axis activity were calculated. Area under the
curve coefficients were calculated for natural (first day)
and the dexamethasone suppressed (second day) morn-
ing cortisol, using the formulas provided by Pruessner,
Kirschbaum, Meinlschmid, and Hellhammer (2003). As
recommended, we distinguished between the area
under the curve with respect to the ground (AUCg),
indicating total cortisol production during the first hour
after awakening, and the AUC with respect to increase
(AUCi), indicating the CAR, i.e. amount of cortisol
production relative to the first measurement after awa-
kening (Stalder et al., 2016).

2.3.3. Oxytocin

Resting oxytocin concentrations were measured in blood
plasma at T2 after HR(V) recording and saliva collection.
Plasma was collected into 7 ml EDTA tubes, placed on ice
immediately after sampling, centrifuged at 4°C and
stored at —80°C until analysis. Oxytocin was quantified
by a highly specific and sensitive radioimmunoassay
(RIA) using 0.8 ml of plasma (RIAgnosis, Munich,
Germany) as previously described (Kagerbauer et al,
2013). All samples were extracted prior to analysis and
analysed simultaneously in the same assay. The sensitivity
was 0.1 pg per sample and the intra- and inter-assay
variability was <10%. All samples were within detection
limit.

2.4. Statistical analyses

Prognostic and prescriptive effects were tested by means
of linear mixed models. The baseline model included the
variables treatment condition and time as well as their
interactions, as predictors, and - in accordance with the
main RCT publication (van Zuiden et al., 2017) - square
root-transformed CAPS scores at T4, T5 and T6 as out-
comes. Concerning the predictor treatment condition, we
applied unweighted contrast coding (-0.5 for placebo
condition and 0.5 for oxytocin condition, as done by
Fournier et al. (2009)) this means, the effects of oxytocin
administration were compared with the effects of placebo
administration as a reference. The predictor time was
metric and indicated time in months between T4, T5
and T6 (0 = T4, 1.5 = T5, 45 = T6). Accordingly, in
addition to modelling random intercept effects and fixed
slope effects, the predictors’ effects on CAPS at T4 were
indicated by the intercept and their effects on the change
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from T4 to T6 were indicated by the slope. The outcome
CAPS was metric and positively skewed and therefore
square root-transformed. In line with our aim to specifi-
cally consider sex and hormonal contraception use, ana-
lyses were performed separately in men, women using
hormonal contraception and cycling women. In order to
subsequently analyse prognostic and prescriptive effects
of biological parameters early posttrauma, we followed
the stepwise approach recommended by Fournier et al.
(2009), as we also did in our previous paper (van Zuiden
et al,, 2017). Following this approach, we subsequently
added the biological parameters of interest as predictors
to the baseline model. A linear mixed effects model was
tested per biological parameter (i.e. HR, HF-HRV, LF-
HRV, resting cortisol, morning cortisol AUCg, CAR
AUCIi, DST AUCg, DST AUCi and resting oxytocin)
and per group (men, women using hormonal contra-
ception and cycling women). Distributions of HPA axis
parameters and resting oxytocin concentrations were
positively  skewed. Therefore, values were log-
transformed. For all biological parameters, outliers
deviating more than 3 SDs from the mean were removed
(see Table 1 for an overview on outlier removal). All
biological parameters were z-transformed in order to
yield standardized regression coefficients in the analyses,
enabling comparisons of the magnitude of effects
between parameters.

In a first step, main and interaction effects between the
respective biological parameter, treatment condition and
time were included in the model. Main effects on the
intercept indicated a prognostic effect on PTSD symp-
toms at T4. Interactive effects of the respective biological
variable with time (ie. on the slope) indicated
a prognostic effect on the change from T4 to T6.
Interaction effects of the respective biological variable
with treatment condition indicated a prescriptive effect
at T4.

In a second, third, and fourth step, effects with
ps <.20, <.10 and <.05, respectively, were maintained
and effects with p-values above these thresholds were
excluded. If interaction effects were maintained, the
corresponding main effects were maintained too. If
p was <.05 in the final model, the effect was consid-
ered statistically significant (Fournier et al., 2009).

The robustness of the respective final models was
tested by adding relevant covariates. As such, we consid-
ered general potential confounders (age, body mass index
(BMI), habitual smoking, current employment, current
sick leave, recent drug use, having children, number of
children, (non-)Dutch ethnicity and time since trauma at
T2). For ANS parameters, resting cortisol and oxytocin,
we additionally considered time of day at assessment,
food, caffeine and alcohol intake, smoking and sports
prior to assessment. For morning cortisol, CAR and
DST parameters, we considered deviations >5 minutes
from the defined sampling timepoints, smoking and caf-
feine intake during the sampling period, alcohol intake
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on the sampling day or day before, breakfast intake at the
sampling day and whether the sampling day was normal
or busy, as potential confounders. In order to select con-
founders for the mixed effects models, we conducted
one-way ANOVAS and x2 tests to investigate whether
men, women using hormonal contraception and cycling
women differed with regard to general potential confoun-
ders. In case of significant group differences, Bonferroni
and Scheffé posthoc tests were performed. Hereby, we
ensured that any detected prognostic of prescriptive effect
within a specific group was not due to group differences
in potential confounders.

Furthermore, we correlated general and specific
potential confounders with each biological parameter in
each group (results presented in supplementary mate-
rial 1). Potential confounders that yielded significant
results in these analyses were statistically controlled for
in the respective mixed effects model. Included metric
potential confounders were also z-transformed and for
dichotomous potential confounders, weighted contrast
coding was applied. If case numbers of dichotomous
potential confounders were very small, sensitivity ana-
lyses were performed, in order to test whether excluding
the respective participants changed the results.

The statistical approach we chose was specifically
designed to balance type I and type II error risks in
exploratory analyses (Fournier et al., 2009). Therefore,
we refrained from correcting for multiple testing and

Table 2. Sample description.

instead would like to emphasize that our approach serves
for the purpose of generating, but not testing hypotheses.
All mixed effects models were performed in 40 datasets
with missing CAPS scores imputed, using auxiliary vari-
ables treatment, demographic, trauma, and baseline clin-
ical characteristics as reported before (van Zuiden et al.,
2017). Pooled results are reported. All analyses were
performed with SPSS software (version 22; IBM Corp.,
Armonk, NY).

3. Results
3.1. Participants

The original intention-to-treat sample, consisting of
n = 107 participants, was split up according to sex and
hormonal contraception use. Due to their small number
(n = 6), menopausal women were not included in the
present analyses and one woman from the original sam-
ple had to be excluded because of unknown fertility
status. The present analyses are thus based on n = 100
participants: n = 54 men (M = 37.94, SD = 13.68 years),
n =27 women using hormonal contraception (M = 28.74,
SD = 9.30 years) and n = 19 naturally cycling women
(M = 3158, SD = 10.71 years). Concerning hormonal
contraception, all used methods delivered female gonadal
steroids. The following methods were applied: oral con-
traceptives (n = 19), hormonal intrauterine device (n = 6),

Group differences

Men Women using hormonal contraception Cycling women F/x2 p
General information
Age 37.94 (13.68) 28.74 (9.30) 31.58 (10.72) 5.76 <.01
BMI 25.10 (3.09) 23.99 (5.24) 24.86 (5.17) .63 .53
Time between traumatic event and T2 9.09 (1.64) 7.85 (1.96) 9.58 (1.39) 7.04 <.01
Habitual smoking (yes/no, %(yes)) 19/35 (35.19) 3/24 (11.11) 4/15 (21.05) 5.72 .06
Current employment (yes/no, %(yes)) 44/10 (81.48) 25/2 (92.59) 14/5 (73.68) 3.02 22
Current sick leave (yes/no, %(yes)) 28/26 (51.85) 12/15 (44.44) 11/8 (57.89) .84 .66
Recent drug use (yes/no, %(yes)) 13/41 (24.07) 8/19 (29.63) 2/17 (10.53) 237 30
Dutch ethnicity (yes/no, %(yes)) 42/12 (77.78) 23/4 (85.19) 11/8 (57.89) 4.76 .09
Children (yes/no, %(yes)) 29/25 (53.70) 8/19 (29.63) 10/9 (52.63) 4.49 Al
Number of children 2.22 (1.29) 1.62 (.77) 1.88 (.78) 1.64 .20
Autonomic and endocrine parameters
HR 68.88 (8.43) 74.10 (12.73) 71.62 (9.23) 2.08 A3
HF-HRV 20.52 (13.72) 31.39 (13.31) 30.11 (12.59) 6.08 <.01
LF-HRV 50. 81 (13.20) 45. 73 (11.06) 48.56 (12.74) 1.15 32
Resting cortisol (ug/cl) 8 (.23) 8 (.16) 33 (22) .62 .54
Cortisol AUCg 59. 04 (29.09) 69. 20 (31.72) 68.57 (33.45) 1.27 29
CAR AUCi 6 (1.18) 0 (1.21) 1.18 (1.57) 74 A48
DST AUCg 34 46 (25.47) 26. 37 (22.93) () .86 .36
DST AUGi 9 (.71) 0 (.59) () 49 49
Resting oxytocin (pg/ml) 1. 77 (1.93) 7. 15 (8.57) 2.70 (4.16) 6.19 <.01
PTSD symptoms over time
CAPS T1 37.20 (18.00) 4478 (17,18) 51.53 (21.28) 4.67 .01
CAPT T4 24.67 (20.57) 24.42 (21.60) 30.07 (27.01) A .90
CAPS T5 17.81 (17.95) 15.92 (17.51) 24.08 (25.67) 29 .75
CAPS T6 14.25 (15.11) 8.56 (7.91) 16.58 (18.76) .86 42

If not indicated differently, M

(SD) is reported. Group differences were determined by means of one-way ANOVAs (for metric variables) or x2 tests (for

dichotomous variables). To facilitate interpretation, non-transformed cortisol and oxytocin concentrations, area under the curve coefficients and post-
treatment (T4, T5 and T6) Clinician-Administered PTSD Scale (CAPS) values are reported, although these parameters were log- (biological parameters)

or square root-transformed (CAPS scores) for the statistical analyses. Bold values indicate significant p values. BMI =

body mass index, HR = heart rate;

HF-HRV = heart rate variability, percentage of time spent in the high frequency band (.15 to <.40 Hz); LF-HRV = heart rate variability, percentage of
time spent in the low frequency band (.04 to <.15 Hz); CAR = cortisol awakening response; AUCg = area under the curve with respect to the ground;
AUCi = area under the curve with respect to increase; DST = dexamethasone suppression test; PTSD = posttraumatic stress disorder; () = parameter

was not analysed, lacking sufficient number of participants.



hormonal injection (n = 1) and vaginal ring (n = 1).
Participants information is presented in Table 2.

Men, women using hormonal contraception, and
cycling women significantly differed in age (F5, o7) =
5.76, p < .01). Posthoc tests indicated men were sig-
nificantly older than women using hormonal contra-
ception. Significant group differences were also
present with regard to time since trauma at T2
(F, 97y = 7.04, p < .01). Posthoc tests indicated that
women using hormonal contraception had a shorter
time since trauma than both other groups. Moreover,
the three groups significantly differed with regard to
initial PTSD symptoms (F(,97) = 4.67, p = .01), with
posthoc tests showing that cycling women had higher
initial PTSD symptoms than men. No further signifi-
cant group differences were found.

3.2. Group differences and correlations

Group differences in biological variables are also pre-
sented in Table 2. A comprehensive overview of corre-
lations of biological variables with pre-treatment PTSD
symptoms is given in supplementary material 2.

HR and LF-HRV did not significantly differ
between groups and these parameters were not sig-
nificantly correlated with pre-treatment PTSD symp-
toms. Significant group differences emerged for HF-
HRV (F(,, o) = 6.08, p < .01). Posthoc tests showed
that men had lower HF-HRV than both female
groups. HF-HRV was not significantly correlated
with pre-treatment PTSD symptoms.

There were no significant group differences in resting
cortisol. In cycling women, higher concentrations were
significantly correlated with higher pre-treatment symp-
toms (r = .48, p < .05). No significant group differences or
correlations were detected with regard to morning corti-
sol AUCg, CAR AUCi, DST AUCg or DST AUC;, but
significant differences were found in resting oxytocin
(Fa, 71y = 6.19, p < .01). Posthoc tests showed that men
had significantly lower concentrations than women
using hormonal contraception. Oxytocin was not signif-
icantly correlated with pre-treatment PTSD symptoms.

3.3. Prognostic and prescriptive effects

3.3.1. ANS markers
An overview of all linear mixed effects models’ results
is provided in supplementary material 3.

No significant prognostic or prescriptive effects of
ANS parameters were observed in men, women using
hormonal contraception or cycling women. In
women using hormonal contraception, we initially
detected a significant main effect of HR on the
slope. However, when we performed sensitivity ana-
lyses, excluding women who reported acute exercise,
caffeine or alcohol intake prior to measurement
(n = 2), the effect was no longer significant.
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3.3.2. HPA axis markers
No significant prognostic or prescriptive effect of
resting cortisol, morning cortisol AUCg or CAR
AUCi was found.

In men, the final model for DST AUCg yielded
a significant main effect on the intercept. It remained
significant when controlling for age and time between
trauma and T2 but was no longer significant when
taking pre-treatment PTSD symptoms into account.
In women using hormonal contraception, we
detected significant main effects of DST AUCg on
the intercept and slope, indicating that stronger
morning cortisol suppression was associated with
higher PTSD symptoms at 1.5 months, and subse-
quently, a stronger symptom decrease from 1.5 to
6 months (see Table 3 and Figure 1). These effects
remained significant when controlling for age and
time between trauma and T2, and when additionally
controlling for pre-treatment PTSD symptoms.

In men, the final model for DST AUCi included
a significant prognostic effect on the intercept, indicating
that stronger CAR suppression by dexamethasone was
associated with lower PTSD symptoms 1.5 months post-
trauma (see Table 3 and Figure 2). The effect remained
significant when controlling for age and time between
trauma and T2 and also when additionally controlling
for pre-treatment PTSD symptoms. In women using
hormonal contraception, no significant prognostic or
prescriptive effect of DST AUCi was found.

3.3.3. Oxytocin

In men and cycling women, we detected no signifi-
cant prognostic or prescriptive effect of resting oxy-
tocin. In women using hormonal contraception,
a significant main effect on the intercept was found,
indicating that higher oxytocin concentrations were
associated with higher PTSD symptoms at 1.5 months
(see Table 3 and Figure 3). The effect remained sig-
nificant when controlling for age and time between
trauma and T2 and when we additionally took pre-
treatment PTSD symptoms into account.

4. Discussion

We investigated possible prognostic and prescriptive
effects of biological parameters, measured within
12 days posttrauma, in a secondary analysis of an RCT
evaluating repeated intranasal oxytocin administration as
a preventive intervention for PTSD. Specifically, we
investigated effects of HR(V), resting cortisol, morning
cortisol and CAR, cortisol suppression by the DST, and
resting oxytocin in men, women using hormonal contra-
ception and cycling women. The analyses revealed
no prescriptive effects (ie. no significant interaction
effect between the respective biological variables and
treatment condition), indicating that the main effect of
intranasal oxytocin administration was independent of
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Table 3. Exploration of possible prognostic or prescriptive effects of autonomic and endocrine parameters on posttraumatic
stress disorder (PTSD) symptoms 1.5 (intercept), 3 and 6 months posttrauma (linear slope).

Effect on the intercept

Effect on the linear slope

b (SEM) t p 95% Cl b (SEM) t p 95% Cl
Effect of DST AUCg in women using hormonal contraception (n = 11)
Reference 4.34 (.65) 6.70 <.01 3.07; 5.61 —.44 (.09) —4.75 <.01 —.62; —.26
Age —11 (.36) =31 .76 -.82; .60
Days between trauma and T2 .63 (.81) 78 44 -.96; 2.23
Pre-treatment PTSD symptoms .78 (.33) 2.36 .02 13; 143
Treatment 1.92 (.90) 213 .03 .16; 3.68 —-.35 (.18) -1.90 .06 -.71; .01
DST AUCg -1.17 (.28) -4.11 <.01 -1.73; —.61 19 (.09) 2.16 .03 .02; 37
Effect of DST AUCi in men (n = 15)
Reference 415 (.33) 11.68 <.01 3.45; 4.84 -.16 (.08) -2.03 .04 -.32; —.00
Age —.04 (.33) =12 .90 —-.68; .60
Days between trauma and T2 13 (.40) 32 75 —.66; .92
Pre-treatment PTSD symptoms 49 (.33) 1.46 14 -17;1.14
Treatment 1.04 (.70) 1.49 14 -.33; 241
DST AUGi .75 (.34) 217 .03 .07; 1.42
Effect of resting oxytocin in women using hormonal contraception (n = 17)
Reference 4.63 (.35) 13.28 <.01 3.95; 5.32 —-43 (.10) -4.16 <.01 —-.63; —.23
Age .37 (.30) 1.24 22 -.21; .95
Days between trauma and T2 —-.10 (.30) -.32 75 —.68; .49
Pre-treatment PTSD symptoms .34 (.35) 96 34 .36; 1.03
Treatment —-.26 (.79) -34 74 —1.80; 1.28 =17 (21) -.83 40 —-.58; .23
Resting oxytocin .87 (.33) 2.67 .01 23; 1.51

The table summarizes the final models with significant prognostic or prescriptive effects of autonomic or endocrine parameters. Effects of morning
cortisol suppression by dexamethasone (DST, area under the curve with respect to the ground, AUCQ), cortisol awakening response suppression by
DST (area under the curve with respect to increase AUCi) and resting endogenous oxytocin concentrations on post-traumatic stress disorder (PTSD)
symptoms over follow-up time points in men and women using hormonal contraception are presented. Age, days between trauma and T2, pre-
treatment PTSD symptoms and the endocrine parameters are metric and were z-transformed. Treatment condition, a dichotomous variable, was
unweighted contrast coded (-.5 = placebo condition and .5 = oxytocin condition). Reference indicates the effect of all parameters set at their mean.

Bold values indicate significant p values.
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——mean AUCg
= low AUCg

PTSD symptoms

1.5 months 3 months 6 months time posttrauma

women using hormonal contraception

+«high AUCg
——mean AUCg

PTSD symptoms

= low AUCg

1.5 months 3 months 6 months time posttrauma

Figure 1. Effect of morning cortisol suppression by dexamethasone (area under the curve with respect to the ground, AUCg) on
posttraumatic stress disorder (PTSD) symptoms over follow-up time points in men and women using hormonal contraception.
Predicted M and SEM of square root-transformed total Clinician-Administered PTSD Scale (CAPS) scores at the respective
measurement point are presented for participants with high (M + 1 SD), mean (M) and low (M — 1SD) AUCg. Lower AUCg values
indicate stronger suppression by dexamethasone. i.e. stronger glucocorticoid feedback sensitivity. Predictions are based on the
final model for women using hormonal contraception (n = 11), as presented in Table 3. The same model was applied to men. In
this group, it did not result in significant effects. Predictions are controlled for age, time between traumatic event and T2 as well

as pre-treatment PTSD symptoms.

pre-treatment biological states. Also, no prognostic
effects of HR, HF-HRV, LE-HRYV, resting cortisol, morn-
ing cortisol and CAR were found. Yet, the stratified
analyses revealed prognostic effects of cortisol suppres-
sion and resting oxytocin on PTSD symptom severity
that were sex- and hormonal contraception use-
dependent. Stronger CAR suppression upon dexametha-
sone ingestion was associated with lower PTSD symp-
toms at 1.5 months in men, an effect that remained stable
across follow-up. In contrast, in women using hormonal
contraception, stronger morning cortisol suppression

was associated with higher symptoms at 1.5 months,
but also with a stronger subsequent decrease in symp-
toms from 1.5 to 6 months posttrauma; resulting in no
difference in long-term outcome between those with
high and low suppression. In women using hormonal
contraception, higher oxytocin concentrations were also
associated with higher PTSD symptoms at 1.5 months
and also across follow-up timepoints.

Previous research has shown that autonomic dys-
regulation during the acute posttrauma period pre-
dicted subsequent PTSD risk (Mellman et al., 2004;
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men women using hormonal contraception
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Figure 2. Effect of cortisol awakening response suppression by dexamethasone (area under the curve with respect to the
ground, AUCg) on post-traumatic stress disorder (PTSD) symptoms over follow-up time points in men and women using
hormonal contraception. Predicted M and SEM of square root-transformed total Clinician-Administered PTSD Scale (CAPS) scores
at the respective measurement point are presented for participants with high (M + 1 SD), mean (M) and low (M - 1SD) AUCg.
Lower AUCg values indicate stronger suppression by dexamethasone. i.e. stronger glucocorticoid feedback sensitivity.
Predictions are based on the final model for men (n = 15), as presented in Table 3. The same model was applied to women
using hormonal contraception. In this group, it did not result in significant effects. Predictions are controlled for age, time
between traumatic event and T2 as well as pre-treatment PTSD symptoms.
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Figure 3. Effect of resting endogenous oxytocin concentrations on post-traumatic stress disorder (PTSD) symptoms over follow-
up time points in women using hormonal contraception. Predicted M and SEM of square root-transformed total Clinician-
Administered PTSD Scale (CAPS) scores at the respective measurement point are presented for women with high (M + 1 SD),
mean (M) and low (M - 15D) oxytocin concentrations. Predictions are based on the final model presented in Table 3, based on
n = 17 women and controlled for age, time between traumatic event and T2 as well as pre-treatment PTSD symptoms.

Mikolajewski & Scheeringa, 2018; Minassian et al.,  biological assessments may vary on a day-to-day or
2015; Morris et al., 2016; Pyne et al., 2016; Shaikh week-to-week timescale.

Al Arab et al., 2012) We assessed HR(V) parameters We assessed HPA axis activity by means of various
during rest within the first 12 days posttrauma and  complementary parameters. To the best of our
did not observe any prognostic effects. The compar-  knowledge, this was the first study conducted in the

ison with previous findings suggests that resting  early posttrauma period that assessed the dynamics of
HR(V) measured before or acutely after trauma has  cortisol output in response to awakening. Concurring
prognostic value, whereas this value diminishes over =~ with our results, several prospective studies that
time, supporting the recommendation to apply  assessed pretrauma morning cortisol and CAR did
a stage-dependent approach to investigate biological = not find prognostic effects (Heinrichs et al., 2005;
mechanisms associated with PTSD (McFarlane, van Zuiden et al., 2011). Our negative finding on
Lawrence-Wood, van Hooff, Malhi, & Yehuda, resting cortisol seems to be in line with the absence
2017). It also indicates that in the early period post-  of a significant meta-analytic prognostic effect of
trauma, prospective information provided by  cortisol, assessed within 72 hours posttrauma
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(Morris et al.,, 2016), and with several additional
studies assessing the prognostic effect of cortisol
with higher time intervals since trauma (Bonne
et al, 2003; Ehring, Ehlers, Cleare, & Glucksman,
2008; McFarlane et al, 1997; Price et al, 2014;
Resnick et al., 1995). However, it was previously
reported that while lower cortisol measured within
hours posttrauma predicted higher PTSD symptoms
2 weeks and 6 months posttrauma, cortisol concen-
trations measured just 1 day later did not (Ehring
et al., 2008). This observation is interesting as this
time window within the first hours posttrauma coin-
cides with the initial phase of acute stress recovery,
during which GR-induced negative feedback on the
HPA axis occurs. This fits with previously observed
prognostic effects of GR sensitivity and function, as
assessed pretrauma and 2 days posttrauma
(McFarlane et al., 1997; van Zuiden et al., 2012,
2011, 2012, 2013). However, these studies observed
that higher pretrauma GR sensitivity and function
predicted subsequent PTSD symptoms in male and
mixed-gender samples, while in our study, lower GR
sensitivity, reflected in decreased cortisol suppression
by dexamethasone, within 12 days posttrauma was
predictive for higher PTSD symptoms in men. Thus,
again, the comparison with previous evidence sug-
gests that time since trauma at the assessment is
crucial for prognostic effects.

With regard to the prognostic effects of GR feed-
back sensitivity detected in our study, one additional
aspect seems particularly worth discussing, namely
that the detected effects were sex- and hormonal
contraception use-specific. As discussed, in men,
low GR feedback sensitivity, reflected in higher
AUCi after DST, was associated with PTSD symptom
development. In contrast, in women using hormonal
contraception, high GR feedback sensitivity, reflected
in lower AUCg after DST, was a prognostic factor. In
men, the prognostic effect of the AUCg was no longer
significant after accounting for acute PTSD symp-
toms before intervention onset, which can be
explained by the medium-sized correlation between
the two parameters (see supplementary material 2).
In women using hormonal contraception, the effect
remained significant after controlling for acute symp-
tom severity. The observed differential effects of bio-
logical prognostic markers might be explained by
participants’ gonadal steroid-related statuses, as
these regulate the biological stress response systems
(Kirschbaum et al., 1999). Specifically, interactions
between testosterone, oestrogens and cortisol can be
assumed (Ferree & Cahill, 2009; Glover et al., 2012;
Milad et al., 2010). Hormonal contraception use is
associated with low but stable levels of endogenous
oestradiol and elevated levels of exogenous oestro-
gens, and generally decreases testosterone output
(Glover et al,, 2012). Based on experimental evidence

(Ferree & Cabhill, 2009; Ferree, Kamat, & Cahill, 2011;
Glover et al.,, 2012; Milad et al., 2010; Soni, Curran, &
Kamboj, 2013), we previously hypothesized that ele-
vated oestrogens concentrations might promote
extinction of traumatic memories and thereby pre-
vent PTSD development in women using hormonal
contraception (Engel et al., 2019). At the same time,
these experimental studies investigated naturally
cycling women with different concentrations of endo-
genous oestradiol. Another study which specifically
investigated women using hormonal contraception
found that their responses during extinction learning
and recall were more comparable to those of naturally
cycling women with low concentrations of endogen-
ous oestradiol (Hwang et al., 2015). This implies that
the effects of endogenous and exogenous oestrogens
differ and it remains an interesting question whether
and if so, which precise oestrogens- or testosterone-
related biological mechanisms underlie the observed
prognostic value of GR sensitivity for PTSD risk in
men and women using hormonal contraception.
Even though the impact of sex and gonadal steroids
has largely been ignored in previous studies, there are
indications for its relevance for understanding the
biological underpinnings of PTSD development
(Kornfield, Hantsoo, & Epperson, 2018). The neces-
sity to consider these factors has also been empha-
sized within the current sample, as we previously
observed that women using hormonal contraception
had lower PTSD symptoms at 3 and 6 months post-
trauma than men and cycling women, irrespective of
treatment (Engel et al., 2019).

As suggested by previous evidence (Stock et al,
1994) and confirmed in our data, women using hor-
monal contraceptives showed higher oxytocin con-
centration than men and cycling women. Within
this group, higher oxytocin concentrations pre-
treatment predicted higher symptoms across time-
points, suggesting that relatively high oxytocin con-
centrations in the early posttrauma period may
increase subsequent PTSD risk. In line with this,
one of our analyses detected adverse effects of intra-
nasal oxytocin administration in women using hor-
monal contraception. The treatment effect on
symptoms 1.5 months posttrauma was not significant
in the main analysis within women using hormonal
contraception (Engel et al., 2019). However, it
became significant when considering GR feedback
sensitivity. Women who used hormonal contracep-
tion and were treated with oxytocin, as compared to
placebo, reported higher PTSD symptoms at 1.5, but
no longer at 3 and 6 months (see Table 3). It needs to
be noted that this effect only emerged under the very
specific condition of controlling for GR feedback
sensitivity, which incidentally was a prognostic factor
for increased PTSD symptom severity at 1.5 months
post-trauma but not at later time points. Thus, our



findings provide a preliminary indication that intra-
nasal oxytocin administration should be applied cau-
tiously to women using hormonal contraception.
Moreover, it further supports the notion that this
randomized controlled trial warrants replication
with an even more detailed evaluation of sex-
specific biological mechanisms underlying recovery
from acute trauma.

4.1. Strengths and limitations

Concomitantly assessing a range of parameters
reflecting three distinct biological systems involved
in the acute stress response allowed us to describe
and compare their respective prognostic and pre-
scriptive effects. The time point of assessment within
12 days posttrauma provided insights into their
potential role during the phase of early recovery
from traumatic stress, specifically. This is important
as several dysregulations in biological pathways pre-
viously associated with increased PTSD vulnerability
are specifically involved in this phase (Bryant, 2003;
Zuj, Palmer, Lommen, & Felmingham, 2016).
Moreover, the timepoint has practical relevance for
the implementation of preventive interventions since
patients are often in contact with the health system
acutely or early after trauma.

To date, sex and gonadal steroid use have seldomly
been adequately accounted for in this field of biome-
dical research. Neglecting sex and hormonal contra-
ception use can lead to imprecise results, that are
valid only for a population subgroup, if at all.
Considering these factors can open up options for
personalized patient care (Ferretti, Santuccione-
Chadha, & Hampel, 2019). Therefore, our statistical
analyses were stratified for sex and hormonal contra-
ception use. This allowed us to consider gonadal
steroids as possible source of heterogeneity in pre-
vious research and responds to the call for more sex-
and gender-sensitive biomedical research (Bale &
Epperson, 2017; Olff, 2016).

Despite these strengths of this study, some limita-
tions need to be mentioned, as well. The concomitant
investigation of different prognostic or prescriptive
markers in three different groups could only be
implemented with multiple statistical tests. We
chose the specific statistical approach as it was devel-
oped to balance type I and type II error risks
(Fournier et al., 2009). However, due to the large
number of statistical tests reported here, the risk of
type I error is still increased. Therefore, all analyses
we reported are exploratory. Further hypotheses-
testing studies could specifically target oxytocin and
GR feedback sensitivity, as well as their interactions
with gonadal steroids.

In order to specifically target a high-risk group for
PTSD, we only included patients that indicated high
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peritraumatic and immediate distress. Furthermore,
in order to specifically investigate the efficacy of
oxytocin in preventing PTSD development instead
of a potential treatment effect on pre-existing psy-
chiatric symptoms, we excluded participants with
current PTSD, depression, psychotic, bipolar, sub-
stance-related and personality disorder at the time
of traumatic event exposure. Therefore, the interpre-
tation of prognostic effects is limited to this specific
population. We cannot exclude the possibility that
the biological markers we investigated would be dif-
ferentially associated with PTSD development within
individuals less psychologically distressed in the acute
aftermath of a traumatic event or in individuals with
previous psychiatric disorders. Therefore, our find-
ings should not only be replicated within a larger,
independent, but also within a more diverse sample
of traumatized individuals.

All predictions we made in this study were based
on methods that enable the identification of risk and
protective factors on a group level. However, other
methodological approaches requiring larger samples
enable more precise estimation of individual risk
based on unique characteristics of an individual
(Schultebraucks &  Galatzer-Levy, 2019). Such
machine learning approaches could additionally
improve personalized patient care in the future.

We did not detect any effects in cycling women,
which might be attributable to their small sample
size — the effects of GR feedback sensitivity could not
even be tested in this group — or to the remaining
heterogeneity within this group due to different cycle
phases. It was a specific concern of our study to differ-
entiate effects of sex and hormonal contraception use,
in order to consider interactions with gonadal steroids
that have previously been suggested (Engel et al., 2019;
Kamkwalala et al., 2012; Kirschbaum et al., 1999;
Nicolson & Ponnamperuma, 2019; Stock et al., 1994).
However, future studies should specifically investigate
cycling women and the impact of menstrual cycle
phases. In addition, as their small number disabled us
to conduct our analyses in menopausal women, more
attention should be given to this group, too.

Additionally, total PTSD symptom severity was
assessed as outcome. However, biologically mechan-
isms underlying development and maintenance of
specific PTSD symptoms should be investigated in
more detail. In this regard, as GR feedback sensitivity
and oxytocin impact memory consolidation and
retrieval (de Quervain, Schwabe, & Roozendaal,
2017; McEwen, 2004), it seems interesting to investi-
gate their effects with regard to the development of
intrusions specifically. However, to refrain from addi-
tional statistical testing, we decided not to pursue
these analyses here.

Although we preferentially scheduled T2 assess-
ments in the afternoon or early evening, this was
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not always possible. As a result, variability in the
timing of the resting cortisol and oxytocin assess-
ments occurred. Therefore, we considered timing of
the T2 assessment as potential covariate.
Additionally, it remains unknown whether variability
in timing of the repeated oxytocin administration
between and within participants may have influenced
the clinical effects of the intervention to some extent.
Participants were asked to maintain approximately
12 hours between administrations, but the exact
administration times were not standardized. Meta-
analytic evidence supports the existence of a diurnal
rhythm in endogenous oxytocin (Engel et al., 2019).
However, to the best of our knowledge, it was not
previously investigated whether timing of day during
exogenous oxytocin administration, let alone
repeated administration, influences its effects.

4.2. Conclusion

Our study is part of a promising, growing field of study
in search of biological predictors of PTSD development
and (preventive) treatment response. With the aim of
personalizing patient care and precision medicine, one
might envision that biological markers could ultimately
be used to inform patients about their likelihood to
develop PTSD symptoms, to provide them with the
preventive treatment they are most likely to benefit
from and to prevent them from receiving unnecessary
or ineffective treatment. Our exploratory analyses
investigated a broad range of biological parameters,
enabling a comparative assessment of their use as prog-
nostic or prescriptive markers when assessed within few
days posttrauma. We did not detect prescriptive effects
but found prognostic effects of GR feedback sensitivity
and resting oxytocin that depended on sex and hormo-
nal contraception use and can be followed up by future
research.
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